biopolymers. There is a long felt need to use very little amount of sample, even as little as a
single cell. This would greatly advance the ability to monitor the cellular state and understand the
genesis and progress of diseases such as the malignant stage of a cancer cell.

[6606] Most genome or epigenome analysis technologies remain too expensive for
general analysis of large genomic regions for a large population. In order to achieve the goal of
reducing the genomic analysis cost by at least four orders of magnitude, the so-called “$1000
genome” milestone, new technologies for molecuiar analysis methods are needed. See “The
Quest for the §1,000 Human Genome,” by Nicholas Wade, The New York Times, July 18, 2006.

[0607] One technology developed for fast sequencing involves the use of a nanoscale
pore through which DNA is threaded. Historically, the “nanopore” concept used a biological
molecular device to produce ionic current signatures when RNA and DNA strands are driven
through the pore by an applied voltage. Biological systems, however, are sensitive to pH,
temperature and electric fields. Further, biological molecules are not readily integrated with the
semiconductor processes required for sensitive on-chip electronics.

[6008] Many efforts have been since focused on designing and fabricating artificial
nanopores in solid state materials. These methods, however, which are capable of producing only
pores in membranes are not capable of producing longer channels needed to achieve true single-
molecule sequencing of long biological polymers such as DNA or RNA.

{0009} Accordingly, there is a need in the field for devices capable of yielding sequence

and other information for long biological polymers such as DNA or RNA.

SUMMARY OF THE INVENTION

[0010] In meeting the described challenges, in a first aspect the present invention
provides_a methods for characterizing one or more features of a macromolecule, comprising
linearizing a macromolecule residing at least in part within a nanochannel, at least a portion of the
panochannel being capable of physically constraining at least a portion of the macromolecule so
as to maintain in linear form that portion of the macromolecule, and the nanochannel comprising

at least one constriction wherein the nanochannel hag an effective inner diameter between about

10 nm 1o about 500 nm and a lensth of at least about 500 nm. and wherein the discrete

constriction has an effective inner diameter that is no more than about 40% of the effective inner

diameter of the nanochannel; transporting at least a portion of the macromolecule within at least a

portion of the nanochannel such that at least a portion of the macromolecule passes through the
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constriction; monitoring at least one signal arising in connection with the macromolecule passing
through the constriction; and correlating the at least one signal to one or more features of the
macromolecule.

{60111 In a second aspect, the present invention provides a devices for analyzing a

linearized macromolecule, comprising two or more fluid reservoirs; and a nanochannel



comprising a constriction, st-teast-teco-fhaid-reservelo-tn-Fhad
cormumieston-with-ene-anotherwherein the nanochannel has an effective inner diameter

between about 10 nm to about 500 nm and a length of at least about 500 nm. and wherein the

discrete constriction has an effective inner diameter that 1s no more than ahout 40% of the

effective inner diameter of the nanochannel. the nanochannel placing the at least two fluid
reservolrs in fluid communication with one another, and at least a portion of the nanochannel or a
portion of the construcfion being capable of physically consuaining at least a portion of a
macromolecule so as to maintain in substantially linear form that portion of the macromolecule,

[0012] FustherAccording to a third aspect of the present invention, there is provided
area methods for transporting a macromolecule, comprising providing at least two fluid

reservoirs; providing an at least partially linearized macromolecule, at least a portion of the
macromolecule residing in a nanochannel, the nanochannel placing the at least two reservoirs in
fluid communication with one another, the nanochannel comprising a constriction wherein the

nanochannel has an effective inner diameter between about 10 nm to about 500 nm and a length

of at Jeast about 500 nm. and wherein the discrete constriction has an effective inner diameter that

is no more than about 40% of the effective inner diameter of the nanochannel; and applying a
gradient to the macromolecule, the gradient giving rise to at least a portion of the linearized

macromolecule being transported within at least a portion of the nanochannel.
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16013] AddiionallyAccording (o a fourth aspect of the present i
provided arca methods for fabricating a constricted nanochannel, comprising providing a
nanochannel; the nanochannel having an internal diameter in the range of from ebewt-0-510 nm to
about +886500 nm, and the nanochannel having a length of at least about 19500 nm; reducing the
internal diameter of the nanochannel either at a location within the nanochannel, at a location
proximate to the end of the nanochannel, or both, so as to give rise to a constriction within or
adjacent to the nanochannel, the constriction having an internal diameter in fluidic
communication with the nanochannel, the nanochannel being capable of maintaining a linearized
macromolecule in its linearized form, and the reduced internal diameter being capable of

permitting the passage of at least a portion of a linearized macromolecule:, wherein the discrete

constriction has an effective inner diameter that is no more than about 40% of the effective inner

diameter of the nanochannel].

[6014]

According to a fifth aspect of the present invention, there is
provided a methods for linearizing a macromolecule, comprising placing a macromolecule in a

3 gy
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nanochannel,

ant &
e

masrerelesule-wherein the nanochanne] comprises a constriction being capable of physically

constraining at least a portion of the macromolecule so as to maintain in linear form that portion

of the macromolecule. wherein the nanochannel has an effective inner diameter between about 10

i to about 500 nm and a length of at least about 500 nm. and wherein the discrete constriction

has an effective inner diameter that is no more than about 40% of the effective inner diameter of

the nanochannel.

I0614a] According to a sixth aspect of the present invention, there is provided a

device for analyzing a polynucleotide macromolecule, comprising:

two or more fluid reservoirs; and

& nanochannel having an effective inner diameter between about 10 nm to about 500 nm

and a length of at least about 100 nm;

a discrete constriction in or at a terminal end of the nanochannel, having an effective

inner diameter that is no more than about 40% of the effective inner diameter of the

nanochanne], wherein the nanochannel and the constriction are located in the fluid pathway

between the reservoirs; and

a sensor associated with the device located to detect a signal from at least a portion of the

polynucieotide macromolecule as it passes through the constriction.

{0015] The general description and the following detailed description are exemplary
and explanatory only and are not restrictive of the invention, as defined in the appended claims.
Other aspects of the present invention will be apparent to those skilled in the art in view of the

detailed description of the invention as provided herein.

BRIEF DESCRIPTION OF THE DRAWINGS

{0016] The summary, as well as the following detailed description, is further
understood when read in conjunction with the appended drawings. For the purpose of illustrating
the invention, there are shown in the drawings exemplary embodiments of the invention;
however, the invention is not limited to the specific methods, compositions, and devices
disclosed. In addition, the drawings are not necessarily drawn to scale. In the drawings:

[0017] FIG. 1a is a schematic view of a DNA sequencer showing linearized double-

stranded DNA passing through a nanochannel into an outlet reservoir, where a measurement
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What is claimed is:

1. A method for characterizing one or more features of a macromolecule,

comprising:

linearizing a macromolecule residing at Jeast in part within a panochannel, at least a
portion of the nanochannel being capable of physically constraining at least a portion of the
macromolecule so as to maintain in linear form that portion of the macromolecule, and the
nanochannel comprising at least one constriction, wherein the nanochannel has an effective inner
diameter between about 10 nm to about 500 nm and a length of at least abgut 500 nm, and
wherein the discrete constriction has an effective inner diameter that is no more than about 40%
of the effective inner diameter of the nanochannel;

transporting at least a portion of the macromolecule within at least a portion of the
nanochannel such that at least a portion of the macromolecule passes through thei constriction;

monitoring at least one signal arising in connection with the macron%xolecuie passing
through the constriction; and |

correlating the at least one signal to one or more features of the macromolecule.

2. The method of claim 1, wherein the macromolecule comprises a pblynucleotidc, a
polynucleoside, a polymer, a copolymer, a dendrimer, a surfactant, a Iipid, a  carbohydrate, a

polypeptide, a protein, or any combination thereof.

3. The method of ¢laim 1, wherein the macromolecule resides within 2 fluid.
4. The method of claim 1, wherein the transporting comprises exposing thé macromolecule

to a gradient.

5. The method of claim 4, wherein the gradient comprises an electroosmotic field, an
electrophoretic field, a magnetic field, an electric field, an electromagnetic field, a flow field, a
radioactive field, a mechanical force, an electroosmotic force, an electmphbretic force, an
electrokinetic force, a temperature gradient, a pressure gradient, a surface property gradient, a

capillary flow, or any combination thereof.
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6. The method of claim 4, wherein the gradient is constant.
7. The method of claim 4, wherein the gradient varies.

8. The method of claim 1, wherein the signal comprises a visual signal, an infrared signal,
an ultraviolet signal, a radioactive signal, a magnetic signal, an electrical signal, an

electromagnetic signal, or any combination thereof.
9. The method of claim 1, wherein the macromolecule comprises one or more labels.

10. The method of claim 9, wherein the one or more labels comprise an electron spin
resonance molecule, a fluorescent molecule, a chemiluinescent molecule, a %adiosotoPe, and
enzyme substrate, a biotin molecule, an avidin molecule, an electrical chaléged transferring
molecule, a semiconductor nanocrystal, a semiconductor nanoparticle, a colloid éold nanocrystal,
a ligand, a microbead, a magnetic bead, a paramagnetic particle, a quantum dojg, a chromogenic
substrate, an affinity molecule, a protein, a peptide, a nucleic acid, a carbohydréxte, an antigen, a
hapten, an antibody, an antibody fragment, a lipid, a polymer, an electrically é.harged particle,
modified nucleotide, or any combination thereof.

11. The method of claim 8, wherein the signal is inherently emitted by the macromolecule.
12. The method of claim 8, wherein the signal is generated by illuminating thie molecule.

13. The method of claim 12, wherein the illuminating comprises exposing at least a portion
of the macromolecule to visible light, ultraviolet light, infrared light, x~ra3}s, gamma rays,

electromagnetic radiation, radio waves, radioactive particles, or any combination thereof.

14. The method of claim 8, wherein a feature of the macromolecule comprises the size of the
macromolecule, the molecular composition of the macromolecule, the molecular sequence of the

macromolecule, an electrical property of one or more molecules of the macromolecule, a
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chemical property of one or more molecules of the macromolecule, a radioactive property of one
or more molecules of the macromolecule, a magnetic property of one or more molecules of the

macromolecule, or any combination thereof.

15. The method of claim 9, wherein a feature of the macromolecule comprises the location of

one or more labels of the macromolecule.

16. The method of claim 14, wherein the molecular composition of the macromolecule
comprises the position of one or more molecules of the macromolecule, DNA polymorphisms,
DNA copy mumber polymorphisms, amplifications within DNA, deletions within DNA,
translocations within DNA, inversions of particular loci within DNA, the location of a methyl

group within the macromolecule, or any combination thereof.

17. The method of claim 15, further comprising the detection of binding sites between a drug
and the macromolecule, macromolecule-drug complexes, DNA repairing sites, DNA binding
sites, DNA cleaving sites, siRNA binding sites, anti-sense binding sites, transcription factor
binding sites, regulatory factor binding sites, restriction enzyme binding sites, restriction enzyme

cleaving sites, or any combination thereof.

18. A device for analyzing a linearized macromolecule, comprising:

two or more fluid reservoirs; and

a nanochannel comprising a constriction, wherein the nanochannel has an effective inner
diameter between about 10 nm to about 500 nm and a length of at least about 500 nm, and
wherein the discrete constriction has an effective inner diameter that is no more than about 40%
of the effective inner diameter of the nanochannel, the nanochannel placing the at least two fluid
reservoirs in fluid communication with one another, and

at least a portion of the nanochannel or a portion of the constriction being capable of
physically constraining at least a portion of & macromolecule so as to maintain in substantially

linear form that portion of the macromolecule.

19. The device of claim 18, wherein the constriction resides at one end of the nanochannel.
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.20. The device of claim 18, wherein the constriction resides within the nanochannel.

21. The device of claim 18, wherein the nanochannel comprises a length at least equal to the

length of the linearized macromolecule.

22. The device of claim 18, wherein the nanochannel comprises an effective inner diameter

in the range of from about 100 nm to about 300 nm.

23. The device of claim 18, wherein the nanochannel comprises an effective inner diameter

in the range of from about 150 nm to about 250 nm.

24. The device of claim 18, wherein the nanochannel comprises an effective inner diameter
capable of physically constraining at least a portion of a macromolecule so asito maintain that

portion in linearized form.

25. The device of claim 18, wherein the constriction comprises an effective inner diameter in

the range of from about 0.5 nm to about 100 nm. e

26. The device of claim 18, wherein the constriction comprises an effective inner diameter in

the range of from about 10 nm to about 50 nm.

27. The device of claim 18, wherein the constriction comprises an effective inner diameter
capable of maintaining a linearized macromolecule passing across the constriction in linearized

form.
28. The device of claim 18, wherein the device further comprises a gradient.
29. The device of claim 28, wherein the gradient comprises an electroosmeotic field, an

electrophoretic field, capillary flow, a magnetic field, an electric field, a radioactive field, a .

mechanical force, an electroosmotic force, an electrophoretic force, an electrokinetic force, a



26

temperature gradient, a pressure gradient, a surface property gradient, a capillary flow, or any

combination thereof.

30. The device of claim 28, wherein the gradient is capable of linearizing at least a portion of

a macromolecule residing within at least a portion of the nanochannel.

31. The device of claim 28, wherein the gradient is capable of transporting at least a portion

of a macromolecule located within the nanochannel along at least a portion of the nanochannel.
32. The device of claim 28, further comprising a gradient generator.

33. The device of claim 32, wherein the gradient generator comprises a voltage source, a

magnet, an acoustic source, a pressure source, or any combination thereof,

34, The device of claim 28, wherein the gradient generator is capable of apﬁlying a constant
gradient. '
35. The device of claim 28, wherein the gradient generator is capable of apﬁf;lying a variable

gradient.
36. The device of claim 18, wherein the two or more fluid reservoirs compris: the same fluid.

37. The device of claim 18, wherein the two or more fluid reservoirs comprise different
fluids.

38. The device of claim 18, further comprising a detector capable of detecting a signal arising

from at least a portion of the linearized macromolecule passing through the constriction.

39. The device of claim 38, wherein the detector comprises a charge coupled device (CCD)
detection system, a complementary metal-oxide semiconductor (CMOS) detection system, a

photodiode detection system, a photo-multplying tube detection system, a scintillation detection
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system, a photon counting detection system, an electron spin resonance detection system, a
fluorescent detection system, a photon detection system, an electrical detection system, a
photographic film detection system, a chemiluminescent detection system, an enzyme detection
system, an atomic force microscopy (AFM) detection system, a scanning tunneling microscopy
(STM) detection system, a scanning electron microscopy (SEM) detection system, an optical
detection system, a nuclear magnetic resonance (NMR) detection systern, a near field detection
system, a total internal reflection (TIRF) detection system, a patch clamp detection system, an
electrical current detection system, an electrical amplification detection system, a resistance

measurement system, a capacitive detection system, or any combination thereof.

40. The device of claim 38, wherein the detector is capable of monitoring one or more

locations within one or more of the fluid reservoirs.

41. The device of claim 38, wherein the detector is capable of monitoring a location within
the nanochannel.

42. The device of claim 38, wherein the detector is capable of monitering a location

proximate 1o an end of the nanochannel.
43. The device of claim 18, further comprising an illuminator.

44. The device of claim 43, wherein the illuminator comprises a laser, a source of visible
light, a source of radioactive particles, a magnet, a source of ultraviolet light, a source of infrared

light, or any combination thereof.
45. The device of claim 18, further comprising a data processor.

46. A method for transporting 2 macromolecule, comprising:
providing at least two fluid reservoirs;
providing an at least partially linearized macromolecule, at least a portion of the

macromolecule residing in a nanochannel, the nanochannel placing the at least two reservoirs in
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fluid communication with one another, the nanochannel comprising a constriction, wherein the
nanochannel has an effective inner diameter between about 10 nm to about 500 nm and a length
of at least about 500 nm, and wherein the discrete constriction has an effective inner diameter
that is no more than about 40% of the effective inner diameter of the nanochannel; and

applying a gradient to the macromolecule, the gradient giving rise to at least a portion of

the linearized macromolecule being transported within at least a portion of the nanochannel.

47. The method of claim 46, wherein the nanochanne! comprises a length greater than about

the length of the linearized macromolecule.

48. The method of claim 46, wherein the gradient comprises an electroosmotic field, an
electrophoretic field, capillary flow, a magnetic field, an electric field, a radicactive field, a
mechanical force, an electroosmotic force, an electrophoretic force, an electrokinetic force, a
temperature gradient, a pressure gradient, a surface property gradient, a capillary flow, or any

combination thereof.
49. The method of claim 48, wherein the gradient is constanit,
50. The method of claim 48, wherein the gradient varies.

51. A method for fabricating a constricted nanochannel, comprising:

providing a nanochannel, the nanochannel having an internal diameter in the range of
from 10 nm to about 500 nm, and the nanochanne] having a length of at least aboiut 500 nm;

reducing the internal diameter of the nanochannel either at a location within the
nanochannel, at a location proximate to the end of the nanochannel, or both, so as to give rise to
a consfriction within or adjacent to the nanochannel, the constriction having an internal diameter
in fluidic communication with the nanochannel, the nanochannel being capable of maintaining a
linearized macromolecule in its linearized form, and the reduced internal diameter being capable
of permitting the passage of at least a portion of a linearized macromolecule, wherein the discrete
constriction has an effective inner diameter that is no more than about 40% of the effective inner

diameter of the nanochannel.
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52. The method of claim 51, wherein the internal diameter of the nanochannel is reduced by

additively depositing one or more materials within, or exterior to, the nanochannel.

53. The method of claim 52, wherein the additive deposition comprises sputtering, spraying,

physical vapor deposition, chemical vapor deposition, or any combination thereof.

54. The method of claim 52, wherein the additive deposition ceases before the nanochannel is

completely occluded.

55. The method of claim 52, wherein the additive deposition ceases after the nanochannel is

completely occluded.

56. The method of claim 55, further comprising the step of re—opeﬁing the sealed
nanochannel by removing at least a portion of the deposited additive material. )

57. The method of claim 56, wherein the removing is accomplished by etching.

|
!
58. The method of claim 57, wherein the etching comprises contacting one a:".ide of deposited

additive material with an first species capable of etching the deposited additive mfzatcrial.

59. The method of claim 58, further comprising contacting the other side of the deposited
additive material with a second species capable of retarding the etching actf!vity of the eich

species upon contact with the first species.

60. The method of claim 58, further comprising contacting the other side of the deposited
additive material with a second species capable of halting the etching activity of the etch species

upon contact with the first species.
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61. The method of claim 59, further comprising adjusting the conditions in the nanochannel,
the relative amounts of the first and second species, or any combination thereof, so as to achieve

the desired reduced internal diameter.

62. The method of claim 51, wherein affecting the internal diameter of the nanochannel
comprises the steps of
(a) placing a sacrificial material within the nanochannel,
(b) depositing additive material proximate to the sacrificial material so as to fully occlude
the nanochannel, and \
{c) selectively removing at Jeast a portion of the sacrificial material so as to give rise to a
reduced internal diameter of the nanochannel of the dimension of the removed sacrificial

material.

63. A method for linearizing a macromolecule, comprising: ;
placing a macromolecule in a nanochannel, wherein the nanocham:ael comprises a
constriction being capable of physically constraining at least a portion of the miacromolecule so
as to maintain in linear form that portion of the macromolecule, wherein the nari;ochannel has an
effective inner diameter between about 10 nm to about 500 nm and a length of a;:t least about 500
nm, and wherein the discrete constriction has an effective inner diameter that '15 no more than

about 40% of the effective inner diameter of the nanochannel.

64. The method of claim 63, further comprising applying 2 gradient to the macromolecule,
such that at least a portion of the macromolecule passes, linearly, through the nanochannel

constriction.

65. The method of claim 64, wherein the gradient comprises an electroosmotic field, an
electrophoretic field, capillary flow, a magnetic field, an electric field, a radicactive field, a
mechanical force, an electroosmotic force, an electrophoretic force, an e!ectrékinetic force, a
temperature gradient, a pressure gradient, a surface property gradient, a capillary flow, or any

conibination thereof,
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66. The method of claim 63, wherein the nanochannel places two or more fluid reservoirs in

fluid communication with one another.

67. The method of claim 63, wherein the nanochannel comprises an internal diameter of less

than about two times the radius of gyration of the linear conformation of the macromolecule.

68. The method of claim 63, wherein the nanochannel comprises an inner diameter in the

range of from about 50 nm o about 100 nm.

69. A device for analyzing a polynucleotide macromolecule, comprising:

two or more fluid reservoirs; and

a nanochannel having an effective inner diameter between about 10 nm to about 500 nm
and a length of at least about 100 nm;

a discrete constriction in or at a terminal end of the nanochannel, having an effective
inner diameter that is no more than about 40% of the effective inner diameter of the
nanochannel, wherein the nanochannel and the constriction are located in the fluid pathway
between the reservoirs; and

a sensor associated with the device located to detect a signal from at least 2 portion of the

polynucleotide macromolecule as it passes through the constriction.



What is claimed:

1. A method for characterizing one or more features of a macromolecule, comprising:
linearizing & macromolecule residing at l=ast in part within a nanochaninel,

at least a portion of the nanochannel! being capable of physically constraining at

least a portion of the macromolecule 50 as to maintain in linear form that portion

of the macromoiecule, and
the nanochannel comprising at least one constriCtion;

transporting at least a portion of the macromolecyde within at least a portion of the
nanochannel such that at least a portion of the phacromolecule passes through the

constriction;

monitoring at least one signal arising in/connection with the macromolecule passing

through the constriction; and

correlating the at least one signad to one or more features of the macromolecuie.

2. The method of claim 1, whgrein the macromolecuie comprises a polynucleotds, 2

o
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€. The method of claim 4, wherein the gradient is constant.
7. The method of claim 4, wherein the gradient varies.
8. The method of claim 1, wherein the signal comprises & visual signal/an infrared signal,

an ultraviolet signal, a radicactive signal, 2 magnetc signal, an electrical gignal, an

electromagnetic signal, or any combination thereof.
9, The method of claim 1, wherein the macromolecule comp#isss one or more labels.

10. The method of claim 9, wherein the one or mors labgls comprise an electron spin
ssonance molecule, a fluorescent molecule, a chemiluinegcent motecule, a radiosotope, and
enzyme substrate, a biotin molecule, an avidin moleculé, an electrical charged transferring
‘moleculs, a semicondustor nanocrystal, a semicondypttor nanoparticle, a colloid gold nanocrystal,
a ligand, a microbead, a magnetic bead, a paramagnstic particle, a guantum dot, a chromogenic
substrate, an affinity molecule, a protein, a peptide, a nucleic acid, a carbohydrate, an antigen, a
hapten, an antibody, an anti'body fragment, g/lipid, a polymer, an electrically éhafged particle,

modified nucleotide, or any combination ghereof.
1L The method of claim 8, wheréin the signal is inherently ernitted by the macromoiecule.
12. The method of claim 8, Avherein the signal is generated by illuminating the moilecule,

13. The method of clajm 12, wheresin the illuminating comprises exposing at least a portion

of the macromoiecule tpf visible light, ultraviolet light, infrared light, x-rays, gamma rays,

electromagnetic radigtion, radio waves, radioactive particies, or any combination thereof,

or mgre molecules of the macromolecule, 2 magnetic property of one or more molecuies of the

mgcromoleculie, or any combination thereof.
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13, The method of claim 9, wherein a feature of the macromolecule comprises the

location of one or more labels of the macromolecule.

16.  The method of claim 14, wherein the molecular composition of the macfomoiecule
comprises the position of one or more molecules of the macromolecule, DN
polymorphisms, DNA copy number polymorphisms, amplifications withiy DNA, deletions
within DNA,, wanslocations within DNA, inversions of particular loci
location of a methyl group within the macromolecule, or any combinétion thereof.
17.  The method of claim 15, further comprising the detectigh of binding sites between a
, DNA repairing sites, DNA

ti-sense binding sites, transcription

drug and the macromolecule, macromoiecule-drug complexe
binding sites, DNA cleaving sites, SIRNA binding sites,
factor binding sites, regulatory factor binding sites, restiiction enzyme binding sites,

restriction enzyme cleaving sites, or any combinatioy thereof.

18. A device for analyzing a linearized macyomolecule, comprising:
two or more fluid reservoirs;
a nanochanne] comprising & constriction extending into the nanochannel,

the nanochannel placing the at least two fluid reservoirs in fluid

communicatiof with one another.

19. The device of claim 18. Wherein the conswiction resides at one end of the

nanochanne].

20. The device of ¢l 18, wherein the constictuon resides within the nanochannel.

21.  The device/of claim 18, wherein the nanochannel comprises a length in the range of at

least about 10
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24. The device of claim 18, wherein the nanochannel comprises a length in the rangé of at

lzast about 500 nm.

25, The device of claim 18, wherein the nanochannel comprises a length at iéast egual to the

length of the linearized macromolecute.

26. The device of claim 18, wherein the nanochanne! comprises an effective inner diameter

in the range of from about 0.5 nm to about 1000 am.

27. The device of claim 18, wherein the nanochanne! comprisgs an effective inner diameter
in the range of from ebout 10 nm to about 500 nm.

28,  The device of claim 18, wherein the nanochannel gémprises an effective inner diameter

in the range of from about 100 nm to about 300 nm.

29, The device of claim 18, wherein the nanochéannel comprises an effective inner diameter

in the range of from about 150 nm to about 250

30, The device of claim 18, wherein the ganochannel comprises an effective inner diameter
capable of physically constraining at leasy/a portion of 2 macromolecule so as 1o maintain that

portion in linearized form.

31 The device of claim 18, whérein the constriction comprises an effective inner diameter in

the range of from about 0.5 nm ¥o about 100 nm.

32. The device of claim/18, wherein the constriction comprises an effective inner diameter in

the range of from about J 1o about 50 nm.

33, The device of claim 18, whersin the constriction comprises an effective inner diameter
capable of maintgfning a linearized macromolecuie passing across the consmiction in linearized

form.

The device of claim 18, whersin the device further comprises 2 gradient.

(2
i

The device of claim 34, wherein the gradient comprises an slectroosmotic field, an

elegtrophoretic field, capillary flow, a magnstic field, an electric fisld, & radicactive fieid, &
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mechanical force, an electroosmotic force, an elecrophoretic force, an electrokineticforee, &
temperature gradient, a pressure gradient, a surface property gradient, a capillary flow, or any
combination thersof.

36.  The device of claim 34, wherein the gradient is capable of linearizing at least a portion of

a macromolecuie residing within at least a portion of the nanochannel.

37.  The device of claim 34, wherein the gradient is capable of wahsporting at least a portion

of 2 macromolecule located within the nanochannel along at least 4 portion of the nanochannel,

38.  The device of claim 34, further comprising a gradient generator.

39, The device of claim 38, whersin the gradient gengrator comprises a voltage sourcs, 2

magnet, a aCOUSHC SoUrce, g pressure source, or any cofnbination thersaf,

40.  The device of claim 34, wherein the gradight generator is capable of applying a constant

gradient,

4l. The device of claim 34, wherein thg gradient generator is capabie of applying a variable

gradient.
42. The device of claim 18, wh;/e':n the two or more fluid reservoirs comprise the same fiuid,

43, The device of claim 18 Avherein the two or more fluid reservoirs comprise different

fluids.

44, The device of claim 18, further comprising a detector capable of detecting & signal arising
=4

from at least a portior/of the linearized macromelecule passing through the constriction.

45. The devigé of claim 44, wherein the detector comprises a charge coupled device (CCD)
detection systefn, 2 complementary metal-oxide semiconductor (CMOS) detection system, a
photodiode detection system, a photo-muitplying tube detection system, a scintillation detection
system, a photon counting getection system, an elecron spin resonance detecuon system, a
fluoresgent detection system, 2 photon detection sysiem, an electrical detection system, a
photggraphic film detection system, a chemiluminescent detection system, an enzyme getscton

sygtem, an atomic force microscopy (AFM) detecrion system, a scanning tunneling microscopy




{STM) detsction system, a scanning electron microscopy (SEM) detection system, an gptical
detection system, a nuclear magnetic resonance (NMR) detection system, a near fie

detection system, a total internal reflection (TIRF) detection system, a patch cl detection
system, an electrical current detection system, an electrical amplification detection system, 2

resistance measurement system, a capacitive detection syster, or any combjfiation thereof.

46.  The device of claim 44, wherein the detector is capable of mopdtoring one or more

locations within one or more of the fluid reservoirs.

47.  The device of claim 44, wherein the detector is capablg of monitoring a location
within the nanochannel.

48.  The device of claim 44, wherein the detector 36 capable of moniroring a location

proximate to an end of the nanochannel,
49,  The device of claim 18, further compfising an illuminator.

50.  The device of claim 49, whereiy the illuminator comprises a laser, a source of visible
light, a source of radioactive particlgé, a magnet. a source of ultraviolet light, a source of

1~ b

infrared light, or any combinarioy/thereof.
51.  The device of claim/1 8. further comprising a data processor.

52. A method for poriing & macromolecule. comprising:
providing gt least two fluid reservoirs;
providing an at least pariially linearized macromolecule,

at least a portion of the macromolecuie residing in a nanochannel,
the nanochannel placing the at least two reserveirs in fiuid
communication with one another,
the nanochannel comprising a constriction extending into the

nanochannel; and
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applying a gradient to the macromoleculs,

the gradient giving rise 1o at least a portion of the linearized macromolgcule being

transpored within at least a portion of the nanochannel.

53. The method of claim 52, wherein the nanochannel comprises a length grearer than about

10 nm.

54, The method of claim 52, wherein the nanochanne] comprises a/iength greater than about
50 nm.

55.  The method of ciaim 52, wherein the nanochannel comfrises a length greater than about
100 nm, ‘

56.  The method of claim 52, wherein the nanochannel comprises a length greater than about
500 nm.

57. The method of claim 52, wherein the nghochannel comprises a length greater than about

the iength of the linearized macromolecule.

58.  The method of claim 52, wherej
electrophoretic field, capillary fiow, £ magnetic field, an electric field, a radioactive field, a

the gradient comprises an elecoroosmotic field, an

mechanical foree, an electroosmoc force, an electrophoretic Torce, an electrokinetic force, a
temperature gradient, a pressurg gradient, & surface property gradient, a capillary flow, or any

combination thersof,

59. The method of ¢laim 58, wherein the gradient is constant,
60. The method of claim 58, wherein the gradient varies.
6l. A method for fabricating & constricted nanocchannel, comprising:

oviding 2 nanochanne!

the nanochanne!l having an internal diameter in the range of from about 0.5 nm w0
about 1000 nm, and
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the nanochannel having a length of at least about 10 nm;

reducing the internal diameter of the nanochannel either at a location withi
nanochannel, at a location proximate 1o the end of the nanochannel, or both, so as to give
rise to a constriction within or adjacent to the nanochannel, the constrigtion having an

internal diameter in fluidic communication with the nanochannel,

the nanochanne! being capable of maintaining a linearizéd macromolecuie in its

linearized form, and

the reduced internal diameter being capable of pgrmitting the passage of at least 2

portion of a linearized macromolecule.

62.  The method of claim 61, wherein the internal diafmeter of the nanochannel is reduced by

additively depositing one or more materials within, oy/exterior to, the nanochannel.

63.  The method of claim 62, wherein the addjfive deposition comprises sputtering, spraying,

physical vapor deposition, chemical vapor depgsition, or any combination thereof.

64, The method of claim 62, wherein the additive deposition ceases before the nanochannel is
P

cahpletcly occluded.

65. The method of claim 62, wherein the additive deposition ceases after the nanochanne! is

completely occluded.

66. The method of clai

nanochannel by removing at least a portion of the deposited additive marerial.

€3, further comprising the step of re-opening the szaled

67, The method gf claim 66, wherein the removing is accomplished by etching.

68. The method of claim 67, wherein the stching comprises contacting ons side of deposited

additive matgfial with an first species capabie of erching the deposited additive material,

69.

additi¥e material with a second species capable of retarding the etching activity of the etch

e mathod of claim 68, further comprising contacting the other side of the deposited

speZies upon contact with the first species.




30

70.  The method of claim 68, further comprising contacting the other side of the &
additive material with a second species capable of halting the etching activity of the etch

species upon contact with the first species.

71, The method of claim 69, further comprising adjusting the conditions ;
nanochannel, the relative amounts of the first and second species, or any ¢dmbination thereof,

S0 as to achieve the desired reduced internal diameter.

72.  The method of claim 61, wherein affecting the internal digfneter of the nanochannel
comprises the steps of (a) placing a sacrificial material within fhe nanochannel, (b) depositing
additive material proximate to the sacrificial material so as 16 fully occlude the nanochannel,
and {(c) selectively removing at least a portion of the sacrjficial material 0 as to giverise to a
reduced internal diameter of the nanochanne! of the diptension of the removed sacrificial
material.
73. A method for linearizing a macromotegile, comprising:

placing a macromolecule in a nanoc el comprising a conswiction extending 10t
the nanochannel,

at least a portion of the

~

ianochannel being capable of physically constraining
at least a portion of the macromolecule so as 1o maintain in linear form that

portion of the magfomolecule.

74.  Themethod of/claim 73, further comprising applying a gradient to the

macromolecule, sugh that at least a portion of the macromolecuie passes, linearly, through the

terdperature gradient, a pressure gradient, a surface property gradient, a capillary fiow, or any

ombinaton thereof.
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76.  The method of claim 73, wherein the nanochanne! places two or more fluid re

in fiuid communication with one another.

diamster of
fthe

77.  The method of claim 73, wherein the nanochannel comprises an inte
less than about two times the radius of gyration of the linear conformatio

macromolecule.

78.  The method of claim 73, wherein the nanochannel compriées a length of at least about

10 nm.

79.  The method of claim 78, wherein the nanoc comprises a length of at least about

50 nm.

80.  The method of claim 78, wherein the nafiochannel comprises a length of at least about
100 nm.

81.  The method of claim 78, wherein the nanochanne] comprises a length of at least about
500 nm.

82.  The method of claim 75, wherein the nanochannel comprises an inner diameter in the

range of from about 0.5 nor'to about 1000 nm.

83.  The method pf claim 82, wherein the nanochannel comprises an inner diameter in the

range of from abgtt 5 nm to about 200 nm.




