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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. 

[0006] 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 molecular analysis methods are needed. See "The 

Quest for the $1,000 Human Genome," by Nicholas Wade, The New York Times, My 18, 2006. 

[0007] 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 die 

semiconductor processes required for sensitive on-chip electronics. 

[0008] 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 fiel u 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 

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 Dm 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; 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 

tiirough the constriction; and correlating the at least one signal to one or more features of the 

macromolecule. 

[0011] In a second aspect, the present invention provides a_devicee for analyzing a 

linearized macromolecule, comprising two or more fluid reservoirs; and a nanochannel 
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comprising a constriction, fee nanochannel placing the at leasj-two flirid-fCGervoirs in fluki 

eoff^minication-wj^l). one anetheFrwherein 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 construction being capable of physically constraining at least a portion of a 

macromolecule so as to maintain in substantially linear form that portion of the macromolecule. 

[0012] According to a third aspect of the present invention, there is provided 

a^ea 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 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. 

[0013] AdditionullyAccordmg to a fourth aspect of the present invention, there is 

provided a?ea methods for fabricating a constricted nanochannel, comprising providing a 

nanochannel; the nanochannel having an internal diameter in the range of from akeut 0.510 nm to 

about 4-&QQ500 nm, and the nanochannel having a length of at least about 4-0500 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. 

[0014J Also disclosed areAccording to a fifth aspect of the present invention, there is 

provided a methods for linearizing a macromolecule, comprising placing a macromolecule in a 
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nanochannel, ai leasi --a-portion- •&[ the-na-Hochamsel-being c-apabl c of physical])' conoiraining-at 

least a portion of the macromolecule r.o OR to maintain in linear form that-portion of the 

macroffiokouJerwherein the nanochannel 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 

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. 

[QOMal 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 

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 axe 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 

polynucleotide 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. la 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 fox 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 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 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! 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. 

2. The method of claim 1, wherein the macromolecule comprises a polynucleotide, a 

polynucleoside, a polymer, a copolymer, a dendrimer, a surfactant, a lipid, a carbohydrate, a 
polypeptide, a protein, or any combination thereof. 

3. The method of claim 1, wherein the macromolecule resides within a fluid. 

4. The method of claim 1, wherein the transporting comprises exposing the macromolecule 
to a gradient. 

5. The method of claim A, 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 electrophoretic 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 ls 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 radiosotope, and 

enzyme substrate, a biotin molecule, an avidin molecule, an electrical charged transferring 

molecule, a semiconductor nanocrystal, a semiconductor nanoparticle, a colloid gold nanocrystal, 
a ligand, a microbead, a magnetic bead, a paramagnetic particle, a quantum dot, a chromogenic 

substrate, an affinity molecule, a protein, a peptide, a nucleic acid, a carbohydrate, an antigen, a 
i 

hapten, an antibody, an antibody fragment, a lipid, a polymer, an electrically Charged 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 the 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-rays, 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 number 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. 

1B. 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 a macromolecule so as to maintain in substantially 
linear form that portion of the macromolecule. 

19. The device of claim 18, wherein 1he 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 rim 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. l 

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 electroosmotic 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 electroldnetic force, a 
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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 applying a constant 

gradient. 

I 
35. The device of claim 28, wherein the gradient generator is capable of applying a variable 

gradient. 

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

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

3S. The device of claim IE, 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 system, 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 monitoring a location 

proximate to an end of the nanochannel 

I 
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 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 



28 

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 nanochannel 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 radioactive 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 constant. 

50. The method of claim 48, wherein the gradient varies. 

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

providing a nanochannel, the nanochaimel having an internal diameter in the range of 
from 10 nm to about 500 nm. and the nanochaimel having a length of at least abput 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 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 
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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-opening the sealed 

nanochannel by removing at least a portion of the deposited additive material, i 
I 
I 

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 side of deposited 

additive material with an first species capable of etching the deposited additive material. 
i ; 
j 

59. The method of claim 58. further comprising contacting the other side Sof the deposited 
additive material with a second species capable of retarding the etching activity of the etch 
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 least 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: 
i 

placing a macromolecule in a nanochannel, wherein the nanochannel 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 
i 

effective inner diameter between about 10 nm to about 500 nm and a length of ajt least about 500 
i 

nm, and wherein the discrete constriction has an effective inner diameter that sis no more than 
about 40% of the effective inner diameter of the nanochannel. ! 

64. The method of claim 63, further comprising applying a 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 radioactive 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. 
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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 to 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 a portion of the 
polynucleotide macromolecule as it passes through the constriction. 



What Is claimed: 

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

linearizing a macromolecule residing at least in part within a nanochannel, 

at least a portion of the nanochannel being capable of phvsicaUy constraining at 
least a portion of the macromolecule so as to maintainJtn linear form that portion 
of the macromoiecule, and 

the nanochannel comprising at least one constriction; 

transporting at least a portion of the macromoiecuie within at least a portion of the 
nanochannel such that at least a portion of the Macromolecule passes through the 
constriction; 

monitoring at least one signal arising iiyconnection with the macromolecule 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 macromoiecuie comprises a polynucleotide, a 
polynucleoside, a polymer, a copolymer, a dendrimer, a surfactant, a lipid, a carbohydrate, 
polypeptide, a protein, or anv/combination thereof, 

3. The method of cijAm 1, wherein the macromolecule resides within a fluid. 

4. The method/of claim 1, wherein the transporting comprises exposing the macromoiecuie 
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, 
radioactive field, a mechanical force, an electroosmotic force, an electrophoretic force, an 
electrokinetic force, a temperature gradient, a pressure gradient, a surface property gradient, a 
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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 electricaLsignal, an 
electromagnetic signal, or any combination thereof. / 

9. The method of claim 1, wherein the macromolecule comonses 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 cheraiiume/cent molecule, a raaiosotope, and 
enzyme substrate, a biotin molecule, an avidin molecule, an electrical charged transferring 
molecule, a semiconductor nanocrystal, a semiconductor nanoparticle, a colloid gold nanocrystal, 
a ligand, a microbead, a magnetic bead, a paramagnetic panicle, a quantum dot, a chromogenic 
substrate, an affinity molecule, a protein, a pennde, a nucleic acid, a carbohydrate, an antigen, a 
hapten, an antibody, an antibody fragment, a/lipid, a polymer, an electrically charged particle, 
modified nucleotide, or any combination fcHiereof. 

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 the molecule. 

13. The method of claim 12, wherein the illuminating comprises exposing at least a portion 
of the macromoiecuie w visible light, ultraviolet light, infrared light, x-rays, gamma rays, 
electromagnetic radiaxion, radio waves, radioactive particles, or any combination thereof. 

14. The mettfod of claim 8, wherein a feature of the macromolecule comprises the size of the 
macromoiecuie, the molecular composition of the macromolecule, the molecular sequence of the 
macromolecule, an electrical property of one or more molecules of the macromoiecuie, a 
chemical property of one or more molecules of the macromolecule, a radioactive property of one 
or nwe molecules of the macromoiecuie, a magnetic property of one or more molecules of the 
macromolecule. or any combination thereof. 
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15. The method of ciaim 9, wherein a feature of the macromolecule comprises the / 
location of one or more labels of the macromoiecuie. / 

16. The method of claim 14, wherein the molecular composition of the macromolecule 
comprises the position of one or more molecules of the macromolecule, DN^L 
polymorphisms, DNA copy number polymorphisms, amplifications withir/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, a^ti-sense binding sites, transcription 
factor, binding sites, regulatory factor binding sites, restriction enzyme binding sites, 
restriction enzyme cleaving sites, or any combinations thereof. 

18. A device for analyzing a linearized mac^6molecule, comprising: 
two or more fluid reservoirs; a&a 
a nanochannel comprising ar constriction extending into the nanochannel, 

the nanochannel tracing the at least two fluid reservoirs in fluid 
communication with one another. 

19. The device of claim 18, Wherein the constriction resides at one end of the 
nanochannel. / 

20. The device of cMm 18, wherein the constriction resides within the nanochannel. 

21. The device/of claim 18, wherein the nanochannel comprises a length in the range of at 
least about 10 nm. 

22. Ths device of claim 18. wherein the nanochannel comprises a length in the range of at 
least about 50 run. 

23/ The device of claim 18, wherein the nanochannel comprises a length in the range of at 
least about 100 nm. 
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24. The device of claim IB, wherein the nanochannel comprises a length in the range of at 
least about 500 nm. 

25. The device of claim IE, wherein the nanochannel comprises a length at J^ast equal to the 
length of the linearized macromoiecuie. 

26. The device of claim 18, wherein the nanochannel comprises an effective inner diameter 
in the range of from about 0.5 nm to about 1000 nm. 

27. The device of claim 18, wherein the nanochannel comprises an effective inner diameter 
in the range of from about 10 nm to about 500 nm. 

28. The device of claim 18, wherein the nanochannel (jomprises an effective inner diameter 
in the range of from about 100 nm to about 300 nm. 

29. The device of claim 18, wherein the nanoci)dnnei comprises an effective inner diameter 
in the range of from about 150 nm to about 250 

30. The device of claim 18, wherein the rianochannel comprises an effective inner diameter 
capable of physically constraining at leasya portion of a macromoiecuie so as to maintain 
portion in linearized form. 

31. The device of claim 18, wherein the constriction comprises an effective inner diameter in 
the range of from about 0.5 nm ID about 100 nm. 

32. The device of claim/18, wherein the constriction comprises an effective inner diameter in 
the range of from about W to about 50 nm. 

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

device of claim 18, wherein the device further comprises a gradient. 

35. /The device of claim 34, wherein the gradient comprises an electroosmotic field, ari 
electrophoretic field, capillary flow, a magnetic field, an electric field, a radioactive field, 
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mechanical force, an electroosmotic force, an electrophoretic force, an electroldnetic/force, a 
temperature gradient, a pressure gradient, a surface property gradient, a capillary flow, or any 
combination thereof. / 

36. The device of claim 34, wherein the gradient is capable of linearizing at least a portion of 
a macromolecule residing within at least a portion of the nanochannel. / 

37. The device of claim 34, wherein the gradient is capable of transporting at least a portion 
of a macromolecule located within the nanochannel along at leastjL portion of the nanochannel. 

3E. The device of claim 34, further comprising a gradient>generator. 

39. The device of claim 38, wherein the gradient generator comprises a voltage source, a 
magnet, a acoustic source, a pressure source, or any combination thereof. 

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

41. The device of claim 34, wherein thygradient generator is capable of applying a variable 
gradient. / 

42. The device of claim 18, wl in the two or more fluid reservoirs comprise the same fluid. 

43. The device of claim ISyw'nerein the two or more fluid reservoirs comprise different 

fluids. / 

44. The device of claim IB, further comprising a detector capable of detecting a signal arising 
from at least a portion/of the linearized macromolecule passing through the constriction. 

45. The device of claim 44, 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 
system, aijhoton 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 chemiiuminescent detection system, an enryme detection 
system, an atomic force microscopy (AFM) detection system, a scanning tunneling microscopy 
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(STM) detection system, a scanning electron microscopy (SEM) detection system, an 9pticai 
detection system, a nuclear magnetic resonance (NMR) detection system, a near 
detection system, a total internal reflection (TTRF) detection system, a patch clanwS detection 
system, an electrical current detection system, an electrical amplification detection system, 
resistance measurement system, a capacitive detection system, or any combination thereof. 

46. The device of claim 44, wherein the detector is capable of monitoring one or more 
locations within one or more of the fluid reservoirs. 

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

48. The device of claim 44, wherein the detector ')£ capable of monitoring a location 
proximate to an end of the nanochannel. 

49. The device of claim 18, further composing an illuminator. 

50. The device of claim 49. whereij/the illuminator comprises a laser, a source of visible 
light, a source of radioactive particle! a magnet, a source of ultraviolet light, a source of 
infrared light, or any combinaiioi/thereof. 

51. The device of claim/f 8. further comprising a data processor. 

52. A method forrfansportins a macromolecule. comprising: 
providing $ least two fluid reservoirs: 

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 extending into the 
nanochannel; and 



applying a gradient co the macromoiecuie, 

the gradient giving rise to at least a portion of the linearized macromoiecuie being 
transported within at least a portion of the nanochannel. 

53. The method of claim 52, wherein the nanochannel comprises a length, 
10 nm. 

jater than about 

54. The method of claim 52, wherein the nanochannel comprises 
50 nm. 

length greater than about 

55. The method of claim 52, wherein the nanochannel corpprises a length greater than about 
100 nm. 

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

57. The method of claim 52, wherein the n^cchannel comprises a length greater than about 
the length of the linearized macromolecule. 

58. The method of claim 52, wherein the gradient comprises an electroosmotic field, an 
electrophoretic field, capillary flow. /magnetic field, an electric field, a radioactive field, a 
mechanical force, an eiectroosmo^c force, an electrophoretic force, an eiectroianetic force, 
temperature gradient, a pressur^gradient, a surface property gradient, a capillary flow, or any 
combination thereof. 

59. The method of pfaim 58, wherein the gradient is constant, 

60. The msthoj/of claim 58, wherein the gradient varies. 

61. A memod for fabricating a constricted nanochannel, comprising: 

roviding a nanochannel 

the nanochannel having an interna) diameter in the range of from about 0.5 nm to 
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 within4he 
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 macromoiecuie. / 

62. The method of claim 61, wherein the internal diameter of the nanochannel is reduced by 
additively depositing one or more materials within, oi/exterior to, the nanochannel. 

63. The method of claim 62, wherein the adcmive deposition comprises sputtering, spraying, 
physical vapor deposition, chemical vapor deposition, or any combination thereof . 

64. The method of claim 62, wherein tfte additive deposition ceases before the nanochannel is 
completely occluded. / 

65. The method of claim 62, wherein the additive deposition ceases after the nanochannel is 
completely occluded. / 

66. The method of claina 65, further comprising the step of re-opening the sealed 
nanochannel by removing at least a portion of the deposited additive material. 

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

68. The method of claim 67, wherein the etching comprises contacting one side of deposited 
additive matonal with an first species capable of etching the deposited additive material. 

69. The method of claim 68, further comprising contacting the other side of the deposited 
additiVc material with a second species capable of retarding the etching activity of the etch 
species upon contact with the first species. 
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70. The method of claim 68. 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. / 

71. The method of claim 69, 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. / 

72. The method of claim 61, wherein affecting the internal diameter of the nanochannel 
comprises the steps of (a) placing a sacrificial material within tne nanochannel, (b) depositing 
additive material proximate to the sacrificial material so as to fully occlude the nanochannel, 
and (c) selectively removing at least 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. / 

73. A method for linearizing a macromolecule, comprising: 
placing a macromoiecuie in a nanochannel comprising a constriction extending into 
the nanochannel, / 

at least a portion of theiianochannel being capable of physically constraining 
at least a portion of tne macromoiecuie so as to maintain in linear form that 
portion of the maoromolecuie, 

74. Tne method opclaim 73. further comprising applying a gradient to the 
macromolecule, su£n that at least a portion of the macromolecule passes, linearly, through the 
nanochannel constriction. 

75. Th^method of ciaim 74, wherein the gradient comprises an electroosmotic field, an 
eiectropHoretic field, capillary flow, a magnetic field, an electric field, a radioactive field, a 
mechanical force, an electroosmotic force, an electrophoretic force, an eiectrokinetic force, a 
temperature gradient, a pressure gradient, a surface property gradient a capillar}' fiow, or any 
•combination thereof. 
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76. The method of claim 73, wherein the nsBOcharmel places two or more fluid re^rvoirs 
in fluid communication with one another. 

77. The method of claim 73, wherein the nanochannel comprises an internal diameter 
less than about two times the radius of gyration of the linear conformatioryof the 
macromolecule. 

The method of claim 73, wherein the nanochannel comprises a length of at least about 
10 nm. 

79. The method of claim 78, wherein the nanochani^l comprises a length of at least 
50 nm. 

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

the nanochannel comprises a length of at least about 81. The method of claim 7 8, 
500 nm. 

82. The method of claim p, wherein the nanochannel comprises an inner diameter in the 
range of from about 0.5 nmto about 1000 nm. 

83. The method of claim 82. wherein the nanochannel comprises an inner diameter in the 
range of from about 5 nm to about 200 nm. 

84. The/method of claim 83. wherein the nanochannel comprises an inner diameter in the 
range ofirom about 50 nm to about 100 nm. 


