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What is claimed is: 

 

1. A method for attaching reaction components to charge sensors, comprising 

(a) providing a solid support comprising a plurality of charge sensors,  

wherein each of the charge sensors has a capacity to attach a plurality of 5 

reaction components; 

(b) providing a fluid comprising a plurality of reaction components of a 

particular type;  

(c) contacting the solid support with the fluid under conditions wherein  

(i) the plurality of reaction components of the particular type are in 10 

fluid communication with the plurality of charge sensors, 

(ii)  a greater number of reaction components of the particular type is 

in the fluid than the number of charge sensors on the solid support; and 

(iii) reaction components of the particular type from the fluid attach to 

the charge sensors, thereby forming modified charge sensors that are 15 

attached to multiple reaction components of the particular type from the 

fluid; and 

(d) removing one or more of the reaction components of the particular type 

from each of the modified charge sensors to leave a single one of the reaction 

components of the particular type attached to each of the modified charge 20 

sensors.  

 

2. The method of claim 1, wherein the reaction components or the charge sensors 

comprise precursors of cleavable tethers.  

 25 

3.  The method of claim 2, wherein the reaction components from the fluid attach to 

the charge sensors by formation of the cleavable tethers. 
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4.  The method of claim 3, wherein the removing comprises cleaving a subset of the 

cleavable tethers to detach a subset of the reaction components from the modified 

charge sensors. 

 

5. The method of claim 4, wherein the cleavable tether is cleaved by 5 

photochemical cleavage, electrochemical cleavage, electric field, mechanical agitation, 

chemical cleavage or heat. 

 

6. The method of claim 1, wherein the type of the reaction components is a nucleic 

acid enzyme. 10 

 

7.  The method of claim 6, wherein the nucleic acid enzyme is a polymerase. 

 

8. The method of claim 7, wherein the reaction component comprises at least two 

different types of polymerases, wherein the different types of polymerases attach to 15 

charge sensors of the solid support and are present on the charge sensors after step (d). 

 

9. The method of claim 8, wherein the different types of polymerases produce 

mutually distinguishable signals detectable by the charge sensors when incorporating 

the same type of nucleotide into a nascent nucleic acid strand. 20 

 

10. The method of claim 1, wherein the type of the reaction component is selected 

from the group consisting of a receptor, ligand, nucleic acid and enzyme. 

 

11. The method of claim 1, wherein each of the charge sensors has a capacity to 25 

attach greater than two of the reaction components. 

 

12. The method of claim 1, wherein at least 50% of the charge sensors are attached 

to a single reaction component of the particular type after step (d). 

 30 
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13.  The method of claim 1, wherein the reaction components of the particular type 

are actively transported to the charge sensors by application of an electric field. 

 

14. The method of claim 1, wherein the removing comprises degrading the one or 

more of the reaction components of the particular type from each of the modified charge 5 

sensors to leave a single one of the reaction components of the particular type attached 

to each of the modified charge sensors. 

 

15. The method of claim 14, wherein a protection moiety is bound to the single one 

of the reaction components prior to the degrading, wherein the protection moiety 10 

inhibits degradation of the single one of the reaction components of the particular type. 

 

16. The method of claim 15, further comprising removing the protection moiety 

from the single one of the reaction components of the particular type after the 

degrading. 15 

 

17. The method of claim 15, wherein the type of the reaction component is a nucleic 

acid enzyme and the protection moiety comprises a nucleic acid. 

 

18. The method of claim 1, wherein step (d) comprises  20 

(i)  removing one or more of the reaction components of the particular type 

from each of the modified charge sensors,  

(ii) monitoring the charge sensors to distinguish the presence of multiple 

reaction components of the particular type from the presence of a single reaction 

component of the particular type, and 25 

(iii) discontinuing the removing to leave a single one of the reaction 

components of the particular type attached to each of the modified charge 

sensors. 

 



 63 

19. The method of claim 1, wherein the reaction components of the particular type 

or the charge sensors comprise precursors of conducting tethers.  

 

20.  The method of claim 1, wherein the reaction components of the particular type 

from the fluid attach to the charge sensors by formation of conducting tethers. 5 

 

21. The method of claim 19, wherein the conducting tethers comprise doped 

polythiophene, poly(3,4-ethylenedioxythiophene),  polyacetylene, polypyrrole, 

polyaniline, polyfluorene, polyphenylene, polypyrene, polyazulene, polynaphthalenes, 

polycarbazole,  polyindole,  or polyazepine.  10 

 

22. A method of nucleic acid sequencing comprising: 

(a) providing a polymerase tethered to a solid support charge sensor;  

(b)  providing one or more labeled nucleotides, whereby the presence of the 

label can be detected by the charge sensor when the label is in proximity to the 15 

charge sensor; and 

(c)  detecting incorporation of the labeled nucleotide into a nascent strand 

complementary to a template nucleic acid using the charge sensor. 

 

23. The method of claim 22, wherein the polymerase is tethered to the solid support 20 

charge sensor with a tether comprising nucleic acid. 

 

24.  The method of claim 22, wherein the labeled nucleotide is labeled at the a-, b-, 

or γ-phosphate position of the nucleotide. 

 25 

25.  The method of claim 22, wherein the label comprises an oligonucleotide. 

 

26.  The method of claim 25, wherein the polymerase is tethered to the solid support 

charge sensor with a tether comprising nucleic acid and wherein the oligonucleotide is 

capable of hybridizing to an immobilized nucleic acid. 30 
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27. The method of claim 22, wherein the polymerase is held in proximity of less 

than 10, 9, 8, 7, 6, 5, 4, 3, 2, 1 nm to the charge sensor. 

 

28.  The method of claim 22, wherein the label is cleaved from the nucleotide after 5 

incorporation. 

 

29.  The method of claim 28, wherein the label is cleaved by the polymerase. 

 

30.  The method of claim 22, wherein the one or more types of labeled nucleotides 10 

comprise a plurality of different types of charge labels. 

 

31. The method of claim 30, wherein the one or more labeled nucleotides comprise 

a unique charge label for each of four types of nucleotides. 

 15 

32.  The method of claim 30, wherein the charge label is a negative charge label. 

 

33.  The method of claim 32, wherein the negative charge label comprises one or 

more of: a phosphate group, DMT, carboxyl group, amino acid, and/or FMOC. 

 20 

34.  The method of claim 30, wherein the charge label is a positive charge label. 

 

35.  The method of claim 34, wherein the positive charge label comprises an amino 

acid or primary amine. 

 25 

36.  The method of claim 22, wherein the one or more labeled nucleotides comprise 

four different charge labels and each of said labeled nucleotides comprises an 

oligonucleotide capable of hybridizing to the same immobilized tether sequence. 
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37.  The method of any one of claims 22-36, wherein the charge sensor is 

functionalized with capture oligonucleotides and the labeled nucleotide comprises an 

oligonucleotide label which hybridizes to one or more of the capture oligonucleotides. 

 

38.  The method of any one of claims 22-36, wherein the charge sensor comprises a 5 

nanowire FET. 

 

39.  The method of claim 38, wherein the charge sensor is part of an array of charge 

sensors. 

 10 

40.  The method of claim 38, wherein the nanowire comprises a carbon nanotube. 

 

41.  The method of claim 22, wherein the detecting comprises detecting a plurality of 

incorporation events in succession. 

 15 

42. The method of claim 22, wherein the solid support comprises a plurality of 

charge sensors that are tethered to polymerases, and step (c) comprises detecting 

incorporation of the labeled nucleotide into a nascent strand complementary to a 

template nucleic acid at each polymerase in the plurality of polymerases. 

 20 

43. The method of claim 42, wherein the plurality of polymerases comprises at least 

two different types of polymerases. 

 

44. The method of claim 43, wherein the different types of polymerases produce 

mutually distinguishable signals detectable by the charge sensors when incorporating 25 

the same type of nucleotide into a nascent nucleic acid strand. 

 

45. The method of claim 44, wherein the detecting comprises distinguishing the 

mutually distinguishable signals and thereby determining the sequences for a plurality 

of nucleic acids. 30 
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46. The method of claim 42, wherein at least 50% of the charge sensors are attached 

to a single polymerase. 

 

47.  The method of claim 22, wherein the polymerase is tethered to the solid support 5 

charge sensor with a conducting tether. 

 

48. The method of claim 42, wherein the conducting tether comprises doped 

polythiophene, poly(3,4-ethylenedioxythiophene),  polyacetylene, polypyrrole, 

polyaniline, polyfluorene, polyphenylene, polypyrene, polyazulene, polynaphthalenes, 10 

polycarbazole,  polyindole,  or polyazepine.   

 

49. A method of nucleic acid sequencing comprising: 

(a) providing a polymerase tethered to a solid support charge sensor; 

(b) contacting the polymerase with a template nucleic acid and one or more 15 

different nucleotide types under conditions wherein the polymerase catalyzes 

addition of the one or more nucleotide types to form a nucleic acid complement 

of the nucleic acid template, and wherein the addition of one or more different 

nucleotide types produces a conformational signal change from the polymerase 

that is detected by the charge sensor; 20 

(c) detecting a change in the signal from the polymerase using the charge 

sensor; and 

(d) determining the rate, polarity, amplitude or time duration for the change 

in the signal for the addition of the one or more different nucleotide type, 

thereby determining a sequence of nucleotides for the template nucleic acid. 25 

 

50. The method of claim 49, wherein the one or more different nucleotide types 

comprise at least one non-natural nucleotide analog. 
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51. The method of claim 50, wherein the rate, polarity, amplitude or time duration 

for the conformational signal change is distinguishable for different nucleotide types. 

 

52. The method of claim 50, wherein the one or more different nucleotide types 

comprise at least four different non-natural nucleotide analogs. 5 

 

53. The method of claim 49, wherein the polymerase is conformationally labeled, 

thereby comprising at least one non-natural label moiety that is detected by the charge 

sensor.  

 10 

54.  The method of claim 53, wherein the label moiety is a negative charge label. 

 

55.  The method of claim 54, wherein the negative charge label comprises one or 

more of: a phosphate group, DMT, amino acid, and/or FMOC. 

 15 

56.  The method of claim 53, wherein the label moiety is a positive charge label. 

 

57.  The method of claim 56, wherein the positive charge label comprises an amino 

acid or primary amine. 

 20 

58. The method of claim 49, wherein the solid support comprises a plurality of 

charge sensors that are tethered to polymerases, step (b) comprises contacting the 

polymerases with template nucleic acids and at least four different nucleotide types 

under conditions wherein the polymerases catalyze sequential addition of the nucleotide 

types to form nucleic acid complements of the nucleic acid templates; step (c) 25 

comprises detecting a series of changes in the signal from the polymerases using the 

charge sensors; and step (d) comprises determining the sequences of nucleotides for the 

template nucleic acids. 
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59. The method of claim 58, wherein the plurality of polymerases comprises at least 

two different types of polymerases. 

 

60. The method of claim 59, wherein the different types of polymerases produce 

mutually distinguishable signals detectable by the charge sensors when incorporating 5 

the same type of nucleotide into a nascent nucleic acid strand. 

 

61. The method of claim 60, wherein the detecting comprises distinguishing the 

mutually distinguishable signals and thereby determining the sequences for a plurality 

of nucleic acids. 10 

 

62. The method of claim 58, wherein at least 50% of the charge sensors are attached 

to a single polymerase. 

 

63.  The method of claim 49, wherein the polymerase is tethered to the solid support 15 

charge sensor with a conducting tether. 

 

64. The method of claim 63, wherein the conducting tether comprises doped 

polythiophene, poly(3,4-ethylenedioxythiophene),  polyacetylene, polypyrrole, 

polyaniline, polyfluorene, polyphenylene, polypyrene, polyazulene, polynaphthalenes, 20 

polycarbazole,  polyindole,  or polyazepine.  

 

65.  The method of any one of claims 49 to 64, wherein the charge sensor comprises 

a nanowire FET. 

 25 

66. A method of nucleic acid sequencing comprising: 

(a) providing a polymerase tethered to a solid support charge sensor;  

(b)  providing one or more labeled nucleotides, whereby the presence of the 

label can be detected by the charge sensor when the label is in proximity to the 
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charge sensor, wherein the one or more labeled nucleotides comprise reversible 

terminator moieties;  

(c)  detecting incorporation of the one or more labeled nucleotides into a 

nascent strand complementary to a template nucleic acid using the charge 

sensor, thereby forming a reversibly terminated nascent strand; 5 

(d) modifying the reversible terminated nascent strand to render the nascent 

strand capable of further incorporation of nucleotide; and 

(e) repeating steps (b) through (d) to obtain a sequence of the template 

nucleic acid. 

 10 

67. The method of claim 66, wherein a single polymerase is tethered to each of the 

charge sensors. 

 

68. The method of claim 66, wherein a plurality of polymerases are tethered to each 

of the charge sensors. 15 

 

69. The method of claim 68, wherein, prior to the detecting, template nucleic acids 

are provided to the plurality of polymerases at each charge sensor as subunits of a 

nucleic acid encoding a concatameric repeat of the template sequences. 

 20 

70. The method of claim 69, wherein, prior to the detecting, the nucleic acid 

encoding the concatameric repeat is cleaved to form individual molecules each 

comprising a single template sequence. 

 

71. The method of claim 69, wherein the nucleic acid encoding the concatameric 25 

repeat is created by rolling circle amplification. 

 

72. The method of claim 66, wherein the polymerase is tethered to the solid support 

charge sensor with a tether comprising nucleic acid. 

 30 
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73.  The method of claim 66, wherein the one or more labeled nucleotides are 

labeled at the γ-phosphate position of the nucleotide. 

 

74.  The method of claim 66, wherein the label comprises an oligonucleotide. 

 5 

75.  The method of claim 74, wherein the polymerase is tethered to the solid support 

charge sensor with a tether comprising nucleic acid and wherein the oligonucleotide is 

capable of hybridizing to an immobilized nucleic acid. 

 

76. The method of claim 66, wherein the polymerase is held in proximity of less 10 

than 10, 9, 8, 7, 6, 5, 4, 3, 2, 1 nm to the charge sensor. 

 

77.  The method of claim 66, wherein the label is cleaved from the nucleotide after 

incorporation. 

 15 

78.  The method of claim 77, wherein the label is cleaved by the polymerase. 

 

79.  The method of claim 66, wherein the one or more labeled nucleotides comprise 

a plurality of different types of charge labels. 

 20 

80. The method of claim 79, wherein the one or more labeled nucleotides comprise 

a unique charge label for each of four types of nucleotides. 

 

81.  The method of claim 79, wherein the charge label is a negative charge label. 

 25 

82.  The method of claim 81, wherein the negative charge label comprises one or 

more of: a phosphate group, DMT and/or FMOC. 

 

83.  The method of claim 81, wherein the charge label is a positive charge label. 

 30 
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84.  The method of claim 83, wherein the positive charge label comprises a primary 

amine. 

 

85.  The method of claim 66, wherein the one or more labeled nucleotides comprise 

four different charge labels and each of said labeled nucleotides comprises an 5 

oligonucleotide capable of hybridizing to the same immobilized tether sequence. 

 

86.  The method of any one of claims 66 to 85, wherein the charge sensor is 

functionalized with capture oligonucleotides and the labeled nucleotide comprises an 

oligonucleotide label which hybridizes to one or more of the capture oligonucleotides. 10 

 

87.  The method of any one of claims 66 to 85, wherein the charge sensor comprises 

a nanowire FET. 

 

88.  The method of claim 87, wherein the charge sensor is part of an array of charge 15 

sensors. 

 

89.  The method of claim 87, wherein the nanowire comprises a carbon nanotube. 

 

90.  The method of claim 66, wherein the detecting comprises detecting a plurality of 20 

incorporation events in succession. 

 

91. The method of claim 66, wherein the solid support comprises a plurality of 

charge sensors that are tethered to polymerases, and step (c) comprises detecting 

incorporation of the one or more labeled nucleotide into the nascent strand 25 

complementary to the template nucleic acid at each polymerase in the plurality of 

polymerases. 

 

92. The method of claim 91, wherein the plurality of polymerases comprises at least 

two different types of polymerases. 30 
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93. The method of claim 92, wherein the different types of polymerases produce 

mutually distinguishable signals detectable by the charge sensors when incorporating 

the same type of nucleotide into a nascent nucleic acid strand. 

 5 

94. The method of claim 93, wherein the detecting comprises distinguishing the 

mutually distinguishable signals and thereby determining the sequences for a plurality 

of nucleic acids. 

 

95. The method of claim 91, wherein at least 50% of the charge sensors are attached 10 

to a single polymerase. 

 

96.  The method of claim 66, wherein the polymerase is tethered to the solid support 

charge sensor with a conducting tether. 

 15 

97. The method of claim 96, wherein the conducting tether comprises polythiophene 

or poly(3,4-ethylenedioxythiophene).  

 

98. The method of any one of claims 22 through 97, wherein the polymerase lacks a 

3’ to 5’ exonuclease function. 20 

 

99. The method of claim 98, wherein the polymerase lacks a 3’ to 5’ domain. 

 

100. The method of claim 99, wherein the polymerase comprises the large fragment 

of Bsu DNA polymerase I.  25 

 

101. The method of claim 100, wherein the large fragment of Bsu DNA polymerase I 

is modified to include residues from the O-helix finger domain of Klenow fragment. 
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102. The method of any one of claims 22 through 97, wherein the solid support 

charge sensor comprises a uniform width along its length. 

 

103. The method of any one of claims 22 through 97, wherein the solid support 

charge sensor comprises a variable width along its length. 5 

 

104. The method of any one of claims 22 through 97, wherein the solid support 

charge sensor comprises a first width within which is a region of substantially narrower 

width. 

 10 

105. The method of claim 104, wherein the region of substantially narrower width 

has a diameter that is 50% or more of the diameter of the first width.  

 

106. The method of claim 104, wherein the polymerase is tethered to the solid 

support charge sensor by attachment to the region of substantially narrower width.  15 

 

107. The method of any one of claims 22 through 97, wherein the polymerase is 

tethered to the solid support charge sensor with a tether comprising native 

ribonucleotides or analogs thereof. 

 20 

108.  The method of claim 107, wherein the label comprises native ribonucleotides or 

analogs thereof. 

 

109.  The method of claim 108, wherein the native ribonucleotides or analogs thereof 

of the label hybridize to the native ribonucleotides or analogs thereof of the tether.   25 

 

110. The method of claim 107, wherein the label comprises native 

deoxyribonucleotides or analogs thereof. 
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111.  The method of claim 110, wherein the native deoxyribonucleotides or analogs 

thereof of the label hybridize to the native ribonucleotides or analogs thereof of the 

tether. 

 

112. The method of any one of claims 22 through 97, wherein the polymerase is 5 

tethered to the solid support charge sensor with a tether comprising native 

deoxyribonucleotides or analogs thereof. 

 

113.  The method of claim 112, wherein the label comprises native ribonucleotides or 

analogs thereof. 10 

 

114.  The method of claim 113, wherein the native ribonucleotides or analogs thereof 

of the label hybridize to the native deoxyribonucleotides or analogs thereof of the tether.   

 

 15 

 


