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ABSTRACT: Aptamers are single stranded DNA or RNA molecules, selected using in vitro techniques of
systematic evolution of ligands by exponential enrichment, and can bind target molecules with high affinity and
selectivity. In order to use aptamers in practical detection, it is necessary to make thorough understanding of
aptamer-target binding, such as measuring dissociation constant of aptamer—target complex. This article
reviewed methods for assessing aptamer-target binding in recent years. These methods were generally divided
into two categories. One was separation based techniques such as dialysis, ultrafiltration, gel and capillary

electrophoresis, and high performance liquid chromatography (HPLC); the other was mixture based techniques
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such as fluorescence intensity and anisotropy, UV-Vis absorption and circular dichroism, surface plasmon
resonance, and so on. This paper summarized and compared the principle, range of application and important
features of each method and give prospects of development trend in the future.

KEY WORDS: aptamer; dissociation constant; association constant; systematic evolution of ligands by

exponential enrichment

[7]

=
oL
jilll3

DNA RNA ,

— (systematic evolution

~

1))

of ligands by exponential enrichment, SELEX)

1990  Tuerk  Ellington!
[3—5] 3 N b
: 2 MBEHTE
[6]
2004 12 1:1 ,

RNA Macugen( ), [A]+[B]2[AB] (1)

®1 BRERF—EFESUREERVERARLE

Tablel Comparison of different techniques used to measure aptamer-protein binding

Kq
100 L 48h 107* mol/L ¥
5 min
- 200~500 pLP% 107"'~1072 mol/L. ™"
3h
10~50 pL 1075 mol/L M
10 uL 10 min 107 mol/L 1™
100 uL~18 mL!" 10~30 min 107 mol/L ™!
[1e] 10 min,
150 uL , 107 mol/L 1"
15~25 uL 10 min
[16, 18] 10 Il’l'l’l,
/ 150 ul. _ ' 107 mol/L 1
15~25 uL 10 min
2.5mL 10 min 10 mol/L

10~20 pL 20 min, 107" mol/L 2! Biacore




1212
[A] , [B] ,
, [AB] — , ,
Ky ( 2) ,
37 9’
Al[B s
K, _[Al[B] )
[AB] 2 2
K, e s
d 3 ETHEEREABNESZE
(f2)
[T]
a = K. 1[T (3)
a tIT] 3.1 EHE
3 1
Ka A B , A
, B
, 3
Larsson (221 3 B ’
Ky ’
, [B] ,
1 , ’
RNA 23] RNA
Ky=10"® mol/L, RNA— 1:1, ’
[RNA] RNA D4 ’
_1n-10
Ki (  [RNAJ=10"° mol/L - , -
10 mol/L) , RNA (251
, 0.5 Fy Ky RNA ’
Ka(10~* mol/L) , 26 ’
s [27] [28]
, 0.5 Fy ’
K, 3.2 #BiE&k
12
------- [RNAJ= 1¥10-10
1.0 F ——[RNAJ= 1*10~ A
--= [RNAJ=1*¥10-8 _ : —
081 .. [RNAJ=1¥10-7 Fop
061 — -[RNAJ=1*10< 4 [/
o ----[RNAJ= 1*10- /-' [ ,
0.4 S K
....... K]):l*lo-x : / ’, d
02 -/ ! ll >
g ’/ ! 2 kDa 129
0.0 e ’
= * 32
105 10~ 0.001 P—
[30]

—02 . ‘ - . : :
1072 101 1070 10~ 10 1077 10~
[P]

[23]

1 RNA—
Simulated semilogarithmic binding plots of an RNA-protein
23]

Fig. 1
interaction



1213
10" mol/L, K4 , , ;
pmol/L s S
[31] [43]
Ky [44,45]
[32]
[33] [38]
10" mol/L,
133] _
[34]
o~
(331, A 2 2m2xgyg S §3 [BaAlhmll
2
U ee———
s SA19-SA
pe BT
s e s sato > MENEEG—
33 EIEIKE
. 10 - )
9 Lo} L
El
b} > o
£
=]
£ 05f
_ 3
=
Fried %  Garner ¥ 0.0 -
’ - 0 100 200 300 400 500
[SA]nmol/L
2 ( )
, 2 (A)
s ) , (B)
Fig. 2 The gel pattern of aptamer and streptavidin (A) and nonlinear
[39] 32p__ [38] R250 binding curve(B)™*?
[38] [40]
[41] 3.4 EMEHEKE
2 , 3 nmol/L (capillary electrophoresis, CE)
> 20~100 pm,
s Kd s
7.0 nmol/L [46] ,
R [47.48] (capillary zone
— electrophoresis, CZE) (frontal analysis,
s — s FA) Hummel—Dreyer (HD),
R R (affinity CE, ACE), (vacancy peak, VP)

- (vacancy affinity CE, VACE)™!



1214

2.00
1.75
1.50
1.25
1.00
0.75
0.50

Bound Aptamer(nmol/L)

0.25
0.00

, (SEC) (ISRP)P¥
FA
o HPLC [55-57]
5~20 min , (58]
_ [56]
FA s
’ N &= ma s S
4 ETRASVEXHNESE
lgb : RN B
(s0] 41 g 2. 7
P Kq ,
r //:.,,—" [59]
- /’: “12x10°
o Z 10 —0 4
- 4 /i g —10 nmol/L
/A4 =
; E
L 3
7 S
- «5; /
20 25 30 35 > s
X X . . Time(min) X X [60-62]
0 25 50 75 100 125 150 175
Free IgE(nmol/L)
IgE =0 ’
Fig. 3 Binding curve measured using CE for an aptamer selected to —
bind human IgE®"!
[63]
5 [64]
51 ’ [65,66]
’ , , pH
[52,53]
35 BHEEEIEEMHPLC) i« -
[67]



1215

3 S —
[19]
[68, 69] 107
2
42 FHREEBMBIMIRE £
=0
25,
: SE1h
250 300 350 400 450 500 550
4 5 Wavelength(nm)
I;-1
=1L 4 4 C ) (G
IH + ZIJ_ ( ) [19]
L. Fig. 4 Pure resolved UV-Vis absorption spectra of aptamer (blue),
p=—1-L (5) TmPyP4 (green), and complex (red)"”!
I +1,
Iy , 11 )
[76]
, (AA), (Ae) (0) )
—_— 5 6 .
’ ’ 4n6(de 0(mde
CD = AA = AcCL = 210ce) _ Blmdeg)
’ 180In10 32982
N 4 ns
C ,L
100 kDa — D
[70,71] C )
’ s CD o ()
’ ’ B 250 nm CD (77,781
DNA CD 250 nm 1
G ’ DNA 250 nm CD
1 1 [72] ’
> ’ > 250 nm CD
44 FREFSFHRLIRE
. . ) (
43 FRIARXEZSR-_GIE )
DNA 260 nm, 300 nm ,
[73]
(250 nm~300 nm) ; [80,81]
(<250 nm) DNA [74.73] , ,
[82] 5



1216 7
b
; s 900 s , CE
(53] (LIFP)
b b b
76 85
761 gpR , K4 [85]
, 20 min ) )
[86]
s R Ky CE—UV s
[84] [73]
> > SPR
[87]
9
Kd, - s
SE 3R
400 - [1] Tuerk C, Gold L. Systematic evolution of ligands by exponential
enrichment: RNA ligands to bacteriophage T4 DNA polymerase [J].
300 50 pg/mL Science, 1990, 249: 505-510.
20 pg/mL
= %0 ﬁgmk [2] Ellington AD, Szostak JW. In vitro selection of RNA molecules that bind
200 - 2 pg/mL
% } bt specific ligands [J]. Nature, 1990, 346: 818-822.
E‘J 100 F [3] Luan Y, Chen J, Li C, et al. Highly sensitive colorimetric detection of
<
| ochratoxin A by a label-free aptamer and gold nanoparticles [J]. Toxins
0 H (Basel), 2015, 7: 5377-5385.
[4] Lee JW, Kim HJ, Heo K.. Therapeutic aptamers: developmental potential
-100 : ! : : . ! as anticancer drugs [J]. BMB Rep, 2015, 48: 234-237.
0 200 400 600 800 1000 1200 - . .
Time(s) [5] Mudili V, Makam SS, Sundararaj N, et al. A novel IgY-Aptamer hybrid
system for cost-effective detection of SEB and its evaluation on food and
clinical samples [J]. Sci Rep, 2015, 5: 15151-15163.
5 IgE SPR (53] ples [1] P

Fig. 5 SPR spectrogram of aptamer-IgE interaction™!

5 LHipFIRE

Kq

Ky , Kq

7Kd >

(6]

(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

Siddiqui MAA, Keating GM. Pegaptanib: in exudative age-related macular
degeneration [J]. Drugs. 2005, 65: 1571-1577.

Ng EWM, Shima DT, Calias P, et al. Pegaptanib, a targeted anti-VEGF
aptamer for ocular vascular disease [J]. Nat Rev Drug Discov, 2006,
5:123-132.

De Girolamo A, Le L, Penner G, et al. Analytical performances of a
DNA-ligand system using time-resolved fluorescence for the determination
of ochratoxin A in wheat [J]. Anal Bioanal Chem, 2012, 403: 2627-2634.
Cary PD, Kneale GG. Methods in molecular biology [M]. Totowa:
Humana Press, Inc, 2009.

Temiz AN, Benos PV, Camacho CJ. Electrostatic hot spot on
DNA-binding domains mediates phosphate desolvation and the
pre-organization of specificity determinant side chains [J]. Nucleic Acids
Res, 2010, 38: 2134-2144.

Stenken JA, Poschenrieder AJ. Bioanalytical chemistry of cytokines--a
review [J]. Anal Chim Acta, 2015, 853: 95—-115.

Gaillard C, Strauss F. Construction of DNA hemicatenanes from two small
circular DNA molecules [J]. PLoS One, 2015, 10: ¢0119368—0119384.
Dong L, Tan Q, Ye W, et al. Screening and identifying a novel ssDNA
aptamer against alpha-fetoprotein using CE-SELEX [J]. Sci Rep, 2015, 5:
15552-15562.

Li P, Fan Y, Wang Y, et al. Characterization of plasma protein binding



1217

[15]

[16]

[17]

[18]

[19]

[20]

[22]

[27]

[29]

[30]

[31]

[32]

dissociation with online SPE-HPLC [J]. Sci Rep, 2015, 5: 14866—-14876.
McKeague M, Derosa MC. Challenges and opportunities for small
molecule aptamer development [J]. J Nucleic Acids, 2012, 2012: 748913.
Chen Y, Nakamoto K, Niwa O, et al. On-chip synthesis of RNA aptamer
microarrays for multiplexed protein biosensing with SPR imaging
measurements [J]. Langmuir, 2012, 28: 8281-8285.

Yang TL, Lin L, Lou PJ, er al. Detection of cell carcinogenic
transformation by a quadruplex DNA binding fluorescent probe [J]. PLoS
One, 2014, 9: €86143—-e86153.

Potty AS1, Kourentzi K, Fang H, et al. Biophysical characterization of
DNA aptamer interactions with vascular endothelial growth factor [J].
Biopolymers, 2009, 91: 145-156.

Janssen KP, Knez K, et al. Spasic D, Nucleic acids for ultra-sensitive
protein detection [J]. Sensors (Basel), 2013, 13: 1353-1384.

Del Toro M, Gargallo R, Eritja R, et al. Study of the interaction between
the G-quadruplex-forming thrombin-binding aptamer and the porphyrin
5,10,15,20- tetrakis- (N-methyl-4-pyridyl)-21,23H-porphyrin tetratosylate
[J]. Anal Biochem, 2008, 379: 8—15.

Chang AL, McKeague M, Liang JC, et al. Kinetic and equilibrium binding
characterization of aptamers to small molecules using a label-free,
sensitive, and scalable platform [J]. Anal Chem, 2014, 86: 3273-3278.
Larsson A. Regression analysis of simulated radio-ligand equilibrium
experiments using seven different mathematical models [J]. J Immunol
Methods, 1997, 206:135-142.

Hall KB, Kranz JK. Methods in molecular biology [M]. Totowa: Humana
Press, Inc, 1999.

Connors KA. Binding constants [M]. New York: John Wiley, 1987.

Jing M, Bowser MT. Methods for measuring aptamer-protein equilibria: a
review [J]. Anal Chim Acta, 2011, 686: 9—18.

Banéres-Roquet F, Gualtieri M, Villain-Guillot P, ef al. Use of a surface
plasmon resonance method to investigate antibiotic and plasma protein
interactions [J]. Antimicrob Agents Chemother, 2009, 53: 1528-1531.
Padoin C, Tod M, Perret G, et al. Analysis of the pharmacokinetic
interaction between cephalexin and quinapril by a nonlinear mixed-effect
model [J]. Antimicrob Agents Chemother, 1998, 42: 1463—-1469.

Herforth C, Stone JA, Jayewardene AL, et al. Determination of nelfinavir
free drug concentrations in plasma by equilibrium dialysis and liquid
chromatography/tandem mass spectrometry: important factors for method
optimization [J]. Eur J Pharm Sci, 2002, 15: 185-195.

Ryan PC, Lu M, Draper DE. Recognition of the highly conserved GTPase
center of 23 S ribosomal RNA by ribosomal protein L11 and the antibiotic
thiostrepton [J]. J Mol Biol, 1991, 221: 1257-1268.

Wong I, Lohman TM. A double-filter method for nitrocellulose-filter
binding: application to protein-nucleic acid interactions [J]. Proc Natl
Acad Sci USA, 1993, 90: 5428-5432.

Buenrostro JD, Araya CL, Chircus LM, et al. Quantitative analysis of
RNA-protein interactions on a massively parallel array reveals biophysical
and evolutionary landscapes [J]. Nat Biotechnol, 2014, 32: 562—-568.
Litwin TR, Sola M, Holt 1J, et al. A robust assay to measure DNA
topology-dependent protein binding affinity [J]. Nucleic Acids Res, 2015,
43: e43.

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

Hall KK. RNA-protein interaction protocols: nitrocellulose filter binding
for determination of dissociation constants [M]. New York: Humana Press,
1999.

Stockley P. DNA-Protein interactions Principles and Protocols:
Filter-Binding Assays [M]. New York: Humana Press, 2009.
Sophianopoulos JA, Durham SJ, Sophianopoulos AJ, et al. Ultrafiltration
is theoretically equivalent to equilibrium dialysis but much simpler to
carry out [J]. Arch Biochem Biophys, 1978, 187: 132—137.

Chang AL, McKeague M, Liang JC, et al. Kinetic and equilibrium binding
characterization of aptamers to small molecules using a label-free,
sensitive, and scalable platform [J]. Anal Chem, 2014, 86: 3273-3278.
Deng B, Lin Y, Wang C, et al. Aptamer binding assays for proteins: the
thrombin example--a review [J]. Anal Chim Acta, 2014, 837: 1-15.

Fried M, Crothers DM. Equilibria and kinetics of lac repressor-operator
interactions by polyacrylamide gel electrophoresis [J]. Nucleic Acids Res,
1981, 9: 6505-6525.

Garner MM, Revzin A. A gel electrophoresis method for quantifying the
binding of proteins to specific DNA regions: application to components of
the Escherichia coli lactose operon regulatory system [J]. Nucleic Acids
Res, 1981, 9: 3047-3060.

Hsiao C, Lenz TK, Peters JK, et al. Molecular paleontology: a biochemical
model of the ancestral ribosome [J]. Nucleic Acids Res, 2013, 41:
3373-3385.

Hickey MJ, Westhorpe CL. Imaging inflammatory leukocyte recruitment
in kidney, lung and liver--challenges to the multi-step paradigm [J].
Immunol Cell Biol, 2013, 91: 281-289.

Tahiri-Alaoui A, Frigotto L, Manville N, et al. High affinity nucleic acid
aptamers for streptavidin incorporated into bi-specific capture ligands [J].
Nucleic Acids Res, 2002, 30: 45.

Gerstle JT, Fried MG. Measurement of binding kinetics using the gel
electrophoresis mobility shift assay [J]. Electrophoresis, 1993, 14:
725-731.

Crothers DM. Gel-electrophoresis of protein DNA complexes [J]. Nature,
1987, 325: 464—465.

Cann JR. Theory and practice of gel electrophoresis of interacting
macromolecules [J]. Anal Biochem, 1996, 237: 1-16.

Landers JP. Handbook of capillary and microchip electrophoresis and
associated microtechniques: introduction to capillary electrophoresis [M].
New York: Taylor & Francis Group, 2008.

Jiang C, Armstrong DW. Use of CE for the determination of binding
constants [J]. Electrophoresis, 2010, 31: 17-27.

Jonker N, Kool J, Irth H, et al. Recent developments in protein-ligand
affinity mass spectrometry [J]. Anal Bioanal Chem, 2011, 399:
2669-2681.

Dvoidk M, Svobodova J, Bene§ M, et al. Applicability and limitations of
affinity capillary electrophoresis and vacancy affinity capillary
electrophoresis methods for determination of complexation constants [J].
Electrophoresis, 2013, 34: 761-7.

Mendonsa SD, Bowser MT. In vitro evolution of functional DNA using
capillary electrophoresis [J]. J Am Chem Soc, 2004, 126: 20-21.

Krylov SN. Kinetic CE: foundation for homogeneous kinetic affinity



1218

[52]

[53]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[68]

[69]

methods [J]. Electrophoresis, 2007, 28: 69—88.

Rauch JN, Nie J, Buchholz TJ, et al. Development of a capillary
electrophoresis platform for identifying inhibitors of protein-protein
interactions [J]. Anal Chem, 2013, 85: 9824-9831.

Shimura K, Waki T, Okada M, et al. Analysis of protein-protein
interactions

Electrophoresis, 2006, 27: 1886—1894.

with a multi-capillary electrophoresis instrument [J].
Wang C, Li M, Xu H, et al. Preparation of an internal surface
reversed-phase restricted-access material for the analysis of hydrophobic
molecules in biological matrices. [J]. J Chromatogr A, 2014, 1343:
195-199.

Jing M, Bowser MT. Methods for measuring aptamer-protein equilibria: a
review. [J]. Anal Chim Acta, 2011, 686: 9—18.

Zhao Q, Li XF, Le XC. Aptamer-modified monolithic -capillary
chromatography for protein separation and detection [J]. Anal Chem, 2008,
80: 3915-3920.

Zhao Q, Li XF, Shao YH, Le XC. Aptamer-based affinity chromatographic
assays for thrombin [J]. Anal Chem, 2008, 80: 7586-7593.

Tombelli S, Mascini M. Brennan JD. Aptamers as molecular tools for
bioanalytical methods. [J]. Curr Opin Mol Ther, 2009, 11:179-88.
Anderson BJ, Larkin C, Guja K, e al. Chapter 12 using
fluorophore-labeled oligonucleotides to measure affinities of protein-DNA
interactions [J]. Meth Enzymol, 2008, 450: 253-272.

Egetenmeyer S, Richert C. Synthesis of oligodeoxynucleotides with
5'-caps binding RNA targets [J]. Curr Protoc Nucleic Acid Chem. 2012,
51:1-21.

Abramova T. Frontiers and approaches to chemical synthesis of
oligodeoxyribonucleotides [J]. Molecules, 2013, 18: 1063—-1075.

Vasilieva E, Song Y, Koeller KJ, et al. 134 Large antiviral polyamide-DNA
interactions [J]. J Biomol Struct Dyn, 2015, 33:86-87.

Roy D, Piontek S, Walker RA. Surface induced changes in coumarin
solvation and photochemistry at polar solid/liquid interfaces. [J]. Phys
Chem Chem Phys, 2011, 13: 14758-14766.

Meng Z, Song R, Chen Y, et al. Rapid screening and identification of
dominant B cell epitopes of HBV surface antigen by quantum dot-based
fluorescence polarization assay [J]. Nanoscale Res Lett, 2013, 8: 118.

De Tito S, Morvan F, Meyer A, et al. Fluorescence enhancement upon
G-quadruplex  folding:  synthesis, structure, and  biophysical
characterization of a dansyl/cyclodextrin-tagged thrombin binding aptamer
[J]. Bioconjug Chem, 2013, 24: 1917-1927.

Wang HQ, Wu Z, Tang LJ, ef al. Fluorescence protection assay: a novel
homogeneous assay platform toward development of aptamer sensors for
protein detection [J]. Nucleic Acids Res, 2011, 39: e122.

Ban K, Wile B, Kim S, et al. Purification of cardiomyocytes from
differentiating pluripotent stem cells using molecular beacons that target
cardiomyocyte-specific mRNA [J]. Circulation, 2013, 128: 1897-1909.
Lee W, Obubuafo A, Lee YI, et al. Single-pair fluorescence resonance
energy transfer (SpFRET) for the high sensitivity analysis of
low-abundance proteins using aptamers as molecular recognition elements
[J]. J Fluoresc, 2010, 20: 203-213.

Simkova E, Stanék D. Probing nucleic acid interactions and pre-mRNA

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

splicing by Forster Resonance Energy Transfer (FRET) microscopy [J]. Int
J Mol Sci, 2012, 13: 14929-14945.

Chen RF, Scott CH. Atlas of Fluorescence Spectra and Lifetimes of Dyes
Attached to Protein [J]. Anal Lett A-Chem Anal, 1985, 18: 393—-421.
Heyduk T, Ma YX, Tang H, et al. Fluorescence anisotropy: Rapid,
quantitative assay for protein-DNA and protein-protein interaction [J].
Meth Enzymol, 1996, 274: 492-503.

Lakowicz JR, Gryczynski I, Gryczynski Z, et al. Anisotropy-based sensing
with reference fluorophores [J]. Anal Biochem, 1999, 267: 397-405.

Jing M, Bowser MT. Methods for measuring aptamer-protein equilibria: A
review [J]. Anal Chimica Acta, 2011, 686: 9-18.

Donovan JW. Phys. principles tech. protein chem [M]. Cambridge:
Academic Press, Inc. 1969.

Gasymov OK, Abduragimov AR, Glasgow BJ. Probing tertiary structure
of proteins using single Trp mutations with circular dichroism at low
temperature [J]. ] Phys Chem B, 2014, 118: 986-995.

Moss T, Leblanc B. DNA-protein interactions: principles and protocols
[M]. Totowa: Humana Press, Inc, 2009.

Ulrih NP. Analytical techniques for the study of polyphenol-protein
interactions 1. Crit Rev Food Sci Nutr, 2015,
DOI:10.1080/10408398.2015.1052040.

Dai P, Jiang N, Tan RX. Assignment of absolute stereostructures through
quantum mechanics electronic and vibrational circular dichroism
calculations [J]. J Asian Nat Prod Res, 2016, 18:72-91.

Scarlett G, Siligardi G, Kneale GG. Circular Dichroism for the Analysis of
Protein-DNA Interactions [J]. Methods Mol Biol, 2015,1334:299-312.
Ghosh T, Xie Y, Mastrangelo C, et al. A droplet-based novel approach for
viable and low volume consumption surface plasmon resonance
bio-sensing inside a polydimethylsiloxane microchip [J]. Biomicrofluidics,
2013, 7: 044122-044131.

Feng F, Kepler TB. Bayesian Estimation of the Active Concentration and
Affinity Constants Using Surface Plasmon Resonance Technology [J].
PLoS One, 2015, 10: €0130812— ¢0130829.

Mireille B, Kamal Kant S, Yves M, et al. Dissecting the oligonucleotide
binding properties of a disordered chaperone protein using surface
plasmon resonance [J]. Nucleic Acids Res, 2013, 41: 10414-10425.

Wang J, Lv R, Xu J, et al. Characterizing the interaction between aptamers
and human IgE by use of surface plasmon resonance [J]. Anal Bioanal
Chem, 2008, 390: 1059-1065.

Schuck P, Minton AP. Analysis of mass transport-limited binding kinetics
in evanescent wave biosensors [J]. Anal Biochem, 1996, 240: 262-272.
Pennacchio A, Varriale A, Scala A, et al. A novel fluorescence polarization
assay for determination of penicillin G in milk [J]. Food Chem, 2016, 190:
381-385.

Fogarty K, McPhee JT, Scott E, et al. Probing the ionic atmosphere of
single-stranded DNA using continuous flow capillary electrophoresis and
fluorescence correlation spectroscopy [J]. Anal Chem, 2009, 81: 465-472.
Abdennour A, Linman MJ, Quan C. New trends in instrumental design for

surface plasmon resonance-based biosensors [J]. Biosens Bioelectron,

2011, 26: 1815-1824.

CGTiE%R 4. & tid)



3 , — 1219

==Y FaE, BMRR, TEMRAEAR
X, BIftRR, EEMRAEA = KERRERLSWME AR
KERMRERZLERMNEARMR KRR \ 7 E-mail: huda2000@126.com
g 22 RRFHE. “

E-mail: 1jha3100@163.com




