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Aptamer and Related Progress
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Abstract: Aptamers are single—stranded oligonucleotides with the high affinity and high specificity
binding of the target molecules. They can be obtained by systematic evolution of ligands by
exponential enrichment (SELEX) in vitro screening. Aptamer is similar but superior to antibody,
and it is becoming one specific issue of detection nowadays. This manuscript reviews the
aptamer, screening methods ,as well as applications in the analysis,food safety,clinical care and
other areas in recent years.

Keywords: aptamer,SELEX, analysis,food safety

DNA \f£N A C: o
Ellington ~ Tuerk 1990 N °
O (SELEX) T
-2
: 2013-04-11
“ (2012BAKO08BO1 ) ; (BE2011621);

(NCET-11-0663) ; (20110093110002) ,
(1974—),

E-mail : wangzp@jiangnan.edu.cn

2013 32 9 D



WANG Zhou-ping, et al: Aptamer and Related Progress

Mini—Review

(DNA \RNA
RNA)M,
4] ,
[510

1)
[610

2)

I7lO

3)

4)
K,

5)
9 [810

SELEX

L T 10%~10"

PCR
6~20
1oy _

,RNA
DNA

@  Journal of Food Science and Biotechnology

£ 222 ‘E Random nucleic acid library
i 10%~10'6

Target — Next cycle g\ Aptamer
moleculesr b

‘f‘> 3.3,3.3:3
- 2 \\\\\
\\\\\

44444
\\\\\

molecules

Bound molecutcs Elutcd uclc ic acids

1 SELEX
Fig. 1 Scheme of SELEX technology

: SELEX (Capillary
electrophoresis  SELEX) |
(partitioning through affinity)
SELEX (Non —equilibrium capillary
electrophoresis of equilibrium mixtures SELEX) |
SELEX (photo SELEX) | SELEX |
SELEX | SELEX (blended SELEX) |
SELEX (toggle SELEX) | SELEX |
SELEX | SELEX (Tailored SELEX) |

N N N SELEX
(genomic SELEX) | SELEX (cell-SELEX)

2.1
2.1.1 %% ¥k SELEX SELEX
o Mendonsa  Coworkers
CE-SELEX,
( 5 )

SELEX

Vol.32 No.9 2013



IRAFF ERAALALRE

g SELEX .
N , gk N Y.
HIV N N o
180 pmol/L, 4
(2~4 d) )
, o CE-SELEX
’ , [121;

Tran 13 CE-SELEX

hl ,
hl s
Ara h 1 5
Ashley™  CE-SELEX
s SELEX
o Kasahara ™
CE-SELEX 40 2’-0,4"-C-
, 10 nmol/L
o Yang!¥ CE-
SELEX 580 g/mol N- -
, 8 2
CE-SELEX
(NECEEM),
W NECEEM -
DNA RNA ,
18 NECEEM
o NECEEM
11 Drabovich®™ 3 MutS
2.1.2 Non-SELEX /i3 K
, 4
DNA , NECEEM
1h 2l non-SELEX
, DNA
DNA o Ashley™
non—-SELEX ,

o Tok™  non-SELEX 3
Cdc42-GTP,
PAK1  MRCKa,
Photo-SELEX
, 5- 5-
[23]O
2.1.3 3 SELEX
- Bless™
NX21909
, DNA
o expression cassette SELEX blended
SELEX , 0
Martell™ SELEX E2F

RNA ,

o

214 3B SELEX Genomic SELEX

’

- Shimada™

—_— YcjZ,
Bannikova " genomic SELEX AtCyp59
RNA ,AtCyp59
2.1.5 4% SELEX ,
o SELEX

. SELEX ,

’

o Derbyshire P
toggle SELEX RNA

’

’

21.6 & 31 SELEX

2013 32 9 ®



_ Mini—Review
WANG Zhou-ping, et al: Aptamer and Related Progress

21.11 #mJe-SELEX Cell-SELEX

21 Schiitzel™

SELEX , DNA N N
- Ninomiya cell-SELEX
o 11 HepG2
217 FEER A Y F R LK Tuerk W
T4ADNA 19~450 nmol/L
, , HepG2
12 o Zhut" 2.1.12 H4e SELEX .
SELEX
3,37,5,5'- ,
- Daniels™ G- . SELEX
- RNA
2.1.8 FAe &gk SELEX , o SELEX
teomine ARESARMMRRMRONERRT
[33] 1.—
I—- -
o Zhao P
, 3.1
2.1.9 #AK SELEX
, SELEX
SELEX
- Huang™
ssDNA
2.1.10 #EHkH5 Bk Nonaka®™ 4
VEGF( )
. Kiani™® ( ) 300 pmol/L, VEGF
, 11 , - Wongphatcharachai®  SELEX
DNA DNA . TAVs( A) H3N2 HA
Huang™ DNA HA68 HA7 HA2a  HA2b,
o- o Hamula ®!
- Wang?" cell-SELEX
) s (13+3) nmol/L,
0.05 nmol/L, hemag1P

@ Journal of Food Science and Biotechnology Vol.32 No.9 2013



IRAFF ERAALALRE

S . Wen ™

a- )
2 ng/ml. 4 ng/mL Ly ¥
MCF-7
JLi ™ ,
FDGF-BB(
BB) ,
CRET(

0.8 ng/mlL,

, 15 pmol/L,
o Wang
6] SELEX  SPR AIV H5N1 ,
13 4.65 nmol/L,

’

AIV H5NI1 o Aslipashaki

[47]

, 0.0019,0.037 wg/mL,

L W
He?,
T-Hg*-T ,

DNA , DNA
Hg* ) °
0.92 nmol/L,

3.2

Handy™ -
STX ,
» Nguyen P! Fe;0/PANi
Pt— ,

Fe;04/PANi o AFM,

—AFM, , )
—AFM, , °
6-60 ng/L AFM,,
1.98 ng/L, 8 ng/L.  AFM,,
Zhang Th, R
OTA, Th )
,OTA- G-
,Th3*
) ,  OTA
20 pg/mL, OTA 1 min
Fan ™
s 23.41 nmol/L,
R Yu [54]
. , 2,4,6-
(TNT), 3.6 pg/mL,
TNT ,
TNT - Wang"™
Nadal® SELEX
Lupl,B- ,  ELONA(
) SPR , B-
B 0
Wu [57]
FRET( ),
(GO) OTA  FB,
0 2 ,
OTA FB, )
- GO ,
GO o OTA  FB, ,
GO ,
° OTA  FB,
2013 2 9 o]



WANG Zhou-ping, et al: Aptamer and Related Progress

Mini—Review

0.05~100 ng/mL.  0.1~500 ng/mL,

0.02 ng/ml. 0.1 ng/mL,
OTA  FB, o B8]
UCNPs( ) )
DNA1 DNA2 UCNPs
OTA DNA1
OTA, 10~13 g/ml, Duan ©
Wang®! DNA2 N-(4- )—
N- (ABEI)
DNA1 ABEI
OTA, 0.007 ng/mL,Duan *! -
SELEX
, (48.74+3.11) nmol/L,
75 cfu/mL, (62]
(16.88+1.92) nmol/L, 76%
[63]
s (6.33+0.58) nmol/L, 25
cfu/mL. Maeng'®! RNA
o Liu ®
SELEX 08
B10 08
32.04 nmol/L,
, 1.5~2 h
33
Y Y |%|O
2004 ,FDA Macugen ( )
(AMD),
Ulrich®"  SELEX RNA

Ardjomandi'®
o MTB( ) NK2
(H37Rv)
Ch4 (+) T IFN-
10 NK2  H37Rv
10 NK2 9,
Ditzler™ HIV
RNA
o Bai Ul
0.143 pmol/L., Gerasimov "
G-
10 nmol/L,
[73-74]

@  Journal of Food Science and Biotechnology Vol.32 No.9 2013



[ 1] Ellington A D,Szostak ] W. In vitro selection of RNA molecules that bind specific ligands[J]. Nature,1990,346 (6287):818—
822.

[2 ] Tuerk C,Gold L. Systematic evolution of ligands by exponential enrichment:RNA ligands to bacteriophage T4 DNA polymerase
[J]. Science, 1990,249(4968) : 505-510.

[ 3] Jayasena S D. Aptamers:an emerging class of molecules that rival antibodies in diagnostics[J]. Clinical chemistry, 1999,45(9):
1628-1650.

[4] , , . [J]. ,2007,19(6) :1026-1033.
XIE Hai—yan,CHEN Xue—chai, DENG Yu-lin. Advance in aptamer research [J]. Progress in Chemistry,2007,19 (6):1026-
1033.(in Chinese)

[5] , . SELEX [7]. ,2008,33(4):175-177.
FENG Xiang-ling, XU Yang. SELEX technique and its application [J]. Food Science and Technology ,2008,33 (4):175-177.
(in Chinese)

[6] , , , . [J]- ,2013,64(1):233-242.
LI Xiao—pei, YANG Liang-rong, HUANG Kun,at el. Research progress of aptamer in biochemical separation and detection[]].
CIESC Jorunal,2013,64(1):233-242.(in Chinese)

[ 7 ] Tombelli S,Minunni M, Mascini M. Analytical applications of aptamers|]J]. Biosensors & bioelectronics,2005,20:2424-34.

[8] , , , . SELEX [J]. ,2010,23(3) :253-254.
CHEN Min,GAO Ru—cheng,JIANG Shu —xun,at el. The progress of SELEX[J]. Pioneering With Science & Technology
Monthly,2010,23(3):253-254.(in Chinese)

[9] Song S,Wang L,Li J,et al. Aptamer—based biosensors[]]. TrAC Trends in Analytical Chemistry,2008,27(2):108-117.

[10] Sun W,Du L,Li M. Aptamer—based carbohydrate recognition|]J]. Current pharmaceutical design,2010,16(20) :2269-2278.

[11] . SELEX [J]. ,2010,37(4) :249-256.
GUO Lei. Recent advances in SELEX and applications of aptamers[]J]. Journal of International Pharmaceutical Research,
2010,37(4) :249-256.(in Chinese)

[12] Wang Y X,Ye Z Z,Si C Y, et al. Application of aptamer based biosensors for detection of pathogenic microorganisms[J]. Chinese
Journal of Analytical Chemistry,2012,40(4):634-642.

[13] Tran D T,Knez K, Janssen K P, et al. Selection of aptamers against Ara h 1 protein for FO—SPR biosensing of peanut allergens in
food matrices|J]. Biosensors and Bioelectronics,2013,43.245-51.

[14] Ashley J,Li S F. Three —dimensional selection of leptin aptamers using capillary electrophoresis and implications for clone
validation|J]. Analytical biochemistry,2013,434.146-52.

[15] Kasahara Y ,Irisawa Y,Ozaki H,et al. 2°,4-BNA/LNA aptamers: CE-SELEX using a DNA -based library of full-length 2°-0,
4’~C—methylene-bridged/linked bicyclic ribonucleotides|]]. Bioorganic & medicinal chemistry letters,2013,23(5):1288-1292.

[16] Yang J,Bowser M T. Capillary Electrophoresis —SELEX selection of catalytic DNA aptamers for a Small -Molecule porphyrin
target|J]. Analytical chemistry,2013,85(3):1525-1530.

[17] Tok J,Lai J,Leung T, et al. Selection of aptamers for signal transduction proteins by capillary electrophoresis [J]. Electrophoresis,
2010,31(12):2055-2062.

[18] Krylov S N. Nonequilibrium capillary electrophoresis of equilibrium mixtures (NECEEM):A novel method for biomolecular
screening[J]. Journal of Biomolecular Screening,2006,11(2):115-122.

[19] Mairal T,Ozalp V C,Sanchez P L, et al. Aptamers:molecular tools for analytical applications[]J]. Analytical and Bioanalytical
Chemistry,2008,390(4) :989-1007.

[20] Drabovich A ,Berezovski M,Krylov S N. Selection of smart aptamers by equilibrium capillary electrophoresis of equilibrium
mixtures (ECEEM)[J]. Journal of the American Chemical Society,2005,127.11224-11225.

[21] Gopinath S C. Methods developed for SELEX[J]. Anal Bioanal Chem,2007,387(1):171-182.

[22] Ashley J,Ji K,Li S F Y. Selection of bovine catalase aptamers using non—-SELEX[]]. Electrophoresis,2012,33(17):2783-2789.

[23] Koch T H,Smith D,Tabacman E, et al. Kinetic analysis of site —specific photoaptamer—protein cross —linking[J]. Journal of

2013 32 9 003



_ Mini—Review
WANG Zhou-ping, et al: Aptamer and Related Progress

molecular biology,2004,336(5):1159-1173.

[24] Bless N M, Smith D, Charlton J,et al. Protective effects of an aptamer inhibitor of neutrophil elastase in lung inflammatory injury
[J]. Current Biology,1997,7(11).:877-880.

[25] Martell R E,Nevins J R,Sullenger B A. Optimizing aptamer activity for gene therapy applications using expression cassette
SELEX]J]. Molecular Therapy,2002,6(1):30-34.

[26] Shimada T, Yamazaki K,Ishihama A. Novel regulator PgrR for switch control of peptidoglycan recycling in Escherichia coli[J].
Genes to Cells,2013,18(2):123-134.

[27] Bannikova O,Zywicki M,Marquez Y ,et al. ldentification of RNA targets for the nuclear multidomain cyclophilin atCyp59 and
their effect on PPlase activity[J]. Nucleic Acids Research,2013,41(3):1783-1796.

[28] Derbyshire N,White S J,Bunka D H J,et al. Toggled RNA aptamers against aminoglycosides allowing facile detection of
antibiotics using gold nanoparticle assays[J]. Analytical chemistry,2012,84(15):6595-6602.

[29] , . [J]. ,2009,37(3) :454-460.
WANG Wei,JIA Ling—Yun. Progress in aptamer screening methods[J]. Chinese Journal of Analytical Chemistry,2009,37
(3):454-460.(in Chinese)

[30] Schiitze T, Wilhelm B, Greiner N, et al. Probing the SELEX process with next—generation sequencing[J]. Plo Sone,2011,6(12):
€29604.

[31] Zhu J,Li T,Hu J,et al. A novel dot—blot DNA zyme-linked aptamer assay for protein detection[J]. Analytical and Bioanalytical
Chemistry,2010,397(7) :2923-2927.

[32] Daniels D A,Sohal A K,Rees S, et al. Generation of RNA aptamers to the G—protein—coupled receptor for neurotensin , NTS—1[J].
Analytical Biochemistry,2002,305(2):214-226.

[33] Romig T S,Bell C,Drolet D W. Aptamer affinity chromatography : combinatorial chemistry applied to protein purification [J].
Journal of Chromatography B :Biomedical Sciences and Applications, 1999,731(2) :275-284.

[34] Zhao Q,Li X F,Shao Y,et al. Aptamer—based affinity chromatographic assays for thrombin[]J]. Analytical Chemistry,2008,80
(19):7586-7593.

[35] Huang C J,Lin H I,Shiesh S C,et al. An integrated microfluidic system for rapid screening of alpha —fetoprotein —specific
aptamers|]J|. Biosensors and Bioelectronics,2012,35(1):50-55.

[36] Kiani Z,Shafiei M,Rahimi—Moghaddam P,et al. In vitro selection and characterization of deoxyribonucleic acid aptamers for
digoxin[J]. Analytica Chimica Acta,2012,748.67-72.

[37] Wang X,Zhao Q. A fluorescent sandwish assay for thrombin using aptamer modified magnetic beads and quantum dots[J].
Microchimica Acta,2012,178(3-4) :349-355.

[38] Ninomiya K,Kaneda K,Kawashima S,et al. Cell -SELEX based selection and characterization of DNA aptamer recognizing
human hepatocarcinoma[J]. Bioorganic & Medicinal Chemistry Letters,2013,23(6):1797-1802.

[39] Nonaka Y, Yoshida W,Abe K,et al. Affinity improvement of a VEGF aptamer by in silico maturation for a sensitive VEGF -
detection system[]J]. Analytical Chemistry,2013,85(2):1132-1137.

[40] Wongphatcharachai M, Wang P,Enomoto S, et al. Neutralizing DNA aptamers against swine influenza H3N2 viruses[]]. Journal
of Clinical Microbiology ,2013,51(1) :46-54.

[41] Hamula C L A,Zhang H,Guan L L, et al. Selection of aptamers against live bacterial cells[J]. Analytical Chemistry,2008,80
(20):7812-7819.

[42] Wen J T,Ho C M, Lillehoi P A. A coffee ring biosensor for rapid protein detection|J]. Langmuir,2013,51(1) :46-54.

[43] Lv S,Guan Y,Wang D,et al. Aptamer based strategy for cytosensing and evaluation of HER-3 on the surface of MCF-7 cells by
using the signal amplification of nucleic acid—functionalized nanocrystals[J]. Analytica Chimica Acta,2013,772:26-32.

[44] Li H,Wang M, Wang C,et al. Silver nanoparticle—enhanced fluorescence resonance energy transfer sensor for human PDGF-BB
detection[J]. Analytical Chemistry,2013,85(9) :4492-4499.

[45] Qin G,Zhao S,Huang Y,et al. A sensitive gold nanoparticles sensing platform based on resonance energy transfer for
chemiluminescence light on detection of biomolecules|J]. Biosensors and Bioelectronics,2013,46:119-23.

[46] Wang R,Zhao J,Jiang T,et al. Selection and characterization of DNA aptamers for use in detection of avian influenza virus

@  Journal of Food Science and Biotechnology Vol.32 No.9 2013



H5N1[J]. Journal of Virological Methods,2013,189(2) :362-369.

[47] Aslipashaki S N,Khayamian T,Hashemian Z. Aptamer based extraction followed by electrospray ionization —ion mobility
spectrometry for analysis of tetracycline in biological fluids[J]. Journal of Chromatography B,2013,925.26-32.

[48] Xia N,Deng D,Zhang L, et al. Sandwich—type electrochemical biosensor for glycoproteins detection based on dual—amplification
of boronic acid—gold nanoparticles and dopamine—gold nanoparticles[J]. Biosensors and Bioelectronics,2013,43:155-159.

[49] Li M,Zhou X,Ding W et al. Fluorescent aptamer—functionalized graphene oxide biosensor for label—free detection of mercury
(11)[J]. Biosensors & Bioelectronics,2013,41:889-893.

[50] Handy S M, Yakes B J,De Grasse J A, et al. First report of the use of a saxitoxin—protein conjugate to develop a DNA aptamer to
a small molecule toxin[J]. Official Journal of the International Society on Toxinology,2013,61:30-37.

[51] Nguyen B H,Tran L. D,Do Q P,et al. Label —free detection of aflatoxin M1 with electrochemical Fe;O/polyaniline —based
aptasensor|J]. Materials Science and Engineering:C,2013,33.2229-2234.

[52] Zhang J,Zhang X, Yang G,et al. A signal-on fluorescent aptasensor based on Th3+ and structure—switching aptamer for label—
free detection of Ochratoxin A in wheat|J]. Biosensors & Bioelectronics,2013,41.704-709.

[53] Fan L,Zhao G,Shi H,et al. A highly selective electrochemical impedance spectroscopy—based aptasensor for sensitive detection
of acetamiprid|]]. Biosensors & Bioelectronics,2012,43.12-18.

[54] Yu Y,Cao Q,Zhou M,et al. A novel homogeneous label —free aptasensor for 2,4,6 —trinitrotoluene detection based on an
assembly strategy of electrochemiluminescent graphene oxide with gold nanoparticles and aptamer{J]. Biosensors & Bioelectronics,
2012,43:137-142.

[55] Wang L,Liu X,Zhang Q,et al. Selection of DNA aptamers that bind to four organophosphorus pesticides [J]. Biotechnology Letters,
2012,34(5) :869-874.

[56] Nadal P,Pinto A,Svobodova M, et al. DNA aptamers against the lup an 1 food allergen[J]. PLoS ONE,2012,7(4):e35253.

[57] Wu S,Duan N,Ma X,et al. Multiplexed fluorescence resonance energy transfer aptasensor between upconversion nanoparticles
and graphene oxide for the simultaneous determination of mycotoxins|J]. Analytical Chemistry,2012,84(14):6263-6270.

[58] Wu S,Duan N,Wang Z,et al. Aptamer—functionalized magnetic nanoparticle—based bioassay for the detection of ochratoxin a
using upconversion nanoparticles as labels[J]. Analyst,2011,136(11):2306-2314.

[59] Duan N,Wu S,Zhu C,et al. Dual-color upconversion fluorescence and aptamer—functionalized magnetic nanoparticles —based
bioassay for the simultaneous detection of salmonella typhimurium and staphylococcus aureus[J]. Analytica Chimica Acta,
2012,723:1-6.

[60] Wang Z,Duan N,Hun X, et al. Electrochemiluminescent aptamer biosensor for the determination of ochratoxin A at a gold -
nanoparticles —modified gold electrode using N —(aminobutyl) =N —ethylisoluminol as a luminescent label[J]. Analytical and
Bioanalytical Chemistry,2010,398(5):2125-2132.

[61] Duan N,Ding X,He L,et al. Selection,identification and application of a DNA aptamer against Listeria monocytogenes|J]. Food
Control ,2013,33(1) :239-243.

[62] Duan N,Wu S,Chen X, et al. Selection and identification of a DNA aptamer targeted to vibrio parahemolyticus[J]. Journal of
Agricultural and Food Chemistry,2012,60(16):4034-4038.

[63] Duan N,Wu S,Chen X, et al. Selection and characterization of aptamers against salmonella typhimurium using whole—bacterium
systemic evolution of ligands by exponential enrichment (SELEX)[J]. Journal of Agricultural and Food Chemistry,2013,61
(13):3229-3234.

[64] Maeng J S,Kim N,Kim C T,et al. Rapid detection of food pathogens using RNA aptamers —immobilized slide[]]. Journal of
Nanoscience and Nanotechnology ,2012,12(7):5138-5142.

[65] Liu G,Yu X,Xue F,et al. Screening and preliminary application of a DNA aptamer for rapid detection of Salmonella O8[J].
Microchimica Acta,2012,178(1-2):237-244.

[66] Keefe A D,Pai S,Ellington A. Aptamers as therapeutics|J]. Nature Reviews Drug Discovery,2010,9(7) :537-550.

[67] Ulrich H, Wrenger C. Identification of aptamers as specific binders and modulators of cell-surface receptor activity[J]. Methods
in Molecular Biology,2013,986:17.

[68] Ardjomandi N,Niederlaender J,Aicher W K, et al. Identification of an aptamer binding to human osteogenic—induced progenitor

2013 32 9 503



_ Mini—Review
WANG Zhou-ping, et al: Aptamer and Related Progress

cells[J]. Nucleic Acid Therapeutics,2013,23(1):44-61.

[69] Chen F,Zhou J,Huang Y H,et al. Function of ssDNA aptamer and aptamer pool against Mycobacterium tuberculosis in a mouse
model[J]. Molecular Medicine Reports,2013,7(2):669-673.

[70] Ditzler M A,Lange M J,Bose D,et al. High—throughput sequence analysis reveals structural diversity and improved potency
among RNA inhibitors of HIV reverse transcriptase[J]. Nucleic Acids Research,2013,41(3):1873-1884.

[71] Bai H Y,Campo F J,Tsai Y C. Sensitive electrochemical thrombin aptasensor based on gold disk microelectrodearrays [J].
Biosensors & Bioelectronics,2013,42.17-22.

[72] Gerasimov J Y,Schaefer C S,Yang W ,et al. Development of an electrochemical insulin sensor based on the insulin-linked
polymorphicregion|]J]. Biosensors & Bioelectronics,2013,42:62-68.

[73] Wang Q,Huang J,Yang X,et al. Surface plasmon resonance detection of small molecule using split aptamer fragments[J].
Sensors and Actuators B : Chemical ,2011,156(2):893-898.

[74] Sundaram P,Kurniawan H,Byrne M E,et al. Therapeutic RNA aptamers in clinical trials [J]. European Journal of
Pharmaceutical Sciences : Official Journal of the European Federation for Pharmaceutical Sciences,2013,48(1-2).259-
271.

« )
: 2013-10-29 : 2013-11-01
: Miss Lai : +886-2-33664130
E-MAIL: foodsafetytw@gmail.com : http://2013-iafptaiwan.tafp.org.tw/
(2012) ,

(The 3rd Asia Pacific International Conference on Food Safety) 2013

o

2013 10 29 11 1 [ 1,

, TAFP ,

500 S N
) 5 , 2013

@ Journal of Food Science and Biotechnology Vol.32 No.9 2013



