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£ 3t HEpAIA (Aptasensor)7F F5REAL Qi

EXMEESIA QIX| 2401 “HEIH”
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& S&EopolA EgE Qirt, FEHSw AlLEES EEE 283t oof diet AR 5aL Qi B8], i
TN = BE=E 55U H]ﬁ\—(Arserlic)% Aeizjo e HYA nE B Hlol 0] A Wt e Aad)
2 Agshs YEE SRkl o5 B8]t Hla FRAIA A S it el i glole 4] e midE 9
Al2d) B AAA Y 2= Has iiﬂr’ﬂﬁ AAE 4= 52 vlo|g|ae) Sojdor Age 4 Qe 5o& 7L
U= AAALES Adste] QEhHE 283 tRt 58 Lol B} HEo] thgt H3gt 412 (Culture, DNA 5% 5)
A< AXBIAT, dutaor 7 ?lxﬂé_‘%}—‘] 27] g glo] A=A HE0) 7Fssit
HE Aol Z8u= debet e 2AEEH 5014
o= Addtths FARE S-S 7L Atk sHARE SiEr HEY 0jd= 3 Hio|2A HES et Cidst
i FEE LE|ER in vitroollA BFEE O R tigF 94 SELEX 7|8 7H&
o] 7ksshH, ed W&ol Hlw A Astar, A1 AR A} EA Y SolAor Agste der= dY Ad
ejofie Mol W2 Bdolu EAEA F TR A= (Random sequence)}& E33}L Ql= gt ey ik 2t

e So]2Ql Aglo] 7hssithe S 7L i o|BHYE FAMOR 2Ty RHEZ
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Figure 1. General illustration of complex—target aptamer election strategies
(Edith Torres—Chavolla and Evangelyn C. Alocilja, 2009)
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¢l SELEX(Systematic Evolution of Ligands by
EXponential enrichment) 7]'H-& o]§slo] A=t
(Figure 1). A3 2]Q]l SELEX®] #AEHN= BAE 24
3 thal A (Purified soluble protein)o] AREEIT}, 444 tf
o] Bl mdE B 54 vhole| 0] 79 kg Hio]
Qb ol 9l Belly QAbso] thE A2 o) EA)
517] whizoll o3t A E Y Tl E = o] 347 of |

= AR 7RI weba dgke] 7] Ak ffsiM=
Cell fragment preparations(non—whole cell (cell
surface molecules, membrane fragments, bacterial
lysates, and viral particles))©]4t whole cell#} -2 “23}
H2E4(Complex target) & BAE 4= Q= WS 7|&
7] @atE L Qiek, whebA] Ftol= B nldE vt
o229 non—-whole cell ¥ whole—cell®] &3} #2412 of
4RO QEFeE AIESI] 915k chokek SELEX 7ol A7
7idko] B 1% 3 QItHTable 1), F- AlA o2 el <

o) Boh EAEAI SoloR AYSH: Uekrlg HEL

I3t Complex—target SELEX, alive Cell Surface—
SELEX(CS—-SELEX), Capillary Electrophoresis
SELEX(CE-SELEX), MonoLEX(one—step selection
method), Counter SELEX 7|<& 5o] EIEI QloH o]
£ ol YA E U Blolg I HEAA A
2 A AAERE B AT QiEb 2|2 A A A7t
2] ZlagE L ik

Complex—target SELEX 7|§2 <<= 22| gHof of
20| Sl FAEZ | tigh e Al 7 os AEE
YeFr= in vivool Al 53 EAEH] A APt zA
o] =2 A%gE Holw, 2 X' Ay} B AT 882
o] Zojict. 1998 Morris®} 19| FREo] 23}
Azeo] BolHoz Afshs Yeiuls w4 ol
Complex— target SELEX 7]5o] 7|de o]% o ol
AE2 o] 7| &85 Mycobacteria tuberculosis,
Campylobacter jejuni, Bacillus anthracis 52 whole

cell?} 215 23t 7Hset AUEHE A2}, Aldsto] e m|

Table 1. Summary of microbial and viral pathgen aptamers
(Edith Torres—Chavolla and Evangelyn C. Alocilja, 2009)

Identification of specific target

Target Application R Reference
Whole—cell targets
B. anthracis Sterne strain . RS Bruno and Kiel (1999), Kiel et
spores Detection Non-identified al. (2004b), Zhen et al. (2002)
B. thuringiensis spores Detection Non-identified Ikanovic et al. (2007)
E. coli DH5a Detection Non-identified So et al. (2008)

M. tuberculosis Anti-mycobacterial agents

Membrane protein Chen et al. (2007)

T. brucei Anti—parasitic drug Parasite flagellar protein Homann and Goringer (1999)
Parasite receptors for the host
T. cruzi Invasion inhibitor agents cell matrix molecules laminin, Ulrich et al. (2002)

fibronecitin, thrombospondin
and heparin sulfate.

Human Influenza A virus

(H3N2) (A/Panama) and inhibitor agent

Influenza A virus genotyping

Haemagglutinin

inath et al. (200!
(HA1 peptide chain) Gopinath et al. (2006)
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Identification of specific target

Target Application molecule(s) Reference
Non-Whole—cell targets
F. tularensis bacterial protein Detection Non-identified Vivekananda and Kiel (2006)

lysate

Rous Sarcoma virus (RSV)
particles

Virus inhibitor agent

Non-identified

Pan et al. (1995)

Vaccinia virus (VACV) particles

Infection inhibitor agent

Non-identified

Nitsche et al. (2007)

Microbial and viral protein
[toxin targets

Cholera whole toxin

Detection

Bruno and Kiel (2002)

E. coli release factor 1 (RF-1)

Non—sense—suppression—
based technology

Sando et al. (2007)

Mycobacterium avium subsp.

paratuberculosis recombinant
MAPO105¢c gene product

Detection

Bannantine et al. (2007)

S. enterica serobar Typhi VP
pili protein (pre—PilS protein)

Cell invasion inhibitor agent

Pan et al. (2005)

Shiga toxin

Detection

Kiel et al, (2004a)

Staphylococcal enterotoxin B
(SEB)

Detection

Bruno and Kiel (2002)

Hepartitis C virus (HCV) non—
structural protein 3 (NS3)
protease

Anti—-HCV agents

Fukuda et al. (2000)

HCV NS3 helicase

Therapeutics and diagnostic

Hwang et al. (2004)

HCV NS5B RNA polymerase

Polymerase inhibition

Biroccio et al. (2002)

Human immunodeficiency
virus 1 (HIV=1) reverse
transcriptase (RT)

Reverse transcription inhibition

DeStefano et al. (2006)

HIV—1 protein trans—activator of

Transcription inhibition and

Yamamoto et al. (2000)

transcription (Tat protein) detection
HIV-1 R5 SU glycoprotein - )
(gp120) Antiviral Khati et al. (2003)
Influenza A virus (H5N1) HA1 -
orotein Antiviral Cheng et al. (2008)

SARS coronavirus (SCV)
NTPase/Helicase

Anti—-SCV agent

Jang et al. (2008)

e deol Z8sh3it. 1

Qlo|%= Complex—target

SELEX 7]%2 &+ vho]2i2 §-8fA(virus lysate), Bto]2

2 o] virus particle) 53 Z2 non—whole cell} &
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Complex—target SELEX 7]®3} ARE 71521 alive
Cell Surface-SELEX(CS—SELEX) 7| 2EZo| of
oF 1t S Tl HAag glo] Al el EAst
= gl 2 (Membrane proteins), SFd e (Trans—

Solxo = AgsH- Wet

membrane glycoproteins)
HE A Ashe 7o o|FA AEE ek = A,
3l4E 72 S of-gsto] A2k QYetH Kot in vivo
011/\1 FAEAY v& Foldor AgRitks Ale 7

ol A58 AA R & 7Fs7do] w2 HEHE Al
AR 4= 9ok AA 20099 Chen et al.> CS—
SELEX 7|32 2-835to] HCVY| envelope EHe| 45}
+ glycoprotein E28 A HET 4 Sl ssDNA
aptamer(ZE2)E A8/gHsl=t] Just3lon, @4 ol
2 ssDNA aptamer(ZE2)S HCV 23t 2= 4 gHx]of 28
A} Bl ATLE S350}

HYd vE A alolgAE A ST 4 e EH
£ AL S 4 e E o 3 S sl MonoLEX
71¥ & one-step YEtH A 7|He
chromatography & ©|-83t 4523} Bojxgog At
SH= YEFHE Bl4=sl= B olet. 2007 Nitsche et al. >
AESEA 7|2 ARgE 4= Q)= Orthopox virus(OPV)2}
ARt Vaceinia virus(VACV)2 Eo]2 0 2 ZH3lsl= et
HE MonoLEX 7| o& A gusiqirt, gy iepn
£ VACVY] particleo]] So]4 2= ZAtsim Hio]2]o] 2F
& A & vlole| A ghzof| 2-8-d 4= Qlrt. olef 22 At
£ Foto] gHE 7|9t 752 OPVol| 23k A&k H|Y
IR A= S8 = o AR 7= qlk oA
5 242 <>ﬂ et SELEX A= #2547t et
710] 3} Eo|de =o]7] oJate] 271491 counter A
o] FF 71}, Counter SELEX= &3t 4527}
LA o] Sl PE Ee vlolg 28 Y wEYl
Elo|E gho|Heje|7he] WhEAIXES Eoto] EgF A= wt
H5o|dow Zgtete e E AlASH: S onfet
t}, oo} 72 ML A E AT} SolA o Al et

affinity
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A w24 317] $138t9] PCR(Polymerase Chain
Reaction) 7|¥Fe] &3] 7|¥H DNA 7]HFe] YlcHlEZE=
9 thekRt 7ol A=A 2 o]
2 W52 4 A2 E 8liste] DNAE ZEstolofs)
= A o] mhE W A7 Hlgo] 2tk T

(Nanobarcode)

= 7HAAL Qi olo] e mlE B whol2| g 45 Wl
2A AEE ¢ olon, AAAY A2 FEje] 2k A
ulg Zlsk 7o) Aol s ik olefat 2 ol
3lo] 2 FAERY} EojFor A= EX] Qo=
ofela] Mgo] 8013t nanoparticle H AN S 7]

5%} st 280 7kt YEFHE iEpllA ol 28-S

A Sk A7} ool A o] ol AL Qlrk, T3 HEbH =
o ®L pHol 938 WA (Denaturation) ¥ 3]
(Renaturation)< HHEgh 4= Qlthe 54& 7L Qlof 3
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7Hs3HA| @itk o]l 20024 O Sullivan et al.of| 2]5to] ¢4
Bt E o]-83F QiEtAlAl 7 7sAdo] HarH o], ek
O] A}t 24 EALS 7|REO.& sh= 7|2 7|9k febAl
A (Electrical-based aptasensor), 33}7|4F e}AlA]
(Optical-based aptasensor), =75 HEFAIA (Mass—
dependant aptasensor) ‘5 TFFSE HERAIA 7} 7l B A1 %]
3L e,

712 el A (Electrical-based aptasensor)= 4
St wEn | ZA vlgo] Agskal, ME wAS P8l it
7}94 F3} 71715 88 Shethe AR ek et 34

E3o] Aget EgA o tieh BA| viHdE=E A5 e
ZE‘O o}-g-5}o —7}/\]?] T qlom, o5 F5to] WEHAlA 9
A A d =3 S A1 4 loke RS 7HAIAL Qi
ofuizt, H714 7]‘1} YepAIA = Fst RS oHA] ¢
FAEES BHAT 5 9lom, e o] WA d 3lE
ol-gsto] E4lA AAREe] 7hssiths 54 7HA
L olef 2 ofe] A wiitoll @A o=, e, AL
theFeh ool A 2714 7|5k HepAl A 7F S8
A 7]4k e A ofi= () BAE labeling A4
g Oﬂ o]-§3t= #7]13ksH4 (electrochemical) E3H3E,
redox reporterZ 7|53} @ WEIH label-free
impedance spectroscope transduction, (b) single—

0] 83l field—effect

o

O fr Kkl ox Mg o
iﬂjz;gﬁﬁﬁﬂri%f
@omw”"—
N
N
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[>

walled carbon nanotubes®
transistors, (c) microgravimetric analysisg AR&-gt
piezoelectric quartz crystals©] Zgct,

F871RE HERAIA (Optical-based aptasensor)= EH
7} s o] £4lths S4E olgsiol A1y Bz
°”E}U1§ SYA £ E45YS SIS o= 4

BolollA] 713 1 % shfolt,
Vi A 5 A A Soldo
Akl etulo] A2 e S S % o] 9%
Ang RAAA EAEAT Agss Aeog
quenching ¥ fluorescence resonance energy transfor
(FRET) A3}+5 ol-§3to] A4S FAsk= Wrielt). ot

HaM 0|ME 2 Hio[HA HE HEMM(aptasensor) ZHEE 2

ARt gk uE HetdiA = 53 #A=4Y E4fsks s
ohA] A dwsol oJeh FF Al o) 4 W IHd A o
woll A5, $F sera 5 HE AE0IA ] &gl 2HAI7E A
= T3S Bl
AeF7|aE WebAlA (Mass—dependant aptasensor)=

A o] e E AT F A EA T ek L A%t
o Yojuhs Ao HekE S7dsks AR 7 i
Al vl WHAle) AE4 g 7ol of7|of=

evanescent wave %4]9] surface plasmon resonance—
(SPR), acoustic wave 4] 9 Quartz crystal
microbalance(QCM), surface acoustic wave(SAW), —12]
3! micromechanical cantilever 4] 5] o{7]of xZ3he
t}. Tombelli et al. (20052 transducer sulface 1ol
biotin—avidin®] linking E|o] )= SPR ¥ QCM NEMIA]

£ o83t Heh 1783t e Fol et e A=At
9| ﬁﬂoﬂ fﬂrE st ﬂ?ﬁ} Uﬂ ol &3l #H=4

S DM U HlolaA BRI AEHIN Tl

2004 Minumni et al. (Biosens. Bioelectron.,
20;1149-1156)> piezoelectric quartz crystalol RNA
Bt 1A3}sted HIVHuman immunodeficiency virus)—
FAoh=
HePAAE 7 Hstgom 2007d Lee et al.
(Biochem, Biophys, Res. Commun,, 358;47-52)< HCV
o] 4] ot SolF o r Adtshe YetHE Adstar, A

HEl HOV 814 34lat Sold oz Agel detuis ol g

1 Tat (Transactiviating responsive) proteingr



3} sol—gel—based immobilization YEMIAE A5}
o}, AR flol A% ek el A2 core—H(core—
antigen)Z 2] incubationdt A3}, WeRHL} HCV—core
7ro] B0l Ao ads ST 4= U, oot 2& &
o] 2Ql A g5 "HAT 4= A= HEHIA = AAIE A=
o core—3 BA] ¥ ofy2}, HCV Y $AH0] sera=
| core—F FAOAN = &8 7S AAsHIT

Z|27HA| HEHAIAE o] 83 B4 ndE R Hlolgs
£ BA Eok= oAlE W& Fto] m|7fA Eok= ol §l
o] A= thefet 2AE o83 A EA FAof Wit A+
7 A=A 9T} 20079 ol= quantum dot(@D)S o83t
Bacillus thuringiensis spores 249 tfgt - A7} 1
3=)9leh 20074 Ikanovic et al. (J. Fluoresc., 17; 193—
199> QDE 71531H WEPHE Bacillus thuringiensis
sporese B4 ol 2-8-313itt. o] & 9@l B, thuringiensis®t
EolFor HAilsh= YetHE AWk zine sulfide—
capped cadmium selenide QDs2 715313t & 4 =2 3}
"33} spore 347, Al2ISE & fluorescences =73}
ek 1 A3 QD o837t A AL 103 CFU/mlS]
sporeE HAIY ¢ Sl= WIHEES 7L Qiglen, 105
CFU/ml 0|42 s=o| A= B, globigii®t B, thuringiensis
9] spores FET 4= Y= SoldS 7HAAL QIgiH

UA tFsHAl 71att AetdA = et o) A EAo|
gk o), Wk, AP 5= Holaglon, FHo W
AAA (Immunosensor)®t BlstAY o] & -3
detection limitE EoFIe}, SHAIE 9jof 7]&H thgRt
Fej o] WeHdIM S whEar, 417 Aghs "Alsh=t 28
o ok S 7ML Qs WA, B3 5ol o
3 7 §lo] FHEETS Bol¥ o & HX|sl=t]| 3t
AR Holiet, 2 ol2fet wAIRS S5 fIsto]
U= (Nanoparticle)?} B-AU=SH(CNT: carbon
nanotubes)E ©]-83+ whole—cell B4 YEMIAZ 7Hdtst

M EL APA &7} Bare T glct
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Nanoparticle 7[dt HEMMIA

AR AR =of 9= 2] Nanoparticle 7|9+ %4
EFIIAE gold nanoparticles(AuNPs)2} QDsE ©]-83F ¢}
EPALA Z2HE 082 AuNPs®| Fedde Amsks o83t
g Z](colorimetric detection) A|AE] -S5-8of E8-&|m,
AuNPs= A 9] H3}2 surface resonance frequency< ¥
P vk S 7RI Qi o9} o] of 2 7hA] A4
o] &35t &7} 7157 W&ol multiple detection= 7}
SHA| shH, S8t FAIE 53 a7k AJZEE HHlE 8t
sHx] oA gt #ak ofygl Nanoparticleo|ghls 1-R-2]
AAAE 7FA AL 917] whiol] solution Well 2] ¥k & 4=
ol 1Y EFY Tl S5 4= A}, 20079 Lie et
al.& AuNPs¢ QD2 o]&3}lo] solutionol] EXst=
adenosine} cocaines HAIE 4= Q&= two—solution—
based colorimetric BA] Al 7]l 5313t o] Al
2”2 WA AuNPel HEHHE B2 Al 4= Qe =2al 7
e eElo|=E 2P F, oF o|85}o] adenosinedt
cocaine®] Eol& o2 Agsh= QDs—YEHE link AlF
t} olu, adenosine E= cocaine¥} Eo|2 o g Aglsh=
QDs—¥EtH = FAEH0] gl AollAes 7o 25
o] QDs AlT1'Eo] quenching H]o] Q= ZS &1 &
4= 23lck, 3FARE adenosine = cocaine <AI5}FS] ek
Wi AT Agsb] fisto] e 25 WA
= o]z Qs QDs AlLdo] WA Hrk(Figure 2). ©]
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7 B4 mAE E HlolgAE ER|shed Z8H A4
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Figure 2. QD-encoded aptamer—linked nanostructures for multiplex detection(Juewen Liu et al., 2007)
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Figure 3. A) Possible conformations of the aptamers that are self-assembled on carbon nanotubes. B) Schematic
representation of the interaction between the target bacteria and the hybrid aptamer—-SWCNT system
(Gustavo A. Zelada—Guillen et al., 2009)
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