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Abstract Compared to traditional thiolated DNA probes, poly-adenine-based DNA probes (polyA DNA probes) are free of
special chemical modifications, and thus exhibit unique advantages of easy synthesis, low economic cost, and excellent sta-
bility. Using their intrinsic polyA fragments, polyA DNA probes are combined onto the gold surface to form a compact and
ordered monolayer with both anchoring and recognition capabilities. As a result, polyA DNA probes have attracted numerous
research interests in biosensing. In this review, we first presented the mechanism of interaction between polyA DNA probes
and the gold surface and then reviewed the applications of the polyA DNA probes in the development of biosensors, includ-
ing colorimetric biosensors, fluorescence biosensors, surface-enhanced Raman scattering (SERS) biosensors, and electro-
chemical biosensors. We concluded with a discussion of the opportunities and challenges for polyA DNA probes and ex-
pected this review to be informative for the development of biosensors in food safety, environmental monitoring, and bio-
medicine.
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Figure 1 (a) Bonding of DNA bases and gold nanoparticles. (b)
Idealized schematic of polyA DNA probes on gold??*!
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Figure 2 (a) Schematic for spatial control on gold nanoparticles by varying the length of polyA blocks!?!\. (b) Enzyme-free colorimetric biosensor based
on polyA DNA-conjugated gold nanoparticle-catalyzed color bleaching reaction of methyl orange (MO)P2., (c) PolyA DNA scaffolds-encoded gold nano-
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Figure 3 (a) Schematic for the activity of polyA-based aptamer nanobeacon programmably engineered by tuning the length of polyA*!l. (b) Schematic
showing the simultaneous multicolor detection of three microRNAs with polyA50 mediated spherical nucleic acid®”. (c) Schematic representation of pol-
yA-based aptamer nanobeacon preparation with programable surface density and their kanamycin sensing application!*’). (d) Schematic for polyA-based
programmable engineering of gold nanoparticles for highly regulated spherical DNAzymes!*"
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Figure 4 (a) Schematic illustration of the polyA-mediated fluorescent spherical nucleic acid (FSNA) probes for c-Myc mRNA detection in living cells’®!l.
(b) Schematic of the polyA-mediated spherical nucleic acid (pASNA) nanoprobes for microRNAs detection in live cells’®*.(c) Schematic illustration for the
construction of polyA-spherical nucleic acids with polyA-programed lateral spacing for rescuing the expression of an anti-oncogene!**!
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a polyA block
DNA

—
polyA,.
——

NH,0H-HCl
HAuCI,

LasW ws

1~2 nm ] DNA 73 722 B, HifRk T pA-nF-NTs A 5
¥ — AR E AR IMIBR 254, %)% B NI GT 5 hr 2 31 5
BRI RST —2, BUE pA-nF-NTs BA R RHH 2
PEfE. polyA #REFE T/ 5 pA-nF-NTs 44K 8] K7 i T2 RE,
AT DL 3 G0 4 N R O 55 25 TR SR TH Bk, AR T
RN TR SR 2 TR FARE I AR T 5
Pl pA-nF-NTs, IXLEgi Kb 35 HA B B h 26 1% 4y
IE, RIHEEY— A EIER SERS 155, HFHRTE
SERR A3 BT P B 0, A A B (R BR AR B R I
BCAAXT pA-nF-NTs AT DI REAL, SEL T AN A 28284 (1) H
FRorF IR e AT, Bhah, IXFEET polyA 544
K IA] B P AR 5% 57N 73 F- G B R 40 oK B 25 7E %% % -SERS
RS 2 A 4 43 i R0 A= 00 AR, 5 T 2L A AR K PR I FH i 5.
He PRI T polyA 415 1 2H 3 5K 1 ik DNA XU
FAZ T M T Au-AuNPs “ -T2 7 W[ $5[1) SERS
JE(& 5b). 4 100 nm F &K RBRLAE R “4% 7, 13 nm
HIE KBk E R “ TR |, @i polyA B PiFh E.
ME DNA 3 RlZH3ETE “f%” M« TAR” b, “B%” M
CTR” Gk BRI R T DNA 2438 T 50Uk 45 M e 1t
“R-TRE” BHEIESMNIER. %7 M <R
MIEFBRZN 2 nm, B “B%-TAE” HHBEE0 A
(1) SERS 5%, H Hilid B HLETE “#%” | DNA
H polyA WAL, WiTE “F%” K DNA % B, Mz
CTRE” MHBEEE, TR “TE” BEREN -1
A7 HAS SN, BhmEeEE - TR AR

- -
L ] s

weak SERS / /' weak SERS
aﬂﬂ signal signal
[
increasing “-\ \ adding
polyA lengtl N ® target DNA

ferng strong SERS 4 strong SERS
signal / \ signal
{ / A ig
/ \

B 5 (a) polyA JEDEHKARE TR EECY, (b) T polyA MR Au-AuNPs “#%- TR mlis 543450 1 EEUREECY, () polyA
S 2 BOIR AR BRI T DNA #4545 5 SERS JEUL M I A4 G586 44 1A 7 1 )

Figure 5 (a) Schematic illustration of the design of the polyA non-fluorescent nanotags (pA-nF-NTs)!”). (b) Schematic illustration of the polyA-assisted
self-assembly strategy for the fabrication of symmetric core (Au)-satellite (Au) nanoassemblies (Au-AuNPs) in colloid®". (c) Schematic illustration of
DNA conformation modulation with polyA length on multibranched gold nanoparticles (AuNSs) and in situ SERS monitoring of conformation transfor-

mation(®!
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f’) SERS RE. {Hi&, HTMEN Au-AuNPs “f%- T 2"
AIUTERHRTERES), HAATENESE, 3%
SERS {55 EIMMRZE. AT BB EIMEZE M, 1E
FR LS5 TR DNA 242 1 77 2 8 7R R BE R 1)
RYRFR L, SRS B AL SRS T BF ik
107, SERS VEfEsE 4, 1y HLE R MEAF, ASeRhRit fks
PO T ER SERS K. ZEUIRE 9K BRI (AuNSs)
A I 0 AN 2 BoIR 548, B R TRAROR, LR TH Bz mr LA
FAAE IR ) SERS ZUM62. Guo Z501k J# T 3T polyA
BEN S AuNSs i DNA #5885 157K 5c), i@
A polyA [ EE AT DLV TR AT O B RS, BEE
polyA ANELFBEIN, PREFER (I BALRES. HIREH 7
—Ukric SERS 5570 T, TREFEMR B B LR S
5#2 SERS {5515 AuNSs FEEMAR(L, M=
SERS {55781k, FIFH HAZ 5284k Ay DL A7 W5 I A4 52 1)
AR, D™ E S I R G4 S AE (SARS) M R I
SWE AL H bR, JFR T R0 B A% DNA 1) SERS
AL S, K PRIKZE 45.7 nmol/L, SEEL T w2 1)
DNA eSS PERCIN. TR SN AR W T 759K 0k s
) AuNSs ] I DNA 75 [APRES X LAz il i in] 2, 1y H.
RIEAIHE T DNA M G54t 1 omf 71 T H.

3.4 EBLFEMERS

FF polyA DNA FREF ) HE Ak 22 AR W45 I 2% 5K
polyA & BURH SRR ET 4 2575 4 rEAR B0 A 3R 1D, polyA
RARES T SRS SR R LM A0S, ARk
il P 2 T THD AR S P R B 7 P I, SRR A%
JRASAALE, REVE S, R 5 TR S
EEM T, ) Z R T IRRIZ BB e, 2R
558 WS R B o 22 A AT 6400l FETF polyA 54 [H] 1)
FEAEFH, Koo ZIF & T — M E L H48  miRNA
(077 3%, WEERARBRAH SRR ET, F T 5 5 k4 3K B A
miRNA, 55 5@ in#eks B Ar miRNA ISR E!
rRORE R, TR E . 4tk H bR miRNA FIH W, 25
KH polyA TABINTEMAEI HAr miRNA [ 3Widt4T
polyA ZEA#. ZEMH 5 1) H A7 miRNA BT polyA 542 /A
(msE R 77, REEAE IR BRHE 22 W ED R FE Rk (1) 4 2 3R
T, PHAFIEM I [Fe(CN)e]* fE 4 AR I 1A, 7~
A A TR R A AR B 2R LA, AT SE LGS H bR
miRNA & SR, 38 o 6 A [ 7L e AR 471 B e 40 i
AR miRNA e S0, B 7700 52
R, Liv SO Ok 2 T 5T polyA DNA £
EH AL AR R AR AR, & — RV A%
PR R, RAE T polyA DNA #4448 i v 7153834
REARMEG, T KA B 24 DNA [k
(B 6a). AFITAGHIBREEET) DNA #REF, ik
polyA DNA 5 TE T REAMEME, KSR polyA 54
FEL AW P A7 85 45 3l S B Al SRR T 4 M A R T 1) 'R v
AE 23, Bt 7 polyA KJE. W
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SR H R OB S IR 2 1, B S IRER IR,
kBt polyA DNA #8%5t B L BORAE Y B AR LG 5
PREF—i2 5 HAR DNA 422, TERARE R “ =R~ %
D&M, SRJE 5 avidin-HRP 8§ S 87 AT DA77 A= S8 4058 S5 i
MBS, SLHLHEAR DNA & R B HAL A, A H R
N5 fmol/L, i %t 0.2 pg/ul KA #F K 4 DNA (1)
& Wik =S B (PCR) kAT 40T, WEBH T AR ik 3%
BA RIFHISE . 50K S P72 HAR R T 14 ot BHLAS
P AR AR 1Y L A s i LY R A 2 AR A SRR AR L
AL A B A . R MR e, 5T
ZHRTS i A EEE . b4, Liu SRS
PRI B polyA DNA #RE} [ 1 75 2 i1 ) <0 v s b,
SEPL T HAORFELHE 16S rRNA JE DR ey R ol (P
6b). KHPME SIRE R R4, H5—AOM=AE
SRE IR E RGALL, FEREE TERWRE. RH
PEAE B AR T H AR DNA, i HPRiEF] 10 fmol/L,
R W 4 8 DR 4 S B B I, AR SR LA A [ A U 7
71 RXITUTAER BRI E, TG PCR 448 1 i 485 Q40 1
AEVEIREE I RIEH T EE . Liu 84058 —
AR T =B polyA DNA R4l A T —FEirid
R 4E 2 M, S T K T 6 R 4 ) v 2 A A
(K 6¢). —ikEk polyA DNA FREMKSE 1 IH] polyA # Bt 5
S WA G5 G LR IR IR E S R R T BB AR
JP 2%, polyA HRBXPIMIBTE T PIANH IRIREE, Rets[H
AR SRR AT T 22 DR 4 D R BEAR AT PP . Tl 1 M
BN, =HREL polyA DNA HikiReH S H AR s
EVERR T B, @I polyA DNA #REH4H %%
) DR BR PR S0 25, R 24 A I R U AT T 5%
%, KR 10 fmol/L, NG 10 fmol/L F| 1
nmol/L, P MEN. SHT Wi polyA DNA £
B 0 rLAK S A AL TR A LU0, AR IR s B B )
e, REA X 3 Bt 2 A5

4 HF5RE

polyA DNA #REHTE i KB, {XHEE polyA kB
55 < (AR ELAT P gt S LA BRI BHAE R T 1) K = AT
Fréfde, SEBLT WO REREL [ € DhRE R — 4k, 1EA4)
FR A N U B 1 AR 70, (e ik T B AR IR 1Y)
K. HT polyA DNA #REMHE L th . O R
SRS AN « R SR A AR R A 2 IR
AR S AN UM 254 T K, 3R 1 X i 7
T polyA DNA #REHHIE (AN [F) A= 4% TR AR SR A I 3
FIARRE, AIEERH polyA DNA TREME NG, B
S RAEMME AR IS

JLE polyA DNA FREFIH I AME A1 G REAS
B, EREERN T E H i 2, UL
JERNASEPE TR SR AUEETE, polyA DNA #REH5 I I ELK
FIFLEA Bk (DIEA—FEF LA BRI REL, polyA
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TEAKTE 2 B AW AR AT 50 R A5 B 50IE; (2) BAR B IlT 1)
HEYMEIRITFEZAE T polyA DNA #REHE 4 M /Rl
25 B A 2% B X — SR B IR, H HAE AL v AN 75 1,
18 ) 75 B B IE B T R AU (TEM) 8RB i Bt
(AFM)HEAT R A7 EWRAE, HIR AT FT polyA DNA #R%f
TE4 R I RARAGE ], Nidk— ST polyA
DNA  FREF 3 B A W % k25 25 5 R A FE Al (3)
WIS 2 A BUIRE I 2B polyA DNA 5
B, Tl AR AR R 2 RS I b 22 SEAR A [ B A I 1) 75
R (@) RZHERIE T polyA DNA FREF 1AW A% 8%
FATIACTE SO I B, N R A AR L B R R
B, R 2B polyA DNA 54 ok IR E 1> T
LB A 3, ST EARHE I AE DAL AR R, S i o
M, (5) polyA DNA FREFTEAE AR I B R AU K A7)
FEPESERT TR L polyA DNA #RATIE—BHE B 13
fih; (6) 1T A=Wk B s i 48 B A2 oK R R 11 29,
R TGS EEW %, KRBT polyA DNA #REF =8
AR AL I PR DAL B, WA R T P05 A A Ik
FHE T Re A AU R R F.
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F KT polyA A A1 B B R, EHZAAHAR 3
R, THAELE R LAHFREA 6 R, £E AT LA
FE 20 &%, @4 ACS Appl. Mater. Inter., Biosens. Bioe-
lectron., Anal. Chem. %, 343 % B & A #4010 4371,

MR, BTN XBEARAFRREBLES T, AT
wAEMAREYIR . AR R % £B B RARAECEARAFRR
(National Institute of Standard and Technology)iz 5] % %, 3 1%
LT EFRRAA R T, § kLS THB R =5,
BEE R ZAEAREN R 30 £, KARLS0 £H, LPas
ACS Appl. Mater. Inter., Biosens. Bioelectron., Anal. Chem. 4,
AT KA E A AL 20 4.

ENE, LEXBRFEFRSTEFAREARA,
WA 5, BRASEFEAFELERE. BRHARREL
FHR A G A KF BRI FE LB R F R B RAAAE
AeERFFEMAFELEAE. TEA Y B> X&
—F £(CAIA £). PHEREANRE. KM AFIERZRK.
A Y4t . DNA B4k 547 389 AT %.. /& Nature Nanotechnol-
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