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Figure 1 PNA binding-generated PNA/DNA/PNA triplex and single-
stranded D-loop structure (a) and the transcription initiated from the D-
loop site (b) [23].
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Figure 2 Schematic showing PNA-guided engineering of a DNA
aptamer sensor with peptide for protease-activatable ATP imaging [55]
(color online).
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Figure 3 Engineering of multivariate-gated DNA nanodevice for
spatially selective, corelated imaging of MMP2/9 and ATP in
extracellular tumor microenvironment [56] (color online).

{H K 2 BN AR T U1 #E| B BEDNA  (ssDNA)EK
RNA, TMiXAEEDNA (dsDNA) g A 408, X2

1595



VA RS T PNAM AL BB B if 7Tt fig

[A N DNAzyme X LA 5 dsDNATE SR £k -7 B 5w 244 32 ik
Fnt, R PR 1) T H AR R TR R R

WEH, SR 52 CRISPR/CasiAk & 1 R,
it 7 — MPNA%HE IDNAzyme & K 4 #5 5 4 PAN-
DA, 1% RS {EPNARBIAE R o] % dsDNARZEAT T 4%
%% (Kl4). PANDA{A R H13PD1-1 DNAzyme. PNAI
FIPNA2ZH K. N T SRR T AT AT 1, & /e F FHPNAT
FIPNA2ACH FRL, 315 PNATR ADNAXUEEFT I 5
72 i ssDNA X i, 485 FH13PD1-1 DNAzymefs it ik
SENL P A2 B2 I ssDNA TR IR — FREe /K i, & Rk
B, WH=FHIAEAERE, DNAzyme A 7L € A A1)
BT FERCEERL b, BT Ak R AT TR
b, FIFHYPNATEIRAR- 5o B vw Bl R O H 4 = DN A
A R NAsDNA. 5 FIRPANDAK R AHEL, %
FyPNAFI13PB2 DNAzymeffJPANDA R4 A 25 )
T & S A AL 1) H ARDNA A, 7] LLAHEARdsDNA
MCG AL R AT RE V), R K Hhdn e T
ZAR RN FHVE . PANDA R 4F] FIPNAXTdsDNA
NZFHE, #DNAzyme ) Al 48470 FEl AssDNAY™
KE|dsDNA. 55 R ¥ 4 V1§ FICRISPR/Casfg 5 AH L,
PANDAERAGH /N, HfawE. BEGFHMMEA.

3.3 HCRFEFRRIRAL J B8

Z 27 3 5 R (HCR) /2 Hi Dirks flPierce!®”** 178
20044 FF 42 [ — b 18 B0 o R S5 b 386 S . oY
THCRIAE R, 51K B S iR A R FDNAZ Al {144
B AT R BE, MR B+ 2 HEa AU O EE
DNASZE A7, B F) K JFERC. %+ H 0 7 Mg
Sy SRR L R e R U RN g5 R R T AR B
HCREWE 2 B F AR A g A vs
SRR BRI, AT BRHCRA R BT
Fase e, A RO T B K IR 48NS 7 41 i
DNARJe, 75 R 1 J S A= 5, IR
WM T A

BT, Winssingerif @1 iRE 7T — AT
PNAERHCRIE R, %4k R & H SN2
R LA K toehold i y-peg R FePNAL R, BEAE2 hiAs2 3L
SHERR A 105 RIEHOR (K5). 5, MFREZ=R T &
AR K B 2L AR HAE O B A A RS (RS-
2253 R Mpeg iE 1) i) /% JePNA. 1% K R, Zey-pegl&ifi
&SR 25, FRLL S toehold ¥ & FPNA (1)

1596

(o)  PNA “openers”

N

DNA-cleaving
DNAzyme

Bl 4 CRISPR/Cas9 (a)FIPANDA (b)H3 R 4t s i 1o
(RESTAS))

Figure 4 Schematic representations of CRISPR/Cas9 (a) and PANDA
(b) [66] (color online).
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Figure 5 Schematic representation of minimal PNA-based HCR
system [72] (color online).
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Abstract: Peptide nucleic acid (PNA) is a synthetic oligonucleotide analog composed of nucleobases arrayed along a

pseudopeptide backbone. It can integrate the power of nucleic acids to encode information with the versatility of amino

acids to encode structure and function. PNA has high affinity and specificity for hybridizing with complementary

nucleic acid sequences, leading to stable PNA-DNA or PNA-RNA duplex structures. PNA is expected to overcome the

limitations of nucleic acids including low stability and specificity in biomedical applications. In this review, we firstly

give a brief introduction to the unique properties of PNA and its biomedical applications. Next, we describe and

highlight the recent progress in biosensing applications of PNA and DNA integration. Lastly, the future prospects and

challenges are discussed.
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