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W EAH R T As P BFFE B, DNA w3 it AN
[F] 1) 43 (R A FH 0 T8 B A 3k e AL I 7 i HE g
T DNA-Z R AR B A, AMUHDE T DNA i
ARG RIME , 38385 T DNAAE MR ET BHE IR ¢
6T EBERE, fd DNA FI14 8 49 K A1k} E AT
(RRIR T TR R AL BB AT RL, BEBR T 5 — T RE
(N RATBHICTR I 52 2= FHZE R R BR

DNA (17 51 R 5 1 25 #4550 1 2 DNA
YR EER Y PSRRI R TR PLS, B
2L RNA ) DNAzymes 1] %R E 094 @ B T1E
RO T AE FOAR TR S 2 A AR T, —
BEFE B A 23520 DNA 5 452 90K Ok B 25 4 25
Jio Ah, Watson-Crick BEZEXT . DNA ABEIR H 48

LK DNA 4> F4 15 | A RIS 35 5 D g JE A,
BRI T 51 R 25 A8 1T DNA G o A i . i
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BT DNA-4Jm QKA B SO AE AR . ARk
QAR 2y T ) ORI R . At RGE A4
DNA 7+ F 58140 KA1 8E . UCNPs A1 MOFs [ 45 &
T, X 3FE A YORMBIEST T R 2325, AP
JEBRIGORA R AL TIE%E, P i 2 W
H ) 25 P R R T AR LR AT B

Table 1 The interaction between DNA and metal nanomaterials

&1 DNASERERAXRMBEMERTELE

fEH] CuNP UCN MO
[LGE AR MR 5 Cu® i iz TR L5 i 2R 8 T e WL 5 & R IE B FRLAL
LT - T REALUCNP B B 758 A4 5 T8 AR5 B -
LA e - - MOF #1283 5 ssDNA [ #2534

1 DNA-Cu#KEHHHEEN A

i 2l K kL (copper nanoparticles, CuNPs)
W BA 5488 A SR U G R R H R
P, RIS, BB R AR AR s R X A oK
BLRSH ARG PE . CuNPs 42 )@ 55 B SOt s %
500~550 nm, A T A] WG N, 76 JR) 30 3R 1 45 2
WOTHARITRT , 9ORBURL A 7R B . HUR A
WO AR AT 2 TR B, X Sl AR BT i CuNPs
)z B HE TR . F A Mokhir /N P R
M 4E DNA  (double strands, dsDNA) 1E N 3 ZR4E
IRk & CuSO, T & i, CuNPs, CuNPs &l h 4 s
YUK RS S, H 4 8 kXt dsDNA H
B BEPE . CuNPs X dsDNA #5514 4 S M i
JEH IS AAE I — A kR IC Y, H CuNPs A
X 4 R AL R K 5 B A R AR, TRt
RN Rz SN S — T, BT
FIIARENE, B2t Ll Co VR 3 J124)7
PR, TEMREAEMAEAE IS OL S, BT DAkt
TR M H A ROA IR Cu', AL N PR 4R
A AR M R A R B, SR R 2 TF
i (Fenton-like) KN, J ZHTHueaiasT " 48
il , IR SIS PR B A S T3 s N 7 Bl

JizEMRE R LA Fe AL TE AR, AL
S5 N AT AR SR TE A FRp A B ok A,
B W R (1x10* mol-L's™) AJ [t Fe B4
16045 "8 3k Cu* L) [ 3R Y7 85 T A
1.1 IADNA AR A CuNPs

CuNPs{E ML I ZECAIAM L, BA RIFH
AYHAEN, HEEWRAR. B0 LAFE S min P
7%, HHAD DNA B 2 4@ 4ok A kL (4R A
SR AT U T RO B
P K3 5914 340 nm 1620 nm,  HA K HTHE v
Wi # (Stokes shift) ™, KL s THA%, XIE
YkES /N, BRE S ZE TR, RN R AU
CuNPs BLE B iz TG I EEAR 43+, HoAG I Ji 3
J: Cu* 5 DNA B 7 F1IE & CuNPs, i i 524l
A B FAHEAER, Mi5] % CuNPs % i
DG BRI, FUA R X A B T ik AR R
(Poly-T) W] LAl 2545 M % J: CuNPs, 7E Poly-T /)s
T ISAHEEERT, CuNPs 2B E S MRS, Pt
IR M it s g 1144 B 2 AT AU I CuNPs R/ S ¢
DGR RO R

Kim % 2 W58 R W], i F UL DNA S B AR 1
CuNPs VE MRS, © WA T ot RBE 4 72

(fluorescence resonance energy transfer, FRET) [



222 EMUEEEYIEER

Prog. Biochem. Biophys. 2023; 50 (2

B3 LA A ROk (1) o SERE$E CyS
YEA CuNPs ) FRET X}, AR HIAELERT, A
PUIR IR B AR B 15, CuNPs 78 I 4 8 340 nm
LBk, T FRET S B LA R R 2 Cys,
7E 660 nm 4b & i1 Cy5 W2t SR, TEIA A
JFFHRE B R, FRETAS %4, WA E JAE
FRETX} 2 [A] (B B /NF 10 nmA ARG Rk, 7E%
A BWFIEN T, HATE 620 nm &b W 5% F|
CuNPs (75, o eyektalife+siAaL, HA
FEDOGHE BT CuNPs B HL A &K 45, LA — K
(AR NG B TR A L R g . 256
PCR 4" 45 R W], 5] A CuNPs ZEAT HL R AG I 5
qRT-PCR ¥ AR X} /N5 F Wi #% 12 (microRNA,
miRNA) 7 A I 25 S BAT AP —3tk, X
IR ) N2 BT RNESTAE T E R STER, /Ny
T EAR, H RN HRAGI R S Y & R B
THEAL . WangE 2 38 1ok dsDNA R ¢ 5 CuNPs i
WABEME S, I T — R B 9ok 5 R, LA
J & DNAAE B 90K T8 A B0 4y, A a4y
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E 1L A ATP () 2 DI RBAR IS, AR Y R 12
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FRAE R ik SR, A A% Y 2 A 4 DNA % R
B 5 FE DG CuNPs, 5 4',6-  Jpk e -2- 4
n5| W (4', 6-diamidino-2-phenylindole, DAPI) #H
I, ZOrkEA REFrpDeteeE e, RIe T gipiiz A
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Fig.1 CuNP-based FRET for target detection
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Cu™ ZMIEIGIT I L, SRTT, 4 Cu™f
A5 1% 2 bR AR A ) T B SR I AP eE A B . H ETY
T Z BRGNS 24 R . A A AR
TR G 52 2 PR RN 0 28 T 4 B SR WS 4TS SR S DNA-4:
JE KB — A0 [, DNAzyme i
M HA R AR BT, B 2 — P e ) 2
PRIGTERR, T8 57 B0 A OC mRNA 1y %35, 0
BRI L R LIVARYT R AE ' {H DNAzyme ()21 Jif1 2
BEREIEE, HAE NIRRT NG T RAE R T

FRET
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BEEH R A TRt
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SELT TCEAR AN 2k, AR A B L
AP IR T PR T —Fh AT LA S o

1T DNA BA & 1B RR 456 o s A AU
¥, Wik e 54 EE RIS E N A TR =7,
S S ANAIOE SRR S Am e W R | AT R
JifE, # CuCl,2H,0 K A DNA KRR IR & 5



2023; 50 (2

BRRE, %: DNA-SRBMXHBIFESD FIRHF0 20 ¥ ik o i iz -223-

JEIZUIER 10 s, 7E95°C N SR 3 h, IRGHBEET &
Oy PETAINE 2 81K v EHT 23 R Al 3R 4% Cu-
Dzy "o WA R BN, A7 DNA BRSO
BB GIRIORL, JXUESE T DNA 1R U 26
WAZEER P BN, BEAh, 4 DNAzyme $if
HLDNA B, BRIEGARL TANIRAFAE, XK W]
TIZJ7 0 DNA B i IR . DA, 5 HA
FEbE T 42 IR 45 6 B DNA GORE5 ) h G RE )k £
IBEAAM BRI BHE B T 2% 2 TR

b8 JFE M, Liv % ™ % & 8 W & 3% 7 Cu-
DNAzyme % 1fi, J¥ M Cu-Dzy@TA &5#) (& 2a),
o R ek e A Al DNAzyme Fl Cu* L[] 5
R A TR S AT . — 7T, Cu’E
P BEH BRI JE o Cut, AL N M A P
YRR PE RS A RIS TR B BT T
I, DNAzyme ##1L1]%#] VEGFR2 mRNA J- 7% ik
PRUTERIEAT L NRYY , SEEL T A B UL IR TG
J7 (K2b).,

Fig. 2 Synthesis of Cu—Dzy@TA and its application for dual—catalytic tumor therapy

[26]

E2 Cu-Dzy@TARIE B FITEN MK BRE G T H AR A 1)
(a) Cu-Dzy@TAMIERL; (b) Cu-Dzy@TAF AUILIIRTEYT o

2 DNA-UCNPsHIH 5 H

TERZYURAT RN, BAT ROCIERERI 4K A1k
TEEFS WA R B IR LA, L
— PR R R, BRSO UG EE
R T RIDCF MBI A, 76 il fE
H, REPDGFRIRES s TIAOGFRYRES, RIMIKHE
WORICF AL m R RUR E T 2 k™ AEm
UCNPs — it 2 /0y 3R A a . Bfb s+ 3
TR B TR BRAL 2= RS B, f5e R Rk
. h NaMF, : Yb/Ln, (M=Y #{ Gd, Ln=Er 5§
Tm) ', A2k Na 5 8 4 @ )i b B i i |
AR RCR AL S P Bk 2F R e Pk B, UCNPs fig

WK T 215 (near Infrared, NIR) & HAi g TR
LA L ANE R PR KOk, TR
PRI, WIRTRIZHSUESEE 2 A RSSO I L
FARAR PN EEPE 31, UCNPs B 51 A Wi, 1k
YIRS T 27 S U S R T . T 2R
FH B A8 % 78 T DNA X%} UCNPs #H47 il 42 1916
T, i3 DNA 5 UCNPs fAR[RIZ5 5 XA a2 o fig
BAEMRL, SCHRER R R A2 Yk Uhe
2.1 FRERHAIDNA-UCNPs

X DNA 9 KA BHI 7, # AR AR S5 f 4
B8 LR S, 24 UCNPs K &1 FHES TR A Ynt,
A7 LT B R L 1 DNA 5 Z R0 B TR &9
Z I RA R A EAER, X DNA ZifEfk UCNPs
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P T R A ]

Zhao 5§ P FFR T —Fl i 2 AP AT 0 35 14
TREF B 2 1 22 JC 2 19 UCNPs 2H L 8 K AL 1862
IZYN A B FH 8 R A W SR 1 2 R X UCNPs
PEATIIREARSS , 38 3k i e A B R N 288 AR T
JiRg RO AR B AR (K 3a), & IARBE AN —A
AR (photocleavable, PC) & 4] i . %b
DNA 8%, 2455 K PC #1375 7€ 64 Cy3
B IS AR EE L5 I, P Z 08 & E FRET, $3(
AR IR Z AT PEEAE 53 SRR, sk, PCHIHIH
BRI 58 il AR TS R 5 ATP 454, HE %I PC
MR CAR . M2h SO RBERT, PCIEHTKE & A4
JCff, AE ATP A7 1 D0 3l Ak 2 H o g 2 5
TENEAGE T 1M, UCNPs WU 4N, Jaiih & Gt 48
G, BT PC IR A S, SCEIRRE Y
FEBHG . SUARML, Zhao%5 B #EE T DNA i-JEF
(i-motif) 41 UCNPs (Y4 i g K25 8, il FH FH
BT RAYNT UCNPs £ AT DML, Ml el
FHEAE AN -PD #4% . 5 Zhao S AYHF 75 A [H Y

@ LB (b) , PCit
+22 T, 7o
«— PCEH 1%%%7“&
%%// \{
llllllllllll’i[]

&, EASEETT, i-motit Bk E HIhRE, MM
HPC B M 2, BN A0 N O AR L TRl
UCNPs 15 J 3 21 A0 B 5K A SR A7 AL IR A%, A8 T 2
BEIRIZH LT LT AN 1 op S0 T 0 XU 5 H
I-PD P, X /I B pH A% B0 Mk A T A
g (E3b). Lide ) FRM 2R 17 UCNPs,
T AT R VR FH B0 2K 58 A1 MR R Y DNA PR
(PBc), Wit T PBe-UNAEIRES, FERIMDGIRGTT
PCHEEAR, #UIEIR PBe (54 #1 miRNA P K
Fbmicss) RAEREKBEN R, BE76E 5
FHahn (B 3c). UCNPsPHRARELL AN R G4k
mAEEAMG, DUS R T DNA FREF (996 PE 138 1of
T 2T AN B80S miRNA B ZE e, 25 n
WEWT, UCNPsKHKRELT AN R iR £ /B Y
MR BE T 258 T OG5 DNA 9 K455 th 484161
R LUB B R CEEE B S, EHEE 9k L
AR B A TG TR, SRR E 2 W B &
B,

ay 3 9

——n

7o  DNAZRKHLAE ‘ (©) ’
/ o ~ o0 :
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Fig.3 Application of DNA—-based upconversion nanodevices in biosensing and bioimaging
B3 ETDNAK LFRMA IR BT EWE RN E YRS B R A
(a) SEARIEG AR AR AL IR SE AT DN A AL B T 20 MEROE A AN P ATPAZ I B LML P45 (b) SRAMGI0E FUDNATRET-PD
FILLAMEITE FIDNAYKHLES F TG 1M MpHAZIE %15 (o) AIYIT ADNAGYAK S B P FL0AM R FlmiRNA G ERAR 1 T AR R B3,
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2.2 BERACIRENHIDNA-UCNPs

S T UCNPs ELA B 49 7K 4 sichE Fn A= Al
M, AR KRS R F DNA 28 3 iR Be 44 1)
J I L UCNPs., [H A DNA {E Ry A iy o e B 22
AR T2 —, BHA SR ERE R 1
DNA /519 UCNPs BLARZE #7774, Ui 25 DNA %%
YN AR S DNA I 7 -5 R R B AL #E ) UCNPs
WIIRA . 1T DNA 5 UCNPs U335 F1 77, DNA
AT AT TR SR Bt i P AR i 9 1 2 B T A 1)
B UCNPs - 77, GBI, BCARSSH I vE AT 2
XF DNA ATk 22080, tANTS 24 UCNPs LAY E
RE M JEAT 220 380, R AL AT DL B 38 i K P
UCNPs 54k A 7K 43 HiCHE FAE P #2544 UCNPs, 1
H i ] LU Af & 4 ¥ DNA-UCNPs 14 ¥ DNA Fi
UCNPs £ H 4 FlFit . 14h, DNA-UCNPs A5
SR ILRIR AT 2R AR, SRVFLL MR R
PREFFRLAR , PRI A ) A5 RN DNA 33 325 1) A 4%
YR B

XA — D B AR AE 3 5 15 il £ 1) DNA-UCNPs [1]

TERE AR GIARL T

NaMF,:Yb*/Ln*
(M=Y, Gd, Sc; Ln=Er, Tm)

®)

o«

®

DNA-AuNP

Lipo-UCNP

H2ZJ5, Ge ™ W5 T DNA 5 UCNPs A HAEH
R R SRS (K 4a) , I8 A8 T 58 i s g
(Poly-C) *F UCNPs KM B A m R M. 4iRkE
B, M H & Poly-C 19 — it Bt DNA J7 41l il % 1
DNA-UCNPs E A {f 5 i B o3 WOk fnfeoe v, il
DNA 5| SRR TE R Je 450 . B TiZ0R m
I Tk iR R F T, PRI EE ST
BASMSS . REFRTERVE 2 HAh 3 T3 R oo
K UCNPs, AL, A30. C30#1G20 /751 DNA
o n] Dhid i A8 [F] 1) 75 254k 15 DNA-UCNPs 7, %F
UCNPs (945 [m] SRR 114 )it , DNA 5 UCNPs 3 [fif
HI RO 45 A R I/ NP ISR . @ X Rl
M, LiZs ) Z I, DNA-AuNPs 7E UCNPs A~ [a] [
RS, B T UCNPs i B A 5 /0 1 i
BumlciR, MR FRARIF S DNAY S,
4 UCNPs il i - i) DNA-AuNPs 2H %5 i 31 4 Fl i,
DNA-AuNPs A4 F4f 20 %< £ UCNPs 1 B 4™ IS 1 I,
¥ B A 7 DNA-AuNPs 5 Lipo-UCNP (#5142
75 W UCNP) tb il iy 20 1 (& 4b) , DNA-

Poly-C45i& H Bt

IR B

THREB(DNA A B

PEHA%
Fig.4 Scheme for the principle of UCNP functionalization
El4 UCNPIIREURETREE
(a) FIFADNASZIUCNPsHIIFFIRIEDIREN 25 (b) Wi FREAM LI 2 10 IR AT B ),
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AuNPs/UCNPs 44 K %5 ¥4 45 &5 T UCNPs 119 2¢ Y6 1
P . AuNPs 1) %5 5 1R L 4R A DNA 19 A= 91 T RE
TSI BT 96 200 ) B ) AR A%

3 DNA-MOFsfInE5MHA

MOFs /& FH 43 i B T/ 2 A HLBCAAR F 2 2%
M AL LA ML L ZFLg kAT R . T A
KAGFLBARL, FLERREAL, DL AT IR &R )
REYEIT ) Z N THRAETRYT . 29 RECR A Yrdsic
PR I S A W AT, 4 S - T A R R e
MOFs 7K AR e P ) 8, & 4R B 1 FEC AR Y
PR E, — L6 HLA S C 0 Y MOF's 7E /K 75 75 Hh
MREPEAR, NESTERNBER, XA T
THEYAAPYERAT A YIRS . 504l
e, LA LRSS Z LA B L, MOFs HA 1T
WA rfLiE, X eEk “fL” BAE i fakag s m
WA RTS8 0 0 Y R SES A HLRE
PLAZERGEMIEL, 5T MOFs B 25 ¥ 3R BA # s
(3R 25 LA RE AL AT REYE, FTLAMESR 25455
1 F1. MOFs b 32 B H o 5 L A2 b 3 D
P, RO B R A . FE AR A
e ELIR 5 | 7 B RE )L gk g A B AR 25 MOFs,
kAT DRI FRERAE AL o gk (IID) FRIR MOFs 7'
PRI 55 MOFs %) 5304 7 BT 4 hy 24 4 326 A=
WL IR B, (BAEARZ MOFs Mk, 45 3E
MOFs (Zr-MOFs) HA F & LR mKF
(AL AR M DL B R AL . IR f2e R
PR 3O H 5 DNA S5 A 4R 88 T )z 0907

!
v DNA-PUTH {/MOF
T o]

O : pHERmiRNA I 5 £ b

Fig.5 pH- and miRNA-responsive DNA-tetrahedra/metal—organic framework conjugates for sensing and therapy

3, fif DNA i %F 51U g ) A %02 i 2] MOFs =
1, Atk DNA-MOFs Bk AR ) B2 2 vh i B %2
IGARA B Z —
31 HMBEXAHDNA-MOFs

H MG H5E DNA DIBE Ak 4 99K kL (gold
nanoparticles, AuNPs) M H [ 4% Dk, F|H
DNA F4 2 B iff 1) 42 J 4 oK 4 206 & 2 B 1 1 Rk
J&. BT DNASERR TR B 0T LIS AR IS T RE
A, DA ) H DNA 38 o 36 0 sl 8 7 X o g ik
MOFs 58t i 8 A AT, Lin 55 B0 g 17—
FhIET DNA LI HEAL Y MOFs H1 T7 A% % ¥ Bl B
PEIYHE ) TC [ 2 AL A I A . TE% T
Zh, MOFsERZOKER, HITA Rk 1t
&, WF Zr-MOFs (A HLIE SR A &3, Hit
ELA R IE 0 5% DNA AT LLIE i Ft e £ sz vy i 51
Zr-MOFs i -5 ssDNA JE UMEE . i T MOFs
(1) 5 £ 2 RE J1 RN T7 K% R S ) Bkl Bh A 2 i R i
SRR, YL IR REIE 8 S A DU
PUJE (CEA), KillBRRFEZE 0.36 pg/L, Fegkihit
M 1.0 pg/L~10 pg/L. Willner%5 5 554 7 Z L4k
MOFs 14 15 £ 28 BE /1 Al DNA DU 1 44 (1) A 5040 g i3
BN, FEET RO R R DNA DY AR T8
725 MOFs 241k 454 . — RN B BEAIL A%
iz 3 3k A 7 A B U E MOFs 1, 5
DNA /Y T8 {42 35 18T 114 S0 4 i 7 ) 1) 3 3k 2% 228 A 12
P A 2 A R E A AR AR 2 1) [ s SE B T R 2
JiL H pH R miRNA Sl 3 mm 1 ML ) 245 P ki ([&]
5), AENAEYIEE AN HE) A R G S RORTT
LSRN

Exoff” 1 ImiRNA i

pHﬂrﬂFi

[51]

El5 pHAImiRNANA FDNA-MEGE/ & B-GHIERE &YW A T EEEmiaT
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3.2 BER{IIRENAIDNA-MOFs

H ATEA Py e 0 F A — A ERBRAR, ik
Z A WA FE R KA YA 2P MOFs
MBI . R T el — R B, AR A9
i} MOFs #EF7 # mi s, LASEEUARE 194> TR
S0 H O Lin S5 B HGE Tl 4 R - R R
PR FHE 4K MOF's S5 %R D Re Ak I BB AT 5% LA
K, WFFEH X DNA i 4 MOFs (A58 7= A4 TR
MR, FHARSRBRRR IS SER TR, W Ak2Eak
F MOFs 40 K S5ty 22 17 A 5028 e 457 N AR R 4 J o7
M. 7RSI DNA-MOFs DI REAL Sc i iy, a5t
{140 S A% 5 T2 5 i 31 MOF's 44 > S50k 1) Jie 4% 2 17 W
H, BEJEREFRER, SRR B A IR T 7 F T )
SERLTTIR, ARAS = % B 2 10 [ 8 SEAZ TR, Rt
[ A RO GG AR R X SR AT el sE, 7F
4 J& - TR ER e A7 7 T JE B[ DNA-MOFs, /34
Bl T MOFs 259 i 5 2 ffL B %2, JF H gt
DNA )1k 2 31 fiE It T MOFs 45 ¥4 B 126 1 ¢,
eAh, YusE 5 KB, it Ze-O-P B % 4 DNA 1Y

: FAM-DNA

* :ROS

Zr-MOFs i Fl TANFIR R A% IR , X Fhid 45 T 38 1o
WERR RS S AL S RN AT IR Y, A4l DNA-
MOFs {7 5 S E LA BEAE A, IR BT —
FAT T & i O F AR I B BT IR IR,
HET A R B AR AR RN A 1) 531 i AT 2 T
K THM A K. Wik, 3T R A L2~ 1 DNA-
MOFs Hill £ 5 B AN ALY ' T Zr-MOFs 1 P [z A1
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Fig. 6 Application of DNA—functionalized NMOFs in biosensing, bioimaging and drug delivery
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Application of DNA—-metal Nanomaterials in Molecular Recognition and
Drug Delivery”

CHEN Tian-Qi", LIANG Yu”, FAN Li"", LI Kai®, LI Liang®™"
(VCollege of Horticulture and Plant Protection, Inner Mongolia Agricultural University, Hohhot 010019, China;
Dnstitute of Quality Standardand Testing Technology for Agro—Products, Chinese Academy of Agricultural Sciences, Beijing 100081, China;
IBiotechnology Research Institute, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract Molecular recognition and drug delivery are crucial for diseases’ early diagnosis and targeted therapy.
DNA, a natural nanoparticle, has good biocompatibility, molecular recognition characteristic, and sequence
programmability, it has been widely concerned in biomedical researches. However, DNA nanomaterials depend on
the photoresponsive systems and hard to penetrate the cytomembrane, these series of troubles make them difficult
to meet the needs of complex experiments. Since DNA was identified to an excellent nanostructured building
block, more and more new material systems assembled with DNA, a large number of DNA-metal nanomaterials
have emerged especially, which endowed with photochemical property, tissue penetration ability and drug loading
ability, overcoming the defects of a single material and showing great potential in biosensing, bioimaging and
targeted drug delivery fields. Here, DNA-copper nanomaterials, DNA-upconversion nanomaterials and DNA-
metal-organic framework nanomaterials are reviewed, because of unique photostability or high pore volumes of
these 3 kinds of representative metal nanomaterials in the nanotechnology field. What’s more, they are low-cost
and easily available. According to the combination ways of DNA and metal nanomaterials, these 3 DNA-metal
nanomaterials are classified reasonably, and their the latest applications in biomedical field are introduced, in
order to provide therapeutic ideas for the clinical prevention and treatment of cancer. Finally, the opportunities and
challenges for DNA-metal nanomaterials are overviewed and discussed.
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