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Preparation and application of DNA hydrogels: a review
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Abstract: Deoxyribonucleic acid (DNA) not only serves as the material basis of biological inheritance, but also shows great
potential in the development of novel biological materials due to its programmability, functional diversity, biocompatibility
and biodegradability. DNA hydrogel is a three-dimensional mesh polymer material mainly formed by DNA. It has become one
of the most interesting emerging functional polymer materials in recent years because of the perfect combination of the DNA
biological properties that it retained and the mechanical properties of its own skeleton. At present, single- or multi-component
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DNA hydrogels developed based on various functional nucleic acid sequences or by combining different functional materials
have been widely used in the field of biomedicine, molecular detection, and environmental protection. In this paper, the
development of preparation methods and classification strategies of DNA hydrogels are summarized, and the applications of
DNA hydrogels in drug delivery, biosensing and cell culture are also reviewed. Finally, the future development direction and

potential challenges of DNA hydrogels are prospected.
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Fig. 1  Preparation of DNA hydrogels. (A) Three
common building units for DNA hydrogel preparation.
(B) DNA hydrogels forming by the “sticky ends” of the
building blocks (Y-scaffold and linker) respond to
thermal stimulus and enzymes!®!. (C) The schematic
mechanism of DNA hydrogel containing i-motif
sequence by RCAM. (D) The DNA nanoflowers®Y. (E)
Schematic diagram of DNA hydrogel designed by
C-HCRP*. (F) The formation mechanism of DNA
hydrogel by TdT™®,
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Fig. 2 Preparation of multi-component DNA hydrogels.
(A) Hydrogel formation via hybridization of
oligonucleotides grafted in PAAM®”. (B) DNA and SiNP
worked as components of multi-component DNA
hydrogel®. (C) two-dimensional silicate nanodisks
produces physical cross-linking with DNA through
electrostatic  interaction®™. (D) DNA  hydrogel
cross-linked at the cytosine-rich sequences through
cytosine-Ag*-cytosine interactions®®.
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Fig. 3 Application of DNA hydrogels in drug loading and
release. (A) Camptothecin (CPT) was grafted on backbones
of the DNAs to form drug-containing hydrogels®®”. (B)
Scheme illustration of preparation of ATP-responsive
SNAgel loaded with Doxorubicin (Dox)™.
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RCA Bl L T DNA #l AgNCs (I s, f4E75¢
etk RIS . RS AR, JF HZ
BB 22 [CEIPE R (KA FTF I Escherichia coli)
BAREMPIETETE, a2 AR (4
o A3k Staphylococcus aureus) A4 i B 1
F, b HED AgNCs-DNA 7K 5E K 193 18 3 1 nT
FIE Az PR Ay HX 4 7 44 i B 325 Ji A5 45 . Rachel Ee T
S PV AR A SR B 5 7 DNA 4K 284 15
FH 2 T HUH K (Antimicrobial peptides, AMPs) 2
[F) P 1 245 - 2 AR ) 5 P A A T She 4 o 7 28 B
BT R DNA R IEIKE Hh e 30 31 48 1 st 1A 55 A%
PR . FLrP oK BERE I 48 2 Y -T R e 5 4k
PE DNA SSUSE A] DL IE 3 Al P A it 22 18] B Bk B A B
e, TEBE AL BRI R R L12 55 Tt e M
KEEHTR A, S 2259 100% 5207 i 25 3] B e
SR RRHCREITH L12-DNA KB K
FRTA L 4 0 A BRIA DT BRG], 20K BT
S VB (0 A BR A R I R AP P s R, A
DAL A FH S0 1 4 v €0 ) 26 3K T 2 g 4 WA 1)
A DI T PR 7K i D) S A0 K S5 R BRI R L2,
S AE S A WS SR SR A BV . Jiang 217
FIIFH DNA Flég o Tolk A8 f0A: 9 5500 00 2 F i
W (Tetrakis(hydroxymethyl)-phosphonium sulfate,
THPS) 14 73 5[] i WL AH B/ A8 ) 4 1
THPS-DNA JK#EE, HA A, S, it
SR LA KT TEHT TR RE 7 o e rh oK B I BRI A A T HY

% : 010-64807509

Tf () THPS 5 A Wiz 5 28]l 70 v £ 140 &4 19 i Jo e
b, WA T 20 R Y S R AR A e, B
JEE ) 2 3 5 R R A L AE T . AN, e TR A
(Carbon dot, CD) 7 AJ UL HE G R 7= A 1 P 4
(Reactive oxygen species, ROS), AJ{E R3]
A DNA KEERH K EE R EA RAT AP TE
U0 Das BRATZ B3 ik IR HRIX . (Protoporphyrin
IX, PpIX)Afk & A 455 2 5 M E Y sSDNA
) 5'-W R K . CD-DNA F1 PpIX-DNA %54
HRIE R i-motif Z544, #l % CD-DNA-PpIX £ 443
IKEEIRE, o CD A Ry KB Jise v 1Y S8 3K 57 LA K fig
A, Ok G HR  (Photosensitizer, PS) .
PpIX, it CD HYRE I 4% # 5T AT Dot B 42 BEUR
PpIX, WL E e fbK e PpIX (Z4K) Wk S
ROS 74, RKH % [CBHPEAHT S. aureus, Das
PR 41U DL DNA FLEE 20 S ik I 1
(Poly(vinylpyrrolidone), PVP) [Fi}454 %] CD I,
e TP B ER M pH 972 LT DNAJE 1L i-motif
4, FHA PVP BRI A BLARE AT — 20 A2k,
SCELT I 2415 DNA JKEER A&, [RIET
T PVP PRSI, /KEEESE WK T T A A FE
Rtz et .
3.2 HYfERE

% DNA ZUKEARR L, 5T DNA 45ty
AL ERR R RS E T AT, @il s
PR P BT, DNA ZKEE IR AT i 1 4 PRI R
PRI, TR SO B AR o, G2k H i 1
Yoo . B @ PR R S A, DNA JKEERE AT
WAL S RARR AR R A 3D L5k,
T2 5 23 A 1 10 7 2 e
3.2.1 AW HEY B A I

it A A B 7 2B AR 5 HE R )iz b vy TR A=
WL IEAS R b, BT R e | e Km
A RE AL A . MR A ALY (Horseradish
peroxidase, HRP) J& DNA 7K M 75 4 W 1 4
By R Z 1EE, HRP fEfk H0, 5 2,2 K-
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(3- 2 Fk - 7% I g8 s bk -6- it IR (2,2'-azino-bis(3-
ethylbenzthiazoline-6-sulfonic acid, ABTS) 4%
B Y A FHE I S B TFTE 422 nm A RRAE I
. Song ZElSILUNG B 16 M o LE ) 2 B WLE DNA
(Double-stranded DNA, dsDNA) W& 728, 7E
B B R M R AETE T B B B A A 2 0 A AL
(Glucose oxidase, GOXx). HRP. #&IEGH KL T 1)
T DNA ZKEERE, FH (R B 2 i Al
VIR IR, w0 70EAT 9% GOx Ak, A= i
IR Ho0,, Ho0, filt % HRP BTG, {58 HRP
SN )28 SN S Sfe WA A A M AR . A
e HEAE 6.0-135 umol/L RPN, WG 5 A A A
JE2Z B HA REFIEPESCER , Kl R 0.6 pmol/L.
M T RETEAN AR F 12, 2K EER AT LA SE B
WA AR 5 . Mao ZULR R mi o | i &
TRME A B T F T 5 2 fLal DNA JKBERE, KBERE
REZE [ M AL B, A4 HRP FIHZL K AL
(Bilirubin oxidase, BOD), #JLASZELILIE H H,0,
AL Z A o S F Ak 2l o Sl 2 e 54T,
L& H HL0, BUREINER & 22 nmol/L, Hfb2# &
ML Ho0, BRI FR 7 13 nmol/L;  Ho vk A
ARET R ARSI BR A 32 nmol/L, Al F T #Ei2 1 .
2% 1 4 5 57 2 B (Surface-enhanced
Raman spectroscopy, SERS) H.f 7 ¥ i | iy
78 HIMELF . FRUFE R T E A, DNA JKEE
5 SERS HeAR M ZE-A FH TR A= 153 P4 o 1)
AN FH IE W 26, A58 5 22 i S A ik 9ed A=
Witr &P microRNA, B 155 . R K BE R
(g = 2454, Chai WAL BOE K BE TR IR =22 11T 43
SNG4 5 77 AR #E (Th), fif Tb fuks
FERBERE I =42, Hiz DNA-TN Bt K
BRI B H AR miRNA $TFF, B TB F=Az g hi &
55 MBCA HAR miRNA I, TB fiKEE
VLES SERS JLJE, DNA /KEEIEEHHH (55,
Y A T —Fh SERS AE W15 & ok R Acth | HE+E
P Hi G RS I micRNALSS, 26 P:38 Fl 4 0.1 fmol/L

http://journals.im.ac.cn/cjbcn

% 100 pmol/L, i1 B4 0.083 fmol/L, Wang 51
PR bR S o-H BB 1 (a-fetoprotein,

AFP) S&ERBCIASI A DNA KEER, FIFH DNA /K
(AL BE T i A S BRE 1 G (Immunoglobulin
G, 19G), f£ AFP fE1E T, AFP-i B iARE M0
B AFP, JE R AFP-IEBLARSE AW, T T BOK EE
Ji& R 485 4 1 i S R 19G R TI . R LIY 19G B
SERS #REF A4V ) et Bk 18 218 B — A AR &G
Rk, BOm A wEEE R FIE W H 25 S 8Es
1271 AFP K H BR SR 50 pg/mL, e £ 4 v Fl
“Jy 50 pg/mL % 0.5 pug/mL.

322 EL&RBEWRM

EEBUGR., . . BEEANEE S
TR IE & 8 A A 8. B IREG rAC,  X) i
A EHETERfEE, Rt AR E S # N
TR ER KM MR EA SRR R, 48
RMER IR . B DNA A9 4 ) -Bell Jk i X
MIF S W N, KT DNA AR &K EYE
AR S m A A LB T ATz
S EPS g R mEnE -H™ - W RS BE  (T-Hg™-T)
SEF 1 1 P AE X 45 22184890 Shao 2618717 % T —Fif
Hg® 157 () DNA KEEIE, 4 Hg* fEAEmt, T
T-Hg®*-T Z5MIRIIE Rl & T C-HCR ¥4 Hi il — 4
DNA GKZ5H , 77 Az 1 7K BE I e A% 7 JHL I 45 Hh 3l
3 AUNPs, AE kA WA S 1 A0 5 i o 3
Xt Hg®* 6 T iL 2 2.8 pmol/L.

UHeR% R DNAzyme XHFE B4 )@ B T A1t
TR &+ 2 AR & kB . Wang PR
N L DNA RN IR HE Y 5 ThREAZ R
DNAzyme 454, 4 7L T (UO%") i i
) DNA KB, 24 U0 71 it 7K BRI A F 47
SRE TR AR S G S, TS A Y R
RS (FZEFIHEAY) U0 i R AR e B4
M, ZPEJEE M 1 pmol/L %] 0.1 pmol/L, {FEH H
B4 0.838 pmol/L. 3 H , ¥R k2 T 7 iz 00
¥ DNAzyme 17 53 BEHEIE S Al 25 145 6 i ik
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DNA L AUFRAR ,, DAAE R PR AR , 8 2o 7R 3F
P AR A A DNA ZKEERE , I FH DNAzyme 54k
1ot o Rl TR K 6 AN 58 5 Al RS A o fE
HLEE, S8 6.06 molg (1 I B RE T, LR SR
KA B LA e B R 18.95 £ .
323 EFEMRW

Tang 20 28 1 75 ) 5 R 122 45 2Bk DNA &
Wl Ese, #ihiEEE K By (Aflatoxin B1, AFB))
I FCAARFIER 06 W A8 BRI, # T AFBy i
N SR K BEIE , AFBy BIAFAE AT LU i 2B A A
S BCIARZE A, I 5 08 B K BE I b Rk .
KR AMIEE 1 (Exonuclease 1, EXO 1) Hilh
B ) PG RO WS, (AR5 5 T B H - R
R E . AFBL 7E 31.2 ug/kg F 6.2 mg/kg A
RLAFAYLEPETE R, R BR M 9.4 ng/kg. Hao 20
FEF A FLAAR R RCA il 86 T —F DNA JKEE i B
YL IR, T X % 8 % A (Ochratoxin A,
OTA) Ay R A, OTA 7£ 0.05-100 ng/mL 34 Fil
A RIFMZMECHR, KM% 0.01 ng/mL. Sun
AR ST LT DNA 7K BRI I 20 ol 4 40 K
B (AuNRs) KaWAETE T /N . FOKFIER 547
Py i 25 A 0 R AE IR T-2 BRI
Jrik o DA T-2 #E R IE PR R 7K BRI 1 S 5]
7t DNA JKEER N ALt HRP, T-2 B RAFAERT, JL
HIEMAARLS G, & BUKEEREFEIF RO AR
HRP, {1k H,0, 5 KI Jz i A A% 1, %15l AuNRs,
ZIh 5 ) AUNRSs 225065 E A% | 207 T Al BR 15
0.87 pg/mL, £l 3 Fl#E 0.01-10 000 ng/mL 2 [H],
Wu 2192 1l 356 T (A S RE AL 9 DNA K B M 2 4o
S, KRR R LR, MR
4.0-10 000 ng/L, #iFR A 3.0 ng/L.

33 {HpEiES

DNA 7K &E I AT 2y 1 40 i 1% 334 58 Fn A % 3 41t
S IR ARG ML LT (Extracellular matrix,
ECM) BREEFISAE, H 3D W% FLER 45 A4 Al e 2
A2 A SR SR H 200 P g 4 94

% : 010-64807509

Zuo BB PN T —FhiE B i & 1 C-HCR,

PUE 2 fL. DNA KEERH Fit17 CTC 4y B
AR SR (B 4A). i, atcHCR 51 &% I
()38 LA e 4 TR S R3] CTC 4 i i i) bz
LKL B 43T (Epithelial cell adhesion molecule,

EpCAM), 5| &4k 1943 33 E# fil & Bl J5 1) atcHCR,
I g U MR AIE I 2% 7 12 45 U Z2 FL. DNA
IKEERETT A 3 355 CTC 4iiffd, F. DNA 7KEE
AR A A /0N, A DR RS R AT R A LS 7

I, KEERE A ATP R RF S, YK &R
S ATP, R ZKE e DA 20 35 T i, 4t
B, Yao Z00F ] RCA AV W S B2 T
21 403 B A F B A A DNA BERR SRR 2

TR AN 5 3 3 B B) 9 2% 58 T AR X TE A — 4
DNA /KEEIE M 45 52 1 T T 4n A 2 8, i T DNA
W 26 7 A R VR FH T BB, 40 B mT s Bl o

SR BT A DNA JKBE I AL 52 54 41 i AR TR
Cao UMMk T — e e = e 4 i 15 5% R G0
FH 406 A AR, S 7E R Y - R A EE A
2R DNA XU 1 DNA 2> T /K e, 3t
PR NN 5 — Mk (181 4B), 52 53 /K EE
JEHH B | R0 4% 7K 35 Jie A P A A B D) e S B0 T 4y
1) 124 RR LA R e I b ) = 4o A R AT

3.4 HtNH
DNA 7K 5 i e HoAth J T 40 JG 41 B 28 1 LAY

A BRI HULAMAR S QAR B T O R Y
5 FH A (%0

WFFE N 51 & B DNA JKEERE T LIE A —A TG
A ) 2 5 A 7= F- 5 (Cell-free protein-producing
hydrogel, P-gel), XJ5F1& %508 A 54 = Jrik
(M sl 4 b 42 B Bl 2 TR A0 B Rk Ak 2R A
B), e T LT B A R AR XHE
YT I AE KA A AE P VRS AR L, IR HA
WP AR (R i Park 211010 X-DNA #
A S FORGE 1 T4 DNA 14 32 09 /8 F 3640
EHIE N P-gel, V-6 RIB W E H B 51k

EL: cjb@im.ac.cn



3172 ISSN 1000-3061 CN 11-1998/Q =¥ T #2244k  Chin J Biotech

A Original Cloaked Release
(5 CTC CTC
\, EpCAM g
e ,.} HI, H2 "'E“T"ic“g-‘—y ATP CTC Ay
\‘.) (,_,LO / Y (“ '\\J C_rb
y Srmit !/ Hydrogel J
o/ Aptamer-initiator j gioe y /
bi-block > 57

H1 ’I:(/:’:i - ‘I ‘ é ATP
B r responsive ) ~AE
1g | \ . £

Released CTCs

B ;
v Cell f\A_m‘BlS "
culture o »
—_— by <7 P
o (T 1L Yhe Y
S WA 3 A
DNA hydrogel
Polymerize J
Cell Cell —
o gat
LA A
D YIS
. . M\
DNA DNA
Y scaffold linker

Doublenctwork hydrogel

4 DNA KEREMMIZAPHINA (A: EFE
BC{A-Toehold K7 DNA 7K & B %t 4 B HY IR 5l 61 5 F1F%
MR R EMR LK E: B: Bid7E DNA K5
N = MR B = 4R AR E 5 R T

Fig. 4 Application of DNA hydrogels in cell culture. (A)
Schematic of DNA hydrogel with aptamer-toehold-based
recognition, enwrapping and releasing of Cells and their
fluorescence image®™. (B) A three-dimensional cell
culture system forming by covalent second network in
DNA hydrogels®™.

5 mg/mL, & FAE4 07k 300 £, MR &
MR, &t B7E 1-3d, JEJR7E P-gel H
IR T AFE BB PE R 15E 16 AR 5.

bR T ASTUASE TS gy, a0l 4@ Fs AV
BTG G, B 7 20 Wi P43 X5 G )
PEFTEEAS AL B4 , Wang 25102 5LF DNA B 7
R A BT, st e e )y . kiR
BUSAS | AR L SRR Bl S R AR T (B
R . KMFFIE . PEZURMEEf 52 30) DNA 1Y 2-Ji%
IR T T INEERES (Poly(ethylene glycol)
diacrylate, PEGDA) ik W i iz aza-Michael

http://journals.im.ac.cn/cjbcn

TIE R s, SCHRAE — B4 EP i DNA
IKEERE, PR B a3 (AR E . BRK)
AT LR | IR AS M0 FH AT Rk g A A F2E
WL BRI, DU A A R
DIHAE

Merindol 251171 ] DNA 7 %8 kG 3k |
ARSI PE ST, ) RCA HORFIZEOGIE
JRAEE 44 (Fluorescence resonance energy transfer,
FRET) il & T HLAK2<t DNA KB . K315
P2t DNA JKEER T BIML4E R (4K5K) . R
KN (Polystyrene, PS) BRI A4k, BF
5T NP A DStrERe; % DNA KEER K
RBVR, WEIE T UKan B A KK BERE B 520 o A
Bl DNA ZKEE K 77 o i B2 ] ik, #80R
T B 54T I AR B AR 8

TR B+ I 7E DNA 7K EE it 25 8] 471 B fif
— 2 [ 2% 8 Ay v ) S U R R 3 L B P R
L1, 425 T DNA BT Eamae 1,
DNA 7K &5 7E 22 Py g 40 K 3 18 Jy 1 4 1 1 7
], WKEERE 48 FERURAA R GE . AL RS T K
TRAGEE B A S B i o

4 RE5EE

a5 ATHRERIR . 99Kk R 25 A oAt
REWY), i DNA JKEERAEA B HAg = R Wk
R PE . A AR 2V AN A W R A v 25— RS R
PERE LA I, IR T K BEIE i 2 oo b hi v 77,
WORS 19 20 -0 B8 7 . m S0 Fr s e oz L A
TG PERNAITIE I 8K, 76 DNA JKEER A9
wat i, mFASEE . KW AR, K EE
WA S B R VIR B . RO SR . Bk
LA BEARPIZAL, i DNA AR H: el 2
X} DNA JKEEIE J12# R —E s, LIS E
A FE R DNA JKEER (W) Hisil DNA BEgE%s
R K BEE (k) HA S Ry 55 U i 7 8
i, T EH SRR S 3R LA K e L IR RS S
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AR KB AT S G BRSPS R A A SR PR
EH R L AR F S L ) DNA K EE
A BUR R A AR A 0R o HeAh, K BERE AL
MR B — E R BE b5 Wi 36 ) o 7 G P ) 2 A
HORBERCR | BNCE AR S A PR AR E T
(Rt , DNA ZKEEIEAE LT J5 A7 B A 5K
WrsE sl 1) KBRS 2 RES S HAl
DNA K 5E 15 ) il 7 75 1% 22 2 AFRAS DI RE PR AT
Mk, REOENEM )T KBS 15 it
FE ] LA 7K BRI B LA S SE BRI AR 2%,
XV - R e 4t g g o L 7 AR AR A ) R R]
Wk BT AT LU AR ICIZ K BE B 95 . K BE
JE 5 FE S RS ) B AT PR S T S S
HAF R RE AL . 2) MAES BRI TE . H AT
Kt, KRZH DNA JKEERA RS 2 T4
Wy B 2 A AT, HEHLBRPE REIE AT o i — 2D 4R
PLARSR R B B ALY SR E (10 MPa), 11X
TR TAE . B NSO, 7 2R
AURKRERC I, X DNA JKEE I AL 2 B0 iff 42
TSR] o SEBLLAE X AN R D RERHIE . Py &
SRS Z A e e 2% . iesh, il fE DNA
KEEHGIAABE . AR — RIS,
DNA K EERAET | Fiff . (758 55 T J5UA o)
RERVRVENE . AR RS A LA A T
FEARSCE ST i 80, DRI, DNA JKBEIAE LS
FRAPRHOE S, IS BOR R AL IR AT
NEE 3) WA GBI . HATHFFEEC
AT DNA K BEE - 2 DU o i
fr, QnfardfEzl DNA JK SR i £ 51 725 2 1]
FALTHETR AU | R Sk, FIHEZ R
REEW S DNA ZIRAHEAEN, meRiS
DNA Z [ i 51 1 i BERR NS DNA Z [8] i1
WEREAR G . B-HIRME S polyA Z ] i S BEAH B4R
5 MAPRW L 4E R | NIRTRIR S o 0 H
M RGP KBRS B 2L, 15K DNA g
FRAARIR, LR TR A T, R

% : 010-64807509

AL, AR KRR A =8 e TS DNA Bk
A, ATRES UM A MRA . s e 2
Y DNA ZK & i 094 3075 o
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