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1 SRIGERSY

1.1 RKFIENEE

FALER (CdCL,, 465 99.99%) . A WEH K (GSH, 4li)F 98%) | ks (Te, 48 99.997% ) Fbl &4k
B(NaBH,, 47 98% ) ¥ H Sigma-Aldrich 23 7] ; SEERET (KMnO, ) . HAMZBE(P,05) | & iR
B(K,S,04) . fiSMR 8 (NaNO, ) . 2 AL (NaOH) | L1 (HCL) |, S AL 4H (NaCl) FI7S K & AL B
(MgCl, - 6H,0) M [ FE LA RRA 7 IR (H,S0,, TLIr RS REfb A B A RA TR ; 1Bk
[ Graphite, 99%, H R (Jb50) BHEA R AR ], SC5 T AR 467K K H Milli-Q Direct8 H4iK R 458 (£ EH
Millipore 23] ) . AARBA AT R o4l SERZATBREEN A Takara 23 7], Hift DNA §5i i3 PAGE #¢
gt HAxkER I OPC R aifb (FFA W 1).

Tablel DNA sequences

Name DNA sequence(5'-3")

Probe DNA(P1)

Complementary DNA1(cT1-18)
Complementary DNA2( ¢T2-18)

Modified complementary DNA1(¢T1-26)
Modified complementary DNA2( ¢T2-26)
Anti-fuel DNAT(T1")

Anti-fuel DNA2(T2")
Non-complementary DNAT(T)
Non-complementary DNA2( M)
Non-complementary DNA3(20A)

AGTCAGTGTGGAATATCTAAAAAGG G*G*"G"G* G*G*G"G™-
AAAAAGTGTACCTAGACTACTGC
AGATATTCCACACTGACT
GCAGTAGTCTAGGTACAC
TCGCTCACAGATATTCCACACTGACT
GCAGTAGTCTAGGTACACTGAGCAGG
AGTCAGTGTGGAATATCTGTGAGCGA
CCTGCTCAGTGTACCTAGACTACTGC
CAGACAAACTCCAACGA
CAGACAAATTCCAACGA
AAAAAAAAAAAAAAAAAAAA

Non-complementary DNA4(20T) TTTTTTTTTTTTTTTTTTTT

# Indicates phosphorothioate linkage; buffer; 20 mmol/L tris-HCI buffer containing 50 mmol/L Na® and 2.5 mmol/L Mg*"; pH=7.4.

cT and T’ represent adding the two complementary chains and the two anti-fuel chains into the solution at the same time, respectively.

Agilent 8453 7 22 ST UL 43 66 BE 3 Al Agilent 1260 Infinity % B (354X (3£ Agilent 23 7 )
AvaSpec-ULS2048-USB2 M5 i A% (17 2% Avates 23 7)) 3 Tecnai G2 F20 S-Twin 1% 5 HL T i fc B ( 38
FEI /AH]) ; Multimode 8. 0 i~ J7 B A885% ( 32 [E Bruker 23 H]).

12 XIiTFE

1.2.1 GO &k ZHSCHR[ 18] Jrik, E L A8 AL SO A5 2] GO, B0 (6500 r/min, 5 min)
PR ZE MG, M (300 W) FE 3 h, FIASAR LA 3000 r/min F#E B0 10 min, BUEZRIAREE3 K,
FHBNTAS (A 715 8000) M 7 d, ENFS GO /KIEW, MEHkRE, .

1.2.2 DL DNA M4 # DNA EF & (P1) B4 & DL GSH FHifCHEER DNA & b L [F Aik, 2
Bk 3] A i DNA =75, F#EE T30 3x10° AR 8 (12500 v/min, 3 min), )2 E{AE
FroRTKke, Mg fEHL

1.2.3 GO *f DNA-QDs(P1) 5 QDs 7% ot 4 X £ 5 ¥ P1(100 nmol/L) ¥ 53 B 7E 20 mmol/L
Tris-HCl 22 (pH=7. 4, % 50 mmol/L Na*#1 2. 5 mmol/L Mg*" ), I-HIA GO /KIFW (30 pe/mL) ,
F 37 C/KIE S min, BEFIN 150 wl, M€ IR 5EE5R .

1.2.4 Pl #H4t5 GO vl 2 Al Kt P1(100 nmol/L) ¥ 73 BLAE 20 mmol/L Tris-HCl 22 M1 (pH =
7.4, % 50 mmol/L Na*Hl 2.5 mmol/L Mg™ ) ", FHHIA GO /KIFW (30 pg/mL), F 37 CI/KE 10 min.
¥ H 4h DNA(cT1-18, ¢T2-18) B AE H kb 4k DNA (T, M, 20A, 20T) (1 wmol/L) f A P1-GO %,
SRBUN 150 pL, R E1E S5 IE 26w .

R B A8 5 . SE1] P1( 100 nmol/L) S H A 2 wmol/L (—Mll & #h DNA &£, 30 min 5 FHIIA
30 pg/mL [ GO, F 37 C/KHF 10 min, JIAIEIHEEE B 55— EAME , 050 5 TR 0 5o
1.2.5 &R %L H P1EK (100 nmol/L) FrH7EZE th T, JFMA GO /KK (30 pg/mL), T
37 CK 10 min. A H %S DNA(cT1-26,¢T2-26) , T 37 C/K¥E 1 h i, IABORME T17, T2/, Bk
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FON 150 pl, F°37 C/AKB 1 h, BREGHEFE. EEMFREE 3 K, KilZe G Er 21k,
1.2.6 AFM R AEH W4 & S FEMZ 0 (8000 t/min, 5 min) J5, FJZEBEARHKBLUESL 3 K,
FHM Al K B8, A 5 min, B 20 wL 7E RS 2SR B, BRXT.

2 GRSt

21 GO 5P1ByRIE
GO WO GTRE 43 B 7E 230 F1300 nm K AR H PR WK 1(A) T, 058N C =C Wm-m*
BRAT A C—O BY n-7 ™ BRAT. P1 AYRRAE R ORI 26 & B 4 3R 565 A1 623 nm[ WL 1(B) ].
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Fig.1 Absorbance spectrum of GO(A) and absorption and fluorescence emission spectra of P1(B)
Aoy =405 nm.
FHE2(A) IO, Frifil 40 GO S i RE5H), S BEZ9°8 1.1 nm, N TEM B rl & i GO ARy
FOR[E 2(C), Bik4abh GO M%), UiliZ GO ZHR)Z454. P11 AFM MR [ 181 2(B) | irn Hofm
247k 3.5 nm, ¥ TEM HASELK/NLHR 3.4 am[ K 2(D) ].

Fig.2 AFM(A, B) and TEM(C, D) images of GO(A, C) and P1(B, D)
Inserts of (A) and (B) show the height of line in AFM images; insert of (D) shows the HRTEM image.
B 3(A) N 6. 8%AEALME TR NI Tk e ls FEL UK ( PAGE ) &1, 78588 UG AN Hh BB A 2t 7 15 5%t 4
AT B (B 302 nm) , 18 3(A) B REEDRERAT 2 5000, SRS AN (FEIE T ) 19 2% R
DNA-QDs(P1) , A A — M ELAMEFIPIM EAMERS, S0 AL E AR i R 3y, HAmA 2 54D
B R R B B LU A — SR BAMIE K, TRIESE [ DNA 1 QDs f B AAE , Ui P1 GBARLF M5 B APk
HASIE IAEE , 3% R S i HEA TR A 1 BEA . Xh 0 i BE R HERH (3% #1151 3 (B) Bz, ATOL P15 1 2%
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12 2 HAMEE I AN, FEOR B I DR N  IX— 4521 PAGE Bk & RAHAT.
1.2

— P14+cT1+cT2

Pl+cT2
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o —P]

®)
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Fig.3 Image of native PAGE(A) and gel filtration chromatography of P1 and the complex
hybridizedwith complementary DNA(B)
(A) Lane 1. P1, lane 2; P1+cTl1, lane 3: P1+cT2, lane 4; P1+cT1+cT2.
22 P1-GO EEHRSTMAR R =K

P1 AR DNA 70 7S ARG, 5 55 GO DL ar-m HERRAY I XA EAE T, T8 QDs
Hl GO Ry, HATE A A-HHART, K 2E FRET 200 AT GO X B4 DNA 5 XU5E DNA W B 22 5% iy
SR GO 5 QD [H] FRET BYZZ 1k S DNA XUGE ] A v 4 e M B DU BEZE 14, mT AT H X0 DNA 731
BHAT R R U RE 1 iR ST, LU DNA A2 3G,

N THRFE GO 435I% QDs F1 DNA-QDs ZEUH K RIRZIR , F ARV EE Y GO 235 AE] QDs Fl P1
VW, ARTR]N (E] A B AT SLANIET 4 7R, T, P1ISOGRIRETR, T QDs HEGREARE D,
WAL EAS GO KW BIRERK B Q 4390 32. 04%F1 92.39% [ Q= (1,-1)/1,, I, 5 RINA GO iy
FOLIREE, T HMA GO W HIZOLIREL |, Wi A M 22 0 W 2, Bl 75 b DNA BBk e e it 1
GO X7 J B KAE T, TN BEE DNA 5 GO [RIfF7E—E I 1, i QDs BEZAR ST GO %
BOOUHIEK . MAER: DNA 1 i 5 W07 SOG4 It 8 AT B85 3 A 26 N BB R0 & QDs
AR AR S R IR R A O
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Amm
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Anm
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Fig.4 Quenching efficiency of GO for P1(A) and QDs(B)

GO X5 R AR KRR 5 R AT 560 24 T PL 2GR EBE GO W AR Ly i 26, 4
B 5(A) iR, 78 P1HREE (100 nmol/L) —ERT, GO AR EROK , IR &, 20 pg/mL ) GO Xf
Pl B RKEFIAF] 95%, 30 wg/mL 1Y GO JRKAFIAE] 98%. i T HATR P1 DGk 8 20K, itk
FE 4 30 wg/mL 1) GO FEFT5L56.

P15 GO RS IR A, T 37 C/KIB F 4121338 P1-GO HIHREr, T AUDNA 431k
M, AT RT O OR” Z T L S, B 5(B) 2w T P1-GO 5 XU DNA 1559tk & 1
B, IMA—MA B AN DNA B, 5 P1 — i B9 SUEE 2 SR BE S5 A, TS 4t Boi 7 DU BE Y, BR T oK
B AL X AL, HE AR S GO B -7 HEBWER, MR GO K, 3 Pl & F x5 GO A1
HEESIAA, FRET BCRFEAC, D6 RE 3 M AP #h DNA B, BT BO0UEE, A GO KI5
ey, HOOCH— R . 2B A R 25 R E 5(C) R, LLPOLFES A, 2 4&5H
#h DNA A, 2 SUMA eT1, ¢T2 AHA“T”, MBS A 0" ; &S oeeh 1", 559¢6Hh
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“O" [ 5(C) HRIZAL AT, A M BAR DNA B 248 1H 55«07,
, AR A S X 0 6 3R SR H A% DNA ﬁ%ﬂ@&iamﬁlﬂ. Kl 6 7~ T HER DNA 78
SR T I PV FE RS HE I 2, WL, #E 60 ~2000 nmol/L 33 [l

N, DS E RN R, BN A 1 &BERT ¢T1 1 T2 RS HBR A 514 39. 2 F1 43. 2 nmol/L.

Eﬁj H:l[ —‘— I:l “ 1 ”
0~2000 nmol/L JE I N A ZEEERE, Kl 4

Concentration/(ug mL-")

Fig.5 Fluorescent intensity of P1 at different concentrations of GO (A),

fluorescent intensity of

P1-GO complex with complementary DNA ( ¢T1-18, ¢T2-18) (B) and fluorescence response of
the “OR” logic gate(C)

A, =405 nm.
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Fig.6 Fluorescence of P1 with different concentrations of ¢cT1(A) and cT2(B)

Inserts; corresponding concentration calibration curve for target DNA detection with the excitation wavelength of 405 nm. Concentrations of

complementary DNA is 0, 20, 30, 40, 60, 80, 100, 300, 500, 800, 1000, 1500, 2000 nmol/L, respectively.

N THAE ¢T1 5 T2 ZEIAAH 52 m, BihnA

— M B M IR A, X 5 —

0 B D A A 0.

[ E AR T2 HeFE N 2 wmol/L, AR ER ¢T1 J5, HAOBHE 22 LAE 60~ 1000 nmol/L 7 Fl A

ERIFEMECR[E 7(A) ], HAH R 44.9 nmol/L;

R FHAR ) 75 12 075 1 T2 EI’J’I‘"-EHFE%J 55.8

nmol/L, HA& Y6AZ L 7E 60 ~ 1000 nmol/L W R R[ K 7(B) |, Ui BHIZAL B 76— B 5% 15 1 I
B, AR REXT 7 — % B A B i il
6000 6000
(A) (B) R=0.9953
R*=0.991

3 4500 4500 F

£ 3000 - £ 3000 |

E <

—

A~ 1500 - 1500 -

0 800 1000 0" 200 400 600 800 1000

200

400

600

Concentration of ¢T1/(nmol-L-")

Concentration of ¢T2/(nmol-L-")

Fig.7 Concentration calibration curve for target DNA detection with the excitation wavelength of 405 nm

when the other target reaches saturation

(A) ¢T1;

80, 100, 250, 500, 750, 1000 nmol/L, respectively.

(B) ¢T2. Concentration of the saturated DNA is 2 wmol/L; concentrations of complementary DNA is 60,
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AT R P1-GO 2828 % H AR DNA 43F )ik 5000
PEIE, B H B A B A5 DNA 5% ¢T1-18 Fil ¢T2-18 4000
PASCAEE #ME T, M, 20A F1 20T (P30 1), Ar
BRI 8 Fin. 45 BaR, A 2 454
AN H AR DNA 850}, P1 2% G5RE &om, id
100% , I AAE— 25 HAMERT, P1 26290 50%, 1000
MMATE B #h DNA £/}, 2¢67E 129 LK, B .
ZEZE S E, UIIZEEE X H s B4 DNA A ¢Tl T2 ¢T1+cT2 T M 20A 20T GO
R R Fig.8 Specificity of the P1-GO probe
2.3 BIRAIAEIEIT R ATITHES R

IR TR AR AT MR B AN A I W H AR DNA 20T, fEBLIERE b, b TS BT T a3, il
P1-GO ZEKGIN FP ] FAE | X B 4 DNA BEdEAT T okedk, BIFE 2 4% H AN AY— 35550 51 51 A “ Toehold ™ "1
BEAY BCHTEE ¢T1-26 K ¢T2-26, [RIFESIA 2 58055 TR T2', 205145 ¢T1-26 Fil ¢T2-26 524 H oAb, HAE
FHZR = E I 9 Frzs. T A T2 AR 5 i i Toehold” ¥ & 4 DNA #5BUR N, T1'5 ¢T1-26 JE
BRS¢ T1-26 55 P1 [RIAYBUEEARIE, P1 KA BLAEE , SRR 2] GO K S FIHIA T1/F0 T2’
BF, P1 PRI 2] GO FRifl, % MBPIGRARAS , TEFRHLIAARR Y DNA &5 7] LIS “ ON-OFF " AR A
B AT, 3 RGN DAL EE R ANTE 10 7R, AT UZBET Jr R RENS S P1-GO DG Ay mT
TR,

3000

2000

PL intensity/a.u.

Fig.9 Schematic illustration of the cyclic P1-GO biosensor

REASRI P 5 AT AR R I BT R AT GO-QDs RERXS Z [AI Y FRET 00, FRET & —Ffsi i
BDOERKEGY  H I 2 B Hp 2L 7= GO 3 1T 1 281 ok o BE AN ).

R T IR — N, T — O SAGEE S P1 S GO i A AR ALY L, ST TR B AR
WE R, B RRs T2 R ERARA (A, ©) K EPRAS (B) , ATLLEH P1AHRAREE 4 3.5 nm
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Fig.10 Switching progress of the P1-GO Fig.11 Theoretical variation range of the P1 on GO when
probe hybridized with one complementary DNA
CIRZE A) 5 HIEEEE , —MIEIF GO R (ARAE B) , M 7R HEERECIRZE C) T, % DNA

BERBRSEE (PRI XS Z [ A BE B8 0. 34 nm) S TR RGHITRL, &R 15,74 nm, W] ULCIRASTR
GO KM P1 & EEAREIE R 3. 5~15. 74 nm, {HSEPRE R & EZ/NT 15. 74 nm. XAEFIE %K
TR & A WL TR,

N7 LB A — A AR S, SR AFM I 5E T — K “ ON-OFF” #64id # rh A — A i 7= )
BRI, F12(A) ~ (G) 43 iIXF N E 9 HZEF (1) ~ (7). B 12(A) ZA04H“ OFF ™ R 2, LR GO Fifi

£ 4 g E £ g :
E - . : E sl :
o i e N o ) )
2 2 “ C 5 s 2 s
200 600 1000 0 400 800 0 400 800 0 400 800
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Fig.12 AFM plots of each step products shown in Fig.9( A—G) and the relative height of every plot(A'—G')
(A, A’) P1-GO; (B, B’) P1-GO-cT; (C, C') P1-GO-cT-T’; (D, D’) P1-GO-cT1; (E, E') P1-GO-cT2;
(F, F') P1-GO-cT-T1'; (G, G') P1-GO-cT-T2'.



No.12 MBEEE . A TFARAS A DNA 3 F &5 4% K65 DNA =035 4540 M| 8 3 7T i 3% 31 2183

FPRYIAAAE, REZ 3.5 nm[ B 12(A7) ], X5 Pl BB W& EAHIE, 7Tk P1IEAE GO £,
HY5 GO AR/, B 12(B) J2“ONIRES, BUINA ¢T1-26 Fl ¢T2-26 59 EPR 2 ek, AFM & 5
R GO REPRLIRPIARIE S, UEHILIRARTS P1 582 B T GO i ; & 12(C) Fn“OFF"RA, R
JIA TUF T2 G DGR AR, AFM B EAFFERRIY) , 290 3,52 nm[ & 12(C’) ], Bl P1 EHT
MR 3] GO Feifil, X 5 AR A5 RAHTE]. SEI0 hid AR T —MDBUEE — Ml R T P1-GO 25491 AFM
EILE 12 (D) ~(G) ], A WLEAFES GO RIERMEE A BB FOR Y, HE X202 7 nm[ ¥ 12(D’)
~(G) ], WmT Pl AFMEE, WINA—Z&EAME, P15 GO b A9 HE B8 K. W& B #4552 R e B 7F
FRTHR MG R Z N, X AR BT HLIE A AT e B L T A

3 &

il % 13T GO I DNA 15 59 XU F- 2 A A9 A= WA B, FIH GO gt s KA & DNA
FiE R XU HELSH , A 13T oA /R BLZ AR T T I A A2 8%, mrse PRSI T XU H A7 DNA
O3 SRR DNA P 9REZ A Bas s it — 20O Al , AH AT T Rt A A R A, I3 5 2 ek
Lo AFM FALKE T B Ir SRR AT1E. %07 582 GO 5 QDs A3 A WL AR i it — 20 R e A7 B
TN B ROAR AN, A TS0 5 DA A8 TR A D00 U B A YT B4 I
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Logic and Reversible Dual DNA Detection Based on the Assembly of
Graphene Oxide and DNA-templated Quantum Dots’

SHEN Xiaogin, LI Zhi, WANG Ganglin, WANG Li, SUN Quanhong, LUO Xucheng, MA Nan "
(College of Chemistry, Chemical Engineering and Materials Science, Soochow University, Suzhou 215123, China)

Abstract We prepared water-soluble monolayer graphene oxide (GO) and DNA-templated CdTe quantum
dots(P1), which were further assembled via -7 stacking interaction to generate nano-biosensors for the logi-
cal detection of dual DNA molecules with high selectivity. Moreover, reversible cyclic dual DNA detection is
realized by changing DNA sequences, which enables regeneration of the biosensors. A variety of instruments
were used to characterize biosensor preparation and detection process including atomic force microscopy
(AFM) , transmission electron microscopy (TEM) , electrophoresis, fluorescence spectroscopy and so on. The
prepared nano-biosensor holds great promise for nucleic acid detection.

Keywords Graphene oxide; DNA; Fluorescent quantum dots probe; Bimolecular recognition; Cyclic
detection (Ed.: N, K)
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