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Abstract: We report here a novel membrane transfer-based DNA detection method, in which alkaline phosphatase labeled gold
nanoparticle (AuNP) probes were used as a means to amplify the detection signal. In this method, the capture probe P1,
complimentary to the 3’ end of target DNA, was immobilized on the chip. The multi-component AuNP probes were prepared by
co-coating AuNPs with the detecting probe P2, complimentary to the 5’ end of target DNA, and two biotin-labeled signal probes (T10
and T40) with different lengths. In the presence of target DNA, DNA hybridization led to the attachment of AuNPs on the chip
surface where specific DNA sequences were located in a “sandwich” format. Alkaline phosphatase was then introduced to the surface
via biotine-streptavidin interaction. By using BCIP/NBT alkaline phosphatase color development kit, a colorimetric DNA detection

was achieved through membrane transfer. The signal on the membrane was then detected by the naked eye or an ordinary optical

Received: March 1, 2010; Accepted: May 13, 2010

Supported by: Knowledge Innovation Program of Chinese Academy of Sciences (No. KGCX2-5YW-111-2).
Corresponding author: Fengxiang Jing. Tel/Fax: +86-21-62511070-8706; E-mail: jingfx@mail.sim.ac.cn
P ERE B ARG TR BH (No. KGCX2-5YW-111-2) %),



1136 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

August 25, 2010 Vol.26 No.8

scanner. The method provided a detection of limit of 1 pmol/L for synthesized target DNA and 0.23 pmol/L for PCR products of
Mpycobacterium tuberculosis 16S tDNA when the ratio of probes used was 9:1:1 (T10:T40:P2). The method described here has many

desirable advantages including high sensitivity, simple operation, and no need of sophisticated equipment. The method can be

potentially used for reliable biosensings.
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Fe MR, PR B T ARUPT LA e B AR 2 1 2E
Yy oy TR BME S HORRIMER, JIF HARC 740Kk a
KL B A= 035 1R 23 5 O 25 5 P Bl A B T AR R B2
s XFPA AR G N RET AT LR 1 B R
W5 £ G R J 25 48 A i 2245 1), Miirkin CA
PEUHGE R AP RIS Y B R (Bio-bar-code
amplification, BCA) #2491k G Wik 5 2 Fh
A5 F- 855 N TR W AE R A BT gk 4
ANFAUANE G 500, AR —F 55 705 1 2k
A, i€ DNA FFFI R I i B8 A0S FE TR T —>
R

I JUAE, BT 9K 4 i JE RS R Al 7y 125 2
Ry RO X FPTOH GRS IREF S A e e
JREBE R A48, TR 10 pmol/L & BHE DNA Al
PCR §"147¥); H Fe @Au 99K Biki (M0 %L
B, Shre k) BREMEEG e B R AR AS s, TR
AR 10 pmol/L & 4 DNA il PCR §34™=#y , >k
PG 73 S R0 07 W R AL BR PEAT o 4 TR AG I 2R U 12
= 3] 1 pmol/L, M¥E A X PCR 4734 7 ¥tk A1 A6l
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S B g FH Hh S S A 1t 4 52 B AR AR

ARSCAED R ML FEAE b, TF A B R 9k 4
AATRET G5, 455 A LU 2 T A 0 AR R 0 i
FRENARGIN G, SHAT— iR YL DR RS R A T J ik ()
o BITEGNK G R B — @ L], Rl brid 5
U DNA H 4N DNA ke Fbric A AW R E
SR AR & B AR, RIHAY R B R
F N, A BCIP/NBT &0 5 45 i (5 (i X o A 0
DNA 53T #5671 Je AR bt , SR I5 B HERR IR i 3R
FHRRLR G2 R AR D % . HIWT e g gh 51 . I
T - T 5 BT M. tuberculosis T8-S
R B R BRI . 45 4%9%  (Tuberculosis) FE2EK)
AT, FUEEE NN, MOy RRE R AT
Az [ AN AL 25 ) 2 RS AR IS W R
PR 73 T8 B TR R I Ly B R R A S AR AR Ay
ragE ik, Al FrRrs REEAREDY, 55
B4 BRAESL A,  R I H 32 AR KRR . PRI R
FPGH L BRI S5 A% S BOFT R 25 A
TG . K. SR RAEERNE L,
1 HH57%
L1 XA 5
111 =7

LTS R A0 oK 4 T TR A S A AT A
HAuCl,-3H,0 . #B M =41 . PVP. Tween-20,
BSA . PEG8000. PEG20000 Ilg [ Sigma 2\ #); K
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K4 HE LW (0.1 mol/L Tris-HCI, PVP, tween-20,
BSA, PEGS8000, FEH#); 0.1 mol/L PB (pH 7.2);
0.1 mol/L PBS (pH 7.2); 5 mol/L NaCl; VEMiZs mifk
1(0.2xSSC, 0.1% SDS); PEMEZE i 11 (0.05 mol/L
Tris-HCI, 0.15 mol/L NaCl, 0.3% tween-20, pH 7.5);
FMEMEEM (150 U, 200 L), 425K EasyHyb .
M%) . BCIP/NBT WA H Roche Germany;
FFH  (0.05 mol/L Tris-HCI1, 0.15 mol/L NaCl, 1%

x1 BEBIRSFIIR
Table 1 DNA sequences

HHH); F# I (0.1 mol/L NaCl, 0.05 mol/L
MgCl,, 0.1 mol/L Tris-HCl, pH 9.5); Jg Ji X
(Hybond); Tag DNA E & (TaKaRa); dNTPs (GE
Healthcare Life QIAquick ® PCR
purification kit (QIAGEN); 4R¥L i (BECEH);
NaNO; Vi

WM 1R, e R E ¥ 51 ¥ H TaKaRa 24 ]
B

Science) ;

Name

Probe sequences (5'-3")

Synthesized target DNA

Primer F

Primer R

Detecting probe (P2, thiol-modified)

Signal probe 1 (T10, thiol and biotin-modified)
Signal probe 2 (T40, thiol and biotin-modified)
Capture probe (P1, amino-modified)

Negative control probe (P3, amino-modified)

Anchor point probe® (P4, amino-modified)

ggceegtatctcagtccagacatgeatceegtg
gataagcctgggaaactg
tgectccegtaggagtetgg
ggactgagatacggcc-poly(t)28-SH
SH-poly(t)o -Biotin
SH-poly(t)s-Biotin
NH,-poly(t);o-cacgggatgcatgtct
NH,-poly(t)io- cacgggaagcatgtct
NH,-poly(t);o- ggccgtatctcagtee

a: anchor point probe is complementary sequence of detecting probe.

1.1.2 FZENR7F

R R (15 Prosys 5510A, Cartesian),
PCR X (7Y% TP600, TaKaRa), Alphalmager
TM2200 (Alpha Innotech), 233 (F45 FYY-3, 2%
TS Mr ), Simplicity Kalifb &4 (2
Millipore), $¢4h-1] WOE AL (5 V-670, Jasco),
BB REOHL (K15 5804R, Eppendorf), fH%4K
BRREETT (5 pHS-3TC, i KK BRA ),
ALV IR S X T4 (05 DGG-9053A, IR (H
SEAL AR A BRA ), A (BS SCQ150, Liff
PR BT ),
1.2 BHH&

O RO A EE W ER ST (B 1 PLL P3,
P4) milf THEEALE IS R, SEAE 100 pm,
SUEPE 500 pwm, sSFEEH 0.7 nL, DNA 4K E
975 pmol/L, FHAAEAL I3 T 3 FhERET I AL T8
RN E (B 1) s R BB 75% . i
J& 30°C M %S [a] [ € 24~48 h.

O 29 O 9 (D P1 Capture probe

G:H) @ ([]:[) @ @ P3 Negative control probe
@ @ @ @ @ P4 Anchor point probe
0O o 0o

@ @ ® &

1 EETRSHERER
Fig. 1 Spotting mode of gene chip.

1.3 B DNA #F. RET RS89t
7 16S tDNA B THIJREIR ST, #2512,
DA LR AT AR Fh 45 4% 7 A ATF AT 16S rDNA JE R SF X
Wilg i B 5T A BHE DNA 20 F 35T K5 190
&1t (GenBank Accession No. X52917),
1.4 S5O FHE 16S rDNA EE R X1
PCR RH] 50 pL ¥ 3giA &R, $L 345, 4iAL
FFEFE 40 DNA BE4 2 uL 5 48 uL PCR P A R IR
& @A RS 10x PCR W ZE MK, 25 mmol/L
MgCl,, 650 pmol/L dNTPs, i} FiEol ¥4
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0.5 umol/L, 2 U Tug DNA R4Hf) #E4T PCR 44,
PCR [N 550 : 94°CHIZEE 5 min; 94°CAEE 30s,
60 CiRk 30s, 72°CHEM 30s, 3L 30 MEH; 72°C
FEA S min, 4 30 5 TR S I H VR
1.5 REIRETHIE
1.5.1 KPR A

Betil 1 nmol/L ) HAuCl, i . 38.8 mmol/L 7
BEIR = ANV . TR TS BETT A S0 2% 1 L 250 mL
HAuCl, RN ENR 10 min FEHEHE, P A
25 mL APAEIR = ANV, VAR (0 P R R R
TRLLIE, FEEREEANAEIE 15 min FEBEFE, FRIAW A
SR HI BRI (RREehitt), H 0.22 pum SR 4
R g 2% ug, BRI 2IRST ) 13 nm 90K 4%
W, 4CHROCIRFER
152 WKpREHH il

YK 4 WOk R ARG A 3 FhEi LB MY DNA 5
B 2 O A YRGS HRES (T10. T40), &
FOCRVER]; %5 3 P2 B 5L DNA 43§55 — i
HAMAROARE (P2)

YK 4 S A REM M BRIC T 5 B 1 mL ik BE
9 12.5 nmol/L ) 13 nm 94 K41 T EP &,
9 000 r/min &5.0> 50 min, 3 L%, UL3E A 100 pL
0.1 mol/L PB (0.01% SDS, pH 7.2) #&; A &K
A 100 pmol/L i) DNA #4t 4 pL (P2, T10, T40
Fe—E WWINR A, (R LN 4 pmol/L), 747
R25), ZEEACE 20 min; F 5 mol/L NaCl i NaCl
WS 0.1 mol/L, #FALEE 10s J5; JUE 25°CA4%
XRIFE LR (6 r/min), RIFIMA 1/10 A 5%
PEG (4r 4 20 000), 4°Cit . MBS B
VR 4k, FEEW, 100 pL Bk E EEREE,
4CHEAEE T o TSR AM- 0T WS35 SO I S 5 1%
K OD i ; % 3 LB 494 DNA FREH AR 10 AT )5 i 40
1.6 TR#EXR¥FERE

K A2 . 1 pL A sHE DNA 5 PCR 3734524
(Fe7ete) 5 9 pL 43MIRST, Y50 Tt v s
X, 3 Faigi b, B 35 CHA 428 & 14438 30 min,
Wash buffer [ JE%50 A 2 min, 2T 2 ul 44K
SEAUEERS 8 L Z38WR AT, BA1 T T
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eI, 35°C4%32 30 min, Wash buffer [ 1
WOl 5 min, FAKT . [ AFEX N Streptavidin-
AP-conjugate (SA-AP) il (LR FE 500
f#5) 15 uL, ZE SN 30 min, Wash buffer IT 24058
Fr 5 min, AR5 FPPAFRCF8 1 min, 00K H
JE e JEwE i BCIP/NBT S (i B i T8 ) s REIX
i b, EIEEEDEICE 30 min, aifbKGETRE
JelsE, PHRAR (S 5 A7 AR (18] 2),

A Labeling proeess P2 \H‘%;fg
AV . -w,g\ ﬁ"ﬁ

T40 T10 M"’":f ongd
- A A fr..r’ W
DNA probe labeled
Naked Au nanoparticle Labeled Au Nanoparticle

B Detecting procedure

X aid

;%%gi §§ Target DNA
Target DNA hybridized with P1 “"‘\H P
P1-modified chip
AuNPs hybridized with o
target DNA 1\\,‘;\

s 2
BCIP/NBT — jiaiiii . Rk

Nylon membrane Streptavidin-Biotin

colorimetry Reaction
2 MAREEESREIFICTIZFNIE DNA BN 2R

Fig. 2 Schematic diagrams of the preparation of AuNP probes
and the DNA detecting procedure. (A) Schematic diagram of the
preparation of AuNP probes. (B) Schematic diagram of the
DNA detecting procedure.

2 ERERM

2.1 PCR¥E=YIREITE

PCR 9" HF= AT 1.5 % BB W 458 e vbL T G U
TEEAMC R R AT L — 45K BEZY 200 bp 1Y dsDNA
4 (B 3). ¥ 3 % PCR ¥R A, B 50 uL A
QIAquick PCR purification kit #1744k, 4lifk =9 H
4L /K E AR E 500 pL, FISAM-0] WG GIE A L ik
i 2.85 ng/ul, #R#E QIAquick PCR purification kit
X PCR =Wy sk %l 95% , 15 1 PCR 7™
Y8y 30 ng/uL, A4l PCR YK (200 bp).
BREE XS24 7r T (649), AR PCR 1™ )
1 JEE JR MR FE 244 0.23 pmol/L,
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bp M 1 2 3 4

—=hoU
OO
OO

El 3 PCR &4 mixE

Fig. 3 Electrophorogram of PCR amplification products. M:
DNA marker; 1-3: PCR amplification products; 4: negative
control.

22 PREESHRIFICITRRMMUL
220 IR FIG SR FRi IEPIIL1E

WK GFRTET DNA 731 B BE R G0k HiZg A2
BORAHEL, 9K R DNA 70 TR
W, 23 AL B 2 PR 2 32 0R T T DNA 43
T AT, DNA 737 H B B 7R 0 0K 4 SR Y
R S M B R R e R R e sl ), PRt X
KM DNA 7> TR R AT B R H 2
Mirkin fE0F5E A, EARGERTIRCKIRN, 5
HALBEFEAA L, BT poly (T) A HLMERAYARIF, A
B TR G FRMHERR, PRI n] LAAS 2 5 i bn il
SRW I HAE—AS 15 nm AYA0K 42 10 v] L 528
2) 160 5522471 poly (T) 43 F, AWFFLAEMATFTHE
fifi b, PREFHC AR IE AR U B Bk 5 8
TREFEEIR L 12320, SR dE— 2D O A A 441 A
PRI RS BE 15 5 2R EE (T10. T40) MR LA,
ZURERW], YRR S5 S 3EE (T10 5 T40 BE/R
P 1o 1) BEREEA 1 2 10 I AR S i (K 4).

a b c d

4 TREMENIRSt SE SR ERLL (T10 D T40=1: 1)
FES FLYE DNA SRE 4 100 nmol/L B F 45 IR & & &
Fig. 4 Results of different ratios between detecting probe and
signal probe (T10:T40=1:1) of 100 nmol/L synthesized target
DNA. (a) 1:5. (b) 1:10. (c) 1:20. (d) 1:30.

222 [FEHE R IC I

FERL PR ST 5 055 B AR Lo B 2 A RT3 T
(1:10), #— W5 A R BE {5 5 B4 ) L 4]
(T10 : T40) XJZAfF 5 s2m . S5 EM, X T10
5 T40 BE/RLEN 9 0 1B, RS Ram (& 5).

5 FRE{ESRELHIZES M DNA KE A 1 nmol/L
MERERERE
Fig. 5 Results of different ratios between T10 and T40 of
1 nmol/L synthesized target DNA. (a) 2:8:1. (b) 5:5:1. (c) 7:3:1.
(d) 9:1:1. (e) 19:1:2.

LA ARSI 325 145 5 0 1) i 3 2 5k il e T
it 1 S € SN o AN S SE A 15 S BR A AR IC R A
R TaiaagokeRm, HEHT SA-AP IR}
KON KR BRI T [l — - A9 R 5 T IR H R
AR S50 R FH A AN [) 1) T A 5 A [ e o 4 K 4
HATFRIE (K 2), M =4k FREK SA-AP S54RI
JO7 3k P T SA-AP I RUSH RO iy o 1) 2 [ 457 BHL
FRREIR L PRI TT DA S5O S {5 5 e
23 WRERMWKESIRETHIRES

H B 5T B TEM (B 6A) A1, & H9 k4
WURCRIAR Y (13£2) nm, R/NHE), i RY, H
JEI L AL TV M . Il 6B TN, AL S 4K 4 kL
JAFA — 2 K218, W] DNA %% 2 hric 2144
KA ORI, HLAR 4 JURLATY ] R B E TR
h, TRERG LA,

K < URE REDREAS YR K, X 7 AR AW F e £
2RI B LIRS I R A0 SR A FT Ik
TR A TURL S AT 400~700 nm Y%K S Y
A, FRAFRE SR P RRIE I . Bl 6 T,
AARic DNA FREF 190K 4 WORCAE 521 nm A2 45 A 7R
SR, ELARIC DNA HRER 40 K 4 0Ok 7E
526.5 nm Zi AT A ARGR AR IS, R B LL RS UL 4ok
SIWURCRIASAG T K, DNA FEHRCE] T 40k 4
CIRISEST T
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A B
) ()
()
i
o °
L)
100 nm v
C
1.0 -
——— Modified AuNPs
081 Unmodified AuNPs

Absorbence

400 500 600 700
Wave length (nm)

6 #RiC DNA RETATE IR E TEM EFILIN-AT I
SeSIEFEE

Fig. 6 Scanning results of AuNPs and AuNP probes with TEM
and UV-Vis Spectrophotometer. (A) TEM image of AuNPs. (B)
TEM image of AuNP probes. (C) UV-Vis spectra of AuNPs and
AuNP probes.

24 DRARRRIRZHHNERERSDH

A SR RN AR G AR S G AR T mE IR
(R 3 RS BB BN W (50, TEZ SR FAL T R B
1T FH AN K 4 J0RE b AR PR T AN 5 R G L A1)
1010, 5 EE T10 5 T40 B 9 1 A,
Al LRSI e A E A 1 pmol/L 94 14l DNA 431
(K 7) B 0.23 pmol/L #J PCR ¥"34 =4 (1A 8), #:illl
HSu, WIRWTW, HBEE DNA 7 FkER, 5
SHURE I R, T E W E N R R
LR R

7 MREESHHENAERES HIE DNA TR
ERE

Fig. 7 Results of synthesized target DNA of different
concentrations. (a) 10'° mol/L. (b) 10" mol/L. (¢) 10™** mol/L.
(d) 10" mol/L. (e) 0 mol/L.
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8 WAEESREMMNAREIKE PCR I =415
HEREREE

Fig. 8 Results of PCR product of different concentrations. (a)
2.3x107"" mol/L. (b) 2.3x107"? mol/L. (c) 2.3x10™"* mol/L. (d)
2.3x10 " mol/L. (e) 0 mol/L.

FRT, 5T 0K G454 3 R A R ek 4t
L DNA PRI B A7 1 Z403E ), ¥ DNA —ifi 5
S ERRIRE A2, ) —Im S AR SR A G
e BB =R 456, Gl R g sR HOR
RHAWTHE DNA HfFAE. BRI R 6 (8 7) 5/
FEPU R EATAR Y, FH DL B I A BS54 e
Rk () RALEE, WK 9 Fis, K IREN4E A3
PRLES 8 e et T PR MR A i g 2 5, EHCAG I R
AN 100 pmol/L /Y45 BUHE DNA 43+ HBAHEXT
WA T4, HnT UL, A SCHI G OK 4 UKL [R] B A i
—JE LR I B R RIE S5 85T, R B ENAG:
D el A 0 75575 B K, #E DNA KD B A S5 1Y
REUE (RTKI 1 pmol/L AY4 /HE DNA).

(]
[N

9 RFIEMEMARRELRES IR DNA 8% 1346 E
Fig. 9 Results of synthesized target DNA of different
concentrations. (a) 10* mol/L. (b) 10~ mol/L. (¢) 10™"* mol/L.
(d) 10" mol/L. (¢) 0 mol/L.

YRR 4 U 2% T ¥ IR — i LU AR A U R A
PR S BEET, ARIRER AV F i 5 5008 F R i
I DNA 7T 454, WKk 4E A M AEY R
WG S IRED) W8S TR R REFHEY
RAEEOR R, R F 5% DNA 43+ HAb
RS 6 LRI NG ; 55 i) BCIP/NBT &
RGN R R4 R L AR e AR .
BERr R, KRS 515 S R Z Y AR A 5
R CHEE ., Be b, 55 8E e, F9HK
FEBOBR o SRMTSEPR b, 55 BEF LB, 41K
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& AT DAEAT A S 2% 38 AR IR Bt b A58
B 12 PRk, AR R T 4258 R i A 1 A e,
DA — 2 He B R 12 10 BHE R R4 R .

AW F b L& SA-AP, SCEEH,
H1 T SA-AP 43T B KNI ML 25 [ 437 BHASC R K B
il T SA-AP FEQ K 4 RIE S A 30% . I, A3
it PR AN [ B 5 AR B AR AR & e T v — 4
VA BN A5 ST ARZERE A R0 g T 23 a4z BEL 1)
R4 T10 5 T40 BE/R LGSR 9 1 1 B, R AR5 5k

AT, PCR 3 3= RAUE (0.23 pmol/L)
525 T4 W4t DNA (ssDNA, 1 pmol/L), AJfEH Ky
PCR #" 4P M P 5145 K (200 bp), MK T 40k4 5
BHE T SA-AP 43T HERUR A 23 (B BT B, —
LT, KifE PCR &34 7 W) — G454 it 7= A= 1y 25 [i]
A7 BEL 1) A £ R R 9 /0 I 5505 R e AR AR BT 25 S i L
R, HEARSCEL AT, K2 200 bp PCR 374 7=
YIIE B R 2 48 JT 7 A 1) 223 (R BHL O B 4ok &R
BUREF VLS SA-AP 3 FHERRAS BT 77 AR 1Y 253 (] 5 BH
Ko FERKF IO PCR WA K, —HE5H
JIE 7 HE 1 7S (A B A 9 K A 4R B LA S SA-AP 43 F
HE R iy 7 £ 1 2 (RS BHL/ N B %8

3 £

AR SCHR A T A0K 4 526 BT 1 B R 0S gt
ERENRTINTE , ARG AR & O WAk et 5 A 2
FRPE, R GR AR AL P R B R HLAS & i s
ALK — B HT Y DNA 40 TRzl 75 12 o SE80 A0 K 4
SR [R) B B SO ARG T 44 B N i AS ) 19 R R A 5 R
Ef, REINERET S S DNA 5'%6 H 4N DNA H
B, ARG S R BG5S R R A AE
TEHE DNA FETERTIE MU $2 4R 5 P1-48 DNA-Z4K 4
HABET AR “=IR” 450, FIHAEYR 5%
SRR RN, 0 B X0 HE DNA 4 Fi i 4 & b
B PERERR I , e Jnalid BCIP/NBT WLt R GEfd0 A
ERNERE S R ENE V) o | S oal  EZE U ST |
T 38 3 ) S 2 A A R A IR AR A5 5 A A
o S, WA E AR G b R IR AT A
HSEREF LG 110, PIRME S HRE T10 F T40
LBl 9 01 WS RERAE, HARM TR A 1 pmol/L

M4 R DNA 43 T8 0.23 pmol/L 845 8% 3 K kT i
16S rDNA PCR #3474

ZE BRI, GUORE SR A BUEAMZ
PR G RTEE 50 TEE W, GUKE&RIRE
ORI CIRVA A PO EER SR i I O S A VA D&
S FRIC 5 T Y 52 R AR O, AR SO I O T
AT TR IR A, WERAE MR b3k — 20X
SR THE . TR ST P S BT R
ek, A B3 5 A R AR

AR SCHRE B T 00K 4 2 S AR BT A0k A RS R JiE
FEEIAGIN G, R R G R =, AR RIS,
PRVEDT UL A L DU, 2 e R b 2 30 B U AT
FE . R ALY, HIHERRG T E, B
EER R NI R DA
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