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Detection of K-ras Point Mutation by Unmodified Gold Nanoparticles
and Allele-specific Amplification
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Abstract A novel method for point mutation detection was developed. This approach combined the optical
properties of gold nanoparticles with the specificity of allele-specific amplification (ASA). K-ras oncogene
was studied for its possible point mutation at codon 12. In ASA, only the mutant K-ras gene can be ampli-
fied using the mutant-specific primers. Thus, the mutant amplification products were made of mostly dou-
ble-stranded DNA, while the wild-type products were made of mostly unconsumed single-stranded DNA.
Unmodified gold nanoparticles were used as reported groups. The amplification products were mixed with
the gold colloid, followed by addition of salt solution. Because single- and double-stranded DNA have dif-
ferent electrostatic interactions with gold nanoparticles, only the gold nanoparticles in the wild-type mixtures
did not aggregate due to the adsorption of ss-strand DNA. Therefore, the two kinds of genotype mixtures
gave different absorption spectra and colors were observed easily by naked eyes. This new method is rapid,
simple, low cost, and will offer a broad application for point mutation detection.

Keywords gold nanoparticle; surface plasmon peak; allele-specific amplification; point mutation

He PR K RAR TS A A AN R B GAJ7125, BIUnRAE £ 5E (ethidium  bromide, EB)%Y
BN G RAT M, FOR A ML e, Wik . XA RIS BRAE R B B3 & 514
SHIE TR IREL . SO O R IREN MR IR E 4 BCR Bead, PR —FhfRIAE ., BRI IRAS AR RGN T

* E-mail: xingda@scnu.edu.cn; Fax: +86-20-85216052; Tel.: +86-20-85210089.
Received September 14, 2005; revised January 19, 2006; accepted March 8, 2006.
] 5% K FERA 5T AT 15 T5(Nos. 60378043, 30470494)F1J 444 H AR EHEFE 4 (Nos. 015012, 04010394) % 135 H .



1280 (A

Eibd Vol. 64, 2006

AT EEE Y

H I, 49°K4x(gold nanoparticles, Au-nps)fFy—Ff
B AL AR o S Y TR S R, — Dy T,
Pk 4 A s s R A B, AR 13 #1150 nm (1)
SRR 520 nm AT RS I 2.7 X 10°
F11.5X10" molL 'eem ', ‘& L R WK1 F 1)
T REGR 3~5 MERHY; 507, 9eKEresE
PR R BAR LA, BT 4K gt 5 kL
TIREREA RV R, W HRERLAN, H
o] AT (g A o, K ST, gk 4
RIMMEM— B SR IRP A A K SR, AEfEAE
FF AR M BAZ AT R % 25 1 (single nucleotide polymor-
phism, SNP)Z T T % 3% FIRCRE, ok Mirkin
SN0 RIHE GRS RN IR T — R 51 B AT T A
PEIR) T AE. Rothberg %1 2004 45 & Ji& T —FlUBT sl 14y
K 4 LU (6 35 R K I (colorimetric detection) J7 ¥k, %%k H
PR AAKGAE D a5 2L 4], 4l 54 DNA (sin-
gle-stranded DNA, ss-DNA)FIXEE DNA (double-stranded
DNA, ds-DNA)S5 9K S AF7EA [ i i AE I, B arsk
P RE 2 7 DR 2 PR R0 B B P IR 22 S R BT, i
AR I 1 PR, SREEMIXUEE DNA HA AN
(R G5 AE), DRI B 0 oK <6 A7 A AN [ TR i AR FH s B i
DNA 59K e MAFAE e AR )48 ik DNA RS
W B 281 29 K 4 OB 1T, LR B (1) Jekt 2 5 PR R S BR
BRUAFE A 0%, 1AE DNA -1 He 28 vy 47 [ i IR
MRILPI(PO; R EELEAL, 53R S LA [ 40 K 4 i
W2 (R AEAE L g, ASOSURE AN BE A T B 21 29 K e ks
K. RIBI T DNA UK 4 REAE R Rk W 2R
WA KR AT, BRI, 90K G A0 S i % Rets
Lt PR B BE ROOUEE DNA,  1E 1 728 21) 4 B 55 R 5
A8 B AT BT IR 22 25 PR 1 H 1,

Au-nps Dispersed Au-nps
(in red) (in red)

\— , 00 o g e
~ o = g = S

Aggregated Au-nps
(in gray)

~H7

Bl 1 2K TR AR XURE DNA s 5 A
Figure 1 The scheme for differentiating between single- and

Au-nps

ds-DNA (in red)

- §O Add salt

double-stranded oligonucleotides by Au-nps

S A H R RF S PE T 1 (Allele-specific amplification,
ASA)JERIH] DNA ST (U2 o 3 g ol o (14 4 ik 2 iy
W HEOR, FT X0 oA 5L R A TR, 2 28

& 4% 20 I I (polymerase chain reaction, PCR)H{ AW H]
M. SRR ey S IR B A 4514 3R gk
LR AT, DNA SEff, F=AE4 14785 4B AE
105 5 WV G I BdckE, D) BORE i e o 3 e
AR 1M i Y AN (A 1R b 30 5 42 50 T AR W 58 A ik
A, Ay 2 5E R R AR 1 77 2L AEA S, il st
AT B 5 1Y), &SI 3R AL 5 AR T DNA
TAb, TR DNA ANH AL, X RABIKE M, 51Y)
REMURIZE A, 4758 74 vh & A7 KB 0UE DNA. X 1B
ARG, SIS BEUR AE A, AT GV Y L O
DNA, W RHES 3 & AR FESE MBS 1. A
AeLL (U0 B BE R EE DNA AR SR A, AN A&
PR A WA SO o 22, AT sE RS
FEDA A TEAR I H .

K-ras JEAZ—F7p 740 21 kD, 1 188~189 4
LR AL I Y. Keras FEPA] A 5848 10 15 Mg 99 B
FEITB A G, Wi, 29 50%I 45 B 4775 K-ras
RUSAR TR T Koras 2 A I 5848 2 551k 70%~100%
ST BT LA Keras 3 DR 2 2 AR IRURS U E 12 W AH G 1R iR
96 s HAT L I R

A UK AR R R oK b a0k
A, T3 M Koras R %A1 12 72 5 KA R,
AR M O TR L DRI P B DR R SR ARSI TV

1 XWEs

1.1 RFFILEE

PG CEEI R A 15 nm)l A AW A T,
TEAHI AL 4 CAGHR B DR AR, e R A T
o prall; SEUG 7K B =R TRK, BEERE b Eh v
J(PBS, 10 mmoleL ™ ")KH = IR 1K BT, oo
{%(Lambda35 Uv-vis spectrometer)>} Perkin-Elmer 2 ]
FEd; SIS AR TR R A k.
1.2 MREREBREMRBKIE S

FE— AR A LS mm)H INAGK 4R (100 pL)
M= RZER K60 L), A1 53— [R] S5 RS 1) bE £ 1L fin
ANGKA4BE(100 pL)FT 10 mmolsL ™" PBS (0.2 molsL ™"
NaCl, 60 pL)4mrR&H, Lh=IRZ&MKMAE, 4
S 5 P AT R G v R v
1.3 SR

ST BTN tgg tag ttg gag ctg t; FiE
SIMIF 54 act cat gaa aat ggt cag ag. LA 293 41U LA
41 DNA B AE AR, SWA80 & fizd 4l i AL K141 DNA
h A TIR AT 3G, Horp dNTP F1 Taq B IF 26
5319 0.2 mmoleL ™!, 0.5 U. ¥4 4cEH 95 CHilAEE 3



No. 12

Ji B R RAK G 5 AR T R AL K-ras FE DM g AR 1281

min; 95 ‘CAZ% 1 min, 56 CiB’K 1 min, 72 ‘CEfH 1
min, fHFR35K; 72 CHEM S min. VAR FRIEA 20 L.
1.4 K-ras EFE BRI

LEPIRY (15 pL) 3 A 35 uL 449K
JKE, Fer RS E T 70 CHIZKE AR 2 min; 5
i 17 uL PBS (10 mmolsL ™!, 0.2 molsL ' NaCl); #x
JEE IR ECE TR, 5 mm (R A S o, B
SIRFENBIKON A, 0 P A G

2 HRMITR

21 ARIREMHRBEMAREBERENZMN

IEF LR, K ROR R T A 47 fLer, R AR
Z AN R AR 1 2 T R — € IR TR R, B fR
FREEIRAS, B WAL, Jf4E 520 nm fHT A7/ —4
0 AR IE R WO 2 AP A AR, 8 n BRI
s 1) LRI SRV, T AE K B ORE 2 R] 1 H e
T Brc T, B 2 A S S A J) (Van der Waals
force) v T FAE M, 48K B UKL AH LW 51 A AR B A
SR TR AN K < TR 1) 3 11T 45 15 RSOy R AR 4L, K
VTR € P 41 6 A0 e B () €, ) B IR A 3 2 A
IS it X S 5 I i R 32 A /N RS R
B G AN 5 A VAN AN I Ty & LT 5 1V A

B2 25t T MoK B A0 AN R Bl B TR SR AR R P 11
OGS L MBI T PUE Y, B EIR 4K 445 521 nm Ak
SIS B AR IE OB T A A B AR I AR A
T (surface plasmon peak)s A% 55 H H U&7 Fifi
HEREBREARN, KEBREAFERNAE. FK b T7E
700 nm DB FRI IR AT 5 S RGP HIR BRS¢ B 6
FERARER A/ QNERCRIFIEE S
2.2 T[REREHEHE DNA BRI HIR & £ — EIRE B
RARPREREENZIG

H T KB RRARAR N, BAT KSR Al 2im, B
DAA KGR AT e W B PR e 6 B DNA fig
PR B BIK G T, HLRsE DNA PR B9k 4%
)5, RAEAKEAE— € WL v IR FR A e IR
AIPEHL. K 3 rTLAE L, IR $48E DNA S,
YHK S I IR A TR IA JEE T SR R Pl e AR SR AR T &
R /> 5 FLAE DNA BUE WA 515 DNA RN gk
IR AE 2R S 1) SR VAR S B A AN TR R TR SR A
23 MREHEESZEMFRMETEILEEN Kras EE

i) SRR MR ATHE P ) TP OIN AN A K S,
HIK PBS W JE, W& O, 43 20 2 R an

—m— Au-nps in water

4 —e— Au-nps in PBS (NaCl 0.2 mol-L™")
; am, A~ Au-npsin PBS (NaC104 mol-L)

0.12 & = —v— Au-npsin PBS (NaCl0.6 mol'L™")
T -~ m —e— Au-npsin PBS (NaCl 0.8 mol-L™")
N .”. [}
1-ll'... ..0

~ 0.08 - » o

L (] A“‘AAA

0.04 1 '-,.. a,,

0.00 .

450 5(I)0 5;0 6(I)O 6;0 7(I)0
Wavelength/nm

B2 ZPKEI100 pL)fE = RARK(60 L) KA F #h L 1

PBS (10 mmoleL ™", 30 L) (1148 #h—T] WL 1

Figure 2 UV-vis absorption spectra of gold colloid (100 puL) in

water and different salt concentration of PBS (10 mmolsL ™", 30

pL)
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Figure 3 The effect of ssDNA adsorption on the salt-induced
aggregation of Au-nps
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Figure 4 The absorption spectra of four mixtures
(A) dispersed gold colloid (35 pL); (B) aggregated gold colloid (35 pL) in
NaCl (4 mol-L ™", 30 pL); (C) the mixture of gold colloid (35 pL), mutant PCR
product (15 pL) and NaCl solution (4 molsL "', 30 pL); (D) the mixture of

gold colloid (35 pL), wild-type PCR product (15 pL) and NacCl solution (4
moleL "', 30 uL)
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