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RE EEXENARETIENE PCRYBMERNE, RATEHRMENRIREE, X ET AT
RAEAKE RAFT HEPRARE, REAARETHRHBAPMEE T EEY0ER. 5RE9,
ERALYRE T PCR Y0 (LR, BAkE R KEY B =M@ RFo, Hr % & DNA
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ARERHENF, WEINT. BEDRE
ER% ) ATE] BB A Bt B (Polymerase
chain reaction, PCR)BV R FEEFIE, X 2—MF
B E¥uiii PCR BB T, XL A
nanoparticles, AuNPs)2 T &4 3k 2 —F itk
PCR RN BRI INF, LiH K2 B, ki
0.4—0.8 nmol/L # AuNPs 5] #I] —7KX PCR 4 1%
FEAEERAEANME, BXFME AT ZETR
HHIREEENER. Li ME"RE, 0.7 nmol/L
AuNPs 7E503% PCR B9 R BUE S5 b b ie i o B 5 16
HRGHR. Hik, FAYKSREL PCR K5,
BA— gk, SR, AuNPs B 5%,
S P e P B 5 6k DNA SRR
AR A 9 P ) fE {4k PCR BRI AY[A]
B, HEH, SE0ERATAEESEM PCR 7Y
EE#—ENH, BMAEALREEBRFRT. KPH
—ABA R, & AuNPs {E{LAY PCR 3B a5
STERME AuNPs LR, MH, % PCR &%
B AuNPs B—FEihI PCR R IbER, MEH A
Ttk PCR YRR ERET REREEY
—FEb%HiE PCR PE4iatifb ik XX eeElEay
Bi5, &5 RRMMEHE,

EsE R, HTh R M (Atomic force
microscopy, AFM) ™ iZig i F AP A3 TS,
FEHR DNA B4 TR RN R AR, Engel &
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MAEMSTHEEES, EENE4AIRETIE
EMRTFHRARSE SR ETEERE=2Z
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B3 THE. Rothemund! )5 P98 AE 2 5] i B %o o6
F, WEHFH AFPM 1% f1 DNA 2 FHBA &R
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7], PE_L#E)EH, 7B 886 bp AYDNA 7
7, Fi#FE1%: 5-TGACGACCATCAGGGACA-3,
Tig)4: 5°-TAAAGCGGGCCATGTTAA-3' (L
A TAEYTEERBEERAT SR FEERE
&5 25 uL, 9 EH 50 mmol/L KCI, 10 mmol/L
Tris-HC1, 1.0% Triton X-100, 1.5 mmol/L MgCl, I
0.8 mmol/L B dNTP {B&ty, EHFFI TS|t
12.5 pmol, ¥ #8 PCR{#/ 1.75 U ff) Tag DNA F&
BCEZEYLRAR, PE L&), MR F PCR
EH AR EUATHER O, %F 175U
E] Tag DNA BS585 0.6 nmol/L #] AuNPs
(@10nm, Sigma)f &8/, TH¥RME PCR ¥
(Eppendorf Mastercycler Gradient, f2[) LB INT
EFEFT: 94°C Smin FIAEH:, 94T 30s FFE, 52C
30siB:K, 72°C 30s i, EE 28 M5, BEEH
{8 Smin, U 1.2%MBENERER R0,
AFEARER DL-2000(EH 6 MEHr, aplitE
2000, 1000, 750, 500, 250 5 100bp, TaKaRa),
5 uL DL-2000 HL3kRT, #44{% 50 ng I DNA,
B S B FR-980 A4y ik &4 i gkl
=4, 35 DL-2000 Rt b, MY EETERS
o

1.2  PCR *=#at{L

R Z BEDTSE DNA B A B84k PCR &
. BERMA 2.5 BHEBRHIKETK B LR
#IX—), BFrKE 15—30 min, 12000 rpm 2.0
30 min, {f DNA U TFHEE, AMBERREREER Y
ZEE; A 70%0 Z FEZDE R LR R R & 001k,
5000 rpm .0 10 min, & BHE; ILZEEZRT
ER; #BRESERNEKETIE.

13  ¥IEFTE APS =B LR AFM TR

# 0.01%8 APS BN =R, &
o RTINS APS SRER (APS-E) W,
AL YR B 10 ng/ul |, B3 uL B
EREKEE E, 4§ RT R 0.8 cm 0.8 cm (1 APS-
EREBE RN, BE 1 mn, WF; AREK
Wk—iR, KT, HSAFNER.

AFM, % DI £ (Multi-mode Scanning Probe
Microscopy Ila, Digital Instruments/Veeco, Inc.,
Santa Barbara, CA), U{RBT, BMBETE 20~30C,
MBS E 30~35%, ] Mikromasch A
NSCI1 $REIEREYCK 48 N/im), ESSHHT
TMAFM BE K.

2 #R
2.1 ## PCR FHMMHKF PCR FHRH &

811 R AT, S 4L PCR P4 AL
kBT PCR 4y, UMM EEREDN 06
nmoVL K AuNPs, WEMKLAEEHREY, B%
IR EIR 4 0.05 pg—1 ng, EREEALE
B, ALBEF 0.5 ng/ul Y pBR322/pst 1 DNA
Marker 1EXSHERER, PN 886 bp 49
DNA B%l, SR 1R, BH PCR ™Y (B
la, 3iE 1—5) 5496 F PCR 74 (& 1a, ¥k
i 6—10) HEIIEEEYY; AREE—SaT
k&R, ¥ # PCR P B M {H 0(63.34+2.58)
ng/SuLRHERE, FR); AT PCR = ER
FHE£(66.83+5.04) ng/S L, H#H PCR F==
BR{ETHRET PCR 74, XRHT AuNPs B
HRETHERNERY, SR b,
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(b)

1 H &% PCR Fg0k4 ({6 PCR =8
¢a) MR IBIRR ST 25 uL, MR pBR322st 1 @A
0.5 ng/pL, Tag DNAE &R R 1.75 U, 5 ¥ #PCR(3LH 1—5)
FRZ LT, PRSI PCR BN PkiE 6—10),5 0
0.6 nmolL 4K 4 M B4 FE45#E DL2000
() XIFf PCRIIBA Y E Rt b

Fig. 1 Preparation of DNA products in conventional PCR and
Au nanoparticles assisted PCR

(a) The conventional PCR system (25 pL) (Lanes 1-5) contains
05 ng/ul template of pBR322/pst I and 175 U Tag
polymerases while Au nanoparticles assisted PCR process
(Lanes 6-10) contains additional 0.6 nmol/L AuNPs. M is DNA
Marker DL-2000.

(b} Comparison of amounts of DNA products between two
kinds of PCR processes.

.
With AuNPs
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B ERY BEAHE, HERF PCR =Y, AT
Sifba Ly, MEARTR R0, ik
£E DNA difbESa LA Bk AF R BEN
FeAE ., 3238 LU PCR P44 Z BEUUIR G A Aidk 3
HiEhSmM, HET AuNPs £% 5HHALEUR,
A4 AuNPs UTIEFH DNA B AR NE 2a.
K P1. P2 5 P3 A BIFARER 1. 2, 3(Pathway 1,
2 5 3), PIC) ¥ 5 PCR P=4iaiifbid 2, #§1.2
fEZ Bk AbHE, BIC/KZBEIUIIE DNA #l 70%Z,
FRE¥E DNA, IEBIRANE., PIAUNPs) Gk
B PCR P8yt , #HESEH PCR 24
MR RBEALGRRLTF PCR 74, Iid DNA T
TEXNBLE; P2AAUNPS)HTK ZEBIIRE DNA H,
Ein—SEREL, RN EEH, ZENELRE
[ P1; P3(AuNPs)HIZKEI T PCR Y AR E R L

Conventional PCR DNA  Nanoparticle PCR DNA

Sup fluid Precipi
"—?.S-gl::hml
12000 rpm 30 min

A 4
DNA  Precipitation

70% ethenol solution {¥/¥)
5000 rpm 10min

Purifying DNA precipitation (2 times)
|

v

Suspending DNA precipitati

(@)

2000 rpm 30 min

1 1
PI(C) PIH{AUNPE) P2(AuNPs) P2(AuNFs)

with ddH;0 equal 1o original volume

HITTIESR S, FER AuNPs, & 2b &3} 3 ks
B 3 MRS R. HP, PHOF
P2(AuNPS)Z{LF=8H 1 R REKEH, XN
BTN R, F DNA 25T,
MBS FIRE R, SR RY, B PCR &
W Z Eak B PLC)®, DNA Bya{biEh
84.52% + 9.78%; PI{(AuNPs 3 ¥ $0 sedifh. 4 %
T PCR P4, si{LAL R3S, 15 92.07% £ 3.81%,
HAFTE AuNPs, EFE LTER, BIERERD,
bR R EATH LR AT, (3 AuNPs HI7FTERE
MT = HsE; BNREELEREN
P2(AuNPs),DNA BY{b 3 Z R 76.27% + 7.18%,
HEPRGTHIHNBEYE; PHAUNP)FH
4.81% + 6.09%) DNA 5 AuNPs #£IE . BT S,
ZAERAEGERT SRR F PCR PYHi{fbEA
i

100 »
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Purification efficiency of PCR products / %
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M2 ZBEEEA R T PCR =4
(2) PCR F=H1Z. MUt AL S P1 (C), 4 PCR F=415k4L: P1 (AuNPs), 41365 T PCR F=Hr¥ 44 {k; P2 (AuNPs),
AR T PCR FERI#E{b T3 P3 (AuNPs) B8 S 4 & 4RI 3Ry DNA

(b) £FF PCR P9 F RISAL T R RR thk

Fig. 2 Purification of DNA products in nanoparticle PCR by ethanol deposition
(a) The flow chart of purification of DNA products in PCR by ethanol deposition. P1 {C), DNA products purified from
conventional PCR; P! (AuNPs), products purified directly from nanoparticle PCR; P2 (AulNPs), a sample purified after
eliminating AuNPs by 12000 rpm centifugation; P3 (AusNPs), DNA products of co-precipitation with AulNPs.

(b) The comparison of purification efficiency.
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RRS1L3 MR E, BARALARHKEN
FAHBLTF PCR P55 &4 APS B8k
H, WEAFRZEEH DNA (B, B 3a 2%
H P1 #i{tP=4th AFM B2, H DNA HREHTE
APS ZRERME, EETH, KPR AREN 1-2

nm, {ERBERL 10 nm 9 AuNPs, & 3b B2 P2
P B0 358 AuNPs 5 DNA (9 AFM BlR, 2%
FFRIRE LRGN, KREAN 270~330 0m, 58
ik 886 bp DNA H BMHE BE—B0; i E 49 04—0.5
nm, HE APS ZHRmIEL TMAFM M2/ DNA
B EERIE. XEY AuNPs {64 PCR =i
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KARIBS ., YKBT PCR PEIMsE LT AFM TR 879

BEEARNBERE. B 3c BEKET PCR
S MUITE, BIHE P3 #7849 DNA, 3 AFM
HE R EERE,

B 3 49408 T PCR =185 TMAFM EBHE
FHTEHE 3 pro3 pm, BERE 20m
(a) P1 B2 HIEM LK E PCR =8
(b) P2 iR 25 LB MK & )5 Z BIE PCR =4
(c) P3 # 2+ 54K 48 FIUTEN PCR =M

Fig.3 TMAFM images of nanoparticle PCR products
Scan size: 3 pmx3pm; height scale: 2 nm
(a) DNA products purified directly from nanoparticle PCR (P1);
(b) a sample purified after eliminating AuNPs by 12000 rpm
centrifugation (P2}
(c) DNA products of coprecipitation with AuNPs (P3)
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BiSCHR %, AuNPs {f{kAG PCR =LA
BATAITIE, MR AuNPs XH YA SERE
i, FxtaEE TR, Li H XI55 DNA
St AuNPs B g Ry RmmaT, #5584 DNA fLE
BEERWWES AuNPs 254, WIS ER HhE R
R EY, T4t DNA ARG EUE AuNPs fI1E

. BTAIAN, 068 F PCR P12 E M2 B
TEALHS I A R A TTIE Y AuNPs 5 DNA
FIRAY, MIEFRAEAEANESY, Bl
BI 43S AuNPs 55 DNA, HiK, AuNPs 5 TRE,
EMERE A B AR, B4 AuNPs H#2E PCR
B, AR AuNPs ML E R PRI (BiXFE
RIAFIE AR, #53 AuNPs (AR ETERIF,
EFENSE, P57 BT DNA BE—
B, #EEEE0AE, MEE DNA FYRATE
LR THFIRARTEE, X—FHREHNE
AuNPs 5 DNA 27718, ERLHRER B
T XEpHER,

FlRRATES Al ik, BA 4.81%H) DNA
5 AuNPs SLUTTE, A48 KZ%0(76.27%)F DNA 13
TE LT, S5 PCR =Y Hai bR, 4
{EEAORLF PCR P A R4 BT RE I, 1B BT A R0
¥ PCR 7=%1P (¥ AuNPs £F%, RIW/DERIERRNT
DNA REER N IR0, BT, WA A E
B, BEEOEEATAEUCELT PCR & 4giyal
{L4bEE, AuNPs XY EARAERTY, RETF
— B R R P B R T R A R MR T
PCR §7 i R H G sk,

iR APM B S, FESEE. HREN
FHA—E, HARRELAESH DNA BEHEREK
EFER, BEMWERSERREE, ERREM
ALF&HT, AuNPs %5 DNA H[ERE7E APS
LRI APS TEREHF AuNPs REF PR BEE
¥ 10 nmolL, H14EF PCR F AuNPs B AR
77 0.6 nmol/L, T PCR P45k X Faik 20—50
ng/uL (EFRE 2~5 1%, FHAIIRE/H 8T DNA
A7), Bk, FELRHAES B, AuNPs KT
APS ZREEBRMTERE, ABWERS DNA
LR R AuNPs,

AN ET APMIRE, &=XWE ST AuNPs
Xt DNA JE£1 897] G2 . S 3a F1IE 3¢ #H7#) AuNPs
SEBMY, ADNASEERNK, WETAKRE
8=, BEERTRETH™Y. ANPs 5
DNA £ AT, B¥kS DNA LERHFE APS
=R, A BES S DNA FEAE 0, AuNPs
hREE R F DNA B(E 3c), TMAFM B4R 65
B E, ZETE MR X5 PCRY AR
R ERE, RXenaPRHERRm. B
HIE ¥ 5 AuNPs () TMAFM B EZREA, H15
AFM 1244 DNA I 928 iR HE™ . gt ATHER
AT EERA MY DNA, #AT, AuNPs &5 DNA
ZEIMHAERR, FRE—SEANR.
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Purification of nanoparticle PCR products and their topography observed with AFM

MI Lijuan ' LIBin' 2ZHOU Hualan' WANG Hubin'* HU Jun'
1{Shanghai Institutz of Applied Physics, Chinese Academy of Sciences, Shanghai 201800, China)

2(Graduate University of the Chinese Academy of Sciences, Beijing 100049, China)

Abstract Nanoparticle PCR {(NP-PCR) is a new method to optimize PCR amplification. Suitable amount of Au
nanoparticles can improve specificity, sensitivity and extension rate of PCR, In this paper, we compare efficiency of
purifying NP-PCR products with different methods. In addition, topographies of DNA products in NP-PCR were
observed with atomic force microscope (AFM). The results show that most of DNA products purified directly by
routing method remain almost free due to less effect of nanoparticales. The yields decrease when the AuNPs were
removed by high-speed centrifugation. A little amcunt of DNA subsided with AuNPs,

Key words PCR, Au nanoparticle, DNA Purification, AFM
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