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Silver Nanoparticles Enhance the Specificity of Repeated
Long PCR Amplification
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Abstract: Rare amount of DNA sample often needs repeated amplification in order to remain enough amount of DNA template
for various analysis. In the repeated amplification by PCR (polymerase chain reaction) , PCR product is used as template for
further rounds of amplification. Some DNA fragments are hard to get high PCR yield and they need more repeated PCR
manipulations. However, PCR specificity is normally dramatically lost during repeated amplifications,especially for longer DNA
('several thousand to over ten thousand base pairs). In this study, we found that addition of silver nanoparticles (average diameter
70 nm, 0.1 ~ 1.2 pg/pl) can significantly remain long PCR specificity after three rounds of repeated amplification. Potential
mechanisms are discussed as improvement of heat conductivity.
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1.1 UE5EF

BIO-RAD MyCycler 170-9703 FUJL[H##4{%, 2
Biometra 2y Fl ; SpeedCycler FE K4 144, 1 = B =
/Nl 3 BIO-RAD 170-8026 71 #f i 2 440, 26 H
Biometra A H]; TR RS, INER BBI 257 ; 1500
wL .04, BBI; 200 WL PCR #EER, BBI; 2848t
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AR AT R H] 5 LQP-B-RURIvKHL, |22 =R}
SANAREIE T 5 XW-80A GASERIR A1, Filg) Py
SRR AR A .
1.2 FERF

FERIZH S DNA $2HUAG0 6 BS473, &K BBI
8l ; NDNA (05pg /wl) . Lambda DNA/Hind III
Marker. BEfEHE . IRIL 258, ISR BBI A H]; K4
¥R, 70 nm, Cat. No. 576832-5G, Sigma NI RN
B IR (BTBEIMARAS ) , RHE MV 0 5 Plu( 2.5U7
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wL),Taq( 5U/ wL ). 10 x PCR buffer. ANTP( 2.5 mmol/L ).
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RIBARAE (BM) 5 A4
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SEUGHT , SR A KRR R B T S AT BT 30
min, A RETS YL AL IR IS TG . SRIGFRIL 0.01g 4K
HUART 1500 pL KR ELOE S, FHIIA 1000 LK
K, M RRRIR A IOR G, HAETF 30 min. £33
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132 314t
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3.73 kb. 4.25kh. 6.77 kb FILL X DNA 1 A4 1 9
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B4 10 kb DLERFIIIEAB SR iy B 25 R AN FeE .
HH5& PCR 5145 MR BNk 1.
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Tab.1 PCR design information
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TFEIY

1R kD AR
YA SRR C 741 (5-3") SRR C 741 (5-3")
3.73 54.9 TGATGCCCTGTTATTTCCTT 54.1 CTTTACTTTCTGGGTTTGCTC ANFSEHZ] DNA
4.25 62.3 AGACCCTTACTCACAGAGCCTTATTTT 62.1 GGTGCTATTCACAGCCTTGCC ANFHELF Y DNA
6.77 55.9 TGCCCAAAGACTTGTGATGT 55.7 TCCCCCAATTAGGATACCTC NEFEFZ DNA
9.00 67.3 CCGAAAGCCAGAACTCCCCGTA 67.5 TGGAAATCATTCAACACCCGCACTA A DNA
12.00 68.1 AAACCATCGGGAGAGCAGGCG 68.0 TCGTCAAAGGGATAATCGGCGTG ADNA
14.40 57.0 TGGTTTATTGGAGTAGATGC 575 GAGAGTTGTITCCGTTGTGGG /. DNA
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pLE I K, 55°CA£5F 10 min. 7851 600 pL&(f), #
THZ%,10 000 rt/min B> 2 min, B0 FIFFRER
F3Ih—1>1 500 pL KR ELAEH, A 500 pl T
R, B 343 2min, 10 000 r/min &0 2min. =% F

W, ASHN 1.2 mol/L NaCl, 827, ¥ 3 wLRNA
fifg, 37 CARIE 10min. %S00 300 WL FVATERS 720 &
F-20°C/#Hf: 10 min. 10 000 r/min B.L> S5min. X F
T, L 70%IRE R, B O ETES PR R IR
AR 52, A 100 pLTE W, (s . 4
ANPGRS AR DNA
He P2 280ng/ plL .
1.3.4 PCR R #AGEHAR £

HE—H 93°CTHI 2 min; 26— H4530—45
MEIR, FAEFROFE: 93°CAEE10 s, # M85 [ WA
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T, 55 GORBUBURE R R S REEE U K A B DNA [ 38 9 4E S5k -3

SR AN BG P BE BANT] SEA TR k45 ~ 63°C,
1 ~3 min; 72°CHEMH3 ~ 8 min, FHEHA—IK, LEMPHTH]
W20 s; =2 72°CHEMT ~ 10 min. 25 pL A A
ZPREAHHSE . ANTP, 350 wmol/L; 5147, 300
nmol/L; Mg2+, 1.75 mmol/L; }\%’@%1‘%1‘&, 10 ng/ . L;
NDNA, 2 ng/ puL; Taq, 2.5 u; Pfu, 1.25 u. T PCRY”
TSI ER A T3 B4R, TE LR ERAS B2 USSR Hi
PET P — R A HL UK A R .
1.3.5 PCR RAY ¥kt

BRES—IRY HEAh, S SRRy B 45 XA |
—RER—E N EYGR I 1l AR T IR
ISIAR.
1.3.6 PCR =i

XTHHE S ) DNA R - T AE BB HL vk, A
EY R, SRR R T . SEE (S
FNRILZEE) + 0.7%; BBCHLUE: 2V/em.

2 HER5ITiE

21 BRKFBNREYE

WIS TR R B DNA RS E Y3
SEG. HE—IRELES A MR IR SEE B AR,
5 RS B W I ISR C AR, S
VPR T AAZEIE AR Y 3.73 kb, 4.25 kb. 6.77 kb
FILL A DNA VE R0z 9 kb 12 kb, 14.4 kb K F Bt
YRR
211 KJEH 3.73kb H MR B Y g

FESEI TP B A AR i, KR 3.73
kb fERY 3 BAR, OKEBRUER 0~ 0.5 pg /pL. R
TR WHEE I L VR 4 G 25 5, &l 1 PR,

M: Lambda DNA/HindlIl Marker(BBI).A:&5— 41 44K AR e
(ng/ul) AL:0.0, A203, A3:0.5; B IRy 144K M E
(pg/ul ) BL:0.0, B2:0.3, B3:0.5; C:A5=yk# 1. g fchiii i
(pg/ul )C1:0.0, C2:0.3, C3:0.5.87kI5/R HERY a4 FrE L &
Bl 1 gKkRERINT 3.73 kb BIRA B RS A
Fig.1 Effect of nanosilver particles on 3.73 kb repeated
amplification from genome DNA
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TARFE R Y Ak, BRI e &k (C1 IKIE

FEAL 2 B IGEE R 525 IR 2R RA(C2 TKIE). AR

Y AEARE S 4 EL RS AT G (C3 TKIA).

212 KJEH 425kb H IR AT
FESEHG BRI — B N 4.25 kb AZSEERME A

PHE AR, IR R 0~ 1.0pg /pL . SR

REAHEE A R TR A B 1 2 B, i &l 2 .

)-
3

M: Lambda DNA/HindIIl Marker(BBI). A: 45— 14 4 4R ik
(ng/uL) A1:0.0, A2:0.4; A3:0.6; A4:0.8; A5:1.0; B:55 k4 14 4K
¥ (pg/ul ) B1:0.0, B2:0.4; B3:0.6; B4:0.8; B5:1.0; C:55 =Wk~
B8 AR (ug/ul ) C1:0.0, C2:0.4; C3:0.6; C4:0.8; C5:1.0.

2 GRERERMIXT 4.25 kb BiRA B R E¥ EHHIN
Fig.2 Effect of nanosilver particles on 4.25 kb repeated
amplification from genome DNA

AT DL . 2RE i FP A A KRR s 5, ead =
FYHG, VAT S IO B IURL R i 1 BR T AR R
sar=phh, BERrE YT LIER(CL JKIE). FEA 2 I%y
SEPERARA ARA(C2 VKIH). FRD 3 AR L
BIFSA G IN(C3 YkiE). HFFES 4 15 FESE— IRy

(A) BFRYF= AR, FrAFEZ L 26—k (B) FIE
=W (C) PHgJE, WA RS W A R T R S
BZE . X UK PR R K B R 8 () R 5
PR FLBAT R AR GRER A AT — 2 2K

213 ¥KEH 677 kb HEWMR A ¥

TS Hh R B DAL it B R 6.77
kb 1E R 18 B bR, AOKREEE ] 0~ 0.3 g/ pL. SR
TR WEEE IS H KA I 4 S 25 51, &l 3 PR

M ClL CiClcC

A

M: Lambda DNA/HindIIl Marker(BBI).A: 45— K3 1 KR
(ng/ul ) A1:0.0, A2:0.1, A3:0.2, A40.3; B4 ik 1o 4k aik
(pg/uL ) B1:0.0, B2:0.1, B3:0.2, B4:0.3; C:&5 =Ky 14 4Kk
(pg/ul ) CL:.0.0, C2:0.1, C3:0.2, C4:0.3.

B3 gkERTHXS 6.77 kb BiRFBRRE A0

Fig.3 Effect of nanosilver particles on 6.77 kb
repeatedamplification from genome DNA



SRR . MRS S IMAORER R S | a0t —
Y, BB IMAARBR 2 AR 1 22l
AR BARF= 4077 A2 (CLIKIA). AR 2.3, 4 9P 25 1
KL, AR 5 3G 77 A4 (C2, C3. C4 UKIE).

214 KJEH okb KM R AT ¥

Segmrh e L ADNA VR, KB R 9 kb
AR B, ARAERMRE R 0 ~ 1.2 pg/ wL. BIEMEERT H
AN 4 feoR.

M: Lambda DNA/HindIll Marker(BBI).A:55— 4 3 Ay ARk i
(pg/ul ) A1:0.0, A2: 0.4,A3: 0.8, A4:1.2;B:55 kY 1 4k Ik
(ug/ul ) B1:0.0, B2: 0.4; B3: 0.8, B4:1.2; C:4 =Ry 4 W AAR MR T
(pg/uL ) CL0.0,C2: 0.4, C3:0.8,C412.

B4 RBERAT 9 kb B BREY 2
Fig.4 Effect of nanosilver particles on 9 kb repeated
amplification from lambda DNA

ERLEOR AN B E, Bea gl
DKRERRLY 1 528 FIRE S BR T HERR A Ah, WA SR
FULAT HERr=9nr=A(B1 Jkif). 2 SHEM AT LIS E]
K HERE 0 5 4 (B2 VKIH) 4 SHE R4
FEANEA B =i, 3 SEEMB3)RAMA IR
G BRI T IR, SRR R S 1.2 SN
PR, RO HMELEAR B BRIZ 9
kb Bt 241G MR
2.15 KEH 12kb H MR A g

SEgHBE LA ADNA /AR, &7 35K R 12kb
() A BEAKRER IR J 0 ~ 1.2 pug/ wL. BIEBHEERE F Tk
K s feR.

' W il
A B

M: Lambda DNA/HindIIl Marker(BBI).A: 25—k 8 44 AR e &
(npg/ul ) A1:0.0,A2: 0.4,A3: 0.8, 4:1.2;B:5 kY 14 4 KRIk
(ug/ul ) B1:0.0, B2: 0.4; B3: 0.8, B4:1.2;C:45 IRy 19 A KA Mk
(pg/uL ) C1:.0.0,C2: 0.4, C3:0.8,C4:1.2.

B 5 SikRERI 12 kb BiRFBRET RN
Fig.5 Effect of nanosilver particles on 12 kb repeated
amplification from lambda DNA

FRHBIE G HE22E FoMl

gER R TEL S AR I, WA Ul
DKRERIORLIY 1 528 FIRE S BR T HERR A b, WA SR
FEAT BAR )77 A2 (B1 UKiE). 2.3 ‘S FES AT LARH
WELE) H i), (B AT HE R P4 (B2, B3 IKiH). 4
SFEMBYIEFERY L 1| SR AMMEEE.
TNGKRAR BRI 2. 3. 4 SFESY L B T2 1
Feih. 2B =5 ME LB AR B, BRix 12
kb Bt 2 HE MR
216 KEH 144kb KRR AT 38

Sgm R L ADNA fEfsiti, 938K 3l 14.4
kb (R BE, AKARREE R 0 ~ 1.2 wg / wL. BIEHREEIE
HLYK AN 6 FIrR.

M: Lambda DNA/HindIIl Marker(BBI).A 45— U4 14 4 KA vk i
(pg/uL ) A1:0.0, A2: 0.4, A3: 0.8, A41.2;B:55 KT 1 AR I
(ng/uL ) B1:0.0, B2: 0.4; B3: 0.8, B4:1.2; C:55 = Ik Y KA
(ug/uL ) C1:0.0, C2: 0.4, C3: 0.8, C4:1.2.

6 HKERFRIXT 14.4kb B BER E¥ EHIRND
Fig.6 Effect of nanosilver particles on 14.4kb repeated
amplification from lambda DNA
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Ah, WA R HAR=9(B1.B3. B4 ki), 2 S+
R EAT PR, (E2 AT LABH B OEE 3 H i1,
i HAR AR AN K (B2 3KGE). =Ry e g
FEARNHEMN, BRIZ 15kb Fr B BT 18 B weE .
2.2 it

S ZE LRI, 7E PCR R R Fh S I KR, 16
Y HESE T IEAS R FAREF PCR S A4
Sk, EARXT 10kb DL R B A H A R, {H
JETE 3~6 Kb i Bl P9 I I A RAR AR A AT 24 0
f). JEI EAFIR PCR AR, AN PVE AR —
HEAI L S Y1, Bt AAF 58 45 AT
PR EY 1 PCR MRS MAT L X — ek &
PCR ¢S5t EE2 N FHMMAE. F, 5K A B
PCR =¥ 2eid B alifb — AN B B A R IRy
WAk, BB PCR =i 4l AR sl gE AT, A
BUTAL AN DNA, AINANAAR XHEAS 38 1 45
St A .
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T, 55 GORBUBURE R R S REEE U K A B DNA [ 38 9 4E S5k -5

HHURIARTE 1~ 100nm {9 [ PR K UKL N K 21
S U (LN o L P SN L NN LY SN
LS 06 ) 3 380 3 A LA B 1 O, g
SCHRARAE. K P& Lmg/mL 1 10 nm A9 K R
RIS, IR GBI AR AIL 2 FU ORISR 52%; Kk
4 10 mg/mL 14 35 nm K HUBURINT, IR ST
B 23 H SR AR 819 9. il FAk i (A HAr o
SIS TP BT ATEASIN T 940K 42 Ja UKL A PCR VI
HAEF P, PCR SN icAt 2 Bt i 3 FUARILEE ,
AEAR FARIREE AP B ), T EA R H bR IRLEE {5 B s
), At SR AR R 5 4 5 i — S B 2 N A
PCR J A Z FR IR R R0k, , AERT e H
Pl FE 5= B ] T EL 3% T AR S B A R i 2t
JEV- T T AR A ). PPt [l i, AR ARG X
SERAFAE (R IR AL QL st R, AR S 47404 S 1 AT Rt stk
59, 7350 BR T LR AT RER AL S EGEDLTI SN, 2K 4
JEBURL 5 A [FIRZS DNA 73T R FEE S & rTRE tLxs
YR SRR AT TR,

KGR RPURLA N E] PCR S N AR GEX Ak
DNA B 938 2 R VA A IR B s AR
. XIEFTILAE TR BL, H )22 PCR I
PEAh i T . TSRS E Ml ke e SR
AR Z U Cii AR R =R ) B — A BA BRSE
PR O AT S PR, A TR R G E 5 R
KRG RIS PCR S 24 SR e i s 4
FFAE AL b TR L T TR R &L T
T R WA RARUIORE AT LA 98 S S 47 e e g L,
T BT RARIBSE.
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