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Abstract; Objective

To study the feasibility of combination of “RecA protein-complementary single

strand DNA” probe and bis-PNA/dsDNA complexes as the biological signal amplification system for the im-
provement of the sensitivity of leaky surface acoustic wave bis-peptide nucleic acid biosensor. Methods Bis-
PNA probe for detecting human papilloma virus (HPV) was immobilized on the surface of gold membrane of the
detection channel. After the probe was hybridized with the corresponding target DNA completely, different con-
centrations of “RecA protein-complementary single strand DNA probe” were added to react with bis-PNA/dsD-
NA complexes. Results The phase shift value was (11.74 £1.03) deg at the concentration of 45 pg/ml of
RecA protein, significantly different as compared with other concentrations (P <0.01). At the optimal concen-

tration of RecA protein, the phase shift value was (10.71 £0.73) deg at the concentration of 2. 5 mmol/L of

ATP~S, significantly different as compared with other concentrations (P <0.01). Conclusion
of “RecA protein-complementary single strand DNA probe’

Combination

" and bis-PNA/dsDNA complexes contributes to ef-

fective improvement of the sensitivity and significantly shortened detection time.
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JEAGI 2 X T"ﬁl’j DNA B9 K 0 % 51 ] LA

m%@%&ﬁ’]ﬁ Mo S50 DNA SEHAR], AL 525
HIRATE A BT TE AR R R Y IKAX R ( peptide

nucleic acid, PNA)#R%4f, PNA & A T.& %) DNA £
Y, Horp XA BRA% R (bis-PNA ) B2 DL H5 2 287 1)



1014 =

O N

314

775 XUE DNA JE R 1 B s ) DU SR 254, m]
PRI DNA BB 5 O T E— 25 48 1o A S A A
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FIAF] LSAW-bisPNA A= ¥ £ B 4% 46 I &% 48, 1)
RecAZE 11 ] DL (i [F] 5 DNA 755 fii & g X 14 B
i e 1 S A AT ) B 97 2, DT 488 1 1 TR A G
FAGE ARSI 2R S8 S P TR e A R Gl A=
UB-FSp il 8
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1.1.1 XUHEE LSAW #4285 i AR 5 EGB TR
HEE A RS 26 BT 5% i JL R A, 1503 by Xof s R 4l 2 % )k
fro BNTE[R]—BRARFREE (LiTaO, ) ffy A 1 [a] B8 i K 2 e
BEAEIRAS , T8 —A TR 75 R A IS IR A M, LiTaO, &
Y J7 1 D) E) 36°Tiek X J7 a5 5k LSAW 3 iod i S AH {6 2%
AR R ST S #0791 19 24 38 RN o 4 RS LiTaO, 48 22 1]
BRIRH . XAEHRE A% ) L 25 B IR A0 7 K S i 3R T
il —J2 4 B, PR G2 B AR Z20 1L XA Al 1 DR o

11,2 ARSI R REE RS AHALIC R b
A BB R B R G0 2 D) e W 45 43 BT AL ( H 48 ADVAN-
TEST 2A5] R3767CG A1) RAE /3 2 40 404k ; GPIB AL g = R
(ZEH Agilent A F] ) & ik A A E M 440140 B ATHE & AR A7
AR ST HTEAY BSMS 1.0 HA SERFiC #4846 . A sh 2 il A 7 42
A EE LY & T S

1.1.3  FZ5H PBS 2% : ¥ 1 mmol/L EDTA,Na* ¥
BE4 20 mmol/L,pH 6.6 ( HATHECHI) ;B AEK (4% H i) ; Pira-
nha ¥ : 4% (30% H,0,): (¥ H,S80,) =1:3 [ 47 il ; bis-PNA
REFFS1 . 5'-SH-( CH, ) -( Lys) ;-TTTTCTTCCT -(egl)-TCCT-
TCTTTT-Lys (SH M#idk, Lys M 2 B8 , egl & linker 437 ), h
RN B IR A ) s 25 B A BR 23 B G 1l ; pBR322-HPVI8 [T
i A 26 E ATCC 22 8] 5 Bk il #2300 & B R %8 o, e [ml
WG & A Omega /A 7] ; EcoR 1 Bl Fl TaKaRa /3 %] ; RecA
HEH M B New England Biolabs 23 w5 I 4 [ 5'-0-( 3-THIOT-
RIPHOSPHATE) TETR, ATPyS] H Sigma 23 &,

1.2 $%F%

1.2.1 HPV X[ 4 DNA 12 pBR322-HPV18 i ki & A
HPV 3P4, et ki d#2 \EcoR 1 BE T | [n1i HPV 4= 3L [K]
N AL BRI E HPV SE[R 21 DNA, B A5 B4 5 G 45 A Ui BH
#H47,

1.2.2  LiTaO, f ¥ 42 IR 1H T 4k 1 T 4 IR T
Piranha ¥, 211 10 min J5 , #84/K & B &k, 8535 H 1 mol/L
NaOH 1 1 mol/L HCl{27f 10 min, a4l /K [z &3, Z kT
#H.

1.2.3  XGEIE LSAW fE A A TE=E I 20 CHY,
5 ) B L V0 T 7 9 T U0 A% S L [ Al L 3 2B T ) 45 - BT AL
TR ST, A5 P B TSR A A BRAE B AR TR /)N

1L.2.4 EFREE ARRERES P EUE 30 min J5 AT FIZ:
e 2 ASEIE A pH 6.6, Na ™ #2420 mmol/ L () PBS ¥
20 pl,F85E 30 min, KEMGEE IIA 5 wl ZKHKEH 2.0 wmol/L )
bisPNA 54t FAFELE 2wl HPV (RS 7048 g i)
THE A IR, 1 h J5 T S8 v, 25 B K UE 3 e, AR
W, 3z S RRoE A . 2 TR B E AT R E
1.2.5 RecA & 4 1 ssDNA [ i1 &b ¥ 20 wl ssDNA
(10 pmol/L) i1 60 pl 2 BT 7k, 80 C /KA 3 min,4 C ¥
2 min, K5 H4 wlin 7. 0l 28 Wik (50 mmol/L Tris-Acetate,
pH 7.5;250 mmol/L Z, /24, pH 7.0;10 mmol/L Z,%%E,5 mmol/L
DTT) 1 2.5 mmol/L ATPyS 3.5 pl, &R FFHES min, BiJ5 7
HARR P FIA 0.5 pl RecA & (WS4 15,30 45 .60,
75 pg/ml) ,37 CKH 15 min,
1.2.6 RecA I RMAWE N ELE KA IEE NS Ll E
IR L3R PBS Z2 v 20 pl, #25E 10 min J5,2 N1 1H 4%
AN 20 pl 2R 100 g/ L B HEFF 1) 0FN B 56 Ak B0 A A
[l B2 19 RecA 2 11 - L AMARE DNA SREF” JEAT A S RV o 78
PP %o BE S B8 e 2 A 3E DA pH 6.6 /9 PBS 28 i, WK
TP 1) K 5 R AR S A2 A AR, S A 3 MR- 2418
1.2.7  ATPyS [ f Ak 5 1Y B £ T E RecA N
45 g/ ml SRR AR SO Uk BE A, i ACHR BE 4330y 0.25 0.5 1.5,
2.5.3.5.4.5 mmol/L f) ATPyS F “RecA 7 [ -H #M 4% DNA
HE RBIA R o 2 AEE A pH 6. 6 1 PBS ZZ i 4 4 ]
PEXTHE WL S5 6 1) B 5 | fr) A S 728 1 fB DA 7 e £
SR, S A 3 RIBCEIM(E
1.3 “itsxam

K HI SPSS 13. 0 GEit o Mk Ak k4T BN 207 22 0B o

2 #R

2.1 RecA &Gy AR R E

LR 7 22 4 B iR, S [ e B RecA 8 1R AR A9
“RecA & - HAMPEE DNA 4T IR BLAR 2 5 5 | A9 44
AR AE b1 0 2 52 S 16 ) S ), LR SR LR 1, B
RecA & W 15 pe/ml BEINF] 75 pg/ml, 14 G 4 F {3245
RAE I T ST S 5 T B e, MU 45 ng/ml B 5 &
F4 S IS 25k SR B A 3 (P < 0..01) , HL A 728 Pk 5 S s ek il
LU Bt 376 378 5 T oAt Rec A ZE PV B 401, 1T 20% 58 - #687 Fsf [ e A4
EARA R AR (P >0.05), HILLE % &, L RecA
B IREE R 45 pg/ml IS5 25 SR A AR

£ 1 7T RecA BERIREMERMIBTRIZMMHIRM (% £5)

20 AARIZEA(0) PRIl (min)  ARGZEAL/ AT E] (°/min)

PNA 21 2.97 +0.19*  58.53 £11.33 0.05
PNA +RecA 2

15 pg/ml 3.52+0.27¢  56.97 £10.91 0.06

30 pg/ml 4.42 +0.25¢  51.83 £11.77 0.09

45 pg/ml 11.74 +1.03 49.27 £8.56 0.24

60 pg/ml 6.82+0.47*  63.07 £12.06 0.11

75 pg/ml 5.41 £0.392  52.07 £8.96 0.10

a:P <0.01, 5 PNA +RecA #1845 pg/ml tbiz
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2.2 ATPyS s fE RO iR & 69 3 2.

FE RecA B [ 5cfF S 0 ik B R, 3 5k B DXL 3R 25 43 BT il
B fE ATPyS e B, Bf5 ATPyS ¥ M 0. 25 mmol/L 34 fin %)
2.5 mmol/L, 24758 v 5 7 A A AV 25 4K (B2 7 4 v (P < 0..01)
e 2.5 mmol/L FHE 4.5 mmol/L [, 2% 58 [ 1 5| (1 A
PLABAAE IR AR (P < 0. 01) , i 2% 38 P i B 1] A A 1) A8 4k
(P>0.05), Z&45W1,LL2.5 mmol/L i) ATPyS g fEuk BF .
W2,

R2 TR ATPYS BHREIMERIRR T MMM (5 <)

ATPyS ¥ & (mmol/L) ARG () P i ] (min )
0.25 3.23 +£0.24° 43.87 £7.20
0.5 4.10 £0.20° 52.04 £6.56
1.5 5.31 +0.69° 54.76 £5.57
2.5 10.71 £0.73 50.33 +8.05
3.5 6.78 +0.51° 48.10 £7.49
4.5 5.84 +£0.33° 66.75 +5.54

a:P <0.01,5 ATPyS 2.5 mmol/L sb4x

2.3 MRACR AR G T2 R B m

AT Z&F Y bis-PNA 484 [F5E 5 , A 100 pe/L 52 47
HeAE NN ,58 min 5 2% A8 [N 3k B -4, A% 58 K i JE AR AN A
ASA K27 3.2° (& 1) o LA “RecA & [-H #b B 5% DNA” R4+
Jei  ARBEAE A K2 10. 1° T SR, 18] >4 50 min( &1 2) o 7F
[P RS IG vh , 238 R R JE AR AR A AR (B 3)
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GER B A R TR (e B B 1 U (1 A A
SRR R, P OGS TR B A B S, AT S B
FEA A )0 F- BRI . A M Sauerbrey 2 Hi {4
e 0 TS Py % A TR A ) R R R LA,
Wt XA AL AR O 5% 5 W B R, (R AR,
1 RS R T A o A 0 VB B AR B0, X 7 % L R
TR AL RS B AR R o — 2B . HUF A&
LG WAL, | e 2 52 S P4 T v 2 ) 15 i
ORI RE I v O (AL RS R BUE /N
L R H SR ) AT S A Y SRR Ry, AR R
REUT ., (B ST RAE T L R
ARSI 2 R, AT AE — BB S T AR
MAETRRE L AR T A 2R AL A T &, LSAW St
DA% R B LA 50 0 RO 2% i 5 | 7 M T S PR A
Sf 50T ARBESE BT MK LSAW 44 888 4 46l
ZA G £ AU R 4R TR R AG: I 3o i v 2 Ll T
A ROBARAE R S R 2 AR o T SRR A R
i, B TR A JE PRI 40 DNA 5 et s, o2 38 |
B B AE R AR AN . PRI A A L O
SR e RGN A B A A A I T 2 1 B bRz —
ESOR R G v WA SRS AR I R AR 0 S B
AR AELEY I 0 M S e b B R 3L

RecA T [1/2 RecA JEPR B4, h o 4 S0 2E 1Y
PUBAA, RecA 76 [1H 4 FIXAUE DNA JZ Bif% DNA [
ZEATR M TR JEUR AR 1) DNA $5475 16 5 1] 5 o 28]
i EEAE . RecA A 2 4> DNA 25407 45, 78
BARSAER , A B = A AT A7) 25 (1 /0 45 B, RecA H
BIBETE S 3 [ 9 DNA 43 T-H9HE £, 7 8l XU DNA
ST AEESR AR T L RS, A
SURALE DNA 231, ATPyS J& ATP 24014, RecA & 1
AL ssDNA FIE IR E H 28 S Wit e 2
ATPyS KARAER AERE . PRI, 7600 52 et RecA 1R
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O JEE LA I, VPR 2 A ATPyS MR H 2L,

Aszgrh, Al 12 18 Belotserkovskii 25 iy RIF 57 45
H BT TET A HPV 3L R 7911 2 5 H #hssDNA
FPHE LR T bis-PNA $REF 0 22305 , SR K RecA B H 52
Bt ssDNA #EATHUALBE, i 2 Bt ssDNA HRecATRHAZ 7,
JEBL " RecA B - HL 4R Pk DNA 45841, IF5XFAS [R) e
i) RecA ZE A FI ATPyS I A VAR R 5 51 AL A% 1Y
AR A AAR AN 2R A - s [ A T T G i, SEu 2
RN, 2 RecA H AWK 45 pg/ml, ATPyS V& By
2.5 mmol/L i, 5 HAh ke BE 20 A0 HE, 51 B AR AR AL (E
R (P<0.01),2(11.74 £1.03)°, i HAHN A2 L {H
5GP ) ) B AR A v T LA R BE AT, A bis-PNA
PREF 50751 DNA B2 UEAT 4258 ) N AH B, B IR AR 1Y
M SRRV 5 e LU ARG 2R A 2 4 o i v

AHFFE FFIF RecA 2 1A ERME 15 “ RecA -
HAMREE DNA 54" W HES R RSN H T
LSAW-bisPNA A= ¥ 15 J82% , AL EAT R E & Fr 5
PR SSRGS 5 T L5533 0 AR A S B AR L
AR FRAER . BeAb, T RS S Ok
A, ] LA e I — 25 1 DA S 56 v 4 i 24 28
o7 FSF [, 8 FR ARSI 250 36, Ay IS AR A AN 1) 3k PR R G 0 B
TE RS SERE

SE k-
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