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Protein Biosensors Based on Scanning Potential Hairpin Denaturation
and Fluorescence Resonance Energy Transfer
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Abstract The ability of detecting multiple analytes simultaneously is an important advantage of protein sensors. But
the denaturation of proteins on surfaces is still a challenge. In this paper, a protein biosensor providing high selectivity is
introduced. This approach is based on DNA-Directed Immobilization (DDI) method, in which protein-DNA conjugates
are immobilized on surface through DNA hybridization. Nonspecific binding is reduced by applying fluorescence
resonance energy transfer (FRET) and scanning potential hairpin denaturation (SPHD) technologies. Excellent
discrimination on different recognition patterns is obtained.
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1.1 FREFLE

o Rk 2 R RN 1x10° mol - L HEEDNA
(ssDNA, Sangon, China) i SC# LA/ [ 5 76 A HLR 2
A S AR (L1 DR, SRS 1E 50 TR A/ PBST
(PBS(phosphate-buffered saline)5 0.5% Tween-20 V/V
RAEBOVER. BRI, WE i rRE (L1 T S5 #
JE Pl H 26 1k, SRS T N T — B B2 P 6 (methyl
undecylenate, MU), £ RSP T AR (125 W,
250~500 nm) ffF 1 h, JE ili—COOCH; % 1k BU%
A BB, TR BLZC 1 E Y 2 T3 2 43 ) B IR AE AT
) DMSO ¥R 1 mol - L™ HC1 % H 1 min Al
5 min FRACHURFEZ L3RI, 55 1x10° mol - L™ Y HRL
B DNA 7E 1 mmol - L™ NHS(N-hydroxy succinimide,
Acros, >98%)H1 10 mmol-L" EDAC(1-(3-dimethylami-
nopropyl)-3-ethyl-carbodiimidehydrochloride, Acros,
>98%) WIAFTE T Il i Wa il S A0 [ e 7 ik
. EER K -RDNA FPAI AN :5'-CCCCCGTTTCA-
GCCTGACTTCTTATTGGGGG-3'.
1.2 DNA-ZEHRESYEERREHNEE

ARSI PR 705 (Sigma), i1 7EPBS
%W (HyClone, pH 7.4) s 1k o % % 5 -1k o %
DNA i#$%. B 510 mol-L" DNA . 1x10 mol - L™
FARC AP 10 mmol -L EDAC L) J% 1 mmol -
L™ NHS A HAE 4 CHCER. 51 DNA Fl/h
Ay FAE 4 CF F #5045 (100 kKD, Millipore) £5 0>

15 (GS-15R BY B, Beckman)10 min 2555, 2.0
AR 10000 r-min. ASZEH 1) H AR F1A AR
4 Alexa Fluor546(AF) 4t /A& (Molecular Probes).
5x107 mol - L™ DNA- [ & A9 K 1x107
mol - L™ HARZE FA7E PBS ¥ H B 1RSI BT A3
WY EAYAENA 10 mmol - L™ Mg>f#) PBS ¥
Wi T DNA 442 [ 2w R57E 37 C, FIH
PBST ¥ IR Ve 3 IR, BIR 5 min. 5 & 1#EE W
DNA 78I A WP, —FE 58 2 VLB (PM), 53— Fh
JEFEICL A (MM), 2514351 R
5'-AATAAGAAGTCAGGCTGAAAC-3'(PM)
5'-GTTTCAGCCTGACTTCTTATT-3'(MM).

JE I DNA-ZE [ 5 55 0t e S AR bR id S
SR/ 1gG R 1gG, ARic AT AF B H bRk
EANFEPUR 1gG.
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1.6 x10° mol-L™ PicoGreen(PG, Molecular Probes) .5x
10 mol- L™ DNA-Z [ E &L} 1x107 mol - L™
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Fig.1 The scheme of the experimental procedure
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Fig.2 The fluorescence intensities in different
systems
1) perfectly matched DNA immobilized mouse IgG recognized
with Alexa Fluor546-labeled goat-anti-mouse IgG (PM-mouse-
GAM-AF); 2) PM-rabbit-GAM-AF; 3) MM-mouse-GAM-AF;
4) physically adsorbed conjugate of ssDNA-mouse IgG recog-
nized with Alexa Fluor546-labeled goat-anti-mouse 1gG; 5)
the same condition as 1) except that PG is absent in solution;
6) the same condition as 1) except that GAM does not have
the Alexa Fluor546 labeling.

0.8}

0.6

om (8:)

[n

0.4

02

0.0

0.2 I I L ) )
-1.5 -1.0 -0.5 0.0 0.5

Potential (V)

3 AEEFER SPHD Hizk

Fig.3 The SPHD curves of different systems
Iom 1s the normalized FRET intensity, and potential is the
voltage reading between the working electrode (silicon) and
the counter electrode (Pt wire). Curve 1, PM-mouse-GAM-
AF; curve 2, PM-rabbit-GAM-AF; curve 3, MM-mouse-
GAM-AF; curve 4, MM-rabbit-GAM-AF.
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(PM-mouse-GAM-AF), —0.16+0.09 V(PM-rabbit-GAM-
AF), 0.0120.10 V(MM-mouse-GAM-AF), 0.29V+ 0.10
V(MM-rabbit-GAM-AF), 5 15 (1) A= 4 43 Fa o 1k
A4 . PM-mouse-GAM-AF & & h DNA 524> VL i &
P RE SR TR, PRI S R e A 25 5 17T 7 T
AN HA FE SEVE A MM-rabbit-GAM-AF 1A & & & A~
FREM. — MBI IS &, PM-rabbit-GAM-AF {£
Z41FF PM-mouse-GAM-AF 1 MM-mouse-GAM-
AF Z 0], iR AVERE A 2 2B XA IS, HALH
WAT TR — BT, 76 DNA SR FRv, ) P fife e v
AN J40) T2 BRI RS A T ELX R 3 RN UK, BRI H
PR XN A 7T o fin T A

3 & i

Pt T — TR R A v e R B B A S
(975 ¥, SPHD LA & FRET 4% A %% i ] 33X # DDI
TE 2R 1 AL B VR b, DAEEE 47 i [X 5342 DL
Hie DA R LR ). e e SR A R B b T AR
IC B E YRl 2 [ 1 FRET {55 0] LA R Sk 45
7~ DNA XU 18 1 5T -4 11 5 =2 (8] 3R ) 7 [m] e A7
7E ;1 SPHD $2 AR AT AHERR 48 0258 615 -5 5 B i 3
R A FZ IR, 30BN R SO 1 S T R 51 1 2
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