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Surface plasmon resonance (SPR) biosensing has become a standard practice in the investigation of
biomolecular interaction analysis (BIA), because it is highly sensitive to the resonance condition on
the sensing surface caused by environmental changes and do not require any extrinsic labeling.
However, the detection limit of the conventional SPR biosensors is insufficient for the monitoring of
low concentrations of small biomolecular analytes. In addition, the conventional SPR biosensor only
can provide kinetic analysis information in the BIA. A more powerful biorecognition system is
required not only to provide the kinetic analysis, but also to have the capability of monitoring
biomolecular conformational and structural changes or trends. Therefore, in this study,
nanoplasmonic technology was used to overcome three above challenges. First, patternized gold
nanoparticle-enhanced plasmonic effects are utilized to manipulate particle plasmons or localized
surface plasmons and enhance the biosensor sensitivity. The sensitivity of plasmonic biosensors was
enhanced about 10-fold by controlling the size and volume fraction of the embedded Au nanoclusters
in dielectric films. Furthermore, a coupled waveguide-surface plasmon resonance biosensor not only
retains the same sensing sensitivity as that of a conventional SPR device, but also has the capability
of monitoring biomolecular conformational change. Finally, with helps of attenuated total reflection
surface-enhanced Raman scattering to detect the structural change of biomolecules, an advanced
biomolecular recognition system with the three plasmonic techniques can provide more information
in a variety of BIA. Therefore, the nanoplasmonic sensing will be a novel biosensing platform for
biomolecular function analysis in fast diagnostics, drug discovery, and proteomics.
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SPs) YFRHI B AE 4R (surface plasmon resonance,
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Both - NEEAEEEY ST EMNEEEY)
SFAAVERLU R K E AT SRR > i ETE
TR RO BASER Y - SPRRGHIZSFI FH 28 4
e/ EEEE S B AR B HE T FREER
Z SPs REEHITE e B _F 2 BRI B 38 K &
Vg E > #HHIER SPR FI R E 12
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H#FBENAIFE SR ERE - HEIERRATERE 1
pg/mm’ FYAEY) 53 T-RIAIE K -
FEERAREGER - ZRERRER 2B
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plasmons * PPs) B & i 5% [A] B8 42 78 I (5 A 1
(localized surface plasmon-polaritons) > F5&EF KK
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(extraordinary optical transmission)"” ~ K H 4
(subwavelength imaging)"” FIEHE 75482 (plasmonic
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M > FIARH Fresnel 2 BEEEILAEHE T HY
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S REREE S TRV 57 T IE R (conformation) 28
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ATR AR EE LY s RSB SPs
BBFRKI T2 PPs » JORHADT RIS »
H g S R B BB R~ B T Hysa b Hgss
Dl gs 2= B — A=Y 95 7 g rs i or#ng i
BEY

Kl > #5 & @t SPR & SERS 447 HIFL flir
1% A BN B Ot It B — A=Y 0 g A BRI
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Da > AR REYWRIHRE > HIEH S TRZED
TF-HE/IMA 200 Da #9593 F o KL - 3E @ SRR 58
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HAEFREES] -
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TTHNHIS FERT - Sk 20 mM B FRESIE AW (300
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HHY - DI AP Rl 28 B A] 15 2 Ry H iR /4
FEHENRETARS B4 3 x 107 & » SUHE B
KBTS -

0.025

0.021

0.015¢

0.01r

SPR angle shift (deg)

0.005
/‘/\J\//\/\\/—\/

! ! ! \ —
0 20 40 60 80
Time (min)
3.4k %4 SPR A M BB H R &Kk T iz T4
FAEMRRA E/AR PTK X2 L3 5 F
Tyrphostin 23 Z#p#H| R JEE - B4 @ Ak
F et BT AMBRRE 5 JE4  SPR °

FHEIFE —+/\EE NS 96.2 43



M- BERERMERFHIREYR
il

RSN Kretschmann #HREHY CWSPR AE47) 2 H]
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& CWSPR 4 &l 88 & R HE > & 5 Ui B9
16-mercaptohexadecanoic acid 2478 51T & E A RH]
wHEERE - PR —E R LA E— R
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FEHHEEHE T 358 (TG 4 TR RE U T DU RS
[LEERE) CWSPR 4=l E8 n] B @ RERT A 4= )
S LAIREST - E 5% 50 mM HY Tris-HCL



(150 mM NaCl) FEEELL/INA 50 pl/min B
ACAR Lt SAM VB #AVEGHIERZRE > 6EE R
JEE VB [ TE AE A 27.0 °C » B EE 344.65 nM
HY {TG 7 FHIRRENR IR A » S & LURSE Tris-HCI
TREOT I R R S A RSN (TG T o (HRGHIER
FHEE F—fF (TG B+ FlE TP
LR T REBRFEFA R (TG TP
{EHY 5 mM JE(LER 858 T8 A > [FIRERE G 27
BIEFRC s LB - R ERER - DUREY
Tris-HCl #RER T T 2R L ryS5RET - 8
tTG 73 Tt TEIE - @ 5 24H CWSPR 49
I 25BN DARTSI Fresnel HRER B IEMERE S
Jiik o BiRERYEME (TG 7 TR T SUsEEL
BRI 3T 5 3R & B ML IE T > IREAZE AT 330
S5 F U A1 o0 HL R g B P 34 o EL T B R 0K
/N FERRESSEET RN (TG 55 FiE(bE
BHSFPREEINATE - 2 1 BHEEEHI (TG B
ITTE T B R R 2 R o i e s

F -~ ATR KmEsE{LRSEE

I S BRSPS B e B R Z BT
FHRTER FESER T R LM T — 2R
TR RS R EE > AV TIREEREEE - HoTDIE
HEEE B o TR & - HHRAEY > ThE
SEMREE M - K HER TR =2E
5% > BBy SERS » AT FEIMEE. SERS Yt
FERREME Y TR SRR LIET - PTlA
ATR 32 fi SRR R B — B 25T - DU
BEY S TG B LS -

1. s L #EHI
SERS HEHMAE G H 5 8 2 Hia ] 52 =W

R 1UTG 5 7 A58 3% 8B AL AT 41 5 2
Y TY R

tTG n d (nm) An Ad (nm)
ERGHIZRSRME | 14212 | 430

BA Ca™ 14196 | 478 | -00016 | 048
PR 14208 | 433 00012 | -045

1.45 ‘ ‘ ‘ ‘ ‘ ‘ ‘ 6
x - - |~
g [ 1E
c £
= 44 P
(0]

2 | g
(6]

£ | S
[0] -
o / 2=

1.35} /

0 éo 4b 60 Bb 160 150 1;10 16%
Time (min)
5.8 ER] (TG » TR R4S TH 5 » T
T &ACH (TG £ TRITAHF (E4) BB
(E#) ALK -

15 A R Eskasmi T B HER 2
M — KB TE - [V A » AEEED
G T - PlansmEk kB HiE - g
BRI - EHMEET » B T EFE N EE
WRARZIN - HEEAR - R~ R - &
TR R A SRR AR -

LI ATR /520#. > SERS FYMEEL Al DLk
B0y EAIBRES - FIFH AR b2 ZE A T LA R0
2 [REAEIE T E B E TR R =S5 5T
DUELS Rt N R = B R ek - R DI ges
KB E 5 2 T P 2 B R B ER ALY GRS
TAER BB BERAL T > e B B B4
FIZRES T HA S HETE AR ; SR
22 BRI IEFER - HEEgssRm e Lh & 5
HUHRE TR A R Ry

P (ws)=N"-0,, -T(w,) - T(ws)- 1(®,) (16)

Heh o N B ER R TR L2 S T8
H > o BHHIS T SERS B > T(w) ~ T(ws)
53 R A B B B 58 LR T 0 w0, s AR
o o BEETIEER 0 HEIRBENERE - GBIk
IEFH - SBRLR R S T HS BRI IS
B ) Fs ABS R -
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HRE o TH B EER (HLPE R << 1) Bl
d > HIEZEY E R \FIEY E, NERK L5
MRS - HGm bR T TR R

2

T(w)= a7

|E(a))| |81—82( R )3
|E0(w)| |sl+2g2 R+d

() ZEHER 260 H (o) ZEHLH)/N
B> T(w) B AE HWFZEREEBR S PPs ¥
2% EZRHEIIREELR o = 0 RIERERER 4 =
2mclo & S FEE AT (Stokes scattering) #5451
A2 FRok e B IR E % < Eia b mssT - K
[HE SRR S i o o A B R A L T (LR

Gem(ws)_T(wo) T(ws)
_lao-e [|e@)- szl( R )”(1&

|£1(a)0)+2£2| |£l(w3)+2£2| R+d

& SERS st Bl - (LERMEEE ST
B4 B F AR /NS 10 nm BB 884 > WifF
SERS il e 4 FH B ST R - Q% LA T8
KRB FHEMEIENGE - AU S s 20 T i haiEl
WYIERENE - ERNERCENEZ BT » IRAMT
R L E A BRI R ES BRI T2
R > 9 FRSET R R N MR Al B o
{LRFFK - ATLLER 5 T2 A S BETOR K
[t > BUE active-Raman Febf DUE T iy K2 ERgRAL

TR A LS Ry i (£ - BT LAY h o R~
By MRS R — BB TE > W BRI
5Bl R . B R - DU R K2 B
LR o BN » FRIE T BRI e B il
& et E EER » MiEz T2
i B B SFRR RRE L AR T
ZIRBIE HERD - BEMEEEIM R
ST FFRE N2 - AU E— gAY 55 FEE
JR [ REFR A Eo RS AL, > WA & ATR BERER
Kb T2 RS S B SPs K B A KA T-HY PPs
DR H AT #i 2 B - (M EHEREr S
T2 R ZIBORBIERS - PTG IR &
R HGna -

2. ATR BEfTUS R

[ 6 Ry ATR BiF 2SS ERER - F AR
LA RERS A ERAGEE (charge coupled
device, CCD) fEFE#E ~ EE5%(#E (monochromator)
M S B SR S REEE BT (diode-pumped solid state
laser, DPSS) K &&= OUEE Fr (holographic notch
filter) © ATR #{% AH7 A2 rb o FH] — M 28 B R I50
EIREEE ST AR 532 nm B > WASE R ERIR
Fro AR RIRRSET AR > HRHESHR
EEBE > HEASAEAH ARG EE
ATR B - BRI SIOE - FRE SR
GO R B FIEET SRR - BER S50
RO % SR ORI - RORER RO

/ ceo

Mirror &

Flow cell

Focusing Lens Monochromator

Holographic Notch Filte

& 6.
ATR 8 — 3z 2 k3
BT A% TEE
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Objective

50x, NA=0.5

100x, NA=1.0
74

O-ring
Sample and film




7.5k E TR AR EX SEM %12 0 5
72 1100 £ 10 nm °

3. DNA ZRiEE A

e EIRIRAYALFT (SF11/Ag) IRV ERE
E R M LEPIHETR (10 mM - HS(CH,),NH,)
B 12 /NEE 0 DL 99% WERETETE - BARIREZ - B
Frista AR R R T 1 /NR; - HUHE » DAEHE
TKIEVE - BRAWKEZ - B 7 Rl HEE RS LAY
Rk f U T B (scanning electron
microscope, SEM) 52{% > K& K/[NEy 100 + 10 nm ©
HEERE A ENE R AR ERE L& YHNATR
(10 mM ° HS(CH,),;COOH) H - iZifl 24 /NEfFf&
FEFREE TR ~ RAEIREZ A R EEIR 2 mM EDC
Bd 5 mM NHS Z¥AHEH » R fy 24 /NKf » DI
TIKIEE - RAKE AR REREENE
BB REMHELE S TRERF - RE 0.1
LM o B 24 /NEF > BUHHE FSE R SRS o B
AN E R e AR S L K EY T BIEAE
KA EEEHEAELSNE - TR EEY T
THIEMZ AR ERTT - Kt > A ATR #3
Rt AT e s R - HAR RS n] A 0 bR E AU
ot ABHEPTFRE S IFEE R o I HRAY) Tt
BREEHIRE - ] SO 6 e Y B AN
2> NEllREERE FBESARRNZEY ST
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8.ATR # 45 SERS *X3E ° (a) 10 mer dAMP
with NH,-modified % SERS 3t > A4t/ &
40° > A EER 100 s 0 AFBLELE D 734 cm o
(b) 60 mer DNA_III = SERS £t » A4t4 B
40° 0 # o BEE 100 s 0 A A A 734 cm’
(adenine) ~ 791 cm ' (cytosine) X M E4R o

REHIEEN - B ATR 038 > ZESCIRPRHE RN
S(EY > HHFEE 8 FRER  BREEL
s -

- +=A
VAN ?ﬁnam!

AWFEHI ] ATR 50K B SPs Eil PPs HYT
RN AR R oS B N A m A N a B
PRSI T-RUE - 3 B BRI R B TR
fir &R Y 53 FRET B L M A B R 2 R
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& > Wif5E ATR-SERS DUV 5 THEHEE
o BRI BRI - (RF IR Loyt
BT REAGER - W E LB TR R
W EH HEENRRIEE B & 5T (<200 Da) 38
HYERBIIB2ZRES] - 5548 > CWSPR V) RGHIZS
A R (R o R B SR T R TR R m] (e 3 4R
EV TR AVERRERE ST REEE R (#P
(k) FIREST - M RCEHIER I P35 3% (TG By
T-IE s S ST R O A BRI - &
% FI R EESR RN T-HEV I SRIR B RN oy
AER LA ATR /08 - st E—aTgs
L5505 - PRHLIEE PR R A2 A T
FEEEN - R > e B BB SE T- AR V)R Bl
TR A SPR BUHIF T N E - fRtAEY
TRIEZ TIRES TG -

FH BB AR R HA R R L4 G
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