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1. What is biosensors?

PHIOI M= = 4=2@nalyte)2] A== R d==4H K 2 (biological
X0
S

1 c =
component )7t =2|2tstM 0l A=7|t ZAotzl 2A%X|(analytical device )O|L}.

» Principle of Biosensor

Hair

————————————————————————————————————————————————————————————————————————————————————————————————————————
- ~
-
e Ss

p ~ 100'"" \_) Red Blood Cells

[}

-

10pm ;7
- Most Bacteria ‘

1pm§J

100nm . :
t 1y Virus

ey ‘
) i v.""“-\';‘
10nm % ]; Proteins

DNA

=

Output signal

Impurity

electronic or
optical signal

inm .
=> Small molecules

i o ————— - ——— -

"""" Analyts ™" ‘Bio-layer

Y (target molecular) "
N Bioreceptors A 0qnm=—> Atoms

sssss
.........................................................................................................

\\~
M

A device that uses biological detection elements( Antibody, DNA, Aptamer, Enzyme) to detect the presence
and abundance of various biological analytes (DNA, Antigen, Bacteria)



2. Detection of Biomolecul

ar Binding

SSEHE §A SAESIH @ME|2 028 ot M =E L=OtU0[ME HLZ=2(0 Bioting 11785t 2|0
+=87|(receptor) £ Streptavidin(STA)E 1Mot 2, AZE=Z(analyte)2 H}O|QEIO| EitE Ay O]
[biotinylated bovine serum albumin (Bio-BSA)] o| Z3gt= B LIHESHY| et A7 E FIAMSIQCE 12 12
Lt O}Ql0|2HE X 2|0f Bio-BSA HIO|Q 22X =%xtutd @AIZQF 12125 Bio-BSA HIO|QEE =%kt &
STA-gold Lt QXIE Bio-BSA HIO| =20 s E T ot SAHEZIO|C} Bio-BSAsE0| [E
[SPR A E2} #sIimo| TR0 0|5 HES FBBIL0] HRo| 2 M A0 S 884 QUCt
C 3) Immoblizat 047 (a) —— BSA-blocking
(2)Funclonalizgion (%) mmabizaton g —— STA mmobil
(1) Bare Gold NI of sheolavidin S 03 BiotinHPDP
with blofin P * STA-Gold NP ,g . Bare gold NI
.; VAVAVAVAVAVATAYR mu_’mmﬂ ;‘!’”t‘*":'x{‘& 2 0.1
abshcle | - \ *!‘ o BSA . . . .
400 600 800 1000
l M) T~
BSA 1 1.E-unl‘.r1 / e .
*&f ﬁ”?é }yﬁ: u‘? : 8 0‘3-. —?;;nﬂ / \
= ] 79nM /
* )/ .J‘L\‘. : ugh L’Am V’J& \””1‘4 \ \w!h ‘ SIA % - 1 —;%nI'IMM - 570 590 \
| - - | 291 gsm ~ )
| ITI Blo"n.HPDP 00 —S'II'NBSAbIIocking | | |
(6) Binding of (5) Binding of Blo-BSA ~ (4) BSA blocking 400 600 800 1000
STANP COh]UgO?QS Wavelength (nm)

Fig. 1. Schematic illustration representing the
modification procedure of gold nano-islands (NI)
surfaces and the bindings of biomolecules.

Fig.2. Changes in the absorption spectra of (a) the gold NI film due to
the modifications steps which proceed from bare to BSA-blocking
and (b) the gold NI films after the incubation of various
concentrations of Bio-BSA following BSA-blocking. The peak region

of LSPR band was enlarged in the inset plot. Sensors, 9, 2334-2344 (2009)



3. Detection of Low Molecular Weight

LHUEARE FHE Lhe U] SE DT 870 K2 R (molecular weigh) o 2482l 2
ol A=gt = Q=73 L} Cytochrome P450s 2 AH|E20|E 3 2 29| HO| 2 2FM(biosynthesis )|
220t =20[1 4K 0| =Z (xenobiotics ) 2| CHA}O] EHEM AL A2t ef 2hRI0f 2HO{St= A A TEHEE S O

CYP101(cytochrome P450cam protein)0f| 2t |(camphor)[(C10H160, molecular weight (Mr) ) 152.24 gamol-1)]2|
Aoty 2ttt A0| R QICH LSPRe| & HEHIEO 2 F=LIL-HHO| SAHEl (CYP101(Fe3+)) CHEH Al =2 7|
(receptor)0f| 22 & Xt[a small molecule (camphor)]2| &4 = & (analyte)2| ZTt2 LSPRAHE 20| HolE M 7|
A SR, ALt A & AES A5O3

[A] 2 B] o
417 /“\ (A) UV-vis absorption spectra of
‘ oM CHZ{CH,)gCH,SH CYP101(Fe3+) (green solid line) with

11-MUA a Soret band at 417 nm (low spin)
and camphor-bound CYP101-(Fe3+)
(pink dashed line) with a Soret band
CYP101 at 391 nm (high spin); (B) schematic
notations of 11-MUA, CYP101, and
camphor; (C) schematic

- i ey o: % Camphor representation of CYP101 protein
e SE e el " immobilized Ag nanobiosensor,

300 ﬁgvefg‘,’,g,ﬂ‘,’,m)’“ 800 followed by binding of camphor. The
Ag nanoparticles are fabricated
using NL| (nanosphere lithography)

on a glass substrate.

Absorbance
o
@
|

e
I'S
]

J. Am. Chem. Soc. 128, 11004-11005(2006)



4. Conformation- and Ion-Sensitive LSPR Biosensor

LSPRAIA 7 EHe# I of BijX}(conformational)2| EIBt0f CHsH HHS S HZBIRUCE 0|2 DIZESH HEO| Q4 of
it PR B HAEsio) Cfeh MSS ZHABY EMEOl 23 E 2 (calmoduline] EH
SUTZON DHO| oIt BEUSIE LPRUNS BHBKCH wBol sE0) Wt LSPRO| ko
R, S Rd] fRZ2 FO0r=Z0| et oiYo| 2ol X2 FHO|S(reversal)
ISPRMME Z2E2 1t S0|X CHE 2|7tCo| HEDh OFRZEX| 2, 23uMo)
+ ct
/\ Phosphonate @ Cutinase
CutCaM conformational changes. (A) Schematic
representation of the reversible conformational changes
cutiah CutcaMGu calmodulin undergoes in response to changing calcium
concentration. In the presence of calcium (green circles)
Bf ,O02mMcacCl, []2mMEGTA | Cf . calmodulin adopts a rigid, extended structure. (B) LSPR
CutCaMCut {Kopen 0- Amax changes plotted over time as calmodulin undergoes
2 f - 673'6—_ conformational changes. LSPR response to CutCaM is
= & 673.4- plotted in red; LSPR response to the larger CutCaMCut
E: 1—7’4 e E: 673.24 construct described in ref 21 is plotted in black as a
&E | : - comparison. (C) First-order kinetic fit to the CutCaM-
<l ol Q \,_ e 1 induced Amax changes occurring between 40 and 50 min
i CutCaM 67281 | from the plot in (B). Rate constants for the opening and
A EEE 67261 — 'kcl.ose' 0|13SI ' closing transitions were found to be 0.059 and 0.13 s-1,
0 10 20 30 40 50 38 40 42 44 46 48 50| respectively.
Time (min) Time (min)

Irreversible binding of the calmodulin construct (hereafter CutCaM)

cutinase-labeled calmodulin (CutCaMCut) Nano Lett. 11,1098-1105(2011)



5. LSPR biosensor of a Biomarker for Alzheimer’s Disease

Xl

®)
|O

o|
A L—

| T B

AgLte o147 S2] Et5d0 HES = LSPR LM & Z X5t a4
* BLHE
j

Of 2 Z 0| =ADDL (a-derived diffusible ligands)2} anti-ADDL&A|2F2]| 2
Anti-ADDL2tM| o] == H 30| 2} ADDLs 1} anti-ADDLs 9| A3 EH&0
o5t FEEL, 0|0 Cigt A+t= 2= YXSIO|HEHZ FHE9|

-

o
A d
g

1

= A
& ULE.
5t Z4SHARSTE LSPR B 0|0f

L oT
N=zot=H ==50| &
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™
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ZO|LCt.

Design of the LSPR biosensor for anti-ADDL detection. (A)
Surface chemistry of the Ag nanoparticle sensor. Surface-
confined Ag nanoparticles are synthesized using NSL. The
nanoparticles are incubated in a 3:1 1-OT/11-MUA solution to
form a SAM. Next, the samples are incubated in 100 mM
EDC/100 nM ADDL solution. Finally, incubating the ADDL-coated
nanoparticles to varying concentrations of antibody completes
an anti-ADDL immunoassay. (B) LSPR spectra for each step of
the preparation of the Ag nanobiosensor at a low concentration
of anti-ADDL antibody. Ag nanoparticles after modification with
(B-1) 1 mM 3:1 1-OT/11-MUA, imax ) 663.9 nm, (B-2) 100 nM
ADDL, imax ) 686.0 nm, and (B-3) 50 nM anti-ADDL, imax )
696.2 nm. All spectra were collected in a N2 environment. (C)
LSPR spectra for each step of the preparation of the Ag
nanobiosensor at a high concentration of anti-ADDL. Ag
nanoparticles after modification with (C-1) 1 mM 3:1 1-OT/11-
MUA, imax ) 690.1 nm, (C-2) 100 nM ADDL, imax ) 708.1 nm,
and (C-3) 400 nM anti-ADDL, imax ) 726.8 nm. All spectra were

500 600 700 800 900 500 600 00 80 o] collected in aN2 environment.
Wavelength {(nm) :

& = 1-Octanethiol

‘ = 11-Mercaptoundecanoic acid

Nano. Lett. 4, 1029-1034 (2004)
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