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The Method of Measurement Signal Processing of Biosensor Based on Optical
Fiber Using Reflected Localized Surface Plasmon Resonance

Hyeon-Ho Jeong and Seung-Ki Lee*

Abstract

LSPR(Localized Surface Plasmon Resonance) sensor measures the refractive index change on the sensor surface. The detection of
biological reaction with the unknown refractive index needs to be converted into the signal sensitivity for the refractive index change for
comparison with other measurements. To find the signal sensitivity, the three steps of signal processing are proposed, which are signal
modeling, signal calibration and signal normalization of LSPR sensor. The detected signal of biotin-streptavidin interaction has been
converted into unit of [RU](Resonance Unit) using the proposed method. The converted signal directly can be compared with the other
sensors including commercialized one.
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Fig. 1. Schematic view of (a) optical fiber and (b) optical setup.
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Fig. 2. Concept of (a) bare sensor and (b) LSPR sensor.
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Fig. 3. (a) Calibrated signal and (b) normalized signal for various
refractive index.
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Fig. 4. (a) Calibrated signal and (b) normalized signal for
biomolecule detection.

F23H AT L(Choll gt AT WiFEE S olet Aofstn ®
23} X150 HEke AL,S ZHE WS An, 02 o] 18
4 k. ] W 71 FEED 39S AHSt] 7] vz

T =

=4 E Wl et AT wi= § 152]- Zrom A (@)} Zo] X3
&} 2= oJth RU k)] Hske: oJa) Al (6)S 4] (7)) Zro] Wals}
H 249 B LRl AL Sy 2 ARSH] Any & 1849
o}, ojuf F3A= 1062 BiacorertollA Algdk= AR 1073
[RIU] = 1000 [RUFE AH&-3te] RIU ©H9I= o7l 4139 gk

FE2 AIEI} Hlals] ffste] RU T2 Hghsirt,

Spr=Sy= [/RIU] ©)
Am=—g = X106 [RU] %)
AL RBA B2 24 A 353} X590 ¥}
Any: A 28 374 A 2HE W}
Sy A EE E3 Al FHE Hslo] st 23 AT O] Wsks,
Ks 174E)

3. LSPR 215 &3

2EE Wolo] izt AlS U SpE 7ol7] HeiAle Lyn,)
9} I )2 4o Basict Fig 2004 %9l = 220 s 7]
2 2ABM -1399 B3} 2EL(134, 135, 1.36, 1.37, 1.39)
o Aglol 1.335E 1.38714] 0.018 ZHSL WA Als
I S 2359t

*"Xﬂgx‘ ZAo]| jat LSPR Al542] W] A=S o) =
A& A7} gl vho| 2 8l (biotin) ¥} AE e (streptavidin)

5 N

JSST. Vol. 20, No. 2, 2011

Hyeon-Ho Jeong - Seung-Ki Lee

o] A%k S5, Ho| LERI-AEjIEH|H O] Ak HA 7
T}, Hpo] L &1 9] F&H AERIEH|H O] FAHo| SHW—E ARl
o}, A WA Tl Hho] LIS & WHeYRte] ALAJs}7] flet A A
g 422 1 mM MPA(mercap—topropionic acid)el] 102 &7}
¥ ¥ 0.1 M EDAC(1-e-thy-3-(3-dimethylamin—
opropyl)carbodiimide)2} 0.2 M PFP(pentafluorophenol)}& 1:1
St 8ol 202 H7RET °lo1A 5 % TEG(A,7,10-rioxa-
1,13—tridecanediamine)?} 0.5 % DIEA(N,N-diisopro—
pylethylamine)E 1'1% E3%h-§-Hof| 1204 H7HFo] A4-87] &
thol ofu|ie7| S FAJstoint. F WA dAlAM & thegatel] vt
o] Q&S 1A 2f8l| 100 pg/ml Blo] 2 Hell B7}F 1204 &2F
FAskaL, npAEte 2 50 ug/ml AEFER|Y Sl 302 @7t
ol vo| e elut AEIEN|U-S ARAFiTh

K

=t

4, At 3 0

4.1, BEE W0l st SHE MsH2|

=24E n S 1.330415E 1.38714] 0.014] HSAA I, 10)2
Ln)& S Fig. Saj= =4 Wale] tigh A2 I,n)
ZA A7 - 24 24185 ovlsh 2 E| 71 winttt
A 717} 4 3?% 21 & 5 Sl Fig. 5= =4 E ¥

(n)=

Sl et Ao A L 0 )2F Iyn)7} %@01 pisu
Fig. 5= Lo X)a Lyn)E i} 6‘}04 Tt wAHH AT L, o)
oju] 24go| 27Felol meh 4157} 27leke ﬂ%gﬂﬁu}

3800
3600 [
3400
~ 3200[
;; 3000 -
Z 2800}
& 2600}
£ 2400}
2200 F
2000 ] ) . ) ) . .
400 450 500 550 600 650 700 750 800
Wavelength (nm)
(@
11000
10000
9000 [
S 8000
;‘; 7000 |
@ 6000
£ 5000
4000 -
3000
2000

400 450 500 550 600 650 700 750 800

(b)

-110-



The Method of Measurement Signal Processing of Biosensor Based on Optical Fiber Using Reflected Localized Surface Plasmon Resonance | 41 |

8000 |
7000 |
6000 [
5000 |
4000 -
3000 |
2000 |
1000

Intensity (a.u.)

0 L A A . 1 .
400 450 500 550 600 650 700 750 800
Wavelength (nm)

©

Fig. 5. (a), (b) and (c) for various refractive index solution.

)

B

>
}O‘i
]
=
]

140, L ()0 3t Zol= Fig, 60114 2213
2 1334 3 [yn), [y(no), Lo ()& 2
H]ﬁ?& RO I@mno)ﬂ- L )E B H7)4 &
A 2] el Alse] Al7I7F AL 4
S7F AAS A 7 Gl LR S FAlo] MY

N

tt.

> 32
N 39
&
O

—

fl

= 1
N 2
o>

N~ 7l >
RN
N

")
B>
o

)
rl
pod

Intensity (a.u.)

0 A A A . . .
400 450 500 550 600 650 700 750 800
Wavelength (nm)

Fig. 6. Comparison of 7,,(n,), Z,{(n,) and

E74 3ol dfsto] 24E Walo] digt wgH A% L, o)
o] 712 YeRHH Fig. 79}t 2ol AFH o8 F7lek= A&
H 2= 9lolr} B ol Lof| A Alendt mlAke. Al o) H-aAd T Al
= =017] §Jaf dlolA = ZETO| Q=R AAtE|o] Wo| ARE-
T 633 nm Tl A S] BISHE 215151t Fig. 7= 412 #
= Tl y=9 e )= YEUH Ve 24E
(no =13 ol ‘IH A]g [R](no) 10] 5]*7 %ﬂ o] OOI’V‘] _1_7}9 U—H
nitt #3231 A5 A|7)7F ¢F 0,144 S7HEE & 4= st Al
e Sp= Fig, 109 712712 13.997[/RIUIS| ke T3¢
ek

ext,1L,) at water (n,=1.33).

30 r_

e
2
Eal

5000

4500 |- /
3500 |
3000 |

/'
2500

N
(=3
(=3
o

Intensity (a.u.)

133 134 135 136 137 138
Refractive Index (RIU)

@

-111-

1.8
171
161
15} .

2141

L 13+
12}
11F
10}

133 134 135 136 137 138
Refractive Index (RIU)

(b)

Fig. 7. (a) Calibrated signal and (b) normalized signal for various
refractive index at wavelength of 633 nm.

4.2. YHISEO| 5t EYE SRz

o] @ El3} AEJIERR|T ] Aol thsto] 43 At Fig,

8@ ATE Bl 4= 3tk 7= AleE fldf 7w 24E
(,=1.33)°lA1 Iyn,)=1 S8IAAL AlsaliA] vo] QT AEF
eHE O] 3] A= S48t o] ATE AeAl7]o ¥
slof gt RU Tl Al = vehf7] flelf Ale wrga) 3
HAIE AA Fig. 8b)et 2ol ATE Fokal 25 yE& [(C)=
e Sict, A A @Al A A 2] 2 OoflA @7ixlelH, O
< 1 mM MPA §9o]l 102 B7ke ¥ 5743 2kaH 7IeAle
O] A7) Ln =194 0.493 S7FtaL, @+ 0.1 M EDAC®} 0.2
M PFPS] £ § o] 208 /ME F 23 2t 4159 4
717} 0.66 S7Fotlct. @2 5% TEGLH0.5 % DIEAS] 23} -89
ol 1208 W7KE F 271l A1) A717} 0,059 F71ekict
5 ) s vlol 0Bl FAA7)7] Sl TARAI@), 100 4
g/l Hlol 8l §olo] 1208 BIHE T 150 A7) 24
34035 7Hskg0m o] Zk2 B wlol exlo] F2el 2
13k 4= 91gich, ThA B vol 2 Elst AEdEES 2
KA W8 Blsh BARA(E), 50 sl 2EERIE §o
o 0% 5715 ol 512 2= falso] 2SI 315
A2 A71E S747E 23 0.756 S7FskA Fig. 809 =
& S} Hlalsy] skl RU ©Hef= gkt 74&*1
71 ¥ AR 7 gAME O 30,36, @ 40.64, @ 3.65, @
2159, © 46 55kRU] $7HE1 A4S 3918 4 Qgict, o] Znte
Al 2} Skt 3 el 91o) 94 28719 o)
FA5o] skl A< Bela 4= 90, B AEdehd §
Nof| 7= & =43t ATl 46,55 [kRU] Z7Fok= AL 3] AllA]
S 1o vlo|orls AEehldo] At AL S 4
A3}, 19924 BiacoreAr] O'Shannessy 72100 &J8fl SPR %
0] Apgaloe] o] oElh AERIEfUITIO] 2T 2515 50
g/l ~Eehulelo] 23 v o 10 kRU) S718ke A2 2
2= ololr}[11] o] ATk= B d77lo] ZAste] Hol Aubrct
& 42124 A2 LSPR A7} vlo] o8- A=gebuldlo) 243
of et 37 Al'5o] st A€ Shelat 4 lgich

Aa “1\__\':_'

KN
=

T

==

ST

oo D

JSST. Vol. 20, No. 2, 2011



| 42 | Hyeon-Ho Jeong - Seung-Ki Lee

7000

6500 |
6000 [
. 5500}
=}
& 5000f
= 4500
2 4000
[0)
£ 3500f
3000 |
2500 |
2000 i - Lo 4
400 450 500 550 600 650 700 750 800
Wavelength (nm)
(a)
35F - 160
140
2301 1209
[}
2 ® 100
£25 ® * B
= @ {80 3
3 —
N 2.0 60 &
T S
£ [©) 40 D
2 1.5 =
z / 20 %
1.0} 4 AuNPs {0 ~—
0 50 100 150 200 250 300
Time (Min)

Fig. 8. (a) Measured signals, (b) Normalized signal and converted
signal for biotin-streptavidin interaction.

528
& ollAls WARE LSPR 415.9) 24 o sl Ak
=79 Aleo] A2 W] disf d-rsiilet. = EE wejel it
AT TR Sprz 3 WA AlAR| IS 35t 72 4= 3
ek, A A DA A Al A5 HElE % N L0 In
JE GBI 7 WA DA HolE F AISE ARl Al
e sl €~r PLSPR A132l L, (n,()% %*% it Al

LGNt AT WIZE Sps Alﬁo}"% EH gl
olefgt LSPR @/49| AlaAe] e 24 Aes 4w 4

22 Uehd 4 Q7] wzel] o2 AAMsake] 21541

5ottt 53| BiacoreAr] 483t AlEe w17t 7k s the

of A9 45 ARA 0z Bluwd 4= §lrt, wfehA SPR =

LSPRE o83 uto] @Al E Z-gslo] Thald Agto|ut g

A 274 B PG A b A oA B
© Bgo] 7K5T AR stk

AR 2
o] At Tthehal thehel -t 27gehao] A1l 9 2009
U 7-o3l8lr)&Eo] Q9o 2 St LAlc-Al7|4g5E A

AR A e ot =3 AU No. 2009-0093661).

JSST. Vol. 20, No. 2, 2011

REFERENCES

[JA. J. Haes and R. P. V. Duyne, “A unified view of
propagating and localized surface plasmon resonance
biosensors’, Anal, and Bioanal, Chem., vol. 379, no. 7-8,
pp. 980983, 2004.

[2] B. Sepulveda, P. C. Angelome, L. M. Lechuga, and L. M.
Liz—Marzan, ‘LSPR-based nanobiosensors’, Nano today,
vol. 4, Iss. 3, pp. 244251, 2009.

[3]H. Lee and S. K. Lee, “Characterization of gold nano—-
particles on optical fiber for localized surface plasmon
resonance sensor , o, Kor, Sensors Soc., vol. 18, no, 3,
pp. 226-233, 2008,

[4]1 H. Lee, H. J. Kim, J. H. Park, D. H. Jeong, and S. K, Lee,
“Effect of surface density and size of gold nanoparicles in
a fiber—optic localized surface Plasmon resonance’,
Meas. Sci. and Technol., 21 085805, pp. 1-9, 2010.

[5] B. H. Lee, S. K. Roh, and J. H, Park, ‘Current status of
micro— and nano—structured optical fiber sensors’,
Optical Fiber Technol,, vol. 15, Iss. 3, pp. 209—-221, 2009,

[6]B. D. Gupta and R. K. Verma,

resonance—based fiber optics sensors :

“Surface plasmon

principle, probe
designs, and some applications’, Journal of Sensors, vol.
9009, article ID 979761, pp. 1-12, 2009.

[71Y. Manaka, Y. Kudo, H. Yoshimine, T. Kawasaki, K.
Kajikawa, and Y. Okahata, “Simultaneous anomalous
reflection and quartz crystal microbalance measurements
of protein binding on a gold surface’, Chem, Commun,,
35746, 2007,

[8]'V. V. R, Sai, T. Kundu, and S, Mukjerji, ‘Novel U-bent
fiber optic probe for localized surface plasmon resonance
based biosensor’, Biosensors and Bioelectronics, vol, 24,
Iss. 9, pp. 2804-2809, 2009,

[91K. Nagata and H. Handa, “Real-time analysis of
biomolecular interactions’, Springer, pp. 23-187, 2000,
[10] H. Lee and S. K. Lee, “Formation of metal nanoparticles
on optical fiber for fiber optic localized surface plasmon
resonance sensor , J. Kor, Sensors Soc,, vol. 17, no, 2,

pp. 95-99, 2008,

(1] D. J. O'Shannessy, M. Brigham—Bruke and K. Peck,
‘Immobilization chemistries suitable for use in the
BlAcore surface plasmon resonance detector’, Anal,

Biochem., vol. 205, Iss. 1, pp. 132-136, 1992.

-112—-



The Method of Measurement Signal Processing of Biosensor Based on Optical Fiber Using Reflected Localized Surface Plasmon Resonance | 43 |

% 8§ S(Hyeon-Ho Jeong) 0| & 7I(Seung—Ki Lee)

20109 wHosh AR e TEHE + 19869 Al&tieta A7)t FEHAL

(8HAD + 1988 A& st 715 staHEsA AL
* 20109~ Th=oshal b 7)5 sk + 1992\ A& tfishal 758t E s
AR +19929~19934 U FE(HIL) st
o A Eof 1 MEMS, SPR Hbo] 9 AllA 71 AR g3 S ATQISPS fellow)
* 1994~ T=refstal AR 7] s

e

* 20038~2004'd W=} Univ. of Washington
7| AR s

o A EOF : MEMS, SPR HEo] QA
IPMC =oflo]E], MZ7]8E 37 AllA]
I

~113- JSST. Vol. 20, No. 2, 2011



