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Label-free optical methods for the monitoring of interactions between biological molecules have become increasingly
popular within the last decade. A rising number of publications have demonstrated the benefits of direct biomolecular
interaction analysis(BIA) for biology and biochemistry, such as antigen-antibody interactions, receptor-ligand interactions,
protein-DNA, DNA- intercalator, and DNA-DNA interactions. This article gives an overview of the historical development,
principle and application of label-free optical biosensor to examine the functional characteristics of biospecific interaction,
such as kinetics, affinity, and binding position of biomolecular between an immobilized species at the transducer

surface and its dissolved binding partner.
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(nulling ellipsometry)°]tH1). o] #hHL 1%oF WkKthin films
Ao AlEEo] $ou), 19529 Trumite chymotrypsin &
o 93t A¥AH LR T (bovine serum albumin)¢] 433}
Ag BHAEBEE o83t HAZHin real time)oZ A
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ZH3Y Aol teMz HdHEdrh2). 1 F 304 ¢t
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A& 4T 2 JH-A AUy WIEs &3 &
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o ¥ ZgAE F(surface plasmon resonance, SPR)-S
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2} =¥ F(surface plasmon resonance, SPR)}Ho] 1971d
FE 2 AAMHE), T2 FHEEW 99 f7) dERE
OEAE Aol AFEHATHTS). 1990 2¢dle] “Pharmacia
Biosensor”3|Al= ¥ EEl2E IS o835t BHI¥ R A
AZAE 5013 45788 24T & U “BIACORE’
e AFEE /sl ETh 19883 Nellend} 7 5852 33
gt coupler(grating coupler)S o] &3+ Ay EF =234
Axd g d+& LEFHPIO), °)F &3t 1991
29]2¢] “ASI AG”3|AlE “BIOS-17¢)8} Bels 4T g J)
W3t g ek Strange®t 19 FFAFAE thEZ BrewsterZ)
= ¥(multiple-angle Brewster angle reflectometry, MABAR)
& o]§3to] silicon W] ¥ ERTE =X g A}
#HdH GEN g4 Ao B dFE F9H10). 1
o] e AAEASY Faxge ZAHRAV FR &
k7] W&o o] =7 AUtk Young 744 7)(Young interfer-
ometer)(11), Mach-Zehnder 7¥4d7), Z18]a A=} 7+ 7]19K12)
2o Uy HEY 7H4d7] 7)%(integrated optical(I0) interfer-
ometer techniques)o] A EH9 H5a8S =AY ¢}
o AHEHT & =ulf(waveguide) 3H7|(transducer)
2, F9 A &(resonant mirror)©] 1993'd Cush¢} 19 5%
o 93led AFo2 uie]|dAe] &3 ArAFy} UdE
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Figure 1. ¥ Z2}2F 3w (Surface Plasmon Resonance, SPR)4A]
o] 74 dal AbgEojRle FAAS E¥ a) prism coupler-based
SPR system(ATR method) b) grating coupler-based SPR system c)
optical waveguide-based SPR system

H31(13), 22 ol d=e “Attinity Sensor”7} ©|& FEF3}
ST

EW ZgzE FY(SPR)OIAM = T4 F(monochromatic light)
o] ¢oJ3ld zHE ZH(angle resolved measurement)i gl o}
Ug} A (white light) o] 8-3te] 17 54 (fixed angle
measurement)©] o] Fo) AT} o] ¥WHHE Stiebeldt 2 FF A
TS0 - AT &3 9128 A X A|(phospholipid
vesicles)E @] ¥ 7 (spreading)ZA ol A8 LTH(14).

19993 Stemmlers} 718 FFATAE L vlo] LAl &
£8 & 9 235 SPR WAV dae A7 AL ¥
#3H4TH15). 19379 Langmuir(16)= F3¥ wulgu

o] wleb 7V W(thin film interference)2 AME3FH AR 604
o] A 1993dol Gauglizs} 19 TEATRASH 2Jatd]
uhok ZHH S o] 43l A7 EEESAE VFE NEEA
on(17), ol A 7H4EFD7(reflectometric interference
spectroscopy, RIFS)Z} ¥&t}. I SPRE $&¢ t& ut
o]Q AA7F Al Yo otk & v]=e] “Texas Instru-
ments Incorporated” o 4] moulded plastics® 2 7Fe& #38}7]7]
£ o]&3% “Spreeta” AES(18), HYY “Xantech”FAl=
Dutch Groupol|lA] 7 ® ZFAHE 7|&(vibrating  mirror
technology)& 383 “IBIS"A|E2(19), = &, Hdd 3]
= “BIOTUL" 3| Al “Plasmoon”gbe AES 7d3&tgct. o]
29 #ujzZo| )3 HHE manufactures websitesS I
& F ATH20-24).
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o] MhiEo] A etn A3 uhgolA A GHEHES
25 &89 EA(biomolecular interaction analysis, BIA)o] A
2448 Ayy] fEty B dAFAngs) ERech 1 2
7 F uloleAME AMESPE 11743tE Ay 8}EkE(immobilized
biochemical species, ligand)i} &Aoo 9l Al 3}
E AAEA(igae) o] FIARFS HEY] HEANN
ojue M‘i}i}x—i A9 WaE A4 THin real time) %83
oz A% £ Utk o9k L wiA W Y F
g ol WAL FHUAE AMRER gederl é"é?ﬂ
Hu &= u’“ oo e g FFoT doA &
AE 23E = d doh

e BEA dye 53] g9-3H s R8(25-28),
&) 38H29-31), receptor-ligand®] A& #-8(32-34), protein-
DNA, DNA-intercalator 12]32 DNA-DNA 43 ZH8(35-39)
oq:r“’ﬂ de] o] g5 it H]EX] ulo]Q AlME HE A

Bog FAs ok oA Tetd, 2¥ELY HES

HE’} 87| (transducer), ﬁ‘?'iﬁ}?—s—}i ]%tﬂ' AAEde 1
Z 8} (immobilization), 18]31 FAA}A| Al(assay formats)9} o]
A APAF Frhbgolth B &7l HIEA vlol
A EL&HIAAT wRy} AX-2H AHAM dojut
vz M 2o 23E 47 e A9 A 7R 7
5ol BF 71 E& AEHY ‘LHC’]E}

a8y 28 A4E U
o] glomzg E FEox A
phase detection), 7% 3}o] U}% 7]% HRg-&E A dojzl 7~}
BEEEH AAAA 74, 2 7 x] Wl o
A& vla szt Z'5}4(40-45)-

=
bl
%ﬁ A4t 7 Z(heterogeneous

aielef

o] AN S AEAU &
3o Ul 43 <14 ] = 7]'11
AAY e} 2o weg B8 S5
sl d 2F SAY F A XJP"‘IEW H HEOZ
o] Qlth & oj" 5H t
of 93l MelHo=r 2
(receptor) 7|5 X231 22 %é@] &olk %’—E
o AsE HWIATE
ANEE ArlFoE Urds A7, 1§““°E T35
Qlth(46-48). A|F7HA HEA| Hio]eAAME FZ fluoresence,
phosphoresence, bio/chemiluminescencel} 5-9] 9 A (isotope) 2
%2 HAAHEH, o]t 722 luminescence ZAZ 9 ¥ A=
g0 YET, 388 FY Ak Yash, sAULE
BT AL, WA BAY ARA, BA F AUE BA,
g}o zm HP}\]./K-]UJG HAaade] WaA, 24779 _77_7].

5 old A BAgel A7 sne, 4 28] e,
1’-‘}3 fo] AHA B9, AAZE FHo] hEd vlEA] viol
QAA Aol 37 200 HEE T ATV AAHI 9
th nlol QMM MeiAdE £H-E AAEA Hol4 ¢t
Aol olz3tn g A FdH(bioactive surface)?] Az} &
HE2LY QX715 BEL uio]AA A 7Y F
8% FEAolmz HIEXA AHEHligand)S FEHIHFH o
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" (heterogenous  surface) o] 1A 8sl= wbH I
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#) AAEAigand)o] FAE Eole) 73 Digate)
S Q4T & e PSS A AW 54 283
o A¥ANE BHHT, FARFE Wel wete] 49
st gk

_Tl_’c‘ji}(lmmobilization)
@7] ®dol HEA YAELS nysste] Sy
<= 33 dgxoz AFANA A
I e 5olxoz ZAYE AAEA
te AAEdTe] o] oern R
Z2%e Ui 24 F sle m_—rx} EEE W7 &
& W (modification)A) ZITh ®Wgl7) T vE=A A=)
%J_(hgand)% T A H(covalentyol L} 18T (affinity) S ©]-&
of AFAHLEZ vlo]QMME A AlE-(regeneration)d
Qal, oﬂi&iog ZAo] 7ps8ltt, agez H3T uks
a7 AEHOIAT e WAY) ERS 1% SHfunction
alization), TZ} %éi o HE ogu vlER A
£40ignd)® R3S Yo thatel Jlgan ok

e
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bW Swat

7|=ZHQl WHED|] mHHE
tionalization)

&(modification)#} 7|s3Hfunc-

HE7] £99 V)sse WY FF9 444 et 28
Aok & Fohvt & HAEE 7HAe W3y 29 AV|ZRY
Al T@E2}3(self assembled monolayer, SAM)(49-51)2 &4
& & Qe thiol2H WA, IykEoz 5=447](hydroxy
group)-S 7HA 71 AFEY alkyl thiolS AlRdteE A7 B

2t), o] a7l Mz A=} (electrophilic  coupling
sites)9] epoxy”7]& Kd3}7] 9)&te] epichlorohydrin® 2%
A7led A

T2 WhH.& -carboxyalkyl thiol& AME3t= 79914 o]
o} carboxyl7]E ThE STAHE wsEd A"l 203
(quartzyo]\} F&AMEED 28 23tA ¥ W(oxidic surface)
£ silaneE2 A WEAZ = vt aminoalk-yl-silane E 7}
epoxyalkyl-silaneE2 7} HHEF O Z AL E O X+ silane

Soltt. gt & Fol FAET A7 Y dEAS
(SAM)ZH= 28] silane3l® EHE 7Aool Hojxtk
(52-54).

HIS0|N Zate Hasisl| Y3t Hab| EHHY
AAGA G AR 220l e A4S Po

r

| B3
71 A (complex matrics)o] ZHUNA AABAY A WH]
Eo) HSo]y VB Had e Ae U9 F8d

o} vl dlMe] HH WHE nEZA 7} Bl ALE
Hojxe AL carboxymethylated dextran(CMD)(55)-2 bromoacetic
acidZ T]€ W3l polysaccharide dextrano|t}. Piehler®} 1
9 FF AFAEL chitosan, polyoxyethylene®} dextrang 3%
el ojul 7|58 1B AES AMESEYTH56). Dextran %
He FHo] oy %2 ¥4 HAEEY ALY 4 JEE
g AgAeE 7 sk, wakEA] @22 hydrogel
Zo|th. I hydrogel®] 43 AlEe A E2E Ao
Y(quasi-homogenous)3t 4] 11A3}E 4= Aot S ZF A3}
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Figure 2. B3 %] nlo] 241X 9] 7]&gde] 145t A E A(ligand)
of &3l WA Aligate)o] Aol vl WE7|9 A5 wsHF

A dextran®] Ex}2Fzl A (coupling method)o] whek
dextran® F71E 19-36 nm(57)o| A4 5-E] 200 nm(58)7}A] 2
E 4 Ao #o| amino-polyoxyet-hylene™ o] A& A
| WEolA AL s FA) o Rursb Yohs9). 2
2} F W (2-dimensional surface) T}E AR E A S
ST VM BAE IASY Fu, & A2 &

g & 2¥Art #o] A&dte ool AUk FA
“H(bilayer membrane) apolar anchorol] 2|8} Tl z-g
Jslst=d &84 AHEE X e A A elth60-61). o
Langmuir-Blodgett = 7]&o|y 244 Fwd 2A¥
(veswle)Fl gl e o] e olde 1A XIA
WeFds dFsiA & 4 Aok E OE gy
u alkylsilane S A dEASI A3 T4 FES UL-4
244 B9 133 S FA4so AMg-goie). 71F
MR A& A4 FHEF ¢

/\}%g],oq ul— u}uﬂzlo o
ghetd, AAve] 428 A7 4 dAl FArhe3-64).

l

2R OlN'
r‘lo 0}-1

1o ° o
oZiOi
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H|ZX| Mx|S2Ao 1A sHImmobilization)
o 48 n4gste 7P AR e

AolAE, o] WL HAAET HlSely 22
ol of3ia, #HTE A EAHe) Utk
LU_E 7]—2%“”7] T A(shielding polymer)ol] AHEZAS
A} (covalent coupling)A]71& Wo] £Z& A4t W

7] X9 99 carboxyl7]o] AAEAL AGAA 1A}

rlet o% .J
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£ wbge 3l zmzetE g} y(affinity chromatography)(65)7)
RS 93le] A& 2ol HPHQ) 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide(EDC)2} N-hydroxysuccinimide(NHS)-S&- A}-8-3}<
carboxyl7|1 & A3} 3] amino7|v} thiol 71 & X gsle A
AEAE 28A0A 2438 & AUk = o2 w2 84
3} carboxyl7]€ cystamine dihydroch-loride® f5EE W&
I, T}A] dithicerythritol(DTE)E #3}] thiol7]E 7}R]=
AAAE E43 23E 4+ e sulfhydryl?| & FAPAIG
(58). @Al3} carboxyl7]= hydrazone& #AJ3}= aldehyde7)
9} A%3}t7] 93ka] hydrazine hydroxide®} ZA§E 4+ Uk
o]E5-& sodium cyanoborohydrideZ 4 #FHsjo] otAziETH
(58). Sulfhy-dryl7|& T ¥sle AAEASE AFA7Ie E
3 e carboxy-EH-S maleinimidofF A HOZ HlRE
RAolth66). ek AAEZo] @A carboxyl7]E EFSIL Q)
gy H3y] Ede Ae amino?|9t AFA|F)| 7] Y5l
carbodiimide 2, 218]3 amino’}E X FEE YA ETFL
glutaraldehyde 2 23217 =
AAZAe nAHEe UE WHOZE biotin-HE A
A& avidin#} streptavidin £ neutravidin® HE A7l W
7] Ewol 23}Z{Haffinity binding) 0.2 AFAF|E7} &
awHel e oz 45AE ¥R AS
(coupling capture antibodies)ol] ¢|&te] THFsIth o]E Hb
Hel olhe W 4L ¢ 4 At 5T AWAY
(binding site}E 7}A 1 gUcd= AHolch

£33 3 (capture antibodies)= 73 A EDC/NHSHPH O 2
1As}tste ¥, streptavidin®-2 ¥ AS Folvp > FAH
od AH FHAA TETHET). ol & WS biotingl 3t
thiol 2(68), biotin nitrophenylester £2(69), methacryloxypropyl
trimethoxysilane©]1}(70) aminosilane 2 Z(71) k344 H9
(oxidic surfaces)of biotind} &%, amino polyoxyethylene 2.
2 biotind}ate(72) w33
58 4AERE A7 DRSS A2 EANEsH) N
B QAT FATagd A8 ol H83th Nickel
Zo|EHL His-Tag(73-1HEH At EASS Xasle
o)A@

Glutathione-S-transferase(GST) &89 2S ALg-3le] gluta-
thioneo|u} & GSTHAZH RWEAFS 314, WSy U
AL 71 ®EEE dEthTs). 113 3E staphylococcal T
4 AT HE7] HE9OlA 1gGE EEsted AMEHRIT
(76-77).

fr e

¥ 517|(Transducers)

uto] 2 Aol ARE-Elo] A= W7 (transducer) = W EY
of Wl 2A A 7IXZE V' & Utk

2 A Ay 2)dy] ek weEy )Y o
Fgolrh. o5 A 7HA] WY & FEH Hahgy e s
2 $9] HPRZ(subcategories)E Lol B R o]d) ult
2 F nloledMe FHE gofith gLddHF il
(ellipsometry)E  $JA18}ed, F-337)(luminescence, phosphorescence,
fluorescence, Raman)9} HA 7|43 VA7), =@ ¢
Zo] mat modal 7H47)), 283 FETH FERAAM fF&
ko] o2 E37)(grating coupler, resonant mirror)9} X H
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Resonant mirror(mode coupling)

Fiber optic sensor
(TIRF)

/.
Grating couplers /-~

» /d A®=f(an)

7

ot A=f(An)
10-Mach-Zehnder

Figure 3. % vhol2 414 W) felel A Ans

2R FHoE UpoRn. o HMMEL ZHsuA
e AAEZAE59 3 E(@refractive index), 8- %(absorbance),
YFAAE v gE-48 WA s S3FgezN duzt
e 4SS 3Th(78-81)

Azzet @ ously) 49 RoplA nEE, nEE A
zo] g3 Wayel B WE SHEAY 5o AUE 5
o AWS e BAA T1EALE F IYFANE F2
3 L olglg =Ae) FAA 7]

ok 9 szt Ha gl
Zo| A% 53] SPR(surface plasmon resonance)@&# 7
7} 19831 Liedberg} 119 3% A ¢AHS)Ee] LHG o]
200 Fob #whd] AFEHAY. SPREY Hlo|LAME JAtH
go]A Foll Yt o7](excited)d Zz}=E 3 plasmon wave)
9} AAbub(evanescent wave)7} ¢Jele] zZtelA] FWElo] WRA}
=7t §48 Zadge @HIEDHE olfrIET HE7VI
EH M doits HIERA] AAEHZEY FEOY H5g
(biospecific interaction)©. & 23 ¥ FE|7A & AAZH
d #EE 5 de BAol vk mg o] FHAL HE

EHo AW Fo] B F3E Waddnl 7)QHER
pM(picomol)5=%¢] Axx ANEAANE AT 4 Y= =&
HEE G, oleld 5AE siNE wY Zze 39
(SPRYF S o] &5t MM A2Ho2E 34 AAE o]&¢

HHE)F FEst2E o] &3 WH@B3) 2 ZFS o
€3 B4l len ZFe o8 WYL IHEFA
Poly =52 WRdl nlste] Fxrt tdste AA AlA
37t 4 580 F& AHE Mok

ZE FHE7Y #dEdele 29 vz g el

of
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ZHEE 7} 97 1?‘5} vanescent field& $83F Aolt}. X
AZtol| A 2ol 7+4E evanescent fielde] 7F2(decay) W
o) dojdt. o= @ Z A E(bulk refractive index)#=
R Zxolt). 7w ol Z+HE HA(electric field)e) 742
o](decay length)Oﬂ o]&3it}. dextran hydrogel 2 F74 92 i
HBEAG #2 7 do] SAHUTG BAAE ALSIYTHSS).
Wa FHE EJM Hgt e e 9 bufferst W3}
HAAS o Az o) F33 #sliy olye} Lxo) A F
& 2k 28y el 3 ellipsometry), RIFS 18|31
MABARS AMg3lH 2HE F789 ol 239 &
g3 FAE 2AHAYE & YT T L& &40l Hu 7T,
Fool g Asol vl&(signal/noise, S/N), 1837 Hx}(drift)
9} e HEy) A% FARRE BE BEAAX FEFH
o2 Hedrt & (limits of detection, LOD)=, 4543}
2HEIYE SA}= BE 79?‘]7} O}b 7‘12134 %3—21% s

z

l ME & Mt

TERE A& ')F AcHE6). 1HY FF FXEL FETHA
B} ¢ #HaE dozivyt =3] evanescent field
Hslel disle] s Ui, gE20 gt
At a9m, B4 B 89e B9 wIg 8%
(fluctuation)ol] ojsfe} A7ie SA7id FL) B o)
ol dojdrh. 7)ol 71F chamnels Tl 7
channel®} Zo] HAE FY3A 224 34, & =24 @
AEo] 7HE A S AAT § AL B ofe, &F
Zz49 2 %= FH43 & 5 gIrhs7-88). X, 2=}
] tr,]-E Jiz}‘“ /H ] ?*_LQ__ ?5)—.9,_‘2_ "o]])ﬂ Z?Go]-tﬂ 5].1_.
Q F A 7]—Lr channel®] Alg-& BE #EAA7} 7}
Q) HEy] W4 AEE WY AF AAE
’QQ BT AAY & A a8y AAERY nPsR
Wavle] sewo] WHHER J1F sieo] LA AAEA
3 5% sied) FYSALAT A 2R 4Aol BYHAY
Eolde Astus Z& AHolofo} st WEIIL oS
g Ydode E“;S BE Fo A7 FAM B AT Y
o SQEAL A2F v t}E channel(multi channe)Z 3
3 71 Z=(parallel detection)o] 7}%3}t}.

A7 Be HIPHAEL FHA M4 EF7)eflect-
ometric interference spectroscopy)S ©]2&td microtiterplate
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Figure 4. T 239 2] A4l dig 24z F(K)sk 3l
‘1]_5\1_5 )J—*(Kd),] Odsk

polch ol AGEASS
S sl A sl 23 54 =, %ﬂ%ﬂqa Ao Ko
& ANT & A Bk

AR e T 423 35A8RS 249
Pk g A% PEe Bes 2o 2%¥ & 9
£h90)

A+B % AB - ()
d

HE ol 243te AAEZdigand)©]

“E =331 3t ‘gﬂlnz‘(llgate)ol

, Kot K= ARd49 sigldoldt. weEE Edste

A4S BYslol FY Hudrt A Fozd Hagd

7283 wWeE £z 23Psea se 4L @A

e %’—E% dysA st AhiEe2 Langmuir o2
FAE Y 2}gkg-(pseudo-first order)o] Ht}.

olo
il

2 L W oo B K

drldt=K,Co(I' g — I')— KuT )]
o714 re EIE AAEHe HEH Y3 F(surface
238 AAEEY T, Vo XHY F
A3} (binding capacity) o]t

Blo] A8 NFE EWHo) AR KA ER(ligand)ol
A" &9 AAEHigate)o] EIH FXo AF vlAg
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. agEz AQE tent go| fk

dR/dt= K, C,(R, — R)— K ;R

—_~
'S
foe

A7l RE HE7INA 78 ¥l FAF Yzbuke)
HE FAs7 e Agwse aautgEr A
(intrinsic kinetic rate constant) K,9} Ko ¢J3tgt zA =}
I 7HESA(ATE AAEAEC] EHOZ FE o
FEY e 4TS A e 23T A4 E
e ¥k Gt YA, HAZHEL 1 : | gHES
H] -8 (stoichiometric ratio)® A3 2}&-3tck 18lm A Azi
AHG0)2 A3)g ol4sted TE g4I 2o 4F Wy

ol
dRl/dt=K,C,R,,—(K,C,+ KR 4)

oA7]1M Rell thate] dRdiE =AIEH mlolus 7]1&7)
Kons=KCo+Ks5 74AE AdE devh 98 712 E4%
AAEE T Coll tald TS £ 45 Knd &
Abd 71&717F Kolal aglx 3 thie Fol K2l A
e derh

olg XA EdAigand/ligate)l A SNelds Ko Kp=Ky/K.
2R 78 5 ot AYursEs A KE SHYANE
A Aol buffer BAoz AUL o) AP A2 ®
A A EE g5 o] buffer FNLo] S0 ko gBE 7
Atk el YAk os vebd £ gith

dR/dt=— KR &)
JHBR AREAE d¥ude) A5 ¢ 4 9o
ln(Ra /Rn):Kd(tn —to) (6)

A71M Ree AT =094 HlA9 SgFolil RE AT
nd e FHFITh(T, Tyl W3t mRyR)E EA)5
71&717F KaR) A HHo] Dol vlE o)s} g2 A
o] AHE37] 4 48R AEvt £5 WA
Folgts AMdE 2Hstarzt M¥AA FES AL 7}
ol itk

adEE ol FiHe BAL HiHY dide HA
On. =4 %H-L 0. Shannessy9} 19 FEARAE X5
TAHDE ABRRAUE AFATHI2).

HE)E HEFoz Ugud oo 2o

t

ol oft oft g

B CK,R, (1—e f(K,C+KJ)t)
Rie= CK,+ K, R, @

4714 RE AZk ol e} AAe] S
SEFolth AFTHE WY A5TY BEYo 24 (7o)
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