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Phase-Sensitive Surface Plasmon Wave
Biosensor for Identification of Chinese
Herbs with Inhibitory Activity on
Aggregation of B-amyloid
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ABSTRACT

Substantial evidence indicates that aggregation of B-amyloid (AB) peptides
resulting neuronal toxicity probably play a causative role in the etiology of AD
(Alzheimer’s disease).

Past studies of the kinetics of AP polymerization, could only provide
information on the appearance of high molecular weight aggregates. Rate constants
could not be determined by these approaches. In contrast, surface plasmon
resonance (SPR) biosensor can be used to monitor binding events in real time
without labeling, making them convenient for studying early-stage AP
polymerization.

Using nicotine and extract of Gingko biloba, EGb761, as inhibitors, it has
been shown that both of them can retard AP,4, polymerization and promote
dissociation in the association and dissociation phase.

Keywords : biosensor, PB-Amyloid protein, SPR(surface plasmon resonance),
Alzheimer’s Disease



k-

PEEEER F25H 52

1;-\-

J\.
s
[N

g F G RN A HEAARRARE > FRIALE IR
Fe@bhp e BERFS FE 6 2 B pi A iR S e P
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(Alzheimer’s disease) = T A 7] e izt~ LT kb A v 5 L 4
"—T’é‘.%”‘: 'l‘li@ﬂfaw’ [f‘am&"*‘ﬁ'xb‘ T FEG
B2 AREAFARE- FREL - B3 i TEFE NG s
o R RHERHORY A B2 R 2000 £ RELA FF 0 A
FABEN B o Fp A 0 Bt PR R R Y 0 NP R R B S R AT iR R
Wl B B (550-60%) HEE S ERHEAES (5 10-20%) 0 d 30
A B SRR T 50-60% T o ] 0 T E AR E A (B A F AR
BEE60-70 5 AR ) A {59 7-15 &~ (RF]S L A4 L RATST
ERZPASFEF L) et gent e it 4fd > 2 02 £/F > Pin
AEBCSE R ER 2R R o

1907 & - fEBA A 5 8 R Alois Alzheimer % JIP 475 B < & JF]‘
P FRET T F 4k oAt (amyloid deposits ) e IR T 0 KR uwf—*-
RETE i S g A 5{’ (cerebral cortex ) ~ ;% 5 it (hippocampal ) ~
2 (amygdalae) % J>t3nsm4p B 0~ 5% 3¢ (Selkoe, 2001) o

1984 & > Glenner f= Wong &7 j% /% B < g & "F,b Ralin B¢ B IR
4kDa 1 amyloid ( Glenner & Wang, 1984 ) > 1985 & Masker & 4 d 7 %
BB B R Y URE TS N RS e

(B-amyloid) - #§ % AP (Masker et al, 1985) > & 1987 & Kang % % 45
11 AR CDNA » 4 T A% fi 30— £ 695 B & Ak ehden o LA
= 5% 3-v 5 (Amyloid Precursor Protein, APP) (Kang et al, 1987) > APP

w = B v (transmembrane protein) > H & < IR0 & b lwmie b
Ectodomain > — -] 84 4 % % % A5 Transmembrane domain % ‘wm*2
B¢ i Cytoplasmic tail » &7 b f5F chim iz @ ﬂF’K S HAFA

1 $H4 4 B > ARIA 3 S AT 48 APP & ﬁAﬁm’Mﬂ%v
APP714 ’ APP751 'f\—" APP770 v @ Py v E]J R APP695 ’f\-" APP751 é" B (AShall et
al, 1994) -

APP ehiv g jT ¢ 35 1 (— ) ~ ki T (secretory pathway ) : APP
> w S d G s “,f APP 3 féfx % o & s % (Secretase ) P 4 isfi
2% y AREEZET RO A fEF i (proteolysis) » A F & FE A 82



PEEEER F25H 52

APP (B-APPs 2 a-APPs) 2 7 AB H# FenA f » # £ GEP 2 vy & 2
R gAY T ADa ABR a2y AiEEA LA R A
$=v /| — Brih3kDa amyloid A2 4 fL 5 p3 Fv > AP Fv 2 p3 kv ¥ €
RS SRR TONE SRR E R SRR
3 e & M (Esler & Walfe, 2001 ) e

AR =& & (polymerization ) & - fA iR 1723 B & F i

( nucleation—dependent polymerization ) - Ap &% & B > (DHE f e

ABAA = 5w B # E & protofibril » B s F R K S (2)ri protoﬁbril

A5 fibril » & protofibril ¥# protofibril #f & 4p &% B m 1 & & ﬁ—v} i)

dimer 4pi# 4% ; (3)protofibril ¥ 4 f%= AP monomer & dimer 2. {& £ &
protofibril 25 = AP % & & (fibril) (Walsh et al, 1997 ) -

VA AR kv 0 K& A hH 8 (monomer) TR & E AR o
HigA A pg 4 sech & RS @8 B RiE (phase) & ¢ & 2 4
(intermediate ) e m 1§ o H ¢ H W AR 252 - 5K (template » ©
REN Itz AP R EMH2 ) e fBERH{ELZRE
(aggregation ) @ { % (H AP 4c » ok ® A R f AR BIFEE A
# (deposition) °

VG ERLEF RS TE ABR L A K| % 2= (Congo Red)
2 ¢ & 45 ~ Thioflavin T(ThT ) % ¢ = /2 & 45 (Wood et al, 1996 ) 2 FITC
# %1% 2z (The and Feltleamp, 1978) © Fligdt = ;38 F & fajhor £ %
FEERAF T o LR A B T AR A FRERE 2R
A Rp AP ALEFang FRM o R nFR Sk
BowERFEXDFRF A AL L - DR o LA V- 3A s G
B B vV AP RER T Gk R T P F S R
FEA N 2T LR LD FNTEEAPF LR o

PRd o dplt R ATR PR Apy Koo - o] IR o
7 E A ETTPE (real time) BLERGE F o B PFL TSN EIB 0 ¥ R 4
v 4Ezs (labeling) » 7 ac PR 7% chde 4 FFPEa g S8L > © 9 R
Bz g BT X 2T zé%“??l‘f‘}**f‘m}%‘mﬁ% d 3t ABiz AD
PR PFER LS o BRI LG TR LR
RIE o BEE TEHRET F AT NIRE ted s F BT EF hA)
LR N TR N W 5 g0 8Ty 5 MY A
L P
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FHER
11 Zeeman laser (ZL) 5 %k (B 1) - AT é/ﬁ%J:", LA AE T
pEE R EmEE (PRfrSk) »Pife S ap s A w i op fr
os > AP H TR b Zeeman § & (Hp5517A) P k4o S el 5
Wi (Aw=0,-0, ) 246MHz > % B~ %4 T 5 Ap 2 As> ¥ it
£ % 632.8nm > #i5 1 F F ImW o H {53~ M2 wave plate > iT* 5 -
BoA G oD hn ERBIEL B BEROREPUTALFLX
fho S A TFRBEL Y fhogAhky (BS) #kdr3a dis &
BHE (A) AFRCERE T F xhk 45° REP RS kA
ik A2 4 F o d F i mA B (band pass filter, BSF) jg s 27 15 i)
% (DRef.) fc 85 » %% % (27 5 SPR & 3L) 18 eh+ Wi gL

Lt (Awt) = Ap As cos (Awt+ AD)
2P 5 AD = Dp-Os

¥o- GEEckiE A FEALE L w(pnsm coupling system ) H & ¢
7'07?}7)'»'5/? sg (Ds1g) ’II%]@ ’ lgz'Jf’” P ﬁ{}“é%%’,{ » FH 1%\; .

Li,(Awt) = Ap'As’cos (Awt + AD’)
He s AD'= Op'-Ds’

S4Bk T LR 2~ gi4p2c+ B (Lock-in Amp.)
(EAIT o 17 PIAp (AQ EPFR % 14 ) o

S ~CAPRETCREH
(- ) Thioflavin T (ThT) ##=%

TR AP MIRSER £ 2 F TN E Y 2= AP v ~
LhF RN e SR Ak F]t o %100 2 600nM 2 AP
A& F R4 % %% sodium acetate (pH4.0) pP A2 R TF = L
kg o A WBSpL R B R RS g 10ul o Ae > 990ul =7 3uM
Thioflavin T (ThT) 7% % (73 %% 50mM sodium phosphate buffer »
pH 6.0) ;& & {5 = %] 10 ¥ 3k & k& & 2+ (Hitachi F-4500) &
450nm g L K 2 482 nm hF A E T o BRI R E
( Tomiyama et al., 1996 ) »
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(=) fmre & BRIk 0 MTT 5%

TRAN P IR F REARY A XA Y RS
]"‘L"}]LL'\»/E#—»—AB}W Bt Tl a{&ﬁf'@w'&mp?l?/
PJ«‘L’ MH G REF i AP 35 REMD L G v
2100 2 600nM mAB v LREFR R REF RS A
Wb > REPFR AW EZ 05 1% 24 | FF o ¥ chlwmbe 52 2R
E s ’Jf]( FLEL tm %8 g fm P2 $R (rat adrenal pheochromocytoma cell
line) > f#§ = PC12 Mm% o MTT & _- & tetrazolium salt > 2 ¢ &_
3-[4,5-dimethylthiazol-2-y1]2,5- diphenyltetrazolium bromide > 5 -
T A A UV AE e T ¥ AR 488 (mitochondria)
£ succinate tetrazolium reductase ( — #& succinate dehydrogenase ) i
Fa = E 4 chformazan > ¥ * KigiPlimte et £ 2 W o

i
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v

=S
&
=
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(2) 422 #P~F EGb761 (extract of gingko biloba ) ¥+ AP #& &
F S fRRF ol

BAF AR E e 12mMAB R BT L T Ak o el F
Bk B 5 600nM 93 % o 12 pipette #-F i ABI AR F R
EM 0 F BG5S ~4a18 > % EGb761 (Tebonin, Germany ) jF » &
BEMN > #F B EGb761 kA& 5 10pg/mL @ B ARy, FuR &
F R 30 24 o #600nM 0 AP A R 30 A4t 0 BE RIR R
BPAERBEPNSD > TR i FABAE o R BEMF
250uL & B 5 10ug/mL s Egb761 » L% AP, cfE3E 5~ J& 30 &
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— ~ Thioflavin T (ThT) #Z%

FHF UL P A E AT T E REAY AL R E o AT
¥ 44l APia #7)d  oa-helix # % = B-sheet 1 HFP (1,1,1,3,3,3
-hexafluoropropanol ) ~ DMSO (100% ) (Serpell, 2000) ¥2 & Z_APB;.4
i ok % sodium acetate (pH4.0) > 4| * Thioflavin T % ¢ »
T2 AB R ERE PF % (B 2) (4% B 0 3> sodium acetate f £
100nM APy 35 5 i 12 /] Pt - 2273 3 DMSO ¥ 1 100nM AB,_p»
}éw“’ﬁ%ﬁ&j%ﬂs’¢F@24+.éﬁDMﬁyaHW
)% % 4p vt 0 3% sodium acetate T AB g B0 Wi R TH B A FER A o
AR ET Y HEEEEFF O AR BV AREFERR O Y AW
ARE O FIF kY TRERT DI A AT A S 2 AP R B
F o o

=~ e F P

PR AP Y 7 0.05%DMSO kiR R T B TR R F RS
M PCI2 e 3552 MTT %% (Bl 3) » B% 8T 23024 -
| FER 24 )RR R RiES 0 A2 R L RH PCI2 ek
”ﬁ e A MO FEM AT Y 50.05% DMSO Jkiz iR A58 AR v
FEMET S5 L4 e d g o

= -8 55 EGb761 # AP 325k F BB 4o B

(M 4) #7530 s r EGT61 (54 50 AR A+ frrrip? X
PR R R LT 2 BRSO EF ] Ryl 3
7] EGb761 22 AB i® % {5 & 4 ﬁ;’;ﬁ@,%%{@ 4o T %o d gt ¥ L EGD761
Wi Pag b F BT AR R EME Fhani 4 o 5 BLE EGb761
AR AR F RiSfRgF Ko S 6001’1M APy £ F = L 248
t5 » 12 10ug/mL 7 EGb761 frz%@p e (B 5) 753 AP TR 11 f2
Brenk i MELT RE o AT o AW AP B F /.TE;F'H WePEE E = A
481440 » EGb761 » 397 342 5 K AR B & o
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ITE R WA N n R F el o~ L F LehsE (ginkgo biloba) Ak
HREG oK AD e st e B b o L ER N2 WA AR EL

&= EGb761 > p 7 24%2 % fir & (flavone glycoside) 2 6%¢:7
BE 1Y & $7 (terpenoid &4 bilobalide, ginkgolide A, B, C, J, M )-EGb761
BmbeRR RSt ARt o TAEP LG WEOY A SRR
* oo gt T ¥ a0 & BGbT61 shdny 1 s fﬁ d 7% B (Pincemail et al.,
1989 ); EGb761 » it fﬁ d Frd| o o] 45 % v F]3 (platelet activating factor )
A4 X% (Lamantetal., 1987); Tk + EGb761 f LASRIS &4
¥ ¥ R ATkt (Jungetal., 1990) 5 77 @ A4 FIFC IR & * 30 Ko
08 ° EGb761 Ainvitro T#rd| AB R & &d 44 7P B (3R
AL > 1998) o @ AN PP kY » B Z  EGb761 4] AP
AEFRBEd (R 4) oo § 4~ EGb761 TIEEF 7 1 AR i3 %
f%"‘,f TR EEF L on e EREDAP, R ENA L JRY
(B 5) 2_600nMAB; 4, Gt F i 30 » 4515 > EGb761 ¥ APygp A
A fRgperrcsk o KB T g 2 B F0.05% DMSO (R iR B 0 AR,
RAEMGET LA D R4 7 4~ EGOTOL 6 fadic + L 3 RF 0 1 b o
@ 5%¥ B J) EGb761 /& Frdl AR A~ R b B & 5 d > EGb761
NEPRECHEAL DT RT A EAS AR T S F A
PR BT R AL B vka Ao A s B F AL E

)ngﬁzﬁ;z °
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110 r
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100 - =
g
2 *
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:
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70 | |
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Time

Bl 3 APja 3-v fmPe F [pIRE
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0.0524 -

0.0522 = eoonM AB_ .
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!
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0.0514 L | L | L | L |
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