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Based on FRET

Quande Wei', Moonkwon Lee?, Gi Hun Seong®*, Jaebum Choo®**, and Eun Kyu Lee®®+
'Department of Pathogenic Biology, Sun Yat-sen University, Guangzhou 530080, China
“Micro Biochip Center, *Department of Chemical Engineering, “Department of Applied Chemistry,
Hanyang University, Ansan 426-791, Korea
(Received : 2007. 1. 4., Accepted : 2007. 8. 24.)

We have developed a sensitive, one-step, homogeneous open sandwich fluoroimmunoassay (OsFIA) based on fluorescence
resonance energy transfer (FRET) and luminescent semiconductor guantum dots (QDs). In this FRET assay, estrogen
receptor-3 (ER-B) antigen was incubated with QD-labeled anti-ER-B monoclonal antibody and AF (Alexa Fluoro)-labeled
anti-ER polyclonal antibody for 30 minutes, followed by FRET measurement. The dye separation distance was estimated to
be between 80~90 A. The present method is rapid, simple and highly sensitive, and did not require the boundffree reagent
separation steps and solid-phase carriers. A concentration as low as 0.05 nM (2.65 ng/ml) receptor was detected with
linearity (R® > 0.990). In addition, the assay was performed with commercial antibodies. This assay provides a convenient

alternative to conventional, laborious sandwich immunoassays.
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AN acceptord] FF F713A
EFEA AEE 1
Donor®} acceptor®] A
7HY(3-6). A gd
TN & o] HTH(T-10).
HAEZHQ HIAERNHL A JUS A7 {3
AAGe AAAE 82 &, JF AFL AAS] 9
3 &A% A¥H AFHY T A dAE BoE T
o o7 FAAEE Hs7] #43+ Ueda F(11)<= open
sandwich FIA (Fluoroscence immunoassay)s Z7H3}t}. o]
HhH 2 g}Al 2] Vy (variable region of the heavy chain)3} Vi
(variable region of the light chain) A}o]olA€] FRETE ©}-%
3t} Vu-EGFP chimera$} Vi-EGFP chimera’7} A&l 4
A |, & GFP (green fluoroscent protein) Ae]ofjAl e}
+ FRET @42 #A5Fo=H, IA9 =5 ARY +
Atk o] SAHZL o) § w23 sy, e 1 pg/mL
LY FAA FAHol Zhedth. olet ARG E UE
BH-2 VgRluc (Renilla luciferase)©t VL-EYFP  A}o] 9]
FRET #A4}2 o]&3t ZojH, 0.1 pgmL (v 7 nM)9] &
=7t A olth12). ©Y BA, 744 FRET HIE

o
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AHe Eyp-¥A FR=AN Cy5-EA antiIC (R2WH &

229 AA) Fab GH Alole] FRETAAS TZ3H, 5
ng/mL 2] morphine7}A A = YTH13). o]HS RE WL
T 3% GAA Atele AT A Wi 5A3 A

GHE WA oF et w3 VA FF I acceptor & H A 9
A7)A QNN donord] WEFo| g oq7]7} ofd Fd
8 AR o7] o) FEo| Hoto] WEY.

Anti-ER PcAb

AF 568

or 633 * l
B, wits, 7%
§ (estimate)

Ex: 4?6!488 nm Anti-ER-B McAb

Figure 1. Schematic illustrations of FRET based open sandwich
fluoroimmunoassay (OsFIA). QD565 is excited by an Ar-visible laser
and the energy transfer occurs from QD to AF that emits red
fluorescence. The fluorescence is detected in the FRET channel with
the detection window at 590-720 nm (for Alexa 568) or at 610-740
nm (for Alexa 633). The spectra are scanned from 515 nm to 720

nm (for Alexa 568 acceptor) or from 525 nm to 730 nm (for Alexa
633 acceptor).

FZ20|EA HIEA YxZ2F, &L quantum dots (QDs)<
Aol 2 Fed A A7) (@) 9 o, ¥%
ol ¥A-F7tHEe W=A Ed9 YkdFe|d Qbe 7
Eo FxA S HstY FEe F5 Y F2
e R, w2 UE e, A aEARL 32 28
7V, & Stoke shift, 18] g}:}a ety ogA =
Be 3ds ATTT4, 15. £33, QD 7led A2 4
o|AE WAE A B A7) ﬂrffﬂa—} G )VIRE
< BES 4& 7 U Aot o3 QDs2 ?:lﬁ&’ﬂ?l
FRER7IE olSHx 7IEY M T 77 E4
Ad 2L 32 FFEAM AL 7 Jom, Z?ﬁ?ﬂ_ﬂl%‘
L

S ol gslH AAEAN Ad9d 747t QDA% #HES
& Ath16). FEolE QDsS thekdt 247 (W g7ty)
2 X&Hold EWHE VA 7Y yxdAgoy, &
Fsts Wi U Sujold R A TH16-19).
Invito AATHET2A QDs2 AHEFHOZN WHEAH
oAM= @AE wrdol ATh(15). QDso] AdtE oA
3 & Ato)dl A o) FRETS WAEMH| A4 5
AH20). AGE-AH) N QD AFAE Ao ZH Fg
& He gdt 379 Y24 FJAE sl FHs

ALREte 7N e, o Y FBAE FA
Z2A4g £ Jdue Aolt@2l. BF, donorE *}%Q*’E QD
A Ad e QDse] w2 AR A HE RS
ARG W A7A AqHAE Aol¥ + UH. Qb¢
acceptor A}O]A A= 91 A7MA| 7FE8Frh22).

QD-g|ZtE Ao 7Hisk W R A H g 4H wfF
o, B AT M= QDT AF (Alexa Fluoro G E)7} A%d
AAE o]g3 EAHS A4S, ©| open sandwich
fluroimmunoassay (OsFIA)2 Fig. 19| UeJIslch o AE
2A F8&A B 9EFE YA (anti-estrogen receptor B
monoclonal antibody: ER-B McAb)< QD 5652 Zgste ¢
MR, FAAEZA FEA UEE A (anti-estrogen
receptor Polyclonal antibody: ER PcAb)~= AF568% AF633.2
2 gusan F aPe FAS RS FAH
RS A7 3, F2A AV A0 E FRETEAS S48 A0 2

wgo 2Ae fddAe AR QDARYAES
AgN7)2, o7t Wem, e, 2o PEg F4
247142 Anske ot

ME Y Y

Anti-estrogen receptor B (ER-8) monoclonal antibody
(McAb)o{|2| QD 565 FEX|

Anti-ER-3 McAb (mouse ascites, IgM isotype; Sigma, St.
Louis, MO, USA)™ QD 565 antibody conjugation kit (Quantum
Dot Corporation, Haywood, CA; qdots.com)= ©]-&3al EA|3}
Qom, AFAYA wt MNPtk 7heFs] AR, of
vl 388 ZYE core(CdSe)-shell(Zns) QD Y=Z2A AEA 3
HE& hetero bifunctional crosslinker$!  4-(maleimidomethyl)-1-
cyclohexanecarboxylic acid N-hydroxysuccinimide ester (SMCC)ol|
3| A maleimide-+} =2 EHOE SAsET GEELA
= dithiothreitol (DTT)E A 25k %7] A8 disulfide A%
,—% a3 8lt}, Maleimide- QD thiol-containing McAb$®} <&==}4

2 A=t} 147k uke T B2 maleimide 1E5<

—mercaptoeﬁlanolf’; Zﬂﬂﬁi‘;}. QD ZARHA &2 dA =
SEC (size-exclusion chromatography) (Superdex 200, Amersham
Biosciences, USA)S ©]-&3l A A3t} QD] FX|H g ¢]
B excitation coefficient (QD 565~300,000 M 'cm )9} &%
(@556 nm, [QD 565] = Ass¢/300,00005 83t AL
o} &4 1 pMol] 23 QD 5659 F&= 60 tM AEE A
Atk BAE McAbs ARE A7HA] 4To) Bagi,

Anti-ER polyclonal antibody (PcAb)oi|2]
dyes2| FEX|

Rabbit anti-ER PcAb (antiserum, IgG isotype, Sigma. St.
Louis, MO, USA)& AF568 & 633 protein labeling kit
(Molecular Probes, Eugene, OR, USA)S ©|&3ta] E A3+
o, AF LMol wet JFspadvt. ks dWEiY, 2
mg/mLe] A &H 05 mLe] 1 M2 bicarbonateE 50 pL
& B ukgAZ GAH 1 viald} EF5F A0 14]
ok AojE. o] A7 £AE A= SEC (BioGel

Alexa Fluor
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P-30 Fine, Bio-Rad, USA)S ©]&3}l AA 3T} Ao =%
AH AF 95 (AF568 EE AF633)2] Hl&S ¢E (577 nm
[AF568], 632 nm [AF633]))2} 34| (280 nm)ol] | Fst= wA
AXe FFEE FASA AL THlabeling ratio =
[AF568 or AF633]/[antibody]). AFS5682] 749, [AF568] =
As577/91,300, [antibody] = (A80-0.464577)/203,000. AF6332] 7%
[AF633] = As:/100,000, [antibody] = (A2s0-0.554577)/ 203,000).
Z}7+o)  AF568 @577 nm$} AF633 @632 nm$ molar
extinction coefficients T™EF 91,300 M'cm'$} 100,000 M'cm’!
ojt}y. U¥HAQl IgGe] molar extinction coefficient= 203,000
M'cm'o|t}h 280 nmolq GBI} TS vHe FREE B
A3zl ¥t 0463 0559 EAATE AHESIEH. 085
M F59] Ao thste] AF568S 7 uM, AF633-& 6 uM
Axol Agt ¥&E etk T3 06 uM w129 A9 o
3] AF3682 7.5 uM, AF6332 45 yuM AEE A v & o
UEsT o] EXE PcAbe AHE F7MA] 20T B3I
},

Open sandwich FRET (fluorescence resonance energy
transfer) 7|t HAEAE (OsFIA)

FRET WA d8e Fig. 19 YeER Y. Donor
22X WZEFH 9 hinge FF¥o QDS FEAsIHoH,
acceptor2M 8] T ZFEFZA S N-terminaldl =  AF568%
AF633-% Zd¥AFHT. ER-BE 7438171 g £ open
sandwich immunoassay AF568 X+ AF633¢] XZAH
anti-ER PcAb®} QD5657} E X anti-ER-B McAbS ©]-£3}
of T3 o] W3 TE QD565 AFS68 #o] A&,
QD5657} A H anti-ER-B McAb 2 uL9 AF5687} ¥ A9
anti-ER PcAb 1 yLE 43 F% (50 nM~0 nM)2] human
ER-B (Sigma) 1 pL¢} A 35T QD565 AF633 %%
o] A$+= QD5S657} XA H anti-ER-B McAb 1 yL9} AF633
o] ¥ A& anti-ER PcAb 3 uLE o F% (50 nM~0 nM)
¢] human ER-B 1 yL¢} &7 EFstH . Ao} 3087
o] ¥hg & ¥h3E 89 F 2 uLE AW 29E
AT o] FF omA e FRIFFEVAES oL =
Attt zhzhe] AL 33 wkEE o, SAAUERTL
Z+ ER-B thAlel] 0.01 M phosphate buffer (pH 7.4)E AR
stk RE 599 34 phosphate buffers ©]-83}Th

50|48 0|85t FRET HE

A ¥3FdV|HLS DM IRE 2 inverted
microscope  (Leica, Germany)?| X3HJE TCS-SL
confocal system (Leica, Heidelberg, Germany)S A}-£-3}4 T}
1231 0.3 nme| numerical aperture (NJA) #S ztE A=
E AHEEH, xyz9 xyA BEE FFo|njAE AN .
QD5659F AF568 %9 ZA$ol= 476 nme HFS zte
Ar-visible #o|AE o| &3l o7)5tPth. QD565 ¥
o|ul X = PMT-1 (yellow channel)ojA 515~590 nmZ A3
3}, AF5682] o]v|X|= PMT-2 (red channeD)® A 590~720
imZ AP, xyz RER B 2R95, 97 2
EHO 24L& xyA REE 0|23} 515~720 nm A}o] ol A
S am BALT 40709 oluiAE Hseke] FAHY
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QD5659+ AF633 %9 %o 488 mme FHFS Z=
Ar'-visible @Ol AE o] &3t 7184t QD565 ©|H]
A= PMT-1 (yellow channel)o] A 515~605 nmZ 479 3}aL,
AF6339] o|u]z:= PMT-2 (red channel)®l|X 610~740 nmZ
A, xyz LEE FAol S ALH, oo g F
F AHEHL xyA BEEZ o] &89 525~730 nm Aol A
5nm HASE 40709 o|v|AE F53Y SHNT. 2
E o]u A= Leica confocal software (Leica)E ©]| 83l E
At

AlZbe WE AdE SdA AL redfyellow FFHEL
ER-B &¥9 f - 59 wWE FRETY AZE AHEHIUT
Zt 7% 7] (yvellow & red chamnels)oll A{8] o]r|X]= 5& %t
Aoz 708 ¢ ZI5HALH, o AlZkvltt yellows} red
g Ha A7IE SR

#3391

QD5652 Alexa Fluor 568/6332 2& st EM

QD565/AF568 3 QD565/AF633 42 ER-B UL &
A&t7) Y& AHEEATE. QD565 AF568/633 XA E 34

HE 2~ E-”L Fig. 20 HoFr}h AF6330] FA|#
gA= e 632 nmol A HAd F434E 7HAH, 580 nm
A F WA F5uAE =t AF5683 AF6339 &
348 QDs659) WENAY EFFHoz e F HAA
Al HErd

1o,

AFS568 AFB3I3
" A,
: | em exemn i
_ﬂz £ o r
h .: ;ﬁ
A it
% 177 f L 8
D 5 ; I §
| A i L — &?&’ﬁ T - ﬁﬁf'&k"““—an._-
450 500 650 600 650 700 750 800
Wavelength {nm)

Figure 2. Spectra of QD565 labeled antibody, and Alexa 568 and
Alexa 633 bound to antibody (Ex = excitation spectrum, Em =
emission spectrumy.

dFEdo] uX8 FASH FU9 W3 FRET @4
o FHAHY A7FE AR Fig 39 He vie}
z S Sof UZRTY acceptor/donor
F3AA 7] vERY AFF2 acceptor/donor F3EA| 7] HlE
o] &) HA Z/lEY, 308 FHEHE AZ02 FUlsle

S B F A o|#g ZFe] Folo, e F4HAHLS
Ao A 30&7HY §hE Fo a3 AY. QD5652F AF568
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of AR Z4 FAE o] AFNME 44 AxEe
7} 0.5 uM (30 nM QD565 175 uM (200 nM AF568)°]
Ao, QD565% AF633¢] R A H Zt A E o] &3 43
ANXe= 7479 HFFE7F 02 uM (12 oM QD365+ 0.6
UM (210 nM AF633)°) i t}.

2.0 ; Time course of QD 565 with AF633
18| _g ent
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Figure 3. The time course of FRET based OsFIA between QD565 and
Alexa 633. Images from the yellow channel (515~605 nm) and the red
channel (610~740 nm) were recorded at intervals of 5 min for up to
70 min with the final concentration of estrogen receptor at 10 nM
(control with PBS).

Figure 4. OsFIA with QD565 and Alexa 633 dye ((a) Donor
fluotescent density of negative control (two fluorophore-labeled
antibodies but no antigen). (b) Acceptor fluorescent density of
negative control. (c) Donor fluorescent density of experimental sample
(two fluorophore-labeled antibodies with antigen). (d) Acceptor
fluorescent density of experimental sample. Sample was visualized by
illumination using an Ar-visiblelaser with laser line set at 488 nm.
QD565 Fluorescence was detected in the donor channel with the
detection window at 515~605 nm. Fluorescence was colored in
yellow (a, c). Alexa 633 Fluorescence was detected in the acceptor
channel with the emission window at 610~740 nm. Fluorescence was
colored in red (b, d)).

QDz} Alexa Fluor A[O|0A{S| FRET
Fig. 49} Fig. 594 QDol EAE anti-ER-B (McAb)$}

AF568 T+ AF633°] ¥ A H anti-ER (PcAb)E ER-S 3¢
I WSAIAA B2 FRET 8748 Yehdlal Ut FRET
Aol oA Hagol MAEE AT acceptor channel
(Fig. 4d)9l A= tHZE-(Fig. 4b)e] FFA|71HT}E Fof] o]
A =L FFAM7|7F Kol ¥HHHA, AEF9  donor
channel(Fig. 4c)ol A+ 2T (Fig. 4a)8 H$ET} & &
FA 7171 Bolxith ¥4 ST R vl A
A7 donor (565 nm) HA AV)E ZFABM, acceptor
(Fig. 5a%lA= 655 nm, Fig. 5bol A= 605 nm) 339 =
7ME B 4 UTHFg. 5).

—
(8}
-

QD 565 vs AF633
£l ,
= |
e
o 13 -
s )
7]
+)
£
£ 12
=
8
2 1
a
10 — — = - —_— = — -
500 550 600 650 700 750
wavelength
(a)
13+ QD 565 vs AF 568
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QO
c
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Q
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=
E11.5
=
L
2 M-
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105 — e e o
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Figure 5. Spectra scanning of experiment and negative control ((A)
QD565/Alexa 568 pair scanned from 515 nm to 720 nm with 40
images. (B) QD565/Alexa 633 pair scanned from 525 to 730 nm
with 40 images).

$1¢] McAb (17 &)+ PeAb 3 )] ER-Bol) &3
sandwich complex®] AL Fst7] 948t ELISA
(Enzyme linked immunosorbent assay) A3-2 A3} 2w,
iz7re] vla AT F3% (@405 nm)= 108 ol =
A YEigE RS stk &3 SDS-PAGE 4ddE 4
ot Age A  Ye AHE e jTh
ol iy &A7te] AYS SDS o] W) wEo
gt AbE T 1830 carboxymethyl dextran surfaced ©]-§
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3t SPR (Surface Resonance Plasmon) 23S A|8Ydl ot
Dextran EHO A28 ©EE A9 A3} ER-B A
e o)$ sl 2 ool Bou}, RSt BEE A
(free) 7+ A2 b HolA FUth o= channelol| A 7]
4402 olfelt gao 58 wEoleln wuEn, o
AWeol RS TEE P Aolel ok AT )
848 AEP0y AGAG.

0.65

0.60 -

0.55

0.50

0.45 -

Ratio of AF368 / QD565

0.40 -

0.35 . T T
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Concentration of ER-B [nM]
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Ratic of AF¥568 / QD365
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0.35 T i T —
-1 0 1 2

Log of ER- concentration [nM]

(b}

Figure 6. Calibration graphs between estrogen receptor concentration
and donorfacceptor density ratio ((a): using ‘two-site binding model’
(b) using semi-log linear model).

Receptor?] == CH FRET
Energy transfer efficiency, 5 FRET E& (BE)= U=9Y 4
A e,

F
— -+ DA
E=1-—"p"

Fpoat acceptors 7182 W el E donord] 334
71o]™, Foe donor?t EAE wfeo] FFA7]oltt. QD565
AF568 Alol9] FRET E&2 ¢F 30%%, QD5659} AF6339]
S (%F 20%) R0 4 JEpdth o] o]f+ QD5659
94T AF5689  o7|3ge]  QD565S] W&
AF6339] 7|9 Rt Z38l7] WEolt). Fig. 62 ER-B
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o] =% ¢} donorfacceptor Al 7|HIE ZHe] AHAAAE RAF
1 vk Fig. 6aol UEMd donorfacceptor Al 71H] &
‘two-site binding’ F@d] % F WE=rhR® = 0.996). ©
zdoq A AR A3 Ky & (0007 a2 F WA 2
gl Ko 3 (173 aMETE vf§ WA AdE =, o= A
Ha Aol ¢ WA JPEES BRAFT. Fig 6bY 1L
Z) = donorfacceptor A 7)Hl &0} th3 ER-B % 21
A& (log-linear plot)yS YEI=H, receptor®] HilFE 50
M HAFE 005 naM7EAE w-¢ AT AFE R, =
09908 HoFth 99 Ao met B E4HE o443t
o] 3089 HHSAIZE ¥ 0.05 nM7HA] S35

£ %3 QDso] EAE GFEIA Y AP} ®A
3

=
t48l, FRET] 7]4Wt3l sandwich immunoassay (OsFIA)E
i t}. OsFIAT H|ZAFH oY 537t 753t
w3 9w Ao Agtel & & Wl £A8FA ¥E
Rol wheAZr 3o E8H 948 AL o F
335 =3 ELISA ¥Hg-Zo] A3, A, (e &
SAZE 9o ¢gth o] EAYE 7EY HE H
AAED ASH Loz YA 82 4+ 9

to 12 fo k1 &
S
jz:%
ﬂ_l_r
[

S
o
k)

FRET A &9 AAloN FFHg Ate]y EAZE M4
K23 2lx}e]t}d. Donor-acceptord] #8 A7 50~100 Ad
A3} FRET d/o] LAtk B 49 OsFIAY A
thZ 2313 2] hinge area®l thioester 2%l <3iA QDO]
L 91211], T2 2349 N-terminal a-amino groups©l)
N-hydroxysuccinimide (NHS)7} X% AFES HE24o2 &
A5t QD565 WAL ok 30 Aotk e HaA)
= 45 Aol7] WEdl| hinge FEA Fab Alole] HAAF
= 225 Azl & 4 th23). MBP (maltose binding protein)
o] A7]= 30 x 40 x 65 Ao)T, avidin®] Z7)E= 100 x 62
x 25 Aolt} 43 kDa2] MBP 68 kDa¢] avidin®] Z7)& 7z
7} 30 A@3)@ 25 A@Q4)old, ER-B (53 kDa)olX FAH=
HA A7)E 25-35 Aolth. B dAFA F FFA Aol
7} 2438 AT E 80~90 AojthFg. 1). ©) EAYL &
oA Hang 987 2AE 47 FA Alol9 A
(20, 23, 2602t} ¥S 717t} FRET 825 AA £
AYE Aidete A& Z Y acceptorrt WHEOll Frddt=
A7} B Eelry] W wig- otk B EAHL acceptor
A48 AP 9 g3 4L v F U =2 ¢ e
o] QDs& ©|&3}7] W&o FRET &4 o4& o[t} AF
o] #o EAE N-terminal®] ofFi7|o] Z@H o] Au, 34
o BHoe 4TS FA Fevh AF FAAE A9
AR ol fE UE RUI9EREYE Yo 33 HEA 0
=7] wEoltt. B OsFIA B4 F A7 AF
epitopes AFe]S] A7l 45 A ol W TE & EAFY
o= AFEE 5 9 |

Az OE 34 epitopesE 7}FR= QD-3A| &} AF568/633-
G471 2FE o, F9-3dA dIEEAF FAAH ARG
FRET &0 wE AF568-3A T AF633-3A9 red

B orir & ofN

.

)
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Table 1. The lowest concentrations detected in other reports and OsFIA

Method Description Detection limit

FRET immunoassay”’ Sq 635 labeled anti-HSA vs. Sq 660 labeled HSA 100 nM (7 ng/ml)
Open sandwich FIA" Antibody variable region: Vy-EBFP vs. Vi -EGFP 1 ug/ml
ELISA® Enzyme tagged antibody 10 ng/ml
Open sandwich FIA" Vi-Rluc(Renilla luciferase) vs. V-EYFP 7 oM (0.1 ug/ml)
FRET immunoassay’’ QD555-Anti-BSA vs. QD610-BSA 10 nM
Sandwich FIA" Eu-labeled anti-morphine vs. Cy5-labeled

anti-IC(immuno-complex) Fab fragment 5 ng/ml
OsFIA QD565-Anti-ER-B vs. AF568-Anti-ER 0.05 nM (2.65 ng/ml)

emission® VAT F7}et 19] WE donorE2H S QD565-
A 2] yellow emission®] ZFAEAS QAU Z B=HUY
(Fig. 4, Fig. 5). FRET &&-2 QD565/AF568%ol4 TS =
A e, ol 7Y WEIAER S4u%ol ek 3
271 wFo|ty. o]H3 FRET @A donor channel3}
FRET channel® &334 7] vl& 2 &3 Yy, o]
Hl&o| wla}r, QDS6S/AFS68 )+ 5 x 10 M9 ER-8
A EAZE 4 JAF. o] OsFIA EAHL tfE2 A7 H
g ¥2 2452 HAEUHTable 1). B29], OsFIAE
El9] FRET 7|9t AR oA Doz 3t 543 3
AH(11-13)°] old F&3E dvtdAd FAE o] &3t
OsFIAS] A 3A)7) ¢} o& FAA77] A3iA
FRET %29 HASLE A+ Fo Yt

A2 H7 well-plate 2t} 22 background noiseE Zte=
AW EHLE AFRShe RS Wl EFHo|T QDs H
2 A7|3AE 7HAH, ol acceptorE A 7IAI7|A] e
M9 A71ggS et QDS o 7IAl Ak ) o]
gt Y2 background noisew= A HYdME FFE 23F

g+ gom, 24zEs Y42 4 A

=
T E

o O}
- —

QDs& 7IHte g dh= OsFIAT w9 w23 7ids] 43
2 it B o] 4 AR FAu AR
Al w8 % 22 o RHE d_E &hA @ow,
HE e AN22E F4o| rtedith & £4YE w2
HEE e SHY 4 don, A1 L4z 4
48 B9 WA =3 bed

£ 005 nM (2.65 ng/mL) HEolr} T3,
Ao g gkl IFAE VAL 3o Thsdid. o

OsFIA A4 719 A3 sandwich immunoassay®] &
A o g AAHT
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