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ABSTRACT: Enzyme immunoassay to analyze specific binding activity of antibody to antigen uses horseradish peroxidase (HRP) or
alkaline phosphatase (AP). Chemical methods are usually used for coupling of these enzymes to antibody, which is complicated and
random cross-linking process. As results, it causes decreases or loss of functional activity of either antibody or enzyme. In addition, most
enzyme assays use secondary antibody to detect antigen binding activity of primary antibody. Enzymes coupled to secondary antibody
provide a binding signal by substrate-based color development, suggesting secondary antibody is required in enzyme immunoassay.
Additional incubation time for binding of secondary antibody should also be necessary. More importantly, non-specific binding activity
caused by secondary antibody should also be eliminated. In this study, we cloned AP isolated from Escherichia coli| E. colll chromosome
by PCR and fused to] hAY4 single-chain variable domain fragment (ScFv) specific to death receptor ([DR4) which is a receptor for tumor
necrosis factor a related apoptosis induced ligand (TRAIL). hAY4 ScFv-AP expressed in £ coli showed 73.8 kDa as a monomer in
SDS-PAGE. However, this fusion protein shown in size-exclusion chromatography (SEC) exhibited 147.6 kDa as a dimer confirming that
natural dimerization of AP by non-covalent association induced ScFv-AP dimerization. In several immunoassay such as ELISA, Western
blot and immunocytochemistry, it showed antigen binding activity by color development of substrates catalyzed by AP directly fused to
primary hAY4 ScFv without secondary antibody. In summary, hAY4 ScFv-AP fusion protein was successfully purified as a soluble dimeric
form in £ col/ and showed antigen binding activity in several immunoassays without addition of secondary antibody which sometimes
causes time-consuming, expensive and non-specific false binding.
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Holl izt &2 a3k v| 50| 4 A EIF Al A = ol of
gt} eug olgt wAlRE S5 flal f-4ueA
WS o]-85to] AR AAFHARE A SHAIA
P Ba0] 75 FAlOl s FAl- A BEA A7t
tjoto 2 AJAE| It Wels et al., 1992; Ducancel et al., 1993;
Wang et al., 1994; Carrier et al., 1995). $+H A0 2 HE
<2l = alkaline phosphatse (AP)+=DNA, T2 9l 7|2 2 K.
o QA E TR BaE B3] 7] A0 e &
wfshs 548 o] g3te] Eamel Aol Y o] 455 9]
th AP 124 0 & Z3o]ekA|(homodimer) S A 5L =
Fofl thet M =7} =31 w23}, WA 3 Esfjof Tl WA
2 ZF=rl(Mandecki et al., 1991). T3+ AP 2] X} A1 Q] oA
(dimer) & 4J(Coleman, 1992)-2- §-3+A] 7]+= T (monomer)
& g} ¢l single-chain variable domain fragment (ScFv)2] o]
Al(dimer)F/d& Feote] FAATHE 28l = S7HAA
AAA )l A& F7H 7= Bt 7| & 4= ek Suzuki
etal., 1997; Liu et al., 2010). we}A] & AALo] A= GA| £ 2]
A7IAPES 8- =38+H= TRAIL (Tumor necrosis factor-related
apoptosis inducing ligand) >8] 21 death receptor 4 (DR4)<]|
Eojdo g Astst= 27k3}l 314 hAY4 ScFv (Lee et al.,
2010)°] th=2] AP RS S A1 A thidwtoll A -84
okl el 2 235kl c) WE E hAY4 ScFyv-AP §-3 ol
22 SDS-PAGE9|| Al = ©&FA)|(monomer) Q] 73.8 kDa& U}
EFJ Q3L size-exclusion chromatography (SEC)of| A& o
A|(dimer) 21 147.6 kDa2 LUEFY o] hAY4 ScFv-AP= L2 &
O 8 APS] 541 HF-HAR A o %A /ol o8l =5
o Xl O FAIE BB AL 754 S 2= A QI ELISA,
Western blot 2! immunocytochemistry & =33} %12 ] hAY4
ScFv7} DR4 gHelol g4 e Agelelon] 1 Ao of
2 94 910] 4 hAY4 ScFvel §215l APS] 7] ko] ]
3 kAl Eoj Ak,

RIS

CHZERC| alkaline phosphatase?} 881E! hAY4-AP W51
HIE 1%

)&kt 9] alkaline phosphatase (AP) -3 A A= & AP
forward primer (5'-tct gta acc gcg gee gea gge ggt ggc ggt age
aca cca gaa atg cct gtt ctg gaa-3")2} T4+ AP reverse primer
(5'-ttt cce ggt gac cga ttt cag ccc cag age ggc ttt cat-3') S A&

3 a A A WH-(polymerase chain reaction: PCR)S ©]-&

Hind I Sfil Not1 BstETI

= m

E. coli 5
LacZ |P€I VH Alkaline phosphatase | His6

pUC 119 plasmid

1. VH EVQLVESGGG GQGTLVTVSS

2. Linker 1 GGGGSGGGGSGGGGS

3. VL TDTQVTQSPS GQGTKVEIKR
4. Linker 2 AAAGGGGS

5. Alkaline phosphatase RTPEMPVLEN TMKAALGLKS
6. His6 VTHHHHHH

Fig. 1. Schematic diagram of hAY4 ScFv fused to Escherichia coli
alkaline phosphatase. The hAY ScFv-AP is constructed from monomeric
ScFv expression vector derived from pUC119 containing a lacZ promoter,
5’-PelB leader sequence and 3’ hexahistidine tag by insertion of E. coli
alkaline phosphatase at C-terminus of ScFv.

sko] th7d+t-©] genomic DNA 2 78| S-251G] T} o|ujj AP
ARFZS 9JoF =38 42 = GoTaq A 4~(Promega) S ©|-&
31905 SE 5| PCR AHE-E o] ] 7250} 1= TRAIL 5§
A| 21 death receptor 4 (DR4) ]| £0]21Q1 hAY4 ScFv 34| wh&l
WHE|(Lee et al., 2010)9]| NoAA-BstEIl A|3ta 4~(New England
Biolabs)Z o]-&-3}| 3’ Wk o 8 22 45ko] hAY4 ScFvoll AP
71§ 2HE hAY4 ScFv-AP e 2] uHel 9] E} S 725} Ch Figs.
] and 2). 20 2 AFE3}7] 9150 g3 7] oF-S-hAY4 ScFv
only+= o]u] ZL&E o] Q)= W& E|(Kim ef al., 1994; Park et
al, 20052 AHESFTT 52151 7) OEL AP only = ThE-E APSSi
forward primer (5'-gtc ctc gea act geg gee cag ccg gee atg gee +

cgg aca cca gaa atg cct gtt-3")2} T & APNot reverse primer
MW (bp)
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Fig. 2. DNA gel analysis of hAY4 ScFv, Escherichia coli alkaline
phosphatase and hAY4-ScFv cloned into pUC 119 expression vector.
Alkaline phosphatase (AP) gene was amplified from E. coli genomic DNA
by PCR (lane 1). AP gene was cloned into pUC 119 expression vector by
Notl-BstEIl digestion (lanes 2 and 3). Single-chain Fv (ScFv) gene was
cloned into pUC 119 expression vector by by Sfil-Notl digestion (lanes 4
and 5).
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(5'-gag tea ttc tge gge cge + ttt cag ccc cag age ggc ttt-3') S ALE-
alo] 9lol st 0.2 AP A2 S 2alg 00| S22
PCR AFHE-2 Sfil-Notl A3t 4~ (New England Biolabs) & ©]-&
3 WA E 2 F 23 tHPark ef al., 2005; Lee ef al.,
2010).

hAY4 ScFv-AP SIS sl 2! M|

hAY4 ScFv-AP, hAY4 ScFv only 2! AP only 2] Z+Z} &
A5 23U W EH & o+t BMH71-18¢] & 24k 5}
tHKim et al., 1994; Park et al., 2005). &2 A3 = A+
BMH71-182 2x TY (1% tryptone, 1% yeast extract, 0.5% NaCl)
MR Aol 100 pg/mle] =7} === ampicillin (Sigma-
Aldrich)™} 1% glucose S A 7}5}F0] 30°Cof| 4] 180 rpm 0.2 W
A R Rt -, 6,000 rpm O = 4] 5k AF5-o Al
AL fresh 2x TY 2] 2 50} i3 A AErsto]
chA) 1R elaloick AlRE Foizl wjakolo] glucoses 7|
S 2x TY e H|ujz]] 100 ug/ml 2] ampicilling chA) ol
Z=31 0.2 mM IPTG (Sigma-Aldrich)E #7}5}o] 25°C, 200
rpmof| A AR vl QF QAT thA] e sho] A Al A
3lal, =7 % A)3E o] 2712 TES buffer (0.5 M Sucrose, 0.1
mM EDTA, and 200 mM Tris-Cl; pH 7.5) 2 2| A E}s}o] 4°C
ol A 1A &t v it ThA] ot -2 o= A&
2] 5to] A5 Ha A AT A H o7l M| 2 of 2] & =3t
& ¢Jstbuffer (0.1 M Tris-Cl, 0.5 M NaCl, pH 7.5) ]| 2§ &
ook ¥ 285 shaelo] Aalite) FAREIS Srlelslch
Z=7]5]o] 2] AFS-ol-S Ni-NTA -agarose columno] Z3FA|7]
11, agarose gel 53] 2] 208} o]] 3}g5}= TN buffer (0.1 M Tris-
C1, 0.5 M NaCl, 20 mM imidazole, pH 7.5 and pH 8.0)& ©]-&
3lo] M| 23}t A& o] Bt columno 250 mM immidazole
S A ejsto] Y E oA S5 Wk FA =ojzl ol
258 2x SDS-PAGE buffer2} 41 0] 221 & 15% SDS-PAGE
gelo]] A7 %953}, ©]E 0.25% Coomassie Brilliant Blue R-25
golg olgsto] Aulsieick. A4 HojHl Zi7ke] whay e
Bradford protein assay (Thermo scientific) S ©]-8-3l] F&s}L

Aol o3tk

¥R

EX

hAY4 ScFv—AP2| 3x} 2= D!

A 32} 2 R F-S 93t 2 13 Discovery Studio
2.5 (Accelrys)& ©]-23}o] hAY ScFv-AP 2] 32} 1 wmdlg]
= A%=31ITt = hAY ScFv &A1 9] ofm] il v -2 ¢ =5}

o0

H o] =AM E 9] -5-AHAd(sequence homology)o| 74 =2

=32l A Als2d AllE

3}A(PDB ID: 2GHW)£ protein data bank (PDB: http://www.
resb.org/pdb/home)of| A ZFotufjo] o] & 8 © & 5lo] hAY4
ScFv 34| 9] e A% 2191 complementarity determining
region (CDR)2] loop&} 313]2] @143} 1 8HS T} frame-
work (FR)®| 32} +25 | S5F3ITh. thd=t 9] AP 3%} 4L
A PDBOJ| 4] =% (PDB ID: 3BDH)-&- 3totfar = whal 25
AAAGGGGS 3 #(Fig. 1) A2 X7 §-35H8 hAY4 ScFv-AP
32} 25 =312 Discovery Studio 4.0 visualizer
(Accelrys) = 1512 0]-8-5}0] /435t

Size exclusion chromatography

A =] o] X hAY4 ScFv-AP, hAY4 ScFv only Z1&]31 AP
only 2] thlZ =2 PBS & U 5Hequilibration)El Superdex
200 increase 10/300 GL column (GE Health Care)-2- ©|-8-3}¢]
0.75 ml/min 9] flow rate 2 Z}Z}9] il 21 52 8-Z(elution)d}
o] chromatogram=- ¥ itk THH EAFAAY S FI8l SR
o] ekel4l T}l n}(Bio-Rad) O}4] & 2710 2§33}
o] 0]l chromatogram-& AFE-ato] A H zHzho] g
2R A9k

Of

filo

SAHALEMH(Enzyme linked immunosorbent assay :
ELISA)

4°Co]| 4] 1 ug?) death receptor 4 (DR4) F+= bovine serum
albumin (BSA)9] o] 1A% plate (Nunc)S ARE-31%1S
] 4°Col| A 1 ug 2] death receptor 4 (DR4)E 171G A 7] 1L PBS
o] 0.1%2] Tween 202 A 7}3F PBS-T buffer= A| &3},
Skim milk & 2% 3£ 315t PBS-T buffer& blocking buffer 2 A}
BoFatt 1L % A A ] A AH A (Direct ELISA) ]|
A]+= blocking buffero]] 3] 4%t A =] o] 2 hAY4 ScFv-AP
1 ugS 1A 7 B9 vk A3 31, 3 A& ¢] ELISA (competitive
ELISA)]| 4+ blocking 3 7 B XK competitor) = hAY4 ScFv
only£0.04 ug, 0.4 pg, 4 pg, 40 ugE 2H2 WA 1A17F F¢k vt
SA171 Z PBS-T A| A & hAY4 ScFv-AP 1 ug 1A]7F 52t
CRA| HES-AT R T 7L & 552 2 2 PBS-TE ©|-§-7 31 9] Al
2 3 "k 71 2 p-nitrophenyl phosphate (Sigma-Aldrich) &
A eJ5ho] M}, 1 THALO 2 M| o] 2l plate = micro-
plate reader (Biochrom)E- ©]-8-3f] 405 nm T-Aol| A &4 =&

=45t

Western blot

Death receptor 4 (DR4) 1 ug 342 SDS-PAGE3} AL nitro-
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cellulose membrane (Millipore) 2.2 transferst$ich 18|31
transfer ¥]©]2 membrane-S 2% (w/v) skim milkE 33kt
PBS-T buffer&- 0]-83}0] 420 A 1 A7} E<tblocking 3t T
= PBS-T= 3% A|A3}30tk. Al2%E membranes hAY4
ScFv-AP 10 pug-& 3£3}13}+=PBS-T blocking buffer 10 mlof| &
7hA] Ao A 1A17E 59 HES-A] 7] 3 PBS-T2 31 A28+
c}. ¥ 7] 2] 2 5-bromo-4-chloro-3-indolylphosphate/nitro blue
tetrazolium (BCIP/NBT)(Sigma-Aldrich)E #2]3}¢] hAY4
ScFv-AP 8}72] 31232 S shelaheict,

Immunocytochemistry

1007 disho]] Bj ¥ % HeLa A|3EE PBS & A& 3}41, trypsin
A 2] & sto] 2] HeLa A| 25 412 T 524 well plate
29] cover glassof ZFwell 4 x 10 cells/ml =]4| 312 74| Zo}
Tk ThA] PBS = A 25 33] A AL, YA} &FA| = hAY4-
AP, hAY4 ScFv only2! AP only 52 22z} wellg 150 ul &7}
A7 3-4°Cof|A] 1A17F EF H-S-A| Z Tk ThA] PBSE 21 A
235}11, 4% paraformaldehyde (PFA)S 211 Al2oj A 117
(fixation) | Zck. PFAS: #]71517] 913) chAl PBSZ Al =gt
3 o]z} &}A]| 2 surface buffer (0.5% BSA, 2 mM EDTA in PBS
pH 8.5)°]] 1:200 (v/v) 2.2 3] 4] $}rabbit anti-hexahistidine tag
antibody & #] 2] 50 4°Cof| A HhA WH-3-A| i}, THA| PBS 33]
AMA3, 32} AR surface buffero] -2 ¥H O & 3]4 3t
fluorescein isothiocyanate (FITC) conjugated goat anti-rabbit
IgG (Sigma-Aldrich) & %] 2]5}o] /2o A 1A 7F 53 REG-A]
ZAth 2% 0 2 cover glassE PBS = 33] HHE A3} &
Z24] A e )7 (Nikon)& AH8-5F0] HeLa A 3 3£ 2] DR4
3+lo] teFhAY4 ScFv-AP, hAY4 only & AP onlyof| 231 &
Y2 Pkl

Z 1

hAY4 ScFv-AP W& WE]:=31A1 % i+t alkaline phosphatase
(AP) §-HAE E 2430 AIgta 4 Norl-BstElL] 23 hAY4
ScFv 9] C-terminus©] 41¢13}o] hAY4 ScFv-AP HE|&2 1=
3} tHFigs. 1 and 2). <, AP motif -3-4A}2] upstream ]| hAY4
ScFv 34| 9 AHLee et al., 2010)Z SfITF Nod ©] A|3H
£ o]-&sto] S2J5HH A2 0 = AP motif} 53 W
W] 7} 75 £ 2 719HE 9lrkFigs. | and 2). E3t 22
2 AFE-E1hAY4 ScFv only @ AP only & A] Sfil3} Norl 2] A5t
AAE o85to] AP7F AT EA] oF2 IEWE = SR s}

&
kel
L=

MW 1 2 3 4 5 6 7 8§ 9 10111213 1415 16 17 18 19

94 kDa . Uk
67kDa..."m'. : “r
- F iy
-oeow & e
LR RN R R
43 kDa W

30 kDa

Fig. 3. SDS-PAGE analysis of soluble proteins expressed in Escherichia
coli. The hAY4 ScFv -AP (lanes 1 - 7), hAY4 ScFv (lanes 8 - 14) and
alkaline phosphatase (lanes 15 —19) expressed in £. coli were purified and
analyzed in 15% polyacrylamide gel under reducing condition.

AHKim et al., 1994; Park et al., 2005). 3FH ScFv2] VHR}
VL AFo]of linker 1 (GGGGSGGGGSGGGGS)S AHE-319 a1
ScFve} AP Ato] o] linker 2 (AAAGGGGS) 2 7+2F AFola}od
Z} domaing9| 3%} 2% (folding)S &ol5HA sFATt
(Fig. 1). -9 W& E = lacZ promoterE A3+ IPTG
of) <]t Thul Bl S G519 7 ofu] e kehol] pelB leader
(Lei eral,, 1987)% AL3l5to] vhel sl bl a2 cjgae) u} 5
¥l 2K periplasmic space) ©.& o) 5417 -84 Thal A 1
H E =2 3l chFig. 1). 722 A gt = 67)19] 3|2 Edl
© & 0] 0] A hexahistidine tag2 4+¢] 5} Ni'-NTA-agarose
affinity chromatography & ©|-8-s}o] & & T d-& A5t
¢ © ®(Fig. 1) immunocytochemistry o]l 4] 391 A3+ S g%
Sh=t| o] &= IthFig. 7). & AR oA TS fJsl AR
YA+ BMH 71-18 T3t T2 A4 strains 2.0} ScFv 2] W&
29| B =2 strain & 2 1 11| oA It Duenas et al., 1994).
SDS-PAGE®| A EAtFS #4718l & A3} hAY4 ScFv-AP,
AP only W hAY ScFv only+= Z}Z} 73.8 kDa, 48.2 kDa, 30 kDa
© & Q1% }{thFig. 3). SDS-PAGE ] el A= H|3-F-2 %
of| o3t o] FA|(dimer) & 24 T = JleEz vy
ol o3tk oA FAdE 15ty sl BA| EHoxl 2
HA1-S size exclusion chromatography (SEC)E 53]
SFASL, ol W ke kil 5210] 82 91418 A}
7] 9laf olu] BAjepo] reixl Sl RAjekuiAS Y %
7ol 4] BE3tgic) 1 Ak A4 5012 hAY4 ScFv-AP, AP
only 2 hAY4 ScFv o] EX}552 717} 147.6 kDa, 98 kDa, 30
kDa2 YEFIthFig. 4). WehA hAY4 ScFv-AP£} AP only
= vl Aol ot o|FAE F/dst 53] hAY4 ScFv-
AP= AP O3] =& o] X o] A S oS EelT = 3l
itk @ AFsHE o]ZkA| hAY4 ScFv-AP 37} 122 1w 27} 9]
APO] H|F-R-A%te] ofgt oA Ao el A FE
S1hAY ScFv o] o] B/d& f-=sto] 271 2] - A -9
£ 7M7) ©Ith(Fig. 5). hAY4 ScFv-AP 2] A3 =3} AP2)

PSS BAS] ST ol Al glo] M
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(A) MW Standard 1.35 (kDa)
= 158 17
E 100+ 670 44
g so-
o
& T T T T T T
0 04 038 12
(B) Dimeric anti-DR4(~hAY4) ScFv-AP (147.6 kDa)
100
50 4
1 1 T T L] L]
0 04 038 12

(C) Dimeric AP only (98 kDa)

100—
50=

T T T T T T
0 04 0.8 12

280 nm (mAU) 280 nm (mAU)

= - (D) Monomeric anti-DR4(=hAY4) ScFv only (30 kDa)
< | ’

£ f\

Z 504 I A
S T T T T T T

S 0 0.4 0.8 1.2

Column Volume (X10 ml)

Fig. 4. Size exclusion chromatography. Purified hAY4 ScFv-AP (B), AP
only (C), and hAY4 ScFv only (D) were loaded onto a Superdex 200
increase 20/300 GL column. Chromatographic profiles were shown in
PBS at 0.75 ml/min as a flow rate.

Alkaline Phosphatase 1

B)

Alkaline Phosphatase 2

Alkaline Phosphatase 1

Fig. 5. 3D modeling of hAY4 ScFv fused to Escherichia coli alkaline
phosphatase. Dimeric hAY4 ScFv-AP was designed as a 3D structure and
visualized in either side view (A) or top view (B).

=32l A Als2d AllE

ELISA (direct ELISA)S- 4=34 ¢t Z 1} DR4 3}-lof E0]%]
el U gl o220l BSA] el U AT
e A] &3kch(Fig. 6A). T£3F A4 ELISA (competitive
ELISA)ol A %= 713t 73 42K competitor) ©] Fof] WiH] |5}
A 3 A%E-S LERY @l ch(Fig. 6B). T3 Western bloto]| A]
%= 16 kDa®] DR4 3ol theh A& e glom 1
A2 hAY4 ScFvoll -85 AP 7|2 of] ol T4
] AcHFig. 6C). DR4 Y-S HEH o & HH33l+= HelLa
A 325 0]-8-3F immunocytochemistry o] A hAY4 ScFv-AP%}
hAY4 ScFv only=HeLa cell ] 3 H3}--& eFx] 519 O L} AP
only+= HeLa cello]] Z2&s1A] &H9Fch(Fig. 7). w2k4] hAY4
ScFv-AP:= 124 0 & H3(folding)o] & 0]20] A hAY4
ScFv=DR4 3}l thet A& e 1 2892 &
A APS] 712 o] ofsf B A| w0 & e $ich

iih3

o

Alkaline phosphatase (AP)= G124 02 u]$- -5}
ELISA = Western blot 5 & AHI =% &
He Badhs HollA Aol A3 g4
EZHAP= 53 ol FAl(homodimer) S B /st o+ T
xﬂ(monomer) ol ScFvel o]eka] BAS GEsko] U7

IRl | %’Z_P(periplasmic space)ii olE

S 2 a2 gols}sto] 4AIsh ek SDS-
PAGE®]| A hAY4 ScFv-AP, AP only 2 hAY4 ScFv only 2] &
2}eEs 7] Theka|(2H2 73.8 kDa, 49 kDa, 30 kDa)2 LFeR]
%101} SECO)| A :=hAY4 ScFv-APS2} AP ony+= ©| 54| (Z+2)
147.6 kDa, 98 kDa)S & A3} 31 hAY4 ScFv only+= THFA]|
(30 kDa)2 43}tk o] ATH= hAY4 ScFv-AP7} Qb4 3t
728 cjRol 84 Q= Pastont avsl 51
& AJo] g+ hAY4 ScFve] o=
gk T2 5 0.2 227
ool = 44 A 3(folding)o] 2+ o] 5ol A oF
S OEETR BCER e
Al 7= A7} %RS}—Q{Whltlow et al., 1993; Solar and
Gershoni, 1995; Le Gall et al., 2004; Acchione et al.,2012). &
Aol A= AAAGGGGS 5 B7 &= ARg-sho] stk i

ot
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(A) hAY4-AP
”, "’IE 25

»
°

pra [ LGRS & g
ALE

- M 5
R 1o

BsA (B B B
,1,'- Z0s

o
°

DR4+hAY4-AP

Absorbance at 405nm
o
o

Competetitor (10-fold serial dilutions)

BSA+hAY4-AP

competitor amount (ug)

©

hAY4-AP: primary antibody

~ 55kDa
= 35kDa

" 25kDa

DR4=> S S
© 15kDa

hAY4 (40ug) hAY4 (4ug) hAY4 (0.4ug) hAY4 (0.04ug) No AP (4ug)

Fig. 6. Direct and Competition ELISA (A and B) analysis and Westem blot (C) to determine antigen binding activity of hAY4 ScFv-AP using DR4 antigen
coated in either 96-well plate or nitrocellulose membrane. Color development with substrate was carried out without secondary antibody.

AlEatgiTt it ofu| e dehe) 37 0] depd e SR
Notl A|gkaAg o] g8k A F4=2Ql ofn|iito|n] A
7] 9] A3h2 -2 GGGGSolth 2 YA =271 tE
o] AL-EA o] 7HesHe S 2| A3k Aol =&
Z7WA A whil A AAEKyield)S Z7FAl7]H(Trinh er
2004) GGGGS 2] {5 = 7lj<=of uhe} chekAll(multimer)
(Volkel et al., 2001; Wang et al., 2008) o] = 3o{ gttt —1
B2 A o] - o, LAsh= ofv| Al FF D AP E
S ST A o] BARFS ST A A o8
Q=o)X ek AA|E hAY4 ScFv 24 ELISA ]| 4] DR4

ol
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=

O oX

il
3
Al
ul
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3
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