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Leucine zipper motif consists of multiple periodic leucine residues, which forms amphipathic alpha
helix. The hydrophobic nature of leucine zipper motif can dimerize proteins which contain this
motif. Leucine zipper motif addition at C-terminus of single-chain Fv (ScFv) antibody induces its
dimerization. Since the dimeric ScFv antibody contains two antigen binding sites (bivalency) like
Y-shaped complete antibody, it could increase avidity. As a result, it could show higher antigen
binding activity than monomeric ScFv antibodies. Based on this concept, monomeric chicken 8C3
ScFv antibody previously developed from chicken hybridoma was dimerized by the addition of
leucine zipper motif at C-terminus of ScFv antibody. The dimeric 8C3 ScFv antibody specifically
reacted with Eimerian sporozoite which causes Avian Coccidiosis. As expected, dimeric 8C3 ScFv
antibody showed 3-folds higher antigen binding activity than monomer due to increased avidity. In
addition, protien yields of dimer expression were 2-folds higher than monomer.
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A B FE AZTE A FHY AAs 5Ho= %L AT gAY B8 F avidityE SV A7 Y
3} 3= Fab, Fc, Fv, ScFv (single chain Fv) & 5-& A3 < sl & 5 Sk Avidity S S7M7I= WReE A
2FHH20). ©]F ScFv dAle ARH o= 7 Afs= o] & sl(dimerization) S B3l A} U] ARHE =
2191 VHS}F VL] f-1A1Z linker peptide2 443} The o & 4 e, 2 WHOEE ScFv &419] C-terminus©ll
Az FAolth2, 7). AT ScFv A Ax 71 270l A Fe 722 =4l & o]ZFA|sK18) <k 3419 hinge
= F2 A3F ScFv FAYARS B2 o F 1o, HZole (33 FETS =3l miniantibody HE| 2 o8} dl=
o] AZF ScFv FAE Ailshe dHolz d3Hoz A& HhH(11, 13, 18), ¥ Felt hinge F-5-olA] o|3a}A%S v
=3 Ark2l, 23). EolFo] oA B3] AFHA JEE 3= cysteine 7]

AZS ScFv A 3l AgE s =ol7] SsiMe 34 £ A AAHOE T ol #2 peptidesE =UTA,
= A Abeole] FgkE = affinityE = F= PHE IS 6, 15, 24)0.2 o|FAIFE Fxsle WY To] JoH o=
U, o= FdAge] & VHY VL FAXE Zolljo] A) BT FREARS o3 as olggte 353s JKIth
2§ ScFv JAE Axse AR B2 A H8-S 87 SHA HlFH AdS o83t avidity 7 WHOZ leucine

stog old] uigh tigte g Y X138}y = affinity= WA zipper motifS E¢Ysh= WHo] R EATkK5, 9, 12). Leucine
zipper motif= yeast2] transcriptional activator]l GCN4=Z -
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A= polypeptide FZto]™, 7702] peptide?tAo2 F7]5 0.
2 UdHo)A o] leucine 7]7} alpha helixES FAsI==
b FH9] FY3 alpha helix?tol] HIZF2A3S 254 2
ol 23t o] FAE 7Sl FKS, 9, 12).

o]A AFoM= ZFoNA CoccidiosisE UL71= Eimeria
Z(genus)©ll 43= Protozoa?] sporozoite”} &5+ AM|3zol|
Fale 77go A= Conoidoll SolF o2 A= &
S22 EH|SH= 8C3 hybridoma® 3E] variable heavy
chain (VH)3} variable light chain (VL) A= RT-PCRY)|
o3 =3t 127119 ojm|x=AkoZ  o]Fo7] soluble
linker (GSTSGKPSEGKG)ll 23] A% 2|23}t ScFv 34|
2 Azste Y AFES slsiirkio, 16). B Ao
= olu] vhEofxl |k Jele] 8C3 ScFv 3|oll amphipathic
alpha helix”} % =% ScFv &A]2] C-terminus®l| leucine
zipper motif & =03}, o]ZA| Fele] A|ZF 8C3 ScFv &
A WHEL E coliS 32 dto] A=stack BAE o)A
Hefjo] AZ3F 8C3 ScFv &A= size exclusion chromato-
graphy©ll 2]3l] oAU &1} ELISA 48 |83}
o] ©=FA) 8C3 ScFv Ao HI3) avidity SV 18t &
AdEo] 38 A= 7S 1 T ¢ AUSTE TS Western-
blot 47} immunocytochemistry 5= F3|AIE A 8C3
ScFv Ao FAAFHS AP & 5 Uk
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Leucine zipper motifE 0|25t 0|2 SEfQ| Wad HIE]
=

Leucine zipper motif +XAR= oligonucleotideE ©]-&-3F
TR FAHO R 2] Ao oF o] AyellA
TEIH I=FA FEle] 8C3 ScFv A DA E ] Nod A
SEAE o83 FR2YSATHFig 1) (8, 16).

8C3 Fv 2Hlo| 3% 7= B

A 332 ZdHS 23 web siteQ] WAM  (http://anti
body.bath.ac.kr/)S ©]-83}o] 8C3 Fv &Al|(VH and VL complex)
9] 32} 72 2dHS AESITE S 8C3 Fv A9 ofn|xe
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m&& PelB A

ALTQPSS

GSTSGKPSEGKG/

she] A3t ol ScFvald A 329

A EES JEskd 19} 7Y fAksE ofrlieAt HlES V1A
WA olu] 33} 127} ¢l &S RCSB PDB (http://www.
resb.org/pdb/) oA Zroljo] o]& F¥o 7 sl 8C3 Fv &
Ao FAATHI] complementarity determining region
(CDR)] loops} o] oFgs} ks @dsl= framework
(FR)9| B-sheet?] 33} 725 ZAAINL dSH 33 132=
PyMol (Delano Scientific, USA) Z213-8 o]g&lo] A4}
slate] R399t

ol2fxll HEfe] 8C3 ScFv &hal|l wied 2 X

ScFv A 328 233t e e E E coli BMH71-18
o] JHZE 319k8). ¥EAE H E. coli BMHT1-182 2XTY
AA A 100 pg/mle] FE=7F == ampicillin (Sigma-
Aldrich, USA)®} 1% (w/v) glucoseS F7}sle] 30°CollA
180 rpm o2 WA keI, 2,500xg = A4l sto
AA HiXZ AA F 2xTY HAUIAE 2ol E. colis A
gafe] thA] dalEelelath Alde =olx wiklel] 100 pg/ml
9] ampicilling TA] €olF1 0.25 mM IPTGE A 2|5}
25°C, 200 rpmol|A] 5.5 h &<+ vjdSFAT] vike] Ed Al
Hj ks A4lRelste FEdE AAS L FAE ME 2;
712 TES buffer (0.5 M Sucrose, 0.1 mM EDTA and 200
mM Tris-Cl, pH 7.5)& #7138l 4°CellA 1 h &< Hjs)
Atk oAl A9k 2E o AAEEst FAE dEd
< PBSE o83l A T35 A £4 E il AE
8908 Ni-NTA agarose®l] 2347|111, Ni-NTA agarose F-3]2]
2049l #&EH= TN buffer (0.1 M Tris-Cl, 0.5 M NaCl, pH
75 and pH 8.0) o|&sled AHsIATE AlHo] ¢
Ni-NTA agarose®ll 250 mM immidazoleS *2|s}e] AWZF
whilzs 8&3] W

I3+ TES buffer Ag] & FAH AxHodE 2539 3
$13F buffer (0.1 M Tris-Cl, 0.5 M NaCl, pH 7.5
gt & 229 sfste] AT F ATHE T3t
Aot 2o "oz HABIACE

AAE AES 2xSDS-PAGE buffersl 4j0] & %
100°Col A 5 min £ 15% SDS-PAGE geloll A7]93%3}a1,
©]Z 0.25% Coomassie Brilliant Blue R-25 882 o]-&3}]
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Fig. 1. Construction of dimeric 8C3 ScFv by addition of leucine zipper motif. The 8C3 dimeric ScFv is constructed from
monomeric ScFv expression vector derived from pUC119 containing a 5-PelB leader sequence and 3'’-hexahistidine tag by

insertion of leucine zipper motif at C-terminus of ScFv.
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(A)

Fig. 2. 3D modeling of chicken 8C3 Fv. (A) Side view. (B) Top view. Coloered region represent each CDR (HCDR 1: red,
HCDR2: green, HCDR3: blue, LCDR 1: yellow, LCDR 2: magenta and LCDR 3: Cyan)

Aasitk FAlE ScFv @A @@e Bradford protein
assay (Thermo scientific, USA)E ©|-83] @3l Ao

o]-&-sk3tk

Size exclusion chromatography

AAE ANzF FAEL Superdex G-75 gel (GE Health
care, UK)°| A4 25°CollA 108] E5F2] PBS (pH 7.4)2
equilibration 3}, column® 1-1.5 ml/mine] =2 F3}
ANA Zr BT 1 m¥ Eo}FEJTh (Model 2128, BioRad,
USA). oA ol #&E55 flollA Aud iR SDS-
PAGEE 53l AAlete] Tjde] Expgks SAE EAb%
o] g 93 =717} ¢ @ER] bovine serum albumin
(67 kDa)¥} carbonic anhydrase (30 kDa)S -2 ZZofA
columns FHA|A 3190t

Enzyme linked immunosorbent assay (ELISA)
4°CollX 2 ugel Eimeria tenella antigen®] ¥ plate
(Maxisorp, Nunc, Denmark):= PBS®l 0.1%<] Tween 20<
H7¥8k PBS-T buffer2 Al ¥ A28}, 7] skim milk
= 2% %33} PBS-T bufferS blocking®ll ©]-8-5}31t} Blocking
ol &t ¥ e ScFv FAIE L3 blocking bufferS 4]
23193, PBS-TE ©|-83F 352 A& ¥ horseradish pero-
xidase”} conjugated polyhistidine monoclonal antibody (Sigma-
Aldrich)& *]2]3l] ABTS (Sigma-Aldrich)9} I sl
kA 31}, 2FAE plate= Microplate reader (EXPERT 96,
Asys, Austria)E ©]-83l 405 nm oA THE=E SN

Western blot

=8-249] Eimeria tenella antigens A7]%45HH 2 SDS-
PAGE3}I. PVDF membrane (Millipore, USA) .2 transfer
Ak 18]al transfer E membrane2 2% (w/v) skim milk
S XEF]E PBS-T bufferg ol&sto] HeolA 1 h &<t
blockingd+ U3, PBS-TZ 23] A|#3}9t). Membraneg ©]
24 Fe)e] 8C3 ScFv A 10 pgS ¥331= PBS-T blocking

bufferol]l B714 2204 1 h &9t incubation$t ¥ PBS-TZ
3 3] A3 WS $J3) 221 A9 peroxidase-conju-
gated polyhistidine monoclonal antibody (Sigma-Aldrich)E
1:2,000 (v/v)22 34814 membraneol] *z]dle] A-Lofx
1 h &<t incubationd}4t}. PBS-T washing bufferZ 53] A&
3t TR, 3,3-diaminobenzidine (Sigma-Aldrich)E ©]-&3] 2
AAA oA 8C3 ScFv A FAAFHS A3t

Immunocytochemistry

PBS®l| 419 & Eimeria tenella sporozoites= A2 2]
H glass slide (Dako, Japan) 9ol Slo] 2} AZAI713, 27}
& methanol®l] 2% &<+ HH 114 AIZ1 § PBSE ©]83) 3
H A H3H T Slidesoll 324 ¥ sporozoites©l] 2 puge] oA
8C3 ScFv &S A7 st sa/dAtl ¥al A2 1 h
5¢t incubation3l3t). SlidesE PBSE 33| A1 ¥ PBSO
mouse anti-polyhistidine tag antibodyE- 1:1,000 (v/v)Z 4
& & AENS 100 wl A2lEte] 1 h B2 incubationd T}
< PBSE o]&3f 33 wHE AlF3lEa, 100 Wl 1:1,000
(v/v) 22 3]29% fluorescein isothiocyanate (FITC) conjugated
goat anti-mouse IgG F(ab) (Sigma-Aldrich)E *2]8}d 1 h
591 incubation 3}tk FFZHOZ SlidesE PBSE 33] ut
& AFskaL 324 FAF @rlA (Nikon, Japan)S ARS8t
sporozoites 4] o]FA| 8C3 ScFv &0l 23t &3904
55 BEstk

2 @ oa

o]gkAl] 8C3 ScFv &4 Wrd wWEl= 4 E leucine zipper
motif FAXE 23t AgtEA Nordoll o3 A<
C-terminus®l] 4+¢i3F] 8C3 ScFv/Leucine zipper motif 3 El
2 T=EEJHFig. 1). F, leucine zipper motif FA}2]
upstream®l|] ScFv & XS Sl Nod 2] AFaAE o]
83l F2J31H A5H 2= leucine zipper motif 2} §-3E
e FEHEHEE IAHATHFig. 1). d5E 8C3 Fv



A 32} 2= W VH % VLY Z}Z} A CDR H97} a2
3 loop 75 HUERP(Fig. 2A) 67) Z+2+2] CDR loop7t
TA(Fig. 2B) FZ3-912] hydrophobic pocketS #/J3}
o] g} SojFog A 4 YA Hk

=% 8C3 ScFv/Leucine zipper motif & E|E o]-&3}
o] E. coliZ 7 A¥3}laL, IPTGE o]-&alo] chld w&s
=3 & Ni-NTA affinity chromatographyE ©]-8-3}] o]
A 8C3 ScFv IAE AAISFtE SDS-PAGEA o]akA)] &
S B3 2 A3} leucine zipper domain®] FH7}E A
2 oA =719 9F 30 kDa Bt} & ¢F 38 kDao &2 915
ATHFig. 3). 281, SDS-PAGE #49)| oJajre nlE-H2
ol o3t oA s AT 4 glomw HIFHATH
UE A AT o3t ol FAE BRIy sl AAE
ScFv &k @S- size exclusion chromatographyZS 53
B8319ar, o]=A 2 ek 8C3 ScFv 3H4 vhila 23s)o]
£F XS A 8l olw] ExjFe] Ledzl bovine serum
albumin (67 kDa)$} carbonic anhydrase (30 kDa)2 Y =
Ao BEalt}. o]#kA| 8C3 ScFv &A= 67 kDa =7]9]
BSAS}H 22 #YA F2 EHU, A ScFv IA|7F
E-3 5= pattern 30 kDa =7]9] carbonic anhydrase} F-AF
3I9TKFig. 4). ©] A= AAE oA 8C3 ScFv A7}
leucine zipper motif7+e] BIFFAER A Aol sl
AFHOR o|FAE Fshs S HoFar vk me I
dE ode] FeS(yieldS A% AT oA FEQ

67 kDa
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Fig. 3. SDS-PAGE analysis of dimeric 8C3 ScFv. The
monomeric 8C3 ScFv (Lane 1) and dimeric 8C3 ScFv
(Lane 2) expressed in E. coli were purified and analyzed in
15% polyacrylamide gel under reducing condition.

ScFv &A= leucine zipper motifS TAI5HE -84 opn|i=
22710 ofgh 489 SV AR TEAY we] 021 mg/L
off wl3) 28 A= WALo] F7HE 042 mg/LE TAHUTH
(Fig. 5). 84 Z71E1E FQI87|9I80 leucine zipper
motife] 274 A5 Web-based ZZ 13 (http://web.expasy.

org/protscale/) S ©]-&3l] B3+ AFL leucine zipper motif

30 kDa

24 25 26 2’ 28

29 30 31
BSA

Carbonic Anhydrase

Monomeric 8C3 ScFv

25 26 27 28 29 30 31

Dimeric 8C3 ScFv

Fig. 4. Size exclusion chromatography. After gel filtration through Superdex G-75 column, SDS-PAGE showed recombinant
dimeric 8C3 ScFv has similar elution patterns with bovine serum albumin (BSA). BSA and carbonic anhydrase were molecular

weight standard as 67 kDa and 30 kDa, respectively.
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Fig. 5. Protein expression yield. Expressed and purified
protein yield of recombinant dimeric 8C3 ScFv is 2 fold
higher than monomer.

© I AAZ w2 IAeES BTk 183 leucine
zipper motif= &5 JAFAE A 2= 57 (amphi-
pathic nature)S =1 T} ol 7|& Al
Aol leucine zipper motif7} =HE
o] Eojdo® AuFoz kA vig] gAdo] AXA 2
Wt olUze} leucine zipper motif’de] AFA FYviAT A&
4 AFA alpha helixE 719 A& 3l &5 FYo]
iAoz N2E e eVt Ho| 9FE vehlle S

A eSS wdo2H giF 3lgE(yield) o] 2H] A=

(A)
07

0.6 -
0.5

04 -

0.2 -

Absorbance at 492nm

0 T 1
Monomeric 8C3 ScFv Dimeric 8C3 ScFv

Recombinant Antibody

7 ke Aoz A7t FHojzinh

o|&A 8C3 ScFv @A¢] FH 7159 ¥ AF ¥
st e o] A vlasty] $18) ELISA 4 A
3t Ay} o)#kA] deje] 8C3 ScFv |7} TgAol Hls) o
2 3u] Az I AFES /AL s FRIT 5 A
ATKFig. 6A). LZ]IL Western blot XA o] ZA|
8C3 ScFv &7} 55 kDa¥} 60 kDa2] sporozoites &S 5
o]Fog BAE= As ER1 T = UUTKFig. 6B). o|FA
8C3 ScFv A7} Figure 6B} 2 thE-0]d(multispeci-
ficity) S UEhE A2 oA 8C3 ScFv &Al7} 23 2t
3= F-H(peptides: epitope)”} 55 kDa¥} 60 kDa3}lol| F5%
Aoz ZASALY, = ¢IXER= o] 55 kDa?} 60 kDa
Fhol] EAsl= F2Ho 2 FAMIO] &L Fcarbohydrate)
d 7Fsde SAlE a1 9l E=3F Immunocytochemistry S
E3] o]2FA] 8C3 ScFv A7} Eimeria tenella sporozoites 2]
conoid FZ BolFog A¥sle JF& UeEle 3=
o]&A| 8C3 ScFv A9 &4 Afeds AN & 5 U
thFig. 7). °l81dt AFHE=E o|v| BHag AAHHGS, 11, 13)
leucine zipper motife] E=Jo] AGAl At o3 o|FAIS
B8, o|= QIg & A F9] FT7Kbivalency) 2 avidity
7} S71=0] 3 Ajteo] dEAel viE) 38 SUtE RS
& 4 AATE = gEA] FA(multimerization) 02 - AT
FE S7IA aviditys PAA A4 39 2F 58
F7H7Ie RS ARE i

AdAIe] BE e Y FEEA 2719 Jd AIHAE
zreth a8y AR ScFv dAle 9 FElEA 1719
o AFvs 7 EE YREE S 23 Hs) 3eE

=

—

®)  KDa

200
120

100
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Fig. 6. Antigen binding activities of dimeric 8C3 ScFv by ELISA and Western blot. (A) Two micrograms of soluble Eimeria
tenella sporozoites antigens were coated on 96 well plate and same amounts of monomeric and dimeric 8C3 ScFv were treated
as primary antibody. The dimeric ScFv has 3 folds of antigen binding activity of monomer. (B) Eimeria tenella sporozoites
antigens were resolved by SDS-PAGE and transferred to PVDF membrane. 10 pg of dimeric ScFv was treated to membrane as
primary antibody. Membrane was developed with 3,3-diaminobenzidine/H,O,. After development, two specific bands of

sporozoites antigen were detected as 55 kDa and 60 kDa.



Fig. 7. Immunocytochemistry. Eimeria tenella sporozoites
were fixed on siliconized glass slide and dimeric ScFv was
treated on the slide. After FITC conjugated secondary
antibody treatment and washing, slide was photographed
using confocal laser scanning microscope (Nikon, Japan).

4 F avidity7} 22 S 7ML QO BE o]F B¢ 5f
7] #1380, leucine zipper motift} Fc region, hinge region,
cysteine peptides2] ©|HA FA FEAAE HIIste] ol
A ScFyv & AZE fEshs thfsh 3ol RuESlokl,
3, 5, 11, 14, 22). o]=igk Hejo] o|ZA| Schv FA= 2709
FAATHRAE G Ho| BaA|eF T3 FAAFES
A & Ae SIH o= oA B FEJAe] 244
of ofgt The] W Yl 3|48, TgA| ScFv Al 72
A S Bt = FUHR EfE 45 5 Ak

T3 gAS5oldo] thE 2719 Al ScFv AIE 919
WHoZ o]gA|sl Bt el T 27HA] S Al Q1A
= ©lF 5olXd(bispecificity) S Z-= AZ3F ScFv &4 7l
W o] BuHATKS, 11, 17, 19).

2 A7 W8-S a9kt 7haRe] tisEZ] ZH< Coccidi-
osisE YO7|= Eimerian sporozoite®] £o]¥o g2 A3lsh=
5] Af=3F o]FA| 8C3 ScFv FAE A=Y avidityES 5
7R ZRN A ScFv @AY S-S SESIon Egh
Eimerian sporozoite®-2] 4321 ©A & QA= o]
A 8C3 ScFv &9 7137 Coccidiosis AHe] gt
AAFAZ AR & F Ue 7S ANEF Ak

il

xe

Leucine zipper motif= I8 7§12 F71%2] leucine 7]
2 F4%o] amphipathic alpha helix@El¢] 722 YEH
2] Aol o) olFAE FA3H) o] leucine zipper
motifE single chain Fv &2 C-terminus®] =YU3HH
leucine zipper motif2] 254 A gl 2J3)] amphipathic alpha
helix®] o7} WA §LE single chain Fv 34 <]
ol (Dimer) ¥4 TS F=F & Utk o|FA Hel<
single chain Fv &A= 2709] &9 AFFHE 27 HEZ

sho] Az ol ScFvalAl A 333

oA el o)(monomer) single chain Fv Aol Hl&] &
A (Avidity)©] 57F 2 Aotk o] Adel 7xste] oA
Aol A Axd A FeQl o single chain Fv 3A|Q0
8C3 ScFv &A9] C-terminus®l| leucine zipper motifE =%
3fe] oA Fele] 8C3 ScFv FAE /MAsITh o HA
8C3 ScFv e 7172 WEA 71A8%F AW cocci-
diosisE F&3S= Eimerian sporozoite®l] 5o]& o2 ZA3jts}l
= 71%S YEIATE T3k o)A 8C3 ScFv 3|+ avidity
Z712 Qlate] SEkA s dd AFEo] o 3u) FUIEES

om thild 38 3k 2u)] SUkE e £

E dA4e 20119% gt w|F=EIpA ol o3
A FEYon olo ZAL=HUTL
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