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The Development of Chicken Recombinant Single-chain Fv (ScFv) Antibody Reactive with
Sporozoite Antigen of Eimeria spp. which Causes Avian Coccidiosis

Dong Woon Park', Eon Dong Kim', Sung Heon Kim', Jac Yong Han’ and Jin-Kyoo Kim"'
'Department of Microbiology, College of Natural Sciences, Changwon National University, Changwon 641-773, Korea

*WCU Biomodulation Major, Department of Agricultural Biotechnology, and Research Institute for Agriculture and Life Sciences,
Seoul National University, Seoul 151-921, Korea

ABSTRACT The chicken monoclonal antibody (mAb), 13C8, reacts with sporozoite antigens of Eimeria spp. which causes
avian coccidiosis. Since this mAb was produced at low amount due to genetic instability of chicken hybridoma, a recombinant
13C8 single-chain Fv (ScFv) antibody was constructed by amplification of the variable domain of heavy (VH) and light chain
(VL) genes of antibody derived from chicken hybridoma. The constructed 13C8 ScFv was successfully expressed in E. coli
and purified as a soluble form. In ELISA analysis, this recombinant 13C8 ScFv antibody showed antigen binding activity as
the original mAb. In addition, nucleotide sequence comparison of 13C8 gene to the germline chicken VL and VH genes
suggested that the gene conversion with VA and VH pseudogenes might contribute to the diversification of VL and VH genes
in chickens.

(Key words : chicken monoclonal antibody, avian coccidiosis, single-chain Fv (ScFv), hybridoma, gene conversion)

M B W (Lawn and Rose, 1982)0] B %o Kt} =, coccidial &
o gzl SoldE YelE o8] T/ AF °d 82
Bl

Z79] coccidiosis= 7ol 718sh= 7148% <H(genus)©ll AS AWdste] 2 FAZE XSk &= subunit va-

&3k YA 713 (protozoan parasite)$! Eimeria ol ]3| ccine @& o] g5t = oLy, ABF 2 Aol ofsf 14
o7 ¥ #o] 7teZolt). HdEolA 2EE AE 2} oA coccidial B9 He| HAAA NN Q14w o)A =
A2, Al A E84 A W1d S-S et FAF} ZpolH o] o] HollAl EHARI WS =k
(Lillehoj and Lillehoj, 2000). 53] t&F ARS< ok A &7t Fato] A o 2 FAE 0183 subunit vaccine 7H
A coccidiosisel] &gk AAA Q1 £4L Hfsirta & & e 2 39S BA sk e ARl olHE &
At 2 EZ TEZ9] coccidiosis X F B oAH-S 13 Ade F5L F Je & o2 Adedd W= Eimeria
sl Ql FFAIFAZE AR EH N oY =2 H8 A7|RE 7h sFAER Ajske A AFAoR Holge dd 2
HHEd o 2 AlgsA HH YAES 2te £ 249 59 &4 2 3 A E JNdete] %5 HA(passive immunity)S &
o7 7 A}go] A|gk]o](Chapman, 1993), ©]2 tiAIE 5= 9l 53t sk Wo]l B ltK(Sasai et al, 1996). =, HiL
© 7 7] e W] Hasojfnt ¢4, A A Holzl A FT T3 O S A= Eimeria acervulina
AL FAAZ F e A dud wile fdste 2] sporozoite antigen©-Z -2 immunizationA]AA] A H]A}
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A ZZ o] myeloma cells®t §3AA sl o
A& 20~21 kDa2] ¥AHE ZE= E. acervulina®] sporozoite
g3} Agtsl= Aoz I Jt(Sasai et al., 1996). &=
3l Q12 E o x| &L sporozoite’} H2] CD8' T cellsZ2]
Ao #osl= Aoz e 9o, o= in vitrool Al
| A7} Eimeria sporozoites®] CD8' T cellsZ2] 7+ 2}
@A7]= $3} & 3K neutralization effect) & YEPI 22X
Wtk Sasai et al., 1996). L2} o2 g X8 Z# o] &
AL 5 stolBemnt Al x| FH4 B da)
Axl= A Y] E& A wj el S3] Aol A glen
2(Nishinaka et al., 1996), ]S ZF&3}7] &) A &t
(Winter et al.,, 1994)= ©|-&3 AxF & FAE A=xst=
HhH o] EEIQOPG THYamanaka et al., 1996).
ol-gall Az AMEHIFA = Sol4 I

A& 2r= Fv @49} Single-chain Fv(ScFv) 3| (Hayden
, 1997; Verma et al., 1998) dejolt}. Fv #2+= 49
%A}é;— 7HA B(VH)SF ZAkE 7HEE Q(VL)7F BlEfr
Agto 2 A o|go|2A ZA] Y-shapeo| = A9} 2

A 27 F9let I Solds ZAET. ey o
LA B v FRAge = Q3] VHSF VLo| £
7] wj ol o]t TS S5 Y3l VHFHAReE VL&
A} Akelel linker peptideE 173t single chain Fv (ScFv)
Pe7b A=Ak 1 A3 3w = ScFy A= I
el e = Aol o8 VHF VL& 143stE2 v FH-4
o2 At FvETE Py et e = o] Fve] Bt
ek 2= Qg 3 A s HasA N F U
HKBird et al., 1988; Huston et al., 1991). ©] BHdl| o]&lA
hybridoma v &Fel] <)%t @ F2 gAo] Al zHT} S A
Zroll ti=re] @ 28 A A7) 7hsehe, Ek
ZAto] golafAd DX}H L o](random mutation)=
sto] QI9IA o= A=t FAC] Aol ek 2z
7Aool Atk g = A5 S g
o] 2| %3} ScFvE o]&
munoprecipitation 5= 3|, A== o] B2 g8 HA| 7}
SolalAA FAE FPE )83t CoccidiosisE ol
< A subunit vaccine 7HE 7FsA T A A8 = Aot
g3t e

v 228 A2 A2] naive repertoire source® ©]-& 7}
sot7] wZol HEHA o A=A Pgene library)S A=,
hybridoma technology®l] 2|3t @ Z& A Az Wi
oJefirlE ALl E7Fser thaFet ol sl Solds 2=
ANz Td 28 A T w3 sbssiA 2 Flojth
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S} affinity chromatography S+ im-

3HH, phage-displayed antibody technology S ©|

2 AFM = 5 hybridoma®] §-304 E<Fg/d%} gA &
& =Fe] A $Hd(Nishinaka, et al., 1996)2 S5317] 9l 2
Eimeria®| 3= Eimeria acervulina, Eimeria maxima, Eime-
ria tenella EA}Z(sporozoites) F-Hof| Sold oz Agsl=
o & Z2 34| 13C8 hybridomaZ5-E] ScFv 34| £42¢
£ Tt F5E 5 13C8 ScFv FAE Ecolis S5
(host) = 3to] A o= Id Y AA|wo] At} ELISAS
Bl AZH AF3SF 13C8 ScFv 349l &kl ZAgH S =3

SFSAIL, 13C8 ScFv A f+xzte] ¢17] 3 OML” v &
A& Bal 13C8 ScFv A @ de] 33 725 oS3 B
gkow ojn] A& A o] germline A -rr7<47\}9‘r B 2
st 13C8 A2l VH 2 VL-J-7 A= gene conversion 712}
o oJ&l pseudogenesEZFE Fref= oS RIS

=1d=5]
S H

R
1. Variable Region Gene2| & EY
FEimeria spp. sporozoite 313} ﬁg]'*}% od 2 A
£ ¥H]8}= e] 13C8 hybridoma A ZFZ5-E TRIzol(In-
vitrogen, U.S.A.)< ©]&3 Total RNAZ —?—%0} Aot 5 pugs]
total RNA <} Oligo d(T);s primer 12} 31 SuperScript I re-
verse transcriptase(Invitrogen, U.S.A.)E ©]-8-5}9] First strand
cDNAE A3t 3, A|Z=H cDNAE T o2 stof 242t
o] primer setell 23 VHS} VL A7} SEH AT =,
CK VLB(VL reverse primer)?} CKVLF(VL forward primer)
o] 83AVLRFAAE FE3+% 3, CK VHB(VH reverse
prlmer)g‘r CKVHF(VH forward primer)= VH +3%}e] 3
S 93 AHE-EAtK(Table 1). £3] Splicing by Overlap
Extension(SOEing) PCRE 9|3l “FE A2l linker sequence
(italics: GSTSGKPSEGKG)E CKVLF$} CK VHB primer®l|
XA Z]tTable 1). PCR productsE 1% agarose gelolA]
ZA7Nsle] SE% DNA fragmentZ QIAEX II gel extraction
kit(QIAGEN, Germany)E ©| 83l gel2FE 3|4=3}31t}. 3]
%]zl PCR products= pGEM-T vector(Promega, U.S.A.)
2 2293t F12 471 e & EA 8T Aol se-
quencing AZ}= o]n] &7 9] heavy chain 2 light chain
9] germline sequence(Reynaud et al., 1987)<} v @3ste] vl
A 8T

2. 13C8 ScFv &A|7&Ate &
12} PCRO 93l Aolx VHS} VL §-AAE ZZ A H7}

9 linker] Z}z} ZJH A Q1 sequence S-S ¥E3H5taL o2



Park et al.: The Development of Recombinant Chicken ScFv Antibody 325

Table 1. Primers used for PCR amplification for chicken ScFv construction

Oligonucleotides for PCR

A. Light chain(VL)
CKVLB 5'-GCGCTGACTCAGCCGTCCTCG-3'

CKVLF

5'“ACCTCCACTGGGTTTACCGGAAGTAGAGCCTAGGACGGTCAGGGTTGTCCCGGCCCCAAA-3'

B. Heavy chain(VH)
CKVHB

CKVHF 5'-GGAGGAGACGATGACTTCGGT-3'

5-ACTTCCGGTAAACCCAGTGAAGGTAAAGGTGCCGTGACGTTGGACGAGTCCGGGGGCGGC-3'

C. ScFv construction

CKVLSfi

CKVHNot

5'-GTCCTCGCAACTGCGGCCCAGCCGGCCATGGC GCGCTGACTCAGCCGTCCTCG-3'
5'-GGCCACCTTTGCGGCCGC GGAGGAGACGATGACTTCGGT-3

CKVLB, reverse primer for light chain variable region. CKVLF, forward primer for light chain.

CKVHB, reverse primer for heavy chain variable region. CKVHF, forward primer for heavy chain.

Italic represents linker sequences for gene assembly of final ScFv constructio.

Sfil and Notl restriction sites are underlined.

VLSfi(Sfil restrictionsite is underlined): £+ VHNot(Notl restric-
tion site is underlined)®] primerE ©]-&-%F 22421 Splicing
by Overlap Extension PCR(SOEing PCR)®l| ]} ScFv7} 3
< Pd=loxith SEF 13C8 ScFv DNAT DNA A|gF 34
SfilZ}F Notloll 2]3l 5'-pelB leader sequence®} 3'-hexahistidine
tag2 7F¥ pUCL19 HEI2 ZF=Y stk

3. 13C8 ScFv &Ale| &d, HA X Westernblot
ScFv FAAE 23 W& pUCL9 plasmids= E. coli
BMH 71-18% @Axgsta, 4 ¥ E coli BMH 71-
182 100 £g2] ampicillinZ} 1%(w/v) glucoseE &3t 2XTY
AR ujR] ol FZFske] 30T, 180 rpmollA] HHA] &k wjoFa}
312,500 goll Al 103 Bt YRR St AedE AA
ok 2XTY HA| wix]E o]-83l gkl AXal a1, 100 xg]
ampicillin®} 0.25 mM isopropyl- 5 -D-thiogalactopyranoside S
Z3Fek 2XTY AAElA] o] bacteria pelletS A& EFste] 25T,
5.5A1%F gt widste] ©hld HE S fEskih vt
AlE B g E AAlEEIste] A5 E A ABEAL bacteria cell
pellet= 2712 TES buffer(0.5M sucrose, 0.ImM EDTA 1
2] 3L 200mm Tris-Cl, pH 7.5)& ©]-&3le] dE3}aL 4TollA
IAIZE Bt vkttt oAl A Eelste] FAE ded=
PBSE o|-&3l Al T4 vy T 1S 842 Ni-NTA
agarose®| Z%A17]a1, TN buffer 1(0.1M Tris-Cl, 0.5M NaCl,
pH 7)3} T(0.1M Tris-Cl, 0.5M NaCl, pH 8.0)5 o]-&3f A%

0

[¢]

g =t} A& o] # Ni-NTA agarose©l] 250 mM immida-
zoles A 23l ©iA-g -8Z3) WAk TES buffer A2] & @2
bacteria cell pellet% Sonication buffer(0.1M Tris-Cl, 0.5 M
NaCl, pH 7.5)°ll A= $ 253 spfeta, d4lie] &4
ol FeHE T 9} 22 Wi oz Ao o83t} A
A Tl 52 2XSDS-PAGE buffers} 4101 100CollA] 55
ZF #olaL 15% polyacrylamide gelol] H719%53 & 0.25%
coomassie brilliant blue R-25 82 o]&3] <d23}3ic}
Western blot ¥41-5 ¢]all 4% 13C8 ScFv T2 7]
dE5HO R SDS-PAGE3I PVDF membrane(Millipore,
U.S.A)CZ transfer 3FAT}E 18] 3L transfer® ©]7] membrane
< 2%(w/v) skim milkE ¥E3F PBS-T bufferE ©]-8-3}o]
Aol A 1A]7H&<?t blockingdt Th, PBS-TZ 23] A3}
sac} whAlS Q& 22 A9 peroxidase-conjugated polyhis-
tidine monoclonal antibody(Sigma-Aldrich, U.S.A.)& 1:2,000
(viv)22 3A38 A4 membraneol|] 2 E|5to] Ao 147 F
¢t incubationd}$1t}. PBS-T washing buffer® 53] A3} T}
<, 3,3-diaminobenzidine(Sigma-Aldrich, U.S.A.)E ©]-&3]
WAAI A 13C8 ScFv #A|e] EE S A&l

4. 13C8 ScFve| 3t += zHiE

2% 13C8 ScFv 3| F-AAZRE oln| Al vy A1
£ 273 t}3 WAM(http:/antibody.bath.ac.kt/) L2135
o|-gat] 3aF Fx RIH S AAlSIATh 23 E 13C8<] VH
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2 VLY opnik LS et o|n] 32 7271 de
A GFAE FolA 7P AR oAt S 2t Sle
Al Zroljo] o] & FH o2 P AFFU complementa-
rity determining region(CDR)<] loop2} dHA2] 22491 <t
A3l 9&-Z 3= framework region(FR)2] B-sheet®] 32F -
ZE AAsInt 449 33 725 PyMol(Delano Scien-
tific, U.S.A)) T2 Ea) A3} dlo] BA sk

5. Eimeria ¥ Z&H|

Eimeria acervulina sporozoites X A}5(sporozoite) &

=
0.125%(w/v)<] trypsin®} 1%(w/v)<2] taurodeoxycholic acidE
Z3H3F Hanks’ balanced salt solution pH 7.6(Sigma-Aldrich,
U.S.A)°ll &=l 41C2 humidified incubatorollA] 104 E<F
n kel i, Yl 23] sporozoites7} 7FEFeEo A, A
S-S A|A3kaL Dulbecco’s phosphate buffered saline(Sigma-
Aldrich, US.A)°l @&l 6Wle] WEdt al5S whEsta,
259 g ste] AFESIE T 22 Eimeria(genus)Soll 4351
& Eimeria maxima “12]3l Eimeria tenella A% FAx=
L PR FHEUTh

6. Enzyme Linked Immunosorbent Assay(ELISA)

13C8 ScFv @A|9] Eimeria sporozoites antigen¥}2] 23t
H2 Flsk7] el 24g9 FAES 4TCAA A coatingA
96-well maxisorp plate(Nunc, Denmark)E ©]-8-3+ ELISA
At dlo] coating®l plateS 0.1%2] tween 202
313l PBS(PBS-T) S ©]-83}] 33] A4 3}aL, 2% skim milk
ZE3E PBS-TE ©]&3l] blockingsll FUTh 2 pg2
13C8 ScFv Al S E3H3L blocking bufferE *2]ste] A&
ANA 1AIZE B A AR+ U=E ¢+ PBS-TE

0|83t 33 2] A2 % horseradish peroxidase”} conjugated ¥l

0 O A

polyhistidine monoclonal antibody(Sigma-Aldrich, U.S.A.)E
2|3l ABTSE A5k Microplate reader(Expert 96, Asys,
Austria) 2 492 nm IFo)A SBEE A5 T)
Zat 3 o
o] VHS} VL 573 AF= & hybridoma cell line 13C82
2H5E] RT-PCRe 9& FZ= %11, SOEing PCRe 9]
dEA = ScFv FA A7 755 A tHFig. 1 and Fig.
2B). ¥9] VH} VL -4x}+e] =271 ZH2} 350 bps} 325 bp
o] A4k SOEing PCReI| 2|3t 23 ScFv PCR product:=

13C8 hybridoma

TSRS~ Total RNA

cDNA synthesis with
oligo dT

PCR amplifications

K VLB CK VHB
N s
| L]
4‘.—\ (—\
CK VLF CK VHF

Linkage by overlap extension
without primers and pull-through
CK VLsfi PCR with pull-throughprimers CK VHNot

s —

Sfil Notl

b ey
Linker

GGC TCT ACT TCC GGT Aké CCC AGT GAA GGT AaA GGT

h( GT GAA G
6 5 T S$ 6 K P 5 E G K 6

Ligated into pUC119 digested with ST and
Notl and transform into £.co//iBMH71-18

Fig. 1. Schematic outline for the construction of chicken 13C8
ScFv antibody. The total RNA was extracted from 13C8
hybridoma. cDNA was synthesized by using oligo d(T);s.
The locations of all PCR primers on the two variable
region genes are shown. Two step PCR reactions were
performed. The first and second PCRs link and amplify
full-length 13C8 ScFv gene, which were cloned into
pUC119 plasmid. The DNA sequence encoding the fle-
xible linker is depicted in detail.

VHS} VL 5722} Alo]el] linker peptides 2127} 85| o
7] 750 bpe] FHALE FZEE| o} X Th(Fig. 1 and Fig. 2B). <
ZH ScFv FAAR= Sfi 1 2 Not 12] F A3 AAE o] 83
of uhego} WY WEH R F2Y HolRioh & Al o] &
H W W= IPTGel ]38 A AKtranscription) & &4 3HA|
7171 13 lac Z promoterE AF8-3}31 1L, N-terminus®l| pel B
leader peptide(Kim et al., 1994)E 7}ste] waiw a2
< E. coli®] periplasmic space® ©]FA|A FH|E ZZIA|Z]
o} T3 C-terminusel|E 6709 histidineS H7FA]# Ni-NTA-
Agarose affinity columnE AH&-sto] W E whillz o] 2|
£ 7hs 7l slSithFig. 2A).

AZF 13C8 ScFv 4 HE = A wde] Bd s
g E. colis B4 A A PTG ofal] ©id dd S
=k ZEE ZES Ni-NTA affinity column©l] <]
A =012 3L SDS-PAGES =33 A7} oF 32 kDa®] 13C8
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A. HindIl

Sl Notl EcoRI1
LacZ | PelB | v |Linker| Vu
pUC119
B. C. 3
13C8  MW(bp) 13C8 MW (kDa) 13C8 MW (kDa)

. =9

= 4000 N . 67
*= 2000

=350
=500 v.-w — =30
=300 |
=400

ScFv —

Fig. 2. (A) Construction of recombinant ScFv plasmid. Lac Z
promoter is activated by IPTG for overexpression of
ScFv antibody. Pel B leader transports expressed pro-
teins into periplasmic space for secretion. His6 is hexa-
polyhistidine tag for detection and purification of ex-
pressed ScFv proteins. (B) The recombinant ScFv(750
bp) was amplified with chicken VLBsfi and VHFNot oli-
gonucleotides and resolved on 1% agarose gel and stained
with ethidium bromide. DNA size markers are shown
on the right. (C) The ScFv proteins purified from E.
coli was resolved by SDS-PAGE and stained with Coo-
massie Blue. The protein size markers are shown on the
right. (D) The ScFv protein was blotted on to PVDF
membrane and stained with horseradish peroxidase-
conjugated anti-polyhistidne secondary antibody. The pro-
tein size markers are shown on the right.

ScFv &A| a & g1 4= A th(Fig. 2C). Fg A3
13C8 ScFv+= C-terminus®l] 670€] histidine S X332 2 o]
histidineel] Z23sl= FAE ©]-83 Western blotE A8}
o] 13C8 ScFve] a2 A &RIHATHFig. 2D). 13C8<] VHS}
VL f7xke] 4718)g 2 CB strain®] T 25E 44 ger-
mline sequence(Reynaud et al., 1987, 1989)<} H] . F213}3]
31, Framework region(FR)Z} complementarity determining re-
gions(CDRs)+= Kabat sequence®l] w2} 27 = $ltH(Kabat et
al., 1991). Germline sequence®} 13C8 HA2] A7 v g2
2to]= =2 CDRs region©|A] WA= AthFig. 3). <& &
™ VLCDR32] 7% 16702] nucleotides(TGATAGTGATTA
T GTT)7} 4= 32, 3709 nucleotides(ACA)7} 2HA] = o]
7l WgkE HolFa QItiFig. 3).

31 CB strain-Z5-E 427 th4=2] pseudogenes 7 H
(Reynaud et al., 1987, 1989)F ©]-&-5lod 13C8 aA|e] VH ¥

VL 7327} f2€ pseudogeness 73 23} 13C8 IA1<]
VH 3 VL f32k= 2% 3218 S%pseudogenedi| Al =]
=S el & A tFig. 4). wEbd F3] B 3
of tigh 5ol dS vehizl gk & A frke] o
£ t}<2] pseudogenes®] gene conversion©|2til e £
recombination 7] %ol &J&f thekdlt )= WM slE o] & 34
kel s fAldiths Ale I91E = dAtiMcCor-
mack and Thompson, 1990).

37 72 RIS Sl ASH o3 13C8 ScFv @Al
TZXE5 B9 VHS VL 25 242} 37§14 2] CDR Aol a1
3k loopE @AAStaL, ©] % 6702] CDR loopE©°] %] hydro-
phobic pockets FAdste] A7} EolHoz Ajtel=
AE A8 HhFig. 5).

A %3 13C8 ScFv FA19] T8 715<] & 23 582
Z=723t7] 918l ELISA ¥4 A=3tth. 22 Eimeria©l
&8}= Eimeria acervulinar, Eimeria maxima “12]11l Eimeria
tenella A (sporozoite) o] 14 H plateol] AH=3} 13C8
ScFv A& At g A= s S A}, A
A%l M7¥A Eimeria &7 XA T@LS BF QRS

Aoz IR ATKFig. 6).

Shol 9 FE2 A9l 1308 FA = 27 FAETS

2 AR Eimeria acervulina®] XA}%=(sporo-
zoites) ol 2 sh= & Aotk 22y  Sto|Hel=
ap fAzbe] EoPgAd vl EHE = Ao ko] v
& o] sk oy d S Hstr] 918l hybridoma®
FH gAY SARE 7P F9(VH)RAAeE Ak 7R 5
(VL) FARE FZ31] linker peptideZ A2 T A=
3 ScFv Al AKE 531, E coli® R ASAIA A
23 whiide Oy AAlsisleh ELISA B4 23 Axd
13C8 ScFv &A= M FF/-2] Eimeria spp.©l| 3l =5 &
A A9 S vehlilen, 7IMYE £42 T35t ger-
mline sequence®t ¥t 23 & A F-HAS] thFA(di-
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A. V,-light chain
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Fig. 4. Donor pseudogenes used in variable regions of A-light
chain(VL) and heavy chain(VH). Boundaries between
inserted pseudogenes and the germline sequences cannot
be specified. If the number of candidate pseudogenes
exceeded one, all are listed anddivided by slashes.

A,
ALTQPSSVSANLGGTVEITCSGGSYGY GWFQQESPGSAPVTVVY W SN KPS DIPSRFSDSESGSTATLTITG
LCDR1 LCDR2
VRAEDEAVYYCGNADSNT ADSDYVGIFGAGT TLTVLGS TSGSGEPGSGEGSTKGAVTLDESGGGLQTPGGL
LCDR3 Linker
SLVCEGSGFDFSST AMGWVRQAPGEGLEFVA,

RATISRDHGQSTVRLQLDLRAD

GYPDAA]
HCDR!

Fig. 5. Deduced amino acid sequences of 13C8 ScFv (A). The
colored complementarity-determing regions (CDRs) are
indicated with underlines in the ScFv sequences. Ho-
mology modeling of chicken 13C8 ScFv (B). (1) Side
view. (2) Top view. Colored regions represent VH CDR
(HCDRI, 2, 3) and VI(LCDRI, 2, 3) (HCDR 1: red,
HCDR2: green, HCDR3: blue, LCDR 1: yellow, LCDR
2: magenta and LCDR 3: Cyan).
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Fig. 6. ELISA analysis of three Eimeria spp. (E. acervulina, E.
maxima and E. tenella) sporozoite antigens with 13C8
ScFv antibody. 13C8 ScFv antibody or BSA (negative
control) were reacted with three soluble Eimeria spp.
sporozoite antigens in a 96-well microplate and the ab-
sorbance at 492 nm was measured.
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