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Abstract In order to generate a nanobody (Nb) that specifically recognizes chicken interleukin-18 (chlL-18),
this study constructed a recombinant plasmid expressing chlL-18 protein and produced chlL-18 protein. The
chIL-18 protein was used to immunize alpacas, and the variable regions of the heavy chain of the antibody genes
from the peripheral blood lymphocytes of the immunized alpacas were amplified to construct a chiL-18 Nb phage
display library. The library was enriched and selected using chIL-18 protein as the target antigen, and the
sequences of the recombinant phage Nb that reacted positively with chIL-18 protein were cloned and expressed

on the vector. Furthermore, after conducting biological activity tests on chIL-18 Nb, a preliminary application
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evaluation was carried out on the chlL-18 Nb with the best biological activity. The results were as follows:

1) In this study, a chiL-18 Nb phage display library with a capacity of 6x10° PFU/mL was successfully

constructed; 2) Five chlL-18 Nbs with good reactivity, specificity and binding activity were obtained, among

which Nb1 had the best biological activity and met the requirements for antibody application in western blot and

IFA tests. This study was the first to obtain the Nb specifically reacted with chlL-18 protein, which laid a

foundation for subsequent establishment of quantitative detection methods for chlL-18 and the research about

the biological functions of chlL-18.
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(a) Amplification of the chIL-18 gene (M: DL2000 DNA Marker; 1: Recombinant chIL-18 gene) ; (b) Verification of chIL-18 recombinant plasmid
digestion (M: DNA molecular quality standard; 1: Identification of pCold-chIL-18 prokaryotic expression recombinant plasmid digestion; 2: Identification
of Phage-chIL.-18 eukaryotic expression recombinant plasmid digestion) ; (¢)Purification of chlIl.-18 eukaryotic and prokaryotic protein, (M: Protein
molecular weight Marker; 1: Purification and identification of chIL-18 eukaryotic protein; 2: Purification and identification of chIL-18 prokaryotic protein).

B 1
Fig. 1

chIL-1I8SEAFRMHEREL AL

Construction of chIL-18 recombinant plasmid and purification of chIL.-18 protein
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(d) GGGLVQPGGSLRLSCAASGSIFSIYAMGWYRQAPGKQRELVATI-TSDGSTNYADSVKGRETISRDNAKNTVYLOMNSLKPEDTAVYYCAR———————
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GGGLVQAGGSLRLSCAASGSIFSINAMGWYRQAPGKQRELVAAI-TSGGSTNYADSVKGRFTISRDNAKNTLYLOMNGLKSEDTALYFC-—
GGGLVQPGGSLRLSCVASGS IYSINAMGHWYRQAPGKQRELVATM-GKDGSTTYADFVKGRFTISRDNAERTVYLOMSRLQPEDTAIYYCNV-RRFD-YGT
GGGLVQPGGSLRLSCAVSGVTLDYYAIGWFRQAPGKKREGVSCVSTSDGSTHYLDSVKGRFTISRDFAKNTVYLOMDNLKPEDTAVYYCAT-RWGRLWGCGLTDEREY-D-FWGQGTQVTVSS
GGGLVQPGGSLRLSCAVSGVTLDYYAIGWFRQAPGKKREGVSCVSTSDGSTHYLDSVKGRFTISRDFAKNTVYLOMDNLKPEDTAVYYCAT ~-RWGRLWGCGLTDEREY~D-FWGQGTQVTVSS
GGGSVQPGGSLRLSCAVSGFTLDGYTIGWFRQAPEK-REEVSCIATSDGLTYYADSVKGRFTISRDNAKNTVHLDMHSLKPEDTGVYYCATDRRGRRYGSSWYTGCPFGD-YWGQGTQVTVSS
GGGLVQPGGSLRLSCAVSGVTLDYYAIGWFRQAPGKQRELVASI-TSGGSTNYVDNVKGRSTISRDNAKYT-YLOMDSLKPEDTAIYFCNA--WDNIWKR-~ ====N-YWGQGTQVTVSS
GGGLVQPGGSLRLSCAASKT IFSINAMGWYRQAPGKQRELVATI-TSDAYTKYADSVKGRFTISMDNAKNTVYLOMNSLKPEDTAVYYCRA-——-FP-—-VNV— —-—-WGQGTQVTVSS
GGGLVQAGGSLRLSCAASGLIFHAYDMGWYRQAPGKQRELVATI-TSDGSTDYADSVKGRFTISMN-GWNTVYLOMNSLNPEDTAVYYCNAVI— —-VVANTKN-IGVDYWGKGTQVTVSS
GGGLVQPGGSLRLSCAASGLHFGSYDMNWVRQAPGKGPEWVSRISGGSSKTYYTNSVKGRFTISRDNAQONALYLOMNNLKPEDTAVYYCK-——====~ P-AGPTYSDYDPLLRGQGTQVTVSS
GGGSVQEGESLTLSCKVTGEIYGVSDMSWYRQSPGKERELVARI-TRGGYTTYADSVDGRFTISRDNNKNTMFLQMDSLKPEDTAVYHCRAQEVLRTWFAP——————~ KQELWGQGTQVTVSS
GGGLVQPGGSLRLSCAASGFTLD--AIGWFRQAPGEEREGIACISSDDSITVYADSVKDRFTISMDNTENTVYLOMSSLKPEDTAVYYCAVDISHR-~~-TGRSTG-EY-Q-YWGQGTQVTVS;

GGGLVQAGGSLRLSCTASGRISRVRRMGWYRQAPGKQREWVAAI-NRSGLTTYQDSVKGRFIISRDDADNT ITLOQMNSLKAEDAAVYICAA: ~WT-YDYWGQGTQVTVSS
GGGLVQPGGSLTLSCVASLNIFPISPLAWYRQAPGQORELVARI-TYHESTNYADSVKGRFTISRDNAKSTVYLOMANLKPEDTAVYFCNLDGR-P-LGD-———————~~| NYWGQGTQVTVSS
GGGLVQAGGSLRLSCTASGS INSIYVMAWTRQAPGKERELVAQI-TSSGSTTYGDAVKGRFT ISRDHAKRTVYLQMNRLKPGDTAVY SCDM-———————~' ‘TGVDSEETPFAYRGQGTQVTVSS
GGGLVQAGGSLRLSCAASGTISSINVMGWYRQAPGEQRESVATI-TPAGTANYVDSVKGRFTISRDNAKNTVYLQMNSLKPEDTAVYYCNADVRYS-WIDRRI======== YWGQGTQVTVSS
GGGLVQAGGSLRLSCTASGSINSIYVMAWTRQAPGKERELVAQI-TSSGSTTYGDAVKGRFTISRDHAKRTVYLOMNRLKPGDTAVYSCDM-———————— ‘TGVDSEETPFAYRGQGTQVTVSS
GGGLVQTGGSLRLSCTVSGFFFDDYAIGWFRQAPGKERERVSGYSSADGSTYYADSVKGRFTISGDNAKKTVYLOMKNLE PEDTAVYTCAL-AIGPPPTEGLVSDKWY-D-YYGQGTQVTVSS
GGGLVQPGGSLRLSCAASGFTFSNWWMFWIRQAPGKGLEWVSAINTDGGSTNYADSVKGRFSISRDNAKNTLY LOMNSLT PEDTALY YCA———— —-MGTLPRRQFD--YWGQGTQVTVSS
GGGLVQAGGSLRLSCTASGRISRVRRMGWYRQAPGKQRESVAII-TSDGLTNYADSAKGRFAISSDNAKNTVYLRMNNLKPEDTAVYYCGAFITYT-QDPSSFWHLWTTYDYWGQGTQVTVSS
GGGLVQPGGSLRLSCATSGFTFSTYWMYWVRQAPGKGLEWVSGINSGGDSTYYADSVKGRVT ISRDNAMNT LALOMNSMKAEDTAVYYCA-—====== SRIGVQSGGMD--YWGKGTQVTVSS
GGSAVQPGGSLRLSCVGSGIIFGNKAVAWYRQAPGKQREAVVCSSSSDPSTYYSASAKGRFSIIRDRTNNVVYLEVKNLKPEDSGDYYCAAGVSNSYYNEACRPDDYYH---WGQGTQVTVSS
GGGLVQAGGSLRLSCVASASM--IASMGWYRQAPGKORELVATI-TSGFSTNYAGSVKGRFTISRDNAKNTVYLHMHSLKPEDTAVYYCAAGRPSE-WQDAYSTQE-DHYDYWGQGTQVTVSS

(%5 148 PCRJZ (M :DNA 2T i bnifi s 1:1gG) s (W5 248 PCR B (M : DNA 43 F Bl dife s 1: VHED 5 (o) SO FER RS s (O ZIETRIT 437
(a) The first round of PCR (M: DL2000 DNA Marker; 1: IgG) ; (b) The second round of PCR (M: DL2000 DNA Marker; 1: VHH)
(c)Identification of library capacity ; (d) Amino acid sequence analysis.

B3 chIL-18 Nb M & 4 R 7= 3 EE R H
Fig. 3 Construction of the chIL.-18 Nb phage display library
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(a) Panning of chlIL.-18 specific phage; (b) Enrichment of chIL-18 specific phage.
4 chIL-1I8HFMHEEHEHESES
Fig. 4 Panning and enrichment of chIl.-18 specific phage
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QVQLVESGGGLVQAGGSLKLSCAISGTVSRVDELGWYRQAPGKQREVAVALTGDGSINYADSVKGRCTFSRDDAGNTVYLRMWNLKPEDTAVYYCHVQGQBFRYSP---TSDYWGPGTOVTVSS
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QVQLVESGGGLVQAGGSLRLSCVASASM--IASMGWYROAPGKRRELAAAFTRDDY IKYADAVKGRFITSRDNA-KKWYLQMNNLKPGDTAVYYC-VAGG-YEISPGIYEFDYWGQGTQVIVSS
QVQLVESGGGLVQTGGSLRLSCAITGT IGRPDELGWYRQAPGKQREVALLLTGADSTNYADSVKGRCTFSRDNAGNTVYLRLNNLKPEDTGVYYCHIKGGKSRYSP---TSYYWGPGTQVTVSS
QVQLVESGGGSVQAGGSLKLSCAISGTVSRVGELGWYRQAPGKQREVVVTLSGDRKINYADSVKGRFTFSRDNAGNTVYLRMNNLKPEDTAVYYCHVQGGRFRNSP---TSDYWGPGTQVTVSS
QVQLVESGGGLVQAGGSLKLSCAISGTVSRVNELGWYRQAPGKEREVIVSLTGDGTINYADSVKGRCTFSRDDAGNTVYLRMNNLKPEDTAVYYCHVQGGRFRYSP---TSDYWGQGTQVTVSS
QVQLVESGGGLVQAGGSLKLSCAISGTVSRVNELGWYRQAPGKEREVIVSLTGDGTINYADSVKGRCTFSRDDAGNTVYLRMNNLKPEDTAVYYCHVQGGRFRYSP---ASDYWGPGTQVTVSS
QVQLVESGGGLVQPGGSLRLSCAITGTIRRPDEVGWYRQAPGKQREMVVALTGDGSLNYAESVKGRCAFSRDDAGNTLYLRLNNLKPEDTAVYYCHVQGGKFRYSP---TSDYWGPGTQVTVSS
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(a) Amino ac1d sequence analysis of Nbs; (b) Expression results of Nbs (M : Protein marker; Lanes 1-5: 5 screened Nbs).

5 chIL-18EZANbF SN ERIE

Fig. 5 Sequence analysis and expression of chll.-18 recombinant Nbs

2.6 chIL-18E 28 Nb i | [z 7& T 44 il A9 5Kk Nb 47 ELISA KM . &5 8 B o (K- 6) MR #E
chlL-18 B #% & 15 & H 1 8% ELISA 5 b5 i , 7 P/NZ=2.1 4 Wk FA Y, 3 5 5 8 Nb(Nbl.Nb2,
A 3 B RS T1L-6 25 1 BH PR X B K45 (3 6 BR i A 4l 4k Nb3 . Nb4 1 Nb5) 5 chllL-18 £ FH ¥ HE 2 1/ -

M chIL-18%8H MIGIL-655H X
2571

20T

OD 450 nm

0.5 I
0o L1E 1 1 i i
Nbl Nb2 Nb3 Nb4 Nb5S

X TER A 3R 1844 KB Ad
Chicken interleukin-18 Nbs

6 ELISA IiF chIL-18 & 48 Nb R B & 1
Fig. 6 The reactivity of chIL.-18 recombinant Nbs identified by ELISA

2.7 chIL-18EANbHERHERN P RN, 5 B B sy (L 7D

4if chlIL-18 EAZ KRB E N, LAY IL-6 1 4 2.8 chIL-18E A NbHL & iE R
11.-8 & 1 ORI XS TL-10 & 1 o0 B X B8, DL 4tk 1y FIH ELISA J7 35 5 UF 5 ¥k Nb 5 chllL-18 B #%
5PN AEN —HLHFITHFH . Western blot*ﬁ?ﬂﬂéﬁ* RBEHME S TR ECH. 4R 22, Nbl

BN, 58 Nb ¥ 5 chllL-18 B 4% 3 ik 5 1 & A 4 SR TR 8 F) 9.1 pg/mL, HoAth Nb 45 4 3% 7
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Nbl

Nb2

Nb3

Nb4

,DHU,;

NbS

13 IL-6 8 5 2: 39 IL-8 2 11 5 3: M IL-10 2 14 ;4 : chIL-18 8 4 .
1: Chicken IL -6 protein; 2: Chicken IL -8 protein; 3: Chicken
IL -10 protein; 4: Chicken IL -18 protein.

El7 chIL-18 EH Nb #5714 N
Fig. 7 Specificity detection of chILL-18 recombinant Nbs

9 16.73~35.12 pg/mL(F 2),
2.9 chIL-18 Nb1 BJ#14 & B iEM
F) H IF A Fl Western blot J7 1 4 IF Nb1 2 75 g
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COTFA K Nb1 {5 51955 27 & e
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A chIL-18 2R 45 1 5 (b)) ND L iR 48 P chIL-18 2K (4 25 L (1. 25 #hfd 5 2

&2 chIL-18EHNb & &iFHERN
Table 2 Binding activity detection of chll.-18 recombinant Nbs

l?\l?j; ijj; ECs/ (pg/mL)
Nb1 9.10
- 22.56
Nb3 16.73
Nbd 8012
Nb5 32.99

% T chll.- 18 &5 {1 A [ 4 S 92 2¢ Y T 8 14 f 92 B
WA K. Z5 R WOR W E R Y S5 DFL 40 i
chIL-18 KA1 i, Nb1 A3 (Y 9 't oir B2 34 i ; Biti &
IR, Nb1 AR 1y 5 € Jk 4 o BE o B 2
I CE 8D,

(b)

Merge

Flag

GAPDII

Mi

:1 pg chIL-18 Ji ki ;2: 2 pg chIL-

(a)Nb1 recognized chlIL-18 protein induced by viruses infection; (b)Nb1 identified denatured chIL-18 protein, (Lane 1: empty vector, Lane2:

1 pg chIL-18 plasmid, Lane 3: 2 pg chIL-18 plasmid).

El8 chIL-18 Nb1#]% R A iFM
Fig. 8 Preliminary application evaluation of chIl.-18 Nb1
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