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Abstract: [Objective] This study prepared full-length and fragment antibodies of bovine immunoglobulin G
(IgG) with a mammalian cell recombinant expression system and screened high-affinity nanobodies that
specifically recognize bovine IgG based on phage display technology, aiming to provide new antibody tools for
the detection and functional study of bovine IgG. [Method] By retrieving the bovine IgG gene sequences, the CH
fragment, Fc fragment, CH3 fragment, and CL fragment of bovine IgG were cloned into the pTT5 eukaryotic
expression vector and efficiently expressed in Expi293F cells. With natural bovine serum and recombinant Fc

fragment as coating antigens, three rounds of biopanning were performed to screen for the nanobodies that
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specifically bound bovine IgG from a phage-displayed nanobody natural library. Positive clones were induced for
expression in Escherichia coli Rosetta, and their specificity to IgG of other species as well as binding sites were
determined. [Result] The expression vectors for the CH fragment, Fc fragment, CH3 fragment, and CL fragment
of bovine IgG were constructed, and efficient recombinant expression of full-length bovine IgG as well as heavy
and light chain fragments was achieved in Expi293F cells. The specific nanobodies recognizing bovine 1gG were
successfully screened from a phage-displayed natural nanobody library through biopanning with natural bovine
serum as the target and prepared. [Conclusion] On the basis of phage display technology, two nanobodies with
high specificity targeting bovine IgG were screened through a three-round biopanning strategy, and their
recombinant expression and activity verification were successfully completed. This can provide a reference for

subsequent adulteration detection in milk or beef products.
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Fig. 1

anti-bovine IgG nanobodies
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Table 1 Primers for constructing and validating expression vectors of bovine IgG heavy and light chain fragments
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amino acid sequences
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1 QVQLRESGPS LVKPSQTLSL TCTVSGFSLV SYGVNWVRQA PGKALECLGG IDNFGNVAYN 60
61 PTMKSRLSIT KDNSKSQVSL SLGSVTAEDT ATYYCAKDLV AINTHQGEAC SGFLGRYGGV 120
121 DAWGQGLLVT VSSASTTAPK VYPLSSCCGD KSSSTVTILGC LVSSYMPEPV TVTWNSGALK 180
181 SGVHTFPAVL QSSGLYSLSS MVTVPGSSSG QTFTCNVAHP ASSTKVDKAV DPRCKTTCDC 240
241 CPPPELPGGP SVFIFPPKPK  DTLTISGTPE ~VTCVVVDVGH DDPEVKFSWF VDDVEVNTAT 300
301 TKPREEQFNS TYRVVSALRI QHQDWTGGKE FKCKVHNEGL PAPIVRTISR  TKGPAREPQV 360
361 YVLAPPQEEL SKSTVSLTCM VTSFYPDYIA  VEWQRNGQPE SEDKYGTTPP QLDADGSYFL 420
421 YSRLRVDRNS WQEGDTYTCV VMHEALHNHY TQKSTSKSAG K

(a) KT761866Z 72 ¢ 41
1 QAVLGQPSSV SGSLGQRVSI  TCSGSSSNIG ~ TYGVEWYQQV PGSGLRTIIY GSNSRPSGVP 60
61 DRFSGSKSGN TATLTISSLQ  AEDEADYFCA AGDSSSRGAV ~ FGSGTTLTAL GQPKSPPSVT 120
121 LFPPSTEELN GNKATLVCLI  SDFYPGSVTV ~VWKADGSTIT RNVETTRASK QSNSKYAASS 180
181 YLSLTSSDWK SKGSYSCEVT HEGSTVTKTV KPSECS

(b) DQ537487-IGLC8E I LT

B3 MTZTAALNFICE . BRLKALRSF T

Fig. 3 Full-length amino acid sequences of bovine IgG heavy and light chains for recombinant expression
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Fig. 4 Recombinant expression and identification of full-length bovine IgG
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Fig. 5 Recombinant expression and identification of bovine IgG heavy and light chain fragments
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Vol. 45 No. 4

VHH-27 5 & 4 %A 1) Fe i BRI CH3 F B4 &
HEI AR B4 A CH3 BB b . VHH-1 5 & 4]
Fc i B 45 4 & VHH-27 11 2.0 %, 5 E 41 CH3 J
BLi 454 & VHH-27 1 1.3 f% .

M 1 2 TR 5
200 000 —E_—_
140 000 — ﬁ?ﬂtFIgG
110 000 — CH
90 000 — W 2
68 000 — Fe
55000 — CH3
40 000 — &8¢ Bk
20000} cL 1
] NlgG
13 000 — SR, f1sG
8 000 — $#1gG
M—hRAEER 155 IgG
1—VHH-1: 2—VHH-27, VHH-1  VHH-27
(a) PUF1gGU KPR (b) He - TgGA KAk
SDS-PAGE% & ELISA% &

B8 hKIIRIR 4% K& ik 49 SDS-PAGE % ELISA ¥ %
Fig. 8 SDS-PAGE and ELISA identification of prokaryotically

expressed nanobodies

3 i

4 1gG AE A 4R & T & 18 70%~80% 1) 3
BEYPREAEMELEFR AR R E%ZL
A5 T Re L A 6 R 5 AR IR L R Al
MAMMES) ERNH . T4 1gGlTAA
1 4 o e S, G O B W P S R R B A ) b
B IR e UK IR S A g i T
A SE I A TGRS v R SR . R R
IgG it 5 B2 FH WF 70 o ouf A vk 138 D 7 5K, 1l &
HA ) F b s vk R R — B0 4 TG O3 T R A
Pk BAF IO N EE . AE K AL 3 40 i R ik
RG] AR 4 1eG K VR BE A B e RRE 8 1)
P8 B R, R KRR R 5D
WM. AR, HARBEMW P gGEK B4
K CH F B fl Fe i B RE % 5/ ROBUZR 1gG H v |2
PuiA-HRP 45 &

DA BL A 1gG Bk 32 B 2 o B P Ak 2 R
AL B B, T BT I AT YR e P
i £ JE A R AL IR I BE AN R K B W) AR R 4 )
N (e A e N N N NI vl o S N
A ROH T A Gt 5 B A R A R R 3 A B
B 1) 48 Jm) PR, L Fr 3K 999 oK B0 AR e AR X 4y T o
NN U R AR R NN R NS A R S

WTFAE: BTHADNMEBRNF R ERED CEEREREPRAFNFIZEHR

B, EH 12 DLRAF ME B IE, &%
BT A Be5 R4 LG &5 A Mgk Pk, & r ) ik
PEPURE B )G, fE 28 3R 5l N E A RIEM Fe i
BAE G B s R AT € 1) v 3 0% 3% R S M R
TH 2 X B gk fofk o A& S Th i ik T 2 bk
(VHH-1 #1 VHH-27) 8 5 K 4K 4 i3 « # 240 4 1gG
MEH Fe v B 4 &, AL H ALY P 1gG .BSA I
OVA 45 & M 9 K B fa

VEH M T F 1gG B R 8k i BeR ik 84k, st
BT A 1gG 4 K N E Vi E B B fE Expi293F 4 il
Hh ) R Ak EE ZH SR, R R BR AR R R R AR A K Bt
P, DL SR A I35 4L R 3K 1 Fe /r BONBE AR,
1 I AR ) S RV 3R T V2 R T R ke T 2 AR R e R
A2 1gG g K Ptk , vl oA g 82 40 2 B4 A 3 A
i B BRI Rt 2%

53 3k

[1] POONIA A, SHIVA. Bioactive compounds, nutritional
profile and health benefits of colostrum: a review [J] .
Food Production, Processing and Nutrition,2022,4(1):26.

[2] 6. 20 40 3L 4 % Bk R B (g GO Fa € 1R M BT 90 K ol o
[D1. Jbxt: B RE K, 2005.

[3] MA Y,HOU Y M, XIE K, et al. Digestive differences in
immunoglobulin G and lactoferrin among human, bovine,
and caprine milk following in vitro digestion [J] .
International Dairy Journal ,2021,120:105081.

[4] CHEN C C,TU Y Y,CHANG H M. Thermal stability of
bovine milk immunoglobulin G (IgG) and the effect of
added thermal protectants on the stability[J]. Journal of
Food Science,2000,65(2):188-193.

[5] HENDRICKSON O D,ZVEREVA E A,DZANTIEV B B,
et al. Novel immunochromatographic estimation of lamb
content in meat products using IgG as biomarker[ J]. Journal
of Food Composition and Analysis,2023,116:105025.

[6] HENDRICKSON O D,ZVEREVA E A,DZANTIEV B B,
et al. Sensitive lateral flow immunoassay for the detection
of pork additives in raw and cooked meat products[J] .
Food Chemistry,2021,359:129927.

[7) HENDRICKSON O D, ZVEREVA E A, VOSTRIKOVA N
L,et al. Lateral flow immunoassay for sensitive detection
of undeclared chicken meat in meat products[J]. Food
Chemistry,2021,344:128598.

[8] DIMITRIOU L, KOUREAS M, PAPPAS C S, et al.

Chemometric classification of feta cheese authenticity via

59



60

Journal of Food Science and Biotechnology

ATR-FTIR spectroscopy[J]. Applied Sciences, 2025, 15
(15):8272.

[9] HAJI A, DESALEGN K, HASSEN H. Selected food

items adulteration, their impacts on public health, and

detection methods: a review [J] . Food Science &
Nutrition, 2023, 11(12):7534-7545.

[10] RAMANI A, TAHERABBAS S, MANIK S. Bovine

colostrum as a promising nutraceutical: a systematic

review [J]. Sustainable Food Technology, 2024,2(3) :
531-547.

[11] TAHIR W, DUDAS S, ANDERSON R, et al. Canadian
2021 h-type bovine spongiform encephalopathy case
associated with a novel E211K polymorphism in prion
protein gene[J]. Prion,2025,19(1):36-49.

[12] SRIKUMARAN S, KLUEVER E A, ONISK D V, et al.
Quantitation of bovine immunoglobulins in culture fluids
by use of sandwich radioimmunoassay with monoclonal
antibodies[ J]. American Journal of Veterinary Research,
1991,52(2):243-246.

[13] JOHNSON D E. Biotherapeutics: challenges and

opportunities for predictive toxicology of monoclonal

antibodies [J].

Sciences,2018,19(11):3685.

[14] CHU W N, SRIPADA S A, REESE H R, et al.

International Journal of Molecular

Purification of polyclonal immunoglobulin G from human

serum using peptide-based adsorbents [J]. AIChE
Journal,2021,67(12):e17482.

[15] YU X T, ZHANG X, XU J J, et al. Generation of

recombinant antibodies by mammalian expression system

for detecting S-metolachlor in environmental waters[J] .

BE3I3HE 2026 F 4 A | ERE5EYEARFER

Journal of Hazardous Materials,2021,418:126305.

[16] HENNIGAN J N, MENACHO-MELGAR R, SARKAR
P, et al. Scalable, robust, high-throughput expression &
purification of nanobodies enabled by 2-stage dynamic
control[ J]. Metabolic Engineering,2024,85:116-130.

[17] ZHAO F C, SHI R R, LIU R X, et al. Application of
phage-display developed antibody and antigen substitutes in
immunoassays for small molecule contaminants analysis: a
mini-review[ J]. Food Chemistry,2021,339:128084.

[18] MEJIAS-GOMEZ O, BRAGHETTO M, SORENSEN M
K D, et al. Deep mining of antibody phage-display

selections using oxford nanopore technologies and dual

unique molecular identifiers [J] .

2024,80:56-68.

[19] XIONG L, ZHANG X Q, XU Y, et al.

New Biotechnology,

Anti-idiotypic

VHH mediated environmentally friendly immunoassay for

citrinin without mycotoxin [J] . Food and Agricultural
Immunology,2020,31(1):968-984.

[20] FAIBE. KI5 82 40 il X i 7 3% 5 20 50 o B2 4 A 1 4
MR REHSID]. BE A K,2024.

(20 20 0. Wt T AR R R T % 12 Vi a9 gk g ik # A Ak
[D]. E#ff: BWESEE K% ,2018.

[22] ZHAO Y F, KACSKOVICS I, RABBANI H, et al.
Physical mapping of the bovine immunoglobulin heavy
chain constant region gene locus [J] . Journal of
Biological Chemistry,2003,278(37):35024-35032.

[23] CHEN L M, LI M, LI Q, et al. Characterization of the
bovine immunoglobulin lambda light chain constant IGLC

genes[J]. Veterinary Immunology and Immunopathology ,

2008,124(3/4):284-294.



