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Fig. 1 Constructive strategy of LF knockout mice
This design is based on transcript-201 (NM_008522.3).
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Fig.2 Schematic design of primers for LF knockout mouse identification

Table 1 Primer information of LF** mouse gene identification

Primer name Primer sequence (5'—3") T /°C Amplification product size/bp
1 EGE-GXG-033-A WT-F TGCTGGGATTCGAACTTGGCTGAAG 62 WT: 404
EGE-GXG-033-A WT-R AGACCGAGGAATCTGTGTGAGACCT 61 Mut: -
2 EGE-GXG-033-A Mut-F CGCCGCTCAGTTGTGTCAAGAAATC 62 WT: 4930
EGE-GXG-033-A WT-R AGACCGAGGAATCTGTGTGAGACCT 61 Mut: 564
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Table 2 Primer information for gPCR experiment

Gene symbol Forward primers (5'—3') Reverse primers (5'—3")
Occludin GGCTGCTGCTGATGAATA ATCCTCTTGATGTGCGATAA
Z0-1 GCATCATTCGCCTTCATAC GACACAACCTCATCCTCAT
GAPDH TCTCCTGCGACTTCAACA TGTAGCCGTATTCATTGTCA
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Fig. 3 PCR identification results of mice with LF*"*°,
LF""" genotypes

Table 3 Genotype comparison of animal based on expected gel electrophoresis results after PCR experiment
EGE-GXG-033-A-Mut-F/EGE-GXG-033-A-WT-R

EGE-GXG-033-A-WT-F/EGE-GXG-

Genotype
033-A-WT-R
Wild type Mutant Wild type
N Y N ko/ko
N* Y Y ko/wt
N* N Y wt/wt

N: the PCR product of the expected length was not detected by gel electrophoresis; *: theoretically, when using the primers EGE-GXG-033-A-Mut-
F/EGE-GXG-033-A-WT-R for PCR, the wild-type allele can also amplify the PCR product, and the result is marked as “Y”, but sometimes the PCR

product is relatively long, so the PCR product cannot be amplified, so the PCR result is marked as “N”; Y: the expected length of PCR product was
detected by gel electrophoresis; ko: allele with base deletion; wt: wild type allele.
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Fig. 4 Effects of LF on body weight and basic intestinal indexes in suckling pups
Body mass (a), intestinal index (b), intestinal length (c) and intestinal density (d) of newborn mice on day 21. The data were expressed as mean+SEM
(n=8). According to one-way ANOVA and Fisher’s LSD test, ns: not significant; * P<<0.05.
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Fig. 5 Effect of LF on the appearance of ileum in suckling pups
(a) Ileum villus length, (b) crypt depth, (c) ratio of ileum villus length to crypt depth, (d) ileum tissue section under HE staining. The data are
expressed as mean+SEM (n=8). According to one-way ANOVA and Fisher’s LSD test, * P<<0.05; ** P<<0.01; *** P<0.001.
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Fig. 6 Effect of LF on disaccharidase activity of small intestinal in suckling pups

(a—c) Maltase activity (a), lactase activity (b) and the ratio of maltase activity to lactase activity (c¢) in duodenum. (d-f) Maltase activity (d), lactase

activity (e) and the ratio of maltase activity to lactase activity (f) in jejunum. (g—i) Maltase activity (g), lactase activity (h) and the ratio of maltase

activity to lactase activity (i) in ileum. The data are expressed as meantSEM (n=8). Based on one-way ANOVA and Fisher’s LSD test, ns: not
significant; * P<<0.05; ** P<<0.01; *** P<<0.001, **** P<(.000 1.
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Fig.7 Comparisons of LF on Occludin and ZO-1
expression of ileum in suckling pups
(a) Occludin mRNA expression results. (b) ZO-I mRNA expression
results. The data are expressed as mean+SEM (n=8). According to one-

way ANOVA and Fisher’s LSD test, ns: not significant; * P<<0.05;
*HEE P<0.000 1.
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Abstract Objective To investigate the effects of lactoferrin (LF) deficiency during lactation and LF
supplementation from different sources on intestinal development of newborn mice. Methods Female LF
knockout mice were used to produce LF deficiency milk for newborn mice intake during lactation, and 100 mg/kg
bovine Lactoferrin (bLF), recombinant human Lactoferrin (rhLF) and bovine serum albumin (BSA) were
artificially fed every day from the 3rd day to the 21st day. Samples were taken at the age of 21 days to determine
the small intestine development index of mice in each group. Results In this experimental cycle, rhLF
supplementation significantly increased the villus length/crypt depth of ileum (P<0.05), up-regulated the
expression of Occludin and ZO-1 in ileum (P<0.05) and increased the ratio of maltase activity/lactase activity in
duodenum (P<0.05), jejunum (P<0.05) and ileum (P<0.05) of mice. In addition, the supplementation of bLF only
significantly increased the ratio of maltase activity/lactase activity in ileum (P<0.05), indicating that the
supplementation of LF during lactation can promote the intestinal development of newborn mice. Conclusion For
newborn mouse without LF intake during lactation, the supplement of LF during lactation can enhance the
intestinal digestion and absorption of nutrients, promote the development and maturity of the intestinal tract, and
enhance the intestinal barrier function. Moreover, rhLF plays a more effective role than bLF.

Key words bovine lactoferrin, recombinant human lactoferrin, intestinal development, newborn mouse
DOI: 10.16476/j.pibb.2021.0246

# This work was supported by grants from the Ministry of Finance and the Ministry of Agriculture and Rural Areas Under the National Modern
Agricultural Industrial Technology System and the Major Special Project of Transgenic of Ministry of Agriculture and Rural Areas
(2018ZX08007001).

#% Corresponding author.

Tel: 86-18101206227, E-mail: zhangyali@cau.edu.cn

Received: August 20, 2021  Accepted: December 2, 2021



