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 944 

Fig 4. LRRC23 localizes to axonemal radial spokes within sperm flagella. (A) 945 

Spermatozoa from Lrrc23+/+ and Lrrc23Δ2/Δ2 mice were subjected to 946 

immunofluorescent staining using antibodies specific for AC-tub (red) and LRRC23 947 

(green), with Hoechst 33342 (blue) being used to detect nuclei. AC-tub axonemal 948 

localization was evident in the sperm of both WT and Lrrc23Δ2/Δ2 mice. Magnified 949 

regions are marked with white rectangles, and panels on the right demonstrate LRRC23 950 

localization to the center of these axonemes. (B-K) Immunoelectron microscopy was 951 

conducted to evaluate sperm flagella from Lrrc23+/+ and Lrrc23Δ1/Δ1 mice; (B and D) 952 

Longitudinal and (C and E) cross sections of the midpiece and principal piece labeled 953 

with anti-LRRC23. Gold particles (red arrowheads) were found to localize within the 954 
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axoneme between the CP and the outer doublet microtubules consistent with the 955 

location of the radial spokes. (F, I, J and K) Sperm flagella from Lrrc23Δ1/Δ1 mice served 956 

as controls. 957 

 958 

Fig 5. Ultrastructural analysis of cauda epididymis spermatozoa from Lrrc23Δ1/Δ1 959 

mice. (A) An overview of the structure of a mature spermatozoon. (B and C) Electron 960 

microscopy images demonstrating normal radial spoke structures in WT spermatozoa; 961 

(D and E) radial spokes were partially formed or absent in Lrrc23Δ1/Δ1 sperm. Outer 962 

dense fibers are marked with numbers. (F) Schematic representation of the comparison 963 

between the axonemal structures of spermatozoa from Lrrc23+/+ and Lrrc23Δ1/Δ1 mice. 964 

(G) Percentages of the different axonemal structures in spermatozoa from Lrrc23+/+ 965 

and Lrrc23Δ1/Δ1 mice. 966 

 967 

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted June 1, 2021. ; https://doi.org/10.1101/2021.06.01.446532doi: bioRxiv preprint 

https://doi.org/10.1101/2021.06.01.446532
http://creativecommons.org/licenses/by/4.0/


41 

 

 968 

Fig 6. Lrrc23 knockout causes the downregulation of other flagella component 969 

proteins. (A) Left: SDS-PAGE and silver staining were conducted to compare 970 

spermatozoa proteins in solubilized membrane fractions from Lrrc23+/+ and Lrrc23Δ2/Δ2 971 
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mice; Right: mass spectrometry revealed the downregulation of certain flagella 972 

components in the spermatozoa of Lrrc23Δ2/Δ2 mice. (B) Western blotting was used to 973 

assess flagellum components in protein extracts from spermatozoa. (C) 974 

Immunofluorescence staining was conducted for spermatozoa obtained from WT and 975 

Lrrc23Δ2/Δ2 males using antibodies specific for AC-tub (red) and RSPH9 (green). Nuclei 976 

were identified through Hoechst staining (blue). While rectangles indicate regions that 977 

have been magnified, with areas of RSPH9 signal discontinuity being marked with 978 

white arrows.  979 

 980 
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Fig 7. No significant differences in tracheal cilia components are evident when 981 

comparing Lrrc23+/+ and Lrrc23Δ2/Δ2 mice. (A) Immunofluorescent staining of 982 

respiratory tract cilia from the indicated mice was performed using antibodies specific 983 

for AC-tub, LRRC23 (red), DYDC1, NME5, RSPH9, ARL13B, and HYDIN (green). 984 

Nuclei were stained with Hoechst 33342 (blue). (B-C) Tracheal cilia from Lrrc23+/+ 985 

and Lrrc23Δ2/Δ2 mice were examined via SEM. 986 

 987 

Fig 8. Sterility of KO males is rescued by transgenic expression of LRRC23. (A) 988 

Schematic representation of generating the Lrrc23 transgene (Tg) mouse line. 989 

Transgene designed in which FLAG or 1D4-tagged LRRC23 are expressed as a fused 990 

protein under the testicular germ cell-specific Clgn promoter. (B) FLAG or 1D4-tagged 991 

LRRC23 expression in WT and knockout mice carrying the Lrrc23 transgene was 992 

detected by Western blotting. β-Actin was analyzed as a loading control. (C) Average 993 

litter size of Lrrc23 knockout male mice expressing FLAG or 1D4-tagged Lrrc23 Tg. 994 

The average litter size (mean ± SD) was 8.9 ± 1.6 in WT males and 8.9 ± 2.9 in FLAG 995 

or 1D4-tagged Lrrc23 rescued KO male mice. 996 

 997 
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Table 1. Anlysis of LRRC23 immunoprecipitation (IP) in testicular protein 998 

extracts via mass spectrometry (MS). 999 

Protein names 
Gene 

names 
LFQ-1 LFQ-2 LFQ-3 

NC-

1 

NC-

2 

NC-

3 

Unique 

sequence 

coverage 

[%] 

Mol. 

weight 

[kDa] 

Leucine-rich repeat-

containing protein 23 
Lrrc23 6.36E+08 7.92E+08 4.18E+09 0 0 0 68.8 39.292 

45 kDa calcium-

binding protein 
Sdf4 31960000 28455000 45040000 0 0 0 23 42.064 

Sjoegren 

syndrome/scleroderma 

autoantigen 1 

homolog 

Sssca1 7.43E+08 5.05E+08 29159000 0 0 0 64.8 21.336 

Radial spoke head 

protein 9 homolog 
Rsph9 38511000 16577000 24069000 0 0 0 19.9 31.331 

PAS domain-

containing 

serine/threonine-

protein kinase 

Pask 82666000 61950000 18493000 0 0 0 23.5 151.25 

Tudor domain-

containing protein 1 
Tdrd1 66544000 27349000 9958900 0 0 0 12.5 129.69 

 1000 
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