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Role of outer dense fiber in multiple morphological
abnormalities of the sperm flagella in
Akap4 gene defect mice
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ABSTRACT Objective: To determine the role of outer dense fiber (ODF) in multiple morphological
abnormalities of the sperm flagella in Akap4 gene defect mice.
Methods: Akap4 knock-out (KO) mouse model was established by using gene editing technology.
Akap4-KO male mice were identified by genotype. Seven sexually mature male Akap4-KO mice

41%5 H #4 (Date of reception) : 2019-08-02
S —1E#& (Firstauthor): ¥ JE, Email:705720567@qq.com , ORCID: 0000-0001-9709-0492
iE{Z1E#& (Corresponding author) : #fll§, Email:huangpeng509@gmail.com, ORCID: 0000-0003-1867-1788



1368

g R (SRR ), 2019, 44(12)  http://xbyxb.csu.edu.cn

KEY WORDS

served as an experimental group, and 7 sexually mature wild-type (WT) male mice served as a
control group. The changes in body weight and testicular weight were measured. Computer aided
sperm analysis (CASA) was used to detect sperm motility. Sperm morphology was detected by
modified Periodic Acid-Schif (PAS) staining. The ultra-structure of sperm was observed under
the scanning and transmission electron microscope. Sperm flagella associated protein expression
and localization were detected by immunofluorescence. Spermatogenesis function of testis was
evaluated by HE and PAS staining. Ultra-structure of seminiferous tubules was observed under the
transmission electron microscope.

Results: Akap4-KO mice had no natural fertility. The sperm motility of Akap4-KO male mice
was lower than that of WT male mice (8.81% vs 46.02%, P<0.01). In Akap4-KO male mice
the percentage of sperm, with shortened tail and coiled tail was 91.18% which was higher than
that of WT male mice (P<0.01). There was no statistically significance in the testicular weight,
spermatogensis function, and sperm count between the 2 groups (P>0.01). The longitudinal
column of fibrous sheath in Akap4-KO male mice was absent, and the residues of transverse rib
remained, which was consistent with the immunofluorescence localization of AKAP3 protein.
No. 3 and No. 8 ODF in the principal piece were disordered, which was in consistent with ectopic
localization of ODF2 protein.

Conclusion: Multiple morphological abnormalities of the sperm flagella in mice are resulted
from disorder of “9+2” microtubules and the abnormally expanded lumen at the proximal of the
principal piece via causing dysplasia of the transverse rib due to Akap4 gene defect, and separation
of the ODF of No. 3 and No. 8 via loss of longitudinal column.

outer dense fibre; multiple morphological abnormalities of the sperm flagella; Akap4; male

infertility; fibrous sheath
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Figure 1 Deletion of the Akap4 gene causes abnormal sperm motility
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A: Schematic illustration of the targeting strategy for generating Akap4-knock-out (KO) mice. The frameshift mutation was generated by

deleting exon 1 and exon 2 of Akap4 gene. B: Genotypes of wild-type (WT) mice and Akap4-KO male mice were carried out by PCR with P1/

P2 and P3/P4 primers which generated 1.1 kb sequences in Akap4-KO male mice. C: Morphology and motility by CASA. Compared with

WT mice, sperms in Akap4-KO mice were almost at D-level motility (white arrow). Red path represents A-level motility sperm, the green path

represents B-level motility sperm, the blue path represents C-level motility sperm, and the yellow path represents D-level motility sperm. D:

Different motility rates of WT and Akap4-KO sperm. M: DNA Marker, WT vs KO. **P<0.01, n=7
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Figure 2 Akap4 deletion leads to abnormal sperm flagella in male mice

A: Compared with WT male mice sperm under the light microscope, Akap4-KO mice shows MMAF, such as absent and short flagella, flagella
of angulation, and irregular caliber. B: Morphological abnormality rate of Akap4-KO sperm. Most sperms in Akap4-KO mice present with
short and coiled flagella. **P<0.01, n=7. C: Most sperms in Akap4-KO mice present with short or coiled flagella under the scanning electron
microscope (SEM). a: Spermatozoon with a normal flagellum under SEM. b and ¢: Most sperms in KO mice with short, or coiled flagella under
SEM. d: Local enlargement of figure c. D: Ultra-structures of sperm in WT and Akap4-KO mice. Abnormal principal piece (PP) of sperm
flagella in Akap4-KO mice under the SEM and transmission electron microscope (TEM). a and e: Fibrous sheath dysplasia in the connection of
middle piece and PP from WT and Akap4-KO mice under the SEM. b: Normal annulus by longitudinal section of WT mice in the connection
of middle piece and PP under the TEM. c and d: Transverse rib (TR) and longitudinal column (LC) by longitudinal section in WT mice
under the TEM. f and g: Disordered distribution of ODF and microtubules in KO mice under the TEM. LC disappeared abnormally with
the ectopic distribution of residual TR (white arrow) and coiled abnormally ODF in Akap4-KO mice. h: Local enlargement of figure g. ODF
is circled by the ectopic distribution of residual TR (solid white arrow) in Akap4-KO mice. E: Absent AKAP4 protein in Akap4-KO mice by
immunofluorescence. DAPI: Head (Blue); Tubulin: Microtubules (Green); AKAP4: Principal piece (Red)
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®1 NREFEH N (n1=7)

Table 1 Analysis of sperm motility in WT and KO male mice by CASA (n=7)

215 /g A2 I/ g A=A g K F i /(10°mL ™) SESN /%
WT* 29.6(27.9~32.3) 0.100(0.083~0.111)  0.103(0.095~0.111) 57.1(41.1~87.4) 46.0(25.5~62.42)
Akap4-KO*  29.9(26.6~36.3) 0.098(0.088~0.108)  0.099(0.084~0.113) 41.3(22.1~69.1) 8.8(3.63~19.35) Tt
21 531 M2/ (pmes™)  EERHE/ (umes™) P/ (umes™) SMAEEy%e  HEIER/%  RIHEEU%
WT* 130.1(114.9-147.7) 42.4(39.6~47.2) 61.4(57.0~63.5) 32.8(28.3~36.7) 69.0(65.7~74.3) 47.4(42.8~49.9)
Akap4-KO*  77.0(59.6~107.7)TT  21.1(15.7-372)TT  32.7(24.8~502)TT 27.1(21.5~34.5) 63.7(56.8~74.0) 42.3(37.8~47.0)

TN R/ME SRR, SWTHAER, T1P<0.01
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Figure 3 Ultra-structures of testis in Akap4-KO mice
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S00 nm:

A: VIII stage of seminiferous tubule in WT and KO mice shows no significant morphological abnormalities by HE staining. B: VIII stage of
seminiferous tubule in WT and KO mice shows no significant morphological abnormalities by PAS staining. C: Abnormal development of PP
in KO mice under the TEM
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Figure 4 Ultra-structures of sperm in Akap4-KO mice

A: Cross sections of the sperm in WT and Akap4-KO mice show no significant development abnormalities of ODF and central microtube
(CP), but the dysplasia of fibrous sheath (FS) is seen in Akap4-KO mice under the TEM. a~h: Normal distribution of ODF in WT mice. a and
i: Mitochondrial sheath (MS) of middle piece shows no significant ultra-structural abnormalities in WT and KO mice. j: Longitudinal column
from KO mice disappeared in PP leads to the disordered distribution of No. 3 and 8 ODF and the instability of outer double microtubules.
jy n, and o: Transverse ribs disordered distribution along the PP (solid white arrow). a—p: Bar=200 nm. B-C: Existence of AKAP3 and the
disordered distribution (solid white arrow) of ODF2 in Akap4-KO mice by immunofluorescence. DAPI: Head (Blue); Tubulin: Microtubules
(Green); AKAP3: Principal piece (Red); ODF2: Outer dense fiber (Red). Bar=25 pm
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