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Disruption of testis-enriched cytochrome c oxidase 
subunit COX6B2 but not COX8C leads to subfertility
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Abstract: Mammalian sperm flagellum contains the midpiece characterized by a mitochondrial sheath that packs 
tightly around the axoneme and outer dense fibers. Mitochondria are known as the “powerhouse” of the cell, and 
produce ATP through the tricarboxylic acid (TCA) cycle and oxidative phosphorylation (OXPHOS). However, the 
contribution of the TCA cycle and OXPHOS to sperm motility and male fertility is less clear. Cytochrome c oxidase 
(COX) is an oligomeric complex localized within the mitochondrial inner membrane, and the terminal enzyme of 
the mitochondrial electron transport chain in eukaryotes. Both COX6B2 and COX8C are testis-enriched COX 
subunits whose functions in vivo are poorly studied. Here, we generated Cox6b2 and Cox8c knockout (KO) mice 
using the CRISPR/Cas9 system. We examined their fertility and sperm mitochondrial function to determine the 
significance of testis-enriched COX subunits in male fertility. The mating test revealed that disrupting COX6B2 
induces male subfertility, while disrupting COX8C does not affect male fertility. Cox6b2 KO spermatozoa showed 
low sperm motility, but mitochondrial function was normal according to oxygen consumption rates. Therefore, low 
sperm motility seems to cause subfertility in Cox6b2 KO male mice. These results also indicate that testis-enriched 
COX, COX6B2 and COX8C, are not essential for OXPHOS in mouse spermatozoa.
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Introduction

A spermatozoon consists of a head and a flagellum 
that provides the locomotive force required for delivery 
of the haploid male genome to the oocyte. The mam-
malian sperm flagellum is divided into a midpiece, prin-
cipal piece, and end piece region, with the midpiece 
characterized by the mitochondrial sheath that packs 
tightly around the axoneme and the outer dense fibers 
[1]. There are numerous reports that an abnormal mito-
chondrial sheath structure results in decreased sperm 
motility, which in turn results in male infertility [2–8]. 
Therefore, it is no wonder that appropriate mitochon-
drial sheath formation is important for male fertility. In 

addition, mitochondria as the “powerhouse” of the cell 
are the location of two sources of ATP production, the 
tricarboxylic acid (TCA) cycle and oxidative phosphor-
ylation (OXPHOS), after glycolysis in the cytosol [9]. 
Sperm-specific glycolytic enzyme (GAPDS and PGK2) 
disruptions lead to low sperm motility, ATP production, 
and male infertility without morphological defects in 
spermatozoa [10, 11]. Therefore, ATP production via 
glycolysis is necessary for male fertility, but the contri-
bution of the TCA cycle and OXPHOS is less clear. 
Oxygen consumption rate (OCR) is an indicator of mi-
tochondrial respiration [12]. Several reports show low 
ATP and OCR levels or OXPHOS-related activity in 
some gene-manipulated mouse spermatozoa, as well as 
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low sperm motility and male infertility, but these sper-
matozoa also exhibit morphological abnormalities [5, 
13]. Therefore, direct evidence of the importance of ATP 
synthesis via mitochondria in male fertility is less clear.

Cytochrome c oxidase (COX) or complex IV is an 
oligomeric complex localized within the mitochondrial 
inner membrane [14], and the terminal enzyme of the 
mitochondrial electron transport chain (ETC) in eukary-
otes [15]. COX catalyzes electron transfer from cyto-
chrome c to molecular oxygen, reducing it to water. The 
reaction is accompanied by vectorial transport (pumping) 
of four protons across the membrane [16]. The energy 
accumulated in the proton gradient over the inner mem-
brane is utilized for OXPHOS, which synthesize ATP by 
an ATP synthase [17]. The mammalian COX has 13 
subunits, and it is known that certain subunits show 
tissue-specific expression [18]. COX6B2, COX7B2, and 
COX8C are testis-enriched COX subunits [18], and 
overexpressed COX6B2 and COX8C localize to mito-
chondria in cultured cells [19, 20]. A previous study 
generated knockout (KO) mice targeting testis-enriched 
COX subunit genes, Cox7b2 and Cox8c, and confirmed 
the effect on male germ cells. This previous study re-
vealed that Cox7b2 KO male mice produced poorly 
motile infertile spermatozoa, while Cox8c KO mice 
produced functional spermatozoa [21]. However, Cox6b2 
KO mice have not yet been reported. Additionally, the 
previous paper did not demonstrate a detailed analysis 
of Cox8c KO mice. Here, we generated Cox6b2 and 
Cox8c KO mice, respectively using the CRISPR/Cas9 
system, and examined their fertility. We also assessed 
the mitochondrial function of their spermatozoa to de-
termine the significance of the testis-enriched COX 
subunit in male fertility.

Materials and Methods

Animals
All animal experiments were approved by the Animal 

Care and Use Committees of the Research Institute for 
Microbial Diseases, Osaka University (Osaka, Japan) 
(Approval number: Biken-AP-H30-01-1) in accordance 
with the animal testing guidelines and regulations. Ani-
mals were housed in a temperature-controlled environ-
ment with 12 h light cycles and free access to food and 
water. B6D2F1 (C57BL/6 × DBA2), C57BL/6N or ICR 
mice were used as embryo donors, RNA extraction or 
foster mothers, respectively. These mice were purchased 
from CLEA Japan, Inc. (Tokyo, Japan) or Japan SLC, Inc. 
(Shizuoka, Japan). B6D2-Tg (CAG/Su9-DsRed2, Acr3-
EGFP) RBGS002Osb (RBGS, Red Body Green Sperm) 
mice [22] were used for observing sperm mitochondria.

RT-PCR
RT-PCR was conducted as previously described [23]. 

Total RNA was prepared from multiple adult tissues of 
C57BL/6N mice using TRIzol (ThermoFisher Scientific, 
Waltham, MA, USA). The obtained total RNA was re-
verse transcribed to cDNA with the SuperScript IV Re-
verse Transcriptase (ThermoFisher Scientific) using an 
oligo (dT) primer. PCR was then performed using 10 ng 
cDNA with the primers listed in Supplementary Table 
1.

Generation of knockout mice using the CRISPR/
Cas9 system

Cox6b2 and Cox8c KO mice were generated by elec-
troporation described previously [24]. The cleavage 
target sites were designed in the first and last exons to 
remove almost the whole coding sequence for each gene 
(Figs. 1B and C). The crRNA sequences for generating 
Cox6b2 KO mice were 5′- AGCCAGCCAATCCG-
GCCTGA −3′ and 5′- CTAGGGGTTGATGACGCCAG 
−3′ and those for Cox8c were 5′- GGTGGCCAG-
GCTTCGAGAAC −3′ and 5′- TTATAGGACTAACTC-
GTCAG −3′. Synthesized crRNAs (Merck, Darmstadt, 
Germany), tracrRNA (Merck) and CAS9 protein (Ther-
mo Fisher Scientific) were incubated to make the CAS9 
ribonucleoprotein (RNP) complex. The obtained RNP 
complex was electroporated into fertilized oocytes using 
a NEPA21 electroporator (NEPA GENE, Chiba, Japan). 
For generating Cox6b2 KO mice, of the 100 fertilized 
eggs that had been electroporated with RNP, 94 eggs 
were transplanted into the oviducts of pseudopregnant 
females. A total of 21 mice were born, and 4 pups pos-
sessed mutations in the Cox6b2 gene. For generating 
Cox8c KO mice, of the 76 fertilized eggs that had been 
electroporated with RNP, 71 eggs were transplanted into 
the oviducts of pseudopregnant females. A total of 15 
mice born, and 12 pups possessed mutations in the Cox8c 
gene. Genotyping was conducted by PCR and Sanger 
sequencing. The primers and PCR conditions for geno-
typing are listed in Supplementary Table 1.

Fertility analysis
Sexually mature wild-type (WT) or KO male mice 

were individually housed with three 6-week-old female 
B6D2F1 mice for 8 weeks. Male mice were removed 
after an 8-week mating period and females were main-
tained for an additional 3 weeks to count the final off-
spring. The number of pups and copulation plugs were 
counted every weekday morning.

Morphological and histological analysis of testis
Male mice (11–12 weeks old) were euthanized and 
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testes were dissected. After measuring the testicular 
weight, testes were fixed with Bouin’s fixative (Poly-
sciences, Warrington, PA, USA). Fixed testes were em-
bedded in paraffin, sectioned, rehydrated, and treated 
with 1% periodic acid for 10 min, followed by treatment 
with Schiff’s reagent (Fujifilm Wako Pure Chemical, 
Osaka, Japan) for 20 min. The sections were stained with 
Mayer’s haematoxylin solution (Fujifilm Wako Pure 
Chemical) prior to imaging and observed using an Olym-
pus BX53 microscope (Olympus, Tokyo, Japan).

Immunofluorescence analysis of cultured cells
Immunofluorescence analysis of cultured cells was 

performed as previously described with slight modifica-
tion [7]. COS-7 cells (1.5 × 105 cells) were seeded on 
coverslips (Matsunami Glass, Osaka, Japan) in a 6-well 
plate. After 6–8 h, expressing vectors were transiently 
transfected into COS-7 cells using PEI MAX (Poly-
science, Warrington, PA, USA). After 40 h, cells were 
washed with PBS, fixed by 4% PFA and permeabilized 
with 0.5% Triton X-100. Cells were blocked with 3% 
BSA and immunostained. The cells were incubated with 
primary antibodies overnight at 4°C. After washing three 

Fig. 1. Cox6b2-disrupted male mice are subfertile. (A) The expression of mouse Cox6b and Cox8 family genes was 
examined by RT-PCR using RNA isolated from various organs. Both Cox6b2 and Cox8c show testis-enriched 
expression. Actb was used as a loading control. (B, C) KO strategy for generating Cox6b2 (B) and Cox8c (C) 
KO mice. Panels show a diagram of each gene. Two gRNAs (green arrows) were designed to target the first 
and last exons. (D, E) The DNA sequence of the control and KO mouse lines in the Cox6b2 (D) and Cox8c (E) 
genes. A Cox6b2 KO mouse line that has 1,171-bp deletion and Cox8c KO mouse line that has 988-bp deletion 
were generated in the present study. (F, G) The graph (F) and table (G) indicate the number of litters born per 
plug detected. Males for each WT, Cox6b2 and Cox8c KO were mated with three WT females per male.
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times, the cells were incubated with AlexaFluor-conju-
gated secondary antibodies for 2 h at room temperature. 
The cells were then washed three times and stained with 
Hoechst 33342 (ThermoFisher Scientific) for visualizing 
nuclei. The mitochondria marker TOM20 was used for 
visualizing mitochondria. After washing three times, the 
cells were mounted on MAS coated glass slides (Mat-
sunami Glass) with Immu-Mount (ThermoFisher Scien-
tific). Microscopic images were obtained using a Nikon 
Eclipse Ti microscope connected to a C2 confocal mod-
ule (Nikon, Tokyo, Japan). Fluorescent images were 
false-colored and cropped using ImageJ software (ver-
sion 2.0.0, NIH, Bethesda, MD, USA). The antibodies 
used in this study are listed in Supplementary Table 2.

Morphological analysis of spermatozoa
Spermatozoa from male mice with the RBGS trans-

gene were used for this analysis. Spermatozoa were col-
lected from the cauda epididymis, and suspended in 
Toyoda, Yokoyama, and Hoshi (TYH) medium [25] with 
10 µg/ml of Hoechst 33342. After a 10 min incubation 
at 37°C under 5% CO2, a sperm suspension was mount-
ed on MAS coated glass slide, and a cover slip was 
added. Immunofluorescence and sperm shape were ob-
served using an Olympus BX53 microscope.

Oxygen consumption rate of spermatozoa
Measurement of OCR of the spermatozoa was per-

formed using a Seahorse XFp analyzer (Seahorse Biosci-
ence, North Billerica, MA, USA) as previously described 
[8] with slight modifications. Mature spermatozoa were 
collected from the cauda epididymis in flushing holding 
medium (FHM, non-capacitation medium) [26]. The 
spermatozoa (2.5 × 106 per well) were transferred to an 
8-well plate that had been coated with concanavalin A 
(Fujifilm Wako Pure Chemical) at 0.5 mg/ml (20 µl per 
well), and the plate was centrifuged at 1,200 × g for 2 
min. The OCR was measured using a Seahorse XFp Cell 
Mito Stress Test Kit. The spermatozoa were exposed to 
1.5 µM oligomycin for 19.8 min, to 2.0 µM FCCP for 
19.8 min, and then to rotenone and antimycin (1.0 µm 
each) for 19.8 min. Spermatozoa were collected from 
each well for measurement of protein content and nor-
malization of OCR values. Basal respiration was the 
OCR before drug injection. ATP production was calcu-
lated as the difference between the basal OCR and the 
OCR after oligomycin injection. Proton leak was the 
OCR after oligomycin injection. Maximal respiration 
was the OCR after FCCP injection. Spare capacity is 
calculated as the difference between OCR after FCCP 
injection and basal respiration [27].

Sperm motility analysis
Sperm motility analysis was performed as previously 

described [28]. Cauda epididymal spermatozoa were 
suspended and incubated in TYH medium that can in-
duce sperm capacitation [25]. Spermatozoa were loaded 
onto prewarmed 100 µm deep Leja counting chamber 
slides (Leja, Nieuw-Vennep, The Netherlands) for anal-
ysis. Sperm motility was then measured using the 
CEROS II sperm analysis system (software version 1.5; 
Hamilton Thorne Biosciences, Beverly, MA, USA). The 
motility of epididymal spermatozoa was recorded after 
10 min and 2 h of incubation in TYH medium.

For waveform tracing, spermatozoa were observed 
with an Olympus BX53 microscope equipped with a 
high-speed camera (HAS-L1, Ditect, Tokyo, Japan). The 
motility was videotaped at 200 frames per second and 
analyzed for waveforms using the sperm motion analyz-
ing software (BohBohsoft, Tokyo, Japan) [29].

Immunoblot analysis
Immunoblot analysis was performed as previously 

described [30]. Spermatozoa collected from the cauda 
epididymis were incubated in TYH medium for 10 min 
or 2 h. Spermatozoa were then collected in PBS and 
centrifugated at 2,000 g for 2 min at room temperature. 
The collected spermatozoa were resuspended in 2% 
sample buffer, boiled for 5 min, centrifuged at 15,000 g 
for 10 min, and collected supernatant. Samples were 
subjected to SDS-PAGE followed by western blotting. 
After blocking with 5% skim milk, blots were incubated 
with primary antibodies overnight at 4°C and then incu-
bated with secondary antibodies conjugated to horserad-
ish peroxidase for 2 h at room temperature. The antibod-
ies used in this study and their dilution conditions are 
listed in Supplementary Table 2.

Statistical analysis
Statistical analyses were performed using a two-tailed 

unpaired t-test (n≥3) by GraphPad Prism 6 (GraphPad, 
San Diego, CA, USA). P values less than 0.05 were 
considered significant. Data represent the means and 
error bars indicate SD.

Mouse resources
KO mouse lines used in this study were deposited and 

available through either the Riken BioResource Center 
(Riken BRC; Tsukuba, Japan) or the Center for Animal 
Resources and Development, Kumamoto University 
(CARD; Kumamoto, Japan). The Cox6b2 KO mouse line 
was deposited under the name B6D2-Cox6b2em1Osb, and 
the stock ID number is 11457 (Riken BRC) or 3101 
(CARD), respectively. The Cox8c KO mouse line was 
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deposited under the name B6D2-Cox8cem1Osb, and the 
stock ID number is 11017 (Riken BRC) or 2924 (CARD), 
respectively.

Results

Generation of testis-enriched COX subunit gene 
KO mice

To confirm testis-enriched expression of Cox6b2 and 
Cox8c [19, 21, 31], we performed RT-PCR for Cox6b 
and Cox8 families using multiple tissues from adult mice. 
RT-PCR revealed that both Cox6b2 and Cox8c showed 
testis-enriched expression (Fig. 1A), consistent with 
previous studies and database (https://orit.research.bcm.
edu/MRGDv2) [32]. In contrast, Cox6b1 and Cox8a 
demonstrate ubiquitous expression, with Cox8b ex-
pressed in thymus, lung, heart and kidney. We then gen-
erated testis-enriched COX subunit gene KO mice using 
the CRISPR/Cas9 system to clarify the role of each gene 
in the testis. Guide RNAs that target upstream of the start 
codon and downstream of the stop codon were used 
(Figs. 1B and C). Mutant mouse lines that possessed a 
1,171 bp deletion in the Cox6b2 gene and a 988 bp dele-
tion in the Cox8c gene, respectively were obtained and 
used for this study (Figs. 1D and E). Both Cox6b2 and 
Cox8c KO mice are viable and show no overt develop-
mental or behavioral abnormalities. To test the fertility 
of the mice, individual (WT or KO) male mice were 
housed with WT females for 2 months. Although Cox8c 
KO male mice produced a comparable number of pups 
as WT male mice, the average litter size of Cox6b2 KO 
male mice was significantly lower than WT males (Fig. 
1F). Upon examination of the number of pups produced 
per plug, we observed that Cox6b2 KO male mice some-
times failed to produce pups or produced only a few pups 
after mating (Fig. 1G). These results indicate that the 
disruption of Cox6b2 induces subfertility in male mice, 
but Cox8c is dispensable for male fertility. We also 
checked the fertility of both Cox6b2 and Cox8c KO fe-
male mice, but there were no problems with their fertil-
ity. Average litter size of Cox6b2 and Cox8c KO female 
mice were 7.2 ± 1.6 and 6.7 ± 2.1, respectively (mean ± 
SD, n>14).

Cox6b2 KO spermatozoa show low motility
We then examined the testis weight and the histology 

of the testis. Both Cox6b2 and Cox8c KO male mice 
have no problems with their gross appearance (Figs. 2A 
and d), testis weight (Figs. 2B and E) and histology 
(Figs. 2C and F). Since COX is embedded in the mito-
chondrial inner membrane [33], both COX6B2 and 
COX8C are expected to function in sperm mitochondria. 

To examine their subcellular localization, we transient-
ly expressed epitope-tagged COX6B2 or COX8C pro-
teins in COS-7 cells. Both COX6B2 and COX8C co-
localized with the mitochondrial marker TOM20; 
overexpression of either protein did not alter the mor-
phology of mitochondria (Fig. 3A). We then observed 
mitochondrial sheath structures in both KO mouse lines, 
but no morphological abnormalities in spermatozoa were 
observed (Fig. 3B). COX is a terminal enzyme of the 
respiratory chain and a key regulatory site of the mito-
chondrial OXPHOS system [34]. Therefore, we mea-
sured the oxygen consumption rate (OCR), which is an 
indicator of mitochondrial activity of OXPHOS [35], in 
KO spermatozoa under non-capacitation condition. 
However, we could not find any difference in the OCR 
related to basal respiration, ATP production, proton leak, 
maximal respiration and spare capacity between WT, 
Cox6b2 and Cox8c KO spermatozoa (Figs. 3C and D).

We then checked the motility of the spermatozoa using 
the computer-assisted sperm analysis (CASA) system. 
While sperm motility and progressive sperm rate were 
unchanged at 10 min incubation, they were significantly 
lower in Cox6b2 KO spermatozoa than those of control 
at 120 min incubation (Figs. 4A and B). In addition, we 
found that Cox6b2 KO spermatozoa had lower motility 
in terms of VAP (average-path velocity) at 120-min, VCL 
(curvilinear velocity) at 10-min, and VSL (straight-line 
velocity) at 120-min incubation (Figs. 4C–E). On the 
other hand, there were no significant changes in sperm 
motility between control and Cox8c KO spermatozoa 
(Figs. 4F–J). To check whether spermatozoa were ca-
pacitated in 120 min incubation, we analyzed the phos-
phorylation status of tyrosine residues, a hallmark of the 
capacitation process [36]. Then we found that tyrosine 
was phosphorylated in both control and KO spermatozoa 
after 120 min of incubation (Fig. 4K). This result indi-
cates that control, Cox6b2 and Cox8c KO spermatozoa 
undergo adequate capacitation. To further evaluate sperm 
motility, we traced the flagellar waveform of the sper-
matozoa, but there were no changes between WT and 
both KO mice (Fig. 4L). Based on these results, it ap-
pears that lower sperm motility is responsible for the 
subfertility in Cox6b2 KO male mice.

Discussion

Both Cox6b2 and Cox8c show testis-enriched expres-
sion (Fig. 1A), and encode proteins localized to mito-
chondria in cultured cells (Fig. 3A). As COX is known 
as the terminal enzyme of the mitochondrial ETC [15], 
we expected that testis-enriched COX subunit gene-
disrupted mice would have abnormal mitochondrial 

https://orit.research.bcm.edu/MRGDv2
https://orit.research.bcm.edu/MRGDv2
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function in spermatozoa. However, neither Cox6b2 nor 
Cox8c KO spermatozoa exhibited impaired mitochon-
drial function under non-capacitation condition (Figs. 
3C and D). Because Cox6b1 and Cox8a, are also ex-
pressed in the testis (Fig. 1A), those encode proteins may 
compensate testis-enriched COX subunit proteins. Previ-
ous study confirmed that COX6B2 enhanced complex 

IV activity, resulting in an increase in mitochondrial 
OXPHOS, and its depletion impaired mitochondrial ETC 
function [37]. In addition, several studies have shown 
that COX6B2 is activated in cancer cells, thereby in-
creasing OXPHOS [37, 38]. Therefore, it is reasonable 
to assume that the family protein compensates for the 
function of testis-enriched proteins in KO spermatozoa.

Fig. 2. No abnormalities were detected in both Cox6b2 and Cox8c KO mouse testis. (A) Gross morphology of 
control and Cox6b2 KO testes. Scale bars: 3.0 mm. (B) Testis weight of control and Cox6b2 KO mice (N=4). 
Average weight of testis in control=77.5 ± 2.8 mg; Cox6b2 KO=76.7 ± 7.0 mg. P=0.7712, Student’s t-test; 
error bars represent SD. (C) PAS staining of testis samples from control and Cox6b2 KO male mice. Scale 
bars: 50 µm. (D) Gross morphology of control and Cox8c KO testes. Scale bars: 3.0 mm. (E) Testis weight 
of control and Cox8c KO mice (N=4). Average weight of testis was control=109.5 ± 13.0 mg; Cox8c 
KO=106.1 ± 4.8 mg. P=0.1718, Student’s t-test; error bars represent SD. (F) PAS staining of testis samples 
from control and Cox8c KO male mice. Scale bars: 50 µm.
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Due to the lack of suitable antibodies against COX6B2 
and COX8C, we could not determine the localization of 
these testis-enriched COX subunits or their interactome 
in vivo. Our data (Fig. 3A) and previous studies [19, 20] 
demonstrated that COX6B2 and COX8C co-localized to 
mitochondria in cultured cells. There is, however, no 
direct evidence that COX6B2 and COX8C are localized 

to the inner membrane of mitochondria in male germ 
cells.

The mating test revealed that disrupting COX6B2 
induces male subfertility, while disrupting COX8C does 
not affect male fertility (Figs. 1F and G). Male mice with 
a Cox6b2-disruption are capable of producing pups, 
however occasionally they are unable to produce pups 

Fig. 3. Both Cox6b2 and Cox8c KO spermatozoa have no abnormalities in mitochondrial sheath formation and 
mitochondrial function. (A) Fluorescence images after transient expression of testis-enriched COX subunit 
genes in COS-7 cells. COS-7 cells were transiently expressed with mock vector, 8xHis- and 1D4-tagged 
COX6B2 expression vector or 3xHA-tagged COX8C expression vector, and stained with 1D4 or HA (green), 
TOM20 (red) and Hoechst 33342 (white) to visualize COX subunit, mitochondria and nuclei, respectively. 
Scale bars: 20 µm. (B) Sperm morphology of WT, Cox6b2, and Cox8c KO mice in the RBGS background, 
which express mitochondria-targeted DsRed2 (red). Nuclei were stained with Hoechst 33342 (blue). Scale 
bars: 20 µm. (C, D) Oxygen consumption rate (OCR) traces for spermatozoa collected from the cauda epi-
didymis of WT, Cox6b2, and Cox8c KO mice (C), as well as quantification of basal respiration, ATP produc-
tion, proton leak, maximal respiration, and spare capacity (D). Error bars represent SD, N=4.
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even after successful copulation with females (Fig. 1G). 
Cox6b2 KO spermatozoa exhibit no abnormalities in 
sperm morphology (Fig. 3B) or mitochondrial function 

under non-capacitation condition (Figs. 3C and D), but 
show low sperm motility (Figs. 4A–E) without any ab-
normalities in capacitation (Fig. 4K) and flagellar wave-

Fig. 4. Cox6b2 KO spermatozoa show low motility, but not Cox8c KO. (A, B) Sperm motility (A) and progressive 
sperm rate (B) from control and Cox6b2 KO mice. (C–E) The means of VAP (C), VCL (D) and VSL (E) 
from control and Cox6b2 KO mice. (F, G) Sperm motility (F) and progressive sperm rate (G) from control 
and Cox8c KO mice. (H–J) The means of VAP (H), VCL (I), and VSL (J) from control and Cox8c KO mice. 
*P<0.05, Student’s t-test; error bars represent SD (N=6). (K) Phosphorylation status of tyrosine residues of 
sperm proteins. β-actin was used as a loading control. (L) Flagellar waveforms were analyzed 10 min after 
incubation. Single frames throughout one beating cycle were superimposed.
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form (Fig. 4L). Therefore, low sperm motility seems to 
cause subfertility in Cox6b2 KO male mice. However, 
the cause of reduced sperm motility remains unknown. 
Our present study on testis-enriched COX subunit gene-
disrupted male mice does not support the necessity or 
unnecessity of OXPHOS in sperm functionality. We hope 
further studies will reveal the role of ATP production via 
the mitochondrial TCA cycle and OXPHOS in male re-
production.
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