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Supplementary Fig. 1 Generation of FLAG-tag knock-in mice. Schematic
representations of the WT and mutant alleles for knock-in (KI) mice that harbor a
FLAG epitope tag sequence at the COOH-terminus of Kastor (a) or Polluks (b) are
shown. Exons are denoted by boxes. ORFs of Kastor and Polluks are represented by

blue and orange boxes, respectively. Red characters indicate stop codons.
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Supplementary Fig. 2 Expression patterns of Kastor and Polluks in the testis. The
testis of adult Kastor™ A% or Polluks™ %" mice was subjected to immunofluorescence
staining with antibodies to FLAG and those to E-cadherin (a), to SYCP3 (b), to
vimentin (¢), or to 33-HSD (d). Nuclei were stained with DAPI (blue). Arrows in (a)
and (b) indicate E-cadherin—positive cells and SYCP3—positive cells, respectively. The

boxed areas of the large images in (c) and (d) are shown at higher magnification in the



corresponding smaller images. The steps of spermiogenesis represented in all images
are indicated. Scale bars, 20 pm (a, b) or 50 um (¢, d).
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Supplementary Fig. 3 Topological analysis of Kastor and Polluks. Schematic
representations of the topology assays corresponding to Figure 3e and 3f (a) or to

Figure 3g and 3h (b) are shown.



Kastor: MIVLGWMLFVGLATYMGTFPEAMPPTLKWKERLPGQENKARRRIQALEEELLLDYKDDDDK

BN ol

(Protein sequence coverage: 47 %) FLAG tag
N QO
£8,8,8,8,3 L 8 &30
3 3
L|P[G|Q|E|N|K 8 | Q|A|L|E|E[E L|L|L|D Y|K 5
8 8
. Qo - ~
& & & L @ o & by &
100 = 100 - = 8 & _ = 1500
3 - 1.56+6 g 8 ¢ & - 5
g% . s S8 . 5% 58 832 o 8§ 28 % e
a T8 © s 2 o g § = ¥ v 3 E = 7 9 T 1000
o 60 © Igw R g6 5l S g 60 S . o= © g = o N
8 & =gcC @ §8 2 g9 10es6 o & 5 2 £ 3 s g - | g
g - oo ~ aL & 8g 5 8 o = > 2 8 = 5| 8
2 a0 8 bR o 9B = 5= 3 2 40 = -~ © c =
53 5 S = o (=3 3 2 © () = = ~ 500
3 - any = ) © 5.0e+5 © o S &
20 - as > [ G5 3 20 = =
) b < by g 5
0 o~ ‘.l>l M Y Gl . [ 0.0e+0 0 0
100 200 300 400 500 600 700 800 500 1000 1500
miz miz
b
Polluks: MIVVLWMVLIAGTMWKGYKYPPGGTPLEVNKDDPGEPMQLDYKDDDDK
(Proten sequence coverage: 66%) FLAG tag
S
S 846 $ Fe ey eed e
©0
O 5 $ 3PS IX
F P PSP RN ) TP SPSS
- w
z g g
3 3 2 S
8 5 100 ° 3
100 §3 3 “ 8.0e+4
N3 o @ =
§ 80 8. 3.0e+4 3 & 2 = =
g g Bs o o s g & v oee 3 o .es 8 3 Boerd g
¥ coe-tT N 5 S 2
g ® = g8asT § pEEs | 8 20048 3 RBBor| b vg g 882 83 a0ers 2
2 40 & 95%F NG 8 3 2 40 S pw oy | 2 98 3 39z K o ' 3
° s 828 © 8885 = 2 ° » g9 o8| 8 95 5 888 - ¢ 2
e g 833 s 8%2° " 1.0e+4 2 20 =08 B 8RR 9 - T T 2.0e+d
21 ] esgl|, % ge82 | £ e BT
8 = = | = o> = 7
o . >| L I|| | o EY = 0.0e+0 0 Al 2 Y ' -2 : 0.0e+0
200 400 600 800 1000 1200 200 400 600 1000 1200 1400
miz
c o
HEK293T cells Testis
226 377 49 104 192 143
Polluks-(C)FLAG Polluks™ &+
Kastor e/
Kastor-(C)FLAG
d e
- - O J
€ 1 Vdac1 5 s Vdac2 § Qé’ 5(() Qg
% 137 ] é I snae: & 8§ 850
< 10/ <
Z o8 s 08 Short  VPACT_| e - e
c x 06 ox -~
£ 06 € 04 P- VDAC3 _o5
o 044 olo o ’ o
(sl m o
£ 02 % Long VPACT
& siRNA: Cont. VDAC1 VDAC2 VDAC3 @ siRNA: Cont. VDAC1 VDAC2 VDAC3 exp. vmca’_‘gp »s
- Vdac3
5 12_ VDAC2
o
€ 1.0 - 25
2 0.8 ] 100
T 04
o 02/
Z ol
% siRNA: Cont. VDAC1 VDAC2 VDAC3
o

Supplementary Fig. 4 Binding proteins for Kastor and Polluks as well as validation
of VDAC antibody specificity. a, b MS/MS spectra and protein sequence coverage for

Kastor (a) and Polluks (b). Identified peptide sequences are shown in red characters. ¢
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Venn diagrams showing the numbers of binding proteins for Kastor or Polluks
identified in HEK293T cells transiently expressing Kastor-(C)FLAG or Polluks-
(C)FLAG or in the testis of Kastor™A%* and Polluks™ %" mice. d RT and quantitative
PCR (qPCR) analysis of Vdacl, Vdac2, and Vdac3 mRNA abundance in Neuro2A cells
transfected with control (Cont.), VDAC1, VDAC2, or VDAC3 siRNAs. Data are means
+ s.d. (n = 3 biological replicates). e, Inmunoblot analysis of Neuro2A cells transfected
with the indicated siRNAs. Source data are provided as a Source Data file.
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Supplementary Fig. 5 Generation and analysis of knockout (KO) mice. a—d
Schematic representation of WT and mutant alleles for Kastor (a), Polluks (b), Kastor
and Polluks (¢), or VDAC3 (d) KO mice. Exons are denoted by boxes. ORFs of Kastor,
Polluks, and VDACS3 are represented by blue, orange, and black boxes, respectively.
For genotyping, 1-bp substitutions (G — A) that generated an Xbal site for Kastor KO
and a HindllI site for Polluks KO were also introduced. Red and blue characters
indicate initiation codons and stop codons, respectively. e Immunoblot analysis with
antibodies to phosphotyrosine (pY, 4G10) for spermatozoa collected from the cauda
epididymis of adult dKO or VDAC3 KO mice and incubated in mHTF medium for 0 or
2 h. Arrows indicate sperm hexokinase, which is constitutively tyrosine-phosphorylated
and was used as an internal loading control. f Representative image of the acrosome
reaction as revealed by [ZUMO1 immunofluorescence (left), and the percentage of
spermatozoa having undergone the acrosome reaction among total spermatozoa
collected from mice of the indicated genotypes and incubated in capacitation medium
with or without the Ca?* ionophore A23187 (right). “Reacted” and “Intact” indicate



representative spermatozoa that did or did not undergo the acrosome reaction,
respectively. Quantitative data are means =+ s.d. for the indicated numbers of mice. NS
(unpaired two-tailed Student’s # test). g Bright-field images of the binding of
spermatozoa isolated from mice of the indicated genotypes to the ZP of cumulus-free

WT oocytes in vitro. Scale bars, 50 um. Source data are provided as a Source Data file.
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Supplementary Fig. 6 Gating strategy for flow cytometry. a Representative data for
the mPTP assay (corresponding to Fig. 8h, i). b Representative data for the
mitochondrial ROS assay (corresponding to Fig. 8k). FSC-A/SSC-A gates and DAPI-

negative gates were used to exclude debris and dead cells, respectively.
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Supplementary Fig. 5e
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