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Supplementary Figure 1: Proteins that localize to the sperm neck but not the DC  

a) As previously described1 the PCM proteins PCNT and γ-tubulin were undetectable (group ii), but the 

centriolar protein CETN1/2 reliably labeled the DC and PC in ejaculated spermatozoa (group i). CETN1/2 DC 

to PC ratio is 1.14 ± 0.2, n=6.  

b) Antibodies against CP110, CEP135, and CEP76 labeled near the PC (group i). 

c) Antibodies against CEP192, SSX2IP, CEP89, CEP295, CEP41, and CEP152 did not specifically label the 

sperm neck (group ii). The antibodies for these proteins either did not label the sperm neck at all or labeled the 

neck and the midpiece equally. Gamma tubulin and PCNT (Supplementary Fig 1a) also are part of this group. 

d) Antibodies against SPATA6, CEP164, CDK5RAP2, RTTN, CEP120, SFI1, CEP126, and CNTROB labeled 

the sperm neck where the striated columns and/or capitulum are found (group iii). The antibodies for these 

proteins labeled a line, ring, or partial ring at the base of the nucleus, external to the CETN1/2-labeled PC tip 

(i.e., the antibody labels adjacent to the PC, but the focus is on the outside of the sperm when compared to the 

axis of the DC/axoneme), or broadly labeled most of the sperm neck. 

e) Antibodies against centriolar proteins RTTN and CEP120 mark the capitulum and the centriolar protein 

CEP295 is absent altogether (group iv).  This group contains centriolar proteins that unexpectedly localize to 

the capitulum or are unexpectedly absent from the PC.  

Scale bars 1 µm  



 
 

Supplementary Figure  2: Some Centrosomal Proteins are Found in Human Spermatozoa Proteomes  

Comparison of human spermatozoa proteomes (as determined by MS; Mass Spectrometry)2-5 (green) to the 

centrosome:db (database) (red) and to a list of established centrosomal proteins (blue) resulted in 193 

candidate spermatozoan centrosomal proteins and 38 candidate established centrosomal proteins that are 

listed below in Supplementary Table 1.  

  



 

Supplementary Figure 3: Centrosomal antibodies used stained the centrosome of U2OS cells  

a-e)The antibodies used in this study were tested and verified by staining the centrosome of U2OS cells. 

Centrosomal staining was observed in interphase and/or mitosis and was determined by colocalization with a 

common marker for the centrosome, anti γ-tubulin antibody (GTU88) or POC1B antibodies (clone 5G5A7 or 

5G5A10).  

Note that CEP164(b), CEP192 (i), CEP89(j), and SSX2IP(l) labeled the centrioles strongly during interphase, 

but only very weakly labeled the centrioles during mitosis.  

Scale bar 10μm in low magnification images (left), and 2μm in centriole high-magnification images (right).



 
  



 

Supplementary Figure 4: The most common morphology of the DC proteins is a V shape 

a-b) 3D-SIM showed V orientation of centriolar protein POC1B; CEP63 appeared as a focus at the base of 

each rod; and CPAP was diffused around the two rods.  

c) Representative figures of the six types of DC rod morphologies. Note that in most types, except for the ring 

type, CETN1 and POC1B have the same morphology, but in the ring type, CETN1 and POC1B morphologies 

did not always match; the pictures with the inconsistent type are greyed-out, and the inconsistent type is 

identified in white letters.   

d) STED showed V orientation of centriolar proteins POC1B and CETN1/2.  

Scale bars 1 µm   



 



Supplementary Figure 5: A possible structural basis for the DC rods 

a-e) Examples of longitudinal sections that showed the splayed DC microtubules near electron-dense material 

(white arrowheads) that might be the rods. Scale bar 200nm in low magnification images (left), and 100nm in 

centriole high-magnification images (right).  



 

 

  



 

Supplementary Figure 6: Antibodies against Centriolar Proteins label to Bovine cells  

a) CETN1/2 and POC1B-P antibodies recognized both the PC and the DC in bovine spermatozoa – both 

recognized the DC more strongly than the PC. 

b) SAS-6 antibody did not label the bovine ejaculated spermatozoa, but POC5 antibody recognized both the 

PC and the DC. Sheep anti-tubulin antibody (Cytoskeleton) recognized both centrioles and the axoneme. 

c) CEP152 antibody did not label the bovine ejaculated spermatozoa. Sheep anti-tubulin antibody recognized 

both centrioles and the axoneme. 

d-h) During interphase (left) and mitosis (right) in TE11 p39 bovine cells, at the centrioles in the center of the 

aster (tubulin), CEP152 antibody colocalized with γ-tubulin (GTU88) (d), SAS-6 (e), and CETN1/2 (f), and γ-

tubulin (GTU88) colocalized with POC1B (g) and POC5 (h). 

i) STED showed rods of centriolar proteins POC5 and CETN1/2. 

j) HyVolution Confocal Microscopy shows the size difference between DC CETN1/2 in human spermatozoa 

and bovine spermatozoa. The left panels are projections; the right panels are single z slice. Hs; humans, Bt; 

Bovine  

Scale bars 1 µm. Error bars represent +1 standard deviation.   



 
  



 

Supplementary Figure 7: The remodeled DC recruits CEP152 and forms a daughter centriole  

a) The axoneme base was labeled by CEP152 during pronuclear migration in bovine zygotes. Scale bars on 

far left, low magnification images are 10 µm, middle images are 5 μm, and far right, high magnification images 

are 1 μm. 

b) Analysis of 121 bovine zygotes between 28-32 hours post fertilization demonstrates that at any stage (i) 

most (>80%) zygotes have at least two CEP152 foci associated with the base of the sperm axoneme (ii). 

c) The axoneme base was labeled by CEP152 and was connected to a spindle pole during mitosis in bovine 

zygotes. Scale bars on far left, low magnification images are 10 µm, middle images are 5 µm, and far right, 

high magnification images are 1 µm. 

d) Analysis of 48 bovine zygotes between 28-32 hours post fertilization at three pronuclei configurations (Apart, 

Adjacent, and Apposed, i). We found that change in the number of microtubule asters (ii), from 1 to 2, begins 

when the male and female pronuclei are adjacent. At the same time, the CEP152 labeled centrioles separated 

from each other (iii). As the pronuclei appose, the number of CEP152 foci in the cell increases, indicating that 

the centrioles have duplicated (iv). Furthermore, SAS-6, a protein necessary for centriole duplication, is 

overwhelming detected near CEP152 only after male and female pronuclei appose in the cytoplasm. 

Pink text highlights the changes observed in transition from early to late stages. ♀PN, female pronucleus; ♂

PN, male pronucleus; Ax, axoneme.  
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CEP135 Q66GS9 5(23%); 4(5%); 
2 

Not tested DC<<PC 1:800 Dr. Tang K Tang6 
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Yes 
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CEP83/CCDC4
1 
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 SPAG4 Q9NPE6 NA No No 1:50 Dr. Frans Van Der Hoorn31 
SPATA6 Q9NWH7 NA No Striated 
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1:600 Dr.  Ryuzo Yanagimachi32 

Tu
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Alpha tubulin NA NA Yes (not 
shown) 

DC=PC* 1:100 Sigma clone DM1A 

Beta tubulin NA NA Yes (not 
shown) 

DC=PC* 1:100 Hybridoma Bank clone E7 

Acetylated 
tubulin 

NA NA Yes (not 
shown) 

DC=PC* 1:200 Sigma clone 6-11B-1 

Gamma tubulin NA NA Yes (not 
shown) 

No 1:100 Sigma clone GTU88 

Tubulin (sheep) NA NA Yes (not 
shown) 

DC=PC* 1:1200 Cytoskeleton C#ATN02 

Tubulin (rat) NA NA Not tested Not tested 1:400 in 
zygotes 

Millipore clone YOL134 



Supplementary Table 1: Tested Centrosomal Proteins and Antibodies  

The table shows the 63 established centrosomal proteins with the 38 proteins that were also detected via mass 

spectrometry (spermatozoa centrosomal proteins) in the shaded regions, sorted by specific centrosome 

location (Centriolar, PCM, Other location in the Centrosome, and Tubulins). Proteins are displayed with some 

of their common names, UniProt IDs, and mass spectrometry references, with the percent coverage reported, 

if available. Staining results in U2OS cells (U2OS staining) are summarized as either “Yes” (indicating that the 

antibody tested detected signal at the centrosome – as measured by colocalization with γ-tubulin or POC1B-

5G5A7 or POC1B-5G5A10), “No” (not detected at the centrosome), or “Not Tested.” Staining results in the 

sperm (Sperm staining) indicate the location of labeling and quantity relationship (e.g., DC>PC means that 

staining was more intense in the DC than the PC, and capitulum means that signal was detected in the 

capitulum area) or “No” (not detected or not enriched in the neck region). The lowest or the best antibody 

dilution used in immunostaining is shown along with the antibody source and reference. C#, catalog number; * 

indicates an antibody that had excess non-specific signal or additional staining outside the neck region. 
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