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Most cells in an animal require exactly two subcellular organelles called centrioles.  Each centriole is 
microtubule-based and is critical for cell division.  Abnormal centriole number causes cancer and devastating 
developmental defects.  Although it is known that centriole number is critical and highly regulated, the origin of 
centrioles is debated.  Because the first cell of an organism (the zygote) gives rise to all cells, all centrioles 
must originate from the zygotes centrioles.  The zygote is formed from the merging of the male gamete (sperm) 
and the female gamete (oocyte); but the oocyte does not contain any centrioles and the sperm is thought to 
contribute only one centriole to the zygote. How zygotes rely on a single centriole to support cell division and 
embryonic development is unclear (Avidor-Reiss et al., 2015).   

A similar conundrum existed in flies until our lab found that fly sperm contains, in addition to the known typical 
centriole, an additional atypical centriole.  This atypical centriole, while structurally different than the typical 
centriole, is composed of centriolar proteins, functions as a centriole, and is essential for embryo development 
(Blachon et al., 2009; Blachon et al., 2014).  Defects in this atypical centriole cause developmental arrest 
(Khire, 2016; Khire et al., 2015).  The identification of an atypical centriole in flies suggests that other “one 
sperm centriole” animals may also have an additional atypical structure.   

Human sperm, like flies is thought to have only one centriole.  Developing sperm begins with two centrioles 
(Figure 1A), named the Proximal and Distal Centrioles. Based on electron microscopy, the Distal Centriole 
degenerates during sperm development, leaving the spermatozoa with only one functional centriole, the 
Proximal Centriole (Avidor-Reiss et al., 2015).  Using super resolution microscopy, we found that some 
centriolar proteins localize to bilaterally symmetric rods in the Distal Centriole (Figure 1B).  This is the first 
bilateral symmetric protein localization observed in any centriole. Furthermore, using a more sensitive electron 
microscopy technique, we found that the Distal Centriole contains splayed microtubules (Figure 1B) 
(unpublished). Together, the unique bilateral localization of certain centriolar proteins and the unexpected 
presence of microtubules indicate that the Distal Centriole is remodeled rather than degenerated.   

We hypothesize that the remodeled Distal Centrioe is contributed to the zygote during fertilization (Figure 1C) 
and then plays an important role in the first cell division. We hypothesize that this atypical, remodeled Distal 
Centriole serves as a platform for centriole duplication, allowing for the formation of a typical centriole nearby 
and regulating centriole number in the resulting cells (Figure 1D).  Ultimately this pathway would provide the 
resulting cells with the correct centriole number, allowing for normal embryo development (Figure 1E). 

My dissertation project focuses on determining the composition, structure, fate, and function of human sperm’s 
Distal Centriole.  We hypothesize that the Distal Centriole is remodeled for a function rather than degenerated 
for elimination. 

 
Figure 1: A)The spermatid has two centrioles (the Proximal (PC) and Distal (DC)) near its nucleus (N), surrounded by a 
cloud of proteins called the pericentriolar material or PCM.  The Distal Centriole nucleates the axoneme, or microtubule-
based “spine” of the flagellum.  B) During sperm development, the PCM is reduced and the DC is remodeled, leaving 
splayed microtubules flanked by two rods of centriolar proteins adjacent to an electron light vault.  C) When this 
spermatozoa meets the oocyte during fertilization, it is unknown how many functional centrioles are deposited into the 
egg.  D) The Zygote progresses through centriole duplication to mitosis where one spindle pole has the PC and its 
daughter (dC), and the other pole possesses only one typical daughter centriole (dC); we hypothesize that this pole also 
possesses the degenerated Distal Centriole.  E) While the number of centrioles in the zygote is unclear, somehow the 
offspring develops healthily, into a baby with two centrioles in every cell. 



I will test this hypothesis in two specific aims: 

The first specific aim will characterize the structure and composition of the Distal Centriole.  We will investigate 
centriolar proteins using immunofluorescence and super resolution/correlative light and electron microscopy to 
reveal protein components and the structure of the Distal Centriole.  In addition, based on our preliminary data 
suggesting some protein components of the Distal Centriole, we will preform immunoprecipitations to 
determine the binding partners of these proteins.  Together, this aim will resolve the number of centrioles in the 
sperm and will suggest mechanistic pathways for its formation and possible function.  

The second specific aim will determine the fate and functionality of the Distal Centriole.  We will use an 
established in vitro assay using frog egg extract to simulate fertilization to determine if the Distal Centriole is 
capable of organizing microtubules.  We will use antibodies in the same system to inhibit the recruitment 
proteins necessary for microtubule nucleation in order to elucidate the mechanism.  Then we will conduct timed 
fixation and immunofluorescence of in vitro fertilized bovine embryos to determine if the Distal Centriole is 
involved in zygote division and centriole duplication.  Together this aim will determine the fate and function of 
the Distal Centriole and reveal the functional mechanism.  

Results from this work will promote direct investigation of human disease and will provide insight into the origin 
of centrioles.  This study will overcome a critical knowledge barrier surrounding the fundamental mechanism 
underlying spermatogenesis and embryogenesis.   

Because centrioles are critical in development and because our data in flies suggests that the atypical Distal 
Centriole could have a major role in embryonic defects, this project has the potential to reveal new causes of 
developmental defects. This project is expected to be paradigm shifting for the field of reproduction.  

 

 

Please note: While this project does use human sperm samples – we purchase it commercially from a sperm 
bank.  Because these samples are deidentified and commercially available, we have been issued a non-
human subjects determination by the IRB under our project “Centrosome Inheritance and Flagellar Structure in 
Sperm.” 
 
  



 
 
 
 
Budget:  
Item Number Cost per Item total 
Vials of Sperm 30 $35 each $1050 
Antibodies 3 $300 each $900 
TOTAL   $1950 
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