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The fibrous sheath is a cytoskeletal structure in the sperm tail principal piece composed of 
two longitudinal columns and multiple transverse ribs. To study details of its structure, we 
subjected mouse and human spermatozoa to extraction for fibrous sheath, a chemical dissection 
procedure which removes all other tail components. Extracted fibrous sheaths were observed by 
unembedded whole-mount transmission electron microscopy. In the distal part, the ribs tended 
to show a paired arrangement. It apparently reflected the paired structure of the anlagen during 
spermiogenesis, though this peculiarity was thought to be lost in the mature spermatozoon. 
Our data suggest that the original paired spines persist in a hidden form in the definitive ribs. 
Another observation was an apparent widening of distal fibrous sheath up to two times. We 
suppose that the spacial arrangement of ribs during spermiogenesis is achieved by intercalation, 
and the process is reversed by the chemical dissection.
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Introduction

The fibrous sheath is a periaxonemal cytoskeletal structure specific for the sperm tail 
principal piece of therian mammals. It overlies the axoneme and outer dense fibers 
and consists of two longitudinal columns associated with microtubular doublets 3 and 
8, and numerous transverse semicircular ribs interconnecting them. Despite having 
no motor activity of its own, the fibrous sheath contributes to sperm progressive 
motility by influencing tail flexibility [4]. It also serves as an attachment scaffold for 
various proteins, such as glycolytic enzymes [3]. Spermatozoa of some infertile men 
show fibrous sheath defects, either with a specific phenotype called dysplasia of the 
fibrous sheath, or in a broader category known as non-specific flagellar anomalies 
[2]. These defects are associated with loss of motility that may require treatment by 
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intracytoplasmic sperm injection (ICSI) [1]. At least in some cases, fibrous sheath 
abnormalities are the root cause of infertility, as shown in patients and mouse models 
with mutations affecting its components [10]. Because of this functional importance, 
numerous studies on fibrous sheath structure and biogenesis have been carried out. It has 
been reported to assemble in distal-to-proximal direction during spermiogenesis, first 
the angagen of the longitudinal columns and then the rib anlagen. The latter is initially 
a series of evenly spaced double spines which then attach to the longitudinal columns, 
thicken, group and coalesce by deposition of additional electron-dense material to form 
the mature ribs. The deposition and coalescence is more pronounced in the proximal 
principal piece [5]. The complexity and high electron density of the definitive fibrous 
sheath poses challenges to investigations of its structure. We used chemical dissection 
and whole-mount electron microscopy of mouse and human fibrous sheath to find 
details that are not revealed by conventional protocols. 

Materials and Methods

Mouse spermatozoa were obtained from the vas deferens and cauda epididymidis of 
adult Swiss males, and human ejaculates were donated by healthy normozoospermic 
volunteers. The study conformed to EU and Bulgarian legislature and ethical guidelines 
for research.

The sperm cells were extracted for fibrous sheath according to Kim et al. [6, 
7]. After washing with phosphate-buffered saline (PBS), pH 7.2, with 0.2 mM 
phenylmethylsulfonyl fluoride (PMSF), they were incubated twice for 15 min at 4°С 
with shaking in 50 mM Tris-Cl (pH 8.8) with 2% Triton X-100 and 5 mM dithiothreitol 
(DTT). Then the spermatozoa were washed in 50 mM Tris-Cl (pH 8.8) with 0.2 mM 
PMSF. After that, they were incubated for 5 hours at 4°С with shaking in 25 mM Tris-
Cl (pH 7.5) with 4.5 M urea and 25 mM DTT, followed by washing first in 25 mM 
Tris-Cl (pH 7.5) and then in PBS (pH 7.2). 

The extracted sperm cell remnants were spread on formvar-coated grids, fixed 
with 2.5% glutaraldehyde in PBS for 30 min at 4°С, washed with PBS and postfixed 
with 1% OsO4 in PBS for 5 min at 4°С. Then they were washed twice with water for 
5 minutes each, stained with 1% or 2% uranyl acetate and observed by a transmission 
electron microscope.

Results and Discussion

Whole-mount electron microscopy after removal of most sperm tail components by 
chemical dissection allowed us to observe the fibrous sheath in its entirety and to trace 
structural details. The applied extraction procedure produced similar results in human 
and mouse spermatozoa, leaving the fibrous sheath as the only visibly preserved tail 
structure (Fig. 1). While the thick and robust proximal fibrous sheath looked largely 
intact, damage to the longitudinal columns and stretching of the ribs was commonly 
observed in the distal fibrous sheath. 

More details could be observed in distal than in proximal fibrous sheath regions, 
due to the lower electron density. Ribs tended to show a paired arrangement. These 
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pairs, visible in some of the tail remnants in Fig. 1, were most apparent in fibrous 
sheaths that had been stretched during the processing (Fig. 2).

Towards the distal end of the fibrous sheath, its apparent width often increased up to 
two times. The easiest explanation was two-dimensional spreading after disintegration 
of one of the longitudinal columns. This could be the case for some fibrous sheaths 

Fig. 1. A representative view of a human fibrous sheath preparation. 
Bar = 500 nm.

Fig. 2. Streched, visibly damaged mouse distal fibrous sheath. Ribs are 
apparently arranged in pairs, some of which are indicated by arrows. Bar 
= 500 nm.
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such as the one in Fig. 2, but detailed view of others suggested pulling apart of ribs still 
attached with one of their ends to opposite longitudinal columns (Fig. 3). 

We have previously observed interesting ultrastructural details in mouse and 
human sperm cells by whole-mount electron microscopy after another type of chemical 
dissection – extraction for nuclear matrix and intermediate filaments [8, 9]. Now, we 
applied a similar approach specifically to the sperm tail fibrous sheath, a tissue-specific 
cytoskeletal component that is still poorly understood because of inherent technical 
difficulties associated with its study. Chemical dissection facilitates observation by 
removing fractions of the cellular content to expose the structure of interest, and whole-
mount unembedded electron microscopy circumvents the difficulties in interpreting 
images of a three-dimensional structure on ultrathin sections. 

Extraction for fibrous sheath uses non-ionic detergent, DTT and urea to 
dissolve all other sperm tail components [6, 7]. Our observations showed that ribs 
of extracted fibrous sheaths tended to occur in pairs. This apparently corresponded 
to the paired anlagen described in [5] during spermiogenesis, but we have not found 
in the literature observations of paired fibrous sheath ribs in mature spermatozoa. We 
could hypothesize that the original double spines persist in the definitive ribs and are 
only masked by overlaying material that is partly removed or relaxed by the chemical 
dissection and mechanical stress applied during the preparation for microscopy. 
Another interesting observation was the apparent widening of distal fibrous sheath, 
even when both longitudinal columns still had ribs attached to them. We suppose that 
the spacial arrangement of ribs during spermiogenesis is achieved by intercalation, and 
the process is partly reversed by the chemical dissection.

Fig. 3. Two regions of the fibrous sheath of the same mouse sperm tail. 
At the distal end (bottom right), the diameter increases twice, and ribs 
attached to opposite columns are seen pulled apart. Bar = 500 nm.
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Conclusions

Our observations of sperm tail whole-mounts after extraction for fibrous sheath show 
that the paired structure of the rib anlagen persists in a hidden form in the definitive 
ribs, and suggest that their positioning during fibrous sheath formation is a result of 
intercalation.

Acknowledgements: This work was supported by Grants No. D-97/24.06.2020 and 
D-137/14.06.2022 of the Medical University of Sofia.

R e f e r e n c e s
1. Boursier, A., A. Boudry, V. Mitchell, A. Loyens, N. Rives, A. Moerman, L. Thomas, E. 

Escudier, A. Toure, M. Whitfield, C. Coutton, G. Martinez, R. F. Ray, Z. E. Kherraf, 
S. Viville, M. Legendre, T. Smol, G. Robin, A. L. Barbotin. Results and perinatal 
outcomes from 189 ICSI cycles of couples with asthenozoospermic men and flagellar 
defects assessed by transmission electron microscopy. – Reprod. Biomed. Online, 47, 
2023, 103328.

2. Chemes, H. E. Phenotypic varieties of sperm pathology: Genetic abnormalities or 
environmental influences can result in different patterns of abnormal spermatozoa. – 
Anim. Reprod. Sci., 194, 2018, 41-56.

3. Eddy, E. M. The scaffold role of the fibrous sheath. – Soc. Reprod. Fertil. Suppl., 65, 2007, 
45-62.

4. Eddy, E. M., K. Toshimori, D. A. O’Brien. Fibrous sheath of mammalian spermatozoa. – 
Microsc. Res. Tech., 61, 2003, 103-115.

5. Irons, M. J., Y. Clermont. Kinetics of fibrous sheath formation in the rat spermatid. – Am. 
J. Anat., 165, 1982, 121-130.

6. Kim, Y. H., J. R. McFarlane, G. Almahbobi, P. G. Stanton, P. D. Temple-Smith, D. M. 
de Kretser. Isolation and partial characterization of rat sperm tail fibrous sheath proteins 
and comparison with rabbit and human spermatozoa using a polyclonal antiserum. – J. 
Reprod. Fertil., 104, 1995, 107-114.

7. Kim, Y. H., D. M. de Kretser, P. D. Temple-Smith, M. T. Hearn, J. R. McFarlane. 
Isolation and characterization of human and rabbit sperm tail fibrous sheath. – Mol. Hum. 
Reprod., 3, 1997, 307-313.

8. Markova, M. D. Electron microscopic observations of mouse sperm whole mounts after 
extraction for nuclear matrix and intermediate filaments. – Arch. Androl., 47, 2001, 37-45.

9. Markova, M. D. Electron microscopic observations of human sperm whole-mounts after 
extraction for nuclear matrix and intermediate filaments (NM-IF). – Int. J. Androl., 27, 
2004, 291-295.

10. Zhang, G., D. Li, C. Tu, L. Meng, Y. Tan, Z. Ji, J. Cheng, G. Lu, G. Lin, H. Zhang, J. 
Sun, M. Wang, J. Du, W. Xu. Loss-of-function missense variant of AKAP4 induced male 
infertility through reduced interaction with QRICH2 during sperm flagella development. – 
Hum. Mol. Genet., 31, 2021, 219-231.




