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Abstract 

Mar e t taM.: Formation and Role of the Manchette Microtubules in the Poultry Spermatids. 
Acta vet. Brno 1995,64: 000-000. 

Formation of the manchette microtubules and its disappearance in spermatids of cocks, drakes 
and Japanese quail was studied. 

The manchette in spermatid of three species examined was formed by a set of microtubules 
appearing close to the elongating spermatid nucleus. It assumed two shapes: in the first stage of 
development, it is helical-shaped, and in the second stage it has longitudinally-arranged microtubules. 
In both cases, microtubules are arranged in the shape of a cylinder, the integrity of which could be 
distorted, above all, in the region of the flagellum. At the helical arrangement, the manchette consists 
of one row of helically running microtubules that start in the forming acrosome region and terminate 
at the end of a distal centriole of developing flagellum. The manchette with its longitudinal-shaped 
microtubules also starts in the region of the acrosome, however, it encroaches the end compartment 
of the forming flagellum. Conversion of the helical-shaped microtubules into the longitudinal arran
gement is very fast, and is likely to occur by reconstruction of original microtubules as well as synt
hesis of new ones. The manchette dissapp ears by disintegration of all microtubules without leaving any 
residue from the region of the head and anterior part of the flagellum, and by leaving the residue 
of electron-dense material in the cytoplasm of a maturing spermatid. The role of the manchette with 
helical-arranged microtubules is to model the nucleus from originally spherical shape to a long cylin
der, and with longitudinal arrangement of microtubules, it displaces the cytoplasm from the ante
rior part of the head to the caudal part of the flagellum. The manchette is suggested to play also 
a role in formation of a mitochondrial sheath of the sperm flagellum. ' 

Microtubules, manchette,formation, role, spermatids, poultry 

The manchette of the spennatid is a transient organelle composed of numerous microtubules 
located and running mostly unifonnly close to the nucleus. It appears just prior to the onset 
of chromatin condensation and in mammals it encircles the caudal pole of the nucleus and 
extends into the postnuclear cytoplasm. Bur go s and F a w c e t t (1955) observed the beginnings 
of the manchette development in the period of forming of the acrosomal cap and migration 
of the Golgi apparatus, when at the caudal pole of the nucleus a higher number of fine 
filaments appear in the surrounding cytoplasm. According to D 0 0 her and Ben net (1973), 
P 10 e n (1971), and Sic k 1 e sand He a t h (1986) the manchette tubules originate in 
a ring-shaped structure that appears just under the posterior margin of the acrosomal cap. 
B ro kelm ann (1963), Go 0 dro we andH e a th (1984), R us s ell et al. (1991) observed 
the same site from which the manchette microtubules originated. 

F a w c e t t et al. (1971) found that the manchette is embedded in dense fibrillar materi
al that occupies the concave surface of the nuclear ring, and microtubules are the same and 
straight in their entire course. 

M c I n t 0 shand P 0 r t e r (1967) dealt with formation, role and structure of the 
manchette in rooster spennatids. They characterized the manchette as a helix consisting of 
two microtubules encircling the spermatid nucleus. When elongation of the nucleus is finished, 
the helical-arranged microtubules disappear and they are replaced with a new group of 
microtubules closely adjacent to the nucleus and running in parallel to the long axis of the head. 
A similar structure of the manchette has also been described in pigeon (F a w c e tt et al. 1971). 

The aim of the present paper is to describe the fonnation of the manchette, its transfonnation and disap
pearance in cocks, drakes and Japanese quail spennatids. The possible role of the manchette is analysed. 
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Materials and Methods 

For the study, testes of 5 cocks, 4 drakes and 4 male Japanese quail were used at the time of their full sexual 
activity. Excisions were taken from killed animals. Glutaraldehyde (2.5 % ) and OsO. (l % ) were used for fixation. 
Both fixatives were diluted with 0.2 M phosphate buffer, pH 7.2. Fixation in both solutions lasted 1 to 2 hours, 
and after each fixation, the samples were rinsed in 0.2 M phosphate buffer and then dehydrated in an increasing 
acetone series. Dehydrated samples were embedded in Durcupan ACM. illtrathin sections were cut by ultramicrotome 
Tesla BS 490 A, and stained with water solution of uranylacetate and lead citrate (R e y n 0 Ids 1963). Stained 
sections were examined in electron microscope Tesla BS 613. 

Results 

The onset of the manchette development as an organ modelling the spermatid nucleus 
coincided with the period, when the acrosome began to be formed in all three avian species 
under study.'At the beginning of its formation, several microtubules appeared near the 
nucleus that was spherical at that time. During further development, when the spermatid 
acquired an elongated shape in the acrosome region. the number of microtubules increased 
and they appeared separately as well as in groups. 

In our material, aggregation of a larger number of microtubules near the nucleus was 
accompanied by a pronounced local constriction of the nucleus ( Plate VII., Fig. 1), which 
was observed, above all, in the spermatids of Japansese quail and less in those of cocks and 
drakes. Some microtubules were organized in a regular way next to each other, and others 
ran irregularly in various directions (Plate Vill., Fig. 2). A larger aggregation of microtubules 
was observed in the caudal part of the nucleus, where a pronounced accumulation of the 
microtubules oriented in various directions close to the centriole complex (Fig. 3) was observed, 
too. As the elongation of spermatid nucleus proceeded, condensation of chromatin occurred 
and it adopted a fine granular character. A larger accumulation of microtubules at several 
places near the nucleus caused its marked narrowing (Plate IX., Fig. 4). 

The process of the microtubule appearance close to the nucleus is very rapid. During 
their development, the microtubules were more and more located in one continual row so 
that the spermatid nucleus acquired the shape of a cylinder. In cross-section, these microtubules 
appeared as a circular ring (Fig. 5). After studying more cross-sections, it was evident that 
microtubules were arranged helically in all three species. This helix of microtubules started 
under the acrosomal cap (Plate X., Fig. 6), encircled the whole nucleus, and extended up to 
the end of the distal centriole in the posterior region of the spermatid (Plate XI., Fig. 7). In 
this part, the manchette preserved its cylindrical shape, thus having such a course as that in 
the proximal part at the point where it encircled the nucleus. 

During further development, the helical course of the microtubules of the manchette was 
replaced by a system of microtubules oriented in parallel to the long axis of the nucleus and 
flagellum (Plate XI., Fig. 8, Plate XII., Fig. 9). Conversion of helical microtubules into the 
longitudinal ones was presumably rapid in all three species under study, since we failed to 
detect the stage of this conversion in neither of them. In our study, it was not possible to find 
whether and how do the helical microtubules participate in formation of the manchette with 
longitudinal microtubules. The initial helical form is supposed to be distorted and replaced 
with a longitudinal one, in construction of which the helical microtubules are also involved. 
The microtubules of the longitudinally shaped manchette began, as those of the helix-shaped 
manchette, in the acrosomal cap region and ran very close to the nucleus (Fig. 10) preserving 
a parallel direction to the nuclear axis also in the future flagellum region (Fig. 11). The wall 
thickness of this cylinder is given by the number of microtubules at a respective point. Their 
number at one point used to be variable ranging from 2 to 5 microtubules. The total number 
of microtubules in a cross-section was rather variable and ranged from 140 to 180. The 
greater difference in the number of micro tubules was observed, above all, in the flagellum 
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region, at the time when mitochondria attached to the developing flagellum. It was not 
possible to assess the length of microtubules in no one of species studied due to the fact that 
practically no section along the entire length of mic:rotubules can be made. However, they 
seemed to run to a considerable distance of the head length. Changes in thickness of the 
logitudinally arranged microtubules have been observed, and it usually ranged about 35 nm. 
Caudally these microtubules moved as far as beyond the nucleus - into cytoplasmic 
protrusions (Plate xm., Fig. 12). Arrangement of the microtubules moving longitudinally 
was no more as regular as that in the manchette with helically arranged microtubules, but 
also in this case, they formed a continual cylinder along the entire course of the nucleus. At 
some point, this cylinder was not so continual due to the absence of microtubules. The 
microtubule absence has been observed especially in the flagellum region, above all, in the 
spermatid in an advanced stage of development. Organization of the longitudinally arranged 
microtubules, as was the case with their helical arrangement, has not been observed. Only 
a limited irregular accumulation of the microtubules was found. During the late stage of the 
spermatid maturation a remarkable event seemed to be the deposition of electron-dense 
material very close to the centrioles of cocks, above all in the flagellum region. Deposition 
of this dense material coincided with the time of appearance of the mitochondrial and amorphous 
sheath and release of the flagellum from the cytoplasm encirclement. 

After fulftlling its function the manchette disappears. The beginning of this process was 
observed at the time, when mitochondria were moving from the anterior part of the spermatid 
to the point where the mitochondrial sheath would be formed. In the proximal part near the 
nucleus and near the future central point of the flagellum, the microtubules of the manchette 
are disintegrated without any residues. The microtubules of the manchette at the flagellum 
site disappeared first near the mitochondria located near the forming flagellum (Fig. 8). In 
the region of amorphous sheath of the flagellum and more caudally mirotubules disappeared, 
however, leaving a small amount of electron-dense material (Plate XID., Figs. 12, 13) that 
was later degraded together with remnants of cytoplasmic protrusions. 

Discussion 

Formation of the manchette and origin of the microtubules have not been fully elucidated 
as yet. B 0 iss 0 n and Mat t e i (1966) suggested that microtubules arise from the nuclear 
membrane. In some species of invertebrates, granular material occurring near the centrioles 
is considered as that forming microtubules (A n d e r son and E II i s 1967). 

In our work, the first appearance of microtuQules was observed in cocks, drakes and Japanese 
quail at the time of the acrosomal cap formation. We suppose that the microtubules of the 
manchette arise de novo by polymerization from the material occurring in the cytoplasm. 
Emergence of microtubules and formation of the manchette are extremely rapid. These our 
findings are in agreement with data reported by M c I n t 0 shand P 0 r t e r (1967) in the 
cock spermatid. This assumption is also confirmed by the fact that spermatids were found 
either at the beginning of manchette formation or as late as in the stage after manchette 
formation along the whole circumference of the nucleus. 

Arrangement of the manchette microtubules is not uniform in all species. Whereas the 
microtubules of mammalian spermatids are oriented obliquely or longitudinally from the 
beginning (B r 0 k elm ann 1963; F a w c e t t et al. 1971), in poultry they are first helical 
and only then longitudinal (Mcln to shandPorter 1967; Clark 1967; Maretta 1974). 
The initial point of microtubule formation in mammalian spermatids is at the nuclear ring 
site (P I 0 en 1971; D 0 0 her and Ben nett 1973). In the poultry spermatids there is no 
such ring present, and their initial point is the caudal margin of the acrosomal cap. 
Nag an 0 (1962) observed at this point the presence of electronoptically dense granules that 
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might correspond to the nuclear ring. However, neither in our material nor in that of other 
authors similar granules have been observed (T i n gar i 1973; 0 k a m u r a and 
N ish i yam a 1976). 

We failed to find whether the manchette with helically arranged microtubules in all species 
examined is a real helix or whether it is formed by independent annula located just next to 
each other. Mc I n t 0 shand P 0 r t e r (1967) assume that it is formed by two helically 
twisting microtubules. We incline to this opinion considering that some microtubules 
exhibited an oval shape in the longitudinal sections. This would indicate their helical course. 
Conversion of the manchette microtubules with helical arrangement to longitudinal one is 
as rapid as the manchette formation. These our findings are also confirmed by Mc I n t 0 shand 
Po r t e r (1967). The course of this conversion, however, is not fully known. In our opinion, 
this change takes place by disintegration of the microtubules with helical course in short 
units that are reorganized in longitudinal direction. In this process, probably the same 
microtubules are involved as those forming the helix. However, the opinion of CIa r k (1967) 
cannot be excluded. He reported that this change is carried out by change in the inclination 
of the manchette microtubules with helical course. 

Even if the question of formation and reorganization or function of the manchette has not 
been fully elucidated, this stage of the manchette existence may be observed in cocks, dra
kes and quaie. There are also, though often hypothetical, more literature data available. The 
question of the manchette disappearance remains largely unanswered. Most authors confrr
ming the manchette presence in spermatids, reported that it disappears in the last stage of the 
spermatid maturation leaving no remnants (We r n e r 1965; Reg e r 1967). A part of the 
manchette is preserved only in the spermatozoa of some invertebrate species (S i 1 v e ira and 
P 0 r t e r 1964; R 0 s a rio 1964). On the other hand, manchette remnants were observed in 
the form of tubular elements in a protoplasmic drop and in a residual body, and they were 
considered as a potential remnant of the manchette (B loom and N i can d e r 1961). The 
manchette in the species observed in our study disappears either by disintegration of the mic
rotubules with no remnants or by disintegration with remnants in the form of granular mate
rial. While the later disappearance of the manchette takes place in the lowest part of the cyto
plasmic protrusions, the former one takes place in the upper parts of the manchette, especi
ally in the region above the Jensen annulus. The microtubules undergoing disintegration, exhi
bit a loss of their integrity, i.e. their tubular shape. Deformity of the microtubules is only the first 
step in their complete disintegration. The unanswered question remains whether the material for
med by disintegration of microtubules becomes unnecessary for the cell, or whether it is reu
sed for construction of other cellular structures. 

Many authors suggest that change of the nuclear shape during spermiogenesis is induced by 
external forces (R us sell et al. 1991). This opinion is supported by the fact that the man
chette appears just before onset of nuclear condensation, persists during conversion of the 
nuclear shape and disappears after the nucleus attained its final form. Based on topo
graphic relations of the manchette to the nucleus in numerous animal species, F a w c e t t et 
al. (1971) concluded that the microtubules of the manchette are not directly connected with 
the nucleus modelling. They give several reasons for rejection of the direct participation of 
microtubules in nuclear morphogenesis. In the early stages of nuclear elongation in the mam
malian spermatids, there are no circumferentially oriented microtubules, thus, they cannot elon
gate the nucleus by constriction as it is, e.g. in roosters (Mc I n t 0 shand P 0 r t e r 1967) or 
in reptiles (C I ark 1967). Although longitudinally oriented microtubules are present in most 
species studied by F a w c e t t et al. (1971), the manchette appears only in the caudal nucle
ar part, whereas the most characteristic features of head shape are in the anterior portion of 
the nucleus and in the acrosome. During the period when the manchette is present in the poste
rior pole of the condensed nucleus, its microtubules are not in actual contact with the nucle-
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us. Moreover, the nuclear membrane is separated from the condensed chromatin by a clear zone 
in all species examined.ltmay be supposed that if the microtubules compressed the nuclear mem
brane they should be in its close vicinity. Observations of S tan 1 e y (1971) in spermatids of 
the fish Ologocottus provide evidence against this role. Here, the nucleus remains spherical, 
while the chromatin becomes condensed into flattened bands against the inner nuclear mem
brane near to the neck region. The direct association of the manchette microtubules with the 
nucleus by bridges in the spermatids of rodents was shown by R u sse 1 et al. (1991). 

Chromatin becomes highly condensed and has largely acquired its defmitive shape before 
the nuclear membrane changes its spherical shape. This happens without participation of 
microtubules in each of the species studied. The spermatozoon head in the great majority of 

. mammalian species is flattened laterally, and it is difficult to imagine a contractile role of 
the manchette microtubules arranged symetrically and oriented in parallel to the long axis 
of the acrosome. The plane of nuclear flattening is independent of the orientation of the 
manchette; it has been demostrated in the study of spermiogenesis of the opossum Caluromis 
(P h iii P s 1970). Their spermatozoon head is discoid whereas the arrangement of the 
manchette microtubules is the same as in other species. In this case it is clear that the mechanism 
of the manchette which could contribute to a characteristic shape of the head is absent. It is 
obvious that spermatozoon head shape is subject to genetic control and that it is species 
specific. 

Although F a w c e t t et al. (1971) have brought indisputable evidence of other factors 
influencing shape modeling of the spermatid nucleus, denying direct participation of the 
manchette microtubules, this evidence cannot be fully applied to poultry. Our results 
(M are t t a 1974) as well as those of others (Mc I n t 0 shand Pot t e r 1967) confirm the 
indisputable participation of the manchette with helically arranged microtubules in the 
conversion of spherical shape of the nucleus to the elongated cylinder. 

It has not been fully elucidated whether the manchette with helically oriented microtubules 
has some other roles besides that in the nuclear shape modelling. Such arrangement of 
microtubules may have, in addition to nuclear elongation, also other roles. We found that the 
manchette with helically arranged microtubules is not limited only to the nucleus, but exceeds 
considerably beyond its caudal margin, reaching a half length of the transformed distal centriole 
or farther while the course of microtubules in this region is similar to that near the nucleus. 
The role of the manchette with helical microtubules at modeling the nuclear shape seems 
not to be valid generally for all species. K e sse 1 (1966) observed in the insect spermatids that 
the nucleus may be modelled into a cylinder also by longitudinally oriented microtubules. 

The role of the manchette in modelling the spermatid nucleus seems not to be the only one, as 
confirmed by many authors (Fawc ettetal. 1971; YasuzumiandOlira 1964;Nagano 1962; 
Anders 0 nandPers on ne 1967; Anders onandElli s 1967). S ap sfrodetal. (1967) 
and R u sse 11 et al. (1991) ascribed to it also the role of fluid transport during nuclear condensation. 
In poultry spermatids, this role is likely to be fulfilled by longitudinally oriented microtubules. 

However, the manchette of the poultry spermatids can play other roles, and in our opinion, 
it is of great importance for the development of the flagellum. Some events that take place 
in the spermatid during its development cannot go unnoticed. There are, above all, formation 
of the axial bundle of fibrils, formation of mitochondrial and amorphous sheaths as well as 
the onset and slide of the Jensen annulus. We suggest that the manchette microtubules with 
elongated arrangement prevent a premature deposition of mitochondria to the distal centriole 
and axial bundle of fibrils prior to the Jensen annulus slide is finished and formation of the 
amorphous sheath is completed. It may also be involved in displacement of the cytoplasm 
during the process of spermatozoon maturation. 

No differences among species examined were found relating to the structure and function 
of the manchette. 
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Formovanie a U10ha mikrobUl manzety u spermatid hydiny 

Fonnovanie mikrotubUI rnanzety a ich zanik pi'i spennatidach kohUtov, kacerov a japon
skych prepeHc bolo ~tudovane. 

Manzeta spennatid u troch ~tudovanych druhov pozostava zo skupiny rnikrotubUl a obja
vuje sa bHzko predlzujuceho sajadra spennatidy. Existuje v dvoch podobach: v prvorn ~ta
diu vyvoja rna podobu ~piraIy, v druhej faze pozostiiva z pozdlzne usporiadanych mikrotu
bUl. V oboch pripadoch mikrotubuly su usporiadane do tvaru valca ktoreho celistvosf rnl'>ze 
byf naru~ena hlavne v oblasti bicika. Pri ~piralovitorn usporiadani rnanzeta pozostiiva z jed
neho radu ~piraIovite sa akroz6rnu a koncia v mieste konca distaIneho centriolu vyvijajuce
ho sa bicika. Prernena ~piraIovite usporiadanych rnikrotubUI do pozdlzneho usporiadaniaje 
veJmi rychla a pravdepodobne sa uskutocnuje rekon~trukciou pl'>vodnych mikrotubUl ako 
i syntezou novych mikrotubUl. Vytratenie sa rnanzety sa uskutoenuje vytratenirn sa mikro
tubUI bez zanechania zbytkov v oblasti hlavicky a predneho useku bicika a zanechanirn zbyt
kov elektr6n denzneho rnateriaIu v cytoplazrne dozrievajucich spennatid. Uloha rnanzety so 
~piraIovitYrn usporiadanirn mikrotubUl je tvarovaf jadro spennatidy z pl'>vodne okrUhleho 
tvaru do tvaru dlheho vaIca a pri pozdlznorn usporiadani mikrotubUI pomaha pri presune 
cytoplazrny z prednej casti hlavicky do kaudaInych usekov bicika. Okrern toho rnanzeta prav
depodobne bra ulohu pri fonnovani mitochondriaInej po~vy bicika spermie. 
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Plate VII. 

Fig. 1. Early spermatid of Japanese quail. The fIrst appearance of the microtubules close to tbe nuclear membrane 
induced a marked constriction of tbe nuclear surface (arrows), tbe otber part of tbe nucleus acquires an elongated 
shape. x 15,000. Bar: 0.5 mm. 



PlateVIll. 

Fig. 2. A part of the cytoplasm and spennatid nucleus in Japanese quail. A large enlargement reveals some regu
larly, but also irregularly located microtubules very close to the nucleus (arrows). x 56,400. Bar: 0.2 mm. 
Fig. 3. A posterior part of the early spermatid in a cock. Laterally located larger number of microtubules partially 
distant from the nuclear membrane. At the bottom, there is accumulated a larger amount of microtubules irregu
larly running at the point of location of the centriole complex (outside incision). x 47,600. Bar: 0.2 mm. 



Plate IX. 

Fig. 4. Early spennatid of Japanse quail in the stage of chromatin condensation. The nucleus is already considerab
ly elongated, and at two points markedly constricted due to microtubule accumulation. x 30,100. Bar: 0.2 mm. 
Fig. 5. Early spennadits in a cock in the elongation stage. On the cross-section there is a helical arrangement of mic
rotubules running at the same distance from the nuclear membrane of the spennatid (arrow). x 45,300. Bar: 0.2 mm. 



PlateX. 

Fig. 6. Early spennatids of a cock. The manchette microtubules are arranged into one row and begin caudally from 
the acrosomal cap. x 40,000. Bar: 0.2 mm. 



Plate XI. 

Fig. 7. Spennatids of a cock in the stage of chromatin granulation. The manchette microtubules are helical and reach 
the region of future middle-piece of the tail. x 52,300. Bar: 0.2 mrn. 
Fig. 8. Spermatid of a drake in the stage of longitudinally arrangement of the manchette microtubules. In the cyto
plasm, displacement of mitochondrie to the caudal spennatid can be seen. The microtubules are abesent at the point 
of close mitochondria attachment to the distal centriole. x 29,700. Bar: 0.2 mrn. 



Plate XII. 

Fig. 9. A part of the fonning flagellum of the drake spermatid. The microtubules run at the same distance from the 
distal centriole. A part of the manchette microtubules disappeared. x 37,800. Bar: 0.2mm. 
Fig. I O. A cross-section through two spermatids with longitudinally arranged microtubules. The microtubules are 
accumulated near the nucleus and located irregularly. The nucleus has already acquired the shape of a coarse gra
nulation. x 40,300. Bar: 0.2 mm. 
Fig. I I. A cross-section through two fonning flagella of the drake spermatids. The course of microtubules is almost 
regular within all course. x 36,600. Bar: 0.2 mm. 



PlateXm. 

Fig. 12. An oblique section from the caudal part of the spermatid flagellum in a cock. Gradual disintegration of the 
manchette microtubules (arrow). x 28,700. 
Fig.13. A cross-section through more flagella of the drake spermatids in the marginal parts of cytoplasm (arrow) 
there is electron-dense material after distribution of the manchette microtubules. x 29,200. Bar: 0.2 mm. 




