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Abstract Previously we demonstrated high concentrations
of desmosterol and docosahexaenoic acid (DHA, 22:6 n–3)
in monkey testes and sperm. Desmosterol, a cholesterol
precursor, is not present elsewhere in the body. High con-
centrations of DHA are found elsewhere only in the retina
and brain. To examine the distribution of these compounds
in the heads and tails of sperm, we separated them and de-
termined their sterol, fatty acid, and phospholipid molecu-
lar species composition. Desmosterol predominated in tails
(134.4 vs. 1.7 

 

m

 

g/10

 

9

 

 cells in heads). The cholesterol con-
tent was also greater in the tails (66.2 vs. 30.3 

 

m

 

g/10

 

9

 

 cells
in heads).

Sperm tails had more polyunsaturated fatty acids than
the heads (34.1 vs. 12.1% of total fatty acids) which resulted
mainly from the higher contents of DHA (19.6 vs. 1.1%)
and arachidonic acid (20:4 n–6) (6.4 vs. 1.6%) in the tails.
These differences in fatty acid composition occur red
mainly in phospholipids: phosphatidyl choline and phos-
phatidyl ethanolamine for n–3 fatty acids and phosphatidyl-
serine and cardiolipin for n–6 fatty acids. Fifteen phospho-
lipid molecular species were identified. Sperm tails had
more molecular species containing unsaturated fatty acids
than the heads.  Our results reveal the large differences in
membrane lipid composition between the heads and tails of
sperm. Most (99%) of the desmosterol and DHA in sperm is
located in the tail. These differences may be responsible for
the different functions of these two components of sperm.
The large number of double bonds in DHA, six, and in des-
mosterol, two, may contribute to the membrane fluidity nec-
essary for the motility of the sperm tails. —

 

Connor, W. E.,
D. S. Lin, D. P. Wolf, and M. Alexander.
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More than 300 years ago, Leeuwenhoek discovered sper-
matozoa using a microscope that had a single highly con-
vexed lens. He noted their swimming motion brought
about by the movements of the tail (1). Indeed, until the
structure of spermatozoa was viewed under the electron
microscope, the simple drawing of sperm in 1677 by Leeu-
wenhoek was remarkably accurate. As there is no fertility

 

without sperm motility, the mechanism of how sperm are
propelled remains a subject of considerable interest.

Spermatozoa are haploid highly specialized cells con-
sisting of at least three major functional compartments:
the acrosome, head, and tail (2, 3). Their development
from diploid stem cells into mobile sperm is governed by
several hundred genes in which the cell nucleus becomes
the sperm head while portions of the Golgi, mitochon-
drial, and cytoplasmic material become the tail and the
sheath (4). The tail and head each have distinctive func-
tions. The tail is responsible for movement in the epididy-
mis and, after ejaculation, in the female genital tracts. The
head with its acrosome plays an important role in capaci-
tation and in the acrosome reaction that renders the sper-
matozoa capable of fusing with egg plasma membrane,
penetrating the egg for fertilization and transferring the
genetic materials (5).

While the protein components of sperm heads and tails
have been recently characterized by many investigators (6-
10), there is no information available about the mem-
brane lipid compositions of the heads and tails. Recently,
we found that human and monkey sperm uniquely con-
tain large amounts of desmosterol and have an especially
high concentration of docosahexaenoic acid which is
known to be important in the membranes of retina, brain,
and testes (11–16). To carry out these observations fur-
ther, in the present study we analyzed the sterols, fatty ac-
ids, and phospholipid molecular species of the heads and
tails of the sperm of rhesus monkeys. Large differences in
the concentrations of desmosterol and DHA were ob-
served between the heads and tails.

 

Abbreviations: DHA, docosahexaenoic acid; GLC, gas–liquid chro-
matography; TLC, thin-layer chromatography; HPLC, high perfor-
mance liquid chromatography.
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MATERIALS AND METHODS

 

Four healthy 7- to 12-year-old male rhesus monkeys (9–13 kg)
were individually caged in a temperature-controlled (22

 

8

 

C),
light-regulated (12 h: 12 h light: dark) room. Their diet consisted
of Purina Monkey Chow (Ralston Purina Co., Richmond, IN)
supplemented with fresh fruit three times weekly and water ad libi-
tum. The study protocol was approved by the Animal Care and
Use Committee of the Oregon Regional Primate Research Center. 

Monkey semen was collected by a penile electroejaculation
technique (17). Samples were twice washed in 3.0 ml Talp-
HEPES medium containing 0.3% bovine serum albumin by sedi-
mentation and resuspension. Washed sperm motility and density
were determined microscopically. Sperm displayed normal motil-
ity (

 

.

 

90%) and sperm counts (total cells/ejaculate) for the four
monkeys ranged from 291 to 529 

 

3

 

 10

 

6

 

 cells. The cellular con-
tent was found to be 99% sperm cells. These monkeys had a
record of inducing successful pregnancies in breeder females.

A small portion of the sperm sample was taken for total sterol
and fatty acid analysis. Most of the sample was treated with so-
dium dodecyl sulfate to dissociate the intermolecular linkage of
the sperm head and tail (18). The heads and tails were then sep-
arated by sucrose gradient centrifugation. To obtain enough ma-
terial for analysis, semen samples were collected several times
(several days apart) from each monkey. Samples were properly
pooled for analysis.

 

Sterol analysis

 

The lipids of the intact sperm and sperm head and tail were
extracted by the method of Folch, Lees, and Sloane Stanley (19).
For determining the composition of sterols and fatty acids, ali-
quots of sperm lipid extract were saponified with alcoholic KOH.
The recovered sterols and fatty acids were analyzed by gas–liquid
chromatography (GLC). The detailed procedures will be de-
scribed in subsequent sections.

For analysis of free and esterified sterols in sperm, aliquots of
the lipid extracts were plated on silica gel G thin-layer chroma-
tography (TLC) plates after [4 -

 

14

 

C]cholesterol and cholesteryl
[

 

14

 

C]oleate (New England Nuclear Corp., Boston, MA) were
added as internal standards. The plates were developed in hex-
ane–chloroform–ether–acetic acid 80:10:10:1. The free sterol
band containing both cholesterol and desmosterol was removed
and extracted with ether. Sterol esters were saponified with alco-
holic KOH and the sterols were extracted with hexane. The ste-
rol ester fatty acids were recovered by acidifying the aqueous
phase and re-extracting with hexane for fatty acid analysis by the
procedures described later. The sterol content was determined
by GLC (Perkin-Elmer Model 8500, Norwalk, CT) on a 30 M SE-
30 capillary column. The temperatures of column, detector, and
injection post were 260

 

8

 

, 300

 

8

 

, and 300

 

8

 

C, respectively. Helium
was used as the carrier gas. Cholestane was used as internal stan-
dard (20). 

For the analysis of sterol sulfates, another aliquot of liquid ex-
tract was applied on silica gel H TLC plates. [4 -

 

14

 

C]cholesterol
sulfate was added as internal standard. The TLC plates were de-
veloped in chloroform–methanol–acetic acid 80:20:2 (21). Sterol
sulfates were extracted from the TLC gel by chloroform and sol-
volyzed to liberate free sterols (22). The quantity of sterols was
determined by GLC as described in the previous paragraph.

 

Analysis of fatty acids

 

The four lipid classes, phospholipids, free fatty acids, triglycer-
ides, and sterol esters, were separated by TLC as described above.
The individual phospholipids were separated by another TLC
system (23), using pre-coated silica gel K6 plate (Whatman, Clif-
ton, NJ) and a solvent system of chloroform–methanol–petro-

leum ether (bp 35–60

 

8

 

C)–acetic acid–boric acid 40:20:30:10:1.8
(v:v:v:v:w).

The fatty acids in each lipid class or phospholipid class were
transmethylated with boron trifluoride–methanol (24) and their
methyl esters were analyzed by GLC (25) on an instrument
equipped with a hydrogen flame ionization detector (Perkin-
Elmer Model Sigma 3B, Norwalk, CT) and a 30-m SP2330 fused
silica capillary column (Supelco, Bellefonte, PA). The tempera-
tures of the column, detector, and injection port were 195

 

8

 

, 250

 

8

 

,
and 250

 

8

 

, respectively. Helium was used as the carrier gas. The
split ratio was 1:170. The retention time and area of each peak
were measured by an HP-3390 integrator, and a computer
(HP85, Hewlett-Packard, Palo Alto, CA) identified and quanti-
fied each individual fatty acid. A mixture of fatty acid standards
was run daily.

 

Analysis of phospholipid molecular species

 

The molecular species of sperm ethanolamine glycerophos-
pholipids were determined by established techniques (15). As
noted above, sperm phospholipid classes were separated by TLC
(23). The ethanolamine glycerophospholipids were extracted
from gel scrapings with two washes of 5 ml of chloroform–metha-
nol 1:1 (v/v), followed by one wash with 5 ml of chloroform–
methanol–water 65:45:12 (by volume) and one more with 5 ml
of chloroform–methanol 1:1 (v/v) (26). The molecular species
of ethanolamine glycerophospholipids were analyzed by the
method of Blank et al. (27). Briefly, ethanolamine glycerophos-
pholipids were hydrolyzed with phospholipase C for 4 h at room
temperature (28) . Diradylglycerols were extracted from the hy-
drolysate by the Bligh and Dyer method (29) and benzoate deriv-
atives were prepared by reaction with benzoic anhydride and 4-
dimethyl aminopyridine for 1 h at room temperature (30). The
reaction was stopped by addition of concentrated ammonium hy-
droxide, and the resulting diradylglycerobenzoates were ex-
tracted with hexane.

The diradylglycerobenzoates were separated into the alkenyla-
cyl, alkylacyl, and diacyl subclasses by TLC on silica gel G with
benzene–hexane–ethyl ether 50:45:4. Bands were scraped into a
1:1 ethanol and water mixture and the diradylglycerobenzoates
were extracted with hexane–ethyl ether 50:45:4. Bands were
scraped into ethanol–water 1:1 and the diradylglycerobenzoates
were extracted with hexane. The samples were then filtered
(Millex-HV 0.45 

 

u

 

m filter unit, Millipore Corp., Bedford, MA
01730), dried under nitrogen, and redissolved in acetonitrile–
isopropanol 70:30 (v/v) for HPLC injection.

The separation of molecular species was accomplished with a
Perkin-Elmer Model 410 LC BioPump system fitted with a

 

u

 

Bondapak C18 pre-column insert and a 3.9 mm 

 

3

 

 30 cm analyt-
ical column packed with Nova-pak C18 (Water Associates, Milfor,
MA). Peaks were monitored at 230 nm with a Perkin-Elmer LCI-
100 integrator. Molecular species within the diacyl-, alkenylacyl-,
and alkylacyl-glycerobenzoates were separated by isocratic elu-
tion with acetonitrile–isopropanol (v/v) in the ratios of 70:30,
65:35, and 63:37, respectively. Column flow rate was 1 ml/min.

 

RESULTS

Eighty-six percent of the sperm sterols were located in
the tails (

 

Table 1

 

). Both sperm heads and tails contained
two sterols: cholesterol and desmosterol. However, there
were vast differences in the sterol composition between
the heads and tails. Almost all of the desmosterol was
present in the tails (99%). The tails also had twice as

 by guest, on June 14, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


 

1406 Journal of Lipid Research

 

Volume 39, 1998

 

much cholesterol as the heads. Consequently, the desmos-
terol to cholesterol ratio was 0.06 in the heads and 2.03 in
the tails. 

Cholesterol was present in three forms (free, ester, and
sulfate) (Table 1). In both heads and tails, free cholesterol
was the major fraction contributing 55–58% of the total
cholesteryl. Cholesteryl esters accounted for 23% and
36% in heads and tails, respectively. Cholesterol sulfate
amounted to 19% of total cholesterol in the heads and 9%
in the tails.

Unlike cholesterol, desmosterol was present in only two
forms (free and sulfate). In the heads, the free and sulfate
forms amounted to 65 and 35% of the total desmosterol,
respectively. In the tails, almost all the desmosterol was in
the free form (99%).

There was a very striking difference in the fatty acid
composition between sperm heads and tails as well (

 

Table
2

 

). Sperm tails had a much greater docosahexaenoic

(DHA) content. The DHA concentration was only 1.1% of
total fatty acids (weight percent) in the heads and 19.6%
in the tails (

 

Fig. 1

 

). From the DHA concentrations in the
heads, tails, and intact sperm, we estimated that 99% of
the sperm DHA was contained in the tails. Arachidonic
acid and dihomo-

 

g

 

 linolenic acid (20:3 n–6) were also
higher in the tails than in the heads, 6.4 versus 1.6 percent
and 2.2 versus 0.2%, respectively. On the other hand, oleic
acid (13.2 vs. 9.4%), palmitoleic (16:1 n–7) (7.0 vs. 0.9%)
and myristic acid (14:0) (5.3 vs. 2.1%) were higher in the
heads. The n–6/n–3 ratio was higher in the heads (3.32
vs. 0.67).

The fatty acid composition of different lipid classes of
heads and tails is depicted in 

 

Table 3

 

. The same differ-
ences in fatty acid composition between heads and tails
observed in total lipids were seen in the different phospho-
lipids. No difference was observed in other lipid classes
(free fatty acids, triglycerides, and cholesteryl esters).

The fatty acid composition of seven individual phospho-
lipids is presented in 

 

Table 4

 

. Because of the limited
amount of material available, fatty acid data of phospho-
lipid classes and phospholipid molecular species repre-
sent duplicate runs of pooled samples. The differences in
fatty acid composition between heads and tails observed
in total phospholipids were delineated by phosphatidyl-
ethanolamine (PE), choline (PC), and-serine (PS). In PE
and PC, DHA was 34.3 and 27.6% in the tails and 6.5 and
5.9% in the heads, respectively. The arachidonic acid of
PE and PS was 11.3 and 19.5% in the tails and 2.5 and
3.0% in the heads respectively. Conversely, myristic acid
was 1l.1, 12.8, and 11.8% in the PE, PC, and PS of the
heads and 3.3, 1.5, and 8.0% in the tails, respectively.
Oleic acid was 13.0 and 9.8% in PE and PS of the heads
and 4.7 and 5.5% in the tails, respectively. It was of interest
that the linoleic acid content in the cardiolipins of the
tails was very high (24.3 vs. 4.4% in the heads).

As DHA is the predominant polyunsaturated fatty acid
in sperm, and as the ethanolamine glycerophospholipids
of sperm are richest in this fatty acid, we chose this phos-
pholipid class for molecular species analysis (

 

Table 5

 

).
Molecular species were determined for each of the three
subclasses of this phospholipids (diacyl, alkenylacyl, and
alkylacyl). In the diacyl subclass, a total of 15 different mo-
lecular species were identified and quantified. While the

 

sn

 

-1 position always contained only 16:0, 18:0, or 18:1, the
fatty acids in the 

 

sn

 

-2 position differed markedly. There
were three n–3 species that contained an n–3 fatty acid in
the 

 

sn

 

-2 position, five n–6 species, four n–9 species, and
two saturated species containing saturated fatty acid in
both 

 

sn

 

-1 and 

 

sn

 

-2 positions. For a given fatty acid at 

 

sn

 

-2
position, the species with 16:0 at 

 

sn

 

-1 position was the
dominant species. For example, the mole % ratios of
18:1–22:6, 16:0–22:6, and 18:0–22:6 in sperm heads were
1, 5.9, and 1.1, respectively. The membranes of the tails
contained more molecular species with polyunsaturated
fatty acid at 

 

sn

 

-2 position and fewer molecular species with
saturated and monunsaturated fatty acid at 

 

sn

 

-2 position.
For example, in the diacyl subclass, the molecular species
with polyunsaturated fatty acid at 

 

sn

 

-2 position contributed

 

TABLE 1. Sterol distribution in the heads and tails of monkey sperm

 

Sterols
Heads

(n 

 

5

 

 4)
Tails

(n 

 

5

 

 4)
Heads 

 

1

 

 Tails
(n 

 

5

 

 4)
Intact Sperm

(n 

 

5

 

 4)

 

m

 

g/10

 

9

 

 cells

 

Cholesterol 30.3 

 

6

 

 5.9 66.2 

 

6

 

 22.2

 

a

 

96.5 

 

6

 

 21.5 97.9 

 

6

 

 22.4
Free 17.6 

 

6

 

 3.7 36.7 

 

6

 

 8.3

 

b

 

54.3 

 

6

 

 11.0
Ester 6.9 

 

6

 

 3.5 23.9 

 

6

 

 16.5 29.6 

 

6

 

 16.2
Sulfate 5.7 

 

6

 

 5.0 5.7 

 

6

 

 3.8 11.4 

 

6

 

 3.2

Desmosterol 1.7 

 

6

 

 1.0 134.2 

 

6

 

 14.7

 

c

 

135.9 

 

6

 

 13.9 125.2 

 

6

 

 9.7
Free 1.1 

 

6

 

 1.3 132.3 

 

6

 

 18.4

 

c

 

133.4 

 

6

 

 17.5
Ester
Sulfate 0.6 

 

6

 

 0.5 1.9 

 

6

 

 3.8 2.5 

 

6

 

 3.7

Total sterols 32.0 

 

6

 

 5.5 200.4 

 

6

 

 20.2

 

c

 

232.4 

 

6

 

 22.3 223.1 

 

6

 

 29.0

Values are given as mean 

 

6

 

 SD. Total sterols 

 

5

 

 cholesterol 

 

1

 

desmosterol.

 

a

 

P

 

 

 

,

 

 0.05; 

 

b

 

P

 

 

 

,

 

 0.01; 

 

c

 

P

 

 

 

,

 

 0.001: heads versus tails.

 

TABLE 2. Fatty acid composition of the intact sperm and the 
heads and tails of the sperm of rhesus monkeys

 

Fatty Acids
Heads

(n 

 

5

 

 4)
Tails

(n 

 

5

 

 4)
Intact Sperm

(n 

 

5

 

 4)

 

% of total fatty acids

 

14:0 5.3 

 

6

 

 2.2 2.1 

 

6

 

 0.3

 

a

 

2.1 

 

6

 

 0.7
16:0 29.2 

 

6

 

 1.1 28.6 

 

6

 

 3.5 28.9 

 

6

 

 1.5
18:0 14.2 

 

6

 

 2.3 12.7 

 

6

 

 3.3 12.2 

 

6

 

 0.06

Saturated 55.6 

 

6

 

 2.9 46.7 

 

6

 

 3.7

 

b

 

46.5 

 

6

 

 3.5
16:1 n–7 7.0 

 

6

 

 1.8 0.9 

 

6

 

 0.2

 

c

 

0.9 

 

6

 

 0.3
18:1 n–9 13.2 

 

6

 

 2.8 9.4 

 

6

 

 0.3

 

a

 

12.0 

 

6

 

 3.9

Monounsaturated 22.8 

 

6

 

 3.7 11.3 

 

6 0.7c 13.6 6 3.9
18:2 n–6 5.0 6 0.9 4.1 6 0.6 5.7 6 0.5
20:3 n–6 0.2 6 0.1 2.2 6 0.1c 1.7 6 0.2
20:4 n–6 1.6 6 1.0 6.4 6 0.3c 5.4 6 0.6

Total n–6 8.3 6 1.8 13.6 6 0.5c 14.5 6 1.8
18:3 n–3 0.6 6 0.4 0.1 6 0.08a 0.2 6 0.08
22:6 n–3 1.1 6 1.3 19.6 6 1.7c 16.0 6 1.5

Total n–3 2.5 6 1.4 20.2 6 1.7c 16.8 6 1.5

Polyunsaturated 12.1 6 1.3 34.1 6 1.5c 31.5 6 2.3
P/S 0.22 0.73 0.67
n–6/n–3 3.32 0.67 0.86

Values are given as mean 6 SD.
a P , 0.05; b P , 0.01; c P , 0.001: heads versus tails.
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39.5% in the heads and 78% in the tails. In the alkenylacyl
subclass, a total of 14 different molecular species were
identified. There were three n–3 species, five n–6 species,
five n–9 species, and one saturated species. In the alkylacyl
subclass, 11 different species were identified in heads;
only 7 species were detected in the tails.

As the HPLC detector response is proportional to the
molar concentration of the glycerobenzoate derivatives of
the different molecular species (27), the relative concen-
trations of the three subclasses (diacyl, alkenylacyl, and
alkyacyl) could be calculated by summing the total area of
all peaks (Table 6). The relative distributions of diacyl alke-
nylacyl, and alkylacyl subclasses in ethanolamine glycero-
phospholipids of sperm heads were 66, 26, and 8%, re-

spectively, and for tails 67, 26, and 7%, respectively. These
were all very similar values.

DISCUSSION

The present study characterizes for the first time the com-
position of the membrane lipids of the heads and tails of
spermatozoa. Great differences in the composition of sterols,
fatty acids, and the phospholipid molecular species were ob-
served. As these lipids have an important role in membrane
integrity, fluidity, stability, and permeability (31–39), these
differences in membrane lipid composition between sperm
heads and tails may contribute to their unique functions.

TABLE 3. Fatty acid composition of lipid classes of the heads and tails of sperm

Phospholipids Free Fatty Acids Triglycerides Cholesteryl Esters

Fatty Acids
Heads

(n 5 4)
Tails

(n 5 4)
Heads

(n 5 4)
Tails

(n 5 4)
Heads

(n 5 4)
Tails

(n 5 4)
Heads

(n 5 4)
Tails

(n 5 4)

% of total fatty acids

14:0 5.5 6 1.3 1.9 6 0.4 4.2 6 1.8 2.1 6 0.6 4.3 6 1.8 4.3 6 2.0 6.5 6 2.4 7.0 6 1.0
16:0 25.1 6 1.4 25.5 6 0.6 24.6 6 4.8 23.4 6 2.1 19.5 6 3.4 19.1 6 3.5 14.1 6 3.6 15.8 6 1.7
18:0 16.7 6 4.1 14.0 6 7.7 13.3 6 2.4 16.2 6 5.1 9.1 6 1.0 9.3 6 1.6 7.5 6 1.9 7.9 6 1.4

Saturated 49.9 6 6.0 45.6 6 8.6 50.2 6 6.7 50.2 6 8.2 40.2 6 8.2 41.0 6 7.3 38.6 6 1.9 41.0 6 3.5
16:1 n–7 3.9 6 0.1 1.9 6 0.8c 2.6 6 1.3 1.9 6 0.1 4.7 6 2.1 4.1 6 2.4 4.5 6 4.7 4.4 6 3.4
18:1 n–9 21.4 6 6.2 13.0 6 2.5a 24.7 6 10.0 26.8 6 6.0 30.7 6 7.1 31.5 6 7.9 28.9 6 2.6 28.4 6 6.9

Monounsaturated 28.2 6 8.2 17.0 6 3.1a 35.6 6 9.2 36.8 6 6.0 42.2 6 8.0 42.1 6 9.2 40.7 6 4.2 41.4 6 6.4
18:2 n–6 2.8 6 0.4 3.4 6 0.7 2.7 6 1.1 1.6 6 0.6 3.1 6 0.7 3.3 6 0.9 2.5 6 1.9 1.9 6 0.5
20:3 n–6 0.4 6 0.4 1.9 6 0.3d 0.2 6 0.2 tr. 0.4 6 0.3 0.4 6 0.2 0.2 6 0.1 tr.
20:4 n–6 2.0 6 1.2 5.8 6 1.1c 1.0 6 0.9 tr. 0.8 6 0.5 0.8 6 0.5 0.3 6 0.2 0.4 6 0.3

Total n–6 6.5 6 1.6 11.9 6 2.1b 4.9 6 1.5 3.1 6 0.6 5.9 6 0.8 6.1 6 1.6 5.0 6 2.0 4.7 6 2.0
18:3 n–3 0.3 6 0.0 0.2 6 0.1 0.3 6 0.2 0.2 6 0.0 0.3 6 0.2 0.3 6 0.2 0.4 6 0.3 0.7 6 0.5
22:6 n–3 4.5 6 2.0 20.0 6 0.5d 0.2 6 0.3 0.2 6 0.2 0.4 6 0.2 0.8 6 1.2 1.3 6 2.4 1.6 6 2.9

Total n–3 5.0 6 2.0 20.8 6 0.6d 1.8 6 0.7 1.1 6 0.3 1.7 6 0.5 1.6 6 1.3 2.5 6 2.8 3.6 6 2.9

Polyunsaturated 13.9 6 4.9 33.6 6 1.3d 7.3 6 2.3 5.0 6 0.4 8.5 6 0.5 8.6 6 2.2 8.3 6 4.3 9.5 6 4.2
P/S 0.28 0.74 0.15 0.10 0.21 0.21 0.22 0.23
n–6/n–3 1.30 0.57 2.72 2.81 3.47 3.81 2.00 1.31

Values are given as mean 6 SD.
aP , 0.05; b P , 0.01; c P , 0.005; dP , 0.001: heads versus tails.

Fig. 1. The concentration of certain fatty acids in the heads and tails of monkey sperm (mean 6 SE).
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The most striking differences between heads and tails
were in the DHA and desmosterol concentrations. Over
99% of the sperm DHA and desmosterol were localized to
the tails. The precise reason for this selective accumula-
tion of these compounds in the tails is not known. Study-
ing membrane-associated particles in guinea pig sperm
tails, Koehler and Graddum-Rosse (40) observed that the
amplitude of the tail waves increased during incubation
with capacitating media. This change in the pattern of
flagellar beat was temporally correlated with the redistri-
bution of particles within the tail membranes. These find-
ings focus the attention upon the possibility that the inter-
nal specializations of the tail phospholipid membranes
may have important functions in coordination of the beat,
control of the ionic environment of the motor elements,
or access of substrate to the energy generating enzyme sys-
tems of the mitochondria (40-42). Treen and colleagues
(43) reported that the DHA content in retinoblastoma
cells was directly correlated with membrane fluidity.
Therefore, it is possible that selective concentration of
polyunsaturated fatty acids and sterols in the tails is neces-
sary to increase membrane fluidity to provide for the
bending and flexing of tails required for motility. In a re-
cent study we found that the DHA and desmosterol con-
centrations in monkey testis increased greatly during pu-
berty, suggesting the importance of these two compounds
for spermatogenesis (16). 

DHA (22:6 n–3) is a highly polyunsaturated long-chain
fatty acid and is highly concentrated in three organs of the
body: the outer segments of the rods of the retina, the syn-
aptosomal membranes of the brain, and, from these data,
the tails of the sperm. Although the specific role of this
highly polyunsaturated fatty acid is uncertain, the selective
enrichment of the phospholipid membranes of vital or-
gans with DHA has structural and functional significance.
In our previous study, we found that monkeys fed DHA-
deficient diets had impaired vision (13). A deficiency of
DHA or the substitution of less polyunsaturated fatty acids
in the membranes of photoreceptors may disturb mem-
brane fluidity and function or it could alter regeneration
of rhodopsin or the process of outer segment renewal
(44). Studying the effect of DHA in cultured Y-79 retino-
blastoma cells, Treen et al. (43) suggested that the effect
of DHA content on retinal function may be mediated by
changes in membrane fluidity and associated enzyme and
transport activities.

Sperm and retina have attributes in common. Both
sperm and the rod outer segments of retina have a high
concentration of DHA and cilia (45, 46). Recently, we had
an opportunity to explore the link of retina and sperm ab-
normality. We studied patients with retinitis pigmentosa in
whom there is degeneration of the photoreceptors (12).
In these patients there was low DHA content in their
sperm and also poor sperm motility. Sperm motility was
found to be positively correlated to the DHA concentra-
tion. In the late 1980s, Hunter et al. (45, 46) reported that
these patients had low sperm motility, abnormal sperm
tails, and abnormal axonemes in both sperm and retina.
These findings of the association of low sperm DHA, poor
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motility, and abnormal axonemes in addition to the low
DHA in the blood of these patients suggests the possibility
that the DHA concentration in the retina of these patients
might also be low. 

Desmosterol is an intermediate compound in the cho-
lesterol synthetic pathway. Normally, no desmosterol is
found in the blood. Desmosterol is found in the brain dur-
ing development in utero (47–49) and is present in earth-
worms and in snails and slugs (50, 51). In the tissues of
mammals, however, desmosterol in high concentrations is
found only in sperm and in the testis (11, 12, 16). As tes-
ticular cholesterol is mostly synthesized locally (52–54),
high levels of desmosterol may result from low levels of
the D24-reductase enzyme which converts desmosterol to
cholesterol. While desmosterol is well known as a transi-
tory trace product in the synthesis of cholesterol, the bio-
logical significance of desmosterol has not been studied.
High concentration of desmosterol in the tails of sperma-
tozoa may relate to its greater unsaturation than choles-
terol (it has two double bonds compared to the single
double bond of cholesterol) which could improve the
membrane fluidity. In our previous study we found that

desmosterol/cholesterol ratio was positively correlated to
sperm mobility (12). Sperm tails had a high desmosterol/
cholesterol ratio 2.03 in contrast to a ratio of 0.06 for
sperm heads. 

A higher proportion of the cholesterol in sperm heads
was in the sulfate form. Based on the ability of cholesterol
sulfate to stabilize erythrocyte membranes and the finding
of sterol sulfatase activity in female reproductive tract
(55), Langlais et al. (56) hypothesized that cholesterol sul-
fate acts as a membrane stabilizer and enzyme inhibitor
during the maturation of spermatozoa in the epididymis.
According to this hypothesis, the cleavage of the sulfate
moiety in sperm within the female reproductive tract trig-
gers a cascade of events leading to sperm capacitation and
fertilization (56). Radioautography at the level of the elec-
tron microscope revealed that the sterol sulfate is local-
ized on the plasma membrane, mostly in the region of the
acrosome of the head (55, 56).

In conclusion, the data of this study demonstrate large
differences in the lipid composition of sperm heads and
tails. These differences may have a role in the unique
functional characteristics of these two components. The
selective concentrations of DHA and desmosterol in
sperm tails raise many interesting questions. Why is DHA
concentrated in the cells of only three organs (outer seg-
ments of rod of the retina, synaptosomal membrane of
the brain, and the tail of sperm cells). Is there a common
role of DHA in these cells or does DHA have a different
specific role in each of these cells which have different
functions? The high concentration of desmosterol in
sperm cells is also of great interest. Desmosterol is found
in sizable amounts only in sperm and testes (11, 12, 16,
47–49) and is commonly considered as a transitory inter-

TABLE 5. Major molecular species of ethanolamine glycophospholipids
in the heads and tails of monkey sperm

Molecular
Species

Diacyl Alkenylacyl Alkylacyl

Heads Tails Heads Tails Heads Tails

mol % mol % mol %

n–3
18:1–22:6 3.2 6 2.3a 5.7 6 1.1 4.6 6 2.9 24.8 6 7.0 9.1 6 0.6 10.9 6 4.3
16:0–22:6 18.8 6 9.3 40.3 6 11.1 24.3 6 12.4 38.5 6 15.1 12.9 6 2.1 32.8 6 10.5
18:0–22:6 3.6 6 2.2 6.3 6 0.8 5.0 6 1.3 9.7 6 2.8 8.5 6 1.1 18.5 6 10.2

n–6
18:1–20:4 0.8 6 0.4 2.2 6 1.7 3.1 6 1.6 5.0 6 2.1 6.7 6 0.2 11.7 6 2.6
16:0–20:4 4.6 6 2.9 9.9 6 0.3 3.2 6 0.4 1.0 6 0.8 7.6 6 2.4 8.8 6 4.0
18:0–20:4 3.5 6 2.8 7.4 6 3.3 4.9 6 1.0 2.5 6 1.1 6.5 6 1.8 7.4 6 4.9
16:0–20:3 4.0 6 2.8 5.7 6 1.1 2.5 6 0.7 3.8 6 1.2 — —
18:0–20:3 1.0 6 0.4 1.3 6 0.4 0.8 6 0.3 1.2 6 1.0 — —

n–9
18:1–18:1 5.0 6 1.3 2.0 6 1.4 8.3 6 0.7 2.5 6 1.5 7.6 6 2.9 —
16:0–18:1 12.3 6 2.2 6.0 6 2.5 11.7 6 1.6 4.7 6 2.0 13.4 6 1.5 3.5 6 1.1
18:0–18:1 8.3 6 8.8 4.6 6 3.9 9.9 6 2.8 1.2 6 0.9 8.6 6 1.7 —
17:0–18:1 — 1.5 6 1.4 6.8 6 3.3 1.3 6 1.1 4.3 6 1.5 —
18:0–20:1 2.5 6 1.4 — 8.4 6 4.5 1.5 6 0.6 8.4 6 4.5 —

Saturates
16:0–16:0 18.7 6 10.9 3.1 6 1.6 — 1.0 6 0.9 — —
16:0–18:0 8.4 6 3.3 2.9 6 2.0 — — — —

Values given as mean 6 SD.
aDuplicate run of two pooled samples.

TABLE 6. Distribution of the subclasses of ethanolamine
glycerophospholipids in heads and tails of monkey sperm

Subclass Head Tail

% of total

Diacyl 65.5 6 11.2a 66.7 6 5.0
Alkenylacyl 25.6 6 13.0 25.5 6 5.4
Alkylacyl 8.9 6 1.8 7.6 6 0.4

Values are given as mean 6 SD.
aDuplicate run of two pooled samples.
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mediate product in the cholesterol synthetic pathway.
Both DHA and desmosterol are polyunsaturated. The
greater number of double bonds in DHA and desmosterol
may contribute to membrane fluidity necessary for the
bending and flexing of tails required for motility.
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