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Proteins, acyl-lipids and polysaccharides from cell walls of mature and germinated olive
pollen were studied. In general, hemicelluloses are the most abundant polysaccharides, arab­
inose in mature and glucose in germinated pollen being the main components of these mac­
romolecules. Protein content and its amino acid composition are very similar in walls from
mature and germinated pollen, these compounds showing a weak acid character. Free-fatty
acids are the most abundant lipid molecules in mature and germinated pollen walls and a de­
crease in acyl-lipids, especially in polar lipids, as well as a higher unsaturation of their fatty
acid components are observed after germination.
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Pollen represents a homogeneous cell
population with numerous membrane and
wall structures which confer special char­
acteristics to germination and pollen tube
development. These processes are char­
acterized by a rapid cellular growth which
involves intensive synthesis of biochemi­
cal components (10-12). The pollen cell
wall is constituted by exine, resistant to
acid hydrolysis, and intine, differentiated
into cellulosic— and pectin-rich zones
with arabinose, galactose, glucose and
uronic acids as their main components

* To whom all correspondence should be ad­
dressed.

(11). As pollen germinates, hemicelluloses
consist mostly of glucose while pectic poly­
saccharides, which are made up essen­
tially of uronic acids, are mostly located
at the pollen tube tip (11). In this sense,
the rapid growth of the tube is known to
be related to the flexibility and plasticity
of the wall structure (16).

Lipids are other important biochemical
components of pollen wall. In some pol­
len species, such as Brassica napus, a nigh
concentration of lipid compounds which
could be involved in the early events of
pollen adhesion, hydration and germina­
tion have been detected (3, 9).

On the other hand, wall proteins seem 
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to play an important role in cell-cell rec­
ognition and form an indispensable ele­
ment in the incompatibility system and in
extensibility properties of the tube wall (4,
5, 20). In this respect, the presence of pro­
teins in the walls of pollen grains and pol­
len tube as well as the interaction of these
molecules with polysaccharides has been
demonstrated (18, 20).

The aim of this work is to analyze the
composition and content of some cell wall
components in mature and germinated
olive pollen.

Materials and Methods

Plant material. — Fresh pollen was col­
lected from dehiscent anthers of Olea eu-
ropaea L. cv. Marteno, dried, stored and
germinated as detailed in previous works
(14, 15).

Cell wall isolation. — Two grams of
dried pollen were used as starting material
for cell wall isolation from mature and 24
h-germinated pollen. The samples were
resuspended in 60 ml of 50 mM 2-(N-
morpholinol ethanesulfonic acid, pH 6.0,
and ruptured by passing them three times
through a French Press (AMINCO J4,
Silver Spring, USA) and grinding once in
a mortar. Cell walls were then isolated as
described by Yiqin et al. (20).

Extraction and hydrolysis of cell wall
polysaccharides. — Cell wall polysaccha­
rides isolated from mature and 24 h-ger­
minated pollen were obtained according
to the method followed by Wada and Ray
(19). Briefly, the isolated cell wall mate­
rials were first extracted three times for
24 h at 20 °C with dimethyl sulfoxide
(DM fraction), then three times for 1 h at
96 °C with 0.5 % ammonium oxalate,
and, finally three times for 24 h at 20 °C
with 4 M KOH. Each extraction was fol­
lowed by centrifugation at 25,000 g for 15
min. The ammonium oxalate-extracted 

fraction was dialyzed at 20 °C against dis­
tilled water for 24 h (OX fraction), and
the alkali-extracted fraction, adjusted to
pH 5.6 with acetic acid in an ice bath, was
separated by centrifugation at 25,000 g for
15 min, into a precipitate (HA fraction)
and a supernatant (HB fraction). Soluble
fractions were precipitated by the addition
of ethanol ana centrifugation at 25,000 g
for 15 min. The precipitates obtained and
those corresponding to the HA fraction
were washed successively with ethanol,
acetone and diethyl ether, which were
evaporated to dryness under vacuum. Fi­
nally, the polysaccharide fractions were hy­
drolyzed in 2 M trifluoroacetic acid at
123 °C for 2 h.

Monosaccharide composition and mea­
surement. — Monosaccharide composi­
tion of the hydrolyzed fractions was de­
termined by gas chromatography after the
formation of silylated derivatives with
0.1 ml (bis(trimethylsilyl) trifluoroace­
tamide] and heating at 100 °C for 45 min.
The analysis of silylated compounds was
carried out on a chromosorb W-HP col­
umn, 80-100 mesh, temperature pro­
grammed from 80 to 160 °C at 2 °C
min-1, using a flame ionization detector
and a flow rate of 20 ml min-1 N2. Iden­
tification and quantification of different
monosaccharides was performed using
standard silylated sugars determined un­
der the same conditions as the samples.
Uronic acid content was determined by
the carbazole-H2SO4 method (1).

Amino acid analysis. — Amino acid pat­
tern analysis of total proteins from isolat­
ed cell walls was performed by acid hy­
drolysis with 6 M HC1 for 24 h at 110 °C
under inert atmosphere of argon. The in­
soluble material was pelleted at 2,000 g for
10 min and the acid evaporated at 60 °C
under vacuum. The dried residue was
washed several times with distilled water
and the amino acids assayed by HPLC on
an ultrasphere ODS RP-18 column, using 
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0.05 M acetate buffer, pH 5.9, methanol
and tetrahydrofurane (800/150/2.5, v/v/v)
and 0.05 M acetate buffer, pH 5.9, and
methanol (200/ 800, v/v) as solvents.

Lipid extraction and analysis. — Lipid
extraction from walls of mature and germi­
nated pollen was carried out as described
by Evans et al. (3). Briefly, cell wall
material (0.3 g) was extracted twice for 10
min in 6 ml anhydrous acetone. The ace­
tonic extracts were separated by centrif­
ugation at 2,000 g for 10 min, and the
solvent evaporated under a stream of ar­
gon. The non acetone-extracted wall ma­
terial was dried under vacuum and resus­
pended in 4 ml chloroform-methanol
mixture (2/1, v/v) at 0 °C for 12 h. After
adding 2 ml of 1 % NaCl, the extract was
homogenized with a French Press as in­
dicated above and centrifuged at 2,000 g
for 10 min. The lipid-containing bottom
phase was recovered and the solvent re­
moved under a stream of argon.

The different lipids were resolved by
thin layer chromatography (6, 8) and the
fatty acids determined by GC according
to Lechevallier (7) using a column of
10 % diethylene glycol succinate on
Chromosorb W, 80-100 mesh, at 180 °C
and 30 ml min-1 N2 as the carrier gas.
Methyl heptadecanoate was included in
the samples as an internal standard.

Protein assay. — Protein content was
determined according to either Shaffner
and Weissmann (17) or Bradford (2).

Results

Cell walls were apparently cytoplasm-
and membrane-free, since no proteins
were detected in the supernatants of the
last four washings carried out in the pellet
obtained after centrifugation of the pollen
homogenate (data not shown).

Nature and 24 h-germinated olive pol­
len yielded 244 mg and 266 mg of cell wall 
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material per gram of the initial dried pol­
len, respectively. Polysaccharide fraction­
ation and its monosaccharide composition
obtained from above samples are shown in
table I. Germination involved an increase
in the content of polysaccharides, espe­
cially hemicelluloses (DM, HA and HB).
Araoinose was the most abundant com­
ponent of hemicelluloses (DM) and pectic
polysaccharides (OX) in mature pollen,
while glucose was the main sugar in the
DM and hemicellulose A (HA) fractions,
and at the same level as arabinose in the
hemicellulose B (HB) fraction of germi­
nated pollen. A high content of uronic
acid was observed in the OX and HA
fractions of germinated pollen. Germina­
tion induced general changes in sugar
composition of the different polysaccha­
ride fractions. Thus, in all the fractions, an
increase in rhamnose, xylose and glucose
content was detected, while arabinose in
hemicelluloses (DM, HA and HB) and
galactose in DM and above all, in HB
fractions were particularly increased. Like­
wise, a decrease in the mannose content
of DM, HA and OX fractions was also
observed. Finally, germination also stim­
ulated an increase in the uronic acid lev­
els of OX and HA fractions.

In mature and germinated pollen, the
wall protein content, estimated from total
amino acid analysis, represented 241.1 and
296.0 pmol per g dried pollen, respective­
ly (table II). In both types of pollen walls,
the proteins showed a similar amino acid
composition, except that in germinated
pollen a lower percentage of cysteine and
a higher percentage of hydroxyproline and
methionine than in mature pollen were
observed. In general, serine, threonine,
alanine and, above all, aspartic acid, leu­
cine and proline were the most abundant
amino acids in wall proteins.

Data of acyl-lipid content in pollen
walls are shown in table III. Free fatty
acids were the most abundant lipid mol­
ecules, with germination leading to a de­
crease in acyl- lipid content in terms of
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Table I, Sugar composition of different polysaccharide fractions of cell walls from mature and germinated
olive pollen.

Values are means of three independent experiments not differing by more than 10 % from the mean.

n.d., not detected; DM, hemicellulose fraction; HA, hemicellulose A fraction; HB, hemicellulose B fraction; OX, pectic
polysaccharide fraction.

Sugar

Monosaccharide content (pg g-' dried pollen)

DM fraction OX fraction HA fraction HB fraction

Mature Germinated Mature Germinated Mature Germinated Mature Germinated

Arabinose 401,0 1168,7 167,8 76,3 28,4 751,4 n.d. 5559,5
Rhamnose 5,0 232,2 33,8 95,0 8,7 718,0 n.d. 2986,9
Xylose 20,6 750,8 7,5 65,5 6,3 718,1 n.d. 3248,5
Mannose 33,7 n.d. 26,3 7.2 14,1 n.d. n.d. n.d.
Galactose 35,6 n.d. 22,1 47,5 9.1 n.d. n.d. 4251,4
Glucose 114,3 5588,3 19,9 89,1 39,6 1886,9 n.d. 5755,8
Uronic acids 14,4 n.d. 98,0 220,6 n.d. 100,2 n.d. n.d.
Total 624,6 7740,0 375,4 601,2 106,2 4174,6 21802,1

Table II. Amino acid composition of cell walls isolated from mature and germinated olive pollen.
Values are means of three independent experiments with standard error.

Amino acid content

Amino acid
Amino acid percentages (pmol g~' dried pollen)

Mature Germinated Mature Germinated

Aspartic acid 8.5 10.0 20.7 ± 1.7 29.6 ± 3.7*
Glutamic acid 5.6 5.4 13.5 ± 2.4 16.0 ± 2.4
Hydroxyproline 0.5 1.0*** 1.2 ± 0.2 3.0 ± 0.3***
Serine 7.0 7.8* 16.9 ± 0.5 23.1 ± 1.2*
Asparragine 3.7 4.5 9.2 ± 1.6 13.3 ± 2.0*
Glycine 4.5 4.1 10.8 ± 1.9 12.1 ± 1.8
Histidine 3.0 4.0* 7.2 ± 0.5 11.8 ±1.3“
Treonine 6.5 7.0 15.7 ± 0.9 20.7 ± 2.1*
Alanine 7.6 6.9 18.3 ± 1.9 20.4 ± 3.0
Arginine 5.3 5.5 12.8 ± 0.9 16.3 ± 1.2*
Proline 10.5 10.7 24.9 ± 1.8 31.8 ± 3.2*
Tyrosine 2.2 2.5 5.3 ± 0.6 7.4 ± 1.0*
Valine 5.6 6.2 13.7 ± 1.2 18.3 ± 1.2*
Methionine 0.7 1.5“ 1.7 ± 0.2 4.4 ± 0.5* “
Cysteine 5.7 0.9*** 14.0 ± 1.4 2.7 ± 0.3***
Isoleucine 5.5 5.9 13.3 ± 0.7 17.5 ± 1.1“
Leucine 9.0 9.3 21.2 ± 0.9 27.5 ± 2.3*
Phenylalanine 3.7 3.2 8.9 ± 1.2 9.5 ± 1.0
Lysine 4.9 3.6* 11.8 ± 1.1 10.6 ± 1.2
Total 241.1 296.0

t Student test, 4 degrees of freedom. Differences between means:
* significative (p = 0.05)
** very significative (p = 0.01)
*•* highly significative (p = 0.001)
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Table III. Acyl-lipid composition of cell walls isolated from mature and germinated olive pollen.
Values are means of three independent experiments with standard error. Statistic significance as in table I.

PL+GL, Phospholipids + glycolipids; MG, monoacylglycerols; DG, diacylglycerols; FFA, free fatty acids; TG, triacylglycerols.

Acyl-lipid
Lipids percentage

Lipid content
(pg g~’ dried pollen)

Mature Germinated Mature Germinated

PL+GL 13.9 4.3* “ 645.8 ± 85.4 115.7 ± 17.7“*
MG 6.9 5.7 321.1 ± 50.6 150.9 ± 11.9**
DG 21.8 20.0 1009.9 ± 133.9 523.0 ± 78.2“
FFA 45.8 57.3“ 2116.1 ± 197.9 1520.0 ± 179.8*
TG 11.6 12.7 538.1 ± 76.0 338.4 ± 46.9*
Total 4631.0 2648.0

Table IV. Fatty acid composition of lipids in the cell walls isolated from mature and germinated olive pollen.
Values are means of three independent experiments with standard error. Statistic significance as in table I.

n.d., not detected; 12:0, lauric acid; 14:0 myristic acid; 16:0, palmitic acid; 18:0 stearic acid; 18:1 oleic acid; 18:2 linoleic
acid; 20:0, eicosanoic acid; 18:3, linolenic acid, 20:1, cis-9 eicosanoic acid.

Fatty acid

Percentage of
fatty acids

Fatty acid content
(pg g"’ dried pollen)

Mature Germinated Mature Germinated

12:0 10.2 6.0* 394.0 ± 70.9 171.3 ±25.8“
14:0 14.8 11.2 568.4 ± 73.8 316.1 ± 40.6“
16:0 31.9 38.9 1225.8 ± 139.9 1100.2 ± 85.5
18:0 4.3 5.3 166.1 ± 24.1 149.8 ± 12.7
18:1 11.1 6.8* 425.9 ± 60.9 193.6 ± 15.8“
18:2 16.9 23.7* 646.7 ± 72.5 666.4 ± 65.7
20:0 2.0 — 77.2 ± 9.0 n.d.
18:3 6.8 8.1 262.3 ± 24.7 228.2 ± 16.2
20:1 2.0 — 76.6 ± 8.4 n.d.
Total 3843.0 2825.6*

microgram per gram of dried pollen, while
the percentage of these lipids remained
practically unchanged, except for the
slight increase in free fatty acids and the
strong decrease in glycolipids and phos­
pholipids. Lipids from mature and ger­
minated pollen were highly saturated (ca.
60 %), palmitic acid being the main fatty
acid (table IV); however, germination
gave rise to a general diminution in the
amount of saturated fatty acids.

Discussion

In a previous work, a high germination
percentage for olive pollen (ca. 65 %) was
obtained (15). In this study, subsequent
changes in lipid content and sugar com­
position of pollen walls due to germina­
tion were remarkable. Thus, as in other
plant species, the sugar composition of
olive pollen walls differs markedly from
mature and germinated grains. The rise in 
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wall hemicelluloses and the high content
in glucose of these polysaccharides after
germination may be related to active syn­
thesis of callose, a hemicellulosic glucan
which constitutes the most abundant
component in Lilium and Camellia tube
walls (11, 13).

Amino acid composition of olive pollen
wall proteins was similar to that observed
in Lilium longiflorum by yi-qin et al.
(20). In several species of pollen, this
composition indicates a weak acid char­
acter of these proteins. In agreement with
the data obtained in Lilium by Yi-qin et
al. (20), who suggested that proteins with
a high hydroxyproline content are pre­
sumably involved in tube growth, the
amount of the hydroxyproline of the wall
proteins in olive pollen increased after
germination.

One of the most outstanding events in
the olive pollen wall after 24 hours of ger­
mination is the decrease in polar lipid con­
tent (phospholipids and glycolipids),
which could correspond to the decrease in
total phospholipid content detected in the
whole pollen cell previously described
(14). Likewise, the high content in free
fatty acids of cell wall relative to the con­
tent of this fraction in the lipids of mature
and germinated olive pollen (14) also in­
dicates that most of these free fatty acids
are located in the cell wall. It may be sug­
gested that the high percentage of free fat­
ty acids in walls of mature and germinated
pollen could influence the properties of
this structure.

Although this work contributes to the
knowledge of the biochemical composi­
tion of olive pollen wall, further efforts
are needed to elucidate the role of the
changes in some components during ger­
mination.
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Res u men

Se estudian comparativamente las proteinas, Hpi-
dos acilicos y polisacaridos de paredes de polen de
olivo maduro y germinado. Las hemicelulosas son
los polisacaridos mas abundantes, siendo la arabinosa
su principal componente en paredes de polen maduro
y la glucosa en polen germinado. Tanto en polen
maduro como en germinado, el contenido en pro­
teinas de la pared y su composicion aminoacidica es
muy similar, mostrando un debil caracter acido. Los
acidos grasos libres son los constituyentes lipidicos
mas abundantes de paredes de polen maduro y en
germinado, observandose en paredes de grano de po­
len germinado una disminucion en el contenido de
lipidos acilicos, especialmente fosfolipidos y gluco-
lipidos, asi como un incremento de la insaturacion
de sus acidos grasos.

Palabras clave: Olea europaea, Polen, Componentes
pared celular, Germinacion.
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