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SUMMARY

Golgi vesicles and pollen tube walls isolated from germinatingPetunia pollen were chemically

analysed. The protein: lipid ratio of the Golgi vesicles was 70:30. The total carbohydrate

contents of the Golgi vesicles and pollen tube wall were found to be 7.2% and 61 % of the dry

weights respectively. The alkali insoluble material of the pollen tube wall contained 6% of the

total carbohydrate; this material has been found to be cellulosic in nature. The sugar composi-

tion of thepolysaccharides extracted from the Golgi vesicles and the tube wall is presented and

discussed.

1. INTRODUCTION

Cellulose has not been found as a componentof the Golgi vesicles in plant

materials, except in the alga Pleurochrysis scherffelii (Brown & Franke 1971).
The cell wall of this alga is composed of scales synthesised in the Golgi vesicles

(Herth et al. 1972, Brown & Franke 1971). These results indicate an involve-

ment of Golgi vesicles in cell wall synthesis at least in algae.

In a preceding paper (Engels 1973) a method was described for isolating

Golgi vesicles in large quantities. In this article the carbohydrate composition

of Golgi vesicles and the pollen tube wall is given. The results are discussed in

It is possible to distuinguish three main groups of polysaccharides by means of

acidic andalkaline extractions of primary cell walls viz. cellulose, hemicellulose,

and pectin. Since it is questionable whether always a complete separation of

these polysaccharides is obtained by these procedures (Albersheim et al. 1967,
Blake & Richards 1971, Herth etal. 1972, Nance 1973, Van der Woude et al.

1971), quantitative results are to be considered only as rough estimates.

In Lilium longiflorum Thunb. the hot water extracts of pollen tube walls and

Golgi vesicles isolated from the pollen tubes have a similar carbohydrate com-

position (Van der Woude et al. 1971). Polysaccharides are found in the Golgi
vesicles of Lilium pollen tubes (Dasher & Rosen 1966, Van der Woude et al.

1971) and of wheat seedlings (Triticum vulgare) (Pickett- Heaps 1968). The

transport ofpolysaccharides by means of Golgi vesicles to the plasma membrane

and the release of the vesicle contents outside the cytoplasm has been observed

byNoRTHCOTE & Pickett-Heaps (1966) and Van der Woude & Morre (1968).
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connection with the question whether the polysaccharide composition of Golgi

vesicles is similar to that of the tube wall and whether the Golgi vesicles contain

the machinery for the synthesis of the pollen tube wall polysaccharides.

2. MATERIALS AND METHODS

2.1. Isolation of Golgi vesicles

The isolation of Golgi vesicles (GV) has been described previously by Engels

(1973). The GV were stored at —20°C prior to analysis.

2.2. Isolation of the pollen tube wall

Pollen from Petunia hybrida, strain W 166K, were grown for 15 hr under con-

ditions as described previously (Engels 1973). Germinatedpollen were centri-

fuged and washed. Pollen grains with large tubes were separated from those

with small tubes and ungerminated ones by the use of a fine screen sieve. The

water adhering to the material was removed with filter paperand the germinated

pollen were placed in a mortar. Liquid nitrogen was added and pollen tubes

were broken at several places by light grinding while the pollen grains remained

intact. After thawing the homogenate was placed on a 20 ji,m sieve and small

tube pieces were washed through the sieve with water. The adhering cytoplasm

was removed by a short ultrasonic treatment and subsequent washing. The

pollen tubewalls (PTW) prepared in this manner were stored at —20°C prior to

analysis.

2.3. Extraction of GV and PTW

GV and PTW were pre-extracted with a series of 80, 90, and 100% ethanol

(ETOH) solutions, respectively. The extracts were combinedand evaporated to

dryness. The residues after ETOH extraction were extracted 1) twice with 100%

diethylether, 2) 1 hr with boiling water, 3) 1 hr with IN HC1 at 100°C, 4) 15 hr

with 2N KOH at room temperature. The supernatants of 1) to 3) were evapo-

rated directly to dryness. The supernatant of 4) was first passed through a

Dowex-50 (H +) column and then evaporated to dryness. The residues of the

GV and PTW after KOH extraction were dried. AH fractions obtained by this

procedure were hydrolysed in80 %(V/V) trifluoro-acetic acid for 48 hr at 120°C.

The hydrolysates were evaporated and the acid was removed by repeated addi-

tion of water and evaporation.

2.4. Separation of neutral and acidic sugars

The neutral and acidic sugars present in the various extracts were separated and

chromatographed according to the methods used by Kroh (1973). The ETOH

extracts of the GV and the PTW were either directly chromatographed or

hydrolysed prior to chromatography.

2.5. Measurements

The protein content of the ETOH soluble and ETOH insoluble fractions of the
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GV and PTW were measured according to Lowry et al. (1951). The ETOH

extract of the GV was therefore further separated by the chloroform-methanol-

water method of Hugh & Dyer (1959).

Lipid estimations were done gravimetrically as well as colorimetrically ac-

cording to Renkonen (1961).

Carbohydrate estimations on ETOH soluble and insoluble fractions of the

GV and PTW and on the alkali insoluble fraction of the PTW were carried out

colorimetrically by means of the phenol-sulfuric acid method (Dubois et al.

1956).

3. RESULTS

3.1. Composition of the GV and PTW

The components of the GV and PTW are divided into ETOH soluble and in-

soluble fractions. The ETOH soluble fraction of the GV is divided into protein,

lipid, and carbohydrate fractions (table 1).

The ETOH extraction removes 42.0 % of the total dry weight of the purified

GV. In addition to carbohydrates (4.0 %) distinct amounts of proteins (4.4 %)

and lipids (5.0%) are present. In contrast to GV only 3.5% of the tube wall

material is soluble in ETOH. This 3.5% represents exclusively carbohydrates.

The ETOH insoluble material of the GV fraction contains mostly protein

(40.0%) and lipid (13.5%) and only a small amount of carbohydrate (3.2%),
while in the fraction of the PTW carbohydrates (57.7 %) and protein (13.3%) are

the main constituents. Lipid could not be found in the ETOH insoluble frac-

tion of PTW.

3.2. Neutral sugars

Separation by thin-layer chromatography (TLC) of the neutral sugars from the

hydrolysates ofthe various extracts gives the monosaccharides commonly found

in plant cell walls (table 2).

The ETOH fraction of the GV contains xylose but lacks arabinose whereas

the reverse is true for the PTW. Quantitative differences are found in mannose

and glucose. Both ETOH fractions reveal a reducing carbohydrate (X) on

Table 1. The amount ofcarbohydrate, protein, and lipid in ETOH soluble and ETOH insolu-

ble fractions as percentage of the original dry weights.

ETOH soluble ETOH insoluble

GV PTW GV PTW

Carbohydrate 4.0 3.5 3.2 57.5

Protein 4.4 0.0 40.0 13.3

Lipid 5.0 0.0 13.5 0.0

Unrecovered 28.6 0.0 1.3 25.7

Total 42.0 3.5 58.0 96.5
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chromatographs located between the origin and galactose both before and after

TFA hydrolysis. The nature of this compound remains unknown. The only

difference between the unhydrolysed and hydrolysed ETOH fraction is noted

at the origin which is cleaned up after hydrolysis.

The composition of the hot water soluble fraction is the same in GY and

PTW, with one exception. Xylose is present only in the GY fraction. On chro-

matographs of the GY fraction mannose stains more intensily, i.e. is predomi-

nant over glucose. In the PTW fraction, however, glucose is predominant over

mannose. Since the staining is less sensitive for mannose than for glucose, this

indicates a large difference in the concentration of the two sugars. The HCI

extract also shows a large difference between GY and PTW with respect to the

relative concentrations of mannose and glucose. The KOH extract of the PTW

lacks the sugars fucose, xylose, and arabinose that are present in the KOH

extract of the GY. After TFA hydrolysis of the KOH residue of the GY and the

PTW fraction a clear spot appears which corresponds to glucose.
The sugar compositions of the ETOH, H

20, HCI, and KOH extracts of the

GY differ only slightly; galactose appears as an additional sugar in the HzO-

extract and this extract lacks the unknown sugar (X). The HCl-extract reveals

the presence of arabinose and galactose which are absent from the ETOH-

extracts. The only distinction between the HCI and H
2
0 extracts is the presence

of arabinose in the HCI extract. The sugar composition of the KOH extract is

nearly the same as that of the HCI extract.

The differences in sugar composition ofthe H
z
O and HCI extract of the PTW

fractions are small. The HCI extract reveals no galactose and the presence of

xylose is doubtful. The KOH and HCI extractions differ in the presence or

absence of fucose and galactose. The KOH extract contains galactose and lacks

fucose while the reverse is found in the HCI extract.

Tabel 2. Monosaccharides detected in the different fractions after TFA hydrolysis. The pre-

sence or absence of each monosaccharide is indicated by the symbols + and —, respectively,

as revealed by comparison with reference sugars. The symbol ® is used when a sugar could be

barely detected, the symbol + + when a sugar gives a very intensive spot.

Sugars

Fractions

ETOH h
2
o HC1 KOH TFA

GV PTW GV PTW GV PTW GV PTW GV PTW

rha -j- + + + -f + + -f + + + + — _

fuc + + + + + + + — — —

xyl + — + — 0 0 + — — —

ara — + — — + — + — — —

man + + + + + + + + + + + — —

glu + + + + + + + + + + + + +

gal — — 0 +, 0 — 0 + — —

X + +

glu UA — — + 0 + + — — — —

XX UA +

gal UA — — + 0 + + — — — —
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3.3. Acidic sugars

The GV fraction contains an acidic carbohydrate with a mobility between galac-
turonic acid (gal UA) and glucuronic acid (glu UA). In the ETOH-extract of the

GV and PTW no galacturonic acid and glucuronic acid could be detected.

Glucuronic acid and galacturonic acid are found in the hot water and HC1 frac-

tions of both the GV and PTW. In the hot water fraction of the PTW the uronic

acids are barely detectable. In addition to these uronic acids there are traces of

acidic carbohydrates with higher mobilities than galacturonic acid and glu-
curonic acid.

3.4. Nature of the alkali insoluble material

Analysis of the alkali insoluble material of PTW preparations reveals that the

carbohydrate content of this material accounts for 6 % of the total dry weight.

Table 2 shows that this carbohydrate material consists exclusively of glucose.

Preliminary investigation by X-ray diffractionof this materialfrom PTW reveals

its cellulosic nature. The nature of the alkali insoluble material of the GV is

under study.

4. DISCUSSION

The protein and lipid content of the GV in the ETOH soluble fraction is 4.4%

and 5.0% of the dry weight, respectively. Small amounts of carbohydrates are

found in the lipid as well as in the protein fraction. Is is not clearwhether a part

ofthe protein and lipid materials is possibly bound to the ETOH soluble carbo-

hydrates. Some evidence has been presented indicating that such carbohydrate

complexes with proteins and lipids may be precursors in polysaccharide synthesis

(Anderson et al. 1965, Datta et al. 1973, Knee 1973). Talmadge et al. (1973)
found that 2 % of the dry weight of sycamore primary cell walls was soluble in

chloroform-methanol.This material was foundto be hydroxyproline rich glyco-

protein. In the ETOH soluble fraction of the Petuniapollen tube no protein has

been detected.

The protein: lipid ratio in the GV of Petunia pollen tubes is 70:30. In HeLa

cells the protein:lipid ratio in plasmamembranes is 60:40 and in Golgi cis-

ternal membranes 33:67 (Bosmann et al. 1968). Thus it appears that the protein

content of the GV of Petunia pollen tubes is quite high. One may, therefore,

assume thatnot all protein isolatedfrom GV represents structural protein of the

unit membrane of the GV but that part of it derives from enzymes, possibly
from those involved in polysaccharide biosynthesis. Some of these enzymes have

been detected in GV (Friend 1969, Harris & Northcote 1971, Heyn 1971,
Northcote & Pickett-Heaps 1966, Young 1973).

The total carbohydrate content of the PTW is 61 % and the protein content

13.5 % of the dry weight. These dataagree very well with the values reported for

the hyphal walls of Ceratocystis (Harris & Faber 1973) and the cell walls of

sycamore cell suspension cultures (Talmadge et al. 1973). The total carbohy-
drates of the PTW contain 6 % alkali insoluble material with glucose as the only
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monosaccharide after TFA hydrolysis. This alkali insoluble material proves to

be cellulosic in nature as will be published in detail later. The amount of this

cellulosic material in thePTWis in good agreement with thecellulosecontent(7 %)

in Lilium pollen tubes (Van der Woude et al. 1971).

Chromatographs ofhot water fractionsof the GV reveal the monosaccharides

rhamnose, fucose, mannose, xylose, glucose, and galactose; the PTW gives the

following monosaccharides: rhamnose, fucose, mannose, glucose, and galac-

tose. With the exception of arabinose in the GV and xylose and arabinose in the

PTW, these sugars are the same as those foundin the GV and PTW fromLilium

(Van der Woude et al. 1971).

The sugar composition of the ETOH and hot water extracts of the GV is

nearly identical with the exception of galactose and sugar X (table 2). In the

ETOH fraction galactose is absent, sugar X is present, while the reverse is the

case in the hot water extract.

The corresponding extracts of the PTW show the same behaviour with respect

to these two sugars. Arabinose is found only in the ETOH extract of the PTW.

Hot water extraction of the GV and the PTW, without ETOH prior to it,

results in a sugar composition that is found when the separated extracts of

ETOH and hot water are combined. The differences in sugar composition found

in the subsequent extraction with ETOH and hot water stresses the importance
of ETOH as starting extraction medium.

The ETOH extracts of the GV and the PTW contain probably differentkinds

of components. Some of these are monosaccharides visible on TEC plates prior

to TFA hydrolysis. It is known that free monosaccharides may occur in plant

material, although mostly glycosides are found (Schaffer 1972). After TFA

hydrolysis a clean origin is obtained on TEC plates. However, no additional

sugars are found. This could mean that ETOH has extracted besides mono-

saccharides oligosaccharides or carbohydrates attached to proteins and lipids.

These last substances were also found in the ETOH extract and could be

hydrolysed by TFA.

When the extracts of the GV are compared in the subsequent steps of extrac-

tion with respect to their sugar composition, it is observed that the ETOH and

hot water fractions resemble one another. The same observationwas madewith

respect to the HC1 and KOH extracts. The differences in the monosaccharide

composition ofthe various extracts ofthe PTW are more pronounced thanthose

of the GV, especially with respect to the monosaccharides xylose, fucose, arabi-

nose, and galactose.

The ETOH fraction of the GV reveals an acidic sugar with a mobility between

galacturonic acid and glucuronic acid. Apart from these no other uronic acids

are found in the ETOH fraction of both the GV and PTW. Glucuronic acid and

galacturonic acid are found in the H
2
0 and HCI fractions of the GV and the

PTW. The presence of galacturonic acid and glucuronic acid in pollen tube

walls from Lilium was reported by Labarca & Loewus (1972). However,

Van der Woude et al. (1971) found only galacturonic acid inLilium pollen tube

walls. Galacturonic acid and glucuronic acid are commonly found in pectin and
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hemicellulose respectively (Aspinall 1970, Bauer et al. 1973, Danishefsky

et al. 1970, Talmadge et al. 1973).

The monosaccharide composition of the polysaccharides extracted from the

GV and the PTW are very similar. A number of datasuch as the enzymes found

in Golgi vesicles (Friend 1969, Harris & Northcote 1971, Heyn 1971,

Northcote & Pickett-Heaps 1966, Young 1973), the presence of polysaccha-

rides in Golgi vesicles (Dashek & Rosen 1966, Van der Woude et al. 1971), the

increasing stainability ofthe Golgi vesicles on their way from Golgi cisternae up

to the cell wall (Van der Woude et al. 1971), theresemblance in monosaccharide

composition of the polysaccharides of the GV and the PTW, the fusion of Golgi
vesicles with the plasmalemma (Sievers 1963, Sassen 1964, Crang & Miles

1969, Rosen & Gawlik 1965, Van der Woude & Morre 1968, Van der Woude

et al. 1971) strongly support the idea that Golgi vesicles are involved in the

synthesis of the cell wall material. It can, however, at present not be excluded

that besides Golgi vesicles also other organelles contributeto the cell wall syn-

thesis. However, it must be mentionedthat differences in monosaccharide com-

position of the GV and the PTW are observed. Pollen tube preparations contain

a relatively low amount of pollen tube tips (light microscopic observation).

Golgi vesicles fuse with the plasmalemma at the tip of the growing pollen tube.

It could be that synthesis of cell wall material is continued after this fusion

process and that sugars may be brought to the cell wall not only by Golgi

vesicles but perhaps also by an other system. Perhaps the particles derived from

the endoplasmatic reticulum, which were observed by Van der Woude et al.

(1971) in Lilium represent such a system.
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