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The chemical compositions of pollen have
been studied in relation to human allergic res-
ponses (Knox et al 1970; Lewis et al., 1967),
human diet, bee nutrition(Watabe et al., 19613,
self-incompatibility (Howlett et al., 1975) and
taxonomy(Lawrence, G.H., 1951) etc. Endo-
genous chemicals in pollen have been correlated
with patterns of inheritance and growlh require-
ments for pollen(Nielsen et al., 1955; Shaw et
al., 1968). Growing pollen in witro also permits
the study of chemicals required for growth
process such as nuclear division and cell wall
extension.

The particular interest in pollen is growing
duc to the fact that it is now possible to pro-
duce the adult haploid plants {rom the cullare
of isolated pollen grains in chemically defined

media, to select new

permilting  geneticians
physiological mutant-plants with a given cha-
racter similar to handling microorganisms by
microbiologists (Nitsch, 1974).

In gymnosperms, microspores are formed in
the microstrobili which generally develop in the
axile of scale leaves near the tips of branches.
Each macrostrobilus usually bears many mi-
crosporophylls ina spiral arrangement around
the central axis, each with two or more mi-
crosporangia on the lower side. Microspore
mother cells undergo meiosis giving rise to the

spore tetrad, each yielding 4 microspores, ulti-

mately the pollen grains. Each pellen grain is
scaled in a double layered wall. The outer
pollen wall in many species forms {wo conspi-
cuous wings or sacs which contain air. Such
structures reduce the free fall velocity of these
wind-dispersed, anemophilous pollen. Gymno-
sperm pollens show the complete gametophytic
development pattern; the nuclei divide several
times and resulting mature grains, in Pinus
for example, contain the following cells; two
non-functional prothallial cells, a ceniral vegeta-
tive or tube cell and the generative cell, the
latter two originating from the antheridial
initial. With formation of these cells, gymno-
sperin pollen grains arc shed from the micro-
sprangia.

The generative and the vegetative cells have
been shown to synthesize RNA and proteins
during germination and tube growth and have
been studied on the specific roles they perform
during that period(LaFountain ¢t al., 1972;
Mascarenhas et al., 1669). Though many of
their specific roles have not been known, the
destiny of the gencrative cells has been known
to be gamete formation and the main role of
the vegetative cell seems to be rclated to tube
growth (Pipkin et al., 1973). The male gameto-
phytic or sperm cells which are formed by
generative cell division in pollen tube are ready
to fulll their function in fertilization. The sperm

cells participate in double fertilization in angio-
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sperms, one forming the 2un zygote, the other
usually giving rise to the 3n endosperm. In
gymnosperms one sperm cell generally disinte-
grates; the other produces a 2n zygote.

We have previously repoted in a preliminary
study the distribution of DNA, RNA, lipid phos-
phorus, triglycerides, residual nitrogen, and
acid-soluble phosphorus in pollens from 13
species of gymnosperm and angiosperm plants
(Lee and Chung, 1976).

In a serial work, we present this time a
study on the chemical compositions of pollens
in special reference to their carbohydrates and
lipid patterns, in exclusive gymnosperm species
and one angiosperm species as comparison.

MATERIALS AND METHODS

Collection of pollen grain and sample

preparation

Bunch of full-blown flowers concerned were
placed on a clean shcet of paper and pollens
detached from anthers spontaneously or by
mechanical shaking were taken and sieved to
obtain homogencous grain size. Special precau-
tion was taken to the collection of pollen grains

free of dust and microorganisms.
Pollen grains of individual species were dis-

rupted using French press (Aminco). Suspensicn
(10%, w/v) of pollen grains in distlled water
was introduced into French press cell and
pressure was brought to 20,000 psi. Liquid
containing disrupted pollen grians was allowed
to escape dropwise through the exit valve and
was collected, confirming rupture of cell walls
by microscopy and lyophilized immediately. The
lyophilized powder of pollen
preserved in a short time in a desiccator filled

grains  was

with nitrogen gas until chemical analyses.
Estimation of nucleic acids
500 mg of the lyophilized sample were homo-

genized in an appropriate amount of 5% per-

chloric acid at 0°C, allowing to extract the acid-
soluble material and centrifuged. This process
was repeated twice. The supernatant was then
discarded to remove the acid-soluble fraction
and the residue was delipidated withm ethanol
and subsequently with alcohol-ether (3:1).

The total nucleic acid content was determined
by measuring UV absorbance of the extract at
260 nm and 290 nm(Cherry, 1973). DNA con-
tent in the extract was determined spectropho-
tometrically by use of the diphenylamine reac-
tion of DNA deoxypentose(Disch, 1930), where
salmon DNA was used as a standard. RNA was
estimated by substraction of DNA content from
total nucleic acid content.

Determination of soluble carbohydrates

The lyophilized sample was suspended in
distilled water (0.1%, w/v) and the homo-
genate was centrifuged at 20, 000 x g for 30 min.
The total soluble sugar in the supernatant
obtained was deicrmined spectrophotometrically
by use of phenol;sulfuric acid reaction(Dubois
et al., 1956), where glucose was used as a
reference standard.

Determination of starch

500mg of the lyophilized sample were homo-
genized with an appropriate amount of 80%
ethanol and centrifuged to remove the soluble
sugar in the supernatant. 52% perchloric acid
was added to the residue to dissolve starch and
centrifuged, and to resulting supernatant was
added then sodium chloride and iodine-potassium
iodide solutions to form starch-iodide complex
(Colowick and Kaplan, 1957). The starch-
iodide complex was precipitated by centrifuga-
tion and alcoholic sodium hydroxide was added
to the precipitate to liberate the starch by re-
duction of iodine. The precipitated starch hy
centrifugation was suspended in 0.7N HCI and
transferred to the flask fitted with reflux con-
densor and heated on the steam bath for 10
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hours to hydrolyze the starch. The liberated
glucose was determined by use of phenol-sulfuric
acid reaction (Dubois et al., 1956).
Determination of total free amino acids
The lyophilized sample was suspended in
distilled water €0.1%, w/v) and centrifuged at
20,000 x g for 30 min, and the supernatant
obtained was deproteinized with sodium tung-
state and dil. sulfuric acid. The frce amino
acid in the protein-free filtrate was delermined
by 1-fluro-2, 4-dinitrobenzene reaction(Robert,
1963), where glycine was used as a reference
standard.
Extraction and determination of total lipids
Lipid was extracted with ether from 5 gm of
lyophilized samples in Soxhlet apparatus for 48
hours by heating ether solution to be siphoned
every 5 min. The solution was evaporated under
reduced pressure and the residuc was dissolved
in petroleum ether. The solution was Afltered
through Whatman filter paper No.l and the

filtrate was transferred to the weighing bottle.

4 5 6 7 8
Fig. 1. Separation of pollen lipids and lipid refercnce
compounds applied individually or as a mixture.
Lipid from Ginko. 2. Lipid from Pinus rigida
Mixture of referance compounds 4-8,

Stearic acid 5. Tristearin 6. Methyl stearate,
Cholesteryl stearate 8. Cholesterol

1 oz 3

T oo

After the petroleum cther was completely eva-
porated under reduccd pressure, the weight of
the total lipids was mecasured by an analytical
balance, and benzene was then added to the
bottle to prepare benzene solution for later use
in thin-layer chromatography.

Thin-layer chromatography (TLC)

Thin-layer plate 200 x 200 mm, with layer of
0.3mm of Silica gel G(Merck) was prepared
in usual way and the plate was activated by
heating in an oven at 110°C for 60 min, then
cooling in a desiccator. After the sample was
applicd on the plate with Hamilton microsy-
ringe, the thin-layer chromatogram was developed
at room temperature in an ascending direction
with a mixture of petroleum ether-diethyl ether-
acetic acid, 90:10:1 (v/v). After deveopment,
spots in the chromatogram were detected by
spraying ammonium molybdate-perchloric acid
(Lowenstein, 1969), then heating in an oven
at 80°C for color development. The lipid class
in the spots was identified by comparison with

1 1 2 3 4 5 6

Fig. 2. Separation of lipids by thin layer chroma-
tography from total lipid extracts of pollen
species.

Pinus rigida 2. Alnus japonica
. Ginko 4. Pinus koraiensis

Pinus aurescens 6. Pinus thunbergii

Lo
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Rf value of reference compounds such as

tristearin for triglyceride, methyl stearate for
each fatty acid ester, stearic acid for free fatty
acid and, cholesteryl stearate and free choles-
terol for bound sterol and free sterol, respec-
tively.(Fig.2)

Quantitative analysis of lipid by TLC

For the quantative analysis of lipid, the
thin-layer plate was marked into 6lanes, 3cm
interval. The samples were applied on the lanes
ajacent to 2outmost lanes rerserved for refe-
rences and two inner lanes were left for blank.
After the plate was developed with the solvent,
all the lanes except the outside reference lanes
were covered with aluminum foil. The outside
reference lanes were sprayed with ammonium
molybdate-perchloric acid and the lipid spots on
the lane were detected by heating in a vacuum
oven at 80°C. The zone corresponding to the
lipid spot was marked in the unexposed lane.
This zone, together with a corresponding arca
from the blank lanc where no sample was
applicd, was carefully scraped from the plate
onto square of cellophanc paper, and transferred
to 10 ml glass-stoppered tube for analysis. To
each of the tube was added 2 ml of dichromate
reagent, prepared by dissolving 2.5g of KCr,
0, in 1liter of conc. HyS80;. The tube was
heated in a water bath at 100°C for 45 min
with occasional shaking to bring the silica gel
to fine supsension. After the tube was cooled and
centrifuged at high speed, the supernatant was
ten-fold diluted. Absorbance of the diluted
solution was measured at 350 nm against a
distilled water blank. The amount of lipid in
the unknown mixture was estimated by cal-

culation according to the formula:

Absorbance of unknown
—Absorbance of silica gel blank
Absorbance of standard
—Absorbance of silica gel blank

__Microgram of lipid in unknown
Microgram of lipid in standard

Preparation of fatty acid esters

The benzene solution of lipid for TLC was
evaporated to dryness under reduced pressure
and the residue was dissolved in 0. 5N alcoholic
KOH. The solution was heated in a water bath
for 30 min to saponify the lipid. The solution
was replenished with alcohol occasionally to
prevent the solution from boiling down. After
saponification, the solution was evaporated to
dryness under reduced pressure and the residue
was dissolved in distilled water. Ether was added
to the agueous solution to extract unsaponifiable
cholesterol in ether layer. Then the separated
aqueous layer was acidified with dil. H,SO, and
fatty acid was extracted 3 times with ether
from the acidified solution. A few milligrams
of N-nitroso-N-methyl urea were added to the
combined ether extract in a test tube, then conec.
NaOH was added slowly through the wall of
the test tube to liberate diazomethane which
converts the free fatty acid to their methyl ester.
The ether layer was washed with distilled water
repeatedly until the aqueous layer was neutral Lo
the phenolphthalein. The ether solution was
evaporated and the residue was redissolved in
dichloromethane for gas chromatography.

Gas chromatography

Gas chromatography of methyl esters of fatty
acid was performed with Pye Unicam GCV
equipped with a flame ionization detecter. The
glass column (4mmx1.5m) was packed with
10% DEGS on 80—100 mesh Diatomite. The
column temperature was 175°C. Nitrogen was
used as a carrier gas at flow rate of 30ml/min.
The retention times of the reference compounds
such as methyl esters of lauric, myristic, pal-
mitic, palmitoleic, stearic, oleic, linoleic, lino-
lenic, and arachidic acid were measured. The
individul fatty acid on the gas chromatogram

of the sample was identified by those retention
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times, but methyl esters of behenic acid was
identified from the straight line obtained by
potting log,, retention time versus the number
of carbon atom in the saturated fatty acid chain
(Fig. 3). The composition of fatty acid was
calculated by measuring the individual peak

area hy triangulation procedure.

i 1 | L 1 1

Fig 3. Plot of retention time for standard fatty
acid methyl esters on semilogarithmic paper.

RESULTS AND DISCUSSION

Results expressed as percent of dry weight
material were means of triplicate or duplicate
analyses on each aliquot. The maximum fluc-
tuation between ecach analysis was less than 5%
of mean value.

As shown in Table 1, the nucleic acid content
of pollen examined does not vary widely except
gingko, showing around 0.05% for DNA and
0.72-1.02% for RNA in Pinaceae. The gingko
pollen contains, however, about three times as
much DNA as Pinus species, thus confirming
the result of our previcus report(Lee and
Chung, 1976)

The amount of chromosomal DNA in the
nuclei of different species of higher plants varies

enomously and all are diploids with the same

Table 1. Pollen nucleic acid contents

% Dry Weight
Total nucleic acid DNA RNA

Pollen Species

Gingko biloba L. 3.87 0.14 3.73

Pinus rigida 0. 86 0.05 0.81
Pinus koraiensis 0.83 0.05 0.78
Pinus thunbergii 1.02 0.05 0.97
Pinus aurescens 0.85 0.05 0.80

Pinus densiflora 1.08 006 1.02

Aluns japonica 0.75 0.03 0.72

number of chromosomes(2n=14), although the
chromosome size varies considerably. But chro-
mosome size is closely correlated with nuclear
DNA content(Rees, 1972). Flavell et al.(1974)
also reported that the 2 C nuclear DNA contents
of the species varies between 1,7 and 98 pg.
The chromosome number of gingko and pine
(densiflora) is 16 and 24 respectively in diploid
cell(Ahn, 1963).
gingko in chromosome number. The ploidy of

Thus, pine is superior to

pollens concerned was neither determined nor
found in available referenccs. In connection with
the pollen DNA content it should be recalled
that the mature pollen grains contain either two
or three nuclei, that is, a vegetative nucleus
and either a generative nucleus or two sperm
nuclei which arise from mitotic division of a
generative nucleus. But the pollen size of ginglko
was shown about 3 limcs 2s much mass as
that of Pinus. The higher DNA content in
gingko pollen is supposedly attributable in part
to pollen size, comparing with Pinus, because of
the cell weight or size being roughly parallel
to DNA content(Flavell et al.,1974).

On the other hand RNA comprises about
0.72—1.02% of pollen dry weight except gingko
(3.73%), indicating much low content, in com-
parison with the former data (Lee and Chung,
1976). It seems to be due to the application cf
different method f{or estimation of RNA. The
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RNA content was previously determined by
orcino! reaction of ribose but this time it was
estimated indirectly by the difference between
total nucleic acid and DNA contents, because
the extreme abundance of carbohydrates in plant
interferes much with the orcinol
reaction(Ingle, 1963).

Togasawa et al. (1968) reported that in Pinus
densiflora, DNA and RNA occur 0.016% and
0.14% respectively. Stanly and Yee (1966)
found one tenth lower percent of DNA(0. 05
%) and RNA(0.5%) in Pinus ponderosa than
Euler et al.(1948) found in Pinus montana.

While this may possibly be attributed to a

material

larger mass of enclosing wing and exine in P,
ponderosa, it seems more likely to be the result
of improved assay procedure, Thus the DNA
value of Piraceae in present paper is just same
as that of Stanly and Yee (1966). but is still
higher than that of Togasawa et al.(1968). In
general, pre-1960 reported DNA
content at level of about 0.5% ol the dry

weight and total RNA content varying from

literature

0.6% to 10%. More accurate assay procedure
with less contamination should be exploited for
plant

the determination of nucleic acid in

materials,

Pollen grains contain 11-16% of the total
soluble carbohydrate on dry weight basis(Table
2), which seem to be used as principal meta-
bolic substrate upon germination of pollen. The
level varies with species, harbitat, and harvesting
and storage cenditions. Fructose, glucose and
sucrose are the free sugars in highest concent-

ration in ethanol extracts of pollens{Motomura

Table 2. Soluble carbohydrate and starch contents

of poliens

% Dry weight

Pollen Species Water-soluble carbohydrate Starch
as glucose equivalent

Gingho biloba L. 11.4 -
Pinus rigida 15.0 2.82
Pinus koraiensis 16.2 7.06
Pinus thunbergii 12.5 3.53
Pinus aurescens 11.6 0.59
Pinus densiflora 12.3 2.54
Alnus japonica 13.8 1.62
et al., 1962).

As shown in Table 2, starch content of Pinus
pollen varies with narrow range of 2.5-3.5%
in 3 species(P. densiflora, P. rigida and P. thun-
bergii), but occurs as much as 7,0% in P,
Foraiensis and as low as (.6% in P.aurescens.
Alnus pollen contains 2.8% of starch. It is
noteworthy that the starch was absent in
gingko pollen in repeating analysis, in contrast
to very high content of P. koraiensis. Huegel
(1965) reported that starch content of pollen is
highly variable, comprising as much as 12.4%
of the dry weight of Twyphalatifolia down to
2.6% in P. thunbergii which is well comparable
with ours. The wide variation in starch content
may be in part due to environmental factors
(temperature, duration, humidity) upon storage
which could cause pollens to carry out oxidative
metabolism. Thus, function of carbohydrate
storage in pollen could be understood in connect-
ion with viability of pollens. Apart from animal
sperm cells, pollen grains have been proved

Table 3. Free amino acid contents of pollens

Gingko Pinus Pinus

s Pinus Pinus Pinus Alnus
Pollen Species biloba L. rigida  koraiensis thunbergii  aurescens densiflora  japonica
% RZZ :’rﬁ}ﬁ}(}tai?dgi““ge“ 0.90 0.38 0.38 0.43 0.42 0.51 0. 64

~— 130 —




—Chung & Lee: Chemical Constituents of Gymnosperm Pollens—

to survive upon prolonged storage, though
depending on the species.

The free amino acid contents of pollen range
from 0.38% to 0.51% in 5 species of Pinus,
while scores 0.9% and 0.64% in gingko and
Alnus japonica respectively(Table 3). Analytical
data of the free amino acids in pollens have
been reported (Linskens and Schrauwen, 1969)
and it was shown that all the essential amino
acids are present in pollens and the free amino
acids do not necessarily reflect the mole ratio of
amino acids in pollen protein. The free amino
acid contents can vary with the climate and
nutritional conditions of plants on which the
pollen matures (Tseluiko, 1968). It seems likely
that high level of amino acids together with
soluble carbohydrates is very Important in
keeping pollen grains viable upon storage. Be-
cause of the importance of pollen proteins in
allergy response and the nutirtional interest,
the analysis of pollen proteins is now underta-

1

vi

RECORDER RESPONSE —

VI

v

RETENTION TIME —»

ken in this laboratory as well as pollen free
amino acid pattern and amino acid composition
of pollen proteins.

As shown in Table 4, the total lipid content
of pollen varies {rom 3.87% to 6.28% in species
of Pinus and 2,39% and 3. 46% are accounting
for gingko and Alnus japomica, respectively.
And the triglyceride contents of pollens examined
range from 1.09% to 2.23%. Ether extracts
of pollen variy considerably and the exine-
contained lipid material is probably the major
source of variation in ether-extractable mater-
ials. The comparison of fat and starch contents
of different pollen was the basis for the classifi-
cation by Calvins(1974) of 1,170 species, she
correlated the storage energy source with disper-
sal mechaniam, i.e. species high in fat are
distributed by bees, while pollen high in starch
are wind-dispersed. Generally, the percent lipids
will run 5% or less,

The free fatty acid contents vary from 0.13

I 12:0
o t4:0
m i5:0
IV 16: ¢
v 18:0
VI 18:1
VI 18.2
vm 20:0
1% 18:3
X 20:2
XI 22: 0
% X1
v x

Fig. 4. Gas chromatogram of methyl esters of fatty acids in the saponifiable fraction of lipid from
gingko pollen on 1.5mXx4mm (I. D.) glass column packed with 109 DEGS on 80-100 mesh
Diatomite; temperature 175°C; nitrogen carrier gas 30ml/min; flame ionization detector;

attenuation 83X 102
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Fig. 5. Gas chromatogram of methyl esters of fatty acids in the caponifiable {raction of lipid from P.
koraiensis pollen on 1.5mx4mm (I.D.) glass column packed with 10% DEGS on 80-100 mesh Diatomite;
temperature 175° C; nitrogen carrier gas 30ml/min; flame jonization detector; attenuation 8 102,

% to 2.0% in Pinus species, which 0.26% in
gingko and very low value of 0.06% in Alnws
Jjaponica(Table 4). Ching(1962) reported 1.25
—1.33% dry weight free fatty acids in 2
species of freshly harvested pinus pollens,
The fatty acids are primarily recovered in
the saponified portion of lipid extract. Table 5
shows the distribution of fatty acids in saponi-
fiable fractions of the pollen lipids, Eight fatty
acids in both genera Pinaceae and Alwus and
11 in gingko were detected in the gas chromato-

gram(Fig. 4, 5), though 7-10 fatty acids were

identified. The major fatty acids are palmitic
acid(25.0—28.1%), oleic acid(29.8—41.5%)
and acids (24.9—33.5%) in Pinus
species, while palmitic acid 19, 3%, linoleic acid
42.6%, linolenic acid 11%, behenic acid 149%
in gingko, and palmitic acid 11.6%. oleic acid
16. 5%,
26.8% in Alnus japonica. In general, very low

linoleic

linoleic acid 43.49%, linolenic acid
palmitic acid value is scored in all the pollens
examined, and arachidic acid (3.79%¢%5.29%)
occurs only in Pinus species. It is noticeable

that much higher linolenic and lower oleic
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Table 4. Distribution of pollen lipids

Free fatty acid  Sterol ester

. . . Triglyceride Sterol  _Sterol-ester
Pollen Species Total lipid (% dry weight) free stercl
Gingko biloba L. 2.39 1.09 0.20 0.30 0.20 1.5
Pinus rigida 6.28 1.88 2.00 1. 66 0.13 12.7
Pinus koraiensis 5. 84 1.72 1.10 1.09 0.12 9.0
Pinus thunbergii 4.68 2.23 0.54 0.67 0.09 7.4
Pinus aurescens 3.87 1.69 0.13 0.59 0.16 3.7
Alnus japonica 3.46 1.48 0.07 0.59 0.10 5.9
Table 5. Distribution of fatty acid components in saponifiable fraction of pollen lipids
Fatty acids (% weight as methyl esters)
. - ... Palmi- . . . . . . Ara- .
Pollen Specics Lauric Myristic Palmitic toleic Stearic Oleic Linoleic Linolenic chidic Behenic
12:0 14:0 16:0 16:1 18:0 18:1 18:2 18:3 20:0 22:0 20:2
Gingko biloba trace 0.5 18.3 1.3 1.1 7.3 42.6 11.1 trace 14.6 2.2
Pinus rigida trace 28.1 1.2 335 33.5 trace 3.7
Pinus koraiensis trace 27.9 3.4 29.8 31.8 2.1 5.0
Pinus thunbergii trace 25.3 2.0 40.7 26.6 1.4 4.0
Pinus aurescens 0.5 26.0 2.9 41.5 24.9 5.2
Alnus japonica 0.4 11.6 1.3 16.5 43.4

acids are contained in gingko pollen, compared
with those of Pinus, and the occurrence of
behenic acid only in gingko pollen. While very
high linolenic acid level is found with lower
palmitic acid in Alnus japonica. Similar fatty
acid pattern and scanty amount of trienoic acid
are also characteristic in Pinus pollens.

Ching and Ching(1962). applying gas chro-
matographic analysis, detected 16 different fatty
acids in 5 species of Pinws, reporting that
palmitic and oleic acids werc major components,
e.g. 14 to 31% of the fatty acids extracted from
Pponderosa and P. contota pollens, agreeing
closely with the present data.

The bound and free sterol contents of pollens
vary 0.3—1.66% and 0,09—0. 2%, respectively
and the ratio of bound sterol to free one ranges

from 1.5% to 12.7%. Thus, the pollen sterol
content varies considerably from species to species
with more bound form than free one.(Table 4,

The amounts and types of sterols vary between
different pollen species. Pinus pinaster pollen
extracts contained more bound sterols than were
free(Dungworth al.,1971). The general
conclusion of Standifer et al.(1968) based on

data from 15 pollen species, is that no simple

et

phylogenetic relationship is discernable from
the sterol data.

SUMMARY

An attempt was made to reassess the nucleic
acid contents of pollen materials in this paper,

dealing with 6 species of gymnosperm, including
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5 species of Pinus and one Gingko species, and
one Alnus species of angiosperm as comparison.
The starch, water soluble sugar and free amino
acid patterns in pollens were examined as well
as their lipid compositions and fatty acid pat-
terns of saponified lipids.

Results obtained are summarized as follows:

1. The DNA content was around 0.05% on
dry weight basis of pollen in 5 species of Pinus.
Gingko pollen, however, contained about 3
times as much DNA as in Pinus and Alnus
japonica 0.3%. The discussion was made in
relation to the higher DNA content in Gingko
pollen. The RNA content comprised ranging
from 0.8% to 1.02% in 5 species of Pinus,
while 3.73% in gingko and 0.72% in A. japon-
ica, indicating exceptionally high RNA content
in Gingko pollen.

2. The soluble carbohydrate content in pollen
ranged {rom 11. 4% to 16. 2%. The pollen starch
content varied with a narrow range of 2,5
3.5% in 3 specics of Pinaceae, but as much as
7.0% in P. koraiensis and as low as low as 0.6
o, in P. aurescens. It is noticeable that no
starch was detectable in Gingko pollen.

3. The nitrogen content of free amino acids
of pollens comprised 0.38% to 0.51% in 5
species of Pinaceae, while 0.97% and 0.64%
in Gingko and A. japonica, respectively.

4. The total lipid content was in the range
of 3.87% to 6.28% in Pinus pollens and 2.39
9%, in Gingko and A. japonica.. The free fatty
acid content was variable from 0.13% to 2.0%
in Pinus and 0.26% in Gingko and as low as
0.06% in A. japonica. The bound and free
sterol content of pollens varied considerably
0.3—L.66% and 0.09—0.2%, respectively and
ihe ratio of bound sterol Lo free one ranged from
1.5% to 12.7%, indicating more bound form
than free one.

5. The gas chromatograms detected 8 fatty

o] 713 : Gymnosperm {E#o] 3}E4 2—

acids in both genera Pinus and Alnus and 11
ones in Gingko, though 7 to 10 fatty acids were
identified. The major fatty acids are palmitic
acid(25. 0—28. 19%), oleic acid(29. 8-41, 5%) and
linoleic acid (24.9—33.5%) in Pinus species,
while palmitic acid 19.3%, linoleic acid 42. 6%,
linolenic acid 11%, behenic acid 14% in Gingko,
and palmitic acid 11.6%, oleic acid 16.5%,
linoleic acid 43.4%, linolenic acid 26.8% in
Alnus japonica. It is noteworthy that much
higher linolenic acid was contained in Gingko
pollen with lower oleic acid, as compared with
those of Pinaceae, and behenic acid occurred

only in Gingko.

PRERE(
20 sk @7
Ageigta o s 4zl
g4 & 2-0 71 4

Gymnospermel] % &l 5% 9 4vid gga &9 3
29 ¥ 24 angiosperme] oty L8] vhFElEe] 4]
DNA, RNA, A%, 8494, fFeioprlned ¢ A
o Feks} A AFY Ay Lxd #¢ dF 4
e A e GFH4 Zrh

1. DNARZE Azgl 389 £3& 7Fog dq
559 avFEEelde N 0.05%1A T SR HL
AN £ty dgrd g% 3 A= 32 o
R shEelA e 0.03%2A 7bg wvh RNA e
DNA @eknch iz 10d] A% Heoo g8y
743 oA 3.73%VF H

2. ¥ &4 FAY TFL 11.4~16.2% 24
el Fqol vt 2 "skyh @b zEv A&
FFe g FHo] we wHs AA TR
AAE 7.0% 24 713Ez L F LA ALl A
54 @3+t

3. 8 olrlxate] AaFFE LPHEAA A
Lok 0.97%¢l 2 Vel Al A& 0.38~0.64%°] ot

4. FAAL FFe A 2.4~6.3%0l2 FAZE
TLC2 =8 Axe triglyceride(l.09~2.23%) ¥
sterol ester (0.30~1.66%)7} F4 %ol sterol® free
sterol®tl= T2 sterol ester2 Z4 §¢ 2 E
e 3 A A gge 58 a(1.1%) 9 da

Gymnosperm JE#32| 3}8tM

— 134 —



—Chung & Lee: Chemical Constituents of Gymnosperm Pollens—

£ =

5 A AL Asled 4.& Ay strazcr
ez $AF Ao avtiatEeddE
(25.0~28.1%), oleic acid(29.8~41.5%) % linoleic
acid (24.9~33.5%)7} FAFLE BTz 285
g9 oo Ads Bxier) vlEe linolenic acid7b Z+7}
26.8% W 11.1%2 EAotn] £vFold ez 2
%= = arachidic acide A &=5A @9k 2.8 g
= g s¥d A A2 ¥ behenic acid(14. 6%)

Aulzd g oz A Ak

palmitic

REFERENCES

Ahn. M.S. (Ed.): Normina Plantarum Korearum, p.1
—3, Seoul, Bumhaksa, 1963.

Calvino, E.G.M.: In Stanley R.G. and Linskens, H.F,
(Ed.)}: Pollen Biology, Biechemistry, Management,
p. 146, London Springer-Verlag, 1974.

Cherry, ].H.: Molecular Biology of Plants. Columbia
University Press, p.63, 1973.

Ching, T.M. and Ching, K.K.: Fatty acids in pollen
of seme comiferous species. Science, N.Y., 138:890,
1962,

Dische, Z.: Mikrochemie 8:1, 1930.

Dubois, M. Gills, X.A., Hamilton, J.K., Rebers, P.A.,
and Smith, F.: Colorimetric method for determination
of sugars and related substance. Anal. Chem., 28:
350, 1956.

Dungworth, G., McCormick, A., Powcll, T.G., Douglas,
A.G.: In Brooks, J., Grant, P.R., Muir, M., van
Gizzel., Shaw. G. (Eds.): Sporopollenin, p.512,
London: Academic Press, 1971.

Euler, H., Heller, L., Hogberg, K.G.: In Stanley R.G.
and Linskens, H.F. (Fd.): Pollen Bislogy, Bioche-
mistry, Management, p.183, London Springer-
Verlag, 1948.

Flavell, R.B., Bonnett, M.D., Smith, J.B. and Smith,
D.B.: Genome size and the proportion of repeated
nucleotide sequence DNA in plants. Biochem. Gene-
ties, 12:257, 1974.

Hassid, W.Z. and Abraham, S.: Determination of
Starch, In Methods in Enzymology, ed. by Colowick,
S.P. and Kaplan, N.O., 8:38, 1957.

Howlett, B.J., Knox, R.B. and Paxton, J.D.: Pollen

wall proteins: physicochemical characterization and
role in selfincompatibility in Cosmos bipinnatus. Proc,
Roy. Soc. London, Ser. B., 188:167, 1975.

Hiigel, M.F.: In Stanley R.G. and Linskens, H.F.
(Eds.): Pollen Biology, Biochemistry, Management,
». 132, London Springer-Verlag New York-Heidelberg
Berlin. 1965.

Ingle, J.: The extraction and estimation of nucleotides
and nucleic acids frem plant material. Phytochem.,
21353, 1963.

Knox, R.B., Heslop-Harrison, J. and Reed, C.: Locali-
zation by immunfluoresence of antigens associaled
with the pollen grains wall. Nature, Lond., 225: 1066,
1970.

LaFountain, K.L. and Mascarenhas, J.P.: Isolation of
vegetative nuclei from pollen tubes. Ezptl. Cell
Research, 73:233, 1972.

Lawrence, G.H.: Tazonomy of wvascular plants. The
Macmillan Co., New York, p.823, 1951.

Lee, K.Y, and Chung, H.X.: A Study on the chemical
constituents of various pollen species. The Korean
J. Biochem., 8:13 1976.

Lewis, D. Burrage, S. and Walls, D.: Immunological
reactions of single pollen grains, electrophoresis and
enzymalogy of pollen protein exudates. J. Exp. Bot.,
18: 1967 .

Linskens, H.F., Schrauwen, J.: In Stanley R.G. and
Linskens, HF. (Eds.): Pollen Biology, Biochemistry,
Management, p. 154, 1569.

Mascarenhas, J.P. and Bell, E.: Protein
during germination of pollen: studies on polysome
formation. Biochem. Biopys. Acta, 1701199, 1969,

Motomura, Y., Watanabc, T., Aso, K.: In Stanley
R.G. and Linskens, H. F. (Eds.): Pollen Biology,
Biochemistry, Management, p. 131, London Springer-
Verlag, 1962.

Nielson, N., Groemmer, J. and Lundén, R.: Investi-

synihesis

gations on the chemical composition af pollen from
some plants. Acta Chem. Scand., 9:1100, 1965.
Nitsch, C.:La culture de pollen isolé sur miliew synthe-
tique. C.R.Acad. Sci., Ser. D. 278:1081, 1974.
Pipkin, J.L. and Larson, D.A.: Changing patterns of
nucleic acids, basic and acidic proteins in generative

and vegetative nuclet during pollen germination and

— 135 —




~7 %2+ o] 714 : Gymnosperm 7E33] 2}8t 4 $—

Hippeastrum Belladonna.
Ezptl. Cell Res., 791:28, 1973.

Rees, H.: DNA in higher plants. Brookhaven Symp.
Biol., 23:394, 1972.

Robert, D.R.: Determination of serum amino acids.
Clin. Chem., 9:27, 1963.

Shaw, G. and Yeadon, A.: Chemical studies on the
constitution of some pollen and spore membranes. J.
Chem. Soc.(C): 16, 1968.

Skipski, V.P. and Barlay, M.: Detection of Lipids
on Thin-Layer

pollen tube growth in

Chromatograms. In Methods in
enzymelogy. ed. by Lowenstein, L.M. 14:541, 1969.
Stanley, R.G., Yee, A.W.G.: Nature, 210:181, 1966.

Tanaka, M. and Nakata, K.: Tobacco plants obtained

by anther culture and the experiment to get diploid
seeds from haploids. Japan J. Genetics, 44:47, 1960.

Togasawa, Y., Katsumata, T., Yamamura, Y., Ya-
manouchi, Y.: In Stanley, R.G. and Linskens, H.F.
(Eds.): Pollen Biology, Biochemistry, Management,
#.183, London: Springer-Verlag, 1968.

Tseluiko, N.A.: In Stanley R.G. and Linskens, H.F.
(Eds): Pollen Biology, Biochemistry, Management,
p. 154, London: Springer-Verlag, 1968.

Watanabe, T., Motomura, Y. and Aso, K.: Studies on
honey and pollen. III on the sugar composition in
the pollen of Typhka latifolia Linne. Tohoku J.
Agric. Res., 12:173, 1961.

— 136 —



