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THE LEAF LIPIDS OF SOME CONIFER SPECIES
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(Recewed 3 June 1971)

Abstract—Conifer leaf lipids contain, 1n addition to the fatty acids found m angiosperms, a series of poly-
unsaturated acids with A% olefinic unsaturation All the spectes contain A% C, acids and the members of
the family, Pinaceae, contain, in addition a series of Cys A® acids Significant amounts of a saturated Cyy
branched-chain acid were present in many of the species The distribution of polyunsaturated acids among
certain lipid classes was investigated and 1t was found that C;¢ and C;s polyunsaturated acids with w3
unsaturation are concentrated in the galactosyl diglycerides

INTRODUCTION

IT HAS been established that the major polyunsaturated acids present 1n angiosperm leaf
hpids are linolenic (18 3w3) and linoleic (18 2w6) acids Many angiosperm species have
present, in addition, varying proportions of hexadeca-7,10,13-trienoic (16 3w3) acid! and,
in two families, Boraginaceac and Caryophyllaceae, significant amounts of y-linolemic
(18.3w6) and octadeca-6,9,12,15-tetraenoic (18:4w3) acids have been found - All these
acids are of the methylene-interrupted type. Neither non-methylene-interrupted nor C,,
polyunsaturated acids have been reported as constituents of angiosperm leaf lipids

The presence of C,, and C,, methylene-interrupted polyunsaturated acids have been
found 1n the lipids of lower plants*—¢ and also unusual non-methylene-interrupted C,, have
been found in the leaf lipids of Gymnosperms and Equisetales.*'” During a survey of leaf
Iipids 1t was found that the leaves of Picea abies contamned unusual C,5 and C,, non-
methylene-interrupted polyunsaturated acids and an investigation was undertaken of the
leaf lipids of a range of conifer species to find the distribution of these unusual acids among
conifers and also to compare the distribution of polyunsaturated acids among certain
classes of comfer lipids.

RESULTS AND DISCUSSION
The fatty acid compositions of the total lipids from the leaves of 34 conifer species are

shown 1n Table 1. The conifer species are similar to angiosperms in that the major con-
stituent fatty acids are linolenic, linoleic and palmitic acids. All the conifer species studied
contained small amounts of 16 3w3, a lower homologue of linolenic acid The comfer leaf
lipids differ from those of angiosperms 1n having present various C,4 polyunsaturated acids
including non-methylene-interrupted polyunsaturated acids with AS olefinic unsaturation.
In addition, all the members of the Pinaceae studied contained a series of C,5 A5 poly-
unsaturated acids, 18 2,A%-? 18 3,A5:2:12 and 18 4A5-9:12.15 This sertes of C,g acids has an
additional A% olefinic bond inserted 1n the common plant acids, 18 19, 18 2w6, 18- 3w3 1t
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TABLE I FATTY ACID COMPOSITION OF

120 130 140 150 150 160 161 161 162 163 170 170

br o7+9 wldt wb w3 br
Pinaceae
Abies procera 01 tr 09 07 05 129 03 07 tr 01 38 03
A grandis 02 tr 11 06 05 126 03 09 tr 02 31 03
A concolor 10 02 12 11 04 101 07 13 tr 02 45 04
A amabihis 06 tr 16 08 02 97 07 09 tr 02 42 04
A nordmanmana 09 o1 16 03 11 101 04 11 tr 13 41 04
A veitchu 15 03 26 12 04 131 02 13 02 08 48 04
A alba 02 tr 11 06 tr 98 01 09 tr 10 28 tr
Pseudotsuga menzeu 03 tr 15 06 05 133 04 07 tr 35 29 02
Picea abies 14 tr 44 tr o1 125 02 07 01 09 21 02
P sitchensis 23 01 35 tr 01 176 05 07 01 15 13 02
P obovata 11 01 25 01 o01 120 02 05 03 15 35 03
P engelmannu 47 tr 37 02 02 142 12 09 02 14 24 05
P orientalts 40 tr 31 01 02 155 02 09 o2 11 27 06
P marana 40 01 29 03 03 138 02 10 o1 12 26 03
Tsuga heterophylla 02 tr 17 02 04 159 05 10 tr 02 24 02
T canadensis 03 tr 15 o1 03 122 02 07 tr 03 13 02
Larix decidua 02 tr 14 — 02 135 14 16 06 43 11 03
L leptolepis 02 tr 19 — 02 158 05 19 02 48 07 04
Cedrus deodara 50 02 23 — 03 157 02 07 02 42 16 04
Pinus sylvestris 17 tr 48 — 02 120 03 04 02 12 05 tr
P contorta 24 tr 23 — 01 110 01 03 01 10 02 01
P mgra 87 02 79 — 02 112 07 08 02 40 03 04
Taxodiaceae
Sequoia gigantea 19 04 15 — 01 160 01 05 tr 31 01 01
Cupressaceae
Thuwa pheata 08 01 15 — 01 193 03 06 04 21 01 04
Chaemaecyparis
pisifera 03 tr 06 — 01 149 05 02 02 16 03 04
C thyoides 06 tr 25 — 02 123 02 04 01 16 03 05
C lawsomana 20 tr 39 — 01 158 04 04 tr 19 01 03
Cupressus sempervirens 18 01 89 — 01 147 08 04 tr 33 04 03
C noorkatensis 05 tr 15 — 02 189 01 03 tr 21 01 02
Cryptomeria saponica 05 04 18 — 01 154 18 11 tr 25 11 03
Junmiperus communis 05 tr 17 — 03 184 03 10 02 41 02 04
J virgimiana 37 02 47 — 01 160 01 03 tr 12 04 02
Taxaceae
Taxa baccata 01 tr 14 — 03 153 03 04 tr 58 02 03

was also found that when one member of a genus contained these C,5 A% acids then all the
members studied had similar amounts of these acids The presence of A% acids in plant
tissues 1s unusual but various acids of this type have been found recently 1n seed oils,512 1n
Dictyostelum discordeum lipids'® 1n pine bark,*# and in the leaf lipids of Equisetales 2°7
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THE TOTAL LIPIDS OF CONIFER LEAVES
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18:0 181 182 182 183 183 18 4 200 20.2 203 23 20:4 220
A5.9 ‘06 A5.9.12 ‘03 A5,9.12.15 201 ‘06 AS.II.l‘ 0)6 A5.11,14.l7
29 113 08 167 33 344 41 11 04 20 05 11 11
27 147 13 124 20 1381 35 07 02 20 03 11 12
08 45 11 138 43 381 39 08 07 56 03 26 24
11 60 18 127 37 425 44 04 04 34 05 20 18
0S5 66 11 119 22 444 33 05 06 34 10 14 17
12 78 15 95 28 314 78 05 06 34 08 39 24
10 61 11 108 21 509 34 03 03 33 05 29 08
10 81 07 119 16 408 28 08 02 45 03 21 11
05 50 09 116 42 437 58 05 tr 24 03 09 16
10 13 14 110 35 351 47 05 01 16 02 06 12
06 54 05 145 49 377 39 04 05 45 04 23 22
09 38 08 139 33 374 37 05 03 31 04 08 15
11 33 08 128 42 372 43 09 02 37 02 08 18
12 37 05 133 42 345 42 12 03 46 02 22 27
16 44 03 90 18 497 24 15 03 27 06 19 11
22 29 01 114 11 512 07 12 04 61 03 32 21
16 38 09 120 25 440 26 05 03 32 02 11 217
12 40 11 108 27 460 40 04 02 25 06 09 16
05 316 05 99 13 433 26 04 02 34 04 19 12
07 72 02 152 43 341 32 03 16 83 11 20 05
12 176 02 220 22 310 17 06 06 35 02 10 06
09 27 04 82 19 350 19 09 07 67 06 13 43
11 17 — 161 —_ 434 — 11 05 63 02 37 21
14 22 — 156 — 450 — 16 02 35 01 35 12
14 11 — 154 — 496 —_ 13 03 59 02 28 29
12 16 — 124 — 40 — 26 06 87 03 71 22
12 84 — 158 — 394 — 07 07 44 03 35 08
12 29 — 161 — 404 — 06 03 41 02 18 16
13 36 — 232 — 336 — 09 07 73 02 29 27
09 21 — 154 — 456 — 09 02 42 04 21 30
10 27 — 38 — 513 — 02 01 20 01 14 03
16 36 — 140 — 344 — 15 0s 91 01 43 40
12 8§82 — 113 — 445 — 09 05 27 03 38 24

Many of the conifer species studied contained considerable proportions of a saturated
C,, branched-chain acid and from the chromatographic behaviour of this acid 1t 1s probably
the anteiso 1somer *> The distribution of this acid among the different genera 1s shown 1n
Fig. 1. Smaller amounts of a similar C, 5 acid were found in four of the genera studied These
branched-chain acids are found only 1n trace amounts 1n angiosperm leaf lipids.

It has been shown? that, 1n the leaf hipids of angiosperm species, there are variations 1n
the proportions of polyunsaturated acids during the growing season of a plant and a study

135G R. JaMiesoN, 1n Topics in Lipid Chemistry (edited by F D GunsToNE), Vol. 1, Logos Press, London
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TABLE 2. FATTY ACID COMPOSITION OF

120 140 16 0 16 1 16 1 16 2 16 3 170 180 181

w7 +9 wl3t wb w3 br
Picea abtes
Total 15 41 125 02 06 01 07 21 06 50
MGDG 02 07 20 01 — 01 35 03 06 12
DGDG 08 20 117 tr — 02 16 20 17 17
Polar 04 10 180 01 09 tr tr 31 20 70
Pinus sylvestris
Total 17 48 120 03 04 02 12 05 07 72
TG 24 34 202 04 —_ tr 04 32 17 120
DG 22 40 367 04 — 01 84 12 10 76
MGDG 06 09 49 03 — 06 127 01 05 18
DGDG 15 24 105 01 — 03 07 07 08 14
Polar 10 15 210 02 13 04 07 11 12 38
Larix decidua
Total 06 10 138 03 14 01 31 23 i1 43
TG 11 13 150 06 — tr 02 37 13 85
DG 10 10 297 06 — 01 79 16 09 65
MGDG 0t 02 20 02 — tr 127 07 02 05
DGDG 04 02 104 02 — 02 28 16 11 07
Polar 03 08 158 03 29 02 08 18 2 74
Taxa baccata
Total 01 18 173 03 06 tr 61 03 10 76
TG 06 21 183 05 — tr 05 08 18 164
DG 08 23 242 06 — 02 68 05 12 54
MGDG tr 04 45 02 — tr 159 01 05 20
DGDG 01 14 106 02 —_ 0t 18 02 08 18
Polar 04 16 198 02 12 02 07 10 17 64

tr—trace; TG—triglycerides; DG—diglycerides, MGDG—monogalactosyl diglycerides
DGDG-—digalactosyl diglycerides
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DIFFERENT LIPID CLASSES OF CONIFER LEAVES

18 2 18 2 18 3 18 3 18 4 200 202 23 20 3 20 4 220
AS:9 w6 A1 43 ASSIZIS 20 w6  ASLL14 wh  ASILI4T 291

07 122 49 418 66 05 tr 28 02 11 17
03 51 14 776 69 tr tr tr tr tr tr
02 63 03 68 30 24 tr tr 02 tr 01 08
08 250 33 258 40 02 01 51 04 08 20
02 152 43 341 32 03 16 83 1t 20 05
02 135 16 268 17 18 06 67 08 12 16
16 47 19 216 39 08 02 21 06 08 02
48 37 15 548 128 tr tr tr tr tr tr
39 51 12 628 57 10 01 12 tr 06 tr
16 196 33 180 46 19 35 85 36 22 10
03 198 45 386 28 07 04 21 06 10 12
05 262 136 193 17 14 05 28 03 04 16
08 107 21 297 32 08 02 12 06 06 08
01 29 06 710 88 tr tr tr tr tr tr
tr 40 04 76 16 12 01t 07 01 13 14
06 322 61 172 18 09 11 45 08 14 10
— 164 —_— 379 — 08 04 28 04 42 20
— 196 —_— 281 —_ 14 05 31 04 31 28
—_— 53 —_ 473 — 10 02 16 04 18 04
— 43 —_ 719 —_ 02 tr tr tr tr tr
— 67 —_— 721 —_ 0-4 02 13 01 16 tr
— 276 —_ 198 — 13 10 61 08 71 31

was made of the fatty acid composition of the leaf lipids of larch (Larix decidua) from mid-
April to the end of October, 1970. The variations in the proportions of 16.3w3 + 18°3w3
and 18.2w6 are shown in Fig. 2. These vanations are similar to those obtained for angio-
sperm species. There was a rapid increase in the proportion of 3 acids during the early part
of the growing season with a subsequent levelling out in the middle part of the season. This
increase was accompanied by a corresponding decrease 1n the w6 acids which also level out
1n mid-season. Throughout the growing season there was little variation in the proportions
of the A’ C,g and C,, acids.

The fatty acid compositions of several lipid classes from 4 conifer species are shown 1n
Table 2. It 1s found that the C,s and C, g polyunsaturated »3 acids are concentrated in the
galactosyl diglycerides accounting for 78 7-92 59/ and 68 8-76 09 of the total acids of the
monogalactosyl and digalactosyl diglycenides respectively. These total amounts of w3 acids
are slightly lower than those found 1n the galactosyl diglycerides from angiosperm species.!
Although 20 4A3:11.34.17 45 ap w3 acid 1t 1s found only 1n trace amounts 1n the monogalactosyl
diglycerides and both the A% C,, acids are preferentially concentrated 1n the polar hipids.
This 1s stmular to the distnbution of these A% C,, acids in the lipid classes of Equisetum
arvense.*

The distribution of fatty acids among the different lipid classes of comifers is stmilar to

PHYTO 11/1--8
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FIG 2 VARIATIONS IN THE PROPORTIONS OF w3 AND w6 ACIDS DURING THE GROWING SEASON OF
Larix decidua

that of angiosperms as follows: (1) 16-3w3 is preferentially concentrated in the mono-
galactosyl diglycerides and 1t would appear that, in this hpid class, 18 3w3 1s replaced in
part by the lower homologue; (1) the diglyceride fraction contains a considerable amount of
16 3w3, () the trans acid, 16 Iwl3t, 1s found only 1n the polar lipid fraction; (1v) the
highest proportions of saturated acids are found 1n the triglyceride and diglyceride fractions;
(v) the MGDG fraction has the highest degree of unsaturation (Table 3)

TABLE 3 DDEGREE OF UNSATURATION OF THE FATTY ACIDS OF DIFFERENT LIPID CLASSES

Average double bonds per mole

fatty acid
MGDG DGDG Polar TG DG
Conifers
Picea abies 29 23 18 — _
Pinus sylvestris 27 24 16 16 14
Larix decidua 30 27 17 18 17
Taxa baccata 27 25 17 17 19
Mean 28 25 17 17 17
Pteridophyta
Equisetum arvense* 27 22 17 —_— —_
Angiosperms
Containing 16 3w3! 29 27 19 18 15
Containing 18 4323 31 27 17 —
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EXPERIMENTAL

Samples of Picea abres, Pinus sylvestris, Larix decidua and Taxa baccata were collected m the surrounding
districts of Paisley. Samples of the other conifer species were obtained from the Forestry Commission at
Inverness and the Lael Forest, Wester Ross. Lipids were extracted and separated mnto classes by methods
described.?* The acids were tentatively identified usmg chromatographic and degradative methods already
published.* The saturated C,s and C,; branched-cham acids were tentatively identified using chromato-
graphic methods and tables of ECL values **

GLC analyses were carried out on a PE 800 chromatograph with polyester coated open tubular columns
of different polarity.
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