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Abstract-Comfer leaf lipids contam, m addmon to the fatty acids found m angrosperms, a senes of poly- 
unsaturated acids v&h A5 oleflmc unsaturatlon All the species contam A5 CzO acids and the members of 
the fanuly, Pmaceae, contam, m addmon a series of C 1r, As acids Slgmticant amounts of a saturated Cr, 
branched-cham acid were present m many of the speczes The dlstrlbutlon of polyunsaturated acids among 
certain hpld classes was mvestugated and it was found that Cl6 and Cl8 polyunsaturated acids wnh w3 
unsaturatlon are concentrated m the galactosyl dlglycerldes 

INTRODUCTION 
IT HAS been established that the major polyunsaturated acids present m angiosperm leaf 
hplds are hnolemc (18 3~3) and hnolem (18 2~6) actds Many angtosperm species have 
present, in addition, varymg proportions of hexadeca-7,10,13-tnenolc (16 3~3) acid’ and, 
m two families, Boragmaceae and Caryophyllaceae, sigmficant amounts of y-hnolemc 
(18.3~6) and octadeca-6,9,12,15tetraenolc (18.4~3) acids have been found 2*3 All these 
acids are of the methylene-interrupted type. Neither non-methylene-mterrupted nor CzO 
polyunsaturated acids have been reported as constituents of angiosperm leaf lipids 

The presence of CzO and Czz methylene-interrupted polyunsaturated acids have been 
found m the lipids of lower plantsG6 and also unusual non-methylene-mterrupted CzO have 
been found m the leaf lipids of Gymnosperms and Eqmsetales.4*’ Durmg a survey of leaf 
hplds it was found that the leaves of Pzceu abzes contamed unusual Cl8 and CzO non- 
methylene-mterrupted polyunsaturated acids and an mvesngation was undertaken of the 
leaf hplds of a range of conifer species to find the distribution of these unusual acids among 
comfers and also to compare the dlstnbutlon 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 comfer species are 

shown m Table 1. The comfer species are similar to angiosperms m that the major con- 
stituent fatty acids are hnolemc, hnoleic and palmmc acids. All the conifer species studied 
contained small amounts of 16 30~3, a lower homologue of hnolemc acid The comfer leaf 
hplds differ from those of angiosperms m having present various Czo polyunsaturated acids 
mcludmg non-methylene-mterrupted polyunsaturated acids with A5 olefimc unsaturanon. 
In addition, all the members of the Pmaceae studied contamed a senes of Cl8 A5 poly- 
unsaturated acids, 18 2,A5s9 18 3,A5*9.12 and 18 4A5*9J2Js. This series of Cls acids has an 
additional A5 olefimc bond Inserted m the common plant acids, 18 1~9, 18 2w6,18* 3~3 It 
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TABLET FATIYACWCOMKXWIONOP 

12 0 13 0 14 0 15 0 15 0 16 0 16 1 16 1 16 2 16 3 17 0 17 0 
br w7+9 o13t w6 03 br 

Pmaceae 
Abres procera 
A grandrs 
A concolor 
A amabrhs 
A nordmanmana 
A veitchu 
A alba 
Pseudotsuga menzeu 
Picea ables 
P srtchensis 
P obovata 
P engelmannrr 
P orrentahs 
P marrana 
Tsuga heterophylla 
T canadensrs 
Larlx decrdua 
L leptoleprs 
Cedrus deodora 
Pmus sylvestris 
P contorta 
P mgra 

Taxodlaceae 
Sequora grgantea 

Cupressaceae 
ThuJa phcata 
Chaemaecypans 

plsrfera 
C thyoldes 
C Iawsonrana 

01 tr 09 07 
02 tr 11 06 
10 02 12 11 
06 tr 16 08 
09 01 16 03 
15 03 26 12 
02 tr 11 06 
03 tr 15 06 
14 tr 44 tr 
23 01 35 tr 
11 01 25 01 
47 tr 37 02 
40 tr 31 01 
40 01 29 03 
02 tr 17 02 
03 tr I5 01 
02 tr 14 - 
02 tr 19 - 
50 02 23 - 
17 tr 48 - 
24 tr 23 - 
87 02 79 - 

19 04 15 - 

08 01 15 - 

03 tr 06 - 
06 tr 25 - 
20 tr 39 - 

Cupressus sempervrrens 1 8 0 1 8 9 - 
C nootkatensrs 05 tr 15 - 
Cryptomerra sapomca 0 5 0 4 I 8 - 
Juniperus communrs 0 5 tr 1 7 - 
J vrrgmzana 37 02 47 - 

Taxaceae 
Taxa baccata 01 tr 14 - 

05 129 03 07 tr 01 38 03 
05 126 03 09 tr 02 31 03 
04 101 07 1.3 tr 02 45 04 
02 97 07 09 tr 02 42 04 
11 101 04 11 tr 13 41 04 
04 131 02 13 02 08 48 04 
tr 98 01 09 tr 10 28 tr 
05 133 04 07 tr 35 29 02 
01 12.5 02 07 01 09 21 02 
01 176 05 07 01 15 13 02 
01 120 02 05 03 15 35 03 
02 142 12 09 02 14 24 05 
02 155 02 09 02 11 27 06 
03 138 02 10 01 12 26 03 
04 159 05 10 tr 02 24 02 
03 122 02 07 tr 03 13 02 
02 135 14 16 06 43 11 03 
02 158 05 19 02 48 07 04 
03 157 02 07 02 42 16 04 
02 120 03 04 02 12 05 tr 
01 110 01 03 01 10 02 01 
02 112 07 08 02 40 03 04 

01 160 01 05 tr 31 01 01 

01 193 03 06 04 21 01 04 

01 149 05 02 02 16 03 04 
02 123 02 04 01 16 03 05 
01 158 04 04 tr 19 01 03 
01 147 08 04 tr 33 04 03 
02 189 01 03 tr 21 01 02 
01 154 18 11 tr 25 11 03 
03 184 03 10 02 41 02 04 
01 160 01 03 tr 12 04 02 

03 153 03 04 tr 58 02 03 

was also found that when one member of a genus contamed these C,, As acids then all the 
members studled had slmllar amounts of these acids The presence of A5 acids m plant 
tissues IS unusual but various acids of this type have been found recently m seed 011s,~-~~ m 
Dlct_postehm ducoldeum hplds’3 m pme bark,14 and m the leaf lipids of Equlsetales 2*7 

* R G. POWELL, C R SMITH, JR and I A WOLFF, Lzprds 2, 172 (1967). 
a TORU TAKAGI, J. Am 011 Chem Sot 41,516 (1964). 
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I* C R SMITH, JR, R KLEIMAN and I A WOLFF, Llpcds 3,37 (1968) 
I3 F DAVID~FF and E D KORN, Bcochem Btophys Res Commun 9,64 (1962) 
I* J W ROWE and J H SCR~GGINS, J Am Chem Sot 29, 1554 (1964) 
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Many of the comfer species studied contained considerable proportions of a saturated 
C1, branched-cham acid and from the chromatographlc behaviour of this acid it is probably 
the unteiso isomer I5 The distribution of this acid among the different genera 1s shown m 
Fig. 1. Smaller amounts of a similar C1 s acid were found m four of the genera studied These 
branched-chain acids are found only m trace amounts m angiosperm leaf lipids. 

It has been shown2 that, m the leaf lipids of angiosperm species, there are variations m 
the proportions of polyunsaturated aads during the growing season of a plant and a study 

I5 G R. JAMIILWN, in Toprcs m Lzpld Chemzstry (e&ted by F D Gu~s-raw), Vol. 1, Logos Press, London 
(1970) 
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TABLE 2. FAITY ACID COMPOSITION OF 

12 0 14 0 16 0 16 1 16 1 16 2 16 3 17 0 18 0 18 1 
w7 + 9 w13t w6 w3 br 

Plcea abres 
Total 
MGDG 
DGDG 
Polar 

Ptnus sylvestrrs 
Total 
TG 
DG 
MGDG 
DGDG 
Polar 

Larlx decadua 
Total 
TG 
DG 
MGDG 
DGDG 
Polar 

Taxa baccata 
Total 
TG 
DG 
MGDG 
DGDG 
Polar 

15 41 12 5 
02 07 20 
08 20 11 7 
04 10 180 

02 
01 

:1 

06 01 07 21 06 50 
- 01 35 03 06 12 
- 02 16 20 17 17 
09 tr tr 31 20 70 

17 48 120 03 04 
24 34 20 2 04 - 
22 40 36 7 04 - 
06 09 49 03 - 
15 24 10 5 01 - 
10 15 21 0 02 13 

06 10 13 8 03 14 
11 13 1.50 06 - 
10 10 29 7 06 - 
01 02 20 02 - 
04 02 10 4 02 - 
03 08 158 03 29 

01 

0”: 

:1 
04 

:; 
23 
04 
14 
16 

17 3 03 06 
183 0.5 - 
24 2 06 - 

45 02 - 
10 6 02 - 
19 8 02 12 

02 

o”l 
06 
03 
04 

01 

$1 

:2 
02 

tr 
tr 
02 

Zl 
02 

12 05 07 72 
04 32 17 120 
84 12 10 76 

127 01 *5 18 
07 07 08 14 
07 11 12 38 

31 23 11 43 
02 37 13 85 
79 16 09 65 

127 07 02 05 
28 16 11 07 

08 18 21 74 

61 
05 
68 

159 
18 
07 

03 
08 

0”: 
02 
10 

10 
18 
12 
05 
08 
17 

76 
164 

54 
20 

tr-trace; TG-triglycerides;; DG-dlglycerldes , MGDG-monogalactosyl dlglycerldes 
DGDG-d@actosyl dlglycendes 

FIG 1 DISTRIBUTION OF 17 0 anteerso AMONG CONIFER GENERA 
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DIFFERRNT LIF’ID CLASSES OF CONIFER LEAVRS 
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was made of the fatty acid composrtion of the leaf lipids of larch (I.&x decidua) from mrd- 
Apnl to the end of October, 1970. The variations m the proportions of 16.3~3 + 18.3~3 
and 18.206 are shown in Fig. 2. These vartations are sinular to those obtained for angro- 
sperm specres. There was a raptd Increase m the proportron of ~3 acids durmg the early part 
of the growing season wrth a subsequent levelhng out m the mrddle part of the season. Tins 
Increase was accompamed by a correspondmg decrease m the w6 acids which also level out 
m mid-season. Throughout the growing season there was httle vanatton m the proportrons 
of the A5 C1a and Czo acids. 

The fatty acid composrtlons of several hprd classes from 4 conifer species are shown m 
Table 2. It 1s found that the Cl6 and Cl8 polyunsaturated ~3 acids are concentrated in the 
galactosyl drglycendes accountmg for 78 7-92 5 % and 68 8-76 0 % of the total acids of the 
monogalactosyl and drgalactosyl dtglycendes respectively. These total amounts of 03 acids 
are slightly lower than those found m the galactosyl drglycerides from angrosperm speaes.’ 
Although 20 4A5*“J4J7 is an w3 acid rt 1s found only m trace amounts m the monogalactosyl 
dlglycendes and both the A5 CzO acids are preferentrally concentrated m the polar lipids. 
Thrs 1s srmrlar to the drstnbutron of these As Czo acids m the hpid classes of Equisetum 
arvenseP 

The distnbutron of fatty acids among the drfferent lrpid classes of comfers is smular to 
PHrm 11/1-s 
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illI’ 1 , 
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Week No 

FIG 2 VARIA~ONS IN THE PROPORTIONS OF ~3 AND 06 ACIDS DURING THE OROWING SEASON OP 
Larix decrdua 

that of anglosperms as follows: (I) 16.3~3 is preferenttally concentrated m the mono- 
galactosyl dlglycendes and rt would appear that, m thts hpld class, 18 3~3 IS replaced in 
part by the lower homologue; (11) the drglycende fraction contains a considerable amount of 
16 3~3, (III) the trans aad, 16 lw13t, IS found only in the polar hprd fraction; (IV) the 
highest proportrons of saturated acids are found m the triglyceride and Qglycende fractions; 
(v) the MGDG fraction has the highest degree of unsaturatron (Table 3) 

TABLE 3 DEGREEOF UNSATIJRATIONOFTHE FATTYACIDSOPDIFFERENTLIPIDCLMSFS 

Average double bonds per mole 
fatty acid 

MGDG DGDG Polar TG DG 
________- .~_ -__ __ 

Conrfers 
PIcea abres 29 23 18 - - 
Pmus sylvestrrs 27 24 16 16 14 
Larrx decrdua 30 27 17 18 17 
Taxa baccuta 27 25 17 17 19 

Mean 28 25 17 17 17 

Ptendophyta 
Eiprsetum arvense’ 27 22 1*7 - - 

An@osperms 
Contammg 16 3~3’ 29 27 19 18 15 
Contammg 18 403*e3 3 1 27 17 - - 
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EXPERIMENTAL 
Samples of Acea abzes, Anus syivestrrs, Lunx decidua and Taxa baccata were collected m the surroundmg 

dtstrtcts of Patsley. Samples of the other comfer species were obtamed from the Forestry Comnusston at 
Inverness and the Lael Forest, We&r Ross. Lip& were extracted and separated mto classes by methods 
descrmed.“*+ The actds were tentatively rdentu%d usmg chromatographtc and degradattve methods aheady 
pubhshed.* The saturated Gil and Ci, branched-cham aculs were tentatively rdentdkl usmg chromato- 
graphic methods and tables of ECL values I5 

GLC analyses were carrted out on a PE 800 chromatograph with polyester coated open tubular columns 
of d&rent polarny. 
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