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Ahtract-The fatty xids and polu lipid compositions of leaves from nine alpine species were almost identical lo that 
of plants growing in habitats with little anal variation in temperature. Furthermore each polar lipid had about the 
same fatty acid composition in all plant spa& studiai. It is suggested that neither the relative proportions of different 
lipid classes nor the degree of saturation of individual classes arc dirtily implicated in the adaptation of plant tissues IO 
different climates. 

IWRODUCTION 

Temperature is prominent among the axAogM variables 
that determine the natural distribution of higlnx plants 
[ 1,23. For cxampk, many plants develop ksions (chilling 
injury) when exposed to temperatures at aA below 
critical temperature [3,4]. Since fluidity with2 lit 
bilayer is a central feature of the motljc 
biological membrane and maintaining tti fluidity is 
es3cntial for life prcccsscs [S]. then have baen scvcfal 
reports invoking changes in fatty acid unsaturation or 
lipid content in the cold acclimation prcxxss (for review 
sa ref. [6]). 

One of the important characteristics of kavcs is their 
distinctive polar lipid composition. Unlike non-green 
tissues such as roots, they are dominotad by gaktotipids 

confaining polyunsaturated fatty acids ratbcr than ph0s- 
pholipids [7]. There have hen rmny reports ol the polar 
lipid content of a variety of leaves from different plants 
limital to habitats with littk seasonal variations in 
temperature a.5 well as analyses of the fatly acids as- 

so&ted with each of the major lipid classes [7]. In 
contrast, the polar lipid content of plants native to 
habitats charactctixd by great variations in temperature 
during growth is almost compktely unknown. The prc- 
sent paper reports details of the lipid composition of 
leaves from various typical alpine spcsks. 

RESULTS 

The polar lipid composition of kavcs from nine alpine 
specks is given in Tabk I. The overall lipid com@tions 
of these widely disparate species arc remarkably similar. 
In all cases the uncharged lipids monogalactosyldiacyl- 
glycerol (MGDG), digalactosyldiacylglyccrol (DGDG) 
and phosphatidykholine make up mofe than two-thirds 
of the polar lipids. The retining fraction is mostly made 
up of anionic lipids principally sulphoquinovosykiiecyl- 
glycerol, phosphatidylglycerol and phosphatidyktha- 
nolaminc. In addition, the amount of galactolipids cx- 
cecds that of phospholipids. If we consider thar galacto- 

TaMc I. Polar lipid coapntion of kavcs from nine alpine spezics* 

Species 
AlIiIude Total lipids Oe by waght 

(ml (mg/g fr. WI) MGDG DGDG SL Pci PC PE PI DPG 

Elyna spuma 2100 9.6 

Salrx krbwta 2100 Il.7 
salrx WryuI 2400 7.1 
Salix relicdata 2400 6.3 
Rannnculw qlacialis 2700 3.9 
Androsdact hrlmica 28m 3.5 
Geum rqnaw 2700 5.9 
Alchemlla penlaphyrlea 2600 8.2 

Smunura depressa 2100 5.7 
Sanssvca &prcs.sa 2700 4.5 

34.0 34.3 4.6 6.0 12.7 5.4 2.2 0.9 
35.9 21.8 4.6 II.8 16.7 6.4 2.8 0.3 
34.3 221 5.3 6.9 20.5 8.4 2.9 0.5 
33.5 20.4 5.7 7.8 20.6 7.8 3.2 1.0 
37.8 228 5.6 11.7 14.0 6.0 2.1 0.3 
26.7 21.3 5.0 4.9 27 9.2 4.6 1.2 
30.5 225 3.7 9.1 200.2 9.8 3.6 0.6 
31.5 17.5 22 8.4 24.8 9.9 4.8 0.5 
38.5 27.2 6.4 28 lb 4.4 20 0.6 
35.6 28.9 10.9 4.9 II.9 4.8 27 0.6 

l AbbreviaIionr MGDG. monopbccqld~cylCf)rcrd; DGDG, digabaoayldiacylgl~o~ SL. rulpboqwmosW@glycaol: 
PC. p~tidykidinc; PG. phaphtidylglytxrol; PE phosphatidykthanohmiw PI. phoqhwdylinositok DPG. dipbosptwidyl- 

glycerol or cardmbpin. 
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lipids, sulphquinovosyldiacylglyccrol and phosphatidyl- 
glycerol are cotxcntratai in plastid membranes [8], the 
polar lipid composition in the kavcs of aIpir~ specks 
reflects the prcdominancc of chloroplastic mcmbrana. 
Intcrcstingly, the polar lipid composition of alpine spocies 
is Plmost identical to that of plants of more temperate 
habitats such as barley [9], sugar beet, maize and rye grass 
(for review see ref. [7] ). 

The relative proportions of tbc major fatty acids of the 
kava from alpine spccics are comparal (Table 2) to those 
of spinach (C,,, plant) and barky (C,, , plant), two 
typical higher plants. Again, the overall fatty a&l com- 
positions of these different spaks are rcmarhably similar. 
Thesaturatal fatty acid palmiticand thcunsaturatcd fatty 
acids f linokic, linoknk and hcxadaatrknok (C,, 
plant) , together account for almost all of the fatty 8~1 d 
content of the leaves. The most abundant fatty acid in all 
species was linolcnic acid. It is noteworthy that in contrast 
to animal cclk the fatty acid patterns of kavcs are 
rehttively simpk (for review se-c ref. [7]). 

The fatty acid composition of each polar Lipid has been 
determined in kavcs of alpine specks and tbe data are 
prcscntcd in Tabk 3. Each polar lipid has about the same 
fatty acid composition in all plant sp&cs studied. The 
small differences obsctvcd are the dccrcasc in the propor- 
tion of linoknic acid and the incrcasc in the proportion of 
linokic acid and oice cersa. Phosphatidyhnositol and 
phosphatidylglyccrol contain higher amounts of palmitic 
acid than other phospholipids in higher plant kava. All 
the galaaolipids examined contain a high amount of 
polyunsaturated fatty acids and the proportion of pal- 
mitic acid incrcaxs when MGDG aml DGDG from the 
same ussues are compared. Finally, the dcgrcc of unsatur- 
ation of individual lipid classes is almost identical in both 
the alpine species and in other plants such as barley [9] 
and spinach [7]. 

DtSCWWON 

These results demonstrate that fatty acids from mature 
kaf tissue are remarkably constant from plant to plant 
(sa also ref. [7] )and that the overall distribution of lipids 
regccts the high content of chloropksts in the tissue. 
Thcsc results also demonstrate that the fatty acid patterns 

of the kavcs of nine typical Plpine species are almost 
identical with those from plants growing in habitats with 
littk seasonal variations in tcmpcraturc. Interestingly 
analysis of the kavcs of I3 species of chill-scnsitin and 
chill-resistant plants by Wilson and Crawford [IO] 
showed noconelotion bctwccn tbc degree of unsaturation 
of ttk fatty acids and rcsistancc. In addition according to 
Vigh ef 01. [I I] change3 in linoknic acid kvels alone 
cannot bc rcsponsibk for adaptation of mcmbranc 
fluidity of rye and wheat seedlings according to tempcra- 
ture. Likcwisc Patterson ef al. [ 121 Inve ako faikd to find 
any correlation bctwcen the fatty acid distribution of 
polar Lipid extracts of the kaves of diffcrcnt chilling- 
scnsitivc and chilling-resistant strains of passion fruit. 
These results indicate thcrcforc that ncithcr the relative 
proportions of dilfcrcnt lipid cksscs nor the dcgrce of 
saturation of individuaI claascs are directly implicatai in 
the aazlimation of plant tissues to various climatcs. FinaUy 
the sum of C16:O and C16: 1’ from tbc phosphatidylgly- 
ccrol of thcsc alpine specks ranges bctwan 47 and 53 % 
(Table 3). in the same proportions than that found by 
Murata et ol. [13] in higher plants resistant to chilling 

EXPeRIMeNTAL 

Phnr nmerial. Expnding lava wc~ Iakcn from -1s of 

various alpine rpada: Elym s&aa Schrxt (Cypaurack 
Ranuu&sglorial&s L (RAnuacuLoat k An&o= ktorrica (L) 
All (Fnmuhaxk Grca, repcoru L (R ocrcrck Akhtmilla pmro- 
phyha L (R orrack Aea depressa (L) DC. subap. de- 

pessa (Gnn) Nym~ (ComposiIack SaUx herboreo L.. 
(!M&x@, SaUx rriicJola L; Salix muss L 

ThacrtudiawcrcomcredinIhcnonhandsou~s&paofIhc 
wa1putof1&c4ras(Fmxh/ups)inrhi&axItns1ingal@e 
cnvironmen1. FriIripl ColkcIinp station8 wcrc (1)-f& 
BoIani&xl Garden_ Luwrc F%sq 2loom; (2)intcrmaUc SW 

tion, 24CKl m; (3) Galit& pUr 26IXGXKl m The kn@h of the 
growmp sauon a~ rhcac altitudes is restricted to July and AUDI. 

The air Iallpcr8Iwe ruxlcls Weraped over several years arc 
shown in Tab&c 4. 

Ma~s.LclT~uou(l~~)wacBxodbyboilinpfoc5min 

In o&r IO destroy phospholipucs and lipoly~ic rylhydrolascs 
[ 141. &af @ds were then cxIractd wrording IO Fokh l I al. 
[IS]. In order lo remove &nxnIs from the chloroform cxIruzs 

Table 2. FaIIy acxl composition (% by weIghI) of IOU lipids from kaves of nine alpine spa& and ol spinxh 

(Spiwia o&rarea) and buky (Hordrw GM~WC) 

Altitude 

SF-= (m) CM0 Clb-II CM 3 Cl, 0 CM I C,, I Cl, I 

Elyna spit-ala 2100 12.8 25 1r 1.2 7.8 15.7 
Solix he&area 2100 11.5 3.2 tr 1.6 120 71.8 
Salix reIusa 2400 13.8 3.4 0.3 1.3 13.3 67.9 
Salix reficulafa 2400 14.1 28 lr 1.7 16.9 64.4 
Rauunculw glfxialls 2700 12 4.8 129 tr 0.6 123 57.4 
Androsue helwrua 2800 13.0 24 lr 5.3 29.6 49.7 
Gtsm repccar 2700 11.0 4.1 1.3 26 8.6 724 

A&-heA& penraphyllea 2600 9.5 4.2 I 4.2 17.3 63.8 
Sausswea depressa 2100 13.6 1.8 0.1 1.4 17.0 66.1 
Saussurea depressa 2700 10 25 Ir I 11.2 75.3 

Spwia o&rfxea 129 26 9 Ir I 14.5 60 
Hordeum c-e 16 3 1.2 I.7 17.5 60.6 
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0.9 
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7.2 
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44.4 

34.1 
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48.0 

8.6 

rn.8 
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SO.9 
27.0 

23.3 
5.7 

4O.O 
31.0 

10.8 

0.2 

2.3 
86.7 

31.9 

2.2 

4.0 
61.9 

13.4 

35.9 

5.9 

15.4 

29.4 

20.3 
2.0 

46.2 

31.5 

37.8 

1.4 

32.7 

28.1 

16.4 

1.4 

45.9 

36.4 

18.8 

5.9 

36.6 
38.6 

Vkc Tab& 1 for abbreviations urcd. 

Table 4 

Mean daily temperatures (‘) 
Botaniml garden Gabbier Pass 

(2100 m) (2800 m) 

maxImum minimum maxtmum minimum 

June 12R 18 8.5 - 1.6 

July 173 6.4 13.9 2 

AUglJSI 12.7 4.6 9.8 0.8 

SUIU~~ aiq~orr (I@ m 03.g totd hpid) weft layered on top of a 
column contunmg 2 8 nbcic acxl (B&ad; Bio-sil HA. Minus 325 

muh)cqtulibratai with CHCl,. Pigments were rqndly eluted by 

wuhmg the column wtth 2Cll ml CHCI,. Polar l~pd, were elutat 
with 2C#l ml McOHCHCl, (9: I). Polar lipid cxtmcts were 

maporated to dryness under a stream of aqon and the lipid 

revalues were redissolved in I ml CHCl,. 

lndivtdurl glyculi* (gz&xolipd, and sulphol~pd) and 

ph0sphohp& were separated from the bulk polar lqnd extract by 

2DTLC (siba @ 60 praxetd plrtu. Merck) using 
CHCl,-MeOH-H,O (65:25:4) m the fint Qmcnsion and 

CHCl,-Mc,CtSMcOH-HO&z-HI0 (10:4:2:2:1) In the 

second dimension [ 161. Ltpid, for fatty xxd analysis were located 

by sptayinp with anilinonapbthaknc sulpbonatc (0.2’. MeOH) 

and visualuad under UV Iif@ (36O nm). Individtul polar lipids 
were identu by their nxction nib spa& qxprry reagents and 

by cempuin# their R, values ntb thcnc Oc rcfercncz standards. 

Fatty dd methyl esters were mde by tranusterificat~n of polar 

lipid f&nr at 70” for 2 hr in MeOH-H,SO.C,H, (20: 1: I). 
Methyl caters were cxtrrted nth hcxane and chroawogrrphcd 
on an lntaunrt gas chromrtograph (IGC- 13 I) cqruppal with a 

hydrogen lhme tonuatK)n dctaxor and an lnt-t mt%rptor 
(CR-18). Sqwations were camod WI at IS&IV’ &xnp. 
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pmgram:0.2”alin) using a cokam uilb 10% SP-22%Ps (a 
highly polar polyester l4atiaury p&a& rubilizcd with pboc 
p&a rid Supdco. Inc) on 100/12Ommb supdooporc. 8. 

Qluntiutivc amlyfis of fatly UidI lnd tbar -1 lipidt were 
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