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Abstract-Lipids extracted from Duucus curotu roots were analyzed and the fatty acid composition of the triglycerides 
and phospholipids determined Comparison of two different cultivars showed no significant differences of lipid 
composition. A method for the separation of several different molecular species from phospholipid classes is reported. 
Phosphatidylethanolamine and phosphatidylcholine occurred as 8 and 7 molecular species respectively. 

JPITRODUCFION 

In studies of lipids from higher plants often only data 
on the relative distribution of lipid classes [I] or total 
fatty acid composition [2-51 are reported. However, 
to fully characterize the physiological significance of 
lipids, both separation of individual classes and analysis 
of their fatty acid composition should be done. In this 
paper triglycerides and two phospholipid classes from 
two different varieties of Daucus carota are fully analyzed 
in this respect. To elucidate the involvement of phospho- 
lipid classes in cellular membrane properties and ftmc- 
tions it is further necessary to fractionate these into 
molecular species. The procedure was applied to carrot 
phospholipids with a method recently reported for the 
separation of molecular species of E. coli phospholipid 
[6,73. 

RESULTS AND DIscussION 

Lipids were extracted from 10-200 gofmaterial and two 
different cultivars of D. carota were used, Kuroda Gosun 
and Rote Riesen. From 1 g fr. wt of both materials 
0.4-0.5 mg lipids were extracted. These lipids had the 
same phospholipid: triglyceride ratio of 1:0.7 in both 
cases and also phosphatidylcholine (PC) and phospha- 
tidylethanolamine (PE) made up ca 50% (by wt) of the 
total phospholipids (Table 1). Phosphatidylglycerol 
and cardiolipin were also detected as additional phospho- 
lipids, and phosphatidylserine and phosphatidylinositol 
wereminorconstituentsofbothcultivars(datanotshown). 
With the methods described no significant amounts of 

Table 1. Lipids extracted from carrot root tissue. Data are 
expressed as pg lipid extracted from 1 g fr. wt of material 

(average from duplicate experiments) 

Material 
TliglyCfXidCS 

TOti Phosphatidyl- Phosphatidyl- 
kQltiV~~ choline . DhosDh0li~ ethmolpainc _ - . 

‘Kuroda Gown’ 213 299 64 66 
‘Rote Ricsa’ 154 216 66 42 

* Present address: Institut ftir Ptknzenphysio1ogie und 
Zellbiologie, Freie Universitiit, D loo0 Rerlin 33, Germany. 

Table 2. Fatty acid composition of triglycerides and phospho- 
lipids extracted from carrot cv ‘Kuroda Gosun’. Data are given 
as wt( “/,x analytical details are described in Experimental, for 

fatty acid nomenclature see Table 3 

Phosphatidyl- Fatty acid Triglycerides ethanokmine Phosphatidyl- 
choline 

16:O 8.4 24.2 21.9 
18:l 3.6 1.0 2.8 
18:2 70.8 70.2 72.3 
18:3 17.2 4.6 2.9 

mono- and diclycerides or free fatty acids were found in the 
analyzed materials. 

Fatty acid compositions of triglycerides, PE and PC 
were analyzed by GLC of their respective Me esters. In 
both cases and as is known from total fatty acid analyses 
from other materials from higher plants ,[3,10-12], the 
fatty acid composition of triglyceride and phospholipids 
was simple (Tables 2 and 3). The main fatty acids were 
16:0 (palmitic), 18 : 1 (octadecanoic, most likely oleic), 
18:2 (linoleic), and 18:3 (linolenic acid). Linoleic acid 
alone accounted for CQ 70 % of total fatty acids, whereas 
only traces of 14: 1, 16: 1 and 18:0 were detected. The 
main fatty acids were the same in both materials and 
occurred in about the same relative amounts. Fatty 
acids of a chain length above 18 as well as unusual fatty 

Tabk 3. Fatty acid composition of phosphohpids from carrot 
cv ‘Rote Riesen’. Data represent wt(%), for the conditions see 

Experimental 

Fatty acid 
Phosphatidyl- Phosphatidyl- 
ethanolamine choline 

14: 1 tetradecanoic acid 0.6 1.5 
16:0 palmitic 23.3 19.7 
16: 1 palmitokic 0.4 0.1 
18:O stearic 1.3 1.7 
18: 1 octadecanoic* 2.1 3.2 
18:2 hnoleic 68.7 71.4 
18 : j linolenic acid 3.6 2.4 

* Probably oleic acid. 
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Table 4. Phospholipid molecular species from carrot cv Rote Riesen. Relative distribution of molecular species of the two major 
phospholipids. Analytical procedures are described in Experimental 

Subfraction 1 1 2 3 4 4 5 6 6 

% 0 0 0.01 0.03 0.11 0.11 0.29 0.59 0.59 

fatty acid in l-position 18:3 18:2 18:2 18:l 18:O 16:0 16:O 16:0 16:O 
in 2-position 18:3 18:3 18:2 18:2 18:2 18:2 18:l 18:0 16:O 

PE amount (pg) trace 1.9 25.8 0.83 - 26.7 0.53 0.03 0.37 
wt % - 3.4 45.9 1.5 - 47.5 0.9 0.1 0.7 

- - PC amount (pg) 0.7 11.1 1.5 38.3 0.7 0.04 
wt% - 1.3 21.2 2.9 

If. 
73.2 1.3 - 0.1 

acids are not included because they only occur in very 
low proportions in the materials. 

Several investigators have studied the biosynthesis of 
higher plant cellular membrane phospholipids [ U-163, 
but so far not enough interest has been paid to the separa- 
tion, analysis and metabolism of phospholipid molecular 
species in higher plants, even though exact knowledge of 
individual phospholipids and their molecular species is a 
prerequisite for further studies on factors controlling 
properties and functions of cellular membranes [17]. 
For the separation of molecular species, PE and PC were 
first treated with phospholipase C, the resulting di- 
glycerides acetylated and the obtained monoacetyldi- 
glycerides (MADG) separated by AgNO,-TLC (see 
Experimental). Each MADG preparation (0.5 mg) was 
applied to each plate and after chromatography 6 
subfractions with the following R values were visualized: 
0(origin),001,0.03,0.11,0.29and0.59.ByGC-MSofthe 
6 subfractions 9 molecular species were detected and 
identified (Table 4). 

Calculation of the amounts of individual fatty acids 
from the data in Table 4 shows a good agreement witkl 
the fatty acid analysis in Table 2, proving the quality of 
the applied method; 16:0 and 18:2 in the PE molecular 
species represented 24.9 % and 72.1% respectively; m 
Table 2 these values were 24.2 and 70.2 %. These results 
show that the methods are capable of separating MADG 
molecular species from carrot root phospholipids con- 
taining up to 6 double bonds. 

EXF’ERIMJZNTAL 

Commercially available carrots were used, Daucus carota cv 
Kuroda Gosun (Chiba Prefecture, Japan) and cv Rote Riesen 
(Germany). 

Exrraction of lipids. Plant material (200 g) was homogenized 
for 2 min with 2 vol. 5 % TCA in a blender at max. speed. After 
centrifugation total lipids were obtained by repeated extraction 
of the TCA homogenate and solids with CHCl,-MeOH (2: 1). 
The combined CHCl,-MeOH layers were washed with 2 M KC1 
and H,O and dried in vucuo under N,. 

TLC of total lipids and phospholipids. Performed on Si gel, for 
analytical (0.25 mm) and preparative (2 mm) separation of total 
lipids the solvent was petrol-Et,G-HOAd (80:20:1). The 
solvent used for phospholipids was CHCl,-MeOH-HOAc 
(65 : 25: 8). Lipids were visualized with I, vapour and the appro- 
priate areason the PLCplatesscrapedoffandelutedwith CHCl,- 
MeOH (2: 1). The effectiveness of this method was oroven bv 
checking the recovery of a known amount of ‘H l~&lled-$ 
from the plate. 

Fatty acid asalysis. Triglycerides, PC and PE were ester&d 

by treatment with 3 % (ti/w) mathanolic HCl for 2 hr at loo”. 
FattyacidMeeshrswerethenextractEdwithpetrolandanalyzed 
by FID GLC with a 0.3 x 25Ocm glass column packed with 
15% Degs on Neopak AS at 187”. Peaks were identified using 
appropriate standards. 

Analysis qfphospholipid molecular species. PE and PC (q-4 mg), 
suspended by sonication, were hydrolyzed by treatment with 
45U of phospholipase C (EC 3.1.4.3, from Bacillus cereus) in a 
final vol. of 1.25ml O.OlM Tria-HCl butler, pH 7.2, shaken 
vigorously for 30 min at 30”. Completeness of the treatment was 
checked by TLC (CHCl,-MeOH-HOAc; 65:25:8). The di- 
glycerides extracted from the incubation mixture were dissolved 
L-red&. C,H,N and acetylated by treatment with Ac,O [q. 
For the separation of subfractions of MAM, AgNO,-TLC 
was performed. The Si gel plates were impregnated with 10% 
AgNO, in MeCN, activated at 148” and developed for a distance 
of 17 cm at room temn. with C,H,-CHCl,-MeGH (98:2:0.1). 
MADG subfractions kere vi&l&d by &raying w&h 0.01 o/, 
Rhodamine 6G (for observation under UV) and by treatment 
with 20 % aq (NH&SO, at 180-m for 30 min. Corresponding 
areas were marked, appropriate amounts of tricaprylin were 
added to these zones (as an int. standard for the quantitative 
analyses of the phospholipid molecular species) which were then 
scraped from the plates and extracted. GGMS analysis of the 
molecular species was done with the MADG extracted from the 
plates using a 35 x 0.3 cm glass column packed with 2.5 % 
ov-17 [7]. 

General methods. Pi [8] and glycerol [P] were assayed follow- 
ing published procedures. 

Acknowledgements-The author thanks Dr. Makoto Kite, 
Kyoto University, for many helpful discussions and suggestions 
and Drs. T. Suzuki and M. Ishinaga for GCMS analyses. 

REFEllENCES 

1. Radwan, S. S. and Mangold, H. K. (1975) Chem. Phys. Lipids 
14, 87. 

2. Tattrie, N. H. and Veliky, I. A. (1973) Can. J. Botany 51,513. 
3. Dalgamo, L. and Birt, L. M. (1963) &&em. J. 87,586. 
4. Laseter. J. L., Lawler, G. C., Walkinshaw. C. H.. and We&e. 

J. D. (1973) Phytoch&stry-12,817. 
5. Weete, J. D., Rivers, W. G. and Weber, D. J. (1970) Phyto- 

chemistry 9,204l. 
6. Kito, M., Ishinaga, M., Nihihara, M., Kato, M., Sawada, S. 

and Hata, T. (1975) Eurouean J. Biochem. 54.55. 
7. Hasegawi Kl andSux&i, T. (1973) Lipids 8,631. 
8. Bartlett, G. R. (1959) J. Biol. Chem. 234,466. 
9. Hanahan, D. J. and Olley, J. N. (1958) J. Biol. Gem. 231, 

813. 
10. Harwood, J. L. (1975) Phytochemistry 14,1985. 
11. Shine, W. E., Mancha, M. and Stumpf, P. K. (1976) Arch. 

Biochem. Biophys. 173,412. 



Carrot root lipids 955 

12. de la Rock, I. A., Pomeroy, M. K., and Andrews, C. J. 15. Moore, T. S., Lord, J. M.. Kagawa, T. and Bcwers. H. (1973) 
(1975) cryobiol. 12,506. Pkwt Physiol. 52,50. 

13. Lord, J. M. (1975) Biuchem. J. 151,451. 16. W&mot, C. and Boll, W. G. (1967) Can. J. Botany 45,1863. 
14. Donaldson, R. D., Tolbert, N. E. and Schnarrenbcrger, C. 17. Ishinaga, M., Nishihara, M., Kato, M. and Kito, M. (1976) 

(1972) Arch. Biochem. Biophys. 152,199. Biochem. Biophys. Acta 431,426. 

PHy1y) 16/7-J 


