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Abstrwt-me m$or components of the iipid fraction of the kavta of uibbqe have been iden- by means 
of gas chromatogmphy and ixnnbined gasc~to~pby~spbctrometty. ThCmtumtcdbydroclukma 
rooi@pmdon?hint&FKlmc27to~3l with*~pom~tba~mrjori?t(92~cant~q~taa~~ 
fs-zlm~;~ Ma&s mpaw mffmnahon la P-aped for the fust tlmc which pfundas EanffrmuuI 

st.rumm of a aymmctwal ketone contammg 29 carbon atoms. A number of unmturatcd and 
saturated fatty acids wcm alao identitkd ; the dor component.9 w lin~l~rd~, Unoki~, and palm&, which 
toectherconstitutcdm~thaa~Opera*ttofthctotalfatty~~prcsent. 

INTRODUCTION 

SEVERAL studies have provided indirect evidence for the chemical nature of the total lipid 
fraction 1 and the surface lipids2 of cabbage (Brassica oleruceu) leaves, More recently Hill 
and Mattick 3 have used gas chromatography to study the n-ahcanes present. Kolattukudy,4 
Robinson? and Purdy and Tn~ter,~ have all reported on proposed mechanisms for the 
biosynthesis of several Iipid components in cabbage. 

The data thus far reported suggest that the major portion of cabbage lipids consists of 
Cs7 to Cst carbon-numbered compounds, except for fatty acids which are predominantly 
Cl4 to Cls. By the use of thin-layer chromatography and chemical analysis of the compounds 
resolved, Purdy and Truter2 were able to classify a large number of compounds from the 
surface of cabbage leaves. They found saturated hydrocarbons comprised approximately 
36 per cent by weight, ketones 134 per cent and fatty acids 9.2 per cent, the remainder being 
a complex mixture of ketols, esters, primary and secondary alcohols. of par&t& interest 
was the suggestion of the presence of large quantities of a C$s ketone. KoIattukudy4 reported 
considerable Cl4 incorporation into both paraffins and a long-chained ketone compound 
when carbon labeled fatty acids were supplied as precursors to cabbage leaves. The exact 
nature of this ketone therefore becomes important not only because of the quantities present 
but also its metabolic relationship to cabbage lipid formation. 

It has been suggested 2*4, s that fatty acids serve as starting materials for the formation 
of more complex lipids in higher plants. Cabbage and related species have been used in such 

* This investigation was supported by Grants Ns G-257 and NGR-44-005420 from the National Acro- 
nautics and Space Auction and by Grant AP OOSS4 from the BUNW of Dii PreventIon and 
E.nvironmcntal Control. 

1 A. C. CHIBNAU and R J. SHANNON, B&hem. J. 21,225 (1927); 21,233 (1927); 21,479 (1923; 21,1112 
(1927); 23,168 (1929); 23,176(1929). 

* S. 3. PURDY and E. V. Twrmn, hoc. Roy. Sot. London BBS, 536,S44,553 (1963). 
3 A. S. HJLL and L. R MATIXX, Phytochun. 5,693 (1966). 
’ I’. E. Kor~ nxncun~, Bbchemhy 4.1844 (1966); 5,22611(1966). 
s R. ROBIXWN, Natwe 124,262 (1967). 
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studies but it seemed that additional structural evidence for the nature of the more meta- 
bolically sign&ant compounds involved in wax biosynthesis was necessary. Therefore we 
undertook to determine the chemical characteristics of selected lipid compounds from 
cabbage leaves by use of gas chromatography and mass spectrometry. 

RESULTS AND DISCUSSION 

The heptane fraction was found to contain, as determined by gas-chromatographic 
retention times and internal standards, normal paraffins Cz7 (2 per cent), C&s (< 1 per cent) 
Cz9 (92 per cent), Cso (< 1 per cent) and Csl (5 per cent) with only trace quantities of lower 
molecular weight paralXns present. Mass spectra confirmed that all major compounds 
were straight-chain saturated hydrocarbons having the following respective parent ion 
peaks: C& (m/e of 380); Cz9 (408); C91 (436). 

Fxo.1. Mm SPECTRA m/e ~F~~EMAJ~R~~NENT~N~BEN~~NE FRACTION OF EXTRMX FROM 

Brassica oleracea LEAVES. 

Compound was separated from gas chromatography on a 064 cm x l-8 m glass column packed 
with chromosorb Q coated with 1 per cent SE-30 and then ionized at 20 eV and scanned from 0.0 to 
450 m/r in an LKB !XOO Gas Chromatograpb-Mass Spectrometer. Separation was achieved by 
programming the column at 6” per min from 200 to 300” The spectrum was recorded by means of 
an oscillograph recorder set at a chart speed of 10 cm per sec. The component was scanned for a 

10 set interval. E. Gelpi was intrumental in interpreting the above mass spectrum. 

The benzene fraction was found to contain one major component in very high concen- 
tration as shown by gas chromatography. Five other components were present in much 
lower concentrations. Thin-layer chromatography in two different solvents confirmed the 
presence of a major 2,4dinitrophenylhydrazone-forming compound. The mass spectra of 
this compound is shown in Fig. 1. The parent ion peak is at m/e 422; the major peak is at 
m/e 225. 

It is known that ketones frequently undergo rearrangements through a six-membered 
ring intermediate, followed by fragmentation with retention of the positive charge on the 
oxygen-containing fragment. In such a case, one would expect a peak at m/e 240, and then 
by double rearrangement a peak also at m/e 182 as observed in the spectra in Fig. 1. Such a 
spectra could only correspond to a symmetrical ketone having 29 carbon atoms, specifically 
15-nonacosanone. 

The methanol fraction, following preparation of methyl esters, was also characterized by 
gas chromatography which produced major peaks corresponding to the methyl esters of 
palmitic acid, linoleic acid, and linolenic acid. Several other components were also present, 
such as the odd carbon-numbered fatty acids, but only as minor components. Mass spectra 
of the major gas chromatographic peaks co&med the above findings with the following 
parent ion m/e values: pahnitic acid, 270 m/e, linoleic acid, 294 m/e, and linolenic acid, 
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292 m/e. Spectra were identical to those reported earlier from this laboratory for the methyl 
esters of fatty acids derived from microbial systems.6 

Pahnitic acid was the major saturated fatty acid which comprised 12 per cent of the 
methanol fraction. The predominant components in the methanol fraction were the un- 
saturated fatty acids, linoleic acid, 18 per cent, and linolenic acid, 22 per cent. 

Later reports from this laboratory will deal with the metabolic relatio~~p between the 
various lipids in cabbage leaves. Label incorporation studies point to the conclusion that 
nonacosane and 15nonacosanone are formed from a common fatty acid pnxursor but 
follow independent pathways. 

FIO. 2. G.u ~HR~MA~MPHIC SEPAlUT’ION OF THJI IsTERmm IbETHAmL FMcrION FROM 3.5 gm 
OF Brasska oieracea WVES wmi Nrrmmm CARRIER QM AT 2430 g/cm AND A RyDRooEN FLAME 

IONIZATXON DETECTDR. 

No split was used. Programmed at approximately 6” per min from 120 to 200°, and held achy 
at 200”. Column used was a O-076 cm x 155 m stainless-steel capillary column coated with &pal 

CO-990. Attenuation 100 x , Range 1. 

EXPERIMENTAL 

Leaves were obtained from d to 8-week-old cabbage plants (&us& o&ruceu; var. Round Dutch) 
grown in flats provided with soil. The leaves w-ere then washed with distilled water and dried over CaSO, 
until they attained a constant weight. From 3-S g of dry leaves were cut into 1 cm x 1 cm squares and immemed 
in solvents for 30 min with fmquent bring at 50’. The first extraction was with 50 ml n-heptane followed 
by two extractions with 50 ml -than01 mixture (3 :l). All three extra& were combined and eva- 
porated to dryness at 50“ under a stream of preptied N1. 

The total lipid extmcts were then taken up in S-ml portions of n-heptane and separated as reported earlier7 
on a silica gel column (1 x 20 cm) which has bten previously washed with 3 vol. of n-heptane and activated at 
425” for IO hr immediately prior to use. Each of the three solvent fractions collected (n-heptane, benzene 
and methanol) were taken to dryness under a stream of prepurified nitrogen. 

In order to prepare methyl esters, the methanol fraction was first sapo&ied in 50 ml of ~ol:NaOH 
(1 :I) by refluxing for 3 hr. The saponified fraction was taken to dryness under Nz at 40”, following adjust- 
ment of pH to 14 with HCI, and extracted three times with n-heptane. The residue was then taken up in 
50 ml of metban containing 25 ml 2,2dimethoxypropane and 0.25 ml H$3O, and reiluxed for 2 hr. 5 ml 
of H20 was added and the methyl esters extracted with n-heptane and taken to dry-neaa at 40” under N2. 

Fractions collected from the silica gel column were analyzed by gas chromatography with an F & M Model 
810 gas chromatograph equipped with O-025 cm x 30 m stainless-steel capillary column coated with Apiezon-L 

6 J. oR6, T. G. TORNABENE, D. W. NOONER and E. GELPI, J. Bucterfol. 93,1811(1%7). 
7 J. 0~6, J. L. - and D. J. WEBER, Science 154.399 (1966). 

64 



1008 J. L. J-u D. J. WB~~R and J. CM 

for the n-hcptanc~ and tenzcne hactiona. Stainhwtccl capilhuy columns, 0-076x 155 an, coated with 
Co-990 were used for the sparation of tba fatty acid methyl e~tera. Mass spectra of sehted compounds 
were obtained as they emerged from the gas chromatographic column by use of an LKB-9000 Gas Chromate- 
gr;lpb-MaMSpectrometer combinations equipped with a 064 cm x l-8 m glass column packed with Chromo- 
sorbQandcoatcdwithlpcrccntSE_30. 

* R. RYHAGE, Anal. Cirrm. 36,759 (1964); R. RYHKX, S. WIKSIR&M and G. R. WALLER, A&. Chn. 37, 
435 (l%S). 


