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l uaf' ti ::: c:,ue (:Iilc:itc;1 and ',ill ir..rr;s , ~ 9G5) it 1,ns boon ostii:.c""!.tocl that c. cor; 

i n tho rumen ( ..,_e:'_.::;er a.nrl "'..elld;;r , 1 956 ) i s of Dartic c,7_:u· i nterest as i t r2y 

influence the co1:::io~:i. tion of the depot ill1cl Lill- fn 2
:.,<; oi' r umi.nan-:: c . Only 

(:_c::or,-all 0.1,d i·c ,";-~ll i_vre(•, 1 ::>~~; He.x;}:e, 196,3°). '.-<18 

l C?.tter i1orker c!.enonctrated t hat :','Ounc s ucculent sho1·t rotcttion ryegras:, 

(Loli~ r.mltiflorum ;-: ~W,1l porcnneJ c ontninecl t:. hi .'."_;her c ontent of lipid 

(, of dr".f ,rt.) t_1a.n r.:atur c ..;rass ·,·Flrich cont ai:1.ecl r::_p ~-rcc i r,.b l e :,J.a lk r.:c,teria l . 

?urthermore the l ipi tl f'ro11 the r..eF cro-, ;th co'1tainc0 hi~;1or ~,ro_?ortions of 

linolenic acid anc. lower _::,roportions of linoleic o.ncl. palm tic acids . ..hen 

pairs of monozy3ous t\,in cons vrere crazed on these trro typos of pasture , t he 

cows feed on the young grass had higher levels of unsaturated f a tty acids in 

the milk f'at . ':.'his was thought to be related to hit;her levels of' unsaturated 

fatty acids in the young grass and to the degree of hydrogenation of' the 

unsaturated fatty acid components of the dietary lipid in the rumen . 

1 



.A large proportion of the dietril'"'J lipiJ. of rmtlna.nts fed on pastu:ce 

\·;ould consist of i:;alactosyl Blyceri<le::; since the::;e conponents are the r.i..1. jor 

li?icls of photos:•nthetic ~~is:ue ✓-,.-oe ninl;: , 1 961 ; '3ttstry a.nd Kates , 1961~) . 

Con.::;e½.uontly . tho comparative levels of f;l•lcctocyl .31:·cr!l'ides and chc:n.:.;es in 

their fatt:,r acid cor.rpos:i.tion in L• nerenne lonf ti:j::;::o of Vhl'_:ring E\:,e hus 

been investieateu. The present invcstieation nlso incLldes a stud:.r of' the 

effect of tl:e lic:;ht env~onr:ont on the levels c.:-:d cm19osition of' lipid , 

especially the ..;alactolipids , und on the biosynthesis of fatty acids . 

2 
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REVIEW OF ------- --

1 • Lipids of Photosynthetic Tissue 

Lipids are a group of chemical compounds which are insoluble in water but 

soluble in fat solvents such as chloroform, dietli..,yl ether and benzene. 

They can be conveniently subdivided into three classes depending on their 

chemical and physical properties. These classes consist of: -

( 1 ) 

( 1 ) Simple or Neutral Lipids 

(2) Compound Lipids 

Simple or Neutral Lipids 

These lipids contain carbon, hydrogen ancl ozygen, and in photosynthetic 

tissues consist of hycJrocarbons, waxes , alcohols , quinones , sterols, sterol 

esters, andglycerides. 

Hydrocarbons have been isolated f'rom ryegrass by PoJ.lard et al ., ( 1931), 

and from cocksfoot (Dact;ylis glomerata) by Vlaldron et al. , ( 1961) who has 

demonstrated the presence of normal hydrocarbons ranging f'rom c27 to c33 in 

chain length. Weenink ( 1962) has also demonstrated that 0 . 3~· of the acetone 

soluble lipids of red clover (Trifolium pratense) consisted of hydrocarbons f'rom 

c
15 

to c25 in chain length with the latter compound predominating . 

Waxes are esters of long chain fatty acids combined with high molecular 

weight alcohols and have been identified in cocksfoot (Dactylis glomerata) and 

perennial rye (Lolium perenne) by Pollard et al. , ( 1931), and in spinach (Spinacia 

oleracea) by X:i.11 and Harmon (1962). 

Free alcohols such as ceryl alcohol (n-hexacosanol) have been identified 

in spinach by Zill and Harmon ( 1962) who consider it may possibly be a breakdown 

product from waxes . 



oleracea) chloroplast lipids and they consider it nay be associateo. with an 

electron transport systen in the chloroplast . 

Glycer.i.des d.r'e esters of long chair. i'a ~ ty acids (palrr.i tic, linoJ.elc , 

linolenic acid, etc . ) with glycerol . I.ono, cli. anct tr.i.Glyceridc have one 

I 
'+ 

two or three fRtty acld::; (;;/stetif'ied to the nydro~wj_ c roup o:f t;lycerol .1.·espective::;_y . 

Until recently tri.t;lycerides were tnougi1t to constitute t he ma jor pro:9ortion of 

the a cetone soluble frn.c tlon of' plant lipids but .. eenink ( 1962) demons t r ated 

that the ace tone ::;oluble lipic.s o:f 1·ed clover contained about 6~~ ealactosyl 

glycerides . He has since demonst r ated that triglycerides co nstitute only 

0. 53;u of ·foe total ace-cone soluble lipids (Vleenink , 1962) . 

Diglyce:ci cles were also identi1'ied in red clover ( '.l.ri:folium pratense) by 

;'/eenink ( 1 962) but their existence has been questioned. a s they could be f'ori:1ccl 

by the enzymic brea.Y.:do\·,n of phocpholipids (~..ates , 1 9j3) or be :::: r esent a s 

intermec.iatcc in phoc:polipid. syntheci~ (Ecnncci,y , 1956) • 

Sterols which have the fundwnentcl c .:1.r bon s ·~r ltC-b.1.re of cy c l opentono-

phenanthrene are pr !c:sent only in trace amounts in p lants . Stir;rnasterol 1.1,nd 

~ sitosterol have been identified in pasture ernsscs by Pollard et al ., 

( 1936) and Zill and ITarmon ( 1962) have identified (J si tosterol , stignasterol 

and spinasterol in spina ch chloroplast lipids. 

Stcrol esters have a f'at-bJ acid esterif'iod to the hydroxyl group on 

carbon three of the s terol ring structure and have b een identifie d in red clover 

(Trifolium nratense) by Weenink (1962) . 1m ester of [J si tosterol appeared to 

be the main component constituting 0 . 57}'o of the total acetone soluble lipid. 



5 

(2) Complex Lipids 

Complex lipids may in addition to carbon, hydrogen and ozygen, contain other 

elements such as nitrogen , phosphorus, sulphur or a cai~bohydrate moiety. 

The complex lipid group ma,y be subdivi ded into:-

(a) Phospholipids - Lipids which contain phosphorus 

(b) ~colipids - Lipids which contain a sugar residue but have no 

phosphorus. 

(c) Sulpholipids - Lipids which contain a sulphuric acid residue. 

(a) ~O_§,p_holip{_~ 

Phosphatidic acid is the simplest phospha tide and its presence in photo-

synthetic tissue was first demonstrated by Chib"all and Channon (1927). These 

workers found high concentrations of this lipid in cabbage leaves but subsequent 

investigations of Kates ( 1956, 1957) demonstrated the presence of this lipid was 

probably due to the action of phospholipase D on other glycerol phosphatides. 

Traces of phosphatidic acid have been found in cabbage (:arassi ca olerac~) 

leaves (Benson and Maruo, 1 958) and in runner bean (Phaseolus mul tiflorus) leaves 

(Kates, 1960) but its presence in Scendesmus, sweet clover (Meliotus ~) and 

barley (Hordewn vulgare) was not demonstrated (Benson and }Jaruo, 1958). 

Diphosphatidyl glycerol was first observed by Benson and Strickland (1961) 

in Chlorella, Scendesmus and Rhodospirillum rubrum and higher plant tissue. 

The work suggests that this lipid is present only in low concentrations. 

Reports of phosphati.dyl serine in plant tissue are not numerous but it has 

been identified by Benson and li.aruo (1958), Wheldon (1960) and Lepage (1964) in 

photosynthetic tissue. 

The major phosphatides of photosynthetic tissue; phosphatidyl choline, 

phosphatidyl glycerol., phosphatidyl ethanolamine and phosphatidyl inositol have 

been identified by various workers: Benson and Maruo ( 1958) in tobacco (Nicotiana 



tabacum), sweet clover (Meliotus ~), and barley (Hordeum vulgare); 

Kates (1960) in runner bean (Phaseolus multiflorus); \finterma.ns (1960) in 

elder (Sambucus nigra), bean (Phaseoulus vulgaris) and beet (~ vu~~); 

Ferrari and Benson ( 1 961 ) in Chlorella pyrenoidosa; Lepage (1964) in alfalfa 

(Medicag_2 sativa), potatoe (Solanum tuberosum) and chlorella; and by V/eenink 

(1964) in red clover (Trifolium pratense) . 

TABLE 1 

Weenink ( 1964) 

The concentration of phospholipid components in the 
acetone insoluble fraction of red clover 

(Trifolium pratense) lipids 

Component 

Phosphatidyl choline 

Phosphaticzyl glycerol 

Phosphaticzyl ethanolamine 

Phosphaticzyl inositol 

Unidentified acidic phospholipids 

Unknown 

(b) Glycolipids 

% composition of acetone 
i nsoluble lipid fraction 

37 

23 

15 

2 

13 

10 

6 

The glycolipids in photosynthetic tissue consist of the galactosyl glycerides 

and the minor glucocerebrosides recently isolated by Kates and Sastry (1964). 
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(ii) C.l uco-c ercbrocide:s 
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I' H I 
HCCH:OR 

OH I 
HCO-COR 

2 

.(. D -Galacto!">yl • ( 1• 6) - ,B-0- Galactosyl 

· 2', 3'- Diglyceride 

Q
o 

H -CH I 2 

HCO-COR 

I 
HFO-COR 

,O-D-Galactosyl-(1 • 1>-2',3 '

Diglyceride 

7 

G-l uco-cerobrosio.ec containii,e n lon.3 cna __ n i\ ·"~ty acicl ancl n ..:;luc ose noiety 

liru:eo. to a lon:; cha in a lcohol (cleJ:,.ydrop' • to:-.,ruiny.::ine , pl tosphinsodnc , 

Jibydro bytosphinuosine or an isomer of sphin::;osine) have b een i solatecl y 

Sas try and Kates ( 1964) f'rom runner bean (Phc.1?.C.O--ll!:i r,1ul tiflorus) l eaves . 
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'.:he .:;luco- cor cbrosides have been shovm to acco~mt for 1,~ of t 1e -total 

leaf' lipio.s . 

Jimilar cor.,Jonont::: have bee 1 der .. ons tr,:. i,oJ. b;;r Co..rter et al . , ( )61 a) 

fro;;: ':rlio.:. t f _our . '.:.'l1c c~:.ico-cercbrosiC::.o.s cont.· ncd s i r:,il...r J.on_; chain 

al coholc (LS o"!Jserv,~6. i n runner b een lipi~ls )t:t t>•- ccmccntrL.tion o:' a.el--~ u.ro-

(c) 8ulpholi.iids 

The _p L :/c s l l holipid .. ..-,s fil,.st id.cmt::..i'ioLl 1:J 3anson et a l . , ( 1 59 1 ,,ho 

' - · " . · 7, , \ _JlO(.LO G;J :l."r'J. _ .Ltu.. l'\liJl~C:.l".'. ) 

I •-. J 

\ . --•:~ ~t-• -2 ' 
~ ,-.. ""l, ; .... ..1. -.... '.'"" ,_. . ., -~ - ~ ,..._. 
1., J , . . -.. ~~ --•\,. •-· .... , 1 .,;~v / • 

0-CH 
I i 
CHOCOR 
I 
C~OCOR 

6 sulpho -<. D quinovopyranosyl - (1 .... 1') 

2' 3 diglycertde 

Figure 2 -



The plant sulpholipid contains a sulphonic acid group having a direct 

carbon to sulphur bond \i hich appears very stable to acid hydrolysis . 

lipid differs from the animal tissue sulpha·cide which contains a sulphate ester 

group , hich is easily byu.rolysed under acid conu.i tions . 

Lepaee et al ., ( 19u1) finally establisi'-ecl tl e str.ic ".;ure oi' the c..eu.cylated 

sulpholipid isolated. :..':..•or; plant tissue . 'i'he cyclohe:;;ylamine salt e;.:iriui ted 

molecular rotation anu clispersion curves charac°.;eristic of o( glucosides • 

9 

..... leH,ental analysis and spectrophotometric data were consis tent with the structure 

shown above . 

2 . Fatt-,t asi.ds of photosynthetic tissue 

2.1 • Fatty acid composition of total lipids 

'i'he levels of free fa L ty acids in photos.1nthetic tissue are low, as 

fatty acids are r.cinly este1~ified to neutral ,u o. coi.1.._Jlex lipid moieties . 

Speer et al ., (1929) in examining lipicls oi' spi: ach (Spinacea ole1\ . .1.cea) 

i'ow1d 5.3;,o of the fatty acids in the f'ree form and Shorlnnd (1 941 ) ound 24. 6,., free 

fatty acids (e)..-pressed as a percentage of the total lipid) in mixed panture grasses , 
,. 

but this worker attributes this high value to the action of enzymes on lipids 

duri11c:; the cold storage o the grass prior to lipid e:rtraction . 1.ore recent 

nork has indicatecl that free fatty acids cons titute only a small percentage of 

the total photosynthetic tissue lipids . Shor land ( 1 9 53) has shovm the. t a free 

fatty acid f'raction did not exceed 1 O;o in perennial rye (Loli.um perenne) grass . 

The same worker ( 1961) has reported values of 14,,a and 9"," for f'ree fatty acids 

expressed as oleic acid for rape (Brassica napus) and cocksfoot (Dactylis 

~lomerata) respectively . Free fatty ac ids cons ti tu ting ?;o of the total lipid 

has been reported by Van der Veen et al ., ( 1964) in dehydrated alfalfa (Medicago 

sativa) . 



]fatty acids have been sho,m to constitute a:ipro:;::imately one hcl:f o.f the 

total lipid (Garton , 1960; Havrke , 1963) v,hen those fatty acids esterif'ied to 

lipid moieties are considered. 

:,_,arly studies on the fatty acids of leaf' tissues r,ere concerned ni th the 

glyceride fraction rriu.ch li.as subsequ.e:::rtly been shown to consist mainly of 

galactosyl glycerides ('-.reenink , 1 96·1 ; Shorla.nd, 196i) . Sr:ti. th and Chib1all 

10 

( 1 932) , durir12; the examination of the glycerides of coc:_sfoot (Dactylis glome:cata; 

and perennial rye (Lo~ perenne) grasses found a hii:;;her proportion of 

unsaturated (80 - 90,.) than saturated fatty acids (10 - 1 2; ... ) . '.l.1he saturated 

fatty acids consisted mainly o palrni tate and stearate whil e unsaturated 

fatty acids consisted mainly of linolenate and linolea.te . Similar r 0sults nere 

obtained by Shorland ( 1 941 , 1941~) , in studies on the 6lycerides of uixod pastu1~e 

and coc;:sfoot (.1.;actylis glomcrata) lipids . 

Fatt-y ac.i.C:.s fro,., the Crucife~ such as cabba__;c (I.irassica oleru.cea) 

(Chillall and Channon , 1927) a.'1d rape (~~~ nai)Us), :i~eyes and :.:ihorlunu. , 1951) 

showed similar trends to the Grarnineae except Brassica naEus v,as shO\i11 to contaln 

a high proportion of a hexa-deca , 7, 10 , 13 t1~ienoic acid . In studiLS on the 

glycc1~ides of ~ci:f'erae and Gramineae the p1•oportion of linolenic acicl nas 

observed to be loner than levels reported. more recently and. this mey be thought 

due to the use of older rnethods f'or the analysis of fatt-y acids (Shorlanc.l, 1962) . 

Saponifiable fats of leaf meal fat from buck-wheat (Polygonurn :f'a.gopyrllf!!) 

(Krewson , 1952) and the triglycerides of leaf fat from alfalfa (MediCB.f,£ sativa) 

(Jackson and Kummerow, 1949) showed linolenic acid to be the major fatty acid 

although oleic acid was present in higher levels than in the grasses . 

fore recent work has confirmed earlier observations on the fatty acid 

composition of leaf tissue . Crombie (1958) using reverse phase chromatograplzy 

and ultra violet spectrophotometric techniques has examined the fatty acids of 



!£~LT.: 2 

The fatty acid composi t ion (moles 1c) , deterr:ti.neQ by [;as -liquid chroraatography, o-J: the total lipids 
i'rom leaf tissue of ;_1i glwr plants 

·-
Species and Reference i-'att~ acid 

12 :0 13 : O 14:0 15:0 16:0 1G :1 10:1 16 :3 18 :O 18:-1' 1 G: 2 -18 :3 18 :4 
trans 

-
Short rotation ryegrass :i.nlfnature grass 

0. 24 0.48 9:§5 --i:~2 o.n 1 .46 6.80 79.12 
(~.Zerenne x L. rnultiflorum) matu:ce grass r.---

Hawke , 1963) 0.47 0. 94 13 . 01 1 . 1 7 0. 94 3. 29 11 . 74 67.84 ---
Perennial ryegrass 

(L. perenne) 
Shorland {1961)1 0. 4 0. 2 0.9 tr 8. 6 0. 2 1 . 2 1 . 2 6. 7 79. 5 

Mixed pasture I 1 .1 15.9 2.5 2.0 3.4 13.2 61 . 3 Garton ( 1 960) 

Alf'alf'a 
(Medicago sativa) 2 1 .o 2.0 19.0 3. 0 1. 0 2. 0 1 ~ .• o 58 .o 
Van der Veen et al., (1 964) 

--·· 
Spinach 
(Spinacea oleracea) 0. 2 tr 12. 9 2.6 4.6 tr 6.6 1 0 .3 56. 2 tr 

Debucp l1962J 

Spinach 
(Spinacea oleracea) tr 'i 2.0 .3 .0 1 o.o tr i.. .• o 1.3 . 0 57. 6 
Allen et al ., (1964) 

Snapdragon 
(.Antirrhinum 6j)s) 0.1 1.3 . 4 1 . 3 tr 2. 4. 1 . 8 1 7. 7 57 . 9 3.6 

Debuch {19 1 

1 traces of branched n-satur,:i!i,ed acids rcpo1·ted 

2 traces of short chain 6:0, 8 : 0 , 10:0 ancl ·i1 ;O n-saturated acids repo1·tctl 

20:0 22 :0 

0. 9 20C 
and above 

0.2 0.3 

o.6 

1 . 8 
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maple (~ negundo), maize (Zea mais) holly (~ aguifolium) and privet 

(Ligustrum ovatifolium) tissue in di f ferent physiological states . Total lipid 

extracts of normaJ. green leaves contained linolenic acid as the major component . 

Linoleic and oleic acid were the other major unsaturated fatty acids and 

palmitic acid was fo und to be the major saturated fatty acid although smaJ.ler 

proportions of stearic and myristic acids were identified. The white leaves 

of maize (~ ~ japonica variegata), maple <A_cer negundo variegatum) and holly 

(~ aguifolium) were also examined for fatty acids and the linolenic aci d level 

was found to be substantially reduced while the concentration of linoleic acid 

showed an increase. 

In other recent investigations total lipid from leaves of several species 

of plants have been examined for fatty acids using gas- liquid chromatographic 

techniques . Linolenic acid has been sho,m to be the major fatty ac i d of the 

total lipid fractions, although smal l er proport ions of other unsatur at ed fatty 

acids such as linoleic, oleic and palmi toleic acid have been found to be present . 

Palmitic acid ha s been sho¥m to be the major saturated fatty acid, although 

smaller proportions of stearic, myristic, lauric, arachidic and behenic acids 

have been recorded . 

Garton (1960) examined the fat ty acids of total lipid extracts from mixed 

pasture consisting of 50Jo perennial rye (Lolium perenne), 2~o cocksfoot ( Dactylis 

glomerata) 1 5% timothy (Phleum pratense) and 1 q.o Italian rye (Loli um mul tiflorum) 

and demonstrated similar distributions of fatty acids . 

Hawke (1963) examined the fatty acids from total lipid extracts of short 

rotation ryegrass at two stages of growth. The lipid from new growth was shown 

to constitute a higher percentage of the dry weight of the grass and the fatty 

acids contained higher proportions of linolenic acid but lower levels of linoleic 

and palmi tic acids compared vtl th lipid from mature growth which constituted a 
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lower percentage of the total dry weight of the grass . 

Debuch (1961, 1962) examined the fatty acids from total lipid extrac ts of 

spinach ( §pinacia oleracea) and snap draeon (f.:n.t.irr~ majus) and obtained 

similar results to earlier workers except that the presence of a trans 

hexadecenoic acid was demonstrated. The presence of t.½is acid has since been 

confirmed by Allen ~., ( 1 96l~) in spinach ( S,J?i!}_~'?,.~ olera~) and ',7eenin."k: 

and Shorltmd (1961~) in red clover (Tri:f'oliurn pratense) nerennial ryeerass --- - ---
(Loliwn E__~repne) and pea(~ sativum) . ~7eenin1-: (1 964) has stated that this 

fatty acid may have been previously identified as palmitoleic acid because of 

their similar retention times on adipate colur.ms . 

i.e . palmitoleic acid retention time relative to stearate 0. 64: 

~ - hexadecenoic acid - retention t-i me relative to stearate o.67. 

'J.'he fatty a cids of lipid from dehydrated alfalfa (Le92-c~~ sativa) have 

been exar.1ined by Van der Veen et al., ( 1964) who h<'l.Ve reported the presence of 

shorter chain saturated f a tty acids containing 6, 8 , 10 and 11 carbon atoms in 

addition to the longer chain length fatty acids reported by ot}1er workers . 

They consi der that these fatty acids may have arisen by oxidative degradation of 

higher molecular weight fatty acids during the dehydrating process of the 

alfalfa prior to extraction of the lipid material . 
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2. 2. Fatty acid composition of chloronlasts and related structures 

Menke (1 938) has reported that the chloroplasts of spinach (Spinacia 

oleracea) contained the highest proportion of the total leaf lipids by demon

strating that the chloroplasts had an average lipid cont ent of 30 . 9% of the dry 

weight, while the cytoplasm contained 0. 5Ju lipid. Other workers have coni'irmed 

the high lipid content of chloroplas t s in different plant species and values 

between 18 - 4o:Jo of the chloroplast dry weight are recorded (Bot, 1942; 

Conar , 1 942; 17eber, 1 962) . 

Several workers have examined the fatty acids of the chloroplasts and 

compared them with the fat"bJ acids of the total leaf lipi d Crombie (1958) 

f'ound that fatty acids of the chloroplast lipids contained higher proportions 

of linolenic acid but lower proportions of linoleic acid compared with fatty 

acids of the tota l leaf lipids in maple(~ negundo) and broad bean (Vicia 

faber). 

Similar trends have been demonstrated by Debuch, (1961) in snapdragon 

(Antirrhinum majus) and spinach (Spinacia oleracea) although the same worker 

(1962) showed in spinach that chloroplasts contained less linolenic and linoleic 

acid compared with the whole leaf' . This worker has also demonstrated that a 

16 carbon trienoic acid is more concentrated in the chloroplasts . 

Newman (1962) demonstrated that mature tissue of bush bean (Phaseoulus 

vulgaris) leaves contained plastids with lower chlorophyll levels and a higher 

ratio of saturated to unsaturated fatty acid compared with young tissue. 

Wallace and Newman (1964) isolated plastids from bush bean (Phaseoulus vulgaris) 

plants grown for 14 deys under three different environmental conditions (in 

total darkness, in total darkness except for a final 36 hour light period and 

in a 20 hour photoperiod of 1 ,500 foot candles). The amounts of palmitic, 

stearic , oleic and linoleic acids appeared to decline on an increased exposure 



to light whereas the relative amount of linolenic acid appeared to increase. 

Similarly the ratio of saturated to unsaturated fatty acids decreased with an 

increased exposure to light. 

In the blue-green alGae .Anabaena variabilis a particulate fraction 

containing the photosynthetic apparatus contained the highest proportion 
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of linolenic acid compared with the remainder of the cell (Levin et al., (1964) 

while Hulanicka et al . , (1964) have also demonstrated in the photo-

auxotrophic Euglena gracilis that 70-/a of all linolenate is localised in the 

galactolipid 11pigment 11 fraction. 

2.3. Fatty acid composition of component lipids 

Wheldon (1960) separated cabbage (Brassica oleracea) phospholipids 

by silicic acid chromatography and although several phospholipid fractions contained 

small traces of contaminating lipids the f atty acid COT!lposition of the phospholipids 

were fairly uniform containing predominantly palmitic, linoleic and linolenic 

acids • 

.Allen ct al., ( 1 964) cbtained pur'3 lipic:l oomponAnts :f'.rom spinach leaves 

by utilizing countercurrent distribution to remove a considerable proportion of 

the pigments and give a preliminary separation of lipids. The lipid fractions 

were then fully separated on DEAE cellulose . Vfeenink ( 1964) separated the 

acetone insoluble lipids of red clover (Trifolium pratense) into pure pigment 

free fractions by utilizing a preliminary separation on DE.AE cellulose followed 

by silicic acid chromatography. The fatty acids were isolated and exa.r.ri.ned by 

gas- liquid chromatography and both authors have demonstrated that the phospho

lipids contain more saturated fat-cy acids than the galactosyl glycerides which 

have higher proportions of linolenic acid. A hexadecatrienoic acid concentrated 

in monogalactolipid and a trans- 3- hexadecenoic acid concentrated in phosphatidyl 



TABLE .2. 
1 Allen et al., ( 1 964) 
2 Weeninl: ( 1 964) 

The fatty acid composition of npinach
1 

(Spinacia oleracea) 

and red clover2 (Trifolium ;eratense) lipid components 

- -
Fatty Acid MonogalactoliEid Digalactoli;eid SulEholipid Phosphaticlyl Phosphatieyl Phosphatidyl Phosphatieyl 

X : y glycerol choline ethanolamine inositol -1 2 1 2 1 2 1 2 1 2 1 2 1 2 

14 : 0 tr tr tr tr tr 

15 : 0 tr 0. 9 tr 

16 : O tr 8.9 6.o 8. 9 27.0 22. 0 44.3 20. 0 38.4 46. 0 41.2 41 .0 

1 6 : 1 (trans) tr 0.7 0. 7 35. 0 31 . 0 tr 1.4 1 . 8 

16 : 3 30.0 3. G tr 2. 0 

18 : 0 1.9 1 .o 1 . 9 tr 2. 6 5. 2 1.0 3.5 1 .o 

1 8 : 1 

I 
1 .o 2.2 4.0 2. 2 6. o 2. 0 5. 2 11 .o 5.8 2. 0 2. 6 6.o 

18 : 2 1.0 3.3 3.0 3. 3 39. 0 5. 0 9. 2 30.0 36. 4 7. 0 37.1 25. 0 

18 : 3 I 67.0 83 . 0 84. 0 83 . 0 28. 0 36. 0 7. 7 40. 0 11 . 9 43.0 13. 8 27. 0 



glycerol were reported by .Allen ~_§d., ( 1 9G4) and in nork on red clover 

(Trifolium 12,raten~) :leenink , 1964) reported the presence of a unidentified 

sixteen carbon chain fatty acid concentrated in phosphatid,yl glycerol . This 

acid has since been identified in more recent Yi ork (.,eenink and Shorland , 1 s,64) 

to be trans-3-he:.>~aclecenoic acid as found by .Allen et al ., ( 1 964) . 

The fat ty acids of -Uie gluco- cerebroside fraction isolated by Sash--y 

and Kates 1964) have been shovm to consist entil·elJ of ti. hydro:,:y facty a cici.s 

(p1•edominantly C22 and C24 in chain length) . '.i.'he i"'at ty acids ,ie1·e asswnecl to 

be .,(,. hyu.rozy fatty acids as they had identical rc::lative retention times with 

pure markers of q(. hydro::y acids . Wheat flour c ereb1'oside:; have also been 

shovm to contain ,,i. hydro:v acids rd. th ,I. hydroxy stearic acid d.S the major 

fatty acid corrri:,onent (Gaxtc:..' et _g., 19o1a) . 
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3. Occurrence and structure of galactolipids 

3.1. Discovery and. occ urrence of galactolipids 

The initial report of the presence of a calactosyl glycerol 

component in pl ant extracts was _presented by Collin et al ., (1933 ) who 

isolated a compound f'rom several species of narine red algae that could. be 

hydrolysed by cl. gaJ.actosidase to yield equimolar proportions of glycer ol and 

D gal actose . From this data they considered the lin2;:age between galactose and 

glycerol to be o( in configuration. Collin et al ., ( 1937) presentecl some 

evidence to s1..15i:;es t that the linkage in the comp ound occurred through the 

secondary alcohol group of the glycerol. 

Puttman and Hassid (1 954) confirmed the above work by an investi13ation 

using nethyl ation and period.ate oxidation procedures . Sun dried Irideae 

l arninoroides (marine red algae ) were extracted with 80;. e thanol on a steam bath 

and after elimination of salts ancl. inorganic caterial, an i mr.,obile syrup uas 

obt,J.ned which on hydrolysis by c,( galactosidase yielded D galactose and 6lycerol. 

Viethyl ation of' the extra.ct produced a hexamethyl gala.ctoside which on hydrolysis 

yielded 2, 3, 4, 6 tetra- 0-methyl D galactopyra~ose and 1 , 3 di-0- methyl glycerol 

whi ch were identified by oel tine points and co- chrooatography rri th pure ntanclo.rc"i.s . 

Period.ate oxidation of the galactoside gave the conswnption of 2 mole s of :rieriodnto 

with the production of 1 mole of formic acid. 

compound having the structure shown below:-

This data was consistent with a 
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HOH 
2 

H 

Carter~., (1956) demonstrated that a benzene extract of wheat flotu~ 

subjected to Craig Distribution between n- heptane and nethanol fractionated 

into triglyceride , steroid and lipocarbohyc1ra te fractions. The lipocarbo-

hydrate f'raction vras found to be soluble in yrarril acetone but on cooling could 

be separated into acetone insoluble (f'raction I) ancl acetone soluble (f':l.•2.ction II) 

material. These fractions were subject to alkaline liydrolysis and the fatty 

acids were extracted with petroleum ether . J?ollowing acid hydrolysis fractions I 

and II gave only galacto se and glycerol identified by paper chrona.tography . 

uanti tati ve galactose and glycerol deten:ri.nations inclicated that fraction I was 

a monogalactose 5lycerol and fraction II was a d.icalactose glycerol . Periodate 

oxidation confirmed these results and enzymatic hydrolysis with c,{_ and (3 

galactosides established t he linkage of these compounds . 

indicated compounds having the structure shoi'm below:-

All this data 



.i.- D -Galactosyl - < 1• 6) - /3- D- Galactosyl 

- 2', 3' - Diglyceride 

Q H -CH I 2 

HCO-COR 

I 
HfO · COR 

p - D- Galactosyl · < 1• 1 )- 2',3 '· 

. Digl yceride 

Figure b; 

Since 1956 galactosyl &lycerides have been C.e.nonstrated in wheat flour 

by Zetner (1958) , Daniels (1958) and Carter et al ., (1961b) who also 

demonstrated their presence in corn gluten , wheat germ oil and green groat 

oil . The presence of galactolipids in potatoe starch grains has been recently 

demonstra ted by Duncan and Rees ( 1965) . 

Benson et al ., (1958) discovered galactosyl glycerides in Chlorella 

pyrenoidosa and since this date these components have been discovered in a wide 

variety of photosynthetic micro- organisms and higher plants . Anabaena variabilis 

( a primitive blue-green algae) has been shown to contain galactol ipid compounds 

by Levin ~., (1964) . The p.bytoflagellates have been studied extensive]_y' and 

galactosyl glycerides have been demonstrated in E!:1E,lena gracilis by Carter et al ., 

(1961b) ; Rosenberg , (1963) ; Rosenberg and Pecker (1964) ; and Hulanicka et al ., 

(1964). Chl orel la pyrenoidosa has been shovm by Benson et al ., (1958) ; 



TABLE N 

Occurrence of galactosyl glycerides in leaf lipids 
of higher plants 

Species 

Trifolium pratense 
(red clover) 

Medigaco sativa 
(alfalfa) 

Phaseoulus vulgaris 
(bush bean) 

Phaseoulus multiflorus 
(runner bean) 

Solanum tuberosum 
(potatoe) -

(Spinacia oleracea 
(Tetragonia exoansa 

(Spinach) 

Brassica oleracea 
(cabbage) 

Cap sic um annum 
(pepper fruits) 

Curcurbita maxima 
(squash) 

Sambucus nigra 
(elder) 

Pisum sativum 
(pea) 

Reference 

\'ieenink ( 1 961 ) , ( 1 964) 

Lepage (1964); Obrien and Benson (1964) ; 

Van der Veen et al., ( 196lf-) 

\'fintermans ( 1 960); :tlcitrthur et al ., ( 1 964) ; 

·wallace and Newman ( 1964) . 

Sastry and Kates (1964) 

Lepage ( 1 964) 

Wintermans (1960) ; Benson et al ., (1959) ; 

Zill and Harmon ( 1 962); JJ..len et al ., 

( 1964) 

Nichols (1964) 

McArthur et al ., ( 1964) 

\/al.lace and Nermlan ( 1964) 

Wintermans (1960) 

Adhikar-1 ~ . , ( 1 961 ) 
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]forrari and Jenson (-1961) , Lepaee (19 ,.. 1+) and C' :3r• on £~ncJ. Dem;on (19~L , -o c onb.in 

( soc '.:'able 1 _) • 

b ttc -terin ·,,!: ich 

sevc1rc:.l other t7,T:_)Cs of' ::; lyc ol i;:_, i d~ .,ave b een rep or tee .• :.:cFar nne ( 951 1 fo u:1c.. 

a mnosyl ui:_; l ;ycerl c1c in ~ .1::o_socc· s 1, sodci.-:tieu.:; nnd Lennarz ( 1 96L:-) fo,_mc1 a 

ili.n:anor::.y1 diL,;l:,rc c1·i0_e in [l.nother s t.:ra in of' the .s,·; ,.c 01·0 nni sm . i.'.cFarlane ( 1 962 ) 

der:1ons t r 8.tcd ~:nc , r d .:;enc c of a ..:; l ucosyl c. • .ic:;l.:,'cor i llc ii 8"ca2l.yloc ~ au.rrm s . 

,' ' ?olor!ov 0sl:i .£L..0l., (19G2 ) ,.rho fo 1.1ml the 

'!orb c c~~ and. L:.i·:a_ne;tti 

c on u.:i.i r in oth c a lo.ctose ...:..'1 -::; l uco3c r oL Stl'e ·) tococc n:, f aecc.lis . 

po s i t ive bacteri a ho.ve een s .1c,,. t o contain .:_;J y coJ.ir .i_u.s cons ti tu tin~ -1 - 2,. 

of t he total li . itb 1 :G.rundish et al . , 1 '5 1 • :10 1. .- cvor , .. neun oc occur, r,ac a n c:-::c o ,ci on 

in t hat 01, co i ::iu. s rcprc3entecl 7 
; .. of the total li:Jic.s . 

clig lyc eride nas demonstn1.ted in ?neumoc occns c d ~~lus c~ei rrhereQs 6 

other species of Gre.1:1 )03i t ive bacte r i a rrere shovrn to con t a i n a dig l uco "yl 

di el' ceriue li id. ~eevcs et al ., (1965) 1ave r eported t.~e isolati on of 

g alactof urano syl 0 lycerol f'rom the lipids of Bac teroid.es ;ym iosus (a Grrun 

negative oreanism) . 



3 . 2. Location of galactolipids in photosynthetic tissue 

Vlinterrr.ans ( 1960) determined the galactolipid level in the vrhole 

leaf and the chloroplast of several species of plants, and data suegested that 

these lipids were contained exclusively in the chloroplast . It was also 
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demonstrated by the same worker that there was a possible relation betvreen the 

level of chlorophyll and galactolipids as 5reen leaves of elder ( Sambucus nigra) 

contained higher levels of galactosyl g lycerides than yellow leaves . '.I'his 

observation has been supported by Nichols (1963) nho by utilizing thin layer 

chromatography found hieJier levels of galactosyl glycerides in the dark outer 

leaves of cabbage (Brassica oleracea) than the pale inner leave s and t.½e stalk. 

Mc.Arthur et al ., ( 1 964) has also demonstrated that pepper fruit plastids 

(Capsicum annwn) ripening from the green to the red state showed a general decrease 

in content of galactosyl glycerides . 

The pigment fraction of photoauxotrophic Euclena ~racilis cells have been 

demonstrated by Hulanicke, et al., (1964) t o contain six lipi ds yielding gal actose 

on acid hydrolysis while Levin et al . , (1964) deffions t rated that o<.. linolenic 

containing galactolipids were localised in the photosynthetic apparatus of 

.Anabaena variabilis (a blue green algae) . 

Sas try and Kates ( 1 964) have suggested that the lipid analysis of chloro

plasts by Wintermans (1960) , Benson et al ., (1959) and other worx:ers r..ay have 

to be reviewed on their finding of specific enzymes in Phaseoulus species 

that catalyse the hydrolysis of galactosyl diglyceride , to galactosyl glycerol ' 

and 2 moles of linolenic acid . The presence of al and (3 galactosidase in the 

cell sap cytoplasm hydrolysing galactosyl glycerol s to galactose and glycerol 

was also demonstrated. 



Structural identification of galactolipid.s 

Carter et al., (1 956) prepared a crude mixture of galactolipids 

which on alkaline hydrolysis yielded s ubstances other than just mono- and 

digalactosyl glycerol . A partial separation of the two gab.ctolipids was 

achieved due to the greater solubility of the monoe;alc.ctosyl glyceride in 

acetone . 
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Wickbere ( 1957) in an investigation on the red algae Polysinhonia 

fastigiata isolated a glycoside , which af'ter acid hydrolysis yielded D galactose 

glyceri tol identified by paper chromatograph.}". 

A similar glycoside was obtained from another red algae Corallina 

officinalis by '."iickber_; ( 1 958a). The algae nere extracted for three days wi t h 

diethyl ether f'ollowed by fourteen deys extraction with methanol and an aqueous 

solution of the concentrated methanolic extract vras filtered through IR- 1 20 and 

IR- 4B resins, concentrated, and stored for two months . The material was then 

dissolved in 5C>;o aqueous ethanol and crysta lline r.1aterial was filtercu off . 

The filtrate was passed through a carbon column, concentrated , and the resulting 

syrup was fully separated on a carbon-celi te column vri th water/ethanol mixtures 

which gave elc1ates that were identified by paper chro:r,atography . 

The eluate fraction contr'..inin,s the glycoside was concentrated, dissolved 

in ethanol and seeded with a trace of glycoside A. The crystals had a melting 

point of 1 94 - 1 96°c and this melting point was not depressed by a sample of 

digalactosyl glycerol isolated by Carter et al . , (1956). From a quantitative 

determination of the hydrolysis products, analysis for carbon and hydro~en , 

results of periodate oxidation and enzymic studies with al and /3 galactosidases 

glycoside A was assigned the following structure:-

0 - <I'.. - D galactopyranose (1 • 6) 

0 - /3 - D galactopyranose ( 1 • 1) - glyceri tol 



A second glycoside, 0 - (3 - D galactopyranosyl ( 1 • 1 ) glyceri tol , having a 

melting point 139 - 140°c was also identified. 

The configuration of the glyceritol residue was solved by synthesis 

of the D and L glyceritol forras of monogalactopyranose . The D glyceritol 

galac to syl was found identical i'/1 th a s~le of' r. ono13alac tosyl glycerol 

(Carter, et al ., 1 9 56) so that glyceri tol in clycoside A was as.signed to be 

of D configuration. 

A subsequent investigation of Y/ickberg (1958b, demonstrated that the 

monogalactosyl elycerol from Porpbyra umbilicalis was an isomorphous mixture 

of D and L glyceritol residues . 
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Carter et al., (1961b), (1961c) conclusively established the struc~~re of 

the galactosyl glycerides from wheat flour. Unbleached wheat flour was 

extracted with benzene at room temperature and concentrated iE_ vacuo to a heavy 

syrup . The benzene extract was treated viith acetone and left overni~ht at 4°c 

to precipitate the insoluble lipo-protein fractions. The precipit~ted material 

was redissolved in benzene and reprecipitated \',i.th acetone . The combined benzene 

acetone soluble fractions were pooled and the solvent was removed i£ vacuo 

yielding a yellow oil which was dissolved in n-heptane (pre-equilibrated with 95~v 

methanol) and extracted tvrice vrith an equal volmne of methnnol. Distribution 

between n-heptane and 95, v methanol gave a clear separation of all glycolipids into 

the methanol phase with triglycerides , sterols and sterol esters passine into the 

heptane phase . 

The methanol fraction was further purified by silicic acid column 

chromatography using chloroform with gradually increasing concentrations of 

methanol as the elating solvents. The monogalactolipid was eluted with 98: 2 

C/M (V/v) followed by the digalactolipid and cerebroside with increasing methanol 

concentrations. Column products were identified by paper chromatography of 
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deacylation prod~cts . Some overlapping of' the fractions was observed so further 

purification appeared necessary . 

The monogalactolipid fraction was purified by rechromatography on silicic 

acid columns eluting with chloroform and chloroform/methanol mixtures . The 

purified monogalactolipid was obtained as a white anorphous powder after solvent 

evaporation . 

The fraction containing the digalactolipid was chromatographed on a colwnn 

of ~berli te R-MB-3 with methanol but a complete separation from cerebroside 

was not obtained. Separation of digalactolipid and cerebroside was only 

obtained by passing partially meteylated material in ether through a silicic 

acid column three times . 

Structural identification of the galactolipicls was established by the 

following methods:- The saponification equivalents of the purified fractions 

were determined and results sue;gested the prese~ce of two long chain fatty acid 

groups , per mole of lipid. 

A lipid fraction was methylated and then saponified to yield partially 

methylated derivatives . Period.ate oxidation of these substances demonstrated 

an uptake of one mole of period.ate and the formation of formaldehyde . This 

evidence suggested the presence of 2 free eydroxyl group s on the glycerol moiety 

and also indicated that in the original lipid molecule two fatty acids were 

esterified to the hydroxyl groups of the glycerol . Acidic hydrolysis of the 

methylated deacylated lipids yielded 2 , 3, 4, 6 tetra- 0- methyl D galactose and 

unmethylated glycerol from the monogalactosyl derivative (see Figure 5) ; and 

2 , 3, 4, 6 tetra- 0- methyl D galactose , 2 , 3, 4 tri- 0- methyl galactose (in 

equimolar proportions) and unmetbylated glycerol from the digalactosyl derivative . 

These methylated derivatives and glycerol co-chromatographed with pure standards . 

Infared data indicated that the glycerol moiety had a D configuration . 



GALACTOSYLGLYCEROL LIPIDS FROM WHEAT FLOUR 

2, 3, 4, 6-tetra-0-
methyl-n-galactOl!e 

+ 
glycerol 

Methylation 

®
OCH 

CH3 0 --CH, 

6HO + 

OCH3 

On the basis of t}tls data Carter et al. , (1961c) assigned the following 

structures to the galactosyl glycerides :-

2 , 3 diacyl - 1 (3 - D galactopyranosyl - D - glycerol fiom the mono-

galactosyl glycerol 

and 2 , 3 diacyl - 1 - ( o( - D galactopyranosyl - 1 , 6 - (3 -

D galactopyranosyl) - D - glycerol for the digalactosyl glycerol . 
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Sastry and Kates (1964) have since conf'irrned that the galactosyl glycerides 

fiom runner bean (Phaseoulus multiflorus) leaves were of similar structure to 

those isolated fiom wheat flour (Carter et al . , 1961b , 19610) . 
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Fatty acid composition of galactolipids 

The fatty acids of the galactosyl glycerides have been examined by 

several workers. In photosynthetic tissue the predominate fatty acid appears to 

be o{ linolenic acid (9, 12, 15 octadecatrienoic acid) as shown in Table 5 

below. Carter et al. , (1961b) in examinin6 the Balactolipids from wheat flour 

shoned that a higher percentage of saturated fatty acids was present, 
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4. Metabolism of galactolipids with special reference to photosynthetic tissue 

4.1. Biosynthesis of galactolipids 

Ferrari and Benson (1961) in studyiJ18 the incorporati on of' c14o2 i nto 

the liuids of Chlorella &renoidosa during stea.d;y state photosynthesis demonstr atcll 

that the most rapiclly labelled of the sol uble clee.c lntion products were in order : 

e;alactosyl gl ycerol, dic;alac-tosyl elycerol , di.0lycerol p 1osphate , sulphoi3lycosyl 

glycer ol and glycerol phosphoryl inositol . Acid hydrolysis of the l abelled 

galactosyl diglycer ide indicated the fatty acids contained only 25~u of the 

radioacti vity of the galac tose moiety . Trd.s sugr;ested that the galac tose moiet-.r 

was met abolised far more rapidly than the di.glyceride . These workers suggested 

that the relatively slow l abelling of the f atty ac i ds of the glycosides and 

diglycerol phosphate could indicate an active transf er of the galactose and 

glycerol phosphoryl groups between absorbed pools of intermediates in carbo

hydrate metabolism. 

These workers suggest that the only pracursor for the synthesis for 

galactolipids , present in sufficient quantities , would be uridine diphosphate 

galactose (U. D.P. galactose) . This as well as U. D.P. glucose have been 

identified by Buchannan et al ., (1953) who demonstrated t hat these compounds 

become rapidly l abelled. d·.u-:ing photosynthesis , constituting a large proportion 

of the total labelled non- polysaccharide hexose . These workers s tate that 

U. D.P . galactose would probably arise via the photosynthetic cycle and a reverse 

of the glycolytic pathway . 

Neufeld (1963 peufeld and Hall (1964) have also proposed that U. D.P . 

galactose is a precursor o-f: the galactolipids. They demonstrated that by 

incubating c14 labelled U. D.P. galactose with spinach chloroplasts , a high 

percentage of the r adioactivity appeared in the chloroplast lipids . This 

reaction proceeded equally well in either dark or light phases, and appeared 
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to be a function of chloroplast concentration and time . The sugar nucleotides 

(U.D . P. galactose and U.D.P. glucose) appearec specific for the reaction. Tne 

conversion of U.D.P. e lucose to U.D.P . galactose could be attributed to U. D.P . 

galactose epinerase o.cti vi ty. 

Radioactive products rrere subjected. to paper electrophoresis and the 

neutral area (accounting for 7. - of total radioactivity) contained several radio

active compounds identified as hexose (24tv), (3 galactose glycerol (161 -.,), 

digalactose glycerol (571v), and tri~alactose glycerol (4,, ,). Further radioactive 

material (68;;c of the total) was eluted with methanol, saponified , and the 

deacylation products were subjected to paper chromatography . Four compounds 

were identified, the fastest moving component being D galactosyl glycerol, 

followed by O - oL.. - D t:;alnctose (1 -+ 6) , 0 - / 3 - D ga.lactose (1 • 1) D glycerol . 

The ~.ture of the third and fourth compounds presumed to be tri- and tetra-

galactosyl glycerol v;ere not d.etercined . In this connection, Le_pB.t3e et al ., 

( 1961 ) have reported the ~Jresence of small ~.mounts of polygalactosyl glycerols 

(in addition to the major lipid derivat ives) in the dcacylated products of 

alfalfa leaves . 

Ferrari and Benson ( 1961) have proposed that the galactose from the 

sugar nucleotide vrould be transferred to a d.ir;lyceride ( ,;hich viOuld have arisen 

by established pathways) to form the monogalactolipid . These vrorkers, by 

assuming the biosynthesis of the phosphatides to be in~endent of galactos'1 

glyceride synthesis , demonstrated that a decrease in the c14 content of 

monogalactolipid was matched by a concomitant rise in radioactive label appearing 

in digalactolipid. Hence they proposed a galactosylation step in which 

monogalactolipid is a precursor of the digalactolipid. O' Brien and Benson (1 963) 

supported this proposal by showing that the fatty acids of the two galactolipids 

are closely similar . 
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Tl:,:; fanction of' g alactolinicls in chloroplasts 

The r.~ajur lipid f'1'.:i.ctions '."i nun the chloro)l[1.zt.s of' hit..;hcr 

plcnts ..:•.re tl·1e no·1 tral Lalactolipids) o,nd ::u:ionic ( :;ulpho ipid rmrl phosp:10.tic1yl 

.:::;lycerol) surf2.ctanh c~on~'Cn , -1 5,(4) . 

and a.'1ionic li~,ius stabilize the 1..J\_;e inter2:·c i£:l ci.:::0.:1.s bet"/Cen ::ii...;r..cnt crnd 

lJrotein phane.s 0 d. thin the chloropL,s t . ( I3em;on, '1 S'S1) . .iJ. so chloro_?lccst 

lo:.iinae com1:i ris::c'i of lipil1..s Y.i.th cationic 01.' o..'1ionic f·,_nctional __sroups ·.:oulcl 

al l ou a pos s ible £'unction iYi e. photos,/nthctic electron tra1,.:;fer sy stei:: . 

( Denson , '1 961 ) • 

~::\.:ndion ~-~;.L..lac tos.9 co1..;ponent 

Det'.::;on et a l ., (-; 959) have Dl~-~•-•:.;t0t1. tho.~ t he 0 nlactose 

r:10t::ibolic st::d::u s of the _Dl£:11t. :Sviclence i.s ~, r e:se:, tocl on the b2.c:iz of t11e h:Lc: 

concentra tion OI ... zalactolipicls in plant ti,.,sue , ['.DU ,~he rapid l ab cllin,3 of the 

cala..ctose r:1oiet-y r!hich occurs durin.:; photo s:,'11thesis . Ferrari and Benson (-1 361 ) • 

Greem;ooC: ot al ., (1 63) have dm .. onstr.1tou the ,:_):cesm1.ce o s:Jhe1~oido.l 

osmiophilic _slo ules in the :-;t.roma. of chloro_plr.n·cs from hi_;her plants . Similar 

5lobulcs have been reported by Park and Pon, 19o1 ; I.:ura};:ar.1i and TakGr1iya , 196.;.: ; 

and Bailey aJ1d ' J-i;yborn , 1963 . Silica Gel chro~atocrQpby of lipid extracts f'ro~ 

the globules or"' Vicia ~ has demonstrated the preser:ce of t, . .-o 0 ulacfolipids , 

plastoquinone , additional less olar lipids ~nu f3 sitosterol. (G-reonnood 

et al., 1963) . ;1 carotone and chloropl 11 ner0 not clemons tra ted in the 

globules. Greem-rood et al., (1963) have sugcestod that the globules are a 

general deposit of' insolu le li id material j ust as starch is thoU[;ht to be a 

deposit of' insoluble carbohydrate . Considered as lipid depots , the 6 lob1 ~les 

Irk'l.Y possibly represent a reserve source of enerE;Y to the plant (Bailey and 

..... 'by born , 1 963) • 
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The function of linolenic acid 

The synthesis of galactosyl 5lyc8rides containing high 

percentages of o<... linolenic acid appenrs to be clepcndent on the photosynthetic 

process in photosynthetic micro- ore;anisms and hic;her plants . 

Anabaena variabilis (a primitive blue green alg~ synthesises of. linolenate 

(Levin et al ., 1964.) nhereas Begr,iatoa a related colom·less Cyanophyte synthesises 

only mono- unsaturated acids (Brwin and Bloc h , 1 9611-) . Jiov;ever, Eolton et al ., 

( 1964) demonstrated no linolenic acid in the blue- ,;;.;rcen algae Anacystis nidulans . 

Lipid raetabolism in the phytoflagellc.te Buglena eracilis has been studied 

extensively by the f'ollowing workers : Ro sen berg, ( 1 963) , Rosenberg and Pecker , 

(196l1.), Rosenberg et a l., (1965), Erwin and Bloch (1963) and Hulanicka et ~ (1 96L1.) . 

Different lipid patterns are found t o be p1·esent in Euglena gracili~ when 

gror.-n as a p 1otoau::otroph in the light or as a heterotroph in the dark. In the 

heterotrophi~ coll galactolipids were not found to be present and c20 , c
22 

and 

chain len5th polyenoic acids typical of' animal c ells nere identified. in high 

·" •...J,) J .... ~ ,-

percentages v.-i th cf. linolenate virt:.i.a.lly absent . A similar f'a tty acid composition 

is also founcl in the colourless Euglenid Astasia lonr;a . In the heterotrophic 

cell and the colourless Euglenid the galactolipid~ appear to be replaced by 

phospholipids (mainly phosphatidyl choline ancl phosphatidyl ethanolamine) 

characteristic o~ animal mitochondria and typical of heterotrophic metabolism 

(Er win and Bl och , 1964) and Hulanicka et al., 1 964) . I~orphologic:all y the change 

of' light to dark i s accompanied by a disappearance of' chloroplasts and an increase 

in mitochondria l type organelles (11 ol.ken, 1 961 ) • 

Rosenberg and Pecker , (1964) have demonstrated t he.t illumina tion of etiolated 

Euglena cells resulted in the onset of galactolipid synthesis which proceeded at a 

linear rate and which did not appear to be dependent on chlorophyll level but on 

the products of photosynthesis . 



In hieher plants conditions that reduced the photosynthetlc r ate such as 

reduced light i ntensi t:.,· and ni tro6en deficiency (? e1·i!Jru1 ancl ,.-:allace, 1 965, 

appeared to cause a decrease in the 6a lactosyl ~Jycer:i_des and ol.. linolcnic 

acid content. 

The onl:/ photos:,rnthotic orcani.scs no f ~• r exaoine<1. t hat de not contain 

.cf:. linoleni.c acid are the photosyntha tic bi:LCJLoria C,1 .. ,.-in .:mc1 Dloch , 1 9Glea) 

Hichols and J a.r.:es , 1965) . These orcanisr.1s are ft:1.c,tltative anaerobes and do 

not cnvolve ozyeen di,rint; photosynthesis. IIicl10 l0 and J anes (i 965) examininc 
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the li Jids of six s:'eci es of photosynthetic b rtc teria shoned that Chlorobium 

limicola contained both c;alactosyl g lycerides and s ulpholi:pid bu t RhodoDseudonon-?..s 

spheroides contained only sulpholipid and no galactosyl glycerides . Other 

Rhodopseudomonas species and Rhodospirillwn rubrum contained no galactosyl 

glycerides or sulpholipid. All these photosynthetic bacteria contained only 

mono-unsaturated. and long chain saturated f atty acids, poly-unsaturated f'e.t t'tJ 

acids beine comp letely absent (Harris , et al., 1965) . The major fatty acid 

ioolated was ili-11-octadecenoic (vaccenic) acid. 

Erwin and Bloch ( 1 963, 1 964) considering ol. linolenic acid to be a 

universal component of' chloroplasts or relc.ted photosynthetic uni ts extending 

fron: bli.:e-green algae to higher plants have su ;0ested that this £'atty acid is 

r equired. for one of the steps leading t o oxygen production duci!1[; the photo

synthetic cycle, rather than f'or the f'ornation of chloroplast structure which 

varies throughout the plant kingdom. Several lines of evidence have been 

proposed to support this !zypothesis:-

(a) A Scendesmus mutant containing normal chloropla sts could carr"J out 

most of the photosynthetic processes but the cycle wa s blocked at the o:;ygen 

envolving stage . This autant has been shown to contain 5o;_ less cl. linolenic 

acid than normal photosynthetic algae • 
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(b) Licht has been sho,m to sti:;'\ulate the inco1~porc1.tion of acetate-I-C1 
l: 

into ol.. linolenic e.cicl of photoau:wtrol)hic ::w,lenn ,7acilis cells . The r esults 

of addini:; 3 - (p - chlorophcnyl) -1, 1 - dir1otbyl uron (c.r.:.u.) and related 

comoounds tha t inh:ibi -t. the IS.11 reaction aboJ.i::;!'lecl the incocyoration of o.cotate

I-C1 4 into t 1e tmsc-,J_-urc:tet1 :ratty acirl.::; bnt tho synthesis of anir al t;y-pe ::7olyenoic 

'i:'he ne wor~:ers have i1ropos1;;d. -t:r..r~t G. ~ . • u. or u...'U'·. trcat:.ent 

cause a decrease in the · synthesis of ot... linolenic o.cicl which aJ.)pears acsociated. 

mth the Pill re~ction. 

( c) i..::u --;lona c ells crovm in an at.P1ospherc containing 0. 5;~ CO
2 

instead of 

5,. CO2 yielded chloroplasts with essentially the sar e enount of chlorop:!-lyll but 

ni th a grea.tly diniinishcc1 capacity for catalysinc the Hill reaction . 

Si1r:ul taneously the of.. linolenic acid c ontent of celh 5ro,m in 0.5,- CO
2 

nas 

c onsiaerably reduced. 

( cl) The absence of of.. linolenate in photosynthetic bacteria nhich f.s.il 

to envol ve OX'J;;en i.s c or.siJ.ered to support tho su...; ;estion that of. lino:!.onate 

is c oncerned in t)1e c:::yi::;en evolving stage of photos::,';Ytl ~e sis . 

Bloch and. Chang ( 1 9611--) have sho\Vl'l that abolition of the Hill reaction in 

the algae .hnkistrodesmus braunii broueht about by gromnc the organisr.: on 

mansanese deficient mea.ia leads to the cessa tion of' o(. linolenate synthesis . 

These workers suggest t hat since two algae mutants (r.1utant 11 of Scendes1:1us 

obliguus and mutant Ac 1 l.i-1 of Chlarzydomonas reinha.rdi) l ad: the abili t'J to 

evolve o:zygen but contain some of.. linolenic o.cid but no dectable amount::. of' 

galactosyl glycerides , both galactose and ol.. linolenate may be essential 

components associated with the photosynthetic evolution of o.xygen . 

Nichols and James (1965) have s uggested that lipids are not concerned in 

the primary reactions of photosynthesis . The raajor lipids of the chloroplasts 

of higher plants (mono and digalactosyl g lycerides, sulpholipid and phosphatidyl 

glycerol) were also found in significant proportions in roots , stems bulbs and 

etiolated tissues. 
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EXPERII,;EN TAL LI E T H O D S ----- ------- - -- - ---

1 . Grovrth and harvesting of plant material 

Rar.1ets from a lolium perenne clone (.A83/1 L;.7) nere obtained f'rom G-rasslancls 

Division, D. S . I.R., New Zealand ; and planted in plo.::i"cic pots in a 3 : 1 mixture 

of pumice and peat . The plnnts, retainecl near fiel u capacity ant, irricated with 

approxi1:iately 50 rnl . of r:odif'ied Hoag lands solution ( soc 'p:9endix I) tlu·ee times 

weekly , vrere grovm in a eit;ht hour photopcriod in 6 l as.:;houses (Plant Phy::,io1oGY 

Division , D. S.I.R., New Zealand; prior to experir:1ental use . 

The Lolium perenne plru1ts wer e g rown in controlled enviroru::cnt Growth 

Cabinets (Plant Physiolow Division , D. S. I.Y' .• , New Zea2.and) for experir.lental 

purpose . 'l'he environmental condition~~ vrere as follovrs : a 12 hour photo::;ieriod 

with a li,:;ht intensity o:£' 2 ,000 foot c .:..ndles ( obtainec. from a mix ture of ten -1 25 

vmtt refle8"cor backed fluorescent tub e s (TL/33) and ten 150 natt incadescent 

) 
0 0 

flood lumps and l i.:;ht and dark temperc1tures of 21 .:!:. 1 C and 18. 5 .:!:. 1 C 

respectively . Plants were sub- irrigated vrl th 5qJ I'.odified Hoa.elands solution 

daily . Average leaf l encth measured every 48 hours r.-o.s used as a cri terium of 

growth rate . 

In an ini t i aJ. exp eriment 1• uer enne plants vrere harvested , after 40 dcys 

growth , when they v;ere 28 cm. high . The leaf tissue was cut at 3 r egions 

( see figure 7) at levels 1 , 10 and 19 cm. above the pot . The 1 - 1 0 cm. region 

contai ned young leaves , leaf sheaths and basal secti ons of more mature tissue ; 

while the 10 - 19 cm. and 1 9 - 28 cm . r egions contained leaf t issue that was 

i ncreasing in maturity . In a s ubsequent experiment leaves (10 cm. high) were 

harvested f rom the p l ants af't er 8 days growth . 



MATURE 
19-28 cm. 

10-19cm. 

IMMATURE 
1 - 10cm. 
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i.~enia ( Hoader and 'l'olley Ltd. ) ;·rere gro\m in seecl bo:-::e::, in a 3 : 1 : 1 pumice , peat , 

sancl mixture in a glasshouse in darknes s ar.u. -' •iGll ...... 1c~ low levels of nutural li5ht 

in August , 1 965. Hatural deylength ,. as suppler:iv tcti. oy incandescent lru .. s to 

bring the photop criod to 14 hours . Low light was approxin a tely 2 - 310 of full 

natural light , and was obtained by shading the seeclling by several layers of 

scrim. The intensity relative to ·full natural light was checked by easureme t 

with a photometer . The glasshouse was maintained at dey and night temperatures 

of 21 - 25°c and 15 + 2°c respectively . eedlings 'iere 5rown for seven days 

after germination , after which the primary leaf was cut f'rom the seedling from a 

p oint just above the coleoptile in . each treatment. 
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2 . Extraction of lipids f'rom plant tissue 

Lec=d' tissue was cut from the plants or seedlincs and the extraction 

process commencccl as rapidly as possible to minimise the breru-::down of lipid by 

enzyme action . 

A weighec1 sample of tissue nas ta~:en for dry 1;ei__;ht anal.yr.is. '.:7he crass 

was dehydrated rin· tl1en dri ecl to a constant vmi._;ht in an oven at 11 o0 c for 2/i

hours . 

In prel im.inory ezperirr.ents pla nt tissue was e::tr::,c tod vii th ether and ethanol 

mixtures but in subsequent work chloroforr.i : cethanol ( c/r) (2 : 1 , v /v, 

extraction Pas used .:ts it vras demonstrated th2.t the l r,_tter solvent mixture 

extracted r.:ore lipid r..aterial . ':':le extraction ::iet:1od in vol vins e.lcohol and 

ether is reported in a~:pondix II . 

Tlie grass sarnple '17.'.'tS v;ciehcd, cut into short lcn::tI:.n ar.d r::acerato0. in a 

Wari~ blendor rr.:.th C,,1.: (2 : 1 , v/v) in c r 2-t.i.o of 1 C:0 nl . of solvent 110r 1 GO G• 

The resul te.nt sL1rry r;as f'il tore,-, through a sintered 

f'wmel into a Duc:~.nar fleas'.: and the extraction :)rocess ·;;as repeated thrc,e .,_. 
"1r:1es 

ni th f".cesh ali(luots of C/ · (2 : 1 , v/v,. J~t the o~cl of this proce:,s the r0siclue 

contai!"led no appreciable pigment colouration, but to ensure that all lipid 

material had been extrac te,1, samples of residual • ate.rial nere extractod vd th 

hot c/r in a Soxhle t apparatus f'or 4 hours . I ee;lible quanti tics of' lipid appeurocl 

to have been extracted as determined by thin layer chronatography. 

The combined C,/!,: extracts were then heated to 55°c to ensure the 

deactivation of lipolytic enzymes , (Sas try and Kates , 1964) prior to removal of 

0 
the solvent!£~ between 40 - 50 c. The resultine dark green residue was 

taken up in C/1J ( 2 : 1 , v/v) and non- lipid contaminants were removed according 

to the method of Folch et al. , (1957) , in which the extract was mixed thoroughly 

with 2o;; of its volume of' 0.1 !,: NaCl solution and left to equilibrate at 4°c 
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for 24 hours . The brovm aqueous upper phase was r or.ioved and the in terf'ace 

washed with a lic1uots of upper phase fron a mixtire of 2 volumes of 0 .1 r r!aCl 

and ·1 0 volwncs of C/1 : (2 : 1 , v/v). Finally t he upper phase was removed and 

a sinr;le phase s;ystem f or,ned by the addition of a minir.1um llne.nti ty of ncthanol . 

The extract was eva:rioratcd iE_ vacuo , taken up in C/: : (2 : 1, v/v , and t:1e vrashir,£; 

process repeated t-vdce more • 

.After the third ,-rashing the lo-i;i.-er solvent phase conte.ining the r::ajori ty of 

the lipid was separated from the light green interfacial fluff. Interfacial 

material was dried dovm by evaporation at l+O - 50°c ,i!l vacuo and extracted with 

c;t (2 : 1 , v/v) to ensur e removal of a ll lipid material . The extract nas 

filtered through ·.ma-tnan ifo . 1 paper (previo,lsly ether washed) and added to the 

muin solvent extract . 

The tota l nooled extracts were ovaoorated dovrn in vacuo below 50°c and t he 
- - -----~ 

dm1 k creen residue "caken up in chloroform into a woit:;hocl flask. The chlo11 oform 

v,as rerrnvcc1 anl the lipid extr2..ct wei5hed. etfter c1r~·in__: for 18 hours i;l ~~• 

3. Studies on total linid extracts 

3 .1. .££.termination of chlorophyll 

In initial experiments levels of chlorophyll~ and E. in the total 

lipid extre.ct nere dete11 • ined by measuring absorption of licht in the Goo -

700/Ilf region . The optical density of a knovm weight of lipid dissolved in 

diethyl ether ( 100 ml . v1as compared spectrophotometrically at the wavelengths 

of 662 /11/1 (maxima f'or chlorophyll ~) and 6li-4 ff (ma.xi1na for chlorophyll £) as 

reported by Smith and Benitez ( 1955) . 

In later work chlorophyll levels were deterr.tlned quantitatively by t h e 

method of Koski et al., (1950) (see Appendix III) . 



Separation of lioid comnonents 

3.2 . 1 . Tl · 1 , t h c~· 1 ,. \ nn -..:Ner c11r oma oi::;rap:-:eY __ • •~• 1 

Thin layer chromatobraplw vrns utilized in the worl: to 

g ive a rapid s e?aration and identificati on of cal ac toli9iQs . 

p r esent in the eY.trc.cts were identified in r...:J.ny cases . 

Other lipids 

Thin- la_:,rc:r chromatoplates were prepared accordin.:; to the r::ethod of 

Stahl (1 958) usine eq1;.ipr:ent r:ianufactured by Desaga Co ., IIe i delbure , Gerwany . 

The glass plates (20 x 20 cm. ) were coated r;i th a slurry of' silica ,:;el G-

(-. ~-I:.erck , Dar.r.1stadt , Ger nany . ) in water t o c ive a lcycr thickneBs of 250/1 • 

'1'110 plates nere e.llowed to dry in air for 1 0 - 15 r:ri.nutes prior to activation 

0 
at 11 0 C for 1 hour . 

Chrom"'-toe;raphic tar.l-:s v;ere lined with f'il ter ::::iaper to ensure vapour 

saturation of the atr,1osphere rr.i. thin t .Le tank . Sol vent was added to -a depth 

of approxinately 0. 5 CLl o 
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The lipicl mixture di.Jsolved in chl oroform vrns cpottecl onto the chromnto~lntcn 

in bands 1 en . \,i.de ucinc::; a capillary pipette . Prelir:i.inary work indicated tl1at 

bands gave superior resolution of the lipid oi~ture coi:ipared vrith sine;le spots 

nhich t ended to procl-~lCe sb.·eaking of t he separated. lipid components . On a sin.::;le 

chrome..toplate (20 x 20 cm.) up to 700 ?f!, • of lipicl could be succe.:,sfully reso lved 

for the isolation of a particular component . 

For the measurenent of • f values 50 /J.e • of lipid v,as applied to each band 

on the plates which were subsequen tly chromatoeraphed over a distance of 1 5 co. 

Several solvent systeos were used to resolve the components of the lipid 

ext-ract. Initially a solvent system of toluenc c - etlzyl acetat e - 95;~ ethanol 

(1 0 : 5 : 5, v/v, (Hawke , J . C., private communication) was utilized to separate 

pigments , neutra l lipids and glycolipids f'rom t...li.e phospholipids . 1,:onogalac to sy 1 

glyceride and digalactosyl glyceride were identified by reference to pure marker 
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cor.ipounds of red clover c;alc.ctolipicls ( supplieC: by 1.',7eenink , P •• o., Fats J.esearch 

Divin:.cn , D. 3.I. '""'... , ·.:ellin.=;ton) and f vc.2.ues ,iCrc recorclec: . The mono3alactol -i 
4
,::_a_ 

component -rras observecl to chror.iatoeraph close to minor li:_}ic, on<.1. !)ic11,ent cor::poum7.3 

ancl ser,arati.on r:as r,o-L consic..el'ed satisf'actory for le.tor ':rcr~, invoJ.ving elution 

o:' the corr-.po1,ent fron tl'e chrona.topJ.ates . 

The sol vent s;;-s·~cr~1 of :ct[:;ner ct nl. , ( 1 961 ) of c:lloro:f'orm : r .cthnnol : 

1-m.tcr (65 : 25 : L , v/v) rras also exar:d.ncd . Tlric sol7ont resoJ.ved !)hos:)holipicls 

as r.rell as the neutral lipitl::; and 5lycolipids and ::lf v,1.lues r;ere recorded nnd 

cor.iponc:1ts iden-!.:ificd. by tlie t!se of spec ~f:.c S!irays a'ld rw.rl~er conpounds . 

it ·::as observed that mono3alactolipid. h-::.d not clearly separated from piur.:ent or 

:from an unidentified !T.inor lipid. component. In this solvent di3alactolipid nnu. 

p .o"';:il1e tid.J··l ethnnol2.r:d.no had sir::i.lar J. Ve 7 "CS - - f ~- . • 

'.:.'l:e sol vent nystc1.. of !~arinctti e~., Ci ')57; of' diisobutyl l:etone 

ac p-l-1' c ac~.'l . ,·ra1·nr~ ('0. -;5 . l v/v') "''1V'" .,,-·· ·,. ,.,,., ,, -,_r~-,-'-i·on~ 0.,.. .1- -·L·, · J~ 'o,i• c ,..v --.L!.. . , • ..,-..;. ,. • '- • 1-- , o<-v•-....- ...... ..,,, .,_ 1..c .. c, J.u .L ~ .. -' v \.; 

diisobu"bJl ~etono proved difficult to eva;_:orate :f'r.::,n t!.10 cr..ror.-:n.to_pl.:ites. 

J...ccordin,_;ly a sol vent sys ton vms developed to se~,rtra te ·the mono0alnc tol ipid 

from pigQent and accompanyi!1i; r.ri.nor lipids . J~ rni::ture of chlorofor:r.i- rnethanol 

(185 : 15 v/v) proved satisfactory and althoueh the so2.vent mixture was fairly 

volatile , renewa2. of' the sol vent daily was f'ound ::,a tisfac tory. This system 

was used for worx involving the elution and examination of the mono~alac~osyl 

elyceride :f'rom leaf' tissue . 

Lipid components v,-ere identified by usine the follo,,,in;; spray reagents . 

(a) General lipid sprays 

Iodine ( 15; in chloroform) 

(Sims and Larose, 1962) 

Unsaturated lipid gave yellow brown spots but similar colours were given 

by saturated lipids containing nitrogen. kn advanta,se of' this reagent was 

that iodine would slowly evaporate :f'rom the plate used. 



2 , 7, dichlorofluoroscein ( 0 . 2,.1 in 9~, ethanol) 

(1:aneold and I:allins , 1960) 

4D 

Satm·ated ancl unsaturated lipidn v-mre detected under ul tra-violct (H. V.) 

li5ht as yellon fluorescent spots on a yellovi bac~'.:<_:;round . Glycolipids due to 

their hicher concentration in plant lipids were easier to detect than the 

phospholipids . :Follovrin~ sprAyinc it vras often found necos S€try to v,ar"'' t.1e 

chrorae.to lutes :::.li0htl;:,r :for fluore:::.ccmce to a_:,pear . 

Rhoda.mine 6G ( 0. 00.3~~ in rr ITaOH) 

(Allen et al ., 1964, 

This proved to be more senitive than 2 , 7 , dichlorofluoroscein . Plates 

were spre.yed to near saturation and were then viewed ander U. V. light in which 

lipids fluoresced ycllo,, on a purple-grey b.:i.c2-:t;rouncl nl t.1ou...,;h several lipids 

a_?::_:ieo.recl as distinct purple bands. 

Sulphuric acid (5q.) 

Plates were sprayecJ. until the layer was saturated with acid and nere then 

0 
heated at 110 C for 3 minutes . Sor.10 initial colom· developnent prior to 

c 1arrinc was achievoa. by this method. For example , sterols , pigments and 

glycolipids initially appeared as coloured ban<l.s prior to charring. 

(b) Specific spray reagents 

Hinhydrin (o. z-., in 95 ml . butanol and 5 ml . 1 O,,o acetic acid) 

(Ylae;ner et al ., 1961) 

This spray vras used to detect lipids containing a free amino ~roup . 

Plates were lightly sprayed with the reagent and left in the atmosphere for 30 

minutes. A purple-blue colouration signified the presence of phosphaticlyl 

ethanolamine or phosphatidyl serine. 



1.:odi:f'ied Dragendorf' Reagent 

(·,-:a.gner et al ., 1 961 ) 
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Solution A: 40;J potassium iodide in nater . Solution B: 1 . 7 g. bismuth 

subni trate in 100 ml . of 20,Q glacial acetic acid. Prior to sprayin5 solutiorrn 

1~ and B were mixed as follorrs :- 20 nl . of solution l,._ plus 5 ml . solution B 

and 70 ml . of v;o.ter . Choline - c ontainine pllospholipicls cave ora~e ::ii.1ot;s 

ir;rr.-:cdiately rrhile 3alactolipids gave sir.rilar colourccl ,J)Ots more slowly . 

Phosphate spray 

(Dittmer and Lester , 1964) 

Sol ution I : To 1 litre of 25 N H
2
so

4 
l1-0 . 11 e. of r·oo

3 
wc.s added and the 

mixture boiled gently until the r,:00
3 

was dissolved . Solution II: To 500 r.u. . 

of Solution I 1 • 78 5 . of powdered molybdenum was addec1 and the mi xture b oiled for 

1 5 • -1-rri.1.nu ue s . '.The solution was cooled and decanted f'rom a,.'1y resid' .e that may be 

present . Equal voluncs of solutions I and II rrere r:ri.:-::ed vr.i. th 2 vol u1;1es of' 

water . Plates were srJr~' od lightly until absorbentvias damp . Compouncls 

vtl th a phosphate ester group immediately appeare& as blue spots on a white-blue 

grey bac};:cround. 

damp . 

Aniline hydrogen phthalate (2 . 51v in nater saturated butanol) 

(Hough, 1954) 

T'ne reagent was sprayed onto the chromatoplates until the absorbent was 

The plates were then heated approximately 1 hour at 11 o0 c after which galac-

tolipids appeared as brovm spots on a white b e.ckground. 

lipids were not detected. 

Other sugar-containing 
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1tsln_:; colu:nI1s of' ill ot:b.:,'lti,i:inoel!-1.yl (:s:.:.i~ , cellul.00r.:) accorclinc to the :, roc 0,clure 

cf :ilen ct. al ., ( 1 9-~l:.~. 

)o· .. u.er nc.s v.-;~shed. 0!1 '-., uc}mer f'..lnnel •:;i th 20C1 nl . o " ·1 :·--~Sl :: 2.J.o,,.re 'J b~' 500 r.:l . 

cli .stillecl rn.1.tor , 200 ml . 1N-IlaOH and 500 r.11. of' distilled 1;e.ter . This procedure 

nas rcneated three ti:;-cs ond the D:..:.2 cel lulose w~s then washed. ni th 200 IJ1.l . 

each of ace tone , chloroform , i;:iethanol and acetic o.cid respectively. The D:'::t.E 

resin was poured as a s l m~~J in acetic acid into a colurr.n (50 x 2 . 5 cm. ) and 

packec1 under a =~0 prescure of D proxir:c.tely 2 lb . /ss. . in. 
L. 

.'Ster equili bro tine 

ovorn:i.-:ht the acetic ac::c. nas f lushed fror: · t he ccJ uu1 '\';it 1 200 r:11 . mcthun0l 

f'o~. o·i'recl -./ c:llorofo1•r.-: to 1·cr..ovc tl1e r;e ~;!·!anol . 

in i:; ,..,7 
.,,) J.I' • of chloroi'orr.1 ) 

to the colur.m anct t 10 elt~tion sequence describec' by .·.1::.oL ct ol. , ( 1 S S ',.) ·1,T. s 

followed ( Tttble 

chromatography. 

r o, . 



T.ABLI: 6 -
Separation 3equenc e of a lipid extrac t 

n:;~;.:._. cellulose 

::..=lutir.;::; solvent 

Chloroform 

c;L 
( 1 9 1 , v/v) 

:;j1.: 
( 9 1 , v/v) 

c;1.: 
( 2 : 1 , v/v) 

:inear e r ad.icnt of 
cj.: (2 : 1, v/v) 

2.g.:i .i.nct 

c,li: (2: 1 v/v 1 
containing '! . 5 C . 
a c e t ate 

w.::::oni ur.: 

Volur.1e of 
elutmt 

300 1:: 2. . 

500 ml . 

l:,00 ml . 

l1,00 ml . 

600 rnl . 
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nerenne on 

i·n.in componc:1",.;s elutec~ 

l.ajori ty of' picr.,ents 

:~0?105alac to lip.:.. d 

Leci tl:in and 
d.igalactol:.pid 

Phosph2.tidyl 
e tha ob.r:i.ne 

( Phosplmtidyl glycerol 
I 

ino::ii to 

'.i.'he mono:.;ala.ctolipid fraction vras further puri. i crl a c c orcli .16 to the r:et11od 

of O'Brien and Benson ( 196l1..) on a silicic "'cid colw.m u::iing c;1.: (9 : 1 , v/v) as 

the eluting solvent . Pie;::1ent was succe::;sf·. lly co9c.rc..ted fron the mono0ola.cto-

li i d but traces of unidentified r.tlnor lipills were founc1 to be pr esent . 



Icl.entificRtion o · ;,alac~osy_J_ sl~'CGriJ.o,s 

'l'.1e c;-c:.12.ctos:,.·l cl:,rccri.rles '.,ere i clont-:.fiecl on thin-layer cirr- 0: ·.ato1,lc.tcs 

1.]1c sar:~le 

1,2s reflu~:ed at 80 - 90°G f'or 1 ho 11r in 5 ;-;:: . of 0 • .3::- :-:a.OII in 9~~ aqueous 

wethanol. '::'he 1:1i::turc y;rrn then sha:e1: vri th 01\:f':'iciont vonex 50 ion exchanse 

r esin / + ) t T" -f'lo•"-r 
\ - - .I.. .l l, to I'Cr.::)Vc th.e :'i l ·ccro cJ tl:rou.::;h ·,:hatnan 

. . \ 
- o . ·. 

J.iborate f 2tty ac~.lb , D..l"ld tl:e 110·1t:i:c:.l r-ct',.a.r.olic ;-:cd;cr .Dh~">:::e v;as evap;:,1'.:i.1.oQ 

i 1 t .3r"I ~5°c . ;o ar:.,·ness .:i. \.. - ) lli ~• The rcsiclue i"i'.1S dia::;olv ed in 0 . 5 r..l. of 

d.l.~tilleci we.ter . 

Lri alic_uot o:~ this :::olution was evo_r,orc~tecl to cb.-:,rness and h.,rdrol::,0 sed 

P.t 
0 Go - 90 C for one hour in 3 r:il . of 1 I~- ~~so 4• ':'l:e h:,cdrol:,'sate rras neutrc.J.ised 

b,r tl e aclc.li tion of 5 ml . of IT- Ba CO-., ) and the inDoluble Baso
4 

f'iltercd o:ff' . The 

excess barium ions uere rm:?.oved ,·ii t.1-J. LovieX 50 (I{ forr.1) and after fi tr2.tion to 

remove the resin the neutra l solution ·ras evaporated to dryness i!! vacuo and the 

residue YTas d.issolvea. in 0. 5 ml . of' distilled rrater . 

The hydrolysis rod\.i.cts vrere exar:ci.ned by papc1~ chronato_;raphy and b 

cellulose thin-layer chroi:-,atography . 
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Cellulose "clrin-la:ier chronatoplates \';ere prepa.rod b homo0enisinc 

1 5 g . oi' cellulose !JOI"idcr 300 S- (:.:acherey , Ib.goJ. e.ncl Go ., Gersruzy-) Yri tL 

120 nl. of distiJ.locl .-:o.tcr in a o.ring blenc1or r:::id s)renclin6 the s u0pension 

on 20 x 20 er.:! . c:1.rorw.toplc.fo s to give a L· .. ycr thicl:nesn of ]CO /-1 • ~.. .L :::· .. a L,es 

\iOre dried :'or 1 hour at 11 o0 c. 

strips ( 15 x 25 er.: . ) ,,ns Llscu for paper chronatograr)hic ez~:-.i:.w.tion of .hydrolysis 

:!_)roducts . __ queous h:,.-c.rol;:,rsi s prod,wts and stu.:clri.rds of e;lucose , [;E:.lactose: c.nd 

:.:;lycerol \.ere spot·coc.1 onto ci ther pa::,er, or celL1:'..00e flln.tes r;'d.c:1: \';ere deve l oped 

in the solvent syster.i. of pyridl:ne-etliyl aceta~..;e - ·,;c.tcr (1 : 2. 5 : 2. 5, v/v) , 

(upper .:1hase) (Sastr'J m,cl l:Utes , 19SL1-) . A.:f'tcr dl7ing, the chror:iatot,;1·ams 

were sprayed rrith a freshly prepared r.ii xturo of' 2, . sotlilu:i r::otapcrioJ.ate and 1,-

pota:::.siur.1 p ernan,.:anate (2 : 1, v/v) (Sastry and. I::a.tes , 19611-1 • 

took up to 20 IJinutcs to clove lop. T~1e excess spro;; ·.:ar, \·:ashed fro1:: the r>a.p or 

chroIJa.tocrams and co• )Otmds renained as bro';.'Tl S)O ~:; on c. n1ri tc ac::..:;round. 

_·ilkaline hydrol:rsis products \'/ere identif'ied by reference to Rf' values reported 

b:,r Sas try ancl ;.:,te::; ( 1 9S41 fror:; work •.mclert,i?·en under sir.1ila.r experimental 

cond.i t ions . /.cid hydrolysis products were ident::..fiec. by reference to .:;lucose , 

galo.ctose nnd elycerol standards develop eel simul to.neously on the chror.,ato[$rens. 

Determination of' g alactolipids in lip:Ld extracts 

Galactolipid level, f'o llowinc acid hydrolysis, was estimated as 

galactose by the orcinol method of Svennerholm (1 956). 

T. L. C. of' 400,1-1g . of' lipid in the solvent syste:.s of chlorof'orm ~methanol 

(185 : 15 , v/v) and chloroform : methanol : water (65 : 25 l+, v/v) vrere used 

to separate mono- and digalactosyl glyceride respectively. The components were 

localised by spraying wit.1--i 1J iodine in chloroforra, mar ~ed and after 



evaporation of the i odine , the silica :;el Vi2c3 care:f'u.11y scr~_ped off the 

Cfl.romato:ilate o.ncl tren::;ferrcc. to r.:'.icro-colur.ms . 

Prelir.ri.no.r.:,r rrorl;: inr:.icatec:. that the sin-:ercd cla::ir:, disc at tho b;:i.::;e of' 

tho colunms did not retain c.11 the ::iiUca .:;el G anu s;.,bses_L,ently n d:i.sc o-£ 

·:a1atr:.a."1 I.ro . ~ 9aper (prev::..ously ethe1· ·;;ashed, , 2 - 3 c::. o-:: cotton i'iOol -:-!-:c.1. a 

further disc of f'il ter paper v.·ere ::, laced above the s::.n::crcd gL.s::; disc. 

Colw:ms •:;ere \mshecl nith cf..: (2 : 1 , v/v) _prior to ml.u.ition of the silica gel G. 

Lipid vras eluted nit 1 the follonine solvent sequence: 25 nl . chloroforn,, 50 ml. 

of C/LI (2 : 1 , v/v) and 25 r..l. of methanol . 

eva orated 12 vacuo at 1:.0 - 50°c. 

':'ho cl 1tin-=: s olvents nere then 

The lipicl ::;an:_,lc nas dissolved in 0 . 5 • 1. of alcohol and .3 ml . of 1 ::- r:
2

S<\ 

v1.::i.s then reflu.::c c~ for one hour. :u1 acid strer.0th o-£ 1:J vms used as Bailey (1962) 

h c.d. a.er.~on.strnte<l t:·ict i:,rC:rolysis for 6n oin~tcs rr~th 1 ;: acid rn,.s nuffic-:..ent :'or 

libe1·ation of plo.nt lipicJ.- bo1md S'.l[;ars . :?irt a:1u. ·.,1101.:-~ (-1551) he.ve .:-J.::;o 

dcnonstr ated that los::;er of liberated su.::;.::..rs in ==2so
4 

becone si__;ni::'ic c.n·t if t:1e 

heatin,s time was exi;eno.ec_ for more than two hou:rs r:it'1 acid stron..;er than 2 .. • 

'.::'he lzydrolys.:1 to rw.s cooled and fil te::cea. tlu·ouch acicl-·.-~ashed. filter ]D.:;_J8r inJco a 

1 0 ru . vclw:1ctric flasl: a.'1c1 t 1e cliGe~tion flasl: rin::;oc1 t112~ee ti1:1cs vii th 1 ml . 

aliquots of c1istillecl nater Yhich na.s added to the total . The c onten~s of the 

volumetric flasl: rrere finally made up to 1 0 ml. with dis tilled water . 

G-alacto::;e nas est· ci.ted by the orcinol method of Svennerholm ( 1 956, • 

Triplicate 2 ru . aliquots were transferred to stoppered. test tubes a.'1d 9laced 

in an ice bath for 15 minutes . 4 ml. of orcinol (0.2 g. in 200 ml . cone . H2so
4

) 

we,s added to the tubes vrhich were mixed and left in the ice bath for a further 

15 minutes . Colour was developed by heating :for 20 r.tlnutes at 8o0 c and af'ter 

chillin5 the tubes for a further 5 minutes , the absorbance was read at 505 ;nyu. 

In each run a blank and standards containing 20,;ug , 1,.0~, 60 , 80 and 1oo;ug 

of galactose were processed through all steps. 
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4. Fatty acid analys~s 

l,..1 • ?i·euaration of JJetlzyl esteE..§_ 

A s,..t!ple 0. 1 rs . of' the total lipid. .-,~,s rofhixeJ. in 25 • l . of 5;..i 

alcoholic I: H for l.;. .1our::: .:;.t SC - 90°c . The saponificution rai::ture y;"_s reduced 

to np~ro;drr,atelJ '1.'.lJ.i' iJ..; s vohtr:10 ancl JulY .. r..sfer r eC .. to a separ.:ctin~ fun.nel in TThich 

non-soponifi2.blo mC;.J..;eri~.l u<:s extracted three tir:es ·,;::.th 25 r.J. . aliquots of 

p otrol eur.1 e ther . '.me nlco olic phase containin_; the f [l.tty aciJ. saltn ~-~2 s 

a.dj us ted to pH 1 2 by tho accli tion of G~:- ::c::1 nnc' tl1e fa tty a c ids rre r e e;~tr(1 c tecl 

three t imes rd. th 25 ru . a liquots of petroleum et ~01· -r;hich ~tft er ;-;as '.'lin.'.; ni th 

distilled ·,mter until neutr a l nas rer.:o vec. in va cuo . The f a tty acids •;;ere i'Teiched 

a f' i..cr dryin0 1£ ~ ovorni,~h t . 

Hilcli-Lch (1956) nncl r e f li.c:-::ed for 3 hour::; c:t ~0 - 90°c . ':;.'he 1 i:-::t,u·e nas 

reckce•J to hnl f - vo:'..uL,e c,.r.cl tra:1sferrcd to a DO~nu·aJ..;i:1::; f unne l to -.-;l1ich 5 r.J. . 

i'r.i. th t hr ee 25 cl . oliqucts of petroleum ct:ior c11c1. a.f'tcr WtShin.:; -.;:. tl1 i·;c/ce~· the 

solvent was 1·enovcu in v.s.cuo . 

r.:etr~rl este1·s of ti1~ i:;alu.ctoli id co;:;poncnJ..; .s ·,;01•c ~1·eriarecl clirectly 

by inter csterificuti on of' the coc.._) onent (p r epa.rea. b;y thin- layer cliror..:i.tosrci)li;:,r 1 

in anhydrous 5'1 ~ 1,ie thanolic :::rel at 80 - 90°c for 1 hour ( 0 ' Bri en «nc1. Benson , 19GLi.) . 

!.:ethyl esters nere extracte d into petroleum other and the solvent was rcr:ioved 

ill, vacuo . 

Gas - liauid c·u-omator,rupby (G. L. C. ) 

J.:ethyl estc1·s of the f'atty acids nere se)arated by G. L. C. in a 

Pye.Ar gon chror:iatoJraph f'i tted Tii th an i onisa tion detector YD. th a 20 rnilli

currie stronti um 90 r adiation .source (Loveloc.-: , 1958) . 



Gla!:>.s colur.ms (S ft . loni::; and lf- r:rrn. in,c crnCL:i. clianotm~ , pc,ckcu. ,nth either 

20,. polyotlvl , n E: c;Jyc ol adipate lu ........ _,., ~ ' 
.1. • -- . ~~· • ., • • ) on 60- ~.J ne.:;h/in 

Sa.r.1ylc•S of 1.1ot!zyl cc,ccrs (,l.icsolvcd in 9otrol01 .. u:: other) r,-ero ,clcloc. to the 

colwm in 0 . 5 er:: , :::ections c: cn;:iill(:rJ t·ibin.s . 

T'ne prc_)ortion of -3ac '. ectcr in a sa.';ll)le •,-;as ob~:nined b1 • the rilQ.ninctric 

method of Janes (19Gc 1 • r:a.:!.surof.'.lent3 were ropcatecl ten times for :::1 ,nll :riea':s 

The relative 

1,roportion of ester i"Tns C7q)re~sed a::; a percentage of' the total peak area on the 

chromatot;r am . '.i.'he a verages of three gr aphs a particular sacple was u sed as 

Identification of fatty acids 

:..' ntty ac:.i.d esters y;ere identified b;/ the foll orrin__; r.:etho·ls . 

stearate and li!1olcnnte . 

(b) Rela'.,i ve retention volunes (r.:co.::;iu~oa. f'l.'or:"i the ne,30.ti ve air .:,c,:.l: , i·;ere 

cor:i::_Jared with velucs rccorc.lod in the literature nncl V<'.':ues obtained ~:d'·Ler 

chror.i.atography of I utional Hen.rt I nsti tut.e Standards C and D. 

(c) The eraphice.l relations:up betnocn the log
10 

relative retention 

volumes and tho carb on numbers of the fatty acids of a homologous series 

( Hawke et al ., 1959) uas usecl as a fur,cher noans of i entification. 



.,., (..... \ -· • :.ere:: , 

.• J.' ,, r:. 
\,l :..,1 o . o u• 

use . I:ethyl c::;torn and standards of po.lni t:i.to, linolu .. te and linolenC'..te osters 

were npplicd -to the chror.:a:::opletcs prior to c"'..cveloi)r.,en'c in he:~ar~e : dictlzyl 

ether (60 : l:.0 , v/v) (:.:orri::.: , 1962) . C orip on en', s 1..·or0 d.e tee tecl under U. V. 

li,:::ht ,.ftor sprc,yln_:; rrith 2 1
, 7 ' clichlorofluo1·escoin (0.2,.. in 95,~ eth:.mol) 

: :n.11£;0 ld, and. J :<'.·· lins , 1 ?60 1 • Cornoncnts r;orc sere.pod off the plc:.ter. into 

ccn'vrifu,_::e tulles nnd. tho os-ters r,ero e.-:tracte 1.J. t:u•co tir:10s \"ii th 5 rr:l . o.lic.iuots 

of petro1ewr. o~:her diot:.i.71 ether ( 1 : 1 , v./v ~ • 

roroval of ::;olv0nt in v:.1.cuo, r;e1·0 then ::.:ubjectc-rl to G. L . C. 
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5. The inco__Ep..9ra~i.2E,__2,f,.lJP~tate-1.- c1 
/+ into_the .1£_tty acids of 

Lolium Derenne 

5.1 • Incubation o.f'._~eaf tissue 

Cross sectional slices of perennial ryecras s ( ap9roximately 1 mm. 

thick) were inc,iba ted in n total volume of ~- r.:l . conta inin:; soclium phosphate 

buffer (200/1-t nole;., , p~I 7.4-), 50f-t noles socliu::1 biccw:bonate , 50/u moles of 

_,__ . 1 1 . d ., 1 - 76 7 ( l \ -P ~ ,' ~ · • 1 ,, 1 4 t t po1,aS SJ.lU]1 Cl Ol~l G MU. ;;. /1 ffiO..Les i-/.l C; Q_ ..,Qd . .l. LlL -__, ace ,,'..l. ·e 

( T1e Raclioc 1eraica l Centre , :unershar.1 , ~nglar1d) at .30°c for 1i- hours accoro.in6 to 

the procedure of t.Ia,rrl:e cc1cl .Stw::pf' ( 1 965) . 

Seuaration anc analy sis of fatty acids 

The incubation mixture nas saponi ::'iell niJ)1 5 ml . of 1 _5;., ::o:r:I and 

fatty acids extrccted three times Y:i th chloroforr.1 after adjustn:e:1t to p:i·! 1 - 2 

50 

rti th 6i1 HCl . The co:~bi:ned extracts r1er e ·;;as:1ecl rri t}1 1 ,~ acetic acid , dried over 

anhydrous Ha
2

so
4

, anrl suitable alir.1.uot nas tci:e!, f c,r r ... dioacti ve r.,ecsuro, .. ent . 

'.rhe e::dre.cted fatty acids were r:iethylate~ as previously c1cscribec1. fu'1Cl 

the r.1ethyl esters were subject to T.L.C. on silica e;cl G- in a solvent syste1;1 

of hexane : clieth;yl ether ( 60 : 40 , v/v) to r emove pig• ents and hydroxy- f atty 

acids . The extractod ::ie tl:, 1 esters were then sei1aratccl by silica gel G 

Airo3 T. L.C . as :previ ous]J described into mono- , di- and tri-unsaturated 

fractions . 

These fractions were analysed on a gas-liquid chromatograph ( G- . L. C. 

(.A.erograph , 1,iodel A- 90-P2) f'i t ted vd. th a thermal conductivity detector . 

Columns of d.iethylene glycol succinate (D •• G. S.) 12'; on chromosorb held at 

165°c with a flow rate of 50 - 60 ml . H/minute were usec1 . Collection of 

individual faJd;y acids was carried out manually w:i. th tubes packed Viith 

siliconised glass . The methyl esters were recovered by washing the collection 

tubes with diethyl ether into counting vials . 



~iocl1emical analy sis of r;1ethyl esters 

R(ldioacti v.i.ty ,ras r:ieasured in a liciuicl scintillation counter 

(i~sse:tbly lrE8301 ; ::ucl-2.::ir Enterprises Ltc1. ) in 5 r:'J. . of clio::on solution 

1 _,__ . . 0 /'/" ' . l b '\ co:: L,c:..1ning • 00,. pw'a- u..1.p 1cr\'/ _ enzene;. Incli.viC::ual es .. ;er.:: were counted for 

suf'fj cient tir:c -t'J :_;ive e 1 , O'',J counts . 

bac~rOlmcl of 23 cc-mts/1 .in :te . 
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R E S U L T S -------

1. The total lipid content o-£ Lolium uerenne and Hordeum vul,e;are leo.f' tissue 

Table 7 lists the dry weight and lipid content of' lea-£ regions (f'rom 

40 clays 0 rowth ) and whole leaves (fron: 8 days c;rov;th) of' Lolium perenne pl[!.nts 

grown in a 12 hour photo9eriod of' 2 , 000 F.c. and day Md nieht tenperatures of' 

21 °c Md 18. 5°c respectively. The f'eature of' the res;.,l ts of this Table is 

that the dry weight and lipid content increases f'ron the 1 - 1 O cm. to the 

19 - 28 cm. leaf region of the l1.0 day old plants . 

Days of 
growth 

40 

8 

T'.ne total lipid and dry vreight content of Lolium perenne 
leaf tissue 

Leaf region* Total lipid Total liuid 
(length in era.) (;.., of wet v.t .) ;v c1r'<J v:t . (iv of dry -wt . ) 

1 - 10 1 . 34 14. 35 9. 35 

10 - 19 1 . 52 15.00 10.12 

19 - 28 1 . 63 16. 75 9. 85 

\ihole leaf 
(length in cm. ) 

9 1 . 36 12. 95 10. 5 

~ measured from base of plant 

Table 8 listine the lipid content 0£ Hordeum vul5are seedlings grown in 

different light environments (dark, low and full light) for seven days 

demonstrates that an increase in light appears to stimulate lipid synthesis . 



Light 

TABLE 8 -
The total lipid and dry rrei,sht of seven clc'\Y old Hordeum vuleare 

seed.lin.:;s grown in different lic;ht environments 

Length of Total l ipid Total lipid 

53 

t reatment prir.iary loaf (cm. ) (1o of i70t rrt . , /' dry wt . (c~ of dry wt ) , 1 • -
Dark1 11 . 55 0. 60 7.3 G. 2 

LOTT light1 10.20 o. 69 7. 2 9. 6 

Full light1 8.38 1 . 04 9 . 1 5 1 o. ~. 

Dark
2 14. 00 0.35 6.35 5.5 

? 
Low li8ht- 12. 50 o. 65 6. 24. 10.4 

Pull light2 6.85 1 . OL;. 9. 9 10. 5 

1 li5ht gerninated 

2 
d.ti.rk germinated 



2. Chlorophyll levels of Gramineae leaf' tissue 

2. 1 . Chlorophyll levels of Lolium nerenne leaf tissue 

The levels of chlorophyll _2; and J:?. y;ere compared by measurencnt of 

optical densities at 66.3 ;ry1.1 and 644,!o/u of a standard lipid so l ution ( 0 . 01 g . 

in 1 00 ml . diethyl et:1er) f or each extract ('.1.'able 9) . 

Leaf' region 
( length in cm. ) 

1 - 10 

10 - 19 

19 - 28 

Whole leaf 
(length in cm . ) 

9 

'.i.'ABLE 2 

The comparative levels of chlorophyll _2; ancl £. in 
Lolium perenne t i ssue 

0 tical densi • wet wt . tissue 
Chlorophyll i!; 663/o/-1 Chlorophyll b 

0 . 28 0 . 08 

0 . 4-3 0. 23 

0. 51 0 . 29 

o. 4£, 0 . 09 

644/o/-1 

There appears to be ru1 increase in chloropbyll concentration from the 

1 -10 to the 19 - 28 cm. leaf' region . Tltls relationship between leaf region 

and pigmentation was supported by the thin- layer chromatography of a standard 

amount of lipid from each extract . Comparison of the chlorophyll concentration 

of the 3 leaf regions demonstrates that chlorophyll _2; and J2. and other pigments 

increased from the basal leaf region (Figure 8 ) . The concentration of 

chlorophyll ~ in the leaves from 8 day old plants appears to be similar to 

the 1 0 - 1 9 and 19 - 28 cm. leaf regi on of the older plants (Table 9) . 



Leef r~J_;ion· 1 0- 1 '.) 1 9- 23 
c:: .• err • 

The so_,[]Xat · on of p i .:..;:::c2,ts , fror. the l ii).·_-l e::t:.acts ob~;a,incc. !'1~•~,:;-

eaf reei or..s of f.. --:iel'Anne , by ri.L . C: . in the so~.-,01,t ::;y::.ter. of c~ilorof'orr -

r-,c+'-,-,nol ( A ...,)r: • -·, U.l , ,., .. le...,. i .._,, • v/v;. 

s::,eed El:tc.c lrror.e ~,r>c Il f'i lm ( 1 /50 uec . , ½~). 



') ') 
L.. •'-. 

envirorn::onts ir. s:10 ;,n in ':.'able lO , 

Gerwination 
concli tion::;; 

Licht 

G-erminetecl 

var_: 

}erd.nateu. 

c.:.-.: 

-
content of 

Light 
treatr:;.ent 

Dark 

Low light 

Full ~ . .... 
-1.~ 'l, 

~-e.r .. : 

Iior; li,;ht 

Pill lisht 

mg . /100g . 
:::_1loropJiyll ~ 

0. 28 

3.60 

1l; .• oo 

o.o-: 
- -r ., •I.,, 

16 . 70 

wet wt. tissue 
Chlorop: ,-11 £_ 

0 . 28 

1 . 40 

li-. l;.1 

0 . 02 

~ . 3.3 

;: . 84 

r,,. 
.)v 



n -
n 

n 

n 

n 

n -
n 

n 

n 

n 

n 

The iden-cLic .. ".;:Lon o:f' t 11c r::etl1M•l ccto1·c of "::he f,:,,:t'SY,_ acid~ 
L. nerenne .... ~•1<1 • vulr;nre bs· ; .L.S. 

#W 

~10 retention ti~os 
,., . 
-ro1 :.1_11ec.:.e 

Cher:.::.co.:'.. 
fot t~, 

TA"'I.=:: ll 

':8lo·~!ve rctentio:1 volnr;ie::; on polyct},yJ.cne _::; J._yccl ac"" .. ;pa,ce at 
16.3 ':; of the r:1otl;,yl este~·n of L. Dcre:rnc u:1d H. v·,l~nre 

no..-;ie oi' ni orthand " 2.at;ve retention volcu 1es ..... 
. ' G.C.1.U not2tion !J. )t?:rennc -: • v 1..~::!..~ 

1
~1.re r; .:r.r. :' u.:cchfit2.G. 

r:..-, 
__, I 

-
~ ta.s . ~t.u1-:i,,s 1 S-62 , 

0 .. ecanoic 10 0 0 . 12 0. -134 

doclccanoi c 12 0 0 . 27 0 . 2G r' . 25 0 . 245 

tetrac'eca.noic g_ C J . 50 0 r-,,-, . ; _, :") r -. 
I... . :-v c. :.o 

bexadcc ano::.c 16 0 ... .oo ., . "O i • 'O ·j . :::,o I I 

hexao.cc n·'1oic ~ G 1 1 .14 1 .1lf- 'I . 1 5 

he):a<l.ecenoic 1G 1 i . 2.11 ... .2-, I 

oetadeca~oic -;8 0 ') r, 
.:... • ... .c.. ·j .99 2 . c1 1 . 99 

oc·tadccenoic ·18 1 
,.. ,., ,, 

') ,...,') 2 . 22 2 . 23 .: • .:::o 1.- • L4-

oc tadecad.ie:1oic 1 3 2 2 . 72 2. C.9 2 . 70 

octadeca-trienoic 18 3 .3 . 5'r 3 . 2;.9 .5. 51 

- eicosanoic r r, 0 4.1 l-1-,_v 

unidentified 20 . L: ? z~ . so 

.:, I:easurec1. at 1 73°c . 
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The relative retention vohuncs of a homoloco-:.i::; ::;e;r: co of the r:1ct:zy1 esters 

exhibited the ex_pecteJ lo5ari thmic relations~1ip rri th the nur:1bor of' carbon atoms 

in tho fatt-y 2.cicl. (:Ia-;;}:c et al ., 1959) . 

series fc_l c1.lons pa:cnllcl stri:.i,•ht. linns . 

r".onoene, diecic a'1 cl triene f'rncti;ns by silver ni~1·ato/silice r;el S- thin -

le._ver ch.rom._q,to3rc.pliy. 

the re ationship betv;een. the log~ 0 relative retcnt•:_o:-! vol11r::e vers'ts cr..roor. 

nw"';lber is pre2e"",tod in F:5 . ._; .. ,re •i o. 

Sa~:uratoc'c c..cicb conto.ininc 1 2, 1 l~ , 1 5, 1 S, 1 0 , 2J, 22 and 24 carbon a-tor1s 

were ic1enJ:2.f.:..ccl follorri..!1C pre]c>~:::.tive 'l'.1.8. on ;. :'•J,: silica .:;o1 r:. . 
g J 

1:r~1icl1 co .. :rcspor!c'"..s to a ~, 6 C[1r·bon cor.:pouncl in the L~onocne f'rc.ction. 

;,. fm~tiwr 

have be :, c'.un to o. :~nco:.:i;lete se_::)ar8.tion 'betr;eon t.ie r.,onoene [tna. naturated bc.nds 

on the thin - layer chromatoplate . 7he :--act that the1·0 ·;;as no c ontru:ri. na.t2.on of 

fatty acid. co·.1lc:. be a £~-isomer, sir~ce i:o ·::is ( 1 9(;2) has roporteC. that trnns 

isomers of monoonc fat-bJ c.cids h,we hizhor :lf valuer, them cis isoraors on .,:.r:/0
3
/ 

thin-layer chrom;:itoplaten . .Further confir::1ation that this 16 carbon r::onoone 

acicl ;;-as a tro.ns-iso::1er achieved b~, elu<;ion of t:.10 r..etliyl esters corrc:::ponclinc 

G- . L. C. to a stanclarcl of netlzyl elaidate frof'l a ~\;·:o
3 

thin-layer chro:-:-.atoplate . 

showed considerable concentration of this 16 : 1 fatty acid in this fraction. 

It TTas also demonstrated th.:1t traces of the 16 1 ,Si£, isomer were present as 

conf'irned by G.L.c. following pre:9arative Agl:0
3
/T.L.C. This fatty acid had a 

relative retention time that rras similar to palmitoloic acid on P . ::-:: •• ~'.. . and 

D. E . G.S. columns, comparc d to the hi0 her relative retention time of the trans-

isomer. 



Otber mono-unsaturated f'atty acids with 15, 17 , 18 carbon atoms nere 

identified. , as al30 were the 1 8 di enc, and i:;-.ciene acirlz in other f'ractiono. 
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SATURATED 

24 

MONOENE 

DIENE 

TRIENE 

80 60 40 
TIME IN MINUTES 

18 

18 

18 

20 

16 
18 14 

16 

0 

(on D. E.'7..n . li<_:1-~i plm::,c ,..,t :"';'-- , af'te"' 3epar ~i,:in intc saturated r:1ono-, :J.::-
~1.ne. tri-t nno:'--ur2.toJ. f'r c,-i ns b,:,r ,., ~ 

i . _ . • 
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_ saturated acids 
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NUMBER OF CARBON ATOMS IN FATTY ACID 

The r , : · t 1.. :m '".11· 1:r:• '. .;-;ec1·-: t,h,. c:.::.rb:in , ·, 1 J.,b cr .~.f Lhe f a~·t:· r: ci.:i 

x·ctc ~· .. t i cn vc. .. , 1 ~ , f\ ,r ~l--:c I"" --~ J ~v : , ... 

'"'!. r T .., - . •. ~- . - . - . r , - .... . _,; . .. ~ .. ., - -· ,.... - . , . 
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4- . The vielo.s. of fatt"' acids and their comnosi t; on from the total l i _pid 
of Gre.nineae 

The yiclcls of fatty acids fr orr: the li. irl oxtrac-to , obi,riined :.:'ror.: l • uorer,~,_, 

leaf t; ssue , ::..s s.101:r. :i.n '.::'ab1e 1 Z ,,lnle the f~."-t:,, ,:c .. ~<l co::·po:::i.-t::.on of the lipicl 

is 

~eyn of 
crorrth 

.'+-0 

8 

m·.,.-r ... ..., 
-'-·-' LL 

'.=1}10 3,~lc., c.~ of fatt~, a,c ic [, fro1il t~~e t o J"'al lipid cxtrt1cts of 
l• uerenne tissue 

Leaf re~ion Total lipid Fo.tty c.cic:.s 
( len_;t.11. :.n cm. ) 

1 10 

10 - 9 

1 S 28 

·.,'hole len.f 
( . ' , o~th 1.n er • 1 

() ,. 

(,. oi' r;ot rrt . ) C~ of tob.l lipil) 

1 .34 51 . 2 

1 . 52 51.6 

1 . G3 lt2 .3 



The fatty acio. composition (ruol,.::s ,.) o:' -t:-:.e totc . .:i. li~~iJ.s 
1• nerenne leaf rncions 

~3l1orthc.nd 
110-taJ...:,ior: 

Lce.f re- ·-i np of ,:lant 
-0---'.:'-, -c- ~·-.

0
- ~'-13 ~CL . 1 3- 27 Cr.l • 

n - clo ccc:..noic 12 0 t1~ace 

, I 0 I I~- 1.30 0 . 90 0 . 70 

~ hcxadecancic ·1 
,. 

0 20 ~90 'i 6 . 6 ~ 5. 50 

n - hc::,,clecon0i>; 16 1 1 .oo A 1 .~ 1 . l.1.0 I • ' u 

r. oc-taclncc1110=:..c , C' 
1~ 0 1 . ,\0 1. 50 ; .Go 

n oct~dccc~oic 1 < 1 2 . 1r0 1 . ,30 1 . 20 

~~ ,S 2 1 7 .so 1 2 . 60 i1 . 70 

·16 .3 C. 7 C1(' .,,;_; ._,,,:J 61+. 60 67 . 00 

: . :::o 1 - ~-0 0 . 90 

linoleic aci·l fron -:he bt1.3al to the oistal 10,'.'lf :cecion of' tho .:_1 l ant . J:inor 

di :ffe~~ences in the p:coportions of a he:cadecenoic c?.ci{l of ·mce::..~ta::.n .str·.wturc 

(tnd of oleic c.c ' a rrr.s also obs..:,rve:1 fro1:1 cliffercnt loaf ::.~ccions . '.::l1 e ce:1 tral 

leaf re6 i on vws fo1mc1 to e;i ve a value nhich i·1as internorHe:te for each fa'!-;ty acid. 



60 

50 

a:: 40 w .,_ 
CJ') 
w 

_.J 

>-
;: 30 
w 
~ 

20 

10 

--i .. ,,r -",. 
.._ ...,,.,., •-- I t 

a 

b 
C 

14~0 16:0 16: 1 18:0 18:1 18:2 18:3 

The f;:i.tty acid composition cf leaf re::;:.ons cf b.• perenne nlants cr~a. 

for 40 days . T 1e unlabel eJ. fatty ad a ,1.:1::; not identified. 

o. = 1 -1v :::L. leaf reeion ; b = 10 - 19 c ... . lrof re._, ion ; 

c = 19 - 28 nm. leaf recion. 
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(' :oles of' 

----~-··-------------~---- ----------=--•--~-
_.,l1cr,1.ical n.:i; .o of :faortho.nd 

.p - .J • .l-o; ,. 
~ v, 

. , 
(:--:..c:..a. notation 

----- ----·--~--· ------------. ------~-~---~--- ·----------
!1 l i:. : 0 0 . 20 -

J 11 . 90 

11.e:·:.~i<l.ee a!1ui c ~: ,-: 
• '...J • .,I • 70 

11 0 1 .oo 

n 1 2 . 20 

2 11+. 60 

3 

0 . 20 

l~si' rc0 i.on of .2, . ;pc:cenne pla.nts 6 rorn1 for l1D llc,Js . 



':i:'he yic l cl of' f atty aci,ls from the total lipid of 
ll• vulr;ure seedlings 

67 

---~- ---~----- - -·· .. - --~-__...- ~-------· ..... 

Lir;l1.t treatr::ent 

dark 

l ow light 

f'ull light 

Total l ipid. 
(i .., of yret vrt .) 

0 . 60 

o. 69 

1 . 04-

'T'ABLE 1_§ 

:'atty acids 
(;_ of' total lipid) 

60 . 0 

5, i:: 
I e ..,I 

'='- e fa,c"bJ acid c ompos ition (• ol es ; -) of' total l i pids of 
ll.• ~l;,are soodli~s ;;rovm i n dif f erent lir;ht environnonts 

C.1ern:5.ca l n2r.o of' 
f'a -::-.t-J acid 

n - doclecanoic 

n - tetradecanoic 

n - hexadecru1oic 

n hexa.decenoic 

n - oc tadecanoi c 

n - o c tadecenoic 

n - oc ta.J.ccadienoic 

n - octad ec a tr~enoic 

Unidenti fi ed 

Sl101·thand 
notation ---
1 2 0 

1 4 0 

16 0 

1 6 1 

1 8 0 

18 1 

18 2 

18 3 

---- -----
Li -·ht t r ert t o1,1t 

- ---- ,.a . - , ~)ar1-: Lo,·; li :;h t :~ul l li.:::ht --
0 . 30 trace tr2..ce 

1 . l~O 0 . 30 1 . 3 0 

19 . 50 17 . 50 12. 4-0 

i . OO 0 . 90 1 . 60 

3 . 00 1 . oo ·1 . oo 

6. 80 2 . 60 1 .-1 0 

1 5 . 1 0 13 . 70 9 . 40 

51 .so 61 . 60 71 .10 

1 . 1 0 2 . 40 3 . i O 

The yield o:f f atty acids and composition from Ii• vulr,are seedlin5 s ~rown in 

dif'ferent light enviromients is shovm i n Table s 1 5 and 16 respectively , vrhile 

Figure 13 shows t he gas - liquid chr omatographic traces . 



Increased e:-::~iosure to l i i:;ht increased tho relcetive 9roporti ons c,f l inolonic 

~1cid while there r:ere correspo11J.ing di::crt'>eser; in tl:c 1·0le.ti ve pcrcent::i0 c.s of' 

stenric , p:i.ld. tic , olGic n.nd li11olci c . ' [tCl.:.!..S • 

'i.'rnce w:,c m:.n of 15 : C, -1 7 : O, ': 7 : 1 , ;·~~ : 0 r,r..;_ 21;. 0 1·;01·e icler:. -t :..ficu. 

s i nce t :-.:i.s . d , 3-C ..:..r f!~:: [l .s.i..r:il~.r reter:tion tir.,o to l i no le .ic acicl on af..i:)[tJuc 

c ol t.unns . Hor;ovcr , ·~:- .1.c. :follovrin.·: 'l' .L.c. 0·1 · ··o / ,. ; l ica '"el C- sl101,eu tl1at - i .~t:;' . 3 ..,_ 6 

le•1els of the 20 : 0 fe.t"cj· acicl ,;as .similar to tho 22 : 0 -fr 1.;-ty c;,cic-:. ( .. we 



ETIOLATED 

18:3 

18:2 

20 

16:0 

10 0 30 

Time 

t· -
· 1, ·- - I ---

LOW LIGHT 

. 
1n 

20 10 

minutes 

0 

r110 Ctl.)-lir1..1-·i .. t1 c ~ .. r'Ol rt< .... "\.,.l~·! ie tr ( ,.,:: Gf ·L,.~ -,~,- _;,,.l c.;+-r-1~~ c'r J ~~c -0 

Lrovu in <li~f-:. _, t -;_.i .): V ~ Pt;l1, JCl .. t~ 0- ::: ., ,..., .. . ...... '" 0 ---· .... . 

FULL LIGHT 

30 20 

,_ .J_ 

10 0 

( . , 
\ . 



5. The identification of the }lycolipids and phospholinicls of' _L. 11eri:•nne -= 
by "thin- 7 E{[Or chromatogra,E__m:_ 

Thin- layer chromato~raphy on silica Gel C- usinc a solvent system of 

c.b..lorofor:n - r:ieti.1a.nol no.ter (65 : 25 : 4 , v/v) ·;m.s used to identify 'cl:e 

Cor'lpo·,mds r:ere identif'ieu. by re:fe1°once to au":;hontic 

saii:plr:s of' .:;alactolipids , :9h0npa1& tic}yl choline: nnd. :,: 10s11ha tic:;,y-1 ethanolwrJ.ne , 

and by the use of s~1ec1.f'ic s;irc> .. ys ('.I'a:)le 1 7) . ~1e rel£tive retention values 

re9ortecl by Lepage ( 1964~ viere used HS a f'urt~,er aicl in identification. 

Vi.sual examination of the T. L. chroraato_::<'..ates 2.f-Ler charr:;.nc ';;i th 5C,v 

H'?S , sho'.;;ed that the ca.lactosyl ~lycerides and phocphatiu;:rl choline a:,?eared 
~ Lf-

to be the lipid cor:ipone:1t::: present in hi,;:1ect conce:1trations . 

70 

'2:'he positive identL:'ic:etion of thP cor:rponenJcc c'1r:nrdo;:;ra: 1h-:n::; at E.., o. 72 
_,_ 

[• nd ?.f o. 59 was not r,c.,~.e but it ,·;c,s observeC. th.::.~ tiw::;c tr;o coL,ponents ciu•o;.1ato.::.;:·apl10d 

17 -u~ )"b" ' ;' \, .... .. L 1... .._. .) , • • ....:r • , 

personal co!,'ll'nunication) . In this connection Gustr __ - ctnd :i.:£.tr:cs (", 9,:;+) have l'P')orteu. 

the isolation of cluccce1·(~bros ;_,-1.es cm :JCn.•r:ds f-.co:n. Phnr;c:;~ be-ir. s;iec:ie:.s 

'lY~-ice.l separations of J:. perenn~ lipids o.nd ovine brain l ipids are s..rio,-rn 

in Figure 1 4. 



JUL 65 

1 2 3 

'.::lie se]_)ar.::tion of ·'v11e lipids of .±:.• lJerennc o.nd. cvine br:cin by ~.'.L.:; . on 

s~_:'. ~ca ::;cl G in t:10 tel ve:1t Gj z-cem of ch~orof'orn - r'Gtht,nol - no. Ler 65 : 25 

l,. , v/v 1 • 

·'n.O~i ar:d photog1'ali'10 11 nhile cjti 1 de.c:,p ,m:ler u::. 1-: _ __;'1t ·1.::; ing Ili.t:h s;ieecl 

::::1:tnc}1ror,1e film (-1 sec. at ~). 

':::~10 co1..:)one.1ts of f • percnne lipids are as mL--::berocl on band l1. , e.g . 

1 mono;;;alac tosyl [;lycericle ; 2 cerebrosid.e ; 3 clic;nl::i.ctosyl 0 lycericle ; 

4 phosphatid.yl ethanolar.1ine ; 5 )hosphatidyl 61 cerol and sulpl1olipid; 

6 ~hosphA.tiQ;';-1 choline; 7 phosphati<.l;j'l ino::d.tol; 8 r.:inor ccrr,ponent 

possibly phosphati d;s,rl serine . 

The black components above monogalactosyl glyceriJ.c are pigments that 

do not fluoresce . 

and 4 in band 1. 

Ovine brain c erebroside is demonstrated as c omponents 3 



TA IE 11 
_i1e s~) r e~· r cact:~ons arcl _ f valu8s ( of L . peren;-ie ely c ol.i.p:i.ds o.nd 

n,.ospholioicls r esol ved in c: l oroi'o:cFl : :::et.1a ol : ,_.,_..._ter 
• 65 -: 25 : l1. , v/v) y thin-lo,C;·or cl;.ro:: ~to__;:,' ,,pl ~r 

71 

----- ,-~~ ~- -------~-----~----- --------~-
~ --·2:::ay_tj.on ... of s,J r O../ r a~ onts 
Dr a,:::;en- : !in- :?I1o s - :.1uline 

cl.orf h_yc1rin ll:.a te }J~lt•ttJ.c.te 
-~---- ----~------·--

r ~o~10GE?.lac tos::-1 

c; l ceri c.e 

• 1 .L • -"'. ., 
~ ni c,e1: c 1. J. l. eQ 

unicenti:'i ed 

di:2.l actosyl 

5l yceri c1e 

p ho splw.1,ic::irl eth:•.:.1olar.inc 

s u.lpholi_;;iic.l 

ph o spha.ti clyl 

c ... oline 

phosp ] 1,, tidyl 

inos::.tol 

unidentif'ied 

uinor c on onent 

(pos sibly phospha tidyl 

s er i ne ) 

+ + 

+ .,. + 

·l-

+ 

+ + 

+ 

+ + 

+ = pos i t i ve reaction 

= negative r eaction 

1) _,. ~ 
- 1 

Gbso:cv .:1."'. 

0 .72 

o. 69 

0.60 

. 53 

I r, 
• "+ -

. 37 

' . 2 +. 

.17 

0.06 

- ~ () ... . \ 
TC,...,.,....,.,. ·I .., U. ;./ 
- ,._ .... c.. ... .._.. . · 

0.7 

C.1. 7 j 

0 . 70 

0. _;3 

o. 3 

0 . 1L~ 



~onfirrnati ~n +,1·.,:.t -:l:c 5alactoli:;:1i.c.s l--,[,,c1. beer: corrcc-f;J.:r ido:1t:-l ::'iecl 1:\/ the 

~•rev:~ous techn:i.r_ucs nc.s carr~_ecl out c.s follcns :-

( -, ....ieo .A '""\ \ 
I ·-·' I ,.., ':'lie 

r.,,..._ ... -. ...,,-.,~-,r.)\;.,_ 
J '•.J.1..J.._-' \..,·J..L>.; -• V 

'":11e :1_f vol 1.lCt of t.110 ca.lLl.ctcs:,rl .=;~:rco:ci(lc.: c,~ 1: neronne 
c' cte1'l:' '. !1Ccl l1.:,r thin - J.,-,_,rcr c · ir-x:_c,to:.;rvp_·,y in 

:,_ifferent solve:1+ s~T:::',tGI:1!J 

Colvcnt B 
Cb [:.or·vcc1 Cbscrvccl r servec1 

--•·-- --~ - - - . - -------------------------------
0.51 0 17 

0 t I 

: ic a lac -f;c s:,· 1 . 60 o S2 O. ;O 0 25 o. :G 

0 . 20 

o.so 

72 

-------------------------------------------------~------
~olvcnt 

Solve:1t B 

Calvent ·:; 

C11lor0forr.1 : rctl:._ 'lol • ,·•,:,+re,~ ( ,:-, 
e ~Jc:.:,. lJ .,;;.1.. U _,I 

:,ii:::obut:,,J. 1:etonc t . . a. : c.ce J.C ['.Cl : 

. ~r; • 
• -.,,,,1 • ' + , 

-.-.-[',_ ter ( l:-0 

v/v) 
25 

'.i:oJ_uene ethyl acota.-te : 95,- ctl:o.nol (1 0 : 5 

} I \ ~, V/ V 1 

5, v/v) 



i,:ono0aluctolipid • 

Digalnctolipid . 

C 
z 

"' "' 

Fi r.:ure 12 

'D.10 se:::,nrati on off. oerenne 5aJ.ac ~olipicls by 7 . 1 . C. in t}1e 

.:::olven'v s~:stem of toluene : ethyl acetate : 95,~ ctha.nol (10 : 5 : 5) . 

'1'}1e chro1:.at0Jlatc nas spresed with 2 , 7, dich2.orofluoroscein ( o. 2, .. in 

95i"' ethanol) and photogra11hed uncler U. V . li:::;ht on Y.odacolor- ,: filr.1 

( 1 sec at F/ 1 . s) . 
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Fi,,-;ure 16 

Lonognlactolipid 

. . . 
~ •#- ' ~--''""""~-----~,.. 

The .'.:loi,ar.:::.tion of .b perenne calacto:i_ilJids b;-/ 'l'.L . C. in the 

solvent synter.-; of toluence : etl 1 acetate: 95~. ethanol (10 : 5 : 5) . 

'l"ne cbrom..:ttople:te was sprayed r;i th 5~., s a lphuric aciu. , partly charred , 

and photo5ra:phed under ordinary li0ht on =~odacolor- }: fiJJn at ( ~ sec . 

F/ ) at I 1 . 8 O 



(b) Paper c:.ror;atoe;ra!)lzy and cellulose t.ri.n lo.:·er chromatoJraplzy cf' the 

alkaline and ucidic h.,:c'.rolysis l)roducts of the iwno.::;al.:~ctosyl zlyccrick in the 

solvent ::iystor:. of p;:,ci-id.inc etbyl acetate : uater (-1 2. 5 2 5, v/v u i)Or 

,· 11~ '"8\ •J• t:t.,.;, I (:.'i:~ure 1 7) . 

'l'ho ,,lLali !1:/clrolJ:::is procluct rm.s iclt::r..tificcl b:,· tl1c 1·eferc!"lce l:o the 

., • .L.· corn _i .:.ons . 

The in ,_,:_.._, .. :o 1 5. 

The TI.,, r:r.(i_ P. 1 values of t 1e Ivclrolysis :)!'00.ucts of f . nerenne 
l 9.a..:.. 

mono.:;oJ. w -os:rl ~lyce:ri.c:.e :::e:::1c;,r'e.tc0. on -t::i.YJ.-lD.,'Gl~ ce~ lulo;::;e 
c;1rooa toura:-1~ in the s _;' vent sy stcr.. of -:J:,·-:..·: dine : ct'1_, J. 

acr:-to:~e : .-rr.ter (1 : 2 . 5 : 2 . 5, v/v, i_::-,.:r ?Lnse, 

va1ues 

Stanrlcrd 

1 ,onoga:ac tos.,·l 0 15 o.oo 
0 lycerol 

_:;alacto.se 

clucose 

..;lycorol 

0 . 19 

0. 5 

0 .19 

. 26 
0.53 

IC.G 



:21~-U"!"'~ 1..t --
ALKALINE ACID 

STANDARDS hydrolysis STANDARDS hydrolysis 

Qlyc. gal. glue. products glyc. gal. products 

•• 
•• •• • -· 

The se_r,cration of the alkaline and ctcid hydrolysis products of' 

1:,. perenr.e uono~alc.c tosyl glyceride, on a cellulose thin-layer clirouatoplatc 

in the ::,olv~ut sys ten of pyridine : ethyl ace ~ui.;c : water (1 : 2 . 5 : 2.5, 
v/v, upper phase) . elyc . = glycerol 

gal . = go.lactose 

glue . = clucose 
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7. The galuctolipid content of Gramineae le~ tissue 

The galactolipid content of ~ . perenne expressed as a 9ercentage of the 

net wei5ht of tissue and a percentage of the total lipid is reported in '~'able 

'i'his data is calculated from data shorm in i1.ppendi:r IV. Table 20 shoy;z that 

the co.lactoli id content expressed as a percc- -ta~e of the i:ret wei_;ht increases 

from the 1 - 1 0 cr:i . to the 1 5' - 28 cr:1. lea... ret_;ion. '...'
11e[o dii'feronee:: are 

not a s evident y;hen t:1e :;alactolipid c onten t is e:q:ire s ced as a percenta.:;e of 

the total lipid. 

As with the chlorophyll~ content the r;alactolipid c ontent of the 8 daJ 

olcl leaves zho·:,s a c · .ilar relation to the 1 0 - 1 9 en. leaf re:;ion from leaves 

3row1: for 40 da.,vs. 

T"..BJ,.::; 20 

s:'he :;e.l.:1.ctoli:?icl content of ~. nercr::10 lc.:--,.f tissue 

Leaf Galac toliu id content 
region Total lipid ('"' 0 TTet wt . ~.; of total li:eid 

r r
'- _, . 

(cm. ) C. of wet wt .) GDG CGDG Total GDG GC- Total 

1 - 1 ~ 

10 - 19 

19 - 28 

Leaf' 
region 
(cm.) 

9 

1 . 34- 0 . 25 

1 . 52 31 . . 
1 . 63 0.35 

1 . 36 0 . 28 

GDG = monogalactolipid 

0 . 15 . li-0 19 . 00 11 . 20 30. 2 

0 .19 0 . 50 20.30 12 .50 32 . 8 

0 . 21 0 . 56 21 .20 12.60 33 . 6 

0.19 20.9 12.8 33.7 

GGDG = di alactolipid 

The galactolipid content of barley seedlings (light germinated group) is 

reported in Table 21. The content of galactolipid ~hen expressed as a percentaee 

of the wet weight increases as the plant receives more light . 



TABLE gj_ 

The calactol i._pi content of ::_. Y..1:ll,;~ seecllint;s 

------~-------~· ~-
Li5ht 

trca-tment 
Total linid 

(,, of ,·;et ·w-t . ) 
-L~ of r:et wt . 

- -------~------~ -
dn.rk 

l ow light 

full light 

0 . 60 

o. 69 

1 . 04 

0 . 08 

0 . 1 2 

0 . 21 

0 . 03 

0 0 0l1-

o.1 o 

'.::otal 

0 . 11 13 . 1 

20 . 4 

0. 31 20. 6 

78 

5.5 

3. 8 29 . L~ 

This rel ationship is c,.lso evident when the galuctolipid con-tent was e::pressed as 

a. l)ercei,ta{;e of' the toto.l lipid . 

volil!!:es of standard lip:i.,l sol·..ltion.s from on.ch 4.:rec•.t,_;er:t to a ch.ror.:.c1.to,rlate , 

The calnc~;olipicl content ( e::; ... ieci!.1l ly 

the raono5alactosyl t;lyceria.e ) shoned an increa:ie in content ,;i th inc;.·oased 

e:~osure to li3ht . It ,·,-as also observ ec"1. that the pllospholi pids , es!1ecially 

:::,hos hatid.yl choline , dec1·eased in concentrn.tion in the lipic1 extracts f'r om 

the seedlincs crovm in the clarl: to the seecllin~s i3rown in full lig:1t . 



8 . '.!.'he fatty acid. cor.1])osi tion of r.:ionogalactos;rl \llyceride is c, latccl 

fro• Grai.6 neae loai' tissue lipids 
w ·=== 

'.rhe fatty acid composition of the monogalactos:rl glyceride couponont 

i.sclatecl from .!:_. ucre:nne li:ji("',.s is re9orted. in '.'.'c.bles 22 Md 2.3 . The feature 

79 

of these t;.1b l es is that t!1ere i.s 1i ttle difference in tl1e fatty acid cot".}_)OSi tion 

in tis sue of var-Jing I"',a turi t-y . CoIT19ared ni t:i the fnt~r ac.icJ. co• posi tion of t~~o 

total lipids , hichcr ,nercont~es of linolenate, and lo;·:er percent.c:i,::;es of 

l)ali i i..a te and lino lea te are reported . A ,:;as -liquicl. c u-omnto-;rophic tr,.cc of the 

mc tl 1 esters of t.10 fatty acids of.!:_ . perenne r:'.ono[;alactolipid isshovm in l:i"i:ure 13. 

'i1ADI.E ll_ 

The fatty acid conposi-tion (moles,.,,. of • onogal.:1.ctosyl 
elyc ··ride from _!: . perer:.ne l oaf recions 

Cher:·ical nccITJe of Shorthand Lec.f T) • scegion of 
fatty acid notation 1 -1 0 cm. 1 0-1 '.;'· cm . 

n - tetradecru oic 14 0 o.so 0 .30 

n - hc:-::adecanoic 1 6 0 3 .10 2. 80 

n - octadecanoic 18 - 0 1 .30 1 . oo 

n - oc tau.ecenoic 18 1 1 . 50 1 . 20 

n oc tadecadionoic 18 2 5. 50 3. 90 

n - octadecatrienoic 18 3 88. 00 90. 80 

?lant 
19- 2:?cn. 

0. 70 

5. 30 

1 . 50 

1 . 1~0 

2. 50 

GS .60 



18:3 

16:0 

30 20 10 0 

Time 
. 

minutes ,n 

:. ga~-liq_uid chror~to5rap de trace of t e rct',~ 1 esters of 

f T 1 t 1 • • d ,.., -- ,., ' 1· . ~ t 6r:O C o .=.• uorenne raono.3a ac o .. ipi on :· . :~ . ,.,..~. . ::.c:uiu !) 1c.co a 1 :;1 • 

a, 
en 
C 
0 
C. 
en 
a, 
'-

'-
0 -u 
a, -a, 

0 

the f at-bJ aci<l.s 



'.!.'ABLE ~ 

The fatty ncid composition of monogalactosyl glyceride 
:i:'1.•oi;1 e it;ht day old. leaves of .b ;,erenne 

n 

Chemical name of 
fat"bJ acid 

- tetradecanoic 

n - hexadecanoic 

n - octadecanoic 

n - octaclecenoic 

n - oc tadecacJ.ie oic -
n - octaclecatrienoic 

Shorthaml 
notation 

14 0 

16 0 

18 0 

18 1 

1 8 2 

18 3 

r:oles >~ 

0. 20 

3 . 40 

0 . 90 

1 . 90 

3 . 20 

90. 4. 

The fatty acid. composition of the nono,.:nlactoli:1i<l. conr,onent isob.tcd :from 

ll• vult?are seedlin,'.;G, ::;r•:·\lli in t:i:1e da:c;~ ancl full li_),t is re:;orted in '.:.'able 2l~. 

Only minor differences in fatty acid co• posi tion betvreen treatments are der.1onst.ratocl . 

This is in contrast to the major differences in fatt:,r acid composition of' the total 

lipids as reported in Table 16 . 



n 

n 

r. 

n 

n 

,-. 

" 

-
-

-
-
-

The f'atty nc.iu cor:iposi tion of the r.10110.:;o.b.ctolipi c or::ponent 
fror:1 U. vul,r;are seedlings 5ron in d.:u~~: ru~d full light 

Checical nw::e of Sl~orthe.nd LiR"t trea t,:-.cnt 
fatt./ acid notation Q.D.I'~~ full l i 0ht 

tetradecanoic 1l1- 0 C. 5 t:i:'[tCe 

hex:i.decanoic A ,- 0 7. 5 I 
,, 

10 '--:-- • .._; 

octadecanoic 18 0 3.8 1 • .30 

oc tadecenoic 18 1 5.3 1 . 60 

octadecadienoic 18 2 1 . 90 1 .oo 

oc~adecatric~0ic 18 3 78 .o 85. 60 

•-r~1iilen tificcl 3.0 5.70 

,...,..,~--
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9. T11e ~cnccrp ::,1'c, tion o:L' acctr, te 1 - C 
1 4 in t o the f2tt:, acicls of 1,. J3..C1·ennc 

'.:.'o.bJ 0 25 cJ.o:.:onstra.tes the inflm:nce or li,:)1t on the incor,t)or,.tion r:.;.cl 

distribution 1 v of' :C.'o.C.io£~ctivit;:r 
. .,_, 
:' ll v.1.10 fc.tty c:.c·.Lc:.s 

:'lw :::~octuro of the '.i.'ablc is 

ni th 20 , 22 , 24- o.r..a 26 c.: .. r'uon [' "c;(.'I!l3 . 

is :.nco1>porut, .. «]. in-to tI1cse uciu:-c , b.:,.- oi thcr sec,w...:..n..; tisct:e or t.; __ ::; r•1w f:.'o:-c, 

of t. e er,do:_;enous lipitb . 

incor-_Joration of r.ce tato into unsa-::1tr ateQ aci' • 



TABLE .?.2 

The inf'luence of light on the i :1corporati on and distributi on 
1., of radioactivi"bJ in the fatty acids of L. nerenne tissue 

Si:;cdlinc tissue 

Lii~ht treatment ---Dark low lit;ht full li,::;ht 

E3Eeriment A 13 A B . B i, J1. 

--
Chlorophyll a 0. 43 0.1 5 8 • .3 6. 6 1 7 . 5 
(mg ./1 00g. v;et vrt . 

tissue) 

Chlorophy 11 b 1 .82 1 . 65 3. 2 
(mg . /1 00g . wet wt . 

tissue) 

-------~-
~~· incorporation of 
radioactivi"bJ into 

2. L12 1 . 95 3.13 .3 . Li-5 1 .8 lon5 chain fnLt)' 
acids 

_.. _ _.,. , 

Fatty acid Distribution 21....,raclioactivi ty(,,,) 

14 0 2. 0 2.4 3.8 2.8 7.3 

16 0 1 7 . 5 22 . li-
1 2 . 2 32.4 31 . o 

16 1 1 . 6 2 . 8 

18 0 s.s 1 .9 16.0 16. 4 1 o.s 

18 1 8. 8 1.3 .o 607 15. 7 14.4 

18 2 1 s . 4 tr . 5.1 5.5 tr. 

18 : 3 o. 8 tr . 3.9 4.8 tr . 

20 : 0 6.o 7. 2 6. 4 8. 8 5. 7 

22 0 1 o. 7 11 .s 11i-. 6 l1-. 6 8. 6 

24 0 7.0 11 . 6 6.8 3.2 3.7 

26 : 0 25 .3 19. 7 17.6 7.2 24.3 

Tissue froc 
r.1nture ulru1t3 ~·--· f ull li.:;ht 

A 
.,.., 
J..> 

'17 . 5 21.7 

5. 32 5. 85 

5. 5 1 .1 

6.1 l,.. . 3 

24.5 
22 .7 

7.0 

12 .2 25 .7 

27. 4 5.8 

3. 6 tr . 

1 . 6 tr . 

5.6 6.1 

2. 6 6. 5 

5.6 5.8 

1 . 8 23 .1 



D I S C U S S I C r. 

1 • The l inid c ontent of G-ra..~neoe tissue 

I n the present ,TOrk value s r e.n6 inr; f'r m 9. 35 to 10 . 51u lip i d ( of .L ' \i L. . i 

~or e re,orted f or~. o r enne leaf ti ssue . '.L'h i~ a:;i:_~ C: .'.',rs to be hi,::;hcr ti1a.n 

reviouGly repor ted. for G-ro.1::inoac l eaf ti s.:.me • 

. i l di tch and ~-:illi ams ( 1 965) have surnr.,ar ise recent .-rc r k on l.:ia f lipic.s 

and have stated. t1a-t. V.?~l ue s betn:Jen ,. and 61:. appear to be the avera.cc lipid 

content of l eaves . In studi es in Gramineae t is s1 :e Graith a nd Chibnll (19.32 ) 

and Pollard (~9.36, have r eported va lues r an.:;inc f r om 3. 8 to 6. 5i~ lipid. ( of the 

dry wt .) f or cocksfo 0t ( Dactyli s slomerata ) while Shorlond (1941+) , (1961 ) f ound 

value s of 5. 67 and 6.12,v lipid in the sor:e species . Shorland (1%-1) has stated 

that a mixed pas ~;ure consi ~tin,:; of mainly r j'e8l' ~s::; , coc::sf oot , Yorkshire foe , 

sweet ver::al ,,.n ,·;hj_tc clover c cnta :::..ned 5.95 .. li9icl ( of the d.ry rrt .) ,;;hile the 

s an,e n or~<:er 11 S·61 ) fo un · 7 . GD, . lip ::.d in ,,. - 7 in . lu::;c:i.ous gr owth of ~ - pere ne 

astur e . 

The f act tha,,.; ec.i~lier wor.rers utilized. extr~tction r1ethods i nvolving 

ethi1tol a nd ether f or Grc..r.iineae 18Gf t issue while in t 1e pr esent ·;: 1r k a chlorofcr :-.. · 

r.ie t:hanol extr.:-.otion !>roceclure nas ut ilized may acc o nt fo r t he higher lipid 

content extrac t ed from t he spec i es studied . 

The age and t e of tis sue extracted may af'fect lipid com osi tion . 

In t his _connec tion, Fagan (1 928 , demons trated a c.ecrease in the concentration 

of the e ther extractable mater ial f'r om Italian ryegrass (~. multif lor um) 

a s t h e gr ass mat ured. Also Waite and Sastry (1949) have demonstrated tha t 

as timothy (Phlewn pratense ) gr ass matures the cont ent of crude protein , 

ether extractable materia l and ash content decreased while the proporti on of 

crude fibre and nitrogen free extractable material increased . These trends 

were probably due to a decrease in the leaf' to stern r atio . The stem was shovm 

5 



to contain lo,.-ror proportions of :_,rotein, ot rnr e:;:tractable r;1n.terial anc"'_ anl1 i.rh::.le 

increased proportions of crude fibr~ 0nd ni tro5e::: frco e:-:trr-,ct ':;ere ol::r:e:rved . 

-·01'e -~ec e·1-'•l· . T_J" ,. ,'re ( ·1 (' "3 \ "'~ 1. J. lvJ .i.J.(_\,~- .,10) ... c;,.u 

l 'o'·,.-,.;r)n ,,.,,,..,.,.,"--~-"' (1- "'t'l,·-i-"10°~1,,n v.,. ')e1•.-,11n° 1 con.,_..,;~-;11 · c.r.+i·r•- 1 , , le ·, f Vt.-.. L,..1... .J. .J 1..,;.J.._ <:,, • ...,....., -.!. !;.!....;._,..~ __ ,._ ....,_. ..i:l. .::!, • t ...., .. _, / vi:. :.-I- '-..._ u v. • ..., C--.J ,;_. 

Con .,_ ; n~ - 111.· r·l0 nr DC''C .,,,,.) •r ~ c~ 11· "l.
0 c' I . "''1 (' A o-" l1 "'" 7 \'lt '· .,_,1''" -na-Lt···e 1..,3, _ •.::-U . ...;,;,, _,:,, 4 ~ U .. ;,r'V'·:u J. i/ l \ :.i:-),.u u . 1, ... ~ ,_..J • I W {..1 •• .1. , .• c L, d. 

tis SllC 

nhich contained Qp.•rcciaL'..c s,~nJ.k ( r:.ean 5 . 1,v of {!.ry r,t .) ':.1-lcse re3ul ts y;ere 

r(;ported in conjtmct.ion ·:.d. fo data on the :fatty o.cid. conposi tion of the rd.JJ;: 

f'c\t from monozycotic cor;s Grazed on t:1ese trro t:,rpes of pasture. Cows :;razed 

on the yo;mc,J:-c eras::: had hi...;her 1 v,Jl:.:: of 1.msc:'vUI'E.te:. fatty acids in the miL"ls: 

f'o.t which maJ' hn.ve boon r elated to the hi[:;1101' clcgroe of unsn:'.:urnt co f,.tt-.,· acid::: 

in the yo,m:; :;r2.s::; or t0 t 1e decree of' lzydrocenat::.on of fatty nc ids in t210 ru::on. 

In the prE:scnt ':rod~ the lipicl content of : ''.,,cc.l.·o ,1- . r,erenne lcc,i' ~isnue 1,,nn 

:'oun.J to be J.o·.-;or ~:hnn G oJ.r::. le, vc,s ·,.l,en ·:-c:s 1:'.-'.;s ·:;ere e:rprocsecl on a ,, cJ.ry 

:fo,.evor , t:"!.e lipiu content of r:r:~.:::cc ti:,t;ue has bco:1 fo:.n,'. to be 

tissue. The hiGh clry vrei__;ht content of rr.ature l eaf' tis::;ue c011ld account for tb.e 

lower lipid values obtciined. for mature tis:::.ue 'l'll:.e;1 r,;s·il ts a.re e:x}lrocsecl ns 1 .., c1ry 

,;hen consi•lering the o:::;sible environmm.tal f actors that could ai'fect lipid 

content of hotos~rnthctic tissue the li__;ht environnont nay be importc:nt . Spoehr 

and l'.illner ( 191.-9) have s~1ov.n that licht stimulated the synthesis of l i pid materi 1 

in Chlor~. The effect of light levels on lipid content was confirncd in the 

present work in Tihich photosynthesising barley seed.lines contained an appreciably 

higher concentration of lipid compared vii.th seedlines grovm in the dark or exposed 

tolow levels of licht. Furthermore , the observation that the basal tissue of 

1_. perenne plants ( nhich contained lower chlorophyll level s compared. with the r-ont 

of the pl ant) had a lower content lipid content supports the pro osal that light 

levels received by leaf tissue af'fects lipid content . Also since leaf' ::,heaths 



and. stems of' 1:,. oerenne canto.in fewer chloroplasts (So:)cr and Ii tchell , 1956) 

nhich are reportc,:.1 to e rich in lipid mi:.toria.l ( .:olf ct al , 1 962) the c"'..c.-ta of 

1 0\.er lipid level::; in the bu3al leaf rc0ion of r:ature ~)lctnts is co~firr;cC1. . 
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2 . The coristi tuent f ntty nci de of Gral'd.ne2c 1 ec.f li·,icls 

li.1icl DJ.'e sir-,:i.:1 · .. r to tho:::c rcnorted. fer other ~rar.:incae r,,._;GC • es by :7ho::.·1Mc1 

( .· <iJ ' I .,I -¾-·-- ' -·or,~\ • 1-•~,--'-o 11' ,,.-: ~·1rl ,..,~-·ic"' (· ,- ' 11 I ✓ l.) ' I , •J.. \ J. - .,I ..) ,.,, l_L'.. ...._ • r:. \,.t. ' • i. · .. I .,, ....... / • In c~c~ cr~c linol, ~ic , linolcic , 

0_"' tI:c ho·:oo.ecenoic acicl C°~p.
17

,..,~ .•.,.,J.e '1 • .:::o on 
(. .....I.,! l,\.~ L., 

\ ·i_ .'.: 0~ 

It i s 90.s::;ible 

·.;e:.·c • .L.. '. -.~ 01 l cu . . 
inc::':..;•-l~J.. .. b~.1.t 

l i~~t had little :.ciC. cc . . )OS:'... tir:..:1 

~:ichol::; , 1 9S5 ; 

fatty acid Jn3J e ir.ir'c::.·t2.:.t in the _!)boto::;..,TIJ,_;11otic 7roce:::c ::;ince plt0:::phati·l.,,· l 

Glycerol 'c;?_!)Ccl..l.'::; to be t'.1c only li irl present in o.11 photosynthetic r..icro-

or5anisr: r, (inclncling phoJ,:osynt:ietic bacteria whic h lac:: the usua . oly-

unsaturated ac ids) and hicher pl ants . Nichols and J ar.:cs (1 5G51 . Conf'iruatlon 

of this acid as a trans i::;or.1cr r;as acl · eved by elution of' the fraction of' netllyl 

t • • L J , 1 l • ~ t . .P ..L • •·•o /~ • l • • 1 r._ Ll,.. • 1 es -ers corre::;pono :i.116 .,o no w-ry o ..... D.J.c.a e o..i. ,.or ~fl• 
3 

ui~:i.ca 5e .:r wi:i.n- c..;/er 

Gas-liquid chrorr,a:totr':lphy on P. ~: . "r• ·•• ::;hoTTed considernb e 

concentration of the slo·::cr movine 16 : 1 cor.,:9oncnt in this fraction. 



;1,c i c.L in ~,l: ~,,. 

r\ -f' r J L-
- L \Jv' 

_,... _, J . --,., 

l ue -wreen 

ci :&J . 

the f'inci.in~ o:"' 

j_ r._ 

- , 
l_), - , .. jt.C".'f, .. ·, 10 f 

-•-.~ . ' ., "" 
.L , ...... - l. tJ ' 

The :i,.ure of t 11e f ::i.t ty a cid. chror:1a tograpl1in._; at .::. R . vc1 ue of l1 . 8 
p a lr..i i.:l~te 

on P . ~ . ~ . ... ½. . r;e.s not de-terri.ncd , nt it, ·,a::; d:::i::crvec:. tht1 t t:1i ::. rol2,tivc.' rotcnticn 

' :2r·. s::; i ca :-inp:.ts 1 , £U.r~o co!:f'irncd by ~·.JJ.c:-i et al., ,nd. :'.;eb·.:ch ( 1 ;.,S~ 1 in 

7 ,·· ... .!.~ ., C., · l \ . __ ,._ • , .... ..,, I 
f _, r· ' - '. • 

1 ✓ , .. n._ I ...... 1 iITTt i.rrhinum 
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3ro··11 f,r ' . .0 

~·c__;i:ns (;c., ~ () 
I _,. ' 

·j) C .... :. I c~ntcd.n Jov•·,l:-, cf /"'I ... , 'l...,.., ,-
-~ ·-· ,. V .i. ·•¾.., --• 

cc!,:,-rcc1 r:J. 4~:. lo f 

., ,~o·.-.-i..,.·_e, ··1s,;:->) t'.,,, "'bOV'' o·--•nr•vr'· i"on -·otild b- e·~),,-.'·ccJ 
- ,; , ✓- - - <.;.. <:. ..... ,\.: ,:.L, • •• .:::, -----~L,· . ·• 

(, -I'-\ 
\ I .,,/ '- I 

( ~.,,.... -•-, 'Y"\e\"':•1.,~--r7,. "t" --,.-__ r_, ... ~- ., \ 
\ ~ •• ~, .,A. .... ,..V _,...., __ • _ :_. v_,_c_. I 

l e.-,::.; linolcmi:: c.cicl . 

..... ~ .., ~ , .. ~ ... 
4 -C. .......... 

-P r, ..1·+- .. 
J .. ..., V cont~ini21~ 

v r:.. 1_ .:--... ·:;c., 

.... 

nerenne ano. ·· ":.c J.c.:1~ rc::;ion of' corrcsponclinc a;:c obtc.inc<l. f'ron 4--~· c!.F"v·s · ro•.;'ch 

(i . e . the 1 - 10 c~. leaf re0 ion). .:o•::cver, it r;f.n c1c1:10::istratccl thc:.t the 

chlorophyll level and fatty acid compo.::;i tion of ci;ht ck-zy- old leave3 i"J[l.3 drd~.c.1· 

to the r.atm~e l eaf re6i ons of the olcler pla:1ts . Hence it is 9ro]osecl that ciu J:.:o -

peyll content i3 of greater importance thaI! the ace of tissue in deter::d.ning fatt,j

acid compocition. 

90 

In this connection, 7:allace and. Ncvnnan ( 1 961+, hc.ve shown that illm::ina tion of' 

dark grovm bush bean (Phnscoulus vulgaris) increased the proportion of' linolenic 



i"'Cirl ni th rcloti ve decreases in t!10 proportion of pal::i:: tic , ctearic , o~eic 

and linolcic acids in the 1,L.st::.d. E:;?ios . 

~r~cilis colls dccroaseJ t~c c0nto~t of l~nclonic acid. 

J . v ,1-D.re scccll in.:;s c1·,,,.11 j_n n. nor:::al li__;ht c1:v _1•0'11:.rnt hccC:. increr;scc. 

linol:ote .. ·~ . J. 1 •. 
,, l, .. ... dar}: .=;rc,·;m sc,ccllin..:;s 

fci-tJ ncid co1...:,iocition in photos.,rnthetic ti.r,suo , ot:1or onvironrr:c.1tal f ~:.ctors 

SUC!l m1.triont 802 concc'1tr ation in the nt;-iosphere nncl ter.:porcd;11re 

co::~ ... osi tion. 

. ' ::.C ~( ~n the 

cler..onsti·ated cl:n!'l~os in fat-;;y C'Cid conposi tion b~,· ~ro~·;in._; ~:. ,lcna c;rncilis 

on different nedia . ::.
1he ccu11c ,:or;:ers have c1c;~:onstrc.tecl that ~foglen[e.. ;;rccili s 

red·:.ccd c ontent of J.i-riole: ic acid . :..n incrco.sc of "..,cr.,porci ture f'ron 2G0 c to 

li-1 .2°c nas shovm to brin0 about a.'1 elevation i'1 t 10 :Jl·o~~ortion of satm·:itod. 

acids in the blue- ,.;rcen alcae , ~\nacystis nidulans :_ol ton et al., ( 190~.). 

Their wor .. has c onfirmed observations on t 1e cffect3 of temperature on the f2·~t:,' 

acid comr,osi tion of' non-photosynthetic micro-organisms .::;uch a~ Encherichia coli 

(r,'-arr and In:;rah8Jn ( 1 962) and Serrotia marsecens (:Sishop and Still , 1 963) . 



4-. Fatty acid biosynthesis 

The biosynthesis of fatty acids from acetate 1-c14 in plant tissue 

uoni'il'iuS ti1e work of iiavrke and Stumpf ( 1 965). 

It was observ&ci that a larg e proportion or ti1e 1·atty acids synthesised 

~ ~ from acetate by ~. pe1·enne tissue He:ca the v0ry lone; chain sai..n:cateci 

fat-ty acids c ontain.i.ng 20 , 22 , 24. awl 26 Ga:-..'uon a;,0.1s . These fatty aciLls 

appear to cons t itute only a !l'.inor p ercent8,0e of the enu.ogenous lipid. . :Jeedling 

tissue as welJ. c:.s tis::;ue of the same age from es tablished plants appea.rcu. to be 

able to synthes.i.se the::;e f'a tty acids . Etiolated or c reen tissue , synthesised 

similar fatty acids al though the latter ap:)eared to contain a high perccntti..ge 

of unsaturated f atty acids . This is consis tent with p revious findings t ha t 

light stimulatea synthesis of' unsaturated f·a tty acids ,Rosenberg and Pecker, 

1964; •. allace and .. ewnan , 1 965). Hawke anu. Stump.l. , 1 965) heve demoustra tE:ci 

Ll,a~ the biosyntnesi::; o.r tlie5e loi:t; ch.:..in fa.tty ac id.s involve s tl1e sy~'.,:i1a::,l s 

of palr.i ta.Lc: as the l)ri.Eiary f'c-t tty ac id fol:i.owecl by clu-,in lengthenin~ by 

addition of C2 
. .... 

llnJ. 1,S• The metaboi.ic sitFlifica.nce of these very long c .:1ain 

sa.turatst f a.tty acids is not yet understood . 
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5. The galactolipio. content of ulnnt tissue 

J high cal.::i.c,coli:picl content in th,e lc - f tiss'W8 of red clover (Trlf'olium 

pr a tense), 1:ri.~:eC l)CT.si.,rr-c , runner bean r -;:,het::;eoi-1l11s i.ml tiflorus) n.nd alfalfa 

(·· -1~ t .. eLU.cc1.,:;o ::;a ·iv-i., h,, s been 1·cporteu. by :ecnir:l: ( 1 9G1 ) ; Garton ( 1 960) ; Sastry 

nncl. I':atcs ( , orJ, '\. 
I ,/ 1·/ , The vc, 7-ues 

of' tota~ 

o::tr·1.ctablc ip~.'1~ fo:- r:-:5:.cJ. _:l;,::;~,i.::.·e (Gorton, 1960) to 13, v for o.J.falfa (O ' :Jrion 

ancl Benson, i9G~,. In the ::,resent r:ork the :;alactolipids of photo::;ynthctic 

G-1.,P..m.ineae tiss :.10 rrere found to conn ti ttite a:1~roxi:. 2.te:1.:,~ .3(1tv of the totcil leaf 

lipicls . '.::he ·,iono5alactolipid. co,,:ponent m.,.s ?rcse:1t in hi ~her o.i:.nunts th.:tn the 

d.i6alactolipid con2oncnt ns re._Jorted by ',:eenink ( 1 951) .:.n r ed clover (':rif'oliun 

nrr:tense) .'.'Ile. .'"'.ad:r;; cl.ncl ::.,tc.s , 19Gh in run:'cr b-:::c-n (:1?:1nseoul~1s c,ul tiflorus). 

·:o~-evcr , O' Dric!1 and Denson , (1 '.}~4) have rer,cri;cc".. .::i. hi ;her co:1centro.tion 0f the 

The galactoliriicl content 8f le:a:f re.::;ions ootainc<l from 2• ")c,renno :rilo.1,ts 

.:;ronn for fo.:.',C-:/ c. ... vs , is vcr::,r nirriJ.ar r:hen results of the Dalactolipicl 

conccntre.tion arc o:•:.rircs,.ca ,:.::. a pl-rce:1ta6e o.:' :J.1e total lipid. However, ,·;hen 

results are expresned on a rret wei ::_;ht basis , there is a noticeable increase in 

galactolipid content f:ror.1 the basal to the distal lee.f re5ion. This increase 

is matched by a sirtl.J.u.r rise in chlorophyll content , indicatins a possible 

r e lationship betneen these two components . Sir.tilor relationships betv;een 

galac tolipid content arid chlorophyll level have been demonstrated by ',7intermans 

(1960); Nichols , 1963 and r:cArthur et al., 1964, in other plant species . 

The above results were further confirmed by gracing barley (l!. vulgare) 
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seedlin6s in different light environments. Jm. increase in illumination has been 
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f o md to l end to an increase in the ea lactoli · id c ont en t of t h e see 7 i ncs , ·-.-1 en 

r es u t s are expres~c,1 on either a ~)ercent tot~:.l ipic.:. or a percent ne t nei6 t 

, a s i s . 

· · ~ 11 q·' o \ .iince r rc:,ns \ _., v / • 

ber e;:; s eetll :i_n_-s ·,.·oul d s u'3 0 Cst t h at t.1c ne c or :i, oncn t s m~e not entirel~· f ounc~ i n 

1 SJ..., h · ve f ound. .:;a ac 'd:-s: . c ~-yc cr ic1..es i n 0tlol 2.t oc. .. sh b e,J1 pl ,ts t i ds r;hi _o 

liic·101 s and J , ,.cs ( 19GL1- confi rn'eo.. tie presence of' t}:.c se c or:.p ow1cJ.s in non-

p l ants . 

t hc. t n :1r ouuci.. :c.: cleri ve( 

svoc: . Crcr:. i e I. '~.d :;o: .. 0c1-- , 

u.cr::on s tn,t cc. .L 1 ,,, .J.. 
- · L l .1 the 

::'ienson 

l i~ol Gic , s te<r::_c o.nd 9 ,,lr;:i t i c acids \72..S uti l ise c1 in t he sc..m.e f a shion nhet er 

seedlings were e;ro"m in ark or li~ t c ond.i t i ns . '.i:110 f or, at · on of lino eni c 

acid in the pro t o )l e sni c f a t in t he l eaf' tis ::iue , fo llorline the com1)l e t e 

u ti l iza t i on of stor e a. t ,ms de, .onst r a ted i!1 ot _ t he dark and li~ 1t .:;1·mm 

seedlin s . ~ouever , a loner ro orti on of linoJ.cnic acid was observed. in the 

dar c g roYm seedl i ngs . Similarly, it was demons t r a te tha t barley seeding s could 

synthe sise linolenic acid in the dar k from s e ed r eserves . The gal actose moi e 

required for a lactolipid synt esis coul d ari se f'rom conversion of f at to carbo

hydrate via t e ...., lymzylate c cle . Zill an Chenia e (1 62 ) . Thi s pa t hway i s well 

established i n light grown seedlings bu t r ad.beer (195 has demonstra t ed f a t to 

carbo drate c onversion in etiol ated sunfl ower seedlings . Sinc e gal actolipids m 

be important struc tural c onsti t uents of chloro l asts (Benson , 1964 these component s 



C:q'j' have a sim:L: .. .J.' :£'unction in the yellon 111~otopl a::;till'} of otiolatcd p~_,_nts . 

Linolenic ncic1 .... [ts been shonn to be t:10 r:m.jor fo:tt2· ncj_d. of the 

monoBalactolipiC:. co1:11Jo110:1t i.::,olatecl from Gramineae leaf lipids . The £'atty 

<1.cid cor.:_,osi tion of r.1ono ;r .. l.:...ctos.,rl cl eerie.le , in cont.'c,st to the fotty c..cid. 

co: position of the to-t ~.l lilJicl ili.d not n .. )!,e£'.;.' to 'te __;rcatlJ affected the 

licht environ,"'.lcnt . Hence , the lo-,; linolonic c.ci ~ c--:1~:ont 02." ~ .. e total li1iid 

ex'.r:-cts of Gr ar.d.ne~e tis.sue contain~n.3 lo:, cl" .. loro./ .Jll level s , muJ be a 

reflection of' lon cnlactoli~i-1 concc,.·1treti0ns . 
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S U 1.: !.~ . .,., y 
,..._ !.-.. 

1 . Total lipicl content , fatty ac ic1. compo::;i tion .:,,ml gal[~ctolipid level have 

been conpnred in leaf tis;.;ue of varyine a.ee obfo .. i.nerl f'rom Loli.£::~~ 

plants t31•ovm in n controlled en•,ironnent . it s i • ile.r stucly has been 

undertaken with Eo1·deum vulfiare seelll i.n...;s sro,m in different li-5ht 

i:1ten.si tics . 

2 . 'l,,ne totn.l lipid c ontent and the f atty acid cor.iposi tion of ,!;. 1Jer cnne 

photos,ynthctic .l." ... is.sue appeared to be depend.cnt on chloroph,yll levels , 

r a t 1er than on D.£;8 o:£' tissue . High levels of' cl1loroph.y 11 in p l .:-ant 

-t:. rsue ., .""IC"' .._HU'D.llelocl b" high lipitl concentrations (e::prc ssel1 as \,-...v v ' 

,. 1:;et nt .,. It r:D.G also deDonstrah:c."'... the,.,..: ,'!. l:i;_;h chloroph.-:,rl::. level 

appGnrc cl to be ;.·elo.ted. to high p::.· oportions of linolenic a cid and 

cor;.•esponding lo,;; :pr oportions of linoleic , olcic anrl pnlr.ri tic acids . 

3. Lieht intensi t-y affiJctetl both the lipicl level <mu fatty ,::tc id co: .. po::,-i_tion 

in 11• vulr,;n.r~ seedlinc;s . Increasecl e::.:posm·e to licht stinulutccl the 

synthesis of lipid LUi.terial nm.ch conto.iP-ed rel2.tivelzy high pro901·tions 

of linolenic acid. 

4. The relative concentrations of the galacto~Jl Glyceride lipid components 

in Gramineae were closely related to chlorophyll levels . The monogalact-

osyl glyceride component contained high concentrations of linolcnic acid. 

However , in contrast to the fatty acid composition of the total lipid that 

of the monoc;alactosyl glyceride component did not appear to be 5r ea.tly 

affected by the J.ieht level 
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5. G-lycol i pids including mono- and digelactolipicl , cerebroside, sulpholipid 

and phospholipids inclurline phosphatic1yJ. g lycer ol , phosp-1atidyl 

ethanolar.~ne, phosphe.tidyl choline and phosph:1tidyl inositol were 

identified in I:,. om~ lipids . 

6. This bios;ynthesis of fatty acitls from ucctate- 1 - C 14 in l • nerenne 

seedling t.Lssue •.ms demonstrated . '.:'he biosynthesis of unsaturated 

fatt acids fror.t acetate-1 - C14 was greatest in tissues that contained 

the highest chlorophyll content . 
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l:.:drac tion of li 1 i from lenf' tis sue 

Hanke ( 1 5'6.3) 

irnnccliately ;;ifteere.tcd. in ei,11~.tnol v;i fr1 a ;:arinc:; blcmclor. 'l'he ros 1.::::. tr.r:t .slurr:,,: 

0 
,-m.s \.arrccl to abm!t 55 C to a.cacti vate li;iol tic e::z:.cr::es n ncl then fiJ te:rcd 

through a sinterecl f\mncJ. . 

sever:.:i.l ti1;1es u::. tl1 s,:1all vclL·.nez of' etha.n0l .'.'lilO. ether Qnd then trn.,:sf orrecl to 

Soxhlct extrr,c-ticn TTns cc..r1::i ctl out for 2 :,c-ur .s r;i th 

d.ict::i.:,rl etter. 

wi t:1 r:nter -Lo ro:::0·10 , .• ,.., J. -~:l ""' ,h ,_e,: _ 

.L , _ "') .. 
L, .- •• 

::; l ,:ble 

e::;'ll,,ion:-: .-:}h._-i.' :::..r.___; ~r2. :::, no·c vi__:c.rous until the t::L·:::. o.:1i.::. fh,al extraction . ~711e 

r:i th anhyJ.ro 1.ts ether . 
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The rr.oasurer::.ent of ch1crop_J1ylJ contc::.t 

(,.,.os1·; c-'· ~1 -1 • 1~1...,;' - \.., ._ .t......i.. V ,.,.,_ . j / _,, 

acetone ,7an clec::i;-,tocl. cDc1 the tin::llle nar.i re-extracted r:-i.th 20 nl . of' ether . 

This extrc1..c J.;ion seq,ience r:-i.th 1U r.,1 . of o.c0tone anll. !O r.,1 . of' ether 

alt.ernatol::,· uc1.s re:::1eated foi..:tr til7les . T'ne cocbinecl e:d1'c~cts ne1~e :f'iltei'eu 

tb.rot1eh o sintered. 0 le.s:::, funnel and the acetone ,ras ref.loved by r.-ashinc ni th 

,..-ater . 3ther ·;;~w ['.t!.cl3(l to ::1a.1..ce a total extr:i.ct of 25 r.11 . and after s·cc..::clinc 

in a refr:i.=;erator for 1 hour to o.llor: seJ.::tlin___; out of recid,1ul ·.,-t:ter, an 

. '" \ I ; ~J eJ::ncir;ecl in 

thu rc,;pcctive ::1a::::.r,.'.l. f or 

chloro::-,!i.yll .£, chJ oror,lv:1_1 1?_ a.ncl. :;_JrotochJ.orophylJ. 1· ~.:;:,c::ct::..vo\/ . 

".'.li· ._ . .,.,r~'0 nt c0.n'L--0.n .. -'-: ~11 ..,,,, j,,, lp-f' ti~.0 ·1.1::. -""" C"lc·, 7 ,-,,L·Cu" ,.,,.. .&>ol•o··-,:, ll~:!11
0
f"' - ...... ~ .. v ~ - - ·- - L"u • ......,. - ct.- __ .._,tJ ....., ,,C.t.L,.J t. ... - -- -<..,;. · LL"-' J. ___ ,_ .1...,, ...., _ 

the equations: -

Ghlorophyll a == 

Chlorophyll b == 

0 . 095 X 1 000 X ,··; X 1 

V (-0. 1610 D663 + 1 . 0195 D641,. - 0 . 0301 D62L) 
0 . 0575 X 1000 X \'/ X + 

where V = volume of s olution i n ITi . 

D = optical density of solution at wavelength designated 

;7 = wet ,;eight of' leaves in grams 

1 internal length of spec trophotometer cell in cm. 

the 
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'}[Ll.actolipid values 

co:nponent:J (o tcd.necl from ,:i >norni vreicht of total lipid) were used to 

calc~ ate vnluen reported below. Each vcJ.·.1e repor-'..;-acl is -the result of 

separate e.xperinent on the particular lipid su:ple . The L,ean value was 

used to cr, .. L~t!lc.t~ clata report~cl in Tables 20 ancl 21 • 



TABLE 

Lipid component ,.., ga.la.ctolipid of the total lipids 
-- ------

L. uercnne - - -Leaf no,~ion_ ·,·:110le leaf 
1-10 cm. 10-19 c:i . 19-28 CT!; • 9 C'.,, ..... 

~ 

______ ........, -
18. 25 19. 60 23 . 0 23 . 80 

19 . 60 20 . 30 16. 6 23 . 40 
l,.onocalac to lip id 

17. 40 21 . 50 2'! . 30 1 s . 70 

19 . 80 20.00 23 . 40 18. 70 -
8. 6 12. 50 1 o. 7 11 . 20 

9. 35 11 . 20 11 . 90 
Digalactolipid 

12. 30 14-. 50 12 . 70 

14. 70 1 l; .• 20 11 . 70 -
'i vul;;a:re :..• 

!Ji ,·l1t "::rec.tr ,c'1t 
lo·· 7 i --:~.),_ · ------u.ad: i, --u ... i.., fulJ li~ilt -

10. 40 21 . 1~0 20.co 

15. 80 20. 0 20. 80 

Lonogalac tolipid 12. 80 17. 4D 20 . 00 

17.10 20. 0 

12. 50 23 . 0 

3 . 58 5. 95 9.35 

4 . 50 5. 95 s . 20 

I' . 10 . 70 
Digalactolipid 

4 . 50 7. 60 

7. 55 7. 60 

6.45 6. 60 




