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ABSTRACT 

A me thod,  b ased on the i solati on of pure c ompounds 

by a combinati on of DEAE-cellulose and thin-l aye r 

chromatography , has been develope d for the rapi d and 

quant itative estimat i on of the maj or glycerolipids of 

plant ti s sues. The metho d has been use d  1 )  for the 

analyses of the maj or glycerolipi ds of a wi de varie ty 

of pl ant species  and 2) as part of a de tailed  chromat o-

graphic  analys is  of the g lycerolipi d c onstituents  of 

the green alga Me sot aenium caldari orurn during which 

two unknovm lipi ds , probably glycerolipi ds , were 

i sol ated. 

On the bas i s  of the inc orporat ion of radiocarbon 

from 1 4C -Iabelle d precursors into the glycerolipids of 

both Mesotaeniurn cells and pumpkin leaves , the likely-

hood of relatively low turnover rates for the various 

glycerolipi ds, wi th the poss ible except i ons of phos-

phati dyl glycerol in  Mesot aenium and phosphatidyl 

choline in pumpkin leaf , i s  discussed .  

The unusual growth requirement s of Me sotaeniurn 

c aldari orum in liqui d cul ture i s  di scusse d briefly . 



PREFACE 

I n  this study, a considerable amount of time has 

been spent on the development of techniques for the 

routine separation &�d analysis of all of the major 

glycerolipids of plant tissues. These techniques were 

considered an essential prerequisite for obtaining 

the type of results envisaged in the planning of the 

topic. Time limita tions h ave subsequently dictated 

that a lesser period than would have·been desired was 

available for metabolic studies, so that the isotope 

incorporation experiments reported here should be 

regar ded as preliminary in nature. Nonetheless, these 

experiments do point the way for further investigations 

which could provide reliable measurements of the turn­

over of the individual glycerolipids of algae and leaves. 

I wish to express my appreciation to Professor 

R.D. Batt for his advice and guidance during the course 

of thi s work and to Dr K.J. Mitchell for his constant 

encouragements. To Dr A.O. Taylor go my thanks for his 

patience and attentiveness during our discussions of 

some aspects of thi s work. 
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PART 1 

SEPARATION, IDEnTIFICATION AND ANALYSIS 

OF PLANT GLYG2?OLIPIDS 

INTRODUCTION 

� Glycerol ipids of Photosynthet ic  Tissue. 

Studies on the nature of the l ipid constituents of 

photosyntheti c  tissue have been undertaken only re cently. 

Benson and co-workers have been the major contributors 

in this f i e l d  since  1958 and the group has been respons­

ible for the discovery of plant sulphol ipid (Benson, 

Dani el and r,iser, 1959), phosphat idyl glyc erol (Benson 

and Maruo, 1958) and f irst reported the presence of 

diphosphat idyl glycerol in plant tissue (Benson and 

Stri ckland, 1960). Phosphati dyl choline, phosphatidyl 

glycerol, phosphatidyl ethanolamine and phosphatidyl 

inositol were found in al l leaves examin ed but phos­

phatidyl serine was encountered only rare ly (Benson, 

Wintermans and W iser, 1959 ) .  The two galactol ipids, 

whi ch ha d been discovered original ly in wheat fl our 

(Carter, rv� cel uer and SI ifer, 1 956), were shown to be 

the major constituents of l eaf, chloroplast and algal 

l ipids (Benson, Wintermans and Wiser, 1959; Ferrari and 

Benson, 1961) and sulphol ipid has also been found in 

all photosynthetic tissues So far examined (Benson, 

1 963; JameS and Nichols, 1 966) . 



2. Extraction of Linids. 

a ) Using Ethanol. 

A wide variety of methods have been used for the 

extraction of lipids from fresh plant tissues. Benson 

and co-workers ( Benson et al., 1959) normally extracted 

with hot ethanol while Wintermans (1 960) has followed 

boiling ethanol with repetitive ethanol/toluene extrac­

tions until the residue vvas colourless. Zill and 

Barmon (1 962) extracted spinach leaves vvi th boiling 

ethanol and followed this with an acetone extraction at 

room temperature. In this instance the residue was 

finall;)T e�tracted with chloroform/methanol (2: 1 ). 

Bailey (1 962) and later Russell (1 966) used boiling 

80% ethanol for extracting grasses and clovers. 

b) Using Isopropanol. 

Kates and Eberhardt (1 957) extracted runner bean 

leaves with boiling isopropanol followed by isopropanol/ 

chloroform after first pOYvdering the leaves under liquid 

nitrogen. This procedure is said to eliminate artifacts 

such as the formation of phosphatidic acid from phospho­

lipase activity knovv:n to occur durill� other extraction 

procedures· ( Jordan and Chibnall, 1933; 1-1anahan and 

Chaikoff, 1 948; Smith and Chibnall, 1932). Extraction 

with hot isopropanol was later used by Nichols (1963) 

with leaves and by Nichols and James (1 964) with 

2. 



narcissus bulb but in each of these cases the freezing 

step was omitted. 

c ) Using Chloroform/Methanol . 

In subsequent reports (Wood, 3ichols and James, 

1 965; Nichols, 1965 ) algal cells were extracted with 

chloroform/methanol ( 2:1 ) and this solvent mixture has 

also been used by O'Brien and Benson ( 1 964 ) for the 

extraction of alfalfa and Chlorella lipids . AlIen et 

al . ( 1 964) extracted spinach leaves with mixtures of 

methanol in Chloroform ( 1 :  2, 1 :  4 ) and finally with 

chloroform alone . More recently Haverkate and Van 

Deenen (1965a, 1965b ) and AlIen et al. (1966 ) extracted 

algal and leaf lipids into chloroform/methanol ( 1 :1 ) by 

the method devised. by Bligh and Dyer ( 1 959 ) for fish 

muscle. 

� Removal of non-lipid material . 

a ) Aqueous washing of organic phases. 

.3. 

A consideral)le amount of non-lipid material is 

extracted with the lipids by all of the methods described 

above. Earlier procedures for the removal of these non­

lipid compounds involved concentration of the extract to 

an aqueous emulsion, partitioning with chloroform (Benson 

et al . ,  1959; Wintermans, 1 960; Eberhardt and Kates, 

1 957 ) or diethyl ether ( Weeninl<:, 1 964 ), and renea ted 



wa.ter washing of the organic phase. Both of these 

4. 

methods however, tend to produce difficu�t and persistant 

emulsions and subsequent repetitive washing may lead to 

lipid loss. The chloroform/methanol extraction and puri��­

ication procedures developed for brain (Folch et al. ,  1957) 

and fish muscle (Bligh and Dyer, 1959) have the advan­

tages that no concentration of the extract is required 

and separation of aqueous and organic phases is sharp 

and raDid. These.methods have been used with plant 

tissues (Zill and Harmon, 1962; Nichols and James, 1964; 
Nichols, 1965; gaverkate and Van :::)eenen, 1965b). 

In 1962 a radically different procedure was reported 

by Bailey and later used by Russell (1966) . An 80% 

ethanol extract of pasture plants was evaporated to a 

thick syrup which was subsequentl;y diluted with water 

and the lipids recovered by centrifugation. 

b) Colulln partition methods. 

Separation of lipid and non-lipid material by 

column partitioning on cellulose (Lea and Rhodes, 1953) 

or Sephadex (Wells and Dittmer, 1963; Siakatos and 

RouseI' , 1965; Wuthier, 1 966) have been used infrequently­

for the removal of non-li]::.'id components from leaf ex­

tracts. ?ouser et al. (1967) used a Sephadex column 

to purify a spinach leaf extract. 



c) Column adsoI'ption method. 

RouseI' et al. (1 963) thoroughly dried an unwashed 

chloroform/methanol extI'act of bra in tissue and extract­

ed the residue with chlorofor'm. The chloroform solution 

1,Yas placed on a column of DEAE-cellulose and neutral and 

zwitterionic lipids were eluted in mixtures of methanol 

in chloroform. Non-lipid material was then eluted from 

the column in methanol and the acidic lipid subsequently 

eluted in chloroform/methanol/ammonia mixtures. Al­

though not specifically stated this technique was prob­

ably used by Allen et al. (1 964) vvi th spinach leaf 

lipid extracts. 

4. Qualitative analyses. 

a) The dOeacylation techniq,ue. 

In this technique, the vvashed lipid is sub jected 

to a controlled, mild-alka1 ine hydrolysis vvhich splits 

fatty acids from glycerol leaving the rest of the mol­

ecule intact. The resultant water-soluble glycerol 

esters oor glycosides can then be separated from the 

fatty acids by partitioning between aqueous and chloro­

form phases and from each other by two-dimensional paper 

chromatography (Benson and Maruo, 1 958). It was with 

this technique and the 'use of isotopically labelled 

lipids that Benson and co-workers identified the new 

5. 



glycerolipids of photosynthetic tissue refeI'red to 

previously. 

b ) Paper adsorption chromatography. 

6 .  

Kates (1960) adapted the silicic acid impregnated 

paper chrorr.atograpbic technique of Marinetti and Stotz 

(1956) for the separation of runner bean leaf lipids into 

eleven components and similar papers vvere used by Ferrari· 

and Benson (1961) in a stu dy on the composition and 

turnover of Chlorella glycerolipids. 

c ) Column adsorption chromatography. 

i ) Silicic acid. 

The earliest attempts to separate intact leaf 

li:9ids were made on Silicic acid columns. Kates and 

Eberhardt (1957) separated rU11ner' bean leaf lipids into 

four fractions on columns of silicic aCid/celite. Zill 

and Barmon (1962) applied the Hirsch and Ahrens (1958) 

silicic acid column technioue to the separation of 

spinach leaf lipids but could achieve only a limited 

resolution of the more polar glycerolipids. Better 

separation of the acetone insoluble lipids ( a mixture 

of gala cto-, sulpho- and'phospholipids ) from cabbage leaves 

was,· obtained by Vlheeldon (1960) USing Silicic acid 

columns and chloroform/methanol mixtUl'es for elution. 

Vorbecl:: 
'
and Marinetti (1965) have separated glyco-



lipids from the phospholipids of Gram positive bacteria 

by eluting silicic acid columns vvith acetone/chloroform 

and acetone. Phosphatides were retained on the column 

and could be eluted Vvi th chloroform/methanol mixtures . 

This technique was adopted by Rosenberg et al . (1966) 
for the separation of the galactolipids of Euglena and 

by Rouser -et al. (1 967) for the separat ion of sp inach 

glyco- and phospho- lipids. 

ii ) Florisil (Magnesium silicate ) 

Florisil column chromatography was employed by 

O'Brien and Benson (1964) for the separation of glyco­

lipids of Chlorella and alfalfa from phosphatides. By 

using a combination of Florisil, DEAE-cellulose and 

silicic acid column 'chromatography these authors were 

able to obta�n the galactolipids and sUlpholipid in 

pure form. A batch\vise Florisil procedure was later 

used by Russell (1966) for the separation of glycolipids 

and phospholipids of pasture species. 

d ) Ion-exchange chromatography . 

i ) On paper. 

The major phosphatfdes of Chlorella have been 

s�pc,rated by Mumma and Benson (1961) using aminoethyl 

cellulose paper chromatography and the technique was 

also used by Zimmerer and Hamilton (1965) for the 

7. 



separation of the phosphatides from Avena coleoptile. 

ii ) On col'Lunns. 

DEAE-cellulose column chromatography , modifie d for 

the separation of brain glycerolipids (RouseI' et al. 

1 961 ), was applied by a ) Nichols and James (1 964) to 

the separation of Narcissus bulb lipids b ) AlIen et al. 

(1 964) to separate spinach leaf lipids and c ) Weenink 

(1 964) for the fractionation of the acetone insoluble 

linids of red clover leaves. The main advantage of this 

technique is the clear separation of neutral and dipolar 

lipids from acidic lipids, a separation which cannot be 

achieved vvi th silicic acid columns. 

e ) Thin-layer chromatography. 

Thin-layer chromatography of plant glycerides was 

first described by Nichols (1 963) who separated 1 9  com­

ponents from cabbage and lettuce leaf lipid extracts. 

As mentioned previously, Kates ( 1 960) resolved 1 1  com­

ponents from runner bean leaf lipids by paper adsorption 

chromatography. Subsequent reports by Nichols (1 964) 

describe extensions of the thin layer technique to two 

dimension s giving a clear separation of the 1 9  components 

of lettuce leaf. La Page (1 964) has also described a 

two-dill'.ensional thin-layer method which seperated 17  
lipid components from potato tuber. 

8. 



� Quantitative Analyses. 

In a recent review of plant lipid metabolism, Mudd 

(1 967) has pointed out th8t there are few complete 

quantit2tive analyses of glycerolipids 'in either plant 

tissues or subcellular fractions. In 1966, James and 

Nichols had collected information on the occurrence of 

particular glycerolipids in a variety of photosynthetic 

organisms but could not list relative concentrations. 

In fact, only four reports have attempted to give figures 

for the glycerolipid concentrations in leaves, algae or 

subcellular fractions. 

a) Leaves and chloroplasts. 

rrotal li:gids, isolated from leaves of spinach, beet, 

elder and bean seedlings and from chloroplasts of 

spinach and beet, V'1ere sub jected to mild alkaline 
, \ 

hydrolysis and the water soluble, deacylation pI'oducts 

separated by two-dimensional paper c11romatography 

(Wintermans, 196 0). The separated glyceryl compounds 

were eluted from the paper and estimated by phosphorus 

or sugar content. Recoveries of phosphoryl compounds 

were variable (60 to 90%) and it is possible that the 

sugar estimations were complicated by contamination of 

eluted spots with cellulose fibres (Wintermans, 1962). 



1 0. 

b ) Algae . 

Chlorel� n;II'enoi doss .. V-f8S grow'n in the presence of 

1 4C02 to give uni foT'Bly labelled l iuids whi ch were then 

deacylated and sepaI'ated by paper chromatography (Ferrari  

and Benson , 1 961 ). Phosphoryl c ompounds were estimated 

by neutron activation (Bens on et al. ,  1958) and the 

concentrati on of the glycosyl COmlJounds were cal culated 

from 1 4C contents compared with the values in known 

pho sphoryl compounds . While cons iderable accuracy might 

b e  expected with this procedure , it is  unneces sar ily 

compl icated for rout ine use and urobably could not be  

used with h igher plants . 

c ) Bean c i1lorQplast and pepper fruit plastids . 
\.. 

Bean chloroplast and pepper fruit plastid l ipids 

were fI'actionated by s i l i c ic acid  column and s il ic i c  

acid impregnated paper chromatography and estimated by 

sugar or phosphorus content ( I'vlcArthur et al. ,  1 964). 

Thi s  chromatographi c  pro ceduI'e cannot adequately separate 

all the glycerol il)ids of a photosyntheti c  ti ssue however 

( Kates , 1 960), and results were given in per centage 

compositi on rather than in relati on to fI'esh or dry 

weight of tis sue or chlorophyll content. 

d ) Spina�� chloroplas t l amellae. 

The glycerolipids of spinach chloroplast lamellae 



1 1  • 

were separated on a column of DlTAE-cellulose and molar 

concentrations derived from the rveights of colwlm 

fractions (Allen et al., 1 966). Reliable results might 

be expected wi th t�10se components present in high con-

centrations ( m onogalactosyl and digalactosyl diglycerides 

and phosphatic1�ll glycerol ) but other fractions (weighing 

3 to 4 mg) would be extremely difficult to determine 

accurately in vie-V! of the hygroscopic na tUT'e of polar 

glycerol ipids. It is not cl ear from this report \vhether 

ammoni1JI!1 acetate, eluted along with the acidic lipi6.s, 

was remo ved before weighing the individual fractions. 

e ) Partial analyses. 

In 1 959, Benson et al. measu red the rela ti ve con-

centrntions of phosphatides in a variety of leaf and 

algal specie� by neutron activation of the chromato-

gra Dhic a ll v se i1ar ateddeac vl ated 1 i1Jid. � v .J::' ) u _ O'Brien an d 

Benson (1 964) ga ve values for the concentrations of 

the two galactoligids and sulpholipid vvhich had been 

isolated by a combination of Florisil, DEAE-cellulose 

and silicic acid column chromatograph;y. Semi-Q"uan-

titative-measuI'ements of galactolipids from runner bean 

leaves veI'e I'eported by Sastry and Kates (1 964). Bailey 

( 1 962) described a method for the meas1.1.rement of lipid 

bound galactose and Russell (1 966) later reported a 
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method fOI' the es tima tion of both lipid-bound galactose 

and sulpho quinovose. 

6. Summary. 

The resul ts re";)orted by :,'Jinterl:18ns renres ent the 

only complete com:pre-L�ens i ve analys is of th e ma jor gly-

cerolij)ids of vvhole leaves and chloroplasts. The need 

for a ra"oid and reproducible method for the quanti tati ve 

analyses of the ma jor gl;ycerol i�)ids from plant tissues 
\ 

is apparent from the literature reports. The information 

available suggested that leaf lipids might be separated 

effectively by two-dimensi onal thin-layer chromatography 

( Nichols, 1 964) or by Th'1idimensional thin-layer chromato-

graphy following preliminary fracti onation into a ) glyco-

and phospholipids by Flor'isil c olumn chromatography 

( O'Brien an:d Benson, 1964) 01" b ) acidic and non-acidic 

lipids using DEAE-cellulose (Nichols and James, 1 964). 

Although the silicic aCid/acetone procedure described 

by 'ilorbeck and Marinetti (1 965), Rosen berg et al. (1 966) 

and Rouser et al. (1 967) might be used, the large volumes 

of acetone required and rela tively slow floVl rates 

(Rousei" et al., 1 967) would be disadvantages in a 

technique specifically designed for routine analyses. 



� Aim of the uresent investigations. 

The aim of the present investigo. tion ViaS firstly, 

to evc:luate existing methods for the extraction an d 

separation of the glycerolipids o f  �hotosynthetic 

tissues and then, w'i th methods judged satisfactory on 

the basis of recoveries an d convenience, develop a 

technique specifically for rapid, routine separations. 

In ad dition, simple and rapid methods for Quantitative 

chemical analyses of the separated linid s would also 

be sought. 

The following section describes the development 

of methods for the rap id and accurate estinllition of 

the major glyco- and phos:9ho- li.;;:Jids from photosyn-

thetic tiss�es. The results of the application of 

the new technique to a wide variety of species are 

also presented. 

13. 



METHODS 

� �election of ulsnt material. 

'\'{l1erever possible only yo U1g, fully expanded leaves 

were sampled and extraction was begun within 2 to 5 min 

after harvesting. l':o attempt '{las r:�c:de to dissect out 

the vascular tissue but 8.S ltttle petiole 8.S ll;)ossible 

was in cl uded in the sam:ple. For the comparison of gly­

ceI'oli�)id concentrations in a vG.I'iety of species the 

;)Toungest fully expanded leaves were taken from a number 

of plants in the spring "tnd early summer of 1967-1968. 

In the case of ryegrass and cocksfoot, flag leaves were 

taken from ulants in v:hich the inflorescence was just 

emerging from its sheath. With compound leaves, only 

leaflets were taken. Pine needles, 5 to 6 cm in length, 

were gathered from the bases of n81.V shoots of about 18 

crn in length. The livervlOrt, Harchanti�, was grown in 

a mis t house undeI' na tural daylength. .As much of the 

rhyzoid ma te rial as uossi °ble was removed from thalli 

before vveighin� and extracting. The gr'een alga, 

r.Eesota enium calc.a riorum, was grovm in liquid cul ture at 

180C Th�der continuous illumination from fluorescent 

tubes. �his organism was harvested in the middle of the 

log phase of growth and the results giv en in terms of 

fresh Yieight aI'e based. on the cssurnption ths.t 1 m1 of 

packed cells vieighed 1 g. The moss used, v:a.s a mixture 

14. 
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of ec�ual amot1J1ts of Fur�Qria and l.�ptobyrUJTl Dyrifonne. 

Par'snip root \'/3.S '..'lashed free of soil before samples were 

cut frof.l the cOI'tex for weighing and extractingo 

2. l�xtraction and purific e tion of .1 h)id. 

a) Technique adopted in this study. 

", 

Fresh leaves 'were weighed and homogenized vvi th 10 

volumes of methanol/chloroform (7:3) in a "'{aring blendor' 

(10 to 50 g leaves) or in a high-speed, overhead blender 

(0.5 to 5 g). Smaller amounts (0.25 to 0.5 g) were 

nOI'mally homoge.nized manually in a glass tissue grinder. 

r�he homogenate was filtered under reduced pressure and 

10 volumes of chloroform v/ere used to rinse ou t the 

homogenizer and to vv"ash the residue on the filter. 

After this treatment the residue was colourless. 

The combined filtrpte was shaken vlith 0.2 volumes 

of o. 73�; NaCl and stored in the freezer while the phases 

separated. If the extract was required immediately the 

phases were separsted by centrifugation. 1'he lower', 

Chloroform phase ViEW recoveI'ed, evaporated under reduced 

pressure and traces of water were removed from the liPid. 

residue by adding absolute ethanol/benzene (90: 10) and 

re-evaporE< tinge This dT'Y 1 illid was then redis80l ved in 

chloroform so that 1 ml of solution Vias eouivalent to 1 g 

fresh 'weight of original le8.f tissue. 



Th i s  p ro c e dur e is a s l i gh t  m o d i f i c R t i o n  of tha t 

des c r ib e d by F o l ch e t  al . ( 1 957) for b ra i n t i s sue . 

b ) Other methods te st ed. 

F o r  pUI'p o s e s  of compar i s on , l ip id ex t r 8. c t e d  (but 

not rra sne d ) by the me th o d .  outl ine d ab ove wa s f r e e d  of 

non- l ip i d  material b y  the S ephadex m e th o d  of Wuth i e r  

( 1  966 ) and "'la S  also  sub j e c t ed t o  D.2AE- c el lul o s e  column 

chI'oma t o graphy without any washing (Rouser e t  a l . , 1963 ) . 
The ex tra c t i on an d pur if i c a t i on methods de s c r ib e d 

b y  Bl i gh and Dye r  ( 1 959 )  for f i sh mus c l e  and b y  Bai ley 

(1 9 62 )  for p a s tur e plant s were a l s o  t e s t ed fo r the ir 

r e c ov e r y  an d conv en i en c e . 

� PI'e ' im i na ry s e l)8.ra t i  on of gl;vc er o l i1J ids . 

a ) DEAE- c el lul o s e  s emi-m i cro c o lumn . 

D i e thylam ino e thyl c e l lul o s e ( DR4.E- c e1 1ul o s e ,  

Wha tman DE-11 ) \va s "\va shed with HCl , NaOH , me thanol and 

ch l o roform as r e c ommended b y  Rous e I'  et al . ( 1 963 ) , and 

ccnv er t e d to the a ce te. t e form b y  s tand ing overn i ght in 

gla c ial acetic  a c id . The a c e t i c  a c id wa s r ep la c e d  by 

me th an o l  a n d  the ads orb ent s to r e d  a s  a d i lut e s l ux'ry 

in me than ol . };. l i c�uo t s  o f  th is sl urry '{le re p ip e t ted into 

a 1 cm ( i . d . )  gla s s chr oma to graph i c  tub e  f i t t e d  with a 

gl a s s Vlo o l  plug and a t efl on s t op c o ck to ma ke a c ol umn 



3 cm in h e i ght . The c o lumn wa s vv'a she d  wi th me than ol 

(5 ml ) and the me thanol c a r e full y repla c e d  by chl o r o f o rm 

1 7 .  

") 

( 1  0 t o  1 5  ml ) b ef o r e  l ip i d , ( e qu ival e nt to 2 g f r e sh 

vle i ght o f  l e av e s ) in ch l o r o fo rm v/a s app l i e d·. 

Neu tral and zw i t t e rion i c  l ip i ds ;'-vere e lut e d in 2 5  

Ell o f  chl o r of orm/ meth anol ( 6 : 4 ) a t  a fl ovl ra t e  o f  2 t o  

3 ml/m i n , and a c i d i c  l ip ids were e lut e d  i n  20 ml of 

chl o r of o rm/methan o l  ( 6 : 4) c onta i n in g  1 . 5 ml of con c en-

t r a t e d  ammon i a  s olut i on ( F i g .  1 . 1 ) .  B o th fra c t i ons we re 

evapora t e d  to dryn e s s  under reduc e d  pr e s sur e , us ing 

e thsnol/b enzene t o  r em o ve wa t er f r om the s e c o nd fra c t i on ,  

and fina l l y  ma de up to 2 ml ( non- a c i d i c s ) and 1 .0 ml 

( a c id i c s ) in ch l or of orm • 

. Wh en i t  wa s cons i dered des i r ob l e  to r em o ve the 

ammonium a c e t a t e , gen e r. a t e d  in the i o n- e x cha ng e pro c e s s , 

from th e s e c ond frs c t i on the foll mvi ng m e th o d  wa s us e d. 

The l in i d and ammon ium a c e t a t e  we �e quant i t a t iv e  trans-

ferred t o  a c e nt r i fuge tub e in 2 ml of me thanol fo l l owed 

b y  2 ml o f .  chl o r of o l"'m , and th oroughl y .  shaken wi th 1 . 8 ml 

of ·,va t er ( Bl igh and Dye r , 1 959 ) . The pha ses  were s epa r-

a t e d  b ;y  c entr i fuga t i on and the l ow·e r , chl o roforTil l ay e r  

re c o ve r e d b y  aSp ir i::1 t i o n . .A fur th e r  2 m l  o f  chl o roform 

W8. S us e d  to r ins e ou t the evapora t ing fl ask an d t o  re-

ex tI'a c t  the a que ous me th anol pha s e . Th e c omb in e d  chl o ro-

f o rm s o lut i ons wer e  evapora t e d  to dryne s s  unde r n it r o gen 
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F i g . 1 . 1 . Thin- laye r m on i t on o f  frac t i on s  f rom t he DEAE­
c e l lu l o s e  c o lumn . T w o  m l  ( =2 g fr e s h we i ght of l e af ) 
of a chl o r o f orm so lu t i on of wh i t e c l o v er l i p i d  we r e  p la c e d  
on the c o lumn an d  8 ml fr ac t i on s  of e ac h  e lu t in g s o l ven t 
c o l le c t e d .  F ra c t i on s  we re c on c en t r at e d  an d made u p  t o  
v o l ume in the s ame way a s  bu lk e lua t e s  ( s e e  t ext ) ; 2 5  p I  
we r e  s t r e ake d ac r o s s  1 cm on S i l i c a Ge l G .  Lane s 1 t o  3 
ar e s e qu en t ial f r ac t i on s  of the c h l o r of o rm/me t han o l  ( 6 : 4 )  
e lu t ing s o lvent whi l e  l an e s 5 t o  7 are s e qu en t i al frac t i ons 
of t he chl o r of orm/m e than ol/c on c . ammon ia ( 6 : 4 : 0 . 75 ) s o lven t .  
Lane 4 i s  t he l i p id be f o r e  co lumn c hr oma t ography . Deve l o p ­
m en t , c h l o r o f o rm/m e t han o l/ac e t i c aC i d /wat e r  ( 85 : 15 : 10 : 3 ) ; 
d e t e c t i on an d i d en t i f i c a ti on of s e parat e d  c om p on e nt s a s  f or 
F i g . 1 . 2 . This chr oma t o gram d em on st ra t e s pha s i c  s e p arat i on 
a t  t he s o lven t fr on t . 



and the r e sidue made up to 1 . 0 ml in ch loroform. 

b ) Florisil co lumn chroma tography. 

Florisil ( a highly activat e d  ma gnesium silicate , 

Flq r i din Co. , West Virginia ) YlaS vm sh e d  with water , 

activated and stor e d  und e r  methanol as d e s cribe d  by 

o ' Brie n an d Benson ( 1 964 ) . 7\''11en this wa shing procedure 

was found t o  hav e littl e ,  if any , effe ct on th e s epar­

ations of glyco- and phospholipid s the adsorb ent 'vvas 

also used l1J1washed. The adsorbent was originally 

t e st e d  in c olumn pI'oc edur es whic h  were essentially 

one- fifth to one- te nth of th e scale r eporte d by O ' Brien 

and B enson ( 1 964) but in lat er work this v�as scaled down 

ev en furth er in an attempt to d e cid e whether a Floris i l  

column could D e  us ed in a rout ine pro c e dur e. Pertine nt 

d e t ails on the preparation and elution of semi-micro 

column of Florisil hav e appear e d  in a publication 

( Roughan and Batt , 1 96 8 ) , a r eprint of wh t c h  is bound 

in the bacl:: of this the sis . 

� Ah i n - layer chromatography_ 

a ) A ctivation and dev elopme nt. 

1 9 0  

Thin- layer chroma tography ( TLC ) \'\"as p erformed on 

2 50 p layers of Silica Gel G ,  H and HR (Merek , 1)aI'mstat, 

Germany) and one or two dimens ional sep a rati ons a chiev e d  



us i ng the solvent sys tems recommended by Nichols  ( 1963, 

1964). Layers were a c t ivate� a t  1200C for 30 m in 

immedia tely b efore us e and develoPQent was normally 

carried  out in tanks l ined uith f il ter pape r. 

Cons i s tent two dimensi on8.1 th in- la�Ter  s eparat i ons 

r,reI'e ob tained (Fig. 1'. 2) when s ui teble  es sent ial precau-

t i ons Were taken. After devel opment in the fir s t  dire c-

tion ( chloroform/nethanol/conc. ammonia ;  6 5 : 25 : 2) it 

was necessary to reactivate  the layers under high vacuum 

for 30 min  to prevent s erious phas e  separat i on of the 

solvent ( chloroform/methanol/acet ic  a Cid/water;  170 : 25 :  

25 : 4) during develop�ent in the s econd direction. Phase 

s eparat i on \Ivas s ometimes enc ountered during development 
" 

with the solvent ( chloroform/methanol/a cet ic  aCid/water;  

2 0. 

85 : 15 : 1 0 : 3) recommended for unidirectional chromatography 

als o  and thi s  wa s thought to be  caus ed by deactivat ion 

of the a ds orb ent during cool ing of the act ivated layer 

and appl icc t ion of s amples. It  could be  prevented or 

controlled by ensur ing that act iva ted layers were  not 

eXlJ Osed to the labor8 tory El. tmosphere for more  than 20 

min pr ior to b eginn ing development. 

b) A]�pl i ca t ion of s amples. 

:F'or maximum res olut ion 0 :'  component s in one-

dimensi onal TLC it 'iv-as b etter to apply samples as narrow 

streaks l"ather than as  sno ts and to  ob ta in suff icient of 
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Or i gi!1. 

gram 
o f  r e d  c l ov e r  l e af l i pi d s  aft e r  Ni ch ol s  ( 19 6 4 ) . 
L i p i d  e qu ivalen t t o  20 mg of l e a f  wa s app l i e d  and 
t h e  s e parat e d  c om p oun � R  we r e  d e t e c t e d  w i t h  the a c i d  
d i c hr oma t e  s pr ay o f  Rou s e r  e t  a l . 196 4  an d charr i ng 
a t  180  f or 30 m in . 

PGT S , Pi gmen t s ; MG D , M on ogal a c t o sy l  d i g l y c e r i de ; 
SG , S t e r o l glyc o ,- id e ; DPG , D i ph o s pha t i dy l g l yc e r o l ; 
PG � Pho s phat i dy l g l y c e r o l ; PE , Ph o s p ha t i dy l  e than o l ­
amin e ; U ,  Unkn o wn ; S L , Su l pho l i pi d  ( su l ph o qu in ovo syl 
d i glyc e r i d e ) ; PC , Ph o s phat i d y l  c h o l i ne ; PI , 
Ph o sp ha t i d y l  in o s i t o l ; DGD , D i gal ac t o sy l  d i gl y c e r i d e . 
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each glycerol ip id for chem ical analys es i t  vias ne cessary 

to apply 2 5  to 2 00 pI of s olut i on across  a 2 to 4 cm 

streak . The s ea rch for a suitable  method for making such 

appl i ce. t i ons culminated with the cons truc tion of trough-

type s tT'eakers ( F ig .  1 . 3 )  \vh i ch were very much faste r  

than exi s t ing des i gns . An aCC01.Ll1t o f  the construct i on 

and tes t ing '  of thes e dev ices has been publ ished as a 

short commlli�icat i on ( Roughan and Tunnicl iffe , 1 967 ) , 

a renr int of whi ch is  incl uded a t  the end of the the s i s . I 

S amples  ( 25 to 50 Ml , equivalent to 25  to 50 mg of 

leaf) were appl ied as spots for separat i on by two-

dimensi onal TLe . 

c )  Detecti on of s epa rated components . 

L ip ids seps rated by TLC were detected and ident ified 

by the us e o f  a variety' of spray reagent s .  Phosphol ipi ds 

were i dent ified yvi th the molyb dendum blue reagent of  

Dit tmer and Le·ster ( 1 965 )  and glycol i:pids with the 

ol-naphthol/sulphur ic  ac�d  reagent of Sa ilm tos  and 

Rous er ( 1 965 ) . The mos t useful reagent for the local i za-

t ioD and i dent ifi cat ion of sepa rated l ipids hO'wever , was 

a 501b sulphur ic acid S PI'2Y followed by heat ing in an 

oven at 1 20o
C . S t erol s produced a character i s t i c  p ink 

coloura t ion in th e first  few m inutes  of heat ing and 

sub sequentl y ( 1 0 t o  20 m in later ) th e glycol ip i ds 

showed as red-purpl e zones while  phosphol ip i ds turned a 
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F i g .  1 . J .  S om e  o f  the sam p l e  s t r e ak e r s �n r ou tine u s e 
in t hi s  labo rat o r y  arran g e d  on a ( 20 cm ) lay e r  ( 25 0  r )  
o f  S i l i ca Ge l H .  The th in s t r e ak s  pr o du c e d by the d evic e s  
a r e  di s p l ay e d  in f r on t  of e a ch on e .  



pal e  b rown ( Nichol s ,  1 963 , 1 964) . \Vi th prolonged heat-

ing all spo ts turned bla ck or shB des of grey dependin g 

on init ial c on cen tra t i on . The sulphur i c  a c id prefeI'-

ent ially r'eacted with unsaturated l ip ids ; methyl 

s tea ra te on · S il i c8. Gel G did not react Ylhile  P.1e thyl 

palm i t oi ea te , l inoleate  and l inolena te gave quite  strong 

rea c t ion s .  To ob ta in an indi c at i on of relative amount s 

24 .  

of s eparated l ip ids therefore , the a c i d  di chromate  cha rr-

ing proc edur e ' of Rous er et al . ( 1 964 )  wa s used. 

For rout ine us e and where quant i t a tive anal ys es 

we re involve d , iodi n e  s taining wa s us ed and ident ifi ca-

t ions were b a sed on chromatograph i c  mob il it ies in a c id 

and alkal in e s olvent s .  Devel oped chrorna tograms were 

pla ced in a tank c on ta inin g  iodi ne vapoL� unt i l  the 

separated l ip i ds had rea c te d ;  the sta ined zon e s  wer e  

outl ine d  with a ne edl e b efor e  the iod ine evaporated. 

d ) S eparat ion for glyce rol ipi d  ana l ys es .  

For the rout ine analys e s  of al l the ma jor gl ycero-

2 
l ip ids i n  an extrac t , a 20 cm l ayer of S il ica Gel G 

or HR wa s div ided into five e qual lane s . Dupl i ca te 

al i quots of non- a c i d i c  ( 50 . pl : · 50  mg of l eaf ) and 

a c i d i c  ( 1 00 pl � 2 00 mg of l eaf ) l ip i d fra c t ions from 

DEAE cellul o s e c olumns were streaked acro s s  2 cm in the 

four outer lanes wh ile th e m i ddl e lane was l eft b lank. 



Chromatograms were developed with chloroform/methanol/ 

a ce t ic aC id/water ( 85 : 1 5 : 1 0 : 3 )  and separated l ipids 

vvere detected with iodine vapour . Appropr iate zones 

were quant itatively transferred to digestion tubes 

( phosphol ip ids )  or centr ifuge tub es ( glycol ipids ) for 

analys e s  a s  des cribed b elow. 

2L Quant itative  est imation of phosphol in ids .  

a )  Method currently in us e .  

Phosphol ipids s eparated by a comb inat ion of DEAE­

cel lulose  column chroma tography and TLC ( Fig. 1 . 4 )  were 

analys ed without elut i on from the adsorb ent by a sl ight 

modification of the method of Rouser et al . ( 1 966) . 

25 . 

The l ipid-loa ded adsorbent was digested in th e presenc e 

of 6as perchlor ic a cid ( 0 . 6  ml ) at  1 800C to 2 000C in an 

elec tr ically heate d  alum in ium bl ock until  the acid 

b ecame colourl ess ( 1 5 to 30 minutes ) .  Ammonium molyb date 

( 3 . 5  ml of 0 . 31 % )  was added t o  the cool di gests  followed 

by as corb ic acid ( 0 . 5  ml of 1 0% ) and th e contents of 

the dige s t ion tub e s  were transferred to centrifuge tub es 

whi ch were placed in a b o il ing bath fo r 5 m in to complete' 

colour devel opment . After cool ing and centr ifuging the 

abs orbance of the blue colour was measured a t  660 mp. 

Adsorb ent blanks and s tandards weT'e included wi th every 

analys is . 
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Fig.  1 . 4 .  Typical thin-laye r s e parat i on pri or t o  
quant it ati ve glyc e r o l i pid analy s i s . In lane s 1 and 4 ,  
S O  � l  ( = S O  mg fr e sh we ight of leaf ) of white  cl over 
leaf t ot al l i pi d  was st reake d a c r o s s  2 cm whi le in lane s 
2 and 3 ,  S O  p I  n on-ac idic  and acidi c li pi d  frac t i on s  ( = SO  
m g  and 2 0 0  m g  fre sh  we ight of l e af r e s pe ct ively ) from the 
DEAE-c e l lu l ose  c o lumn , we re also  s t reake d acro s s  2 cm . 
Deve lo pment , chl or of orm/methan ol/ace t i c  aCid/wat e r  ( 85 : 15 : 
1 0 : 3 ) ; layer , �i l i ca Gel  G ;  de t e c t i on ,  a c id d ichromat e  

pray . 



b ) M e th od prev i ous ly us e d . 

S ince quant i tat ive el ut ion of pola r l ip ids from 

th in- I D-yer chroma togl'aIDS can be very t ime cons uming 

(Pr ive t t e  et al . ,  1 965 ; Ab ramso n  and Bl echer , 1 96 4) 

i t  wa s dec i de d  ea rly in thi s  s tudy to adop t a me thod 

wh i c11 YlOuld perm it chem ical e s t i ma ti on to b e  ma de in 

the pr e s en c e  of e· dsorb ent . In the f ir s t  ins tance the 

m� thod of Ma r inet t i  (1 962 )  was us ed for the diges t i on 

of pho spho l ip i ds i n  the pr e s enc e of a dsorb ent and for 

th e a s s a y  of l ib erated pho s1)horus . A lthough th i s  me thod 

wa s q;ui t e  s a  t isfectory in the ab s ence of a ds orb ent very 

h i gh b la nks were always ob ta ine d when s il i c a  gel wa s 

pres ent dur ing di ge s t ion . The s e  high blanks wer e  

a t tr ibuted t o  an intera ct i on b e tv:een pe r chl o p·i c  a c i d  

and s il i ca gel a nd a cc o r d ingly the di ge s t ion was 

m o d if i e d  a s  follows . 

A m ixtur e of sulphur i c  and 6 0.�  perchl or i c  a c ids 

( 3 : 2  v/v ;  0 . 5 ml ) wa s adde d t o  the a ds orb ent in 1 . 5 x 

1 5 cm di ge s t i on tub e s  and modera te hea t wa s appl i ed 

( e l e c t r i c mi cro-K j el dahl ra ck ) unt il the l iquid turned 

a pa l e  yel l ow . H i gh t empe p a t ur e s  were then us ed unt i l  

the d i ge s t  b e came c o l ourl e s s  b y  wh i ch t ime most o f  the 

pepchl or i c  a c id ha d b e en p em ove d . To ' the co oled di ge s t s  

Viere a dded 8 ml o f  wat er , 1 .  5 J11� of 2 .  55� ammon i um molyb ­

da t e  and 0 . 2 m l  of an aminonaphth ol sulphur i c  a c id 

27 .  
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r e duc ing r e a gent ( Ba rt l e t t , 1 95 9 ) . �h e tub e s weI'e pla c e d  

in a b o i l ing b a th for 7 m in a nd the a d s orb ent remov e d  by 

c entr i fuga t i on b efo r e  the ab s orb an c e  of th e r e sul t in g  

b lue c o l o ur wa s measured a t  660 mp . S i l i ca gel b lank s 

and s tands. rds wer e included wi th every ana l ys is . Th i s  

me tho d  gav e  l ow b la rgs and a l inea r r e sp on s e  t o  a dded 

phospha te but suf f e r e d  from the d i s a dvant age tha t  b ump ing 

f r e Que ntly oc cur r e d  dur in g di s t i l la t i on of th e p e r chl o r i c  

a c id .  Such b ump i ng coul d n o t  b e  pr ev en t e d  b y  a dd ing 

alundum ch ips to the di ge s t i on m ix ture and wa s presumab l y  

due t o  a c o mb j.na t i o n o f  the h i gh t emp e r a tur e  a n d  the h i gh  

ra t i o o f  s o l i ds to l i Qu i d. 

Th i s  p ro c e dur e '.va s d i s cont inued wh en th e me thod of 

Rous er e t  al . ( 1 966 ) b e c ame av a i lab l e . 

6 .  Analys i s  o f  gl;rc o1 ip i ds . 

Glyc ol ip i ds , s epa r a t e d  b y  a c o mb ina t i on o f  DEAE­

cel lul o s e chroma t o graph;? and TLC v/e r e  al s o  e s t imat e d  in 

the pr e s en c e  of a ds orb en t . 

a ) Phen o l/s ulphur i c  a c id r ea c t i o n . 

i ) Dir e c t  me th o d . 

Gal a c t o l i;l i ds , f r om the e Quivs. l ent of 25  to 50 mg 

of l eaf ( F i g. 1 . 2 and 1 . 4) wer e  tran sfe rred on the 

th in- l s. yer a ds o rb ent i n t o  s t r8 i ght- s i de d  centr ifuge 

tub e s and 1 ml of 2;'; phenol a dded ( F i g. 1 . 5 ) . Th i s  
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Fig . 1 . 5 . The eff e ct of phen ol conc entrati on on the 
c ol ou r  produ c e d  by 50 p g  of gal act ose  ( 4 80 mp ) and 30 pg 
o f  sulphoqu in ov o se ( 485  mp ) in the phen ol/su lphuric a ci d  
e st imati on . 



wa s f o l l owed b y Lt m1 of con centra t e d  su1phur j, c a c id ,  

wh i ch wa s a dde d raD i dl y  and d i r e c t e d  o n t o  t..� e  s urfa ce of 

th e a que ous phenol s o lut i on to ensure maximum m ixing 

and hea t ing . Th e rea c tan ts we re th oro ughly m ix ed 

( v o r t ex m ixer ) and th e t ub e s  were al l owed to s t an d for 

15 min b ef o r e  ce n tr ifuga t i on . The ab sorb anc e of ' the 

clear ye 1 1 mv-b rovrn s o lut i on wa s mea sured a t  485 mp 

a ga i ns t  wa t er , c o r re c t ed for b l anks an d compar e d  with 

s t anda r ds c on t a i n ing s i l i ca gel from a bl ank lane of 

30.  

the chroma to gr am ( Roughan and B a t t , 196 8 ) .  

Su1ph o 1 ip i d , i so l at e d  from th e e quival e nt o f  200 mg, 

of l ea f  ( F i g .  1 . 4) 'iv8.S ana l y s ed in the same way exc ept 

tha t  1 m1 of 5% , i ns t e a d  of 2%, phen ol (F i g .  1. 5) wa s 

adde d  t o  the ads orb ent and 8. b s o r>b a nc e s were measur e d a t  

490 mp. 

Ca l ib ra t i on curv e s  for b o th gal a c t os e and su1pho­

quinov o s e in th e s e  a s s a y  sys tems we re l inear up to a t  

l ea s t ,  1 00 pg ( F i g. 1 . 6 )  an d th e pr e s enc e of s i l ica 

gel i n  the rea c t i on m ixtur e ha d n o  eff e c t  on the c o l our 

p r o duc e d .  

i i ) Indi r e c t  me tho d . 

When the amount of gal a c tol i :p i d  s epa ra te d , ex c e e d e d  

th e e quiv a l ent o f  0 . 6 )JIIl ol e of gal a c t o s e  ( s e e  r e sul t s ) , 

i t  wa s n e c e s sary e ithe r t o  s ca l e  up the re8. gent vo lume s 

o r  us e a l e s s d ir e c t  m e thbd of anal ys i s . In the ind ir e c t  
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Fig . 1 . 6 .  Standard cu rve s for galac t o s e  an d  su l phoqu in ovo s e  and thei r  
r e s pe c t ive as say sys t em s .  The curve f or galac t o s e in the su l ph o qu in ov o se 
sy stem i s  als o shown . 
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method th e galactol ip id zones were  s craped into centri-

fuge tub e s, 2 ml of 2N sulphur i c  a c i d  wa s added and the 

l ightly st oPIJered ( glas s marbles ) tubes  were pla ced  in 

a b o il ing b a th with oc cas i bnal ' shak ing for 66  min . 

After cool ing and centr ifuging, al i quots of the hydroly-
I 

sate  ( 0 . 6  ml ) were added to 5% phenol ( 0 . 4  ml ) . Concen-

trated sulphur i c  ac id ( 4. ml ) wa s then added, the r eac-

tants  t�10roughly m ixed,  and a fter 1 5  m in ab sorbanc es 

were mea sured  at  485 mu. Blanks and s tandards were 

al ViBYS included. 

Sulphol ip i d  zones  were al so s crape d up into  2N 

sulphl� i c  acid an d th e l ip id hydrolys ed as for galacto-

l ip ids . In th i s  ca s e  1 ml al iquo t s of hydrolys ates were 

taken, 50 pI of 80;� phenol was a dded followed by 5 ml of 

sulphur i c  ac i d  and ab so rb 8 nc es were measur ed at 490 m�. 

Both th e di rect  and indire c t  methods produced 

identi cal r esul ts . 

b ) Al ternative m ethods . 
, 

A c id hydrolysates of glyc er ol ip ids on the adsorb ent 

were in i t ially analys e d  for reduc ing sugar by the meth od 

of Nel son ( 1  944) and la ter b;l the me thod of Dygert et  al . 

An anthrone meth od (Rus s ell , 1966 ) wa s al so  us ed for 

the analys is of glycol i �,i ds by di rect  and indirect  

me thods s imilar to thos e used for the phenol/ sulphur i c  

a c i d  pro cedur e . 



"L.. App l ic a t i on o f'  the new me thod to a v e ri e ty of spe cie s . 

C omm on p a s ture sp ec ies  ( cl ov ers , ryegra s ses ) and 

s quash p l a nt s wer e the main SOUJ' c e  of l eaves us ed in the 

devel opment of th e m e th o ds des crib ed he r e .  The am oun t s  

of extract  teken for column chroma to graphy an d the 

3-3 . 

amoun ts of c ol umn fI'acti ons taken for TLC appl y  to this  

group of p l ant s . HoweveI' l a r ge va r iat ions oc cur in the 

l i p i d  c ont ent of diffeI'ent leaves  relat ive t o  f r e s h  

we i gh t , and th i s  i s  reflecte d  i n  th e chl oI'o phyl l content 

of the l e af . In the s tudy o f  the glyc erol i]id compos ition 

of different spe cies , the am ount of an ex tra c t  re quir e d  

f o r  c o l umn and th in- l aye r chI' ornato graphy wa s judged from 

ch l o rophyl l con tent ra ther than fresh v'leight . For 

example , an amount of extract  cont a in ing 5 mg of chl o ro­

phyl l ( e qu ivalent to 2 . 5 g of wh ite  cl over leaflets , 

5 g of s oua sh l eave s o r  20 g of l e t tuc e l eav e s ) wa s 

with in the c apa c i ty o f  th e 3 x 1 cm ( i . d . ) DEAE-c ellulose  

colLrnn a nd an amoun t  of  the n on- a c i d i c  l ip id fra ct i on 

conta ining 1 00 to 1 50 pg o f  chl o ro phyl l wa s a s  much a s  

coul d be appl ied a s  a 2 cm s treak to a 250 }l l ayer of 

S i l i c a  Gel G or hh wi thout ov erl o a d in g  the chroma to gram . 

Total chl orophyl l wa s measured in me than ol 

solut ions o f total l ip i ds us ing the spe ctrophotometr i c  

fa ctors r epo rted by C omaI' and Z s che i l e  ( 1 942 ) . 



8 0  C hemical s. -
C hl oroform a nd metha nol weI'e either " A nalarl l 

or red i st il l e d  commercial grade sol vent s .  Commer cial 

gr ade 95% et hanol wa s I'efl LL"'{ed over Kt�nO'KOH and 

redistil led . Al l ot her sol vent s Yiere of " Anal ar" 

qual i ty a s  were reagent s Ul1less a nother grade \va s 

recow2ended in t he appropr i ate references. S ol vent s 

other t ha n  those l isted s bove were of "Anal arH 

gI' a de. 

S ulpho quinov os e \Ha s prepared b y  t he method of 

Miyano and Benson, 1 962 � . 

· 34. 



HESULTS 

.L.. L iu id extra c t i on and DUT' ifi ca t i on .. 

a ) R e c ov e r i e s  in th e mo dif i e d  F o l ch � t  al . ( 1 957 ) 

p ro c e dlU" e . 

The m o d i f i e d  F o l ch e t  a l . ( 1  9S7 ) p ro c e dur e  for the 

extra c t i on and pur if i c a t i on of l e a f  l ip i ds a s  out l ine d 

under J,lETHOD8 wa s th e s impl e s t  and mo s t  co nv en i ent of 

the me th o d s  t e s t ed . R e- extra c t i on o f  th e r e s i due from 

th i s  tr eatment "iJ i th b o i l ing 95�� e than ol and of th e 

a queous metpan ol wa sh ing s  w i t h  ch l o roform showe d tha t 

35 . 

the r e cov e ry of the ma j or gl y c e ro l ip i ds in the wa shed 

chl o I' o f o I'm pha s e  vra s e s s ent i a l l y  quant i ta t i  v e  ( Tab l e  1 . 1 ) . 

In th i s  p r o c e dur e the pha s e s  s epa r a t e d  mor e  rap idly an d 

more sha rply and the re wa s l e s s  inter fa c i al ma t e r ial 

c ompar e d  w i th the s im i l a r  t e chn i q ue of Bl i gh and 

Dyer ( 1  959 )  • 

b )  Eff e c t  of differ ent wash �ng pr o c e dur es . 

S in c e  a que ous wa sh ing of chl o r oform/m e than o l  

ex tr a c t s  has b e e� c r i t i c i s e d  ( Na z i r  and Rouser , 1 967 ) 

b e c aus e o f  p os s ib l e l o s s e s  of p o l ar l ip i ds , the 

re cover i e s  of DGD and 8L 'wer e  me a s ur e d. ( a ) after two 

diffe r e nt vJa sh ing t e chn i que s and (b ) when wa sh ing wa s 

om i t te d .  Analys e s  of DGD and 8L were i dent i cal in ' 

th e Fo l ch-wa she d  an d S epha dex- wa she d l ip ids but the 

r e c ov e ry o f  DGD wa s c o mpa ra t i v e l y  h i gh (x  2 )  a nd 8L 

comp a r a t iv el y  l ow ( x  0 0 5 )  in th e unwa she d  l ip i ds taken 



TABLE 1 . 1 

Re covery of DGD , PG and 81 from r e d  c l over l e av e s  b y  the 

mod i f i e d  F o l ch extre c t i on and pur if i c a t i on pro c e dur e 

DGDle 

Chl orofo rm pha s e  98.5+ 99 

A que ous M e thanol pha s e  0 . 5 1 

Re s idue 1 Tra c e  

* Ana l ys ed a ft e r  DEAE c el lul os e  an d th in- laye r 
chr oma to graphy ( me thods ) . 

99  

1 

Tra c e  

+ Pe rcent of t o t al l ip i d  r e c ov e r e d  from th e th ree 
phas e s . 

th rough the s ame pro cedur e ( Tab l e  1 . 2 ) . The l ow 

r e c ov ery of 8L wa s p rob ab l y  due t o  ove r l o a d in g o f  the 

DEAE- c e l lul o s e  column a c c entua t e d  by th e pr e s en c e  of 

non- l ip id ma t e r ial i n  th e chl o roform s o lut i on .  When 

only ha l f  the · quan t i ty o f  llilwa sh ed l ip i d ( i . e . 1 ml ) wa s 

chroma t o graph e d ,  81 r e cov e ry b e came i d en t i ca l  t o  tha t 

ob ta i n e d  �i th th e o the r  two p r o c e du r e s  ( Tab l e  1 . 2 ) .  

The r e covery o f  DGD howev er , r em a i ne d compa ra t ively 

h i gh .  Th i s  coul d have b e en due t o  th e pr e s en c e  o f  wa t er 

s olub l e , s uga r- l il{e c ompounds tha t vver e  e lu t e d  from th e 

DEAE- c el lul o s e co lumn wi th non- a c i d i c  l ip i ds and 

co- chr oma t o gI'aphe d sub s e quentl y w i th DGD . S uppo r t ing 

th i s  s upp os i t i on is the f inding tha t DGD iso lat e d  by 

36 . 



TABLE 1 . 2 

Effec t  of differen t l ip i d-washing procedures on 

the recovery of roD and S L  from the DEAE- cel lulose 

column 

Treatment 

Fol ch wash 

Sephadex colurrm 

Unwashed ( 2  ml on column ) 

( 1  ml on column ) 

( 2-D TLC ) 

}JlIlole l ip id/g 
fresh we ight o f  leaves 

DGD 8L 

3 . 44 ,  0 . 60 

3 . 40 0 0 58 

7 . 50'<- 0 . 34 

7 . 5()!e 0 . 58 

4 . 75* 

A chloroform/methanol extract  ( 300 ml ) of white 
clover leaves ( 1 5 g ) was div ided into three equal 
port i ons . One was was hed with 0 . 2 vol of 0 . 73}& NaCl 
(Folch wash) , one was concentrated and passed through 
a Sephadex column (Wuth i e r , 1 966 ) and one was 
evapora ted to dryness  and the residue extracted with 
chloroform (Rouser et al . ,  1 963 ) .  The material from 
each treatment was finally made up to 5 ml in chloroform 
and 1 or 2 ml of th is vva s placed on the DEAE-cellulos e 
column . DGD and 8L were analys ed after TLC . 

* DGD spot  contaminated wi th sugar-l ike sub s tanc es? 
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two-dimens ional thin-layer chroma to graphy of the unwashed  

extra ct gave a value for DGD that  was l es s  than 50% 

h i gher than that ob ta ine d , with the Fol ch and S ephadex 

wa shed lip i ds. For its spe e d  and conven i ence the Folch 

wash was preferred over the S ephadex me thod. 

Large l o s s es of gl;)Tcerol ip ids were encountered 



dur ing water vlashings in the method of Bailey ( 1 962 ) 

which is  di s cussed in detG il in Appendix 2 .  

2 .  Prel iminary separa tions . 

a )  DEAE- cel lulos e column . 

Sharp separat i ons of non-acidic  and ac idic l ip ids 

were achieved wi.th comparat iv ely  smal l volumes of 

elut ing s olvent s on DEAE- cellulos e ,  s emi-micro columns . 

( F igs. 1 . 1  and 1 . 4 ) .  

3 8 .  

Removal of ammoniun aceta t e  ( generated in  the ion­

exchange proces s )  from the ac idic  l i, id fract i on was not 

es sent ial b ut the insollw il ity of the sal t in chloroform 

made p ipett ing of the final acidic- l ipid solut ion 

diffic1..ll t on o c ca s i ons.  The washing pro c edure described 

here for the I' emoval of amTJon i urn a c e t a t e  was rap id and 

th e r e c o v e ry of a c i d i c  l ip ids quantitative. 

b )  Floris il c olumn . 

Attempts to  ob ta in a cl e a r  s epa rat i on of plant glyco­

l ip i ds from pho sph o l ip i d s  b y  th e F l or i s i l  c olumn chrom­

atographi c techni que of O ' Br ien and Bens on ( 1 964) were 

unsuccessful. The more pola r glycol ip ids , DGD and 81 , 

ta iled through a l arge volume of e luting solvent (Fig. 1 .7 )  

such tha t in a large numb er of tr ials , involvin g  i )  

va ria t i ons o f  l i, i d loading , i i )  different solvent 

volu...T:les , ra t ios an d t�>rpes and, i i i )  di ffeI'ent degree s 

of a ct iva ti on of the a c.s orb ent , it ':Jas never pos s ible  to 
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SL 
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" SG 
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SL 
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Fig .  1 . 7 .  Thin-layer monitor o f  frac t i ons fr om a 20 g 
F l or i s i l  c o lumn . White cl over l e af l i pid , T ,  t o taJ 
l i pid ; 1 ,  100 ml  chl orof orm ( 5% DMP ) ; 2 -6 , 80  ml 
frac tions  of  chl or o form/me than ol  ( 2 : 1  5% DMP ) ; '7 , 2 0 0  
ml  chl or oform/m e t han o l/water  ( 1 : 1 : 0 . 2 ) . Silic a  Ge l H 
with chloroform /m e t hanol/ac e t ic aCid/wa t e r  ( 8 5 : 15 : 10 : 3 ) 
Was deve l oping so lvent . De t e c t i on ,  5 0 %  su lphur ic  ac i d . 



quant ita t ively I'ecover  the gl�lcol ip ids free of 

pho sphol ip id.  

c )  Floroisil  " b a  t chwisel l  techni que . 

39 . 

A tho rough exam in c.tion ( ApP6;ndix 1 )  of  th e Flori sil  

bat chwis e technique of ��us sel l  ( 1 966 ) for the quant i ta­

t ive es t imat i on of  leaf ga la ctol i:J ids and sulphol ip id 

showed tha t large l o s s es of  glyc ol ip ids wer e  to  b e  

expe cted \'.'hen only the I t  glycol ip id" fra c tion \Vas reta ine d 

for anal ys is . . Up to 605� of the sulphol ipid and more than 

50;'� of the two gal a c tol il) ids were lost  even when great 

care was taken vd th the t e chnique . 

� Thin-layer chroITB tography. 

a )  Two-dimens i onal TLC . 

Total l i} id equival ent to 5 0 mg of clover leaf was 

the maximum ths. t could be  allpl ied to S il ica Gel G for 

tvvo dimens i onal TLC . Th is  amount did not give suffic ient . 

8L , DPG , PE or' PI fo r' a ccurate  ana lys e s  and was only 

marginal for PC and PG . :Iovvevex' , analys e s  of MGD and 

DGD s eparc;.ted b�T two- dimensio nal TLe could b e  performe d 

by the phenol/sulphur i c  acid  technique . 

b )  One- dimens ional TLC . 

With the solvent us ed for uni dire c t i onal TL C ,  TEGD 

wa s s ome times local ised \vi th the p igment s near the 

s olvent front (Fig .  1 . 4 )  and could not b e  e s t ima ted  by  

the direct  phenol/sulphuri c  a c id t e chni Que . I f  demixing 
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of th e s o lven ts rv·a s cont roll e d  s o  ths. t the s olv ent fr on t s  

wer e  1 t o  1 . 5  c m  apar t  a t  th e end of devel opment , the 

p i gment s app e a re d  b e tween the tviO fronts an d t'!GD imrle d­

i a  tely b eh ind the s e cond s o lv ent b ounda ry ( F i g . 1 . 1 ) . 

Dem ixing o ccurred more readi l y  on S il i ca Gel G than on 

HR . \)1'1e n  J'.:GD wa s l o cal i s ed w ith th e p i gment s , es t ima� 

t i on s  were perfo I'med b y  the indi r e c t  phenol/s ulphur i c  

a c i d  me tho d. 

� Quant i t a t ive anal4s es o f  nho snho l in i ds . 

The amount o f  a non- a c i d i c  l ip id fra c t i on from a 

DEAE- cellul o s e  c olumn r e qui red for a c curat e ana lys e s  of 

.pc and PE was e q uival en t to 1 0.0 to 200. mg of l eaf 

dep endin g  on th e sp e c i e s  b e ing exam in ed .  For th i s  

r e 2 s on i t  Via S  b e tt e r  to judge the am ount o f  th i s  fra c t i on 

r e quired fo r TLC b y . chl o r o phyl l c on t ent rather than by 

fresh we i ght of l e a f ( c f  Tab l e s  1 . 3 an d 1 . �. ) . In mos t  

ca s e s an a l i Quo t cont a in in g  the e q uival ent o f  1 5 0  to 200 

pg chl o roph�Tl l cont a ined suf f i c i e nt PC and PE for 

reprodu c ib l e  pho spho l ip i d as says but some ex c e pt i ons 

v/ere found. Xanth ium , pa spalum a nd luc erne con t a i n e d  

l ow l evel s 0:' PG and PE r e l 8 t iv e  t o  chl orophyl l ( Tab l e  

1 . 4 )  and a n  amount o f  column fra c t i on e quival en t  t o  30 0 

to 400 pg o f  chl o r ophyl l wa s r e o u i r e d  for the s e  anal ys e s . 

In genera l , amount s  of the a c i d i c  l iD i d  fra c ti on , 



e quival ent t o  four t iQ.e s thE.t o f  th e non- a c i d i c  fra c t i on 

( in t e rm s of f re sh we i ght of l eaf ) were re qu i r e d  for the 

a c cura te analyses of glycero l ip i d  compo nent s .  The m in o r  

c omponent in th i s  fra c t i on wa s usually PI . 

� Quant i t a t ive ana lys e s  o f  glyc ol ipids . 

a ) Phenol/sulphur i c  a c id meth o d .  

41 • 

rfhe phenol/sulphur i c  a c i d  e s t imat i on (Dub o is e t  al . , 

1 956 ) i s  one o f  the mo s t  s ens i t ive me thods fo r sugar 

analys i s . \\Then te s t e d  w i  th s tandard sulpho quin ovos e  and 

ga la c to s e  the s en s i t iv ity of th i s  me tho d  was e quival ent 

t o  tha t  of the reduc ing sugar pro cedur e of Dyge r t  et al . 

C 1 965 ) and mor e  tha n twi c e  as s ens it ive a s  t.l1 e anthro ne 

e s t ima t i on CRus s el l ,  1 966 ) .  S i l i ca gel markedly depres s-

e d  c o l our devel opmen t in the reduc i ng suga r  as say but ha d 

no eff e c t  on the phen ol/sulphur i c  a c i d  r ea c t i on .  

Sulpho Quinovos e  in pheno l/sulphur i c  a c i d  ha d a s ingle 

ab s orp t i on peak (A = 490 I1)U) whil e  sulphol ip id show-
max 

ed two p eaks , 490 and 425 mp ( F i g .  1 . 8 )  o f  whi ch the 

l a t ter , sma l l e r  peak wa s fow1d to b e  due to th e fa t ty a c i d  

c omponents o f  the sulphol ip i d  (F i g .  1 . 8 ) . 

Gal a c t o s e  pro duce d a ma j or ab sorp t i on peak a t  485 

mp and a sma l l e r  p eal� a t ab out 420 mp ( F i g .  1 . 9 )  in th i s  

a s s ay sys t em .  Ab s o rp t i on du e t o  a fa t ty a c id r ea c t i on 

wa s sup e r imp o s e d  on th i s  mino r  p eak whe n  inta c t  ga l a c to­

l ip i ds v/e r e  re a c t e d  wi th phenol/sulphur i c a c id ( F i g .  1 . 9 ) . 
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Fig.  1 .  SA. Abs or pti on s pe ctra of s lll phoqu in ovo se and su l pholipid in phen ol/sul phu r i c  
acid in the pr e s ence  o f  Silica G e l  HR : ( A ) s ilica gel blank ; ( B ) 30  pg su l pho qu in ovo se ; 
( C ) su l pholipid i s o lat e d  fr om t he e qu ivalent of 20 0 mg of r e d  c l over leave s .  

Fig.  1 .  SB . ' Abs orpt i on spectra of de acylat e d  su l pholi pi d  in phen ol/su lphuric  a c i d : ( A )  
acid hydrolysis  blank ; ( B )  30 p g  su l phoqu in ovo s e ; ( C ) su l phoqu inovosyl glyc e r o l  from 
t he e qu ivalent of 2 0 0  mg of the same red  cl over leaf extract as in Fig . 1 . SA .  
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Fig . 1 . 9 . Abs or pt i on spe ctra from the d ir e c t  arid ind i r e c t  me thods for 
galac t oli pid analysi s in phen ol/su l phuric acid : ( A ) hydroly s i s  blank ; 
( B ) silica ge l blank ; ( C ) hydr olysis  standard ( 25 pg galac t o s e ) ; 
( D )  galac t o l i pid , e qu ivalent . t o  5 0  mg of s quash le af , by indire ct 
method ; (E ) 5 0  p g  galact ose plu s S i l ica Ge l HR ;  (F ) galac t o l i pid , 
i s olat ed from 10 0 mg of squash le af , by the direct  me thod . MGD , mono­
galact osyl diglyceri de . DGD , digalact o syl d iglyceride . 
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Fig . 1 . 1 0 . Abs or pti on spe ctra of de acyla ti on 
pr odu c t s  of su lpholipid in phen ol/su lphuric 
acid : (A ) si lica gel blank ; ( B )  hydr olysi s 
blank ; ( 0 )  fat ty . aci d s  from the . t otal is olated 
su lpholipid on Silica Gel  HR ;  ( n ) su l phoqu in­
ovosyl glycerol from one -half of the is olat e d  
su lpholi pid ( see text ) . 



Glycerol d id not interfere with the analyses and 

fatty a c ids of intact l ipids contributed to the 

absorpti on at 485 or 490 mp. to an extent of less than 

2;; for 81 and DGD and less than 3% for MGD (Fi g. 1 . 1 0  

and Roughan and Batt, 1 968). 

Dea cylation of MGD (for analys is by the indirec t  

method)  vras nec essary when this component was mixed 

with the p igments after TLC (F ig. 1 . 4). S ixty m inutes 

at  1 00°C in 2N sulphuri c a c i d  was suff i c ient for the 

complete dea cylat i on of MGD ) fatty a c ids and p igments 

were reta ined on the adsorbent wh ile gala ctose or gal-

a ctosyl glycero l  was l ibera ted into a queous soluti on. 

b)  Anthrone method. 

The an throne method (Russel l , 1 96 6) c ould not b e  

us ed fOI' the es t ima ti on of glycol ipi ds i n  the presenc e  

o f  adsorbent. During colour devel opment ( 7  m in a t  1 00 

°C) , tubes con t a i n ing l ip id turned a muddy brown colour 

vih i ch was possibly caused by charring of the fatty 

a c i ds. The insensit iv ity of the method was a disadvan-

ta ge in the ana lysis o f  a c id hydr'ol;ysates. 

c )  R e duc in g sugar method. 

C ompa r e t iv e  an a lys e s  o f  a c i d hyd r o l ys a t e s  of gal­

ac to l i:r:ids by the reduc ing sugar me th od (Dygert et al. , 

1 965 ) and by the pheno l/sulphur i c acid  m e th o d  showed 

tha t ,  wh i l e  dea cyla t i on 'Ha s comp l e te in 60 min at 1 oooe, 
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quant i ta t iv e  rel ea s e  o f  reduc ing sugar requir ed a t  

least  90 m in .  For l"educing sugar a s says , acid  hydl"oly­

sates  WB1"e  neutral i zed with 2�"J s odiUD hydrox i de . The 

s odium sulpha te formed,  further depres s'ed colour' form­

at i on so  that the s ens i t iv i ty of the me thod was only 

63�6 that of the phenol/sulphur i c  a c i d  me thod . 

Quant i  t a t i  ve release  of reducing s ugal" ( sulpho­

quinovose ) from the sulphol ip id hydrolys ed on the adsor­

b ent wa s n ot ob ta i ned even after' , 3 hr a t  1 000e in 2N 

sulphur i c  a c id al.thopgh it coul d be shown (F ig.  1 . 8 )  

tha t dea cylat i on wa s compl ete with in 60 min.  

6 .  S imul taneouS' ana lys es of glyco- and -oho sphol i-a ids . 

46 . 

For s imul taneous analys es of the glyco- and pho spho­

l ip ids in the DR�E- cel lulos e column fra ct io ns , an equiv­

alent of 200 to 400 mg of lea f ( 0 . 2 to  0 . 6 mg of chloro­

phyl l \ of the a c i d i c  l ip id fra c t ion and  50  to  1 00 mg 

( about 1 00 pg of chlorophyll ) of the non- a c idic  l ip id 

fract i on were required for TLG .  Where the conc entrat ions 

of PC and PE v/ere l ow relat iv e  to  the gala ctol ipids 

( Xantllium , pa spalum ,  lucerne ) i t  'wa s ne cessar�T to apply 

the e ouival ent of 2 00 to 300 pg o f  chlorophyll ( 200 mg 

of leaf ) as  a 1-4- cm s treal\. to a thin- laye r to  ob tain 

suffi c ient o f  the s e  glycerol ip i ds for a c curat e analys i s . 

Gala c to l ip ids , in these  ins tanc es , vrer e  de term in ed by 

the indirect  phenol/sulphuri c acid proc edure . 



7 �_ Glyce.ro l in i d  compos i t i on of' a vc, I' i e t;v of sDe c i e s . 

The m e th o d  o f  anal ys i s  a dopt e d  in this s tudy ( 

( a ) l i� id ext ra c t i on and pur i f i c a t i o n  a f t e r  F o l ch e t  a l . 

C 1 957 ) , ( b ) DEAS- c e l lul o s e/TL,::; s eps r n t i on o f  ind iv i dus. l 

' gl yc erol ip i ds and ( c ) che m i c al an al ys e s  o f  th e gl yc e r o ­

l i 'J i ds i n  th e p r e s enc e o f  a ds orb ent ) wa s us e d  t o  exam-

ine th e gl yc e ro l i:p i d  comp o s i t i on o f  a rang e o f  s pe c i e s . 

R e sul t s  a r e  p r e s en t e d  in t e !"'ms o f  b o th fresh v/e i gh t  

( Tab l e  1 . 3 )  and chl o rophyl l c o nt ent ( Tab le 1 . 4 )  o f  

t i s sue ; the p l an t s a r e  l i s t ed in ph;yl o gene t i c  s e quen c e  

a c c oI' d i n g  t o  Hut ch in son ( 1 964) . 

Al th ough the r e  a r e  c ons i de r ab l e  s p e c i es di ffer enc es 

in the am oun t s  o f  ind iv i dual l ip i ds pr e s ent , th e av e ra ge 

value s ( i n  pmo l e/g ) 8 gI' e e  r e o. s o nabl y vvel l v d th values 

cal c ul a t e d  fr om t he r e 3 �:l t s  of '7int ermans ( 1 960 )  ( Tab l e  

1 . 5 ) .  Va r i eb i l i  t y  b e tr.'een sp e c i e s wa s le s s  :gronoup c e d  

\�rhen th e amounts 1,vere c a l cul a t e d  r el at iv e  t o  chl o ro phyl l 

( Tab l e  1 . 4 ) ins t e a d o f  fresh we i gh t  of t i s sue ( Tab l e  

1 . 3 ) .  ��e ex c e s s ivel y h i gh  va lue s fo r c amel l ia wer e due 

t o  the very l ow ch l o ro phyl l cont ent of young l e av es . 

Va I' i a t ions b e t'ween s pe c i e s  w'er e  cons iderab l e  even 

when ch l o pop la s t  l i}) ids v/ere c ons idered s epar a t el y . The 

mo lar rc: t i o s  of th e s e  l ip i ds (MG:;) , roD , PG and 8L ) were 

r e c al cula t e d  b a s e d  on pho spha t idyl gl ycerol e qu ival en t 

t o  1 . 0 ( Tab l e  1 . 6 )  and wh il e  the s e  l in i ds ma y b e  the 
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only gl yc ero l i� i ds of chl o ro � la s t s  ( Jame s an d Ni ch o l s ,  

1 966 ; but s e e  A l I en e t  al . ,  1 966 ) , th e s e  o r gan e l l e s  

show Qu it e d i f f e r en t  mo lD. r  r a  t i  o s  o f  th e four co mpounds . 

The l a r ge s t D n d a r d  deviat i ons a r e  due ma inly to the 

r e s ul t s  for Xan th i mn wh i ch ha d a V8I'y l ow l ev e l  of PG 

b ut even whe n  Xan t h i um  vm s omit t e d  fro m  the ana l ys e s 

the s t anda r d  dev i a t i ons \,\'er8 s t i l l  r el a t iv ely h igh . 

MGD/ . .co  • 
The ra t io DGD v a r1ed � ro m  2 . 4 1n the f e rn B l e chnThil 

t o  1 . 0 in camel l i a  and l e t tu c e  b ut DGD d i d  n o t  ex c e e d  

VIGD i n  mol a r conc ent r a t i on in an y l e a f  s ampl e . 

No r el a t i onsh ip b e t',;m en evolutionary s t a tus and 

gl ycero l ip i d  comp o s  i t i on \'la s ob s e rv e d .  
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TABLE 1 . 3  

GLYCEROL IPID COMPOS ITION OF PLANT TISSUES I 

')l. Mol es o:f l ipid per gram :fresh wei ght o:f lea:f 

PLANT MGD DGD SL PC PG PE PI DPG 

M esotaen ium 1 0 . 00 5 . 50 1 . 3 0  1 . 1  0 1 . 67 0 . 80 0 . 80 Tr 
caldariorurn 

Marchantia 1 . 07 0 . 66 0. 1 9  0. 1 8 0 . 1 6  0 . 09 0 . 07 0 . 1 6  
b .erteroana 

Mos s  2 . 6 8 1 . 50 0 . 48 1 . 26 0 . 40 0 . 40 0. 1 5 0 . 05 
( see text ) 

Bl echnum 5 . 6 0 2 . 30 0 . 3 8  0 . 80 0 . 6 0 0 . 40 0 . 1 3  0 . 35 
f'luv iat ile 

Ginkgo 4. 70  2 . 80 0 . 30 1 . 80 0 . 85 0 . 55 0 . 2 5  0 . 27 
biloba 

Pinus 2 . 80 1 . 95 0 . 52 0 . 81 0 . 55  0 . 28  0 . 37 0 . 2 9 
radiata 

Rose 5 . 60 4. 60 0 . 54 1 . 50 0 . 60 0 . 5 5  0 . 27 0 . 20 
Rosa 

Rowan 1 0 . 20 7 . 1 6 0 . 46 2 . 2 0 0 . 97 1 . 70  0 . 37 0. 3 0  & 
Sorbus aucupar ia • 



rrab l e  1 . 3 ( cont . ) 

Whi te clover 8 . 60 5 . 2 0  0 . 76 1 . 41 1 . 1 3 0 . 87 0 . 2 5  0. 2 8  
Tr ifol ium repens 

Lucerne 8 . 60 5 . 2 0  1 . 72 0. 7 5  0 . 67 0 . 50 0. 2 8  0. 58  
Medicago sativa 

Poplar 4. 95 3 . 80 0. 62 1 . 8 0  1 . 1 0 0 . 80 0 . 50 0 . 35 
Populus i t il ica 

Camell ia 3 . 1 0 3 . 1 0 0 . 23 2 . 00 0 . 6 5  0 . 90 0 . 2 0  0 . 90 
japonica 

S quash 4. 1 0  2 . 70 0 . 30 1 . 6 0  0 . 91 1 . 00 0 . 1 4 0 . 09 
Cucurb ita pepo 

Toma to 5 . 08 2 . 46 0 . 31 1 . 1 0 0 . 43 0 . 45 0 . 1 0 0 . 1 0  
S olanum lycopers i cum 

Lettuce 0 . 6 8 0 . 6 8 0 . 03 0 . 31 0 . 1 0 0 . 21 0 . 06 0. 1 3  
La ctuca sa t iva 

Xanthium 6 . 1 0 5 . 90 0 . 6 2 0 . 5 0  0 . 2 5 0 . 1 5 0 . 05 0 . 04 
orientale 

Co cksf'oot 8 . 00 5 . 1 0 0 . 62 1 . 1 0 1 . 1 0 0. 80 0 . 1 0  0. 2 8  
Da ctyl i s  glomerata 

Perennial ryegrass 5 . 1 0 3 . 95 0 . 95 1 . 3 5  0 . 7 5  0 . 55 0 . 2 0  0. 20 
Lol ium perenne 

Paspalum 6 . 00 3 . 6 0 0 . 6 2  0 . 38 0 . 48 0 . 1 8 0 . 1 0 0 . 1 0 \J1 
0 dilatatum • 



Ma ize  
Z ea mays 

RANGE ' 

Pars'nip Root 

3 . 1 0 

0 . 6 8  
-1 0 . 20 

0 . 1 7  

Tab le 1 . 3 ( cont . ) 

2 . 30 

0 . 68 
-7 . 1 6  

0 . 34 

0 . 3 5  

0 . 03 
-1 . 72 

Tr 

0 . 45 

0 . 1 8 
-1 . 00 

0 . 33 

0 . 48 

0 . 1 0 
-1 . 67 

0 . 07 

. 0 . 24 

0 . 09 
';'1 . 70 

0 . 1 8 

0 . 1 2 

0 . 05 
-0. 80 

0. 1 1  

0 . 24 

0 . 01 
- 0 . 90 

0 . 1 9  

Thes e  resul ts  are the means o� dupl i cate and in some cases tr ipl i cate and quadrupl i cate 
analyses o �  a singl e extract . For PE and PI dupl i cates tha t agreed to with in 1 0% , were 
cons idered ac ceptab l e  but �or the other component s only thos e dupl icates tha t agreed to 
within 5% were talcen . 

\J1 
� 
• 



TABLE 1 . 4 

GLYCEROLIPID COMPOS ITION OF PLANT TISSUES 11 

p. Moles of' l ip id per mg of' total chlorophyll 

PLANT MGD DGD SL PC PG PE PI DPG 

Meso taenium 6 . 2 5 3 � 42 0 . 81 0 . 69 1 . 04 0 . 50 0 . 50 Tr 

Marchantia 3 . 25 1 . 90 0. 53 0. 50 0 . 45 0 . 2 5  0 . 1 9 0 . 45 

Mos s 2 . 60 1 . 46 0 . 47 1 . 2 2  0 . 39 0 . 39 0. 1 4  0 . 05 

Bl echnum 3 . 08 1 . 2 6  0 . 21 0 . 44 0 . 33 0 . 2 2  0 . 07 0 . 1 9 

Ginkgo 2 . 90 1 . 70  0 . 1 9 1 . 1 2 0 . 53 0 . 34 0 . 1 6 0 . 1 7  

Pinus 5 . 1 0  3 . 5 0 · 0 . 95 1 . 47 1 . 00 0 . 51 0 . 67 0. 53 

Rose 3 . 97 3 . 26 0 . 38 1 . 06 0 . 43 0 . 39 0 . 1 9 0 . 1 4 

Rowan 3 . 95 2 . 82 0 . 1 8  0 . 86 0 . 38 0 . 67 0 . 1 5 0 . 1 1 

Wh i te clover 3 . 98 2 . 40 0 . 3 5 0 . 66  . 0 . 52 0 . 40 0. 1 2  0 . 1 3 

Lucerne 4 . 3 0  2 . 60 0 . 86 0 . 38 0 . 33 0 . 2 5  0 . 1 4  0 . 2 8  
V1 

Poplar . 4 . 2 0  3 . 30 0 . 53 1 . 5 5  0 . 94 0 . 6 8  0 . 43 0 . 30 f\) 
.. 



- Tab l e  1 . 4 ( co nt . ) 

C amell ia 6 . 74 6 . 74 0 . 50 4. 44 1 . 95 1 . 41 

S qua sh 4. 1 0  2 . 70 0 . 30 1 . 6 0  0 . 90 1 . 00 

Toma t o  5. 08 2 . 46 0. 31 1 . 1 0 0 . 43 0 . 45 

L e t tuce 2 . 76 2 . 76 0 . 1 2 1 . 48 0 . 40 0. 96 

Xanthium 3 . 80 3 . 70 0 0 39 0 . 31 0 . 1 6 0 . 09 

Cocksf'oot 3 . 30 2 . 1 0 0 0 24 0 . 46 0 . 46 0 . 33 

Pe rennial rye gra s s  3 . 08 2 . 3 5  0. 58  0 . 81 0 . 44 0 . 32 

Paspalum 4. 46 2 . 70 0 . 46 0 . 2 8  0 . 36 0 . 1 3 

M a i z e  2 . 70 2 . 05 0 . 31 0 . 40 0 . 43 0 . 22 

RANGE 2 . 60 1 . 26  0 . 1 2 0 . 28 . 0 . 1 6 0 . 09 
-6 . 74 -6 . 74 -0. 95 -4. 44 -1 . 95 -1 . 41 

0 . 44 

0 . 1 4 

0. 1 0 

0 . 24 

0 . 03 

0 . 02 

0 . 1 2 

0 . 08 

0 . 1 1 

0 . 02 
- 0 . 44  

1 . 9 5  

0 . 05 

0 . 1 0 

0. 5 2  

0 . 03 

0 . 1 1  

0 . 1 0 

0 . 1 3 

0 . 2 2  

0 . 01 
-1 . 95 

\J1 
\.).J 
• 



ICe 
Pres ent s tudy 

W in t e rrnans + 

TABLE 1 . 5 

COMPARISON OF RESULTS WITH THOSE OF WINTERMANS3 

� Mole l ip id per g fresh weight of le af 

MGD 

5 . 30 

3 . 97 

DGD SL 

0 . 57 

0 . 53 

PC 

1 . 1 2 

1 . 80 

ro 

0. 69 

1 . 1 8 

PE 

0 . 57 

0. 73 

PI 

· 0. 2 2  

0 . 3 8 

DIY 

0. 25 

41. 
Averages of 20 spe c i e s  + Averages o f  three sp e c i e s  

El der , b ee t  and b ean ( 8 hr s e edl ings ) 

IJ1 
+-
• 



MOLAR RATIOS 

Mesotaeniurn 

Marchant ia 

Moss 

Bl echnum 

Ginkgo 

Pinus 

Rose 

Rowan 

Whi te clover 

Lucerne 

Poplar 

Camell ia 

S quash 
Tomato 

Lettuce 

Xanthium 

Cocksfoot 

Perenn ial ryegras s  
Paspalurn 

Ma ize  

Means 

± S tandard Deviat ion 

TABLE 1 . 6 . 

OF " CHLOR OPLAS Tit 

( PG  = 1 . 0 )  

MGD DGD 

6 . 00 ' 3 . 30 

6 . 70 4. 1 2  

6 . 70 3 . 75  

9 . 2 5  3 . 83 

5 . 54 3 . 29 

5 . 1 0 3 . 54 

. 9 . 35 7 . 65 

9 . 50 7 . 00 

7. 60 4. 60  

1 2 . 90 7 . 80 

4. 50 3 . 1 6 

4. 77 4. 77 

4. 50  2 . 96 

1 1 . 80 5 . 72 

6 . 80 6 . 80 

24. 1 0 23 . 60 

7 . 28 4. 64 

6 . 80 5 . 2 8 

1 2 . 50 7 . 50 

6 . 35 4. 80 

8 . 40 5 . 90 

LIPIDS 

SL 

0. 78 

1 . 1 9 

1 . 2 0  

0 . 63 

0. 35 

0. 94 

0. 90 

0 . 45 

0. 67 

2 . 58 

0 . 56 

0. 35 

0. 33 

0 . 72 

0 . 30 

3 . 28 

0. 56 

1 . 28  

1 . 29 

0 . 73 

0 . 95 

.±4. 23 .±4. 67 .±0. 80 

Xanthium omitted from analys is 

Means 7. 05 4. 97 0. 83 

± S tandard Devia t ion .±4. 1 4 ±2 . 85 .±0. 57 

55 . 

PG 

1 . 0 

1 . 0  

1 . 0 

1 . 0  

1 . 0 

""' 0  

1 . 0 

1 . 0 

1 . 0 

1 . 0  

1 . 0 

1 . 0  

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0 

1 . 0  



DISCUSS I O N  

The Nev! Techn ioue . 
- ............ 

The a im of th i s  study has been t o  evaluat e methods 

for the s epa ra ti on and analys is  of leat  l ip ids . The 

method final ly adopted is cons idered to b e  the mos t 

conv en i ent , the mo s t  rap id and prov ides  the most  accur-

ate  analys es o f  the ma jor gl;lceI'ol i:pids of leaves , of 

the meth ods so fa r "va ilo.b l e . The l ip i d  washing and 

extra ct i on t e chni quffi 3re rap id and give excel lent res­

ults . The chloroform/Elethanol extra ction is  preferred 

over s equent ial extrc.1 cti on s chemes involving ethanol o r  

a cetone v:h ich do n o t  b reak l ip id-pro tein  as s oc i at i ons as  

effe c t ivel�r a s  me thanol . The D:zAE- cellulos e , s em i-m i c ro 

column s eparat i on of neutrr> l  a nd dipolar l i:9ids from 

a c i d i c  l ip i ds can b e  a c compl i sh e d  qui t e  rap i dly and us e s  

a m in imum of  solvent s .  Wi  th the th in-layer step t alc ing 

approxiEla t ely 60 min , an eXper ienced lab orat ory vvorker 

can eXDect  to i solate  tl1e e ight ma jor  glyc erol ipids of 

l eaves with in 2 to 3 hI' and t o  complete  th e gl ycol ipi d  

analys es  with in a further 0 . 5 t o  1 . 0  hr . The c ompl e t e  

anal;)�s i s  of glyco- and phospho- l ip ids may requi re up 

to 4. 5 hI' if it  is  necessary to  us e the indi rect  ne thod  

for  ga l a c t o l ip i d  analys is . 

�he speed and conveni enc e of the separ at ions can b e  

judged from the s tudies  on the incor-.Q oret i on of lab el l e d  
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57 .  

pre cur s o r s  in t o  the glyc e ro l i p i ds o f  l e av e s  and algae  

reported i n  Pa r t s  2 and 3 .  For examp l e , from 6 algal 

samlJ l e s  taken on one da�r ,  60 gl yc e r ol ip ids were isol a t e d  

for c ount i ng b y  the end o f  the f ol l owing day ;  a n  e s t ima­

t e d  8 hr of l ab o ra to ry wo rk ing t ime for one p e r s on. 

The m e th ods devel oped he 1"e for the s eparat i on of 

plant l ip id s  a r e  b a s ed on t e chn i ques whi ch have b een 

us ed for the qual i tat iv e , but not quan t i t a t ive s tudy of 

the s e  l ip ids . In one ins t an c e ( O ' Br i en and B ens on , 1 964 ) 

anal yt i ca l  f i gur e s  wer'e  given for g lyco l ip id s  in a lfa l fa 

and Chl o re l l a  fo l l owing a c omb ina t i on o f  F l o r i s i l  and 

DEAE- c el l ul o s e  c olumn chroma to graphy but the values for 

Chl o rel l a  we re i n  ma rke d c ontra s t  to thos e r ep or t ed 

earl i e r  from the same l ab ora t ory ( F errari and Benso n , 

1 96 1 ') .  Cla s s ic s il ic ic  3. c i d  column chro ma t ography ( Z il l  

and Ha rmon , 1 962 ) proved unsat i s fa c tory f or the s epa r­

a t i on o f  plant l i� ids a s  d i d  the s i l ic i c a c i d- impreg­

na tedna t e d  pap e r  t e chn i que o f  Ivl a r in e t t  i and S to t z  ( 1 956 ) 

( Ka t e s , 1 960 ;  F e rr a r i  and Benson , 1 961 ) .  Even careful 

th in- l ayer chromato graphy on s il ica gel doe s  not a de qua te­

ly reso lve s o me ma j o r cons t i tuents in a s ingle develop­

ment ( N i chol s ,  1 963 ) .  In th i s  pro c edure for ins tan ce , 

PG co- chr o ma t ographs with DGD , S G  w i th DPG and PC of ten 

\vi th SL in the th in- layer sys t e m  us e d .  Fl o r i s i l  c olumn 

chroma t ography ha s b een rep orted to s epa r a t e  plant gly co-



l ip i ds from pho sphol ip ids ( O ' Brien and Bens on , 1 964; 

�us s el l , 1 96 6 ) but de sp i t e  r epea t ed te s ts he re Fl o r i s i l  

co lumns hav e no t b e en found to b e  sat isfa c to ry . I t  is 

cons ide r e d  tha t the t e chn i que des c,r i-b e d by O ' Br i en and 

B ens on shoul d giv e l ow re cov er ie s  of 1..iGD , v/h i eh would 

a c coun t  for the di s cr epanc i e s  r eported b y  Ferra r i  and 

Bens on ( 1 961 ) and O ' Br i en and Ben son ( 1 964) ; in th e 

ea r l i er r ep o I' t  Chl orel l a  wa s cl a imed to show 'a MGD/ 

DGD rat i o  o f  2 : -, \lvh ile the later pap e r  ga ve the ra t i o  

a s  1 : 2 .  M o difi co. t i ems of the pr o c e dure gave <1uant i­

ta t iv e  r e cover i e s  of lW -D but no method wa s fo und to 

correct the t a i l in g  of DGD and SL tha t wa s encountere d.  

S imilar ta i l ing wi th Flor i s i l  column s  ha s b een rep o rted 

in the s epa r a t i o n  of p ola r l ip id s  ( Rous e I' , O ' Brien and 

Hel Ier , 1 961 ) and even neutral l io ids ( Carroll , 1 961 ) 

o f  marnna l i an o r i gin . 

A r e cen t  me thod f o r  the analYS is of sulphol ip i d  and 

gal e c t o l ip i ds ( �us s el l , 1 966 ) us e d  a b a t chw i s e  Flor i s i l  

te chni c;:ue t o  c on c entra t e  the glyco l ip id but v{hen thi s 

Yva s t e s t e d large l o s s e s  of glycol ip id was ob s erved . I t  

yva s found th2 t  even Yvhen gr ea t car e  WH S tal(en with th i s  

" b a  t ch\ivis e, t  chI'oma t o graphy pro cedur e , l o s s es of sulpho­

l i:p i d o f  up to 6o;s and gal actol ip i ds of up to 40;:� for 

MGD and 50;:; for DGD were to be exp e c ted . 

The t e chn ique of elu ting s i l i c i c  a c id columns Vii th 
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5 9 . 

a c e t one (V o rb e ck c nd Mar in e t t i , 1 965 ) ha s not b e en us ed 

in th i s  S tUd.�i i n  th e s epa r8 t i on o f  l e a f  gl y co l ip id and 

ph o s ph o l ip id ( Rous e r  et al . ,  1 967 ) but ha s g iv en 

exc e l l ent r e s ul t s  -\'/i tl1 l'.�e s o t a e n i  um 1 i:9 i ds ( Pa r t  2 ) . 

�i oVf ev e r , even 'tif i th very s ma l l  c o lULlns , th e s l ow fl ow ra t e s  

and I' el a t iv e l y  l arge V OlUlilC S  o f  e lut ing s olv ents r e qu i r e d  

a I' e  di s a  dva n t a g e s  foI' rout i n e  ana l ys e s . 

DR�Z- cel lul o s e c o l umn chr oma t o gra phy a dap t e d  f o r  

t h e  s eparat i on o f  p o l a r  l ip i d s  ( R ous er e t  a l . , 1 961 ) 

p rov �d of grea t v a l ue i n  the s eparat i o n  of l ea f  l ip id s . 

The c o mp onent s w�l.i ch c o- ch r r'., ma t o graph o n  s i l  i c a  gel a r e  

Q u i ckl y a nd ea s i l y s epa r a t e d  o n  the c o lumn . In earl i e r  

anpl i c a t i ons o f  th e D�\E- c e l l ul o s e  co lumn t o  th e s epar-� - -

a t i on o f  l in i ds from pl ant t i s sue s (A l I en e t  al . ,  1 964; 

Ni cho l s  a nd Jame s , 1 964; All en et al . ,  1 966 ) , a t t emp t s  

were made t o  fra c t i ona t e  the ind iv i dual non- a c i d i c l ip i ds 

by us i n g  i n c r e a s in g  c o n c en t ra t i ons of m e thanol in ch l o ro-

f o rm .  r�h i s  p r o c e dur e ha s n o t  b e en f o l l owed in thi s s tudy 

s in c e  the fra c t i o na t i on wa s mo r e  S imply and effe c t iv ely 

a c co mpl i sh e d  by TLC . 

The ma in analyt i cal a dv a n t a g e  in us i n g  DRAE- c e l l ul o s e 

i s  the s h a rp and un e qu iv o c a l  s epa ra t i on of a c i d i c  from 

non- a c i d i c l ip id s ;  th e  me thod i s  b o th rap i d  and S impl e . 

An a dd i t i on a l  a dv8.nt a g e i s  tha t  s ev er a l o f  the m or e  

m i n o r  c o mp o n en ts appe a r  i n  the a c i d i c  l ip i d fra c t i on and 



th i s  resul ts in a us eful c o n c e n t r s.t i on of the s e  sub-

s tanc e s . I t  wa s :p o s s ib l e to apply an amount o f  the 

a c idic  l ip id fr t": c t i on from 2 00 t o  40 0 mg fr e sh \ve i ght 

of l e a f  ( dep ending on the s o ur ce ) 2 cr o s s  a 2 cm s tr eak 

an d th i s  imp r ov e d  th e eonven i enc e a n d  e c on oray of the 

th in- la y e r'  s t ep . As a d is a dvant 2ge , l ow l e v e l s  of PE 

s omet ime s compl i ca t ed the s imul t an e ous ana lys i s of 

phospho- and gala c t o- l i:9 i o.s from the n on- a c i d i c  l ip i d 

f ra c t i on ( s e e  Re sul t s ) but on c e  the rel a t iv e  co n c entra-

t i ons v/e re knovrn approx ima tely , the n  th e oper' a t ion wa s 

s imDl ified  by re s o rt ing t o  the ind i r e c t  rae th o d of gal-

a c t ol i] i d analys i s . 

Ga1 2 c to l ip i ds .of �)h o to s ynthe t i c  t i s sue have at trac -

t e d  a go o d  dea l o f  in ter e s t for a va r iety of rea s on s  and 

a numb e r  of me th od s  ha v e  b e en us e d  f o r  the i r  anal ys e s 

( Ba iley , 1 96 2 ; O ' Bri en and Ben s on , 1 964 ; Ro s enb erg and 

D O � I  .... e cke r , 1 ./ 04 ;  R o s enb eI' g  e t  al . ,  1 966 ; Rus s el l , 1 96 6 ;  

Gray e t  21 . , 1 967 ) . S ome o f  these  me thods hav e  b een 

examin ed in th i s s tudy ( 'Ba i l ey , 1 96 2 ;  O ' Brien and 

Bens o n , 1 964;  Eus sell , 1 966 ) Bnd th ey a r e  r ef e rr e d  t o  

in m or e de t o il in Append i c e s  1 and 2 .  S ome me thods 
I 

have us e d  hydr o lyt i c  cl eavage of  ,the wh o l e  l ip id 

(:?'o s e nb erg and Pe cker , 1 964) , b ut in the s e  cases  there 

c a n  lJ e no ind i c a t i on o f  th e r el a t iv e  amoun t s  of :'jGD a nd 

DGD in the s ar.rp l e s . }:'l t e rna t iv el y , I:�GD and D3-D have 

6 0 .  



b e en s epa l"s t e d by co lumn chr oma t ogra phy ( R o s enb epg e t  al . , 

1 966 ) or elut ed fpom th in- laye r chr oma t o gr ams ( Gra y e t  

$1 . ,  1 967 ) pr i o r  t o  hydrolys i s . 1.'/11en gal a c t o l ip id 

al1alys e s  onl;;,' ",,-ere requi red i t �J.!a s fo und mos t conven i ent 

to us e the DEAE- cel lul o s e/TLC me tho d  0 1" even 2- d imen-

s i onal r1'1 ::: a l though the la t ter to ok a l i t t l e  l on ger a nd 

wa s l e s s  conv en i e nt when deal ing rli th a numb er of s amp l e s . 
\ 

F o r  exam:p l e , UD t o  n ine l ane s c oul d b e  draY-m on a s i n gle 

2 
20  cm l ayer of s il i c a  gel and 25  pl o f  D1 s tr eaked 

a c ro s s  1 cm in ea ch of e i ght lane s . Up t o  four s amp l e s  

c oul d b e  analysed in dupl i cate on a S in gl e  ch roma t o gra m . 

In ea rl i er a t t emot s  to mea sure gal a c to l ip i ds by 

th e r e duc i n g  s uga r me thod of Nel son ( 1 944) it  wa s not e d  

tha t the p r e s en c e  of s i l i ca gel dur i ng hy"dro lys i s  mark-

edly de�pr e s s e d the c o l our produc e d  b y  ga la c t o s e  s tan dar ds . 

I t  v/a s al s o  very d if f i cul t to ge t a me a surab l e  r e s p ons e 

for the sUlphol ip i d. :--.1J.1en th e more rel iabl e me thod of 

Dyge rt e t  a l . ,  ( 1 965 ) b e came ava i l alJ l e  th i s Via s al s o  

tr i ed b ut wi th e s s ent i a l ly the s ame resul t s . Because 

of the a c i d s tab il i ty of the sulpho Q uinovo s e- gl yc erol 

l inka ge ( B ens on , Dan iel and Wi s e r , 1 95 9 )  it s e emed 

unl ikely tha t rel i ab l e  r e s ul t s  woul d b e  ob ta in e d  b y  

uS i n g  th e  r e dl.1C ing sugar meth o d  in c omb ina t ion with 

a c i d  hydr o l �ls i s  of the sulph ol ip id . B o th the phenol/ 

H2S04 and the anthrone/H2S04 l"eat;en ts effe c t ively s :;!l it 

th i s  bond however , and pI'o v idec1 the oas is for th e f irs t 



r e l i ab l e e s t ima t i o ns of sulphol ip i d  c o n c en t ra t i ons in 

l eaves . 

Of s orge s i gn i f i cance and int er e s t  via s th e f ind i ng 

tha t a ds o rp t i o n  t o  s i l i c a  gel enhan c e d  the r a t e  of 

deacyl a t i o n  of the ga l a c t o l ip i ds in 2 �  H2S04 . Ea rl i e r  

'fior}:. (App endix 2 )  ha d sh orm tha t dea c;;,rl a t i on o f  l eaf 

l ip id sampl e s  in rn e than o l i c  alkal i pri o r  t o  a c id 

hydr olys i s  gave h i gher and mor e r ep r oduc ib l e  r e c ov e r i e s  

o f  gal a c t o s e tha n when ti1e dea cyl a t i on st ep VJ'8 S  om i t t e d  

( Ba i l ey , 1 962 ) . On the o a s i S  of r e d� c in g  sugar and 

phenol/H2S04- r e a c t in g  gal a c to s e  d iffe r ences in the a c,id 

hydr o l ys a t e s  the s e  l ow l" e co v e r i e s  \'!e r e  c ons ide r e d  t o  b e  

caus e d  b y  the s l ow de a cyl a t i on o f  th e glyco l ip i d . , Thi s  

in turn wa s a t tr ibuted t o  the t endency o f  the l i� i d t o  

form gl obul e s  in t o  wh i ch th e a c i d coul d no t r e a d i l y  

p ene t ra t e . � i gh e r  and repr o duc ib l e  r e cover i e s  o f  ga l-

a c t o s e coul d 8.1S0  b e  ob t a ined if th e l ip i d wa s f i r s t  

a d s o rb e d  ont o s i l i c a  gel a nd. then sub j e c t e d  t o  a c i d  

hydr o lys is . The p i gme nt s an d other fatty ma t e r i a l s  

r ema ine d on the ads o rb ent 1:'.'h il e  the glyceryl c ompounds 

we r e  l" el ea s ed int o s o luti on . 
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By us ing the phenol/H2 S 0
4 

a s s ay it  l� s  b een p o s s ib l e  

t o  show tha t the gal a c t ol i:;, i ds o f  8 l ea f  l iy i d sample 

a d s o rb e d on S i l i c a gel 2,r e  comp l e t el y  deacyla t e d  in 2 :'i 

rt2 S04 a t  1 000 in l e s s  than 45 min . �h i s  do es n o t  mean 
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hovvev e r , ths t ga l a c t o s e  vioul d  b e  r el e a s e d  a t  th i s  rat e .  

The hydpolys a  t e  [1 t thi s t i me c o"UJ. d c o n t a in a m ix ture of 

d i ga l a c t o s yl gl y c e ro l , ga l a c t o s yl gl yc ero l and ga la c to s e , 

and me a sur em e nt of the I' e du. c ing sug&r in such a mixtur e 

woul d  lea d t o  l ow e s t ima t i ons of ga la c t o l ip id con c en t ra-

t i o n .  I t  woul d s eem th a t  i f  a c i d  hyd r o lys i s  o f  a l ip i d  

s a mpl e i s  t o  b e  fo l l o we d  b y  e s t ima t i on o f  the r e duc ing 

s ug[� r as a me D.sur e of t11e oT' i ginal gl;:,rc o l ip i d  then a t  

l e a s t  9 0  m i n  sh o ul d  b e  a l l owed f o r  th e quan t i  t c"< t iv e  

r e l e a s e o f  r e duc ing s ugar i n  2N H2S04 a t 1 000 • 

2 .  1;he glyc erol i-c i ds of d i f fe r en t  sD e c i e s . 

Glyc e ro l i ��· i ds , othe r than tho s e  l is t ed in Tab l e s  

1 . 3 and 1 . 4 ma y hav e b e en pr e s ent in s ome of the ex t r a c t s  

a n d  ':.'er e e i  tIle I' n o t  de t e c t ed b y  th e l i ght io dine- s ta in­

in g t e chn i que or aJ}p e l.'. r e c1  in onl y tra ce amount s . Typ i ca l  

of such c ons t i  tUent s' '{{QuId b e  pho spha t i d;:rl s e r' ine wh i ch 

ha s b e en foun d  in swe e t  cl over l e av e s  ( Bens on e t  al . ,  

1 959 ) . Lys opho spha t i dyl Ch o l ine wa s f o und in s i gn i f i cant 

amount s o nl�T in Pas nalum and Taa i z e  ( 0 . 1 4 and 0.1 7 pmo l e/ 

g r e s D e c t iv e l y ) an d two unlmovvn · l ip i ds t o gethe r' \vi t h  

t r i glyc er i de 'we r e  fOTh'1d i n  h i gh c on c entra t i o n s  i n  

L: e s o t D en i"tlEl . }.<'r om the ir' cha r I' i n g  r e [:1 c t ions ( 1.1a r sh a n d  

We in s t e in , 1 966 ) c OEl}}a r e d  rJith �:novm gl yco l ip i ds and 

ph o s]ho l ip i ds , the unknown l ip i d s  w e r e  es t ima t e d  a t  2 . 4  

and 0 . 9 pJl1 o l e/ g and , from i t s  c;l ;y c e p ol c ont en t (:8.en1conen , 



64. 

1 962 )  the t I' i gl yce r i de wa s e s t i na t ed a t  2 . 3 pmo l e/g . 

The results  of th i s  s tu dy ex t end the r ange of 

spe c ies for n:1 ich C':uant itco t ive  " nd de ta i led glycerol i:? i d  

ana lys es e re a V2 i lsb l e  from four ( Chl or el l a , b eet , b ean 

and e l d e I'  l eE�ves ) t o twenty fOUI' 2nd in a ddi t i o n  D I'o v i d es 

the fi rs t analys is o f  �o o t t i s sue . 

Th e l a rge var i a t i ons b e tween spe ci e s  in th e con c en-

tra t i o n s  of gl yc e r o l i�) i ds re la t ive to chl or ophyl l ym s 

U,'1cxpe cted , espec i2 1ly \:vi th I'e sp e c t t o  the l ip ids 

cons idered to b e  confined to chlo ro pl a s t s . Even when 

camel l ia is omi t t e d fr o m  cons iderat i on (becaus e of the 

I' e l a t iv el y  l ow ch l o I'O phyl l c on tent of the sampl e tal(en ) 

only the gal & c t o l ip i ds sh ow a rea s onab l y  cons tant d i s-

t r ib 1..1.t i on vary i ng by approx:'matel y 50��  from the 8verage 

over the ra nge of sp e c i e s  examine d. Bo th of the 

rema ining ch l o r op l a s t gl ;y c er o l ip i ds , SL and :EU ,  shoY�'ed 

v8.I' iat  io ns 8. round th e mean v2.lue of more than 1 00; L 

Ex tr8. chl oronl a s t i c  l i�) ids al s o  Showe d  h i gh  va r iat ions - .-

b ut th i s  might b e  expe ct e d  \vi tb chl o r ophyl l cont ent a s  

the b a s i s for coopa ri s on s ince  vo ri2b le amounts o f  non-

:pho tosynthet i c  t i s s ue ( i . e . va s cu1 8 r t i s sue ) v/oul d b e  

en coun t er e d  i n  di ffe rent leaves . 'Tl1.e mos t va riab le of 

t h e  gl Jc e r ol i·rJ ids V18.S !')PG , \'Jh i ch ',V8 s unde te c t sb l e in 

Mesot s en ium ( cuI tllr ed under c cm t i nuous 2. i ght ) even by 

ra d i o i s o toDe techni cue s and �re t W8. S a ma j or pho spho l ip i d 



( b y  v!e i gh t )  of c&Elel l i a l e e v e s . I t  i s  not impo s s ib l e tha t 

th e s e  va r i a t i ons p o r tent s es s on a l  o r  diurnal va r ia t i ons 

in the c an c entr:  t i on s  of th e s e  c o�p onent s in l e aves 

e spe c ia l l y s in c e  ana l ys es o f  r e d  cl over l e e v e s  have 

sug ce s t e d  s ul:gho l i p i d  l evel s in the e a rl y  morn i ng may 

i� e !'edu c ed thr ee f o l d  comlJ P r e c1  rvi th l a t e r'  in the day 

(Roughan , unlJub l i sh e d )  • 

" CLl o r '.)pl a s t" l ip i ds hav e  b e en det e c t e d  in p o t a t o  

tub e l'  ( La Pa ge , 1 964)  a n d  it i s  p os 8 i[) l e  tha t they a re 

pre s en t  in ro o t s  ( e . g . c a r r o t ) wh i ch h8v e the ab i l i ty t o  

b e come gr e en i n  respon s e  t o  l i ght . ::owev e r , p a r s n ip r o o t  

doe s  n o t  dev el op chl ol'o pla s t s and y e t  ha s re la t iv ely h igh 

l evel s o f  t he s e  l i:9 i 6.s . I t  s e ems I H:el y tha t th e s e  

l ip i d s  a r e  l o c a l i z ed i n  th e p r op l a s t i ds o f  ro ot t i s sue 

al though th es e organ e l l e s  do n o t  con t a in the p r o le.mel l a  

b o d i es typ i ca l  o f  ch l o r o pl a s t  pr e cUl"' s o rs in e t i ol a t e d  

l e av e s . Ins t ea d , ro o t p r' op l a s t i ds ar e appa r' ent l y  

inv o l v e d  v/ i tl-� th e s ynthe s i s  of s t O I' a ge s ta r ch and , in 

ma ture c 9 rr o t ro ot t i s su e , can b e  re c o gn iz ed onl y as a 

th i n  m emb rane surro�·mding la!' ge s ta r ch grE,ins ( '.::o ya ffia , 

1 967 ) . A s im i 1 8 r s i t u a t i on i s  l ikely t o  ex i s t  in ma tl� e  

par sn ip ro o t  c el l s . 

I t  h a s  b e e n  sugge s t e d thc: t th e g8 1 �, c t o l ip id s  of 

chl o r op l a s t s  mny b e  inv olv e d  in suga r t rci nsp o r t  a c ro s s  

tl1 e  chl o r op l a s t  memb rane ( B erts on , 1 963 ) and th e s e  
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p l a s t i ds of r o o t  t i s sue . 
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r o l e  in th e s t a r ch s to r ing 



PART 2 

Cl' LD1.J-�IORUH AND rr-TTri'TP rrUR7TOVE":? 
• _ 

..&-_ .. .J \,. . _ _� ..r.. ... 

I l·f1RODUCTI ON 

F ew k i ne t i c  s tudi e s  o f  the up ta}:::e of 1 4C- l ab el l e d  

p r e cur s o rs into the gl YCC1'ol ig i d s  o f  l e av e s  and a l ga e  

hav e  b e en c a r r i e d  out , pr ina r i l y  thr ough a l a ck o f  

s u i  t so l e  me tho ds f o r  the r out ine sepa l's.t i on of the 

gl yc e r o l ip i ds of pho t o sy�t�e t i c t i s sue . In 1 957 , 

Eb eI'ha r dt and Ka t e s  demons t I' a t e d  the in c o rp o ra t i on 

o f  l ab el from 1 4·c02 , 2-1 4C-pyruva t e ,  1 _1 L�C-a ce t a t e  2nd 
-' 2  J P- or th opho spha t e  int o th e  fOUl' t l ph o spha t i de" fra c t i ons 

of runne r  b ean l e c.v e s . S ul) s e c:ue n t l y , i:a t e s  ( 1 960 )  

de t e c t e d .  inc o rp o ra t i o n  of radi o a c t iv i ty fI'om a s im ilar 

range of p r e cur s o r s  in t o  mo r e  sp e c i f i c  glycero l ip i d  

fI'a c t i ol1 s  o f  l'Ul1::ler b e an l e a f , us ing a more effe c t iv e  

s ey a r s t i on pro c edl� e . All o f  the lab el l e d  suo s tra t e s  

ex c ep t  1 4C02 'ae r e  taken up int o vlh ol e  l e e v e s  thI' o ugh 

Vn1en r a d i oa c t iv i ty l evels in th e 

s eyarD t e d  l i �- i ds were de t e rm ine d sft e r  1 . 5  t o  2 hI' , 

mo s t  of the a c t iv i ty ':ra s found in the p i gment 121us 

neut ral ( i . e .  non- sap o n i f iab l e )  l ip id fra c t i on and , 

0:' th e gl y c c r ol i�.:; i ds , I.:GD , DGD and PA sh oned the 

h i gl1e s t l e v e l  of l ab el l i ng . F rom inc o I' :Q oro.t i on s tudi e s  
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wi th 3 2F- o r th ophO spha t e ,  1"1 wa s found af t er 5 h o ur s  t o  

, tl h "  t . ,.... . t · · .J.. 
• t '  d · . J1GV e le _ l E�'le s Spe C l:L l C  G C  lV l vY V/l l1 e CI' e o. s ln g  

t · ' .l- '  • - , D"" on ..,  d 1),'" a c  l V l  v l e s In l'A , _ 1:; , rl:;- an .J. ' J . In 1 965 , S o s t ry and 

Kn t e s  f o l l ovled the i nc o I'poI'a t i on of 3 2 P- o r th opho spha t e  

int o the pho spha t ides o f  Ghl o I' e l l� vu�gG I' i� f o r  42 hrs . 

Af t e r  3 hr' PG and DPG shovled the h i ghe s t  spe c i f i c  

a c t iv i t i e s  w it h l ower inco rp o I'a t i ons int o  PI and l i t t l e  

a c t iv i  t ;y in PC; and P}� .  The gen e ra l  pa t t eI'n riB S ullchange d 

at 6 hI' but by 18  hr the spe c if i c  2 c t iv i  ty of PG b e gan 

t o  l evel off and the o rder o f  de creas ing spe c if i c  

a c t iv i  t ie s ,  �.-:h i ch remai ne d  unchanged up t o  42 hrs , wa s 

DIU > PG = PE '> P I  = PC . The 6 hr r e sul t s  sugge s t e d  

rela t iv e  tUT'nover r a t e s  in th e order D FG  and PG '> F'E -> 

PI > PC . rrhe up t ake o f  32p- O I' thopho s:;Jha t c  in to pho s -

pha t id e s  of e l o nga t ing and n on- growing Av ena coleopt i l e 

ha s b e e n  rep or te d b y  Z imme r e r  an d Hami l ton ( 1 965 ) .  

�ley sugge s t ed tha t PI and FG ha d th e h i &�e s t  turnov e r  

ra t e s  s inc e the s e  l ip i ds c6nt a in e d  r e l a t iv el y  more lab el 

( co mp a r e d v!i th PE and FC ) at 8 hr than a t  2L� hr . The 

only o the r ph o sp hol ipi cls de tec ted in th i s  s tudy we r e  PE 

and PC Vlh i ch cont 2 i ned r el a t ively mo re lab el a t 2 L� hI' 

tha n a t  8 hr sug ge s t ing tha t  the y  to ol;: a l ongeI' t ime t o  

e q ui l iO I'8 t e  r[i t!l the o rthoph o spha t e  i n  the D e di um . 

Work i n g  w i th the gr e e n  alga 8hl o r el la nyr eno i do s B , 

F e rrar i and 3enson ( 1 961 ) r ep o r t e d  the Do s t  de t a i l e d  



on th e k in e t ic s  of in c o rp or2 t i on of 

int o th e gl yc e ro l ip i ds of a ph o to-

synthe t i c  t i s sue . Al gal su spens i o ns we r e  trea t e d  with 

1 40°2 ( � s  b i carb o na te ) and 1 i :; i d  ext r a c t s  from s ampl e s 

wh i ch ha d b e en r eo ov e d  a t  diffe r' en t t ime inteI'vals 1,;;er e  

dea cyla t ed for the s eparn t i on o f  the indiv i dual glyc eryl 

c ompounds by p ap e r  Ch rOLla t ogr'ophy . Af ter 1 5 s e c , ra d i o-

a c t iv i ty wa s det e c t e d  on ly in ga l a c to s yl an d d i gal a c t o-

s yl gl ;yc e I'o l s but w i th in 30 s e co nds pho s pho ryl gl�Tc erol 

and sulpho qu inov o s yl gl ;yc e r ol al s o  c ont a i ne d appr e c i ab l e  

arr.Ol..mt s  o f  r a di o a c t iv i t y .  O f  the I' emain ing dea cylat e d  

compounc�s , gl y c e r ophosphoryl i n o s  it io1 shm'le d th e h i gh­

e s t  tUI'nov e r' of 1 4C and th e gl yc e r o l  mo i e t�r o f  ti1 e  

ga l a c t o s yl gl y c e ro l s wa s sh ovm t o  b e co me lab ell e d  mor e  

sl owl y than the gD.la c t o s e  mo i e ty . :5'OJ' l on ger lab el l ing '  

p e r i o ds ( up to 6 hI' ) cuI tu:-aes  \'.'e1" e conne c t e d vii th a 

cl o s e d s ys t em and 5 0 0  uc of 1 40°2 in 5�-6 CO2 in a ir '"Ja S 

c i rcul a t e d  for the c.ur a t i on of th e expe r iment . Int a c t  

l ip i d s  we r e  s epara t e d  b y  s i l i c i c D c i d  pap e r chromato-

gI'o phy ,and , al though comple t e  s epa I' 2, t i ons of all compo-

nents we re n o t a Ch i eve d , th e r e su l t s  wer e  in gerre ral 

a gr e ement I'Ii th thos e for t:L18 dea c: - l·g, t e d  compounds . 

:!:: s ot op e  inc o rp o r8. t i on int o the fra c t i ons V/a S  l ineal'" fo r 

6 hr ; radi o a c t iv i ty l ev el s  in th e indiv i dual f ra c t ions 

Yi e r e  in th e or der I.IGD '7 rrG > �G�) 7 PG + :2 8  /' SL -:- PI ""7 

PE . r:2he fa t ty 2, c i ds of 0. 1 1  fr's. c t i ol1s \7 8 1' 8  fOlmd to 



b e c ome 1 3:o el 1 e d H t  o. mucL s l or/er r a t e  than the 

hydroph il i c  Do ie t i e s . 

!l O p e  " e c e,'1 tl '1 : .T i  (>h o l  0. e +  !'.1 1 ( 1  qor 7 �  • • - ........ � _.J. -- tJ ' _ 0 _ "-,  __ U I,) '-"" . � ..... I "  us ing t e ch-

n i c; ue s s ir�l i l [':r t. o  tho s e  de s cr ib e d  in .: art 1 ,  fo ll or/e d 

the inc o rD o r s t i o n  of 2 1 4,.., ... ... . .!- +1 1 - v- a c e lo O  L. e  2.n Lo O  w1. e g vc ero-,� v 

l i1J i ds of dal"k- gI' m'ln 8hl o :;:' el l a V1J.lr;a ri� b o th in the 

l ight 2nd in t�_;: d[' r�[ . The ir T' e sul ts shor.red that the 

l i.1) i o.s c oul d b e  gro up e d  in th e f o l l or,rin g ,"ay , on the 

b a s i s  o f  turn over ra t e s : - ( a ) th o s e '�l i ch showe d a 

h i g�J. t ur nov e I'  :;:'D t e  o f  c e r t a in fa t ty a c i ds ( includi ng 

:FG , :? �  and rr-G) and Cb ) tho s e  whi ch had a l ow turn-

o v e r  o f  cons t i tuen t fa t ty a c i ds ( inclu ding DGD, 81 , PI 

The s e  f ind in gs s e eDe d to b e  cha ra c te r is t i c  

o f  b oth s t c 3 dy s t a t e  con d i t i on s  ( i . e .  dark- 2�rovm cells 

j.ncub a t e d  i n  the dG l'>k ) 3.n cl the devel op ing chl o rople. s t  

sys tem ( dark Srovln c el l s  incub c.t e d i n  ti1.e l i ght ) . 

1\�J i th th e ex ce�,t i on o f  tl1.is r e c ent s tv.dy o f  �U chol s 

e t  a l . ( 1 967 ) , wh e r e  2- 1 4C- a c e t at e  inc o :epo ra t i on ViaS 

fo l l m7ed i n to the s e]s rG t e  gl yc e r o l i�-:I i ds end in to the 

a c i ds o f  e a ch gl yc c ro l ip i d ,  fa t ty a c id 
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b i os ynt� es i s  in l eaf t i s sue and gr e en a lgD e ( JaDe s , 1 963 ; 

5a��e and S tucpf , 1 96 5 ; Harr i s  an d Jame s , 1 96 5 ;  �a r ri s  

e t  a l . 1 96 5 )  h a s  b e en s tud i e d  indep e n dently of gl yc e r o-

l ip i d �e tob o l i s� . � o r  the eXBD in o ti on of fr t t y  a c i d  
b . "'" . , .  1 � 1 � .1- ... l o syn vl1.c t l C  me cn an l SDs , _ 2 0  el e a  s ce vc. Lo e  ha s us ual ly 
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1) 8en found to b e  the rr:os t us ef'ul pr e cur sor . frhe kine t ic s  

of tnco rpoI'c: t i on of 1 4;·:;-acet8. t e  int o  t11G fatty a c ids of 

l e8ve s a nd green s l gC:l e  hc.v e b e en r·8p ol., t e c1 by Jome s an d 

1-, ; s r> O - \'ro rl� e i"' C ( J- '''1 me s 1 c: 6 ::' ,· ... _ _  ....... " ..r� _ U ... L · , __ / "' T "-' -� I" l' c e + "" l 1 0b'" r,:: D c:l.l: u L,.. u __ . , j J ;  

Ei cho l s  et al . , 1 967 ) . I n  c as tor leaf ( Jame s , 1 963 ) , 

o l e i c  a c i d V;2. S found to have the h igh e s t sp e c if i c 

Cr. c t iv i t y  v:i th in 6 0  m in of s upply ing 1 2;b el l ed. a cetat e 

t o  Cl de t 2. che c1 l e ,. f , whil e :palmit ic , l inole ic 8.nd s t e ar ic 

D c ids had rel E',t ively lovv' spe c ific  a c t iv i t ie s . L in o-

l en i c a c id ,  \vh i ch l"epr e s ent s 6 0��  of the total f a t ty 

a c ids o f  c a s tor leaf , wa s l o.o el l e d very s lowly; it 

to ok [< t l ea s t  24 hr s fo:!," app r e ciab l e  I' a d i o a c t iv i ty to 

b e  de t e c t e d  in the ac i d . In some r e spe c t s , thi s  l ow 

ra t e  o f  labell ing i s  surp r i s i ng . �le ga l a c to l ip ids of 

h i gher' p l ant s a p e  l ar gel y d i l inol en�Tl e s t e r s  ( O ' Bri en 

� n � Pe11Q ol1 1 Qo� ! I . ,-, .. .J.. � ........ �, U , .../ -r , Sas tT'y a nd iCa te s , 1 964; lr.re en l' '11� ' Ii  .L. \.. , 

1 964 ) and are th e predominant gl yc e r o l i:t) ids of photo-

synthe t ic tis sue ( s ee Part  1 ) . r'T1aken in con jul1ction 

wi th the f ind ing s of li'erral" i  and Ben 80n ( 1 961 ) and 

Jame s ( 1 963 ) , the :p o s s ib i l i ty i s  suggested that a 

ra:;;'l id.  turnov e l'" o f  th e g2t l :..'3. c tos e and gl �T c e r o l  mo ie t i e s 

O C CUI' S  vii th an a s s o c ia t ed s loy,[ t"Lu'nov e r o f  th e fa t ty 

a c i ds i n  the gsll1 ctol ip i cls of highel" p l8.nt s . 

I n i t i8.1 1 �! , it  wa s planned tl1.a t l e.sve s woul d b e  us e d  

here i n  the s tudy of tne i nC O rp O I' 3 t i on o f  l ab el l e d 



t i s sue , p a r t l y  b e caus e n o  k i ne t i c  

o f  a ph o t o syn the t i c  

, L ' 
exp e r' lmen l,.. S uS 1ng 

l eaf t i s sue hn d b e en I' ep o r t e c1 p rev i cus ly . H orreve r , 

t e chn i ca l  d iff i cul t ie s  a p o s e  in b o th the handl ing and 

I'e::;) r o c}uc ib l e  lab e l l ing of l ea v e s  wh i ch dir e c t e d  a t t en-

ti on tOIT8 r d s  a pho t o synthe t i c  m i c r o- o r gan i sm s , a s  th e 

t e s t  b i o l o gi c al s ys t eD . '::.111e ' gr e en al ga , ges o ta en iUl-:l 

c a l dc:.n-, i  o r1..UTI , \va s a l r e a dy b e in er c 1..L1 tur e d  in the lab o ra-...;;;.;;..,;;;;..;=;;;...;:;;.�.=;;. ... 0 

t o r y  for o the r purp o s e s  and i t  pr e s en t e d  s ev er al cl ear 

advantage s  fo r s tudy , ea ch r el � t e d  t o  th e po s s ib i l i t ie s  

o r'·"  o'r o" ' l' n r1' l' + 6 ',1 tj U 1,.0' in a 1 i qu j. d  medi UJ11 . Gr ow th co ndi t ions 

coul d be r.rel l  define d , un iform l ab el l ing and s amp l ing 

of a cu1 t Tll" e c ould be effe c t ed rea dil;:.r an d th e ca l-

cul a t i on of rela t iv e turn ov e r r a t e s  f rom i s o to p e  

inc o rpo ra t i on a:ppeo red t o  b e  m o r e  s tra i ghtfo rrrar d  

wi t h  a uni cellular s::rs ten: . 

F I' ev ious inco rp o ra t i on s tudi e s with a l g a e  ha d 

shovm tha t 1 4C02 wa s a g o o d  pr e cur s or £'or b o th gl y-

c e ro 1 ip i ds ( F e rrsr i and Benson , 1 961 ) a nd f a t ty ac ids 

(5arr is e t  a l . ,  1 S,65  � wh i l e  1 8.b el l e d  a c e tat e 

incorn ora t e c1  int o :::;hl o 1" e1 18 f a t t ;).'  a c i ds to El l e s s er 

ex ten t  tha t 1 4C02 (Harr i s  e t  al � , 1 965 ) . 
I t  wa s c o ns i d e r e d  th� t s ome quan t i t a t iv e  da ta for 

tUI'n ov e r  of gl yc e r o l  i.;;; i ds m i ght b e  ol) ta in e d  from 

eX};::'{3 l" irl'. ent s s irl i l ar to th os e des c r ib e d b �/ "E1 erra r i  and 

B en s on ( 1 961 ) . I n s uch ca s e s , a . l inear in c o rp or �� t i on 

72 . 



wa s demon s t ra t ed of 1 4C fr om 1 4C02 int o th e gl yc e ro­

l ip i ds o f  Ohl o 1' cl la b e tween 3 0  m j.n a n d  6 h1" S a f t er 

s upplying 1 4C02 a t  a cons tant s -oe c if i c  a c t iv i ty . T_1 e  

r,-:. t i o of lab el l ing of gal a c to s e  t o  fa t ty a c i ds i n  l.�GD 

did no t chC',n ge a f t er 3 0  r.1 in '.;·,�h i ch sugge s t e d  cc::rb on 

b e ing inc orp o ra t e d  int o th e ga l a c t o s e  an d fa t ty 

a c i d  conponent s o f  th e gl yc e r o l ip ids a t  the sam e 

r a t e s . Kn ovring thE� t the incorpo rat i on of 1 4C from 

1 4C02 i s  l in e o r  for the indi v i dus.l g lyc e r' ol ip i ds and 

. 
tl . .Cl • t . . t .Cl 1 4,-, ° . 

t' d . glven 1 e  s p e c li l c  a c  lV 1 "!:;T OJ. v 2 1n D e  m e  1Ur.1 

and the numb er of ca rb on a t oms in ea ch o f  th e glyc er o-

1 ip i ds , i t  should b e  p o s s ib l e  t o  ca l c1)� a t e  r.-.:t e s  of 

r epla c eDent of carbon a t orl1 s  in the l ip i ds , a s s um ing 

th at the sp e c i f i c  a c t iv i ty of 1 4C02 in th e me dium 

'iva s the same as the [l c t iv i  ty in the c el l s .  

73 . 



h 9-I'OVVt,l1 Gondi t i ons . 

r.: e s o ta e n ;  un] cs.lda r i oI'uTI1 cuI tur e s  Yie r e  or i ginally 

ob tained from the culture col l e ction of a l ga e at Ino.i an3 

Un i vel'S i ty , 1.'Ihe1"e  the oI'ganism ha d b e e n  propagated on 

un enr i ch e d  8 gs I'  s l ope s . I t  had b een demon s tra t e d  b y  

D I'  Tayl o I'  ( pe rsonal comr:n:m ic a t i on ) tha t , a l  though the 

organi sm i s  an obl i ga t e P_1o t o t I' oph , max imwll growth in 

l iqui d cuI tur e is o� ta ine d  only 'lh en the me dia is 

enr icbed with glucos e and yea s t  extra c t . A c co r d ing ly 

cuI tures  ha ve b e en rout inely sub cuI tur e d  unde r s te r i l e  

74 .  

con d i t i ons into 3 0  m l  o f  enr i c h e d  me di a i n  1 00 ml con ical 

fla sks f i t t e d  �'i i th cotton wool plugs . Continuous 

illurnin �:o t ion ( 1 1 wa t t . m et e r- 2 
of !)hotosynthe t i c  

ir radia n c e ) r:as p ro v i ded b y  a b ank of ( " dayl ightll ) 

fluor' e s c e nt tub e s  in r.1 irro r-l ined grorlth cab i n e t s  ma in­

ta ined a t  1 S
o

C . F l a sks ne I' e  n o t  agi ta ted dur ing growth 

ex c e:p t  for an o c ca s i onal inspe c t i on of some C1..11 tUI' e s  and 

the non- mo t i l e  c el ls normally p r o l i f e r a t e d  on th e b o t tom 

of -::'he  fla sk . Th e gro wth me di UIn ','.'s s th e same as  tha t 

de s c r ib e d  �y  S a ger and Gran i ck ( 1 953 ) for Chl amydomonas 

re ihha r di i  ex cept fOI' the a ddi t i on of gluco s e  ( 1 )� )  and 

yea st  extra c t  (Difco . ,  0 . 2% ) . In th e pres ent yvo rk , · 

s t o ck cultures  wer e  rout in e l y  ma in ta in ed a s  d es cr ib e d 

wh i l e  l & rge r cul t ur e s  ( 400 ml ) we r e  gr m-m in 1 000 ml 



cuI tUl' e v e s s e l s ( F i g . 2 . 1 )  f o r  exp e r i rnen tal purpo s e s . 

The s e  fla s }m we re pla c e d o n  a ro cking s tr-, s e  wh i ch Via S  

des i gne d t o  s�i rl th e co nt en t s gent ly and pr event , the 

c e l l s  f r om s e t tl ing . Two p l' o c e dur e s  Yle r' e  us e d  for 

col l e c t in g  81 i quot s o f  th e cult m'"' e s  ( F i g. 2 . 1 ) ;  an 

e a rl i e r dev i c e  con s i s te d  o f  a gl a s s  s ;),"":9hon whi ch wa s 

fixed into th e fl a sk thl'"' o ugh the c o t t on wo o l  plug b ut 

l a t e r  i t  IVe S  fo und to b e  mor e s a t i s fa c tory t o  u..s e  an 

outl e t  f i t t e d in t o  th e s i de of the fl a sk ne a r th e b a s e  

s o  tha t l ar ge r al i quo t s  ( 40 ml ) c oul d b e  dravffi off 

qll i ckl y . Cel l s YIC r e  ha I've s t e d  b y  c e n t l'"' i fug8.t i on a t  

2 5 0 0  rpm ( 1 6 0 0  x g)  f o r  1 0  m i n  a nd wa she d on c e  with 

tap wa t e r . 11'11.e pa cke d c el l  v o lume wa s me8 S1ll' e d  b y  

us i n g  gradua t e d c en t r i fug e  tub e s and i t  ha s b e en 

a s sume d tha t 1 ml of p ack e d  c el l s  vve i ghe d 1 g. 

2 .  Ans.;.lys i s of' Growth . 

For grmvth ana l ys i s , 1 0 ml of cul tur e  Wc s n oroa l ly 

s amp l e d  and c ent I' i fuge d  in a gra dua t e d , 1 0 Ell Ko lmer 

tub e  ( Kont e s , "'Jineland , �'Iew Je I' s ey ) . The pa c}c e d  cel l s 

wer e ex tro c t e d  wi t h  2 00-30 0 v o l  o f me th an ol , cen t r i­

fug e d  a f t (;' r  a few m inut e s  an d th e chl orophyl l c on t ent 

of the s up e rna tsl1t me a sured by applying the s p e c t I'o­

pho tOfJetl� i c  fa c t o r s  o f  '.::::0 mH ' and Z s ch i e l e  ( 1 9L0.t) . 

Gluc o s e  in the ne die, wa s no ,rm al ly m e n  sur e d  in sui t ab l e  

75.  
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F i g .  2 . 1 .  Flasks ( 10 0 0  ml ) in which Me s o t aenium 
culture s were  gr o wn , showing the t wo type s of  s am pl ing 
ou tle t s  empl oye d  in the se  studie s .  Both flasks  c on ­
t ained  40 0 m l  o f  me d i a .  



dilutions by the reducing s uga r me thod  of Dygert e t  al . 

( 1 96 5 ) . In Some c a s e s  the glucos e wa s s epa rated  from 

other cons t i tuent s in the me d i a  by thin- layer chroma to-

gJ'aphy on S il ica Gel G us ing the so lv ent sys tem n-but-

anol/a c e t i c  a C i d/Y/ater ( 5 : 4 : 1 ; Ja c in an d M i shkin , 

1 96 5 ) and er:::. t imat ed in the 'pr e s en ce of ab s ol"1) ent by the 

phenol/H2S04 method as outl ine d  in Par t  1 .  Both m etho ds 

ga ve e s s ent i ally s im ilar resul t s . 

� �easure�ent of Pho to synthe t i c  Pot ent ial • 

. Pho t o synthet i c  oxygen evo luti on wa s measured 
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manornetr i cally by incub o t ing 1 ;.; ( 1  g we t  'we ight of cel l s/ 

1 00 ml buffer )  suspens i on s  of cells  in 0 . 1  M KH'.�o3/NaHco3 
buffer , pB 8 . 3 ( Prat t , 1 943 ) a t  2 50C .  Carbon di ox ide 

f ixa t i on was measuI' ed a t  the s ame t i Ii18 by adding known 

amouIlts of NaH1 4c0
3 

to the incubati ons and measur ing the 

1 4C02 fixed in a given t ime . Cells were thorou&hly 

da rk a dapt ed ( 1 2 to 1 8  hrs )  b efore the a ddit i on of the 

NaB 1 L�CO ... and Viere incubated i n  the dark · for 30 mins , to :; 
establ l sh dark CO2-f ixat i on rates  to correct  for' phot o-

s ynthe t i c CO2 f ixa ti on . Al i c::uo ts  of the lao el l ed 

cuI tures were c;ui cldy wi thdraVln unde r dim 1 ight and the 

cel ls  col l e cted under r educ e d  pres sure on a pap er in a 

M ill ipore f ilter  holder . �he cel ls  and f il t er were 

\v8 shed repe fl tedly rrith vf8 t eY' , freeze dr i ed overnight 



and f in al l y  sub je ct e d to CO II1U Ut:; L i on in an 0 2 atmosphere 

-1- 0  "'" iv e  1 4("10 1,vh i ch wa s v 6 '  '''"' 2 co l l e c t e d  in methan ol i c  e thanol-

am in e for s c in t i l 1 5 t i on c oun t i n g  ( Kalb e r e r  and Rut s ch-

nann , 1 9 61 ) .  T o t al C O2 up t ake wa s c a l cel a t ed from the 

p ropor t i on o f  a dded 1 4C r e cover e d in t he c ell s . 

bL.. Glyc c r ol ip i d  Anal ys e s . 

For I ip id  ano l ys e s , cuI tur e s  were har'v e s t ed wh e n  

th e c e l l s  r eD. che d  8. l ev el of 1 t o  1 . 5 g ( 'Net v;e i ght ) / 

1 0 0  ml medi UlTI ,  'vvh ich appI'oxima t e d  to the m idp o i n  t on 

the gr01Hth curve . The pa cked c e l l s  '{Jer e  ex tra c t e d  y>'i th 

methan o l  and chl o r' oform a s  de s c r ib e d  fo r l e ave s  in Pa r' t  1 . 

Total glyc e r ol i �! i ds Vlere in it ial ly examin ed by . 

2 - d imen s i onal TLC us ing the pro c e dure o f  l� i cho l s ( 1 9 64 ) 

an d by 1 - and 2- d imens i onal TL C o f the non- a c i dic ahd 

a c i d i c  fra c t ions from DEAE- c e l l ul o s e c o lumns ( Pa r t  1 ) .  

S ep 2 ra t ed c o�p onent s we re l oc a t ed and i dent if i ed b y  the 

:9 r o c e dures de s cr ib e d  in rar t 1. . J� s an a i d in the 

det e c t i on and ident i f i c e t i on o f  component s pr e s ent in 

s ma l l  amoun t s , c el l s  "vere grmvn in th e pr' es en c e  of 
- 0  35 . 5<-P-orth opho sphe t e  and S- sulph at e , an d th e ey t r a c t e d  

l ip i ds v/ere then sub je c t e d  to 2- diDens i onal TLC f o r  the 

p r ep a r a t i on of r a d i o8ut o graphs . 

'�ual i ta. ti  v e  C Ol lJJnl1 ch ro ma to gr aphy wa s c a r ri e d  out 

on a much small er' s c ale than thc-l t  n o rm a l l y  u s e d . In 



th e pr e s ent v/Orl-::: , coluilln fra c t i o n s  r,re r e  dr i ed , made up 

in chl o r ofoI'm t o  the v o l ume of the l ip id s o lut i o n 

appl i e d  t o  the c o lumn , and al i q uo t s  -i.rer e  th en taken 

fo r TLC . The mo s t  us eful Be thod f or de t e c t ing 

s e-oaI' a t ed c o mponen t s  wa s t o  spray devel oped cl1roma t o-

grams 'ivi th 5O:� s ulphur i c  a c id fo l I o-wed b ;'l ch a r r i n g  o f  

t h e  l ip ids i n  an ov en a t  1 2 00C . Th i s  p!' o v id e d  a means 

of d i s t ingui sh ing glyco l i:9 ids from pho spho l ip i d s  a s  

we l l  a s  l o ca l i z i ng a l l  l ip i ds o n  the l aye r s  and al l owed 

for the a nal ys is of v e ry small amount s o f  ma t e r ia l . 

S i l i c i c  a c id ( Ma l l inckrodt , A . R . , 1 0 0 De sh ) wa s 

wa shed t o  remove fine s by the m e th od o f  Gal an o s  and 

Kapoul a s  ( 1 96 5 ) , a i r  dr i ed and the n  a c t iv a t ed a t  1 20 0 

for 1 6  h r . F l o r i s i l  ( F l o r i din ,.,. vo . , T a l aha s s e e ) wa s 

wa shed b �T th e me th od o f  0 '  Bri en and Ben s on ( 1  964) . and 

8.1 s o  a i r dri e d and a c t ivat e d  at 1 2 00 
for 1 6 hr immed-

i a t e ly b ef or e us e . 

Q,uan t i t s. t ive ana l ys e s  of th e gl yc ero l ip i ds 1.ve r e  

p e rformed a f t e r TL�':; of DEAE- c el l ul o s e  a n d  s i l i c i c  a c i d  

co lumn fra c t i on s  b y  th e me tll o ds des c r ib e d in Pa r t  1 .  

�r i gl y c e r i de , s epa ra t e d by TLC fr om the non- a c id i c  

fra c t i on e f  the DE.'; ::- c el lul o s e  co lumn o r  f rom the 

neutra l  l ip i d  f ra c t i on of th e s i l i c i c  a c i d/a ce tone 

co lumn , V/2,S es t i Dut e d  by a co l orimetr ic de t e rm i na t i on 

of glyc e I' o l  (Renkonen , 1 S'62 ) r el e a s ed from a c id hydro l y-

s i s of th e ma t e r ial in the ure s en c e  of s i l i ca gel . 

79 . 



5. £a t ty A c i d Anal ys� . 

80.  

P o r  ana lys i s  of the to t s l  f a t ty a c i ds of Me s o t a en iuo 

b ;y gas/l i Ci u i c1 Ch r0TI18 to graphy , w8 shed l ip i d ex tra c ts were 

s apon if i e d  i l1 i s op ropa no l/KOB ( 1\011  an d 131 0 ch , 1 ::55 ) a nd 

the f3 t ty a c i ds r eI e a s e d v,;ere IJe thyla t ed by r efl ux i n g  i n  

me than o l/b en z e ne/ c o n c . sulphur i c 8. c i d  ( 1 5 0 : 75 : 1 0 ) 

( Ni eh o l s , 1 96 5 a )  f o r  60 m in • I n di v i dual g l;yce ro l ip i ds , 

i s ol a t ed b y  T·e , we r e  t rans e s t e ri fi e d  b y  r e flux ing in 

the me tha nol/b enzene/s ulTlhuI' i c  a c i d  m ixtur e . The f a t t y  

a c i d. [ne thyl esters  forme d i n  t h e s e  t r eE< trr.en t s 1.'ler e  

s epa ra t e d  o n  a n  i in ch x 5 f t  c o lumn o f  ethyl ene gl ycol 

s""J.ccinste  ( 1 77S ) on Chr o rrab s orb W at a t empe ra tur e of 

1 5 5 °C and us ing n i t r o gen ( 30 ml/m in )  as the ca r r i e r  ga s . 

The r e s p 8n s e  of the fla me i o n i z Er t i on de t e c t or 'U8 S 

de t !.:..rr:lin ed us ing a s tanda rd m ix tur e of me th:'ll l inol en-

a t e , l in o l ea t e , o l ea t e ,  s t e 8. r a t e  and pal mi t a t e  (Appl ie d 

S c i e nce Labo r & t o r ies ) . R e l a t iv e  ma s s e s  o f  in d i v i dua l 

fra c t i ons were es t imat ed f r om the product of p e a k  

hei ght a nd p eak width ( 2,t  half pealc he i ght ) . 

A s  an 8 ddit i ona l a id t o  ident i f i c 3 t i on , the me th;srl 

e s t e rs v/er e s ena r8 t e d on s il ve r n it r 8 t e  imp r e gna t e d  

S il i ca Gel G ( M or r is , 1 9 64 ) into s a tur 2 t e d , mono eno i c , 

d i eno i c  a nd t r i en o i c  c ompouDds ch r om a t o-
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/ \ 1 4 

� - " ..,I- gluco s e  ( 2 . 9 m e  mmoJe ,1 , s oai U111 2- C-a cets t e  

( 27 . 4 mc/mmol e )  and 
1 4

C- sodiwn b i c a rb on at e  ( 26 . 7 mc/ 

mmole ) \'[o :::"'e ob t a in e d  from r:!:he J.adio ch emical :�en tre , 

Jimersha m , �n gland a nd a dded to enr i cbe d , L�OO f.11 

C111 tures vvh i ch 1.'18re n eC";l r i n g  the m idpo int of the gro�vth 

pha s e . At  i nt erva l s  after these a ddi ti ons , al i Quots 

( 20-40 ml ) of the cultures were  drawn off a n d  th e cel l s , 

recovered by centrifuga t i on , were wa shed on ce b efore 

extra cti on witn. chl orofo rm/methanol . After f il t r2..t i on 

thre·ugh a glass  s int er , the chloroform/me thanol extrac t  

We. S washe d ',;.' ith dilut e  Na Cl (Folch e t  al . ,  1 957 ) 

yielding 8. total of  three fract ions , namely ( 1 ) a 

r e s ::"dCle fract ion - the cell deb r i s  wh ich r epresent ed 

cell wall nat er ial and mos t of th e  macromole cular 

con s t ituent s ;  ( 2 )  a 'rater s oluble fra c t ion - the aqueous 

me thanol i c  pha se  of  the ?ol ch-w-as hed , chl oroform/methanol 

extract  vlh i ch represen ted th e small mole cu la r  ifle ight 

sub s tances  in th e cel ls a nd ;  (3 ) l ipids - the chlorofo rm 

phase  of the F o l ch- wa shed , chl oroform/methan ol extract . 

Radi oactiv i ty in o.l i Quo ts of each of thes e  fra cti ons 

wa s determined as outl ine d  bel ow. I ." ' d  1 
1 4

C nUIV l uo._ , -

lab elled  gl ycerol ip ids we re s epa I'ated b y  a c omb inat ion 

of DEAE- cel lulos e coh:unn chrome.to graphy and TLC . 



� Me�surement of Radi oac t ivi ty. 

The residue fraction recovere d from the sintere d 

glass fi lter was burned in an at mosphere of  02 yie l ding 

CO2 whi ch was trappe d in methanolic  ethanol amine for 

s cint illat i on c ounting (Kalberer and Rutschmann , 1 96 1 ) .  

Total l ipi ds were pl ated at infini te  thinness  on 

corrugated,  copper planche t s  (Nucle ar-Chic ago C orp . , 

82 . 

De s Plaines , Ill . ,  U . S .A. ) and c ounte d at 25% effi c i ency 

in a Nuclear-Chi c ago gas flow c ount er . Aque ous solut ions 

were added t o  a di oxane/naphthalene b ased  so lut ion 

(Snyder , 1 964) fo r c ounting. Glycerolipi ds ,  separate d 

by TLC , were transferre d on t he adsorbent t o  vials 

c ontaining 8 ml of a di oxane/naphthalene/water 

scintillat i on fluid (Sn�der , 1 964) and c ounted at 

55 t o  60% effi c iency in a Packard li qui d scintillation 

spe ctrometer.  When us ing the sc int i ll ation metho d, 

counting effi cienc ies were continually checked by the 

channel s rat i o  techni que (Bush , 1 963 ) . 

Radi oaut ographs were ob t ained by l aying deve l ope d 

thin-layer chromatograms on double layered X-ray film 

( 1 0 x 8 in . ) for peri o ds of up t o 4B hr for 32p_ and 

7 day s for 35S _  label le d lipi ds .  



RESULTS 

� Growth of Meso taenium caldariorum in liqui d c ul ture . 

a ) Li ght requirement . 

83 . 

There was no di scernibl e growth in gluc ose-yeast 

extract medi a whi ch were placed in c omplete darkness 

immedi ately after inoculation whi le c ont�ol cultures in 

the light grew vigorously . Growth phase culture s cease d 

growth upon transfer to  to tal darkness . However ,  

inocula survive d  at least  two week s o f  total darkness  

and establi shed vigorous cultures wi thin 4-5 days of  

being transferred into light . 

b ) Glucose re quirement . 

S ati sfactory growth rate s  were obtaine d only Wh en 

glucose was added to the bas al sal ts me dium (Tab le 2 . 1 ) .  
Sucro se supported  a limited  amount of growth Wh i le 

galac t ose appeared to be sl i ghtly inhib itory .  The sodium 

and pot ass ium salts  of ace t ic , succ ini c an d c it ri c ac i ds 

completely inhibi te d  growth . Experiments to determine 

the opt imum l�vels  of yeas t  extract for growth stimula ­

ti on were not reproduc ible  ( cf experim ents 1 and 4 i n  

Table 2 . 1 ) . In gene ral however , a level of 0 .2% yeast 

extrac t in the gluc ose -enriche d  medium was found to 

pro duce a greater y i el d  of cells th an when the yeas t  

extract was omitted  ( e . g . Fig . 2 .3 ) .  The growth promot ing 

effec t of glucose i s  illustrate d graphically in Fi g .  2 . 2  
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'l"J-\BLS 2 . 1  

Growth o f  y.,,1e s ota e n i l111 c a l da r i oI'UIn in en r i ch e d  

a n d  non- enr i che d  :nedia 

A dd i t ions t o  Basal 
S a l t s  r:Jedium 

pg Chl o r oph;yl l per' 
cuI tur e 1 6 days afi 

ino cul a t i on 

Sxperiment 1 *  ( 400 ml cu l tures ) 
None 
Yea s t  ext ra c t  ( 0 . 2% ) 
GIl .... c o s e  ( 1 J� )  
Gluc o s e  ( 1 % ) + Ye a s t  ext ra c t  

Experiment 2 + ( 3 0 ml cul tur es ) 
None 
Gluco se ( 1t� ) Suc ro se 
Gal a c t o s e  " 

Glyc ine " 

K A c e ta t e  " 

K Suc c i na t e " 
TT C i tra te I f  H .  

Experiment 3* (400 ml c ul tures ) 
Yea s t  ext ra c t  ( 0 . 2% ) 

it  I f  + Gala ctose ( 1  Ct; ) 1 f  It + Suc r os e ( 1 ;6 ) 
11 " + Gluco s e  ( 1 % ) 
It u ( 0 . 1 ;6 )  + Gluc o s e  

Exper iment Lp:4 ( 400 ml cul t ur e s ) 
Glucose ( 1 ;; )  

" + Glyc ine ( 0. 01 % )  " + Yea s t  ex t ra c t  !O . 01 % � ! I  It " 0 05�1 + • 1° 1 1  + It " , 0 . 1 % ) 

�c Cel l i::1ocul urn con ta in ing an eCjui valen t 
chlorophyll ( from enr iche d cu2. tures ) . 

of 

2 . 3  
3 . 2 

43 . 2  
60 . 6  

0 . 8 1 1  . 1  
4. 9 
0 . 8  
1 . 9  
o 
o 
o 

2 . 7 
0 . 4  
4. 7 

58 . 5 
55 . 0 

40 
34. 4 
46 . 0 
42 . 0 
47. 6  

35- 55 

+ Cel l ino cul um conta ining an e qu iva l e n t  o f  45 mg 
chl or ophyll ( from basal s a l t s  cul tures ) . 

mg 
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Fi g . 2 . 2 . Glucose -de pendent gr owth of Me s o t aenium . 
The medium init ial ly � ontaine d 0 . 1% glu c o se  and ,  
af ter gr owth had st o ppe d ,  gluc ose  was added  t o  give 
a con centr at i on of 1% in the me dium . 
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The me dium in this experiment c ont ained ye ast extrac t  

( 0 . 2% )  and a rel at ively l ow leve l  of  glucose ( 0 . 1 % ) so  

that the culture cease d net grow th when the cells  reache d 

1 6% to  20% o f  the c onc entrati on normal ly obtaine d  in 1 %  

glucose  medi a .  S ix days after growth had stoppe d,  

glucose was adde d to the culture to bring the level up 

to 1%  and after a l ag of 3 day s the culture re sumed 

exponenti al growth . 

c )  Glucose utili z at i on .  

Growth in me di a c ontaining 1 %  glucose and 0 . 2% 

yeast extract ce ase d when the cell concentrati on of a 

cul ture reached approxi mately 2 g wet weight/1 00 ml medi a .  

( 8  ml of p acked cells in a 400 ml c ul ture ) and before al l 

of the gluc o se of the me dium had been c onsume d ( Fi g .  2 . 3A) . 

I t  was noted  that glucose uti li zati on l agged behind 

growth s o  that , up t o  about half way along the growth 

curve , less  than 1 g of  glucose had di sapp eare d from the 

me dium . In a sub se quent exp eri ment i t  was found that 

the di sappe arance of 1 . 04 g of glucose from the ' medium 

was accomp ani e d  by the production of 0 . 83 g dry weight 

of cells . S in ce i t  c ould be shown that CO2 -fixati on di d 

not c ontribut e  signi fic antly to the c arbon of the new 

growth , at l east in the upper half of the growth curve 

( see b e low ) , thi s repre sen ts an assimi l at ion of 80% of 
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F i g .  2 . 3 . Gr owth char acteri s t i c s of Me s o t aenium in 40 0 ml l i quid  
culture s .  Left  ( A ) ; gr owth in  me d ium c ont ain ing glu c o s e  ( 1% ) , 
ye ast extract ( 0 . 2% )  and s al t s . Right ( B ) ; growth in medium 
c ontaining glu c o s e  ( 1% ) , sodium pho s phat e buffer ( O . O lM,  pH 6 . 6 )  
and s al t s .  



exogenous glucose  into  cellul ar materi al+ . This i s  a 

much hi gher value than woul d be expected from simple 

oxi dat ive ass imilat i on whi ch would prov ide far the 

convers i on o f  20-5 0%  of  the glucose t o  cell materi al 

( see review by Gunsalus and Shuster , 1 96 1 ) .  

d) Me dium pH variations . 

During i so t ope incorpora tion s tudi es i t  was note d 

that the pH of the medium varie d with cell c oncentra-

88 . 

t i ons . A c omparis on of gluc o se uti l i z ation with pH 

change s in the medium was the refo re made (Fi g .  2 .3A) . As 

the cul ture entere d the l og phase of growth the pH 

droppe d from 6 . 5 t o  4. 3 but rose again t o  about 8 .0 wi th 

. continui ng growth .  The ces sat i on of growth was also 

accompanie d by a subsequent sharp drop in the pH of 

the m edium from 8 . 0 to 4. 7 .  These pH variations c ould 

be reduce d by including pho s phate buffer in the medium , 

at a final c oncentration of 0 .01 M (Fig . 2 .3B ) . Higher 

c oncen trations  o f  phosphate  ( 0 . 05 M ) , c ompletely 

inhib i te d  growth . 

+ A conversi on factor for we i ght of  glucose into wei ght 
of  cellular materi al of  1 . 09 was c alculated us ing the 
generali zed composi tion o f  green plants given by 
Buckman and Brady ( 1 960 ) . 
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e ) Oxygen evolut ion .  

I n  the small cul ture systems ( 30 ml ) cells prolif-

e rat e d  on the bot t om of  the flasks and coul d  reach a 

thiclmess o f  several mil limet ers . There was rarely any 

sign of effervescence . A sample of mixe d algae ( obt aine d 

from an open drain ) , which had been culture d in tre bas i c  

sal ts me dium under the s ame c ondit i ons as those employe d 
j 

for Me sotaenium effervesced  vigorously at cell c oncentra-

t i ons much l ower than those o f  the Mesotaeni um culture s . 

However , Mesotaeni um cells  di d evolve oxygen , when 

they were incub ate d in the presence of high c oncentra­

tions of bic arbonate (Table 2 . 2) even at light inten­

s i  tie s ( 1 5W lamps , expt 3 ) c l ose to those use d  in the 

growth cabinets ,  and with glucose conc entrat ion s the 

s ame as tho se in normal cult ure medi a .  

f ) CO2-fixat i on and grow th rate . 

The CO2-fixati on rate measur e d  in cell suspensi ons 

incub ated  in the presen ce of high c oncen trat ions of CO2 
(T able 2 . 2 ) was suffi ci ent  t o  acc ount for the observed 

growth rate of  c ul tures in the glucose -yeast extrac t , 

enri che d  medi a .  However , i sotope inc orporat ion studie s 

dur ing growth in e nriched ,  l.j.oO ml cultures  did not show 

a comparab l e  ut i l i z ation of exogenous CO2 ( see below ) . 

Under normal gro \rth c ondi tions , exogenous CO2 would b e  



TABLE 2 . 2 

Oxygen ev olut ion and C a rb on D i oxi de 

F ixa t i on in :vlesot a en ium 

90. 

p mol e/mg chl oro phyl l/hr 

Exp e r iment 1):� 

- Gl uc os e 

Expe r i ment 2 + 

- Gl u c o s e  
+Glucose 

Exp e r iment y!1 ( 1 5W L amps ) 
- Gl uc o s e  
+Gl uc o s e  

Exper i ment 
- Gluc o s e  
+Gluc o s e  

y", ( 40W Lamps ) 

O2 evolved 

1 2 0 

2 00 
2 2 0  

54 
59 

1 40 
1 2 6 

CO2 f ixed 

2 5 0 

The reac t i o n  m ixtur e ( f ina l volume , 2 ml ) 
cons i s t e d  o f  1 . 6  ml of 0 . 1 H NaHC03/KHC0

3 
b uf'fe r , 

pH 8 . 3 , c on ta in ing apPI'ox ima t el y 1 ;;:� ( we t we i gh t ) of 

c e l l s  t o ge ther w i th ( a )  0 . 2 ml of 1 Q1 gl ucos e or 0 . 2 

ml H2 0 and (b ) 0 . 2 ml NaH1 4co2 ( 1  pc ) o r  0 . 2  ml H2 0 .  

The t empe ra tur e wa s ma int a i ned a t  1 8°C and fl a sl<:s 
were i l lmn inat e d  fr om bel ow by 40W l amps unles s 
o therwi s e  s t a t e d  ( Braun Ph o t o synthe t i c  "tl, a rb urg 

appara t us )  • 

* C el l s  from the p o s t- growth pha s e . 

+ C el l s  i n  the grovrth pha s e . 
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avai lab l e  almost exclusively from the atmosphere and i t  

can b e  calculate d  that the amount of CO2 di ssolve d i n  the 

medium and being repleni shed from the atmosphere under 

these conditions woul d be insuffi cient t o  provi de a 

s i gnificant source of carbon for the observed growth . 

2 .  The lipids of Meso taeni um c aldariorum . 

a)  Lipi d c onten t of the cel l s . 

The aver age yie ld o f  washed li p id from log-phase 

Mesotaeni um cell s was 26 mg/g fresh we i ght  and the level 

of chlorophyll s  a + b was 2 . 0 t o  , 2 . 2  mg/g ( 2 . 7 5 pmole/g) . 

Slight variat ions in these value s were encountere d pos s­

ibly as a resul t  o f  the packing charac terist ics of cells  

of different physiologi c al st atus . For instance , cells  

from culture s ,  which had cease d growth could not be packed 

int o a c omp ac t pellet , even at 5000 x g for 20 min , but 

forme d a watery , jelly-like pre c ip i t ate . The mos t  reli able  

and c ons i st an t  results were ob taine d  wi th culture s  that 

c ont ained 1 g wet wei ght of cel l s/1 00 ml me dium . 

b )  The glycerolipids of Me sot aenium . 

i )  2-Dimensional Thin-Layer Chromatography . 

A typi cal 2-D thin-layer  chr omat ogram of the to tal 

lipi ds o f  Meso taenium i s  shown in Fig . 2 . 4. For 

convenience , the two unknowns have been label led U1 and 

U2 . The mobi lities  of U1 sugges ted that the c ompound 
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U2 

I 

Fig .  2 . 4 . 2-Dimen s i onal thin-layer chr omat ogram of 
the gly cer ol ipids of Me s o taenium c aldar i orum after 
Nichol s ( 196 4 ) . An amount of l i pid in OROl . 
e quival ent t o  5 0  mg of packed ce l l s  was app!ied at 
the origin . Spot s we re l o cated  by spray ing the 
chr omat ogram with the dichromat e/sul phur i c  ac id 
re agent of Rou ser et al . ( 19 6 4 )  and he at ing in an 
oven at 180 0 0 for 30  min . Layer , Sil i ca Ge l G .  
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was only slightly more polar than MGD . By c ontrast , 

U2 had a much gre ater mob i li ty in aci di c  as di s t inct 

from an alkaline deve loping solvent and pre sumably i t  

was an aci dic lipi d.  Nei ther of  the unknovms  c ontaine d 

phosphorus or sulphur . Figure 2 . 5 shows both a chromato-

gram and radi oautograph of the lipi ds from cells  whi ch 

had been grown in the pre sence o f  32P-orthophosphate . 

Apart from the four maj or phosphati des only traces  of 

PA, DPG and an unknown m aterial , wi th high mob i lity in 

both s olvents , were observed. S i mi lar findings had been 

obtafne d\ ' usi ng TLC with a phospholipid spray . A radio ­

autograph (Fig . 2 .6 )  prepare d from a 2-dimensi onal 

chromat ogram of lipids from cells . grown in the presence 

of 35S -sulph ate showe d only one spo t , whi ch corre sponde d 

t·o sulpholipid .  

i i )  DEAE-Cellulose C olumn Chr omatography . 

A thin-layer chro mat ogram of the non-ac i di c  and 

ac i di c  lip i d  fract ions from a DEAE-cellul ose c olumn i s  

shovm in Fig .  2 .7 . Thi s i s  typical o f  the chrom atograms 

on which quanti tative analyse s were carr i ed 0ut ( see Part 

1 )  and al tholg h the unlmowns di d no t re act s igni fi c ant ly 

with ei ther the phosphorus or sugar ass ays b oth gave 

go od  responses with the charring as say o f  Marsh and 

We instein ( 1 966 ) . U2 re ac ted as a glyc olipi d both to 

the H2S0�charring me thod of detecti on and t o  the 
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Fig . 2 . 5 .  2 -Dime n s i on al thin-layer chr omat ogr am of J 2P-or tho pho s phat e 
l a be l l e d  l ipids  of Me s o t aen ium ( r ight ) and t he r ad i oaut o gr aph of the same 
chr omat ogr am ( l e f t ) . Lipid  e quival en t t o  25 mg of packe d cel l s  was appl i e d  
at t he origin . The X-r ay f i lm was exposed t o  the chr omat ogr am  f or 12  hr . 
Se pA r A.t ed  l i pi ds wer e  v i sual i z e d  by s pr ay ing the chr omat ogr am w i t h 5 0% 
1-] 2 S0 '

--1 
and cnarr in f: at 1 20 0 C . L ayer , Sil i ca Ge l G &  
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F i g .  2 . 6 . Radi oaut ograph of 2-dimen s i on al , thin ­
l ayer se parat i on o f  J 5 S..:..sul phat e -l a be l l e d , 

9 5  • 

Me s ot aen ium l i pid s . Li pid e qui val erit  t o  5 0  mg of 
packe d ce l l s  was appl i e d  at the ori gin . The X-ray 
f ilm was ex posed  t o  the c hromat ogram f or 48 hrs and 
t he s ingle spot  c orr e s ponded  to  SL  on  the s t aine d 
( 50%  H2 S 04 and charr e d ) chr omat ogr am . 



MGD 

Ul 

PE 

DGD 

PC 

1 2 3 4 5 

96 .  

U2 

PG 

SL 
PI 

Fig . 2 . 7 . Separ at i on o r  Me s ot aenium t o t al l i pids  
( lane 3 )  and of  the n on-ac j 0 i c  ( l ane s 1 and 4 ) and 
acidic  ( l ane s 2 and 5 )  l ipid frac t i on s  fr om a DE AE­
ce llul ose  column by a s ingle deve l o pment with 
chl oroform/me thanol/ac e t i c  aC id/water  ( 8 5 : 15 : 10 : 3 ) .  
Li pid e �uival ent t o  2 5 mg of packed ce l l s  was 
streake d acr o s 2 cm in l ane s 1 ,  3 and 5 and 
e �uivalent t o  100  mg in l an e s 2 and 5 .  
Vi sual iz ati on : Iodine vapour . Layer : Sil i c a  Ge l G .  



�-napthol/H2S04 spray of  S aika tos and Rouser ( 1 �65 ) 

al though i t  did not re sp ond signi fi cantly in the 

phenol/H2So4 assay .  

When a DEAE -cellulose  column was eluted wi th  

CHC 13 and inc re asing c oncent rati ons of  CH30H in  CHC13 
the re sults  (Fi g .  2 . 8 )  were as expecte d  fro m the results  

obtai ne d  by TLC ( see Ni chols and Jame s , 1 964) except 

that U1 appe are d to e lute from the column before MGD . 

Thi s e lut i on property was later use d  in an i solation 

procedure for the compound , 

i i i ) S ilic ic aci d column Chromatography . 

"Neutral" and " polar" lipids were separated  on a 

c olumn of s i l i c i c  aci d us ing stepwise e lut ion with 

solvent s of inc re asing polari ty �nd partial resoluti on 

wi thin the c lasse s  was ob taine d  ( Fig . 2 . 9 ) . The ttneutral" 

lipi dtl fract i on containe d a c omparatively large amount 

of tri glyceri de which  was charac teri se d by i ts glycerol 

and fatty aci d  content and by mass spec trometry . In 

these  separations , U1 was retaine d on the column more 

strongly than would have been e xpected from  i ts mobi li ty 

wi th 2-dimensi onal TLC (Fi g .  2 . 4) and on DEAE-cellulose 

columns (Fi g .  2 . 7 ) . The effect was shown even more 

marke dly wi th the si licic  aC id/acetone column procedure 

of Rouser e t  al . ( 1 967 ) (Fi g .  2 . 1 0A) . Using thi s 

techni que , the ac idic  lipi d U2 was elute d wi th MGD in 
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Fi g .  2 . 8 .  Thin -l ayer  chr omat o gr aphi c  an aly s i s  of  
fr act i on s  from an 8 x 1 cm ( i . d . ) c olumn of DE AE ­
c e llul ose . Me s ot aenium t o tal l i pid  ( 8 5  mg ) in 
chl orof orm was plac e d  on the c olumn and frac t i on s  
c olle c t e d  c orr e s ponding t o  eluti on wi th 1 .  2 5  ml 
c hl or of orm ; 2 .  25 ml chl oroform ; 3 .  25 ml 5% 
me thanol  in chl orof orm ; 4 .  2 5  ml 5% me t hanol in 
chl orof orm ; 5 .  2 5  ml 10% me thanol  in chl orof orm ; 
6 .  2 5  ml 40% me thanol in chl orof orm ; 7 .  5 0  ml 
chl o roform/me t han ol/c onc . ammonia ( 6 : 4 : 0 . 7 5 ) . 
Each fract i on was ev apor at e d  t o  dryne s s , the 
re s i due  redi s s olve d  in 2 ml  chl or of orm and 20  pI 
of thi s s po t t e d  for TLC . Dev e l o pmen t : c hl orof orm/ 
methanol/ace t i c  aCi d/wat er ( 8 5 : 15 : 10 : 3 ) . 
Vi sual i zat ion :  5 0% H2S04 " L aye r : S i l i c a  Ge l G .  
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A B 

F i g .  2 . 9 . Thin-l ay e r  chr omat ogr aphi c an al y s i s  o f  the 
"neutral " ( A) and " polar "  ( B ) l i pid fr act ion s  fr om a 
s i l ic i c  acid c ol umn . Me s o t aeni um t o t al l i pid ( 46 mg ) 
in benzene was plac e d  on a 12  x 1 cm ( i . d . ) c olumn 
and fract i on s  c o l l e c t e d  c orre s ponding t o  e lu t i on with 
1.  30 ml benzene ; · 2 . 40 ml  benzene/chl oroform ( 1 : 1 ) ; 
3 .  40 ml c hl orof orm ; 4 . 40 ml  8hl or o f or� ;  5 .  40 ml 
5% methanol  in chl or oform ; 6 .  40 ml  10% methanol in 
c hl oroform ; 7 . 5 0  ml me thanol . E ach f r  ac tion was 
evapor ated  t o  dryne s s  and the re si due r e di s s olve d in 
2 ml chl oroform . 20  rl of thi s s olut i on was then 
s pott ed . Deve l o pment : A, Benzene and B ,  chl or of orm/ 
methanol/ace t i c  acid/w ater  ( 8 5 : 15 : 10 : 3 ) .  
Vi sual iz at i on :  5 0% H2 S0 4 • L ayer : Silica  Gel G .  
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Fig . 2 -. 10 A . Thin-l ayer analysi s of column frac t i on s  o bt aine d  by the 
sil i c i c  aCid/ace t one t e chnique . Me s otaenium l ipid ( 2 5 mg )  in chl or o ­
f orm w as place d  on a J x 1 . 5  cm ( i . d . ) c ol umn an d  fr act i on s , c o l l e c t e d  
c orr e s ponding t o  elut ion with 1 .  42 m l  c hl or of orm ; 2 . J2  ml chl or o ­
f orm/acetone ; J .  1 8 0  ml ace t on e ; 4 .  5 5  ml me thanol . Al l  fr ac t i on s  
were dr i e d  and finally made u p  t o  1 m l  in chl or of orm . 20  p I  of e ach 
fr act i on was spotte d .  Dev el o pmen t : chl or of orm/me thanol/ace t i c  aC id/ 
water ( 85 : 15 : 10 : J ) . F i g .  l O D e 2 -Dimen s i onal -Lhj n -layer se par at i on of  
the pho spholipids  ( fr ac t i on 4 ) . Visual i z at i on : 5 0% H2S 04 • 
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chloroform/acetone ( 1 : 1 )  whi le U1 was strongly retaine d 

during prolonge d development wi th acet one and was final ly 

remove d ,  along with the phospholipids , by using me thanol . 

The pho spholipid frac tion obt aine d  from thi s proc e dUl�e 

was sub j ec te d  t o  2-D TLC ( Fig . 2 . 1 0B )  t o  give b et ter 

separati on of the c omponent s  for i dentifi c ati on .  Unknown 

1 behave d as a l ess polar c ompound than MGD wit h DEAE­

ce llulose c olumn chromat ography but like a pho spholipi d 

us ing the s i li c i c  a'c i d/acetone c olumn pro ce dure . 

iV)  Florisi l C olumn Chromatography . 

In  spi te of i t s  limitations, for quant it atively 

separat ing phospholip ids and glycolipi ds (Part 1 ) , the 

prope rty of Florisi l to  adsorb phospholip i ds s't rongly 

made i t  useful as a c olumn packing for checking the 

results  ob t aine d  from the silic i c  aCi d/acetone technique . 

Both U1 and U2 were strongly adsorbed on the c olumn and 

were e luted  with the phospholip i ds ( Fi g .  2 . 1 1 A) . The 

U1 -U2-phospholipid fraction was sub sequent ly separated  

on a DEAE-cellulose c olumn ( Fi g  • .  2 . 1 1 B ) as  a further 

step towaras c ompound i dentificat i on .  
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Fig .  2 . 11A. Thin -layer analys i s  of fr actions  from 
F lori s il c olumn chr omatography of Me s o t aen ium l i pids . 
T o tal l i pid ( 2 5 mg) in chl orof orm was pl ac e d  on an 
8 x 1 cm ( i . d . ) c olumn and " fractions  c o l l e ct e d  corr ­
e s ponding t o  e lut ion wi th 1 .  20 ml chl or oform ; 2 .  
2 5  ml chl oroform/methanol ( 8 5 : 5 ) ; J .  6 0  ml chl oroform/ 
methanol ( 6 : 4 ) ;  4 . 2 5  ml chl oroform/me thanol/�ater 
( 1 : 1 : 0 . 2 ) . All fract i on s  were finally made up  to  1 ml 
in chl oroform wi th 20 rl taken for TLC . Deve l o pment : 
chl oroform/me than nI /ace t i c  aC i d/water . 
Vi sual :i2at i on :  5 0% H2S 04 • 

Fig .  2 . 11B . Fract i on 4 from the Flori s i l  c olumn 
sub j e ct e d  t o  DEAE -c e llul o se c olumn chr omat ography . All 
of thi s frac ti on was placed  on a 6 x 1 cm ( i . d . ) column 
and fractions colle cted  c orre sponding t o  e lution with 
1 .  20 ml chl or of orm ; 2 .  25  ml chl oroform/me thanol ( 6 : 4 ) ;  
J .  20 ml chl orof orm/me thanol/c onc . ammonia ( 6 : 4 : 0 . 75 ) .  
All fracti ons were  made t o  1 ml in chl oroform and 20 pI 
t aken f or TLC . 



c ) Quanti tative analysi s of the glycerolipi ds of 

Mes otaenium . 

The mol ar concentrations of the vari ous glycero­

lipi ds of Mesotaenium are shown in Tab le 2. 3 .  The 

results are the means of ' five determin ati ons made on 

separate cultures harveste d ne ar the m i ddle of the 

growth phase . Two of the se were analyse d  by b oth the 

DEAE-cellulose/TLC and t he s i li cic  aC id/ace tone/TLC 

. techni ques which gave almost , i dentical result s .  The 

1 03 . 

mo st accurate measurements of phospholipids were obt ain ed 

by TLC ( S ilica  Gel G ;  chloroform/methanol/7M ammoni a ,  

65 : 25 : 4) o f  the phosphol ipid frac t ion from the s ilicic  

aci d-acetone c olumn;  SL was best me asured after TLC 

of the ac i dic lipi d  frac t i on from the DEAE-cellul o se 

c olumn . On the assumpt i on that both of  the unknown 

lipi ds were of the �,� -diglyceri de type ( an assumpti on 

b ased on ' fatty ac i d  and glycerol content ) approximate 

mol ar concentrati ons of U1 and U2 were obt ain ed by 

c omparing the i r  response in the charring assay of 

Marsh and Weinstein ( 1 966 ) wi th tho se of known amount s 

of phospho- and glycoli p i ds . 

d) Fatty Aci ds of Mesot aenium . 

Growth phase cells c ontained more pOfyuns aturated  

fat ty aC'ids ( 39% ) than cells from non-growing culture s 



TABLE 2 . 3 

C onc e nt I'8 t i ons and fa t ty a c i d  comp o s i t i ons of' the gl yc erol ip i ds 

of' growth-!)hfl s e M e s o t a en inm 

1 of' t o t a l  fa t ty a c i d P- mol e/g �o 
, 

Gl ycerol i p id we t Yle igh t  1 2 : 0 1 4 : 0 1 6 : 0 1 6 :  1 1 6 : 2 1 6 :  3 1 8 : 0 1 8 : 1  1 8 : 2  1 8 : 3 ( 1 7 : 3 ) 
c e l l s  

MGD 9 . 6 3 1 q 2 h 5 1 8 40 -' . ../ 

DGD 5 . 9 21 t r  3 1 7  2L!. 35 
U1 2 . 4 5 0  · t I' 9 1 7  , 6  1 8  
r:eG 2 . 3 1 6 t r  t r  66 1 7  
PG 1 ., 2  49 5 t r  2 2 6  1 7  
SL 1 . 2  1 0 1 43 1 6 1 9  1 8  
U2 -1 . 2  61 t r  3 2 6  1 0  

PC 0 . 9 4 t r  47 tr 1 5  3 0  2 1 
pg 0 . 8 t r  L�8 tr 23 29 t r  
P I  0 . 7 46 t r  1 5  37 2 

:I- 1 8 : 1 - = 1 8 : 1 + 1 6 :  3 for al l l i p i ds ex c ep t  M GD .  
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( 8%)  (Table 2 . 4;  cf  also Figs . 2 . 1 2 and 2 . 1 3 ) . The 

decre ase in the proport i on of polyunsaturate d ac ids was 

accompanied by an incre ase in the proport ion of oleic  

aci d  ( 1 8 : 1 ) .  The triunsaturated ,  1 6-c arbon fat ty ac i d  

e s ter was hot separated from olei c ac i d  on the EGS 

c olumn used in these studies  but i t s c ontribut i on to the 

oleic  acid  pe ak c ould b e  c alculated by  a c omp ari s on of 

the 1 6 : 3  wi th the 1 8 : 3  peak ' after separati on of the 

me thyl es ters by AgN03-imp�egnated s il ica  gel TLC . A 

minor c omponent o f  the tri enoi c frac tion had a retenti on 

time consistant wi th a 1 7  c arbon fatty aci d  ( 1 7 : 3 ) 

(Korn , 1 964) . 

Fatty ac i d  c omponents  of the vari ous glycerolipids 

are shown in Table 2 . 3 .  The minor co mponent li sted as 

1 7 : 3  was found pre dominant ly in fract i on U1 . 

e )  Attempted character ization o f  unknown lipi ds . 

Milligram amount s of both unknowns were i s olate d 

by a combinati on of preparative c olumn ( DEAE-cellulose , 

si li c i c  aCi d/acetone ) and thin-layer chromatography 

( S i l i ca Gel G ) . Infra-red spec tra were ob tained from 

( a) sol i d  s ample s  on NaC l  di scs , (b )  c arbon tet rachlori de 

so luti ons of the lipi ds ( Fi g .  2 . 1 4) and ( c )  from KBr 

pelle t s  containing the substance s .  The pel le t s , however , 

tende d  to  be  waxy in appe arance and sc attered or  abs orbe d 

a goo d deal of the shorter wavelength energy . The spec tra 
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TABLE 2 . 4 

a c i ds of' growing an d non- grow i ng 

Ivle s o t a en i  um cul tures 

ff1 10 of' total fa t ty a c i ds 

1 6 : 0 1 6 : 1 1 6 : 2 1 6 : 3 1 8 : 0 1 8 :  1 1 8 : 2 1 8  : 3 ( 1 7 : 3 )  

2 2  tr 3 1 3  tr 1 2 24 26 
2 8  t r  t r  3 tr 39 2 5  4 

98 1 
1 2 8 8  

1 2 88 
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Fig . 2 . 12 .  Thin -l ayer chr omat ogr aph of Me sotaeniurn 
( post  growth phas e  c e ll s ) f at ty acid  me thyl e st e r s  
on AgNOJ -impre gnat e d  Sil i c a  Ge l , showing the 
r e lat ively l ow pr o po r t i on of polyun s atur at e d  f at ty 
acid s . 1 .  Methyl s te ar at e ; 2 . Methyl palmi t o l e ate ; 
J .  Me s ot aenium f atty acid e st er s ; 4 . Me thyl 
l inole at e ; 5 .  Me thyl O-l inolenat e . Deve l o pment : 
Benzene . Vi su al i z at i on : 50% H2S0 4 • 
L ayer : 2 . 5% AgNOJ in Sil i c a  Gel H.  
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Fig.  2 . 1 3 .  Se par at i on of f at ty ac id  me thyl 
e st e r s  fr om gr owth-phase c e l l s  of  Me s ot aenium 
on s ilver nitr ate  im pregnat e d  Sil i c a  Ge l H 
( as in F i g .  2 . 12 ) .  In. lane s 1 and 3 are the 
e s ters  pre par e d  fr om Me s o t aenium l i pi d s  and in 
l ane 2 i s  a standard  mixture of e qual we ight s 
of palm i t i c  ac id  ( 16 : 0 ) , palmit ole i c  acid  ( 16 : 1 ) ,  
l inol e i c  ac id ( 18 : 2 )  and �-l in olen i c  ac id ( 18 : 3 ) .  
( Mann L abor at or i e s ) . Thi s chromat ogr am shows t he 
relat ively high pr o port i on of polyunsat ur ated 
fat ty acids  in gr owing cell s . 

1 0 8 . 
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of the two unlGlO\VllS were s imi lar and unlike t ho se 

publi she d by Rous er et  al . ( 1 963 ) or jl�len et  al . ( 1 966 ) 

for a vari ety of glyc erolipi ds .  Both pos sesse d  b ands 

characteri stic  of the ester c arbonyl group ( 5 .70 - 5 . 75 

J.l) , me thylene group ( 3 . 45 }l) an d hydroxyl group ( 3 . 00 p.) 
and the relati ve he ights of the e ster c arbonyl band and 

the methylene b and were c o mparable with thos e obt aine d 

for glycerol ipids . Unusual features of the spectra were 

the two complex groups of b ands with peaks at 6 . 2  - 6 . 4  

r and 7 . 1  - 7 . 2 �;  the former c oul d indic ate an ami de 

group (Rouser et  al . ,  1 96 3 )  while the latter appears to 

be charac teri stic  of ammonium salts  of aci di e  lipids 

( Rouser e t  al . ,  1 963 ; AlIen et  al . ,  1 96 6 ) . , _ The assymetry 

of the hydroxyl band indic ates the pos sibility of 

addi ti onal absorption at 3 . 1 5 J.l whi c h  w ould be c onsi s-

tent with ammoni um salt s ( Rouser et  al . ,  1 963 )  even though 

U1 behaved as a non-ac i dic  lipi d on DEAE-ce llulose c olumns . 

- Attempt s t o  detect  ni trogen in perchlori c aci d  

digests  of the uruGlown lipids by Nessleri zati on or b y  the 

recent method of Sloane-St aDley ( 1 968 ) were unsuccessful . 

Of the water s olub le ,  ac id hy drolysis ( 4-48 hr at 

1 00oC )  produc t s , only glycerol has been pos i t ively 

i dentifi e d  as a c ons ti tuent of b o th unknown lipids . 

Glycerol was i dent ifi ed b oth b y  the method of Renkonen 

( 1 962 ) and b y  paper and c e llulose t�in-l ayer chromat o­

graphy in c ombinat i on with a peri odate/permanganate 

spr ay reagent ( S astry and Kate s , 1 964) . 
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Fi g . 2 . 1 4 .  Infr a-re d s pe ctra  of the unknown gly cer ol i pi d s  of  

1 .  Ul  as  a film ( 2  di ff e rent thickne s s e s ) on a NaCl di s c ; 2 .  

c ar bon t etr achl ori de s olut i on ;  J .  U2 as  a film on NaCl d i S C ,  

4 .  U2 in c arbon t e tr achl oride s olut i on . 
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� I s o t ope inc orporati on s tudi e s . 

a )  Incorporat i on into who le cells . 

i )  Using NaH 1 4c03 • 

Rates  of inc orporati on of 1 4C from NaH1 4c03 into 

the three cell  frac ti ons obt ained after chloroform/ 

methanol extrac t ion of washe d cells  recovere d from an 

enr i che d culture are shown in Fig . 2 . 1 5 .  Ninety 

minutes  after adding the labe lled substrate , 75% of the 

1 4C recovered in the c el l s  was in the residue fract i on ,  

1 6% was in the aque?us phase o f  the chloroform me thanol 

extract and 9% was in the l i pi ds . The sum of  t he 

ac tivi t ie s  in the frac ti ons c orre sponde d  t o  an upt ake 

of 1 4% of t he adde d radi oac tivi ty in 30  min , 46% in 

90 min and 89% in 6 hrs . 

1 1 0 .  

A CO2-fixat i on rate for the culture was c alcul ated  

from the measured uptake of  1 4c02 in the first  30  min . 

The maximum amount o f  CO
2 

whi ch c oul d be  re t ained by 

the medium was c alcul ated t o  be 230 pg and the culture 

at that point c ontaine d  3g fresh wt ( 0 . 6  g dry wt ) . of 

cell s . Fourteen percent incorporation of the added 

1 4c02 in 30 min corre sponds t o  a fixation rate of 1 07 pg 

CO2/g dry wt cells/hr s o  that , us ing t he empiric al 

formula ,  
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Fig . 2 . 15 . Inc orporat i on of 1 4C fr om NaH1 4co3 
int o the thr e e  fr acti ons re c overed  aft er 

chl or of orm/me thanol ' extract i on of Me s ot aenium 

c e ll s . 9 M C  ( 0 . 33 p m ole ) of NaH1 4COJ was added 

at zero  t ime ·  when the glucose/yeast extract­

enr i che d culture ( 40 0  ml ) was nearing the mid� 

point of i t s  gr owth phase . Sampl e s  ( 40 ml ) were 

t aken at the tim e s  indicat ed and ce l l s  re c overed 

by centrifugati on . , Ordinate ;  t ot al radio ­

ac t ivity re c overed  in e ach fr action of e ach s ample . 

111 . 



as a c lose approxi m at i on ,  CO2 cont ributed 73 pg/g dry 

wt ce lls/hr . However , the growth rate of the cul ture 

was 4%/hr or 40 mg/g dry wt cells/hr . Acc ordingly , 

CO2 c ontributed a maximum of only 0 . 1 8% to  the dry 

wt inc rease of t he c ulture . 

i i )  Using U_1 4C -gluc ose . 

Inc orporat i on of 1 4c into  the three cell  fractions 

after  the addi t ion of 20 pc ( 7  pmole ) of u-1 4c -glucose 

to  an enriched culture at mi d-growth phase is  shown 

in Fi g .  2 . 1 6 .  Twenty-four hours after addi tion of  

the l abel , when the cul ture had re ache d the end of  

t he growth phase , 84% o f  the 1 4C rec overed in  the 

cells  was in  the residue , 1 0% in the a�ueous phase of 

the chloroform/methanol e xtrac t and 6% was in t he 

l i pi ds . 

1 1 2 0  

The rate of assimi lation o f  gluc ose  was c alcul ated 

from the 1 4C rec overe d  in  the 24 hr sample , whi ch was 

. e quivalent t o  2 . 2  pc 1 4c for the cell s  o f  the whole 

culture . The specifi c  ac tiv ity o f  the gluc o se in the 

me dium at zero t ime was e s t imate d t o  be 6 . 0  pc/g (Fi g .  

2 . 3 )  so  that t he 1 4c rec overed in the cells  after 24 
hrs represents an assimi l at ion of 0 . 36 g of  gluc ose . 
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Fi g .  2 . 16 .  Inc or porat i on o f  C fr om U- C-
gluc o se int o  the three  fract i ons re c over e d  fr om 
chl or of orm/me thanol -extrac t e d  Me s ot aenium c e ll s . 
At zero  t ime 20 p c  ( 7  p mole ) of r adi oglu c o se 
was adde d  t o  a culture in whi ch the cell  c oncen­
trat i on had re ached 1% ( wet wt/v olume ) and 
al i qu o t s  of the cult ure suff i c i ent t o  give 
0 . 5 - 0 . 6 ml of packed c e ll s were dr awn off at 
the t ime s ind i c at e d .  Or dinate ; t ot al r adi o ­
ac t ivity re c over e d  i n  e ach fr act i on o f  e ach 
s ampl e . 



During thi s period  however , the cell mass increase d 

by 0 . 7  - 0 . 8  g dry we ight and , s ince only half of thi s 

i s  new growth , glucose contributed 90-1 00% of the 

weight for thi s increase . Thi s figure pr ovided addi -

ti onal evidence that growth of the alga was by the 

assimi lation of exogenous glucose rather than by CO2 

fixat ion .  

b )  Incorporati on into glycerolipids . 

i )  Us ing NaH1 4C03 • 

The various glycerolipids inc orporated 1 4C at a 

line ar rate between 30 min and 2 hr (Fig .  2 . 1 7 ) after 

addi ng NaB 1 4C 03 to an enri che d  c ulture ( same exper iment 

as for Fig . 2 . 1 5 ) .  A fe ature of  the se re sults i s  the 

relat ively hi gh incorporat ion i nto  PG and TG and the 

low inc o rporati on into the galac tolipi ds . Duri ng 

the 2 hr i n  which the s pecific  ac tivit ie s  of these 

lipi ds increased from zero to  the values sho�m in 

Fi g .  2 . 1 7 ,  the total amount of e ach lipi d in the 

culture woul d be expec ted to have in creas� d by a 

c onst ant amount in  paral lel wi th the growth the 

culture i .e .  by approximate ly 8% . The different 

rates of 1 4C incorporat i on may the refore indicate 

the relative rates  of synthesis  of  the vari ous 

glyceroli pi ds from the s upplied ,  labelle d precursor . 

1 1 4. 
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I t  was c alcula te d  that lipi d contribut e d  1 2 . 5% 

of the dry weight o f  Me sot aeni um cells so that the 

speci fi c  act i  vi t i e s  of the " re s i due" p Ius " H20 

s olub letl frac t i ons and o f  the l ipid  frac t ion we re 

the s ame at 30 and 60 min after adding the 1 4c02 • 

I t  seeme d  l i kely the re fore , that the cellular 

cons t ituents were uni formly labe lle d  wi thin 30 min 

and that i f  turnover of t he cons t i tuents was t aking 

place , the turnover  rates woul d  be of the s ame order  

as i ncorpor ati on rate s .  

i i )  Using u-1 4c -glucose . 

When 20 pc of u_1 4c -glucose was adde d  t o  a mid­

growth phase c ul ture , 1 4C was inc orporat e d  slowly 

int o the lipi d frac t i on .  Only after 24 hr had 

suffic ient label been t aken up into the glycerolipi ds 

t o  give reli able s pec i fi c  ·ac ti vi t ies ' for many o f  the 

c ompoun ds ( T able 2 . 5 ) . Howe ver , it  was possible t o  

demons t rate· a line ar incorporati on of 1 4c int o MGD 

between 6 and 2 4  hrs . 

Al though there was lit tle growth between 24 an d 

48 hr s i t  was not able that radi oac t i vity  continue d 

to  be incorporated  int o all o f  the l ip i ds and i n to 

some at a much hi gher rate than into o thers . Thi s 

cont inue d incorporat i on of 1 4C i s  prob ably ass oci ate d 

with changes in the i n tracellular concentrat ions of 

1 1 6 . 



TABLE 2 . 5  

Incorporat i on o� 1 4C �rom U�1 4C -gluc OSe int o 
the glycero lipids of Me sot aeni urn 

1 1 7 .  

S pe c i �ic activi ty ( dpm x 1 0-3/pmole ) 

24 hr 

PG 7 . 2  
U2 4. 9  
MGD 3 . 4 
ID 2 0 8  
PI 2 . 8 
SL 2 05 
U1 2 .3 
DGD 2 . 1  
TG 1 . 1 
PE 1 . 1  

+ Po st-growth c ondit i ons . Apparent speciri c  
ac tivi tie s c alcul ate d us ing glycero l ipid 
concentrati ons me asure d in growth phase cell s . 

4B hr+ 

8 .8 
8 .6 

4.0  
7 . 9  
7 .4 
3 .6 
6 .5 
6 . 2 

1 2 . 2  
1 . 9 

these components as  the cells  adapt t o  pos t-growth 

c on di t i ons . I t  was obvi ous �rom the relative 

intensi ty o� staining on chromatograms , �or ins t ance , 

that the c oncentrat ion o� TG was higher in the post-

growth than in the growth phase . 



As in the 1 4C02 incorporati on experiment PG and 

U2 had the highest spec ifi c  ac tivitie s in the shorter 

time intervals and PE and DGD were among those 

c omponents wi th the l owest  spec ifi c  ac tivi ty . 

The high relative labelling of MGD from u_1 4c_  

glucose c ompared with that from 1 4C02 was consi stent 

with the incorporation sequence proposed in Fig . 2 . 1 8 ,  

but the high inc orporat ion into PG and very l ow 

incorporat i on into TG are more di fficult t o  understand. 

1 1 8 .  

The incorporati on int o PG i s  consi stent with the se quence ,  

gluc ose � G-6-p � Triose-P 

� 
� Glycerol-P 

t 
Ace ty�-CoA --7 PG-Fatty aci ds PG-glycerol 

and suggests  that glycolys i s  may be a maj or pathway 

for glucose ass imi lat ion in the cells but thi s scheme 

should also lead t o  high labelling of TG . 



F i g .  2 . 1 8 

Prob able rout e s  o� c arbon �rom labelled precursors 
into glycerol ipi ds 

QQ2 

1 
Glucose 

j Ace tate 

! PGA 

1 
G-6-p 

J 

1 1 9 . 

Ac e tyl-C oA� Trio se-P "==;- G-1 , 6-p 4'!:- G-1 -P ---?> UDP-Gl uc o se 

� � J 
1 Glycerol -P G-6 -p UDP-Galactose 

Fatty Aci ds 1 lpp Shunt J 
Glycerolipi d, PG Glyc ine Gal ac tolipi ds 

i i i )  Us ing 2 -1 4c -ace t ate . 

S
J, 

. e rlne 
J 

Ethanol amine � PE · 
J, 

Choline -� !£ 

Five hr s a�te r adding 40 pc ( 1 . 6  pmole ) o� 2 _1 4c _ 

acetate t o  a growth phase culture ( 0 . 75% wi th re spect 

to  �re sh weight o� cells ) ,  20% o� the adde d 1 4c was 

rec overed in the indivi dual g lycerolipi ds separated 

by TLC . Spe ci�ic  acti viti es o f  these  glycerolipids 

we re determi ne d  at  5 ,  1 7  and 24 hr a�ter addit ion 

o� the l abel le d  precursor . The re sults (Table 2 .6 )  

indi cat e d  t hat all o� the adde d ace tate had been 

t aken up by the c el l s  wi thin 5 hr since , at 5 hr , all 

of the glycerolipi ds had the i r  hi ghe s t  spe c i�i c  



ac t ivi tie s which were subsequent ly di lute d by the 

growth o� the c ulture . The 1 4c -ace tate was inc or -

porated pre dominantly ( /,  9010) in to  the �at ty aci ds 

o�  the glycerolipi ds so the rate o�  di lut ion ' o �  the 

spe c i �i c  act ivi t ie s  gave an indi c at i on o� the turn-

over  o� the �at ty ac i d  mo iet ies o�  the indivi dual 

glycero lipids . In this respect the �at ty ac i ds o� 

PG and TG had the highest  turn over rate ; the ir 

speci�i c . ac tivi ti es were di luted 2 . 5 �o ld while  t he 

growth o� t he culture increase d  ab out 2 �old . In 

both U2 and PI t o o , the spe c i �i c  ac t ivit i es were 

dilut e d  at a slightly gre ater rate than the growth 

o� the cul ture . The c ons t i tuent �atty ac i ds o� the 

two gal ac t olipi ds h ad l owe s t  turnover rate s probab ly 

as a re sul t  o�  the relati vely high concentrat ion in 

the se comounds o� �-l inolenic  ac i d  which has been 

shown t o  have a l ow rate o� synthe si s ( Jame s ,  1 963 ; 

Harri s and James , 1 96 5 ) . 

-

1 20 . 



TABLE 2 . 6 

Spe c i�ic  act ivi ti e s  o�  glycero l ip i ds a�ter 
1 1L . 

adding 2- � -ace t ate to a growi ng culture . 

dpm x 1 0-5/pmole 

5 hr 1 7  hr 24 hr 

PG 1 3 6 . 4 4 . 9  
TG 1 2 . 5  6 . 7  5 . 2 
U2 5 . 4 2 . 9  2 . 0 
PI 5 . 0 2 . 5 2 . 1  
U1 . 4. 7 2 . 8 2 . 6 
PE 4. 6 3 . 1  2 . 7 
PC 40 0 2 . 6 2 . 3 
SL 3 . 3 2 . 2  1 . 9 
MGD 3 . 1  1 . 9  1 . 8  
DGD 1 . 3 1 . 0 1 . 8 

Cell  c oncentrat i on 
o� cul ture 0 . 75 

(% wet' wt , w/v) 
1 . 2  1 . 5  

1 2 1 0 



DISCUSSI ON 

� Growth o� Me sot aenium c al dari orum . 

The gluc ose and light r e qu i rements �or rapi d 

growth o� Me sotaenium caldar i orum culture d under 

c ondi t i ons o� relatively l ow CO2 concentrati ons 

have been c on�irmed in thi s study . Although cell 

suspens i ons were capab le o� high r ates o �  CO2 
�ixat i on and 02 evoluti on when incub at e d  in the 

presence o� 0 . 1  M b i c arb onate buf�er , i t  appe are d 

th at C O2 �ixat i on was not a s igni�i c ant s ource or 

c arb on during growth in  the normal , glucose enr iched 

medi a.  In �ac t ; under the growt h condi t i ons use d 

here ( i . e .  l ow C O2 ) the cells  were inc apable or 

�ixing su��i c ient CO2 to support any growth (Fi g .  2 . 2) . 

Thi s  l ack o� uti li zat i on o� CO2 was prob ab ly due t o  

the l ow leve ls o�  CO2 avai lab le i n  the medium ,  

although s ome algae ( e . g . Chlore lla vulgari s ;  Ni chols , 

1 965 ; Sastry and Kate s , 1 966 ) can apparently be 

grown succe ss�lly in une nr iche d me di a wi th atmosphe ric 

CO2 as the s ole c arbon s ource . Attempts to  grow cells 

in 0 . 1  M b i c arbonate bu��er plus b as al s alts  resulte d 

in  the r api d de ath o� the i nocul a .  Aerating c ulture s 

wi th mixtur e s  o� 5% cO2 i n  ni trogen or in air may 

provi de a me ans �or de termini ng whether r api d rates o� 

autotrophi c growth or Me sotaeni um are possib le . 

1 22 . 



The abs olute re qui rement ror l i ght for the 

assimi lat ion of glucose  i n  supporting growth i s  

noteworthy ( see review by Danforth , 1 962 ) . S everal 

di at oms have been round t o  grow in the l i ght , in 

C O2-free environment s and in the presence of sub­

strates whi ch woul d not support dark growth ( Lewin , 

1 953 ) an d i t  has b een suggeste d  that the obligate 

pho to troph , Chl amydomonas Qysosmo s , i s  inc apab le 

o f  coupling the oxi dative re lease of ene rgy wi th 

assimilat i on ( L�win ,  1 954) . The se findings sugge st 

that an ade quate  supply of ATP c an be produc e d  in 

these c ases only by photophosphorylation . 

� Glyce ro lipi ds of Me stoaenium, 

All of the glycero lipi ds normally found in 

photosynthet i c  ti s sue s  (Ferrari and Bens on ,  1 96 1 ; 

AlIen and Good,  1 965 ; Jame s and Ni chols , 1 966 ) 

were detected  in Me sot aenium c al dari orurn . Tri -

glyceri de , whi ch i s  not normal ly found in s i g-

ni fic ant amounts i n  leav e s , was present in 

Me sot aeniurn in concentrat ions i n  excess o f  any 

o f  the pho spho lipi ds and there was some evi dence 

t o  suggest  that i ts concent rati on i ncreased  in 

post -growth culture s .  In addi t ion t o  the usual 

glyc eroli pi ds , two unknown c ompounds appe are d 

1 23 .  



during chromatographi c analysi s .  The fi rst of 

these (U1 ) was the most abundant lipi d ,  apart from 

galactolipi ds , in growi ng cells  and appea�e d t o  be 

only sli ght ly more polar t han MGD in the 2-dimen-

si onal TIC system ; i t  was l e ss polar on DEAE -

cellulose and ye t behave d l i ke a phos pholipi d on 

silici c ac i d  and Floris i l  c olumns . The secon d  

unknown ( U2 )  was presen t in concent rati ons compar­

able wi th t he maj or phospho lipids and behave d as an 

aci di c l ipi d in 2-dimens i onal TIC and on DEAE -

c e llulose  c olumns . S ince this compound c oul d be  

e lute d  from DEAE-cellul ose c olumns in  c hloroform/ 

acet i c  ac i d  ( 4 : 1 ) i t  seeme d like ly that the functional 

ac i di c  group in i on -exchange chromat ography was a 

carboxyli c  aCi d .  In  the s i l i c i c  aci d/acetone c olumn 

techni que this c ompound chromat ographe d as a glyc o-

lipi d but on Floris il i t  b ehaved as a phospholi p�d.  

Al though U2 s taine d as  a glyc olipi d wi th the 

� -napthol/H2S04 re agent , nei ther unknown gave a 

signi fi cant response in the phenol/H2S04 glyc o ­

l ipi d assay an d nei ther c ontained phosphorus or 

sulphur . The pre sence of g lycerol i n  aci d  hy droly-

sates and o f  fat t y  ac i d  e s ters in transester i fi cati on 

mi xture s indi cate d  that b o th unknowns were glycero-

lipids . 

1 24. 



Apart from the triglyc eri de , the c oncentrat ions 

of the vari ous glycero lipi ds of Me so taenium were 

simi l ar to those me asure d in s ome l eaves (T ab le 2 . 7 ) , 

al though " chl oropl ast" lipi ds were relatively more 

c oncentrate d in Me so t aenium . Di pho sphat i dyl glycerol 

was not de tected in Mesot aeni � ,  even by radiochemic al 

methods whi c h  di d however , reve al traces  of phospha­

t i dic  ac i d  (FA) an d two other pho spholipids demon­

s trat ing hi gh mob i li t {e s  dur ing TLC in aci d developing 

solvent s (Fig . 2 . 5 ) .  The only other green alga for 

whi ch c omparab le glycero l i p i d  fi gure s  are avai lable 

i s  Chlorella pyrenoidos a (Ferrar i  and Benson , 1 96 1 ) .  

In  this organi sm , the value s  fo r the lipi ds MGD , DGD , 

SL , FE and PI were ab out twice as high as the value s  

for Mes ot aenium on a cell fre sh we ight basi s , whi le 

the value for PG was f ive t ime s as hi gh (T able 2 . 7 ) . 

The percentage l ipi d yield from Chlorella was three 

t ime s that from Mesotaeni um .  

1 25 .  



TABLE 2 . 7 

C omparison of Glycerolipid  C oncent rati ons 
(�mole/g fre sh we ight ) 

Glycerolipid Whi te C lover Me sot aenium Chlorella  

MGD 8 . 6 
DGD 5 . 2  
TG tr  
PC 1 . 41 
PG 1 . 1 3 
PE 0 . 87 
SL 0 . 76 
PI 0 . 25 
DPG 0 . 28 

Lipid  c ontent 1 . 5 mg/g fre sh wt 

� Fatty Aci ds .  

1 0 . 0  
5 .5 1  
2 . 30 
1 . 1 0 
1 . 60 
0 . 80 
1 . 3 1  
0 . 8  
0 

2 . 6 

25 
1 0  
25 
3 . 9  
8 . 6 
1 . 7  
2 . 5 
2 .0 

Growth phase Me s ot aenium c ells  have relatively 

more linolenic and ole i c  ac i ds an d less  linoleic 

ac i d  c ompare d with Chlore ll a  vulgari s  (Ni chols , 1 965 ) , 

but the proport i on of trienoi c fat ty ac ids to t otal 

fatty aci ds i s  l owe r in Me s otaenium than in leave s 

of hi gher plants  ( see Part 3 ) . The relat i vely hi gh 

level of polyuns aturat e d  fat ty ac i ds ,  c ompare d wi th 

auto t rphic ally grown Chlorella  (Ni chols , 1 965 ) , i s  

i n  agre ement wi th the t he o ry linking func t i ons of 

polyuns aturate d fat ty ac i ds with photosynthetic  

1 26 .  



oxygen evolut i on (Erwin and Bloch , 1 963 )  but t he very 

low level of t rans- 63 - hexadeceno i c  aci d in phos-

phati dyl glycerol is in c ontrast , t o  the amounts 

normally found in algae (Ni chols , 1 96 5 ; Haverkate 

1 27 .  

and van Deenen , 1 965 ) and higher plants (AlIen e t  al . ,  

1 964; Weenink ,  1 964; Haverkate and van Deenen , 1 965 b ;  

Nichol s ,  1 965 ) . This  aci d  whi ch has also been 

implicated  in the photos ynthet ic  proc e ss , i s  found 

only in the photosynthet ic  t i ssue of highe r plants and 

algae but i s  absent from some blue green algae ( Jame s 

and Nichols ,  1 966 ) . The unknown polyunsaturated fatty 

ac id has been t�ntatively i dent ifie d  as 1 7 : 3 (Korn , 

1 964) ,  and could presumably ari se from �-oxi dation 

(Hitchcock and James ,  1 966 ) of  �-linoleni c acid.  

� Glycerolipi d, 1 4o-incorporati on studi e s . 

The incorporati on figures for all three 1 4c _  

labelle d  precursors int o the glycerolipi ds of 

Mesotaenium suggested  a relatively high turnover 

rate for PG and U2 , while , with 1 4C02 and 1 40 _  

acet ate , relatively high rates also were obtained 

for TG . The incorporati on pat terns obtained wi th 
1 4c02 and 1 4c-acetate were remarkably s imi lar but 

differed from that obtaine d USing 1 4C -glucOse 

(Table 2 . 8 ) . I t  i s  possible that 1 4CO as simi lation 2 
had been bi ased towards the formati on of ace tyl-CoA 



Ra d i oe c t ive 
Pr ecur s o r  

CO2 
A c e t a t e  

Gl uc o s e 

TABL2 2 . 8  

Sp e c i f i c  a c t iv i t ie s  of gl ycero l ir- ids after 
add i t i on of lab el l e d  p r e cur s or s 

Order of decrea s ing spec i f i c  a c t iv i ty 
. 

> 

ro U2 TG PI U1 II,:GD PC 81 

PG TG U2 PI U1 PE FC 81 

PG U2 MGD U1 81 PC DGD 'D � .I. J_ 

-'°2 ( Chl ore l l a ) + FE S1+PI DGD PG+f{� l.'IGD 

+ Gal cul a  ted f rom da tu of Perrar i and B en s on ( 1  961 ) . 

DGD PE 

1,�GD DGD 

TG PE 



rather than hexose pho sphate (Fig . 2 . 1 8 ) . The 

relat ively l ow incorporat i on o�  1 4C �rom 1 4c02 into -

the galactolipi ds doe s  no t c orre l ate wi th the 

proposal o� Benson ( 1 963 ) the galac tolipi ds are 

involve d in the transport out o �  the chl oropl ast 

o�  gal ac tose produce d  in pho tosynthes i s . Had the 
1 4C02 fi xe d  been pas sing through the galac tose 

moieties  o� the galac t olipids i t  seems cert ain that 

the galactolipi ds w oul d have had spec i�ic act i vi t ie s  

at le as t highe r than tho se of PC and PI and probab ly 

higher than tho se o� any o ther g lyc ero lipid , part i -

ularly at shorter t ime in tervals . I n  the i r  study o �  

the photosynthe si s o �  Chlorella pyrenoi do s a  glycero­

lipids from 1 4C02 , Ferrar i  and Benson ( 1 961 ) stress e d  

the hi gh turnover o f  the galac t o l i pids and phosphat i dyl 

glycer ol . However these interpre tations we re based  on 

gross 1 4c incorporat ions into the l ipi ds and when 

re lat ive specifi c ac t ivi ti e s  were c alcul ate d �rom 

the i r  pub li she d dat a ( T able 2 . 8 )  - it  was �ound that 

MGD had less  than hal� the spe ci�i c ac t ivi ty o� that 

for the most  hi ghly l abel le d  lipi d ,  name ly ,  PE . 

A convinc ing demonst rati on 0 f the turno ver of  the 

fat ty ac i d  mo ieties o� the indi vi dual glycerolipids o� 

Mesot aenium was ob t aine d in the 1 4C-acetate experiment 

where the i ni t i al ,  high spe c i �ic act ivi t i es ,  5 hrs 

after the addi t i on of the l ab elle d precursor , sub se -
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guently decreas e d ,  partially through the growth o �  

the culture and parti ally b y  turnover .  In the c ases  

o�  PG, TG an d , to a l e sser exten t , U2 and PI a ne t 

turnover o� �at ty ac i (1 c arbon mus t have occurre d s ince 

the speci�ic  ac tivities , o� these lipi ds decreas e d  at 

a gre ater rate than c ould b e  acc ounted �or by the 

growth o� the culture . At t he other end o �  the sc ale , 

MGD and DGD �at ty ac i ds must have had a very s low 

turn over since the decrease in spec i�ic ac ti vi t ie s  

proceede d  more s l owly than the growth o �  the c ult ure . 

In these c ases there would have been a c ontinual s low 

inc orporat i on o� 1 4c i nt o  the �at ty ac i ds had the 

culture been a st ady s tate , non-growing system s uch 

as a lea� .  

1 30 .  

In a re cent study on the incorp or at i on o �  2_1 4c_ 

acetate into the individual glyc ero lipi ds o f'  Chlorella 

vulgari s ,  Ni chols e t  al . ,  ( 1 967 ) �ound that the turnover 

rate o �  each lipi d var i e d  wi th the �at ty ac i d  c ontent 

o� the lip i d .  The de creas ing o rder o�  turnover rates 

o� the �at ty aci ds was stearic , myri sti c ,  olei c ,  

palmi t i c , palmi tole ic , linole i c ,  l inolenic  and the 1 6  

c arbon , di eno ic  aci ds .  From a c ons i derati on o �  the 

relative proport i ons o� palmi ti c ,  ole i c  and stearic  

ac i ds in the glyc erolipids of  Mesotaenium (Tab le 2 . 3 )  

i t  mi ght there�ore be expe cte d that the or der  o� 



decre asing specific  ac tivi ties of these  glycerolipids 

5 hrs after adding the 1 4C-acetate would be TG , PE , U2 , 

PC ,  PI , U 1 , PG ,  SL , DGD and MGD . That thi s sequence 

does  not agree wi th the results ob tained with 

Mesotaenium could be due to Meso taenium cultures be ing 

fully light-adapte d while  the Chlorella  cells were 

still developing functional chloroplasts . Alternat ively, 
. . 

an individual fat ty aci d  of a glycerolipi d may not 

exchange readiJ..Y. wi th the metabolic  pool of that fatty 

ac id  so that a part icular fatty ac id  may have different 

turnover rates depending on the glycerolipid to which 

i t  is attache d. 

Although the results of thi s study have shown up 

large differences in the relative turnover  o f  the 

different glycerolipi ds , there i s  a general impression 

that the glycerolipids as a class show low turnover rate s .  

To enlarge on this briefly , cons i der the incorporat ion of 

u-1 4c-gluc ose int o PG . At the t ime of the addi tion of 

the 1 4c -gluc ose to  the culture the spec ific activi ty of 

the glucose in the medium was c alcul.ated to  be  1 . 1 }lc/m 

mole . After 24 hrs the specific activi ty of PG was found 

to be 3 . 3 x 1 0-3 }lc/umole which i s  equivalent to the 

incorporation o f  3 pmole glucose/pmole PG . On a carbon 

for c arbon b asi s thi s incorporat ion acc ounts for mos t 
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o �  the c arb on re quire d �o r the synthe si s  o�  new PG i n  24 

hrs .  Had there been a s igni�icant turn over o �  the c arbon 

o� PG as suggested by Benson ( 1 963 ) a much hi gher  level 

o� radi o act ivity woul d be e xpec t e d  in the lip i d .  How­

ever , the results ob t ained with 1 4C -acetate indicate d 

that the �at ty aci ds o�  PG di d undergo ' some turnover . 



PART 3 

TURNOVER OF THE GLYCEROLIPIDS OF 
CUCURBITER LEAVES 

INTRODUCTI ON 

In the early stages o�  this work , be�o re 

analytical techni ques had been refine d to the degree 

describe d in Parts 1 and 2 o� thi s thesis , attempts 

were made to  introduce radioc arbon �rom 1 4c -labelled 

precursors into the glycerolipi ds o� leaves . In the 

�irst ins tance these experiment s were c onfine d t o  the 

uptake of  the labelled precursors vi a cut pet i oles 

(Kates ,  1 960 ; James , 1 963 ) but i t  was l ater �ound 

simpler ,  wi th s quash leaves in part ic ul ar ,  to  intro-

duce the precursors by applying the ir aqueous s olutions 
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to the upper sur�aces of int act leave s .  From experience 

gained during studies on the inc orporat ion of labelled 

precursors into the glycerolipids o� Mesot aenium 

caldariorum ( Part 2 )  i t  was reali zed that it  would be 

possible to isolate su�ficient of each  of  the glycero-

li pids o� a leaf , su�fic ient for counting and analysis , 

from as lit tle as 0 .5 g ( we t  wt ) o�  lea� t i ssue .  I t  

shoul d be  possible , there �o re ,  t o  per�orm incorporati on 

studies  us ing s ingle ,  large leaves  by applying the 1 4c _  

precursors t o  the leaf s��face and , at sui table intervals 

therea�ter , repeatedly and representatively sampling 
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( 8 -1 2 discs o� about 1 cm di ameter)  the lea� �or 

extrac t i on and, sep arati on of the l abelled glycerolipids . 

Provi ding the 1 4c -precursor c oul d be appli e d  uni �ormly 

over  the sur�ace o� the lea� , such an expe riment al 

system should give rel i ab le measurement s  o� the 

phys iologic al t urnover  o �  t he glycerolipids o� leave s .  

Thi s sect ion de scrib e s  the exper iments which were 

per�orme d in an endeavour t o  ob tain results whi ch c oul d 

be interpret e d  'in terms o �  glycero lipid turnover in 

int act le ave s . 
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METHODS 

.h Squas h leave s . 

Squash plant s (Cucurbi ter pepo ; variety but ternut ) 

were grown in glasshouses under natural light ing . 

Labelled prec,ursors ( 1 - and 2 - C 1 4-ace t ate , 

2-1 4c -malonate and u-1 4c-palmi tate , ' al l  as the s odium 

sal t� )  were ini t i al ly taken up into detache d leaves vi a 

the cut peti ole (Eberhardt and Kate s , . 1 957 ;  Jame s ,  

1 963 ) .  The det ached le aves were then plac e d  i n  growth 

c ab i ne t s  at 200C under a bank of fl uorescent and tungs ten 
2 l i ght s ,  de livering apprOxi mate ly 80 wat t . metre  of  

phot osynthe t i c  i rradi ance at  the le af surface ( Dr D .  

Scott , personal communic ati on .  Thi s figure i s  t o  be 

c ompare d wi th the 550 wat t . meter2 pro duce d by full 

sunli ght in the New Zealand summe r ) , fo r the durat i on 

of t he inc orporat ion per i od .  Whole leaves were 

ext racted and indivi dual glycerolipi ds separate d  by 

2 -dimensional TLC (Ni chols , 1 964) or by DEAE-cellul ose/ 

TLC ( Part 1 ) .  

Diffi culty was experi ence d  in prevent ing cut leave s 

from wi lti ng ,  even when the pe ti oles were cut under 

water . Some cut leave s recovere d after an ini t i al wi l t  

but others remaine d  fl ac c i d  and c oul d  not b e  use d .  

When the fate o f  the adde d radi oac t i vi ty was t o  be 

followe d over several days , l abe lle d precursors in 



aqueous solution were spread over the surface of the 

leave s .  Two techni que s were used  for this : a )  The 

solut i on was appl ied as evenly as possible t o  the 

upper surface of a leaf in a l arge number of minute 

drops and,  b )  the solut i on was streaked along the 

lines of the maj or veins on the upper surface of  the 

le af . 

Fifty tO bne hundred ,ul of so luti on was used  t o  

treat a leaf o�  about 80 cm2 , thi s volume being 

c onsidered the minimal amount for even appli cati on . 

Soluti ons spread best when traced  along the l ines of 

the veins ; when 1 00 Ml was appli ed in this  way and 

the plant returned t o  the growth cabinet no vi s ible 

evi dence of the appl ication was apparent after 1 5  min . 

2 .  Pumpkin leaves . 

Pumpkin plants (Cucurbi ter pepo , Whangaparaoa 

strain ) were grown in the open in the season of 

1 967 -68 . The leaves use d were at least  33 cm in width 

and had surface areas of approximately 880 cm2 • 

a )  1 4c02 labelling experiment . 

For the 1 4c02-labelling experiment an air circu­

lating system , consi st ing of a reservoir ( a  250 ml 

flask) in which fr.e 1 4C02 was generated ,  two rubber 
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tubes and a rubber bulb ( " Pro-pipette" ) ,  was set up . 

The leaf was enclose d in a large plast ic bag ( 35 x 45 

cm)  which  was attache d  around the pe t iole and the t\I'W 

rubber c onnect ing tubes . One o f  the tubes  ran through 

onto the upper surf'ace of' the leaf' ( "  input tube" ) and 

the o ther terminated under the l ower surface ( "  outlet 

tube " ) .  The tubes were c onnected t o  the reservo i r  

through a rubber bung.  The " Propipette" was at tache d 

in the " outlet tube" and provided the means for 

c irculating air through the system .  At zero time 2N 

sulphuric  ac id  ( 2  ml ) was tipped from a vial in the 

reservo ir onto 50 pI ( 200 pc ) of NaH1 4c03 and for 1 0 

min the ai r was c irculated around the system by means 

of the hand operated pump . 

Thi s experiment was c onducted in the early 

morning ( 8 . 30 a .m . )  to avoi d the excessive heat ing of' 

the enc losed leaf' which c ould occur in full sunlight . 

The a.ir  temperature at thi s time was 1 80C and rose 
o to  25 C by mi dday. From 8 . 50 a .m .  the leaf was 

exposed  t o  full sun for the remainder of the day . 

b )  1 4c-acet ate experiment s .  

The leaf' was spraye d  with a f ine mi st of' 0 . 001 %  

Tween 80 i n  water ,unt il the upper surface was uniformly 

wet ( 2  t o  3 ml ) .  When the leaf' had dried ) O . 5  ml ( 1 00 

pc ) of' 1 -1 4c-acetate  was evenly and caref'ully spotted 
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about the lea� surface giving very even spreading. The 

tracer was applied at 1 . 00 p . m .  in full sun wi th the 

air temperature at 26oC .  

c )  Sampling . 
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At intervals , three di scs ( 1 . 4 cm dia . )  were taken 

from each quadrant of the l eaf , the selection of s ites  

being random except that c are was taken to  avoid cutting 

a main vein . The 1 2  diSCS , weighing approximately 0 . 5  g 

were ground with me thanol ( 3  ml ) in a glass tissue 

grinder ,  chloroform ( 3  ml ) was added and the slurry 

fi ltered  under reduced  pre ssure . Chloroform ( 3  ml ) 

was used t o  rinse out the grinder and t o  wash the 

re sidue on the filt er and the fi ltrate was washe d with 

0 . 2  vol of 0 . 73% NaCl . 

All other preparati ons and manipulati ons were as 

described for Mesotaenium lipids ( Part 2 ) . 



RESULTS 

The lipid  c omposition or s quash leaves was 

de termined in young , rully expanded leaves which had 

been exposed to c ont inuous light in a growth c abinet 

( 200C )  ror 24  hr . The resul ts  are sho\vn in Table 3 . 1  

which also  shows the ratty ac i d  c ompo si tion or the 

indivi dual glycerolipids . The molar rati os or these 

l ipi ds were s imi lar to those round in squash leaves 

grown in the open (Table 1 . 3 ) . 

TABLE 3 . 1 

The glycerolipids of squash le ar and their  
ratty aci d  c omposi t i on 

Glycero- }.lMoles/g % or total fatty acid 
lipi d fresh Wt . 1 2 : 0  1 4 : 0  1 6 : 0 1 6 : 1  1 8 : 0  1 8 :  1 1 8 : 2  

MGD 4.0 1 tr  5 t r  1 tr  tr  
DGD 2 .5 3 t r  1 4 tr  3 tr tr 
SL 0 .3 tr  tr 40 tr 1 1  7 tr 
ro 1 . 5  1 1 27 tr 9 tr  8 
PG 0 . 9 2 tr 33 28 8 1 1 5 
PE 0 . 9 1 1 28 tr  5 2 8 
PI 0 . 1 4  7 4 47 tr 1 7  8 tr 
Dffi 0 .08 1 tr 32 tr 9 tr  8 

Vfuole 1 1 1 1  3 2 2 5 lipi d+ 
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1 8 : 3  

93 
79 
42 
54 
1 3  
55 
1 7  
49 

75 

+ means or six determinat ions on separate leaf extrac t s .  



� Incorporation studies  us ing sguash leaves . 

a ) Detached le aves .  

i )  u-1 4C-palmi tate . 

At tempt s to  induce u-1 4c�palmi tate inc orporati on 

into s quash lea� glycerolipi ds were unsuccess�ui . When 

the compound was �ed to  detache d leave s  via t he cut 

peti ole no activi ty was �ound in the lea� lipids even 

a�ter 24 hr . Slices o�  the peti ole , however , were 

found to  b e  radioac t ive , wi th the ac tivi ty c oncentrated  

aro�d the cut region . Lipid  extrac ted from this 

porti on o� the pet i ole was chromatographe d on Silica  

Ge l G us ing the solvent pe troleum ether/diethyl ether/ 

glacial acetic  ac id  ( 90 : 1 0 : 1 ) .  Radi oautographs of 

the se chromatograms showed that most of the radio-

act ivity was  in the free fatty ac id spot but that some 

of the ac tivity :remaine d at the or igin and possibly 

represented incorporat i on of palmit ic aci d into polar 

l ipi ds . 

When the incorporati on peri od was increase d to 3 

days there was sti ll no ac tivity in the leaf but 

considerably more than half o� the 1 4c in the lipid 

fraction from the l ower region o� the petiole was 

present as polar glycerolip i d. The remainder  was as 

�atty ac id and in none o� these experiments was any 

activi ty detected in the regi on o� chromatograms 

where t riglycer ide woul d b e .  Labelle d,  polar lipids 

�rom pet i oles were separate d by 2-dimensional TLC 



and radi oautographs showed that most o� the act ivity 

was in MGD ; label coul d also be  detec ted in PC and PG .  

i i )  1 4c -Ace tate and 1 4c -malonate . 
1 h_ 1 4  . 

1 - and 2- � -acetate and 2- C-malonate were 

incorporate d into lea� glycerolipids when supplied  vi a 

cut pet i oles . Wi thin 2 to  3 hours the maj or phospho­

lipi ds ( pc  and PG) had incorporated the bulk radio-

ac t ivi ty in the glycerolipids but o� the remaining 

glycerolipids only MGD possessed de tectable (by 

radioautography) label .  A greater proport ion o� 1 4c 

�rom the supplie d  acetate than �rom malonate was 

incorporated into the l ipid  �raction o� leaves .  

b )  Intact leaves . 

i )  . 1 � -Palmi t ate . 

U-1 4c -Palmit ate pene trated slowly into squash 

leaves when applie d  as an aqueous solut i on to the 

upper or lower sur�ace . E ight hour s a�ter application 

25% o�  the original ac t ivi ty could be rec overed �rom 

the lear sur�ace in a pe troleum ether  rinse ( 1 0 ml ) 

�ollovle d by 50% aqueous methanol  (1 0 ml ) .  Lipi ds 

extracted  �rom treated leaves were sub j ec ted  to 

2-dimensional TLC but only one radi oacti ve spot  was 

ever observed and that c orresponded· to �ree �at ty 

ac i d . 
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i i )  1 4C-Acetate . 

1 -1 4c -Acetate  was rapi dly incorporate d into the 

glycerolipi ds when applied  t o  the upper sur�ace o� the 

lear in aQueous solut i on .  In per iods o� up to  4 hours 

most or the act i  vi ty was again " c oncen trate d  in PC and 

PG with MGD the only other c omponent with a signi ficant 

c ontribut ion .  I t  was noted  that 6 t o  8 hrs after 

appli cat i on of the l abelle d acetate to  the lear surface 

1 3% or the original ac t ivi ty c ould be recovered in the 

lear lipid  fraction when plants were subse�uently place d 

in growth � ab inets . 

Two to  three hours after application of 1 -1 4c-acetate 

the monoenoi c  frac tion of leaf ratty ac ids had the high-

est  ac tivi ty . 

� Turnover studies uSing pumpkin leave s .  

a )  Labelling with 1 4002 . 

When a large pumpkin leaf was treate d wi th 200 �c of 
1 4002 approximately 1 %  of the recovered activi ty was 

located  in the lipi ds arter 60 min (Fi g .  3 � 1 ) .  It  was 

c alcul at e d  that the 1 2 di scs taken at each  s ampling 

represented approximately 2% of the t otal area of the 

leaf and,  wi th an original level  of 200 pc or 1 4c02 , 

sli ghtly more , than 4 pc should b e  recovered in the 1 5 

min sample . In fac t , 4. 8  pc was detected in thi s 
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s ampl e  �i g . 3 . 1 ) and t he bulk o �  t hi s ac t i v i ty was 

foun d  i n  t he r e s i due from t he c hl oroform/me t hanol 

ext r ac t i on .  The 1 4C l e ve l  i n  b o th t he re s i due an d 

the wate r -s olub l e  frac t i ons de c l ine d s t e adily over 

t he 1 1 . 5  hr of the expe r i me nt but t he l ab e l l i ng of 

t he l i p i ds di d not c hange s i gni fi c antly after 1 hr .  

Of t he indivi dual glyc er o li p i ds , PC and MGD we re 

di s t inc t i ve in inc orp orat ing a high p r opo r t i on of t he 

t o t al ac t i vi ty in the frac t i on ( F i g .  3 . 2 ) . In c ont ras t 

t o  t he findings o f  Ferr ar i and Bens on ( 1 96 1 ) ,  DGD an d  

PG re spec t i ve ly i nc o rpo r a t e d  l e s s  t han half o f  t he  

amount o f  1 4C whi c h  appe are d  i n  PC .  
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The pat t ern o f  up t ake was t he s ame f or al l gly c e r o -

l i pi ds .e xc ep t  DPG . The re w a s  an a lmost l inear inc or ­

porat i on o f  1 40 over t h e  fi rs t 60 min fol lowe d by a 

s l i ght drop an d then fur t he r  inc orpora t i on w i th 

maxi mum l ab e ll i ng b e ing r e ache d i n  ab out 7 hr . DPG 

was t he only c omponent t o  show a de c l i ne in ac t i v i ty 

be twe en 1 5 and 60 min ; from chro mat o gr arns thi s se eme d 

t o  b e  due t o  a de c re as e  i n  t he c onc ent rat i on o f  thi s 

l i p i d over that per i o d .  

Analyse s we re performe d on t he ac i di c  l i p i ds 

separ at e d  from the e quivalent o f  1 00 mg o f  l e af for 

e ach sample . The r e s ul t s ( T able 3 . 2 )  s ho we d that 

the re was a c onsi de rab le var i a t i on i n  the c onc ent rat i ons 



TABLE 3 . 2  

Variati ons in the c oncen trations or aci di c 
l i pids  during the day ( 1 4C02 exper iment ) 

T ime pmole/s ample 

PG DPG SL 

8 . 45 a .m . . 94 . 7 5  . 3 6  
9 . 00 . 93 . 1 6 . 66 
9 . 30 . 97 . 07 · . 55 

1 0 . 00 . 90 . 2 1  . 1 9 
1 0 . 30 . 97 . 1 6 . 41 
1 1 . 30 . 90 . 1 1 . 33 

3 . 30 p . m .  . 91 . 05 . 1 9 
7 . 00 . 98 . 01 . 27 

or DPG and t o  a lesser e xtent SL ; PG was maintaine d  

at a rairly c onst ant level over the same peri od . 

C oncentrati ops or  MGD and DGD var i e d  by 1 0% and 

1 5% around their re spe cti ve mean values during t he 

c ourse or the day .  In addi t i on ,  i t  seeme d  l ikely 

that the drop in l abel ling or  MGD be tween 2 and 3 hrs 

was not due to a decre ase in the to t al amount o r  the 

l i pi d during this pe ri od . 

De acylation o r  MGD , DGD and PG by ac i d  hydrolysi s 

in the presence of ads orbent (Part 1 )  was use d . t o  show 

tha t 95% of' t he 1 4C or  MGD in the 1 5  min  s ample was in  

the water s olub le por t i on or the mole cule . By 60 min 

this percentage had dropped sli ghtly to 90% . The 



figures for DGD were 92% and 90% respectively whi le at 

60 min 85% of the radi oac tivi ty of PG was rec overed in 

the aqueous hydrolysate . 

b )  Labelling wi th 1 -1 4c -acetate . 

Incorporation of 1 -1 4C-acetate ( 1 00 pc ; 2 . 25 � 

mole )  into the t hree fract ions o f  pumpkin leaf i s  shown 
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in Fi g .  3 . 3  where i t  can be seen that the lipi ds took up 

the bulk of -the 1 4c • Thi s was in c ontrast to earl ier 

experience wi th squash leaves  where only 1 3% of adde d  

1 -1 4C-acetate was found in the lipi d fract ion after 

4 hrs . A l ike ly explanat i on for thi s di fference was 

differing light intensi t ie s ( e . g . see  Eberhardt and 

Kates , 1 957 ; Mudd and McManus , 1 965 ) . The s quash 

experiments  had been c arrie d  out in growth cabinets 

where the light intensity was about one-seventh of 

that of fUll sunlight . 

From Fig .  3 . 3 it  c an be c alculated that almost 

35% of the 1 � which should appear in the sample ( assum­

ing no trans locati on of i sotope ) was recovered in the 

lipi d frac t i on after 5 hr . However , i f  i t  is assumed 

that there has been no translocation of 1 4c away from 

the leaf within 60 min of application and that there 

had been a uni form spread of the labelled material 

across the leaf surface then approximately 2 pc of 1 4c 
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should have been re covered in the 60 m in sample . In 

fac t  i t  can b e  s een from Fig.  3 . 3  that after 60 m in 

0. 7 and after 5 hr 0 . 8 pc were recovered. 

Thes e  resul t s  sugges ted bo th an uneven appl ication 

of the lab elled ma ter ial s ince more 1 4C was recovered 
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a t  5 hr than at  1 hr and al so some s ign ificant 

translocation ( o r some o ther form of los s such as trans­

pira t i on or evaporat i on of 1 4C-acetic  acid)  of 1 4C away 
1 

from the leaf sinc e less  than half of the the oretical 

a c t ivity was recov ered at  ei ther time . 

Incorporation of 1 -1 4C-a cetate into th e glycero­

l ip ids of pumpkin leaf was followed over 45 hr and the 

results are shown in F i gs .  3 . 4  and 3 . 7 .  As in the 

experiments of Nichols et  al . ( 1 967 ) wi th Chlor ella 

two dis t inct groups of l ip ids could be dist inguished. 

The first group , cons is ting of PC , MGD , PG and PE ,  

had a high uptake of 1 4C while the second group (DGD ,  

PI and SL ) had a relatively low incorp orat i on rate.  

An anomal ous curve was aga in pro duced b y  DPG 

(F ig. 3 . 4 ) . Some t ime b etween 1 7  and 21 hr after 

appl icat ion of the tra cer ( i . e . b etween 6 a . m. and 

1 0  a . m. on the fol lowing morning ) there was a sharp 

increase in the lab ell ing of DPG and thi s  was a CCOID-

panied by a sharp decrease  in the lab ell ing of PC .  

S ta ining of chromatograms and the experi ence of the 

previous experiment indicated tha t  the increas e  in 
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labelling o� DPG was pr ob ably a resul t  o�  an increase 

in the c onc entrati on o� the lipi d so analyses o� the 

indivi dual glycero lipi ds in each �rac t i on were 

pe r�o rme d.  

Diurnal vari ati ons in the c onc entrat i ons o� the 

vari ous glycero lipids are shown in Fig . 3 . 5 . The mos t  

signi �ic ant vari ation was th at o �  DPG which was 

sc arcely de tectab le at 1 0  p . m .  but which was a maj or 

phospholipi d c ons ti tuent at  1 0  a . m .  the �ollowing 

morning. Accompanying the increase in c oncentrati on 

o� DPG were signi fi c ant de crease s in the leve ls o� PC 

and PE and when the DPG c onc entrati on re turne d t o  its  

normal low level the c onc entrat i ons o� PC and PE 

incre ase d .  

Changes i n  the speci�ic  act i vi t i e s  o� the glycero­

l ipi ds (Fi g .  3 . 6 )  were calculate d  �rom Figs . 3 . 4 and 

3 .5 • .  Several importan t  �e atures o� these results  are 

as �o llows . 

1 .  O� all the glyc erolipids only PC showe d a 

signi�icant decline in speci �lc ac t i vity dur ing the 

exper iment . 

2 .  The maj or glyc ero lipids o� leave s MGD and DGD 

had relati vely l ow spe c i �i c  ac t ivit i e s  whi ch inc rease d 

very slowly during the expe riment . 

3 .  A�ter re aching maximum spe c i�ic  act ivity PG 

( in 1 hr ) and PE ( in ' 1 0  to 1 5  hr ) di d not al ter 
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alm o s t  t wi c e  the s i z e  of t he othe r  gly c e r o ­
l i pi d s . E ach s am ple  c ont aine d 0 . 76  ( +  2% ) 
P mole  of chl oro phyl l s  a + b .  

15 2 0  
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F i g .  3 . 6 .  Change s in the s pe c i f i c  ac t iv i t ie s  
with t ime of the 1 4C-ac e t at e -l abe l l e d  gly c e r o -

1 4 
' 

l i pi d s  of pumpkin le af .  The C in PC at 1 hr 
i s  ' e quivalent t o  t he in c or por at i on of 7 . 3 x 10 -3 

r mole of 1 4c-ac e tat e /p mole  PC . 

1 5 3 . 
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s i �i ficantly for the remainder of the expe ri ment . 

4. The specific ac t i vity of PC increase d 

immedi ately pri or to  the decrease in the c onc ent rati on 

of this glycerolipid but other t han thi s the c oncen-

trat i on and radi oact ivi ty change s observe d in DPG , PC 

and PE ( Fi gs . 3 . 4 and 3 . 5 )  combine d t o  produce relatively 

smooth curve s in terms of specifi c ac tivi ty _ 

� Labe lling of fat ty ac i ds in PC and MGD . 

I n  view of the s low incorpo rat i on of 1 4C -ace t ate 

into the l inoleni.c ac i d  fraction of le ave s ( Jame s , 

1 963)  i t  was of some interest  to  de te rmine the di stribu-

t i on of radi oactivi ty among the fat ty ac i ds of  PC and 

MGD . The bulk of  the radioactivity i n  these l ipi ds was 

in the fat ty ac i ds (Table 3 .3 )  but a relat ive ly high 

proport i on of 1 4C in the polar region of  MGD at 5 hr 

compared with 1 7  hr may ' be an: indi c at i on of  a hi gh 

turnover o f  the galac tose mOiety of thi s molecule . 

(Ferrar i and Bens on ,  1 96 1 ) .  

Me thyl e s ters of  the cons t i tuent fatty ac i ds we re 

prepared from PC and MGD i solate d by TIC from the 5 ,  1 3 , 

1 7 , 2 1 , 33 and 41 hr s ample s . These esters we re separ-

ated ac cording to their  number of doub le bonds on si lver 

ni trate impregnate d S i l i ca Ge l G and the 1 40 content of 

e ach fracti on de termine d b y  scinti ll ation c ount ing . 



:pc 

TABLE 3 . 3  

Proportion o r  label  rrom 1 -1 4C-ace tate in 
polar and rat ty ac i d  regions or :pc and MGD 

5 hr 
1 7  hr 
2 1  hr 
41 hr 

polar 

302 
495 
1 05 
324 

dpm ratty aci ds+ 

57000 
47600 
31 500 
20000 

% in polar 

. 5 3  
1 . 04 

. 30 
1 . 6 2  

· 5  hr 2360 
1 7  hr 1 76 

MGD 
2 1  hr 1 76 

25800 
33500 
36400 
41 500 

9 . 2  
. 1 9 
. 2 1  

41 h r  31 0 . 75 

+sum or the count s in the vari ous rrac t i ons 
separate d by s i li c a  ge l/AgN03 TIC . 

or the rract i ons the tri enoic  (X : 3 ) and di enoi c  (X : 2 ) 

1 55 . 

were the most homogeneous cons i s ti ng almost  exc lusively 

o r  linolenate ( 1 8 : 3 ) and linole ate ( 1 8 : 2 ) re spe c t ively . 

The monoenoic (X : 1 )  rract i ons c ons i sted or almost  e qual 

mounts or palmi toleate ( 1 6 : 1 ) and oleate ( 1 8 : 1 ) and 

the saturate d (X : O )  rrac ti ons c ons i s t e d  or palmi t ate 

( 1 6 : 0 ) and s tearate ( 1 8 : 0 ) ; 75 and 25�b re spe c t i vely in 

PC and 83  and 1 7% in MGD (Table 3 . 1 ) . 

The results or these analyse s  are shown in Fi g .  3 , 7 .  

Five hours arter appli c ation o r  the tracer the l inolenic  

aci d  rrac t i on or MGD c ont aine d 66% or the 1 4C or the 

rat ty ac i ds . By 41 hr thi s had incre ase d  t o  91 %  whi ch 
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F i g .  3 . 7 . Di s t r i but i on of r ad i oa c t ivity am ong the 
. .  

f atty acid  fr acti on s  of  PC and MGD i s o l at e d  fr om 
pumpkin le af at int erval s aft e r  l abe l l in g  the l e af 
with l -1 4C-ac e t at e . 

15 6 . 



was very cl ose to contr ibut ion by wei ght of' th is  a cid  

to  the total . At all  t ime s l inole ic  a c i d  ha d a highe r 

spe c if'ic  activity than l inolenic a c id and f'rom the 

shapes of' the ir respect ive curves the f'ormer appear ed  

to  be the precurs or of'  the latter . The saturated f'atty 

a c ids of' MGD ( 1 6 : 0 and 1 8 : 0 )  had much lower spe cif'ic  

activit ies at all  t imes than the monoeno ic acids and 

l inoleic  a c id .  

1 4  . 
The contribut ion of' C b y  the saturated f'atty 

a c id f'ra ct ion of' PC changed very l it tle f'rom 5 to 41 

hrs while that of' the monoeno ic a c id f'ra ction decl ined 

steadily.  As had b een the case in MGD the t endency was 

f'or the proportion of' 1 4C in the l inol e i c  acid of' PC 

to decrease while that of' l inolen ic a c id in creas ed. 

However , coinc ident. wi th the drop in co ncentrat ion 

of PC b e tween 1 7  and 21 hr (Fig .  3 . 5 ) there was a 

sharp reversal of' this tendency , i . e . the proport i on 

of 1 4C in l inole i c  acid increased while that of 

l inolenic a c id decrea s ed.  

From a cons iderat i on of'  Table 3 . 1 and Fig.  3 . 7  i t  

1 57 .  

wa s calcul ated that the monoeno i c  fatty a c id fraction of 

PC had the highest spe c ifi c act ivity. The ra t ios of' 

spe c ific activit ies  a t  5 hr s were monoeno ic , 78 ; 

dieno i c , 21 ; tr ienoic , 1 . 2 and s a turated,  1 . 0 .  Thes e  



re sults  suggested that 1 4c -acet ate incorporati on into 

the �atty ac i ds was a re sult o� the chain elongati on 

mechani sm rather than de novo synthe s i s  and are 

cons i stent wi th the sequence 

1 4C -acet ate 
+ 

1 6  carbon �at ty aci d  � o le i c  aci d  � linole i c  aci d -?> 

l inolenic ac i d  

Even i �  all o �  the 1 4c in the satur ate d �at ty ac i d  

1 58 .  

�rac t i on o� PC at 5 hr was in s tearic  ac i d, the spe c i �i c  

act i vity o�  that · ac i d  w oul d b e  only 25% o �  that o� l ino -

leic  ac i d  whi ch sugges te d  that steari c aci d  was not the 

di rect  precursor o� ole i c  and l inole ic  ac i ds in PC .  

However , Nichols e t  al . ( 1 967 ) produc e d  evi dence �or a 

very �as t turnover o� s tearic acid  in PC o� Ohlore ll a 

and i t  i s  possib le that , at shorter perio ds , the 

steari c ac i d  in PC o f  pumpkin leave s may have had a 

hi gher spe cific  activi ty than ole ic or l inole ic  ac i ds . 
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DI SC USSION 

The resul ts o� thi s study , whi le preli minary in 

nature , indi c ate that the glycerolipids o� le a� t issue 

undergo a relat ively slow turnover .  

a )  1 4c02-labe l le d  leave s . 

The 1 4C02 labe lling exper iment was expe c t e d  t o  

provi de in�ormation on the t urnover o �  the hydrophi lic  

port i ons o�  the g lyc ero lipi ds (Ferrari and Benson , 1 961 ) .  

i )  Di s tributi on o� 1 4C i n · lea� �rac t ions . 

\ , Fi fteen minutes a�ter beginning t he admini strat i on 

o� 1 4C02 to a l arge pumpkin lea� the radi o act ivi ty was 

re cover e d  almost  quanti t at i vely in the resi due and H20 

solUble �rac ti ons whi le the l i p i d  �ract ion c ontaine d a 

small part o� 1 %  o�  the rec overed 1 40 ( Fi g . 3 . 1 ) .  The 
1 � in the residue woul d b e  mainly in macromo le cules 

. ( prot e in , s t arch ,  nucl eic ac ids ) and the rap i d  di luti on 

o�  the label in t hi s  �rac t i on i s  prob ably due t o  the 

t urnover o�  t he se cons t i tuent s .  Trans locati on would be 

responsible b oth �or the loss  o� radi oac t i vi ty �rom the 

water s oluble �raction ( i . e .  the small mol ecular we ight 

subst ance s )  and �or the overall l os s  o� l abel �rom t he 

'lea� . The lipid  tract i on ,  on the other hand showe d no 

s igni �ic ant change in 1 4C c ontent between 1. and 1 0  hrs 

�ollowing t re atment with 1 4C 02 in spi te  o� the �act 

that photosynthe s i s  woul d be pr ocee ding at maximum 



physi ologi cal rates for most of this peri od .  

i i )  Di stribution or 1 4c in glycerolipids . 

1 60 .  

Thi s apparent low turnover o r  the t otal lipid  was 

also  evident in the labell ing of' the individual glycero�  

lipi ds (Fi g.  3 . 2 ) .  Apart rrom some small variations , 

which may have been a result or experimental error ,  the 

labe lling or the glycerolipids did not alter signir­

i c antly between 1 and 1 0  hrs . Thi s suggests  that the 

polar regions of' the se l ipids do not partic ipate directly 

in the CO2 assimi lation proce sses of' the leaf' .  

In terms o r  gross 1 4C incorporat i on the results 

with pumpkin leaves show some signiri cant dirrerences  

compared wi th those f'or Chlorella (Ferrar i  and Benson , 

1 961' ) • On the basis of' · this gross 1 4C inc orporat ion 

f'rom 1 4C02 into Chlorella lipi ds ,  Ferrari and Benson 

( 1 961 ) emphasise d the met abolic importance or the 

galactoli pi ds , phos phatidyl glycerol and sulpholipid 

where as ror leaf' ,  sulpholipi d becomes of' minor importance 

and phosphatidyl choline assumes a maj or role . More 

s i.gnif'icantly , the spe c if'i c acti  vi tie s of' all o f'  the 

phospholipids were higher than tho se of' the glycolipi ds ; 

PC had the highest spec iric act ivi ty and DGD the lowest . 

b )  1 4C-acetate l abelled leaves . 

Using 1 -1 4C-acetate , the ratty aci d moieties or the 



glyc e r o l i pi ds bec ame prererenti a l ly l abe l le d  le aving 

the hydrophi li c r e gi o ns or r el at ively , ve ry l ow ac t i vi t y .  

i )  Di s tribut i on
' 

o r  1 4c in l e af frac t i ons . 

Rap i d  as s imi l at i on o f  t he l abe lle d ac et ate w a s  

i n di c at e d  by the propo r t i ons o f  the re c overe d 1 4c in the 

l e af frac t i o ns at 60 min ( F i g .  3 . 3 ) . A puz zl ing fe ature 

howe ve r , was t�e re ten t i on of lab e l  in the re s i due 

frac t i on c ons i dering the rapi d l o s s  of 1 4C0 2 l abel l e d 

materi al s from thi s frac t i on i n  t he previ ous e xpe ri me nt . 

1 4 
S l ow l o s s  or C from the l i p i d s  b e twe en 5 an d 30 hrs 

i ndi c at e d l ow turnov e r  o f  thi s frac t i on .  

i i )  Di s tri but i on o f  1 40 among g lycero l i p i ds . 

In the l ab el l i ng o f  t he glyc e r o l i p i ds s ome 

simi l ar i t i e s t o  the 1 4c0 2 re su l t s  we re e vi den t . 

1 ) Low t urn over rat e s  for al l g lyc e r o l i � i ds , except PC , 

we re i ndic ate d b y  t he re t enti o n  or by the c ont i nuo us s l ow 

in corp o r a t i o n  of l ab e l  ove r prol onge d per i o ds . 

2 ) PhQ spho l i p i ds ha d highe r  s pe c i f i c  ac t i v i t i e s  than t he 

glyc o l i p id s ; PC an d DGD dis t in gui she d thems e lve s by t he i r  

ve ry high and very l ow spe c i f i c  a c t i v i t i e s  re spe c t ively . 

The s low inc o rp orati on o f  1 4C into the glyco l ip id s  was 

not s i mply a func t i on of t he i r 1 8 : 3  c ont ent ' ( i . e .  Jame s 

( 1 963 ) had demons t rat e d  the very s l ow i nc orp or a t i on of 

1 4C - ac e t ate i nt o  l inoleni c  ac i d  of c as t or l e ave s )  s ince 

SL had a l ower propo r t i o n  of 1 8 : 3 than any glycer ol i p i d  

e x c ept PI � and PG . 
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AN EXAlvI I l'TA'I' I ON OF A PJ:;C�1J'I'LY PUBL ISHED 

METHOD FOR '.rIill QUAN'T ITA �:' IVE �S 1' I1;1AT I O N  

OF PT.....AHT SDLPHO- Al·]) GALA vTO- L I P IDS 

INTRODUCT I 01'1 

The ma j o r  plant glycol ip i ds , monogala c tos yl 

diglycer i de ( MGD ) , di gal a ctosyl di glycer ide (DGD) 

and the sulphol ip i d  ( sulpho quinovosyl diglycer i de , 

SL ) al ong 'Ni  th phospha t i dyl glycero l ( PG) are 

re s tI' i cted to and are probably the only glyc erides 

oc curr ing in c..lJ.l oropla s ts ( Ni chols , 1 963 ; Jame s and 

lJ i chol s , 1 96 6 ) . Thes e  l ip ids a nd chl orophyl l cons t i tute 

the bulk of' the l ip id pha s e  o f'  chl o roplast memb ranes 

( Bens on , 1 964; Bens on , 1 966 ) . Unt il  re cen tl y  analys es 

of' the s e  compounds in ve r i ous l eaves and chl ol"'oplas t  

prepara t i ons reported i n  the l iterature always show 

the sulphol ipid to  b e  the mi.nor component of' the group 

( Tabl e  I ) . 

The rat i o  l'r'�GD to DGD i s  o f'  the order o f'  2 t o  1 

( see  al s o  Weenink , 1 961 f'or red cl o ve r )  and the 

rat i o  gala ctol ip ids t o  sulpholipid  i s  almost  1 7  to 1 

for elde r  l eaves , beet  chl o ropla s t s  and chl orella 

and 27 to 1 in  b e an le aves . 
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TABL:b� I 

MOLAR RA.':2 I OS OF . POLi\R L IPIDS I N  L:2.A VES , 

CHLOROPLASTS A ND  SBLOP.OPLA S T LAMELLA 

S tarting Ma terial MGD DGD PG S L  

Bee t  Leaves (1  ) 1 2  7 5 5 

Bee t vhloroplas ts ( 1  ) 1 2  7 2 . 3 1 . 5  
El der Leaves  ( 1 ) 1 1 5 3 1 

Bean Leaves ( 1  ) 2 0  7 5 1 

Alfa lfa Le8.ves  ( 2 )  4. 7* 9 . 3 · 2 . 3 

Chlorel la ( 2 )  2 . 5:' 4 1 

Chlorella ( 3 )  1 2 . 5  5 4. 3 1 . 3  

Sp ina ch Lamellae  ( 4 ) 7 2 2 . 7 2 

Spina ch LaQellae ( 5 )  1 7 . 3  7 . 2 2 . 6  2 . 4  

* The se  resul t s  almos t certa inly are too l ow ( see below ) . 

( 1 ) Wi nt erma ns , 1 960 ;  ( 2 )  O ' Br ien e nd �ens on , 1 964; 

( 3 )  Fer ra r i and B en s on , 1 961 ; ( 4) AlIen et al . , 1 966 ; 

( 5 )  Li chtenthal er and Park , 1 963 . 

In a re centl y publ ished method for the quant i ta t ive 

analyses  of plant sulpho- and galacto- l ip ids ? (Rus sel l , 

1 96 6 ) a much h i e-,h e r  ratio  of'  sulpho- to ga 1 8 c t o-

l ip i d than m i ght b e  expe cted from t h e  forego ing 

evi dence i s  reported . Data in this paDer have been 
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re cal culated in mola r concentra t i ons ( Tab l e  1 1 ) 

b�l ass1.uning a .. 1GD to DG·D rat io of 2 t; o  1 in  the 

spe c i es a nalysed so tha t  lJ o th compounds contributed 

equally to the l in id b ound gala c tose . 

TABLE 1 1  

RECALCULAT I ON 01" RUS SELL ' S RESULTS T O  G IVE 

MOLA? CO NCBNTRl .. T I ONS OF GALA GT OL I PIDS 

A ND S ULPHOL IP IDS 

pM ga l- pM SL/1 0g gal-l iJ2id l ip id/1 0g 
dry wgt . dry wgt SL 

Lol iu.m 2 . 1 0 . 64 33 2 5  1 . 3 2  
perenne 

1 0 . 1 2 . 64 60 1 6 . 4  3 . 9 

L . perenne x 2 . 1 0 . 64 94 . 5  53 1 . 77 
mul t ifl orum 1 0 . 1 2 . 64 61  . 0  1 8 . 8  3 . 25 

Tr ifol i um , 2 . 1 0 . 64 1 86 24 7 . 77 
rep ens 

Tr ifol ium 3 0 . 9 . 64 1 2 5 33 3 . 8 
pratens e 

, 
1 4. 1 0 . 64 21 2 36 . 5 5 . 8  

24. "t 0 . 64 1 58 34 4. 64 

1 9 . 1 1 . 64 230  28  8 . 2 

2 . 1 2 . 64 1 28 1 5 . 5 8 . 2 5 

1 4. 1 . 65 1 5 5 37 4. 2 

4. 2 . 6 5 1 L�2 29  4. 9 
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Th is  low ra t i o  of' galactol ip i d  to  s ulphol ip i d  ( or 

h i gh rat i o  of' SL to gal- l ipid ) repor ted (?us sell , 1 966 ) 

is  surp r i s ing , and the var iat i on of concentra t i on 

encountered i s  als o unexpe cted . S epara t i on s  perf'ormed 

in thi s laborator;y us ing the same spe c ies  and es tabl i shed 

techn i que s ( Ni chols , 1 964; Nichols  and Jame s , 1 964) gave 

results  in accordan ce wi th the general b ody of' ev idence 

in the l i terature , ind i cat ing thRt SL conc entra t i on wa s  

but a s mall propor t i on of' the c omb ine d  gala ctol ip i d  

concentrat ions ( e . g .  F ig .  1 . 2 ) . I t  has been pos s ibl e 

to perf'orm quant i tat ive analys i s  on gala ctol ip ids 

s eparated by 2- dimens i onal th in- layer chroma t ography but 

we have not b een ab l e  to appl;)T slJ.i'f'i c ient l ip id at the 

or igin t o  get rel iab l e  analys es  of' sulphol ipi d  without 

ov erloading the chroma togram . Thi s  a l s o  po ints to a 

high galactol ipi d  to  sulphol ip i d  rat i o . S inc e large 

var i a t i ons ( 2- or 3- f'ol d) wit hin a sp e c ies  hav e  not 

b een ob s erved in thi s  laboratory ,  a cl o s e  eva luat i on 

of' the exper imental t e chnique wa s made . 

The method involved extract ing th e leaf' l ip i d  by 

the procedure of' Bail ey ( 1 962 ) , diss olv ing the V/a t er­

wa shed l ip id in chl orof'orm and f'ra c t i ona t ing the gl yco-

l ip ids \vi th l<'loris  il us ing the ba tchvv i s e  techn i que of' 

s t irring the adsorb ent into the CHCl
3 

solut i on . In 

the pub l i shed f'l oy; d ia grsm , part of' vlh i ch is rep ro duced  
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b eJ. O\,l , i t  i s  a s s um e d  tha t the s epc. :r-a t i on o f'  glycol i p i ds 

i s  the s am e  a s  tha t  a ch i e v e d  b y  O ' !? ::- i en a nd Benson ( 1 964) 

us j.n g  Fl o:r" i s i l  c o l um n  ch roma t o grnphy . In a ch i ev ing 

th i s  s epa ro t ion , howev er , O ' Br i e n  and B en s o n  us ed 

Reproduct i on of' pa r t  of' Rus s el l  t s f'l ovy di a gram 

CHC l "2  S o l ut i on 
J 

( Neutral l ip i ds < 
( and p i gmen ts ) 

L ip i d in CHCl �  
../ 

Tre a t  with P l o r i s i l  
)Or h . t l  CTI '"'l ""''U OTT ,'\ 8 8  ... . Wl 1. r v 3 - V1I 3 "-1 

CHCI � - CH � OH S ol u t i o n  .J ../ 
( Gl yco l ip i ds ) 

Fl o r i s i l  
( ?ho spha t i de s ) 

h i  gh l y  a c t i  VB t e d  Fl o r j  s i.l and added d im e th6xyp r opane 

( D1JIP) t o  the i r  s o lv en t s  a s  a wa t e r  s caven ge r , s in c e  

?cons e r  e t  31 . ( 1 961 ; ha d rep o r t ed opt irr.um sep 2 r-at i on 

of' p ola r 1 ip i ds on Fl o r i s i l  onl y vlh e n  thi s  adsorb ent 

Vl[:. 8 h i ghljT a c t iv s t e d 2 nd \'/a t e r  ex cluded £'r0:11 the s o lv en t s . 

In th i s  lab o ra t ory it h a s  b e en f'ound th'"' t quant itat iv e  

re cov ery of' the gl y c ol j.p i ds in the 

Dl,�P ) elua t e  f'rom a F l o I' i s :  I c olumn prepa r e d  a c cording 

to O ' B:!."' i en a nd :Sens on i s  uns a t i sf'8 c to r y  even \ivhe n th e s e  

p r e caut i o ns 8:>e t s.k en a s  s o me MGD i s  l os t 

( 9 : 1  + 5,"; Dl.:P) fr3 c t i o n D n d  the DGD ta il s so b a dl y 
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tha t  s i gn i f i c ant qua nt i t ie s  r e ma in on the a ds o rb ent . 

Th i s  l o s s of I�GD i n  the f i r s t  fra c t i on prob ab l y  exp l a i n s  

the c o nfl i c t ing r e sul t s  f rom B enson ' s l ab or a t or y  

c on c e rn ing the rat i o  o f  UGD t o  DGD i n  chl o r el la . F e r ra r i  

and B en s on ( 1 961 ) found a r a t i o  of 2 t o  1 us in g s i l i ci c  

a c i d  i mp r e gna t e d  pap e r  chrom a t o graphy , b ut in 1 964 

O ' B r i en and Ben s on us ing F l o r i s i l c o l umn chr oma t og raphy 

r e po r t e d  t h e  ra t i o  t o  b e  1 to 2 .  

S in c e  n o  i nf o rma t i on wa s p r o v ided b y  Rus s e l l  ( 1 966 ) 

a s  t o  the a c t iv i t y  o f  the Fl or i s il no r o f  the qua l i t y  o f  

the CH C1
3 

us e d  in the b a t chw i s e s cheme i t  s e emed l ikely 

tha t HGD coul d hav e b e en l o s t  i n  the C::-ICI � s o l ut i o n .  J 
Al s o , DGD c ould hav e b e en l o s t  b y  r e t en t i o n  on th e 

a ds orb en t . A s s um i ng quan t i ta t iv e  re cov ery o f  the s ul pho -

l ip i d  in the CHC13- CH30H elua t e ,  l o s s e s  o f  th i s  na ture 

c O l:tl d a c c ount f o r  the l ow gal a c t o l ip i d  t o  s ulph o l ip i d  

r a t i o s . The b a t chwi se and c o lumn Fl o r i s i l me thod s  have 

b e en r ep ea t e d  in th i s  l ab o r 8 � ory and the r e sul t s  

eva lua t e d  b y  th i n- l ayer chr oma t o graphy . 

MATERIALS A ? ID  l;'I:f.,�'Yrl ODS 

F l o I' i s i l  ( Fl o r i d i n  C o . , Tal laha s s e e , D . S .A . ) wa s 

wa shed 'a i th wa t er 8 c co r d t n g t o  O ' B r i e n  a n d  B en s on ( 1 964 ) , 

dr i ed a t  1 2 00C f o r  1 6  hours a n d  ha d b e e n  s t o re d  in a 

gla s s - s t opp e r e d  b o t tl e  f o r  5 month s . Chl o ro f o r m  wa s 
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' A NALAR ' rea gent gr2.de conta ining 2;� ethanol o r  this  

rea gent w8 shed wi th wa ter , dried over anhydrous 1'1a2804 

and red i s t illed . l.: ethanol \vas ' ATi':'ALAR ' l'"' ea gen t grade . 

Dimethoxypropane ( DI\�P , a dc1ed to  s ome s olvents as  a wa ter 

s cavenger ) vra s s uppl ied b y  D i s t i l la t i on Produc t s . All 

solvent mix tures g iven are volume/volume . 

L ip i ds were extracted  from 1 0  g ( fresh we ight ) of 

leaves and wa she d free of non- l ip id ma terial by the 

meth od o f  Ba iley ( 1 962 )  or tha t of Folch et al . ( 1 957 ) . 

The latter me t::J.od 'Ja s sl ightly modif ie d as foll ovrs : 

Fresh leaves were  sl iced into ho t ( 500C )  methanol ( 70 ml ) 

and after 2-3 m inutes , homo gen i ze d  in a War ing blender . 

This na terial wa s fil tered on a Euchner funnel . The 

bl  ender  was washe d out vii th 70 ml of chl oroform whi ch wa s 

al s o  pas sed through the res idue on the f il t er .  Fina l ly 

a furthe r 70 ml of CHC13 wa s us ed t o  wa sh the r e s i due 

giv ing a CH:"" 13-CH30H s olut i on of l ip ids ac cording t o  the 

re commenda t ions of Fo l ch et al . This  extra ct  was shaken 

aga ins t 0 . 2 vol .  of 0 0 739b NaCl and ei ther a l l owed t o  

separate overni@lt  i n  the refrigero tor , or , if the extra ct  

vva s  rec:ui red imme diat ely , centr ifuged. The lower CHC13 

layer wa s colle cted and dri ed on a ro tary evaporat o r  

us ing b en zene- ab s olut e e thanol ( 9 : 1 ) t o  remove tra ces o f  

wa ter . L ip i ds prepa red by the me thod of Ea i l ey ( 1 962 ) 

"vere dri  ed in  the same wa y . The dry 1 ip id res  idue s were 
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taken up in 25 ml ClIC13 , 5 g li'l o r i s i l  a dde d a n d th e 

s ep a ra t i on o f  the gl ycol i p ids p e rforme d  a c c o r di n g  t o  

Rus s e l l  ( 1 966 ) . F i l t ra t i on wa s c a r r i e d  out ov e r  a 

s o lvent- v:a sh e d , gl a s s  wo ol plug i n  a gl a s s  f i l t e r-

funn el . S in ce we have found CrtC13-CH30H-H2 0 ( 1 : 1 : 0 . 2 )  

to s t r ip th e pho s pho l ip i ds fro m  a F l or i s il c o l umn , 75 ml 

of th i s  m ix tur e  wa s u s e d  to wa sh the a ds o rb ent f o l l ow i n g  

t h e  CHC13- CH30H ( 2 f 1 ) t r e a t ment . Thr e e  fra c t i ons , 1 ,  

2 and 3 we r e  thus ob t a in e d  and the s e  Vle r e  e quiv a l ent t o  

1 .  CRC13 s o lut i o n ( neut ral l ip i ds an d p i gme n t s ) , 

2 .  CH �13- CH3 0H s ol ut i on ( glycol i p i d s ) and 3 .  Fl o r i s i l  

( pho s pha t i d e s ) i n  Rus s el l ' s  ( 1 966 )  fl ow d i a gram . Ea ch 

of' the f ra c t i on s  wa s dr i e d  i n  a r o t a ry evap o ra t o r  uS ing 

b enzene- e tha n ol to r emove the wa t e r  from f ra c t i on 3 . 

R e s idue s 1 and 2 w e r e  r e d is s o lv e d  i n  5 m l  CEC13 a nd 

r e s  i due 3 r e d i s s o l 'l e d  i n  5 ];11 o f  Cl-IC13-CH30H ( 2 : 1 ) .  

The s e  s olut i ons we r e  s to r ed a t  -1 5 0C .  

S epara t i on o f  th e c omp onent s of e a ch fra c t i on wa s 

a ch i ev e d  o n  th i n  l a y e r s  ( 250  p)  o f  s i l i ca gel G or H 

( M e r ck ) i n  tank s  l i ne d VJ i th f il t e r  pape r uS ing t h e  

s olvent CH�13-CH30H- CH3 COOH-H2 0 ( 85 : 1 5 : 1 0 : 2 ) f or 

dev e l opm ent . Quan t i t a t i ve ana l ys i s  o f  th e I,'IGU a n d  roD 

s epa r a t e d  i n  th i s  manne r f� om 5 0  pI o f  ea ch f ra c t i on 

( appl i ed a s  a th i n  s t r eak a l ong 5 cm ) wa s p erfo rmed 

af t e r  de t e c t i n g  the l ip ids wi t h  i o di n e  vap our . 
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Approp r i G t e zon e s  we re s crap e d  i n t o  cent r i fuge tub es , then 

1 ml v!a ter ,  0 . 2 ml 'of 3 0); pheno l  i n  e than o l  and 3 ml con c 

H2S 04 added. The tub e s we r e  m ixed a f t e r  e a ch addit i on , 

given a thor ough m ix o n  a Vortex mixe r , then a l l owed 

to s tand at r o om t empe ra tur e for 1 5 m i n s  b ef'o:C' e  

c entr if'ugo. t i on . The ab s o rb en c e  of the resul t ing 

solut ion wa s measured a t  490 mp. B l anks and gal a c t o s e  

s tanda rds were carr i ed through the s ame modified Dub o is 

e t  a l . ( 1 956 ) pro cedur e ( s e e  a l s o  Gal an o s  and Kapoul a s , 

1 96 5 ) , wh i ch wa s chos en f o r  i t s  s impl i c i  ty and sp e e d .  

S il i c a  gel H gave s omewhat higher bl anks than di d 

s il i ca gel G ,  but the s epara t i on a chi eved on the forme r 

wa s m o r e  s a t i s fa c t ory . Bo th s il i ca gel G and H gave 

s omewha t var i ab l e  bl anks so  i t  was found n e ce s s ary t o  

take at l eas t th ree b l a nk zones and a v e r a ge the resul ting 

Fib s orb ences . However , in th e pr esent work the ab s orbenc e s  

produced b y  the gal a c t o l ip ids we r e  suff i c iently high 

tha t the b l ank va r ia t i on c oul d b e  i gnored . 

Pho sphorus wa s de term ine d on 50 pI a l i quo t s  of e a ch 

fra c t i on by the method o f  Marinet t i  ( 1 962 ) . 

Flo r i s i l  c o l umn chroma t ography wa s perfo rmed a s  

de s cr ib ed b ;-l  O ' Br i en and Benson ( 1 964) , the ab s o rb ent 

b e ing s t o r e d  dry aft e r  wa s h i n g  and rea c t iv a t ed at  1 200C 

for 1 8  hours immediately b efore us e . 
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RES ULTS AnD DIS CUS S I o n  

In o n e- t en th s c e.l e rep e t i t i ons o f  t�e co l urru:. 

1H' O  c e d1.:re ( 0 ' Er j en , " 1 964) i t  h a s  b een :foUn d ;  1 )  

th e :::r e s en c e of' ev en a s ma l l  T)l" oDor t i o n  of CH..., OH - - � 

i n  the f i r s t elut i ng s o lv e n t  ( e . g . CH C13-CH30H 1 9 : 1  

v/v + 5% DT�P)  ... ri l l  caus e s om e  },iGD t o  b e  elut e d  ;3 i  t h  

th e p i gm ent s . 2 ) D.GD t a i l s  t o  su ch a n  ex t en t  tha t 

pa s s i ng a :four - fo l d  ex c e s s  o:f CHC13- CH3 03 ( 2 : 1  + 5,0 

DM P )  through the c o lumn wi l l  n o t  el ut e the c omp o"und 

qua n t i t n t i v e l y , and 3 ) ph osph2 t ide s can b e  s t r ipped 

f r o m  the c o l umn us i n g  a m ix tur e of CI-iCL,. -CII ..., OH-H2 0 :.; :; 
( 1 : 1 : 0 . 2 ) . 

In F i g. 1 . 7 the t a il ing of roD and SL tnro lJgh a 

thr e e- f o l d ex c e s s  ( c o mpa r e d  wi th O ' Br i e n  and Bens on 1 964 , 

of the C!-!C13-CH30H ( 2 : 1  + 5% DMP) e l ua t e i s  demon s t ra t e d . 

Th e bullc of the p i gmen t s had fi r s t b e en elu t e d  in CHC 1 7  
:; 

( ..L, he;:( DVP ) -', -." .. ',.&..... • 

TI1e d i s t r i b u t i on o:f gl y co l i p i ds amon g th e three 

fra c t i ons re cov e red from the " B2 t c..�v:is e! l F l o ri s i  1 

t r e a tm ent (Rus sel l , 1 966 ) of e i ght s epa ra t e  l eaf J i p i d 

p r epar8 t i ons i. s  shown in F i g . I . 

De ta i l s  o �  ex tra c t ions and frn c t i on at i ons a r e  a s  

fo 1 l ows : -
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Fig .  I .  Thin  l ayer chr omat ographic m oni t or ing of the 
thr ee frac t i on s  fr om the Flor i si l  treatment of e ight 
s e parat e l i pid e xtract s . 10 p I  of frac ti ons , 1 ,  2 ,  
and J of e ach of 8 t reatment s were s p o t t e d  in grou ps 
of J ,  numbering fr om l e f t to r i ght . Gly c ol i pid s we re 
d e t e c t e d  with t he � -naphthol -H2 S 04 reagent of Saika t o s  
and Rou s er ( 19 6 5 ) .  
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Exp e r iment 1 .  

x i i i  

T i s s ue : wll i t e cl ov e r  l e a fl e t s . 

Ex tr a c t i on : F o l ch e t  al . 

Flor i s i l : n o  fur the r  a c t iv a t ion . 

Fra c t i ons : 1 .  2 5  ml C 1C1
3 

s t ir re d  w i th F l o r i s i l  

for 5 mi n pr i o r  t o  f i l t ra t i on . One 

hlli"l dr e d  ml s CHGl � c o l l e c te d ;  wa shings :J 

Experiment 2 .  

s t il l  s l i gh t l y  gr e en . '..Jhl o r o f o rm wa s 
ana l a r  rea gent ( s ee Ma t e r i a l s  an d 

},� e th ods ) • 

2 .  75 ml CHS1
3

-CH30H ( 2 : 1 ) . 

3 . 75 ml CH ..J1
3

- CH
3

0H-H
2

0 ( 1 : 1 : 0 . 2 ) . 

T i s s ue :  wh i t e  c l o v e r  l ea fl e t s . 

=x t ra c t i on :: F o l ch e t  a l . 

Fl o r i s i l : a c t iv a t e d  1 6  hrs a t  1 30°0 b efore us e . 

Fra c t i on s : 1 .  a s  f o r  exp t . 1 .  

2 .  1 50 ml CHC1
3

-CH
3

0H . 

3 . 75 ml CHC1
3

-CH
3

0H-H2 0 . 

Exp e r iment 3 .  

T i s sue : p e renn i a l  ryegra s s . 

Ex t ra c t i on :  Ba i l ey . 

F l o r i s i l : a c t iv a t e d  4 hrs a t  1 70°C .  

F ra c t i ons : 1 .  a s  for expt . 1 .  ex cept tha t 

CHC1
3 

wa s r e d i s t i l l e d  and c on t a ined 

516 ( v Iv ) DMP. 

2 .  75 ml CHC1
3

-CH
3

0H . 

3 .  75  ml CHC13
- CH

3
0H-H2 0 . 
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Exp er iment 4. 

T i s sue : p e renn ial rye gra s s . 

3xt ra c t i on : Fol ch e t  al . 

Fl o r is il : a c t iv a t e d  1 4  hrs at 1 3 00C . 

FrE.. c ti ons : 1 • a s  for exp t . 3 , ex. c ep t the t A )  no 

DNP i n  CH8 1
3 

and B )  ab s orb ent s t i r I'e c1 

int o CIIC 1 �  s ol ut i ol'l for 3 0  m in p r i or 
.:; 

to f i l t e r in g. 

2 .  75 ml CHv13- CH_ OH . J 
3 .  7 5  ml CHC 1

3
- CH

3
0H-H2 0 . 

Expe r iment 5 .  

T i s sue : r e d  cl ov er l e a fl e t s . 

Extra c t i on :  F ol ch et a l . 

F l o r i s i l : no fur the r a c t iv [j t i on . 

P r8. c t i ons : 1 .  5 1 0r i s il s t i r re d  into CH J 1 �  
.-/ 

s olut i on ( as in exp t . 4 )  �or 1 5  m i n . 

75 ml co l l e c te d . 

2 .  75 E�,l CHC1
3

-CH
3

0H . 
3 . 75 ml CHC 13- CH

3
0H-H2 0 . 

Exper iment 6 . 

As for exp t . 5 ex cept tha t  F l o r is i l  a c t iv 2 t i on 

o 
24 hI' S a t  1 20 C . 

Exp er im en t  7 .  

T i s sue : wh i t e  cl ov e r  l e ::; f'l e t s . 

Ex tra ct i on : Ba i l ey . 

Fl or i s i l : 1 6  hrs a t  1 2 0
°

C . 
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F r a c t i ons : 

Exp e r iment 8 . 

xv 

1 .  a s  f o r  exp t . 5 ex cept that 40 ml 

only co l l e c t e d . 

2 .  

3 . 

A s  for exp t . 7 ex cept tha t  r e d  cl ov er l ea�l e t s  

we r e  us e d . 

S i gn i f i cant amoun t s  of gala c t o l ip ids Yfe r e  rev e ' l e d  in 

all thr e e  �r� c t i o ns in rro s t  ca s e s . In e v e ry ca s e  had 

the " gl ::lc o l ip i dt !  fra c t i o n  al one b een r e t a ine d f o r  

anal y s i s  s e r i ous e r ro r' vroul d cl e ... r l y  hav e  re sul t e d . The 

sulph o l ip i d  s p o t  al s o  shows a var i ab l e  di s t r ibut i on 

al though th is i s  mo r e  dif f i cul t t o  a s s e s s  as i t  i s  

pres ent i n  r e l a t i v e l y  I ou c o n c en t r2 t i on s  a n d  co- chroma t o-

graphs wi th pho spha t idyl cho l ine ( PC ) . 

Analys i s  o f  ea ch fra c t i on fo r l ip id ph o sph o rus 

( To.b l e  I l l ) conf i rmed the ineff i c i en cy o f  the b a t chvv i s e 

a ds orp t i on pro ce s s . :::"'he ph ospha t id e s  v/ere mo r e  or l e s s  

randomly di s t r ib ut e d  a m on g  th e thr ee fra c t i ons , the 

h i ghe s t  I' e c o v eI'Y in fr� ct i on 3 ( " pho s pha t i de sll ) b e j.ng 

li o no- an d di- ga l a c to syl d i gl yc e r i de 

were anal y s e d  in th e 3 fra c t i o ns in every c r s e  (Fig o  1 1 ) , 

and the resul t s  ShOV;ffi in Tab l e  1 1 1  c omp 2.. r e  favo urab ly VIi t h  

a v i sual as s e s s m ent o f  F i g . I .  The sulph o l ip i d c o- chr oma t o-
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F i g .  1 1 .  Thin-laye r  se parati on of the t y pe fr om whi c h  
anal y s e s of MGD and DGD per f or m e d .  Z one s de t e c t e d  wi tb 
i o d i ne va pour and then pho t o gra phe d thr ou gh a blu e 
f i l t e r . Ex pt . 4 .  



'rABLE I II 

DIS TR IBUT ION OF LIPID COiJPOr TENTrS B�rr'·r"l�T�IT 'llf.c TInEE 

F�1.;\ CT I  0118 FRQ}.l THE FLOP. IS I L  TREA T I  .. IL �-T'r 

L ip id Phosphorus MGD DGD 
F ra c t i on 1 2 3 1 2 ..L. 1 2 3 
Expt . 1 • .9 . 4 28 . 7 2 2 0 6  35 . 2 29 . 2 L�. 6 4. 8 38 . 8 1 5 . L,-

>< 
2 .  32 . 6 1 8 . 0 1 7 . 1  28 . 5 29 . 3 L� . 9 20 . 3 23 . Ll- 6 . 7 

� f-I. 
f-I. 

3 .  6 . 8 1 0 . 0 1 3 . 5 9 . 3 3 2 . 9 2 . 8 L� . 3 1 5 . 0 3 . 2 

4. 1 L�. 8 2 2 . 6 -1 3 . 5 8 . 8 49 . 6 3 . 9 1 1  . 0  27 . 8 3 . 5 

5 . 4. 5 33 . 9 27 . 1  7 . �- 48 . 7 6 . 7 4 . 8 37 . 8 21 . 5  

6 . 1 9 . 0 1 9 . 7 1 7 . 1  1 2 . 3  41 . 7  1 . 9  1 9 . 8 3 2 . �-· 1 4. L!_ 

7 . 21 . 9  1 6 . 8 1 4. 2 6 . 7 6 9 . 0 0 1 9 . 0 2 9 . 7 8 . 0 

8 . 1 4 . 8 '1 6 . 8 23 . 9 1 1  . 6  73 . 0  5 . 3 1 1  . 2  35 . 2 2 0 . 2 

All re sul t s  in pllo1es/fra ct ion 
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graphed vii th ph ospha t i dS'"l ch o l i n e in mos t C8 s e s  ( but s e e  

F i g . 11 ) an d ana l yt i c a l  r e G 1U t s  us :l. ng t h e  gl yco l ip id a s say 

canno t be giv en � i th any c on � iden c e . 

The pr e s en c e  o f'  sulph o l ip i d  in al l thr e e  F l o r i s i l 

f'ra c t i ons of' r e d  and nh i t e cl ov e r l ip i ds "'la s demon s t r a t e d 

as f' 0 1 1 0\,[8 . L ip i ds ( =  1 0  g f' r e sh v;e i ght l eav e s  I vvere 

fra c t i o n a t e d  b y  t h e  Fl o r 1 s i l me th o d  ( Rus s el l , 1 966 ) 

uS i n s  a c t ivc t e d 5' l or i s i l  and a dding DrIP t o the appropr ia t e 

s o lvent s . A t o tal o f'  1 C O ml of fra c t i on 1 ,  75 ml of 2 ,  

and 75 Dl of 3 were co l l e c t e d ,  evap or a t e d  to dryn e s s a n d  

f inal l y  made up t o  5 ml vvi t h  CIIC13 • A 2 illl a l i quo t of' 

ea ch f� a c t i on wa s th en s epa r a t e d  i n to neutra l plus 

z\-: i t t e r> i on i c  Gnd 8 c i d i c l ip i ds on a co lumn o f  DE..A.E 

c e l lul o s e  ( s ee O ' 3r i en and B en s on , 1 964; I Jichols and 

T� r-\ e <"' 1 C6 I L '  () c'. ; . -- u , � '-I J • Thus �a ch F l o r is j. l  fr a c t i on yva s s ep a r a t e d  

i n t o  t H O  fur the r fre c t i ons , one o f'  Ylh i ch c ont a in e d  .. �GD , 

DGD , PC and ph o s:9h a t i dyl e tha n ol am ine 8 S  Illa j o r  compon en t s  

whi l e  the o ther c onta in e d  p r edo m i na n t l y ::?G , SI.. , 

phosp£u:., t i dyl i no s i  t o l  nnd o.n un i d en t i f i e c. l ip id . The s e  

t\VO gr oup s o f  c o mp Ol.ll1.ds ';; e r e  c o s i l y  re s olv e d b y  a s ingl e  

th in- la ye r  run ( F i g  . .. 1·1 1 ) . The sl:'..lphol ip i d  \78. S thus 

foun d  in s i gn if � c o n t  E'cYn o un t s  in al l th r e e  7 1 0r 1 s 1 1  

f'rc. c t i ons ·. Anc� l�is c s  o f'  the ma j o r c omp onen ts Vie r e  

p e r' f'o rr:le d  after TLC and th e r esul t s  a r e  sh orm i n  Tab l e  N .  
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F ig . I l l . T hin-lay e r  c hr omat ogr aphy o f  F l o r i s i l 
f r ac t i ons 1 ,  2 an d J s e parat e d  by DEAE c e l lu l o s e  
c olumn c hr omat o graphy int o N ,  ne u t r al ( plu s 
z wi t t e r i on i c ) and A ,  ac i d i c  l i p i d s  s h o wi ng t he 
pr e s e n c e  o f  su l ph o l i pi d  in al l thr e e  F l o ri s i l  
fr a ct i on s .  S p o t s i n  t he n eu t ral l i pi d  fr a c t i on 
a r e  i den t i fi e d  on the l e ft hand s i d e  of the phot o ­
gra ph an d,  t h o s e in t he a c i d i c  l i pi d  fra c t i on on t h e  
r i gh t  hand s i d e . Red c l ov e r  l i p i d . De t e c t i on o f  
ban d s  by ac i d  d i c hr oma t e  s pray and c harr i n g  a t  180 0C 
f or JO m in . 



-,IJh i t e  
C l ov e r  

R e d  
C l ov e r  

���n�:2.i CL OVER L�ZAF L I P IDS 

Comp onent F l o r i s i l 
1 

TI'lGD 8 
DGD 1 4  
S L  44 
Fe 48 
PG 50 

MGD 2 2  
DGD 27 
SL 2 5  
PC: a ../ 
PG 39 

C ONCLUS I O NS 

fI'3 c t i o n  
2 3 

61 31 
54 33 
40 1 6  
3 0 2 2  
44 6 

73 5 
59 1 '-4-
42 33 
3 8 53 
3 5  2 6  

O n  the b a s i s  o f  th i s  ev i den 6 e i t  i s  c onc l ude d that 

S 8 I' i ou s  e rro r mus t 8 I' i s e  from the us e o f'  th e batchv: i s e  
Fl o r i s l l  t e chn i c;.ue . ISven �.clhe n  th e ads o rb ent i s  hi ghly 

a c t iv a t e d  o n d  go o d  quc.l i t;y s o lven t s , c ont a i n ing 

d ime thoxypI' opane to en sur e  anhydr ous condi t i ons (Rous e r  

e t  a l . ,  1 961 ) , a r e  us e d  t he a ds o rp t i on o f  p ol a r l ip ids 

f'ron chl o ro fo rm is ex t r e �e l y in eff i c i e nt . Th i s  

c o n c l us i on i s  sup�) o r t e d  b y  a c OI!rpa r i s o n  ( Tab l e  V / o f  

l ip i d-b o1.md S� l (::: c t o s e  l ev e l s r e�l oI' t e d "i)y ::2 8. i l ey i n  1 9 62 

and b y  �us s el l in 1 966 . In ev e ry CG s e  the v&l uc s  

rey o rt ed by !:us s e l l  a r- e  c on s  id e rab l y  I mv e r  than tho s e  
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of B a i l ey �ho s e  me th o d  d i d  n o t  inc lude any p rel im ina ry 

pur i f' j. ca t i on of the Yia shecl l ir: d. d ex t rn c t . 

r�CABLE V 

c m,l PAR I S OH OF I., I PID-BOUI::-D Gj�LA crl'OS E E'� 

BA ILl�Y A I JD �:US SBLL 

L o l ium p erenne 

L .  p e r enne x 
mul t i fl o rum 

L ip i d- Gal D c t o s e ( mg/g dry wt . ) 

Ba i l ey Rus s el l  

2 5  - 1 03 ( 66�:; ) 

9 5 

91 

1 2 . 0 ,  21 . 6  

2 1  . 9 ,  34. 0 

* 1.-1ean o f  6 de t erm ina t i o n s  

+ :r.1 ean of 7 de t e rrl1 i na t i on s . 
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I n  App endix 1 exp er i ment s  a r e  de s c r ib ed -riil. i ch shov{ 

thfl t the Fl o r  i s  i l  c2:r () Y.1C::. t o gr 8.D11 i c  p r o c e duI' e , us e d  in 

<3  r e cen t l y  rn .. lb J5s h ed me th o d for the (.1 uont it c:-: t iv e  ana l ys e s  

of' p l an t s ·1.1l p11o- and gaJ .. a c t o - l ip i ds , i s  uns a t i sfa c t o ry . 

I t  wa s f ound tha t  up t o  6 (fG o f  the sulphol ip i d  and 25-501b 

o f  the [;al a c t o l  ip i d  we r e  l o s  t in th i s  s t ep ( cf . l.'nb l e s  1 1 1  

and N o f  App endix 1 ) . '.�,ben eX8.r:1 in i i1 f;  th i s  ("'h1'o n3 t o sroph ic 

s t ep , l ip i d e x t r a c t i on a n d pur i f i c c t i on wa s b a s e d  on the 

p ro c e duI' e o f  P ol ch e t  a l . -Imvev e r , '( .. h en i t  ',?la s found 

th2. t  the F l o :t' i s i l s epa r G t i o n  y�-a s G iv i ng uns a t is fa c t o r y  

r e s ul t s , i t  b e c o me ne c c s s 8 : Y  t o  us e th e extra c t i o n  and 

pur i:C i cn t i on mc t�l o d  us e d  by "RuB s e l l  and h is anal yt i ca.l 

p r o c e dure to de t e rm ine y;he thcr th i s  infl u en c e d  t"le r e sul t .  

'\'/h i t e  clove r , r e d  c l ov e r  and pe r enn ia l ry eSI'a s s  were 

ex t ra c t e d  b y  t�l. i s  m e tl lo d v:!h ic h  p rov e d  to be l e s s c o nv en i ent 

than o l de r , D o r e  s op h i s t i ca t e d  t e Chn i qu e s . 

Amon g th e pro p e r t i e s t h� t chc.: rn c t e r i z e the gr oup of 

b i o l o g i co l rr:o l e c·u 2. e s  cOBJ:onl ;y l:nown a s  J ip ids i s  that of 

a sp e c if i c cr 8 v i t y of l e G S  than o nc . I t  i s  su1'p r i s � n g  

the refore t o  f i n d  a � e th o d  f o r  th e pr epar s t i o n and 

pur i:f' i c o t i on of l ip i ds from a que o us sus pens i on b y  h i gh 

G p e e d  c ent r ifuge t i o n . S in c e  a eu e ous s o h1t i ons __ av e a 

s p e c if i c  grev i t y  o f  one o r  Do r e  ( excc:Qt in the ca s e  of 
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a que o us s olut i o n  o f  s o me organ i c  s O lvent s )  i t  woul d b e  

expe c t ed tha t l ip i d  f:.1a t er i � l  s ep a ra t e d  by c ent r ifuca t i on 

would fl o a t on tl"l e sUl'f8 c e  of' the a queous phc. s e . .Tha t 

the " 1  ip i d" ext-"'a c t e d  f'ror!: l e a v e s by th e me tho d  of' B a i l ey 

d o e s  in fa c t  s ed iment f'.l'om a que o us susp en s i on a t  2 5 , 00 0 

x g ha s  b e en c onf i rmed in th i s  l ab o r� t o ry . I t  i s  

c o n cluded the re�o r e , tha t �le ma t e r i al s epa r a t ed b y  t h i s  

p r o c e dur e i s  no t pur i f i e d  l ip i d  b ut i s  a n  a s s o c ia t i o n  

of' l ip id w i th S OT:1 e o the r ma t er i al , pr ob ab l y  p r o t e i n , w i th 

a spe c i f i c  grav i t y  g re a t er tha n one . I t  wa s n o t ed tha t 

i n  s ome ca s e s , the s l� e rna tant s o lat i on rema i n in g  aft e r  

the s e d imenta t i o n o f  the l f l ip i d" wa s cl e a r  but deep gr een 

in c o l our . I t  \'/O. S al s o  found tha t  s i gn j.f i c ant quant i t i e s  

o f  l ip id coul d b e  ex tra c t e d  from th i s  s o lut i on . 

The f' o l l ovr ing d e s c r ib e s a typ i c o l  ext ra c t i o n  in 

'Vvh i c:'l th i s  o c cur r e d. F iv e  gm of vrh i t e  cl ov e r  l e av e s  wer e  

hOr:logen i z e d  i n  1 00 m l  of 80�'; e than o l , th e s lurry b o  i l e d  

f o r  5 m Ll. 3 n d  then f i l t er e d  o n  a Buchne r :funne l . The l e af 

r e s  i due "m s r e- ex t r a c t e d into 60 ml o f  b o i l ing 80�� 

e than o l  f o r  5 m in and th e s lur ry wa s a ga in f il t e r ed . 

F inal l y  40 ml o f  b o il in g  80;6 e ths.n ol was p o uI' e d  over the 

r e s i due on the f i l  t e r . ri'h e  c omb j. n e d  e tl13. nol ex tra c t s 

wer e  c o n c ent rc. t ed on a r o t � l"'Y evap o rn t o r  un t i l  only H2
0 

wa s conden s i n g  on the c o ol ing c o il . L i� i ds were 

s usp ended i n  the wa t er � i th th e a i d of gla s s  b eads and 

the r:l ixtur e  p ou r e u  into a c en t r ifuge tub e . � en ml of' H2 0 
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w e r e  us ed to r in s e ou t the flask and th i s  was a l s o 

t I'[-:ms:f'e r r e d  t o  the c ent r i fLlL� c tub e . Th i s  was t hen 

c ent r i fuge d  a t  2 00C :f o r  3 0 m in at 2 5 , 00 0  x g. The 

c l e a r , . de ep gl' e �n s up e rna tnnt wa s cA refully a sp ir a t ed , 

th.e " l ip i d" res uspended i n  1 0  Ell H2 0 \vith the a id of 

gla s s  b ea ds and the su sp ens i on pe- c ent r ifuged. 

rro the s upe rna t an t  f r om the f ir s t  c en tr ifug a t i on 

( 2 5 ml ) VIa s a dd e d  2 8  m l  CH30H and then 2 8  ml "''-1''1 IJ i. ' 1.J 3 . 

m ix tur e  VIa s v i go rous l �l shak en in a s epara t o ry funnel 

The 

and 

the l ov{er CHCl -z, phas e co l l e c t ed a f t e r  s epnra t i on of the 
../ 

layeps . The CHG13 vva s remov ed b y  ro t al1;Y- evaporat i on and 

the l ip i d  r e s i due ma de u:p to 1 ml in CHG13 • Th i s  s olut i on 

i s  r e f e r 11 e d  t o  a s  'Wa sh ings" i n  Tab l e  VI of th i s  a ddendum . 

The s e d imen t ed " l ip i d" Via S  tran s fe rr e d t o  an evap o r a t ing 

fla sk in d i e thyl e th e r- m e thanol , th e s o lv ent r emoved 

under r e duc e d  pr e s s ur e e n d  th e dr;)r r e s idue extra cted 

\",r i th CHCl3 and f ina l ly ma de up t o  5 ml in CHC13 • 

A CHCl3- ins olub l e  p e s i due in the f l a s k  which vvas 

al s o  l a r gely i n s o l ub l e o 
in wa t e r  wa s h e a t e d  a t  1 0 0 C for 

6 0  m in in 5 ml o f  N HC1 , d ilut ed w i th 5 ml H2 0 and the 

s o l ub l e  fr a c t i on tes ted for carb ohydI'a t e  by a reduc ing 

s ugar method an d by th e me thod of B a t h o  The ins oluble  

re s idue wa s d i ge s t e d i n  6 H  HCl f or 6 hour s a nd the s oluble 

p o r t i on o f  thi s  tr e a tment gav e  a s tron � p o s i t iv e  rea c t i on 

f o r  a mi no a c ids wi th n inhydr i n . 

Al i quot s  ( 5 0 ul ) of the CHC13 s o lut i ons -Nere 

s treaked acro s s  2 cm in 4 cm lan e s on layers of s i l ica 
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gel G (F ig . DI ) a n d  th e l i� i d  c o mp onen t s  re s o lv e d  

w i  t h  th e s o lv ent s ys t em CHG13- CH30E-CH3GOQI-I-H2 0 

( 85 : 1 5 : 1 0 : 3 ) :  One p l a t e  wa s s p rayed wi th an a c id 

d i chr ofla t e  s ol ut i on a nd cha r r e d  a t  1 800C f o r  30  m in 

to sho1[J the pre s en c e o f  gal a c t o l i:p i ds ( F i g . rl ) . 

Ano ther p l a t e  VIa s s ta in e d \-.'i t h  i o d i ne vap our , the 

gal a c t o l ip i d  z o n e s  out l ined w i th a n e e dl e  an� af t e r . 

evaporc.c t i on of the i 6d ine , ga l a c t o l i::? ids wer e  e s t ima t e d  

b y  a d i r e c t r ea c t i on Vii t h  pheno l  an d sul phl1r i c  a c i d . 

TABLE V I  

REC OVE.'RY OF GALAC TOL I PIDS FROM TI-n� ,·�SH I NGS 

OF THE SED I I\'lENTED " L  IPID" 

uJ\l� Gn l a c to l ip i d found 

H L i p i d" Wash ings % R e c ov e ry i n  f a sh ings 

MGD 

DGD 

5 . 3 

3 . 3 
1 2 . 2  

9 . 6 

R e s ul t s  a r e  m e n n s  o f  a na lys e s  pe I'i'o rme d on s epara t e  wh i t e  
cl ov e l"  ex tra c t s  p r epa r e d  o n  suc c e s s iv e  days . The I' e sul t s  
a gr e e d  t o  w i th in 1 0;:� i n  the ca s e  o f  " l iu id" MGD 2nd t o  
w i  th i n  5)� i n  th e r ema i n  ing me a sur e me n t s: 

The l o s s e s  r e por t e d  h e r e  ( 1 1 ;� )  ar e f iv e  t i me s m o r e  

tha n t h o s e  cla ime d f o r  the me tho d . F i gur e rv shovvs a 

th in- l aye r clu' o ma t o gr 2 m  s im i l c:. r t o  the t yp e  1'roo v/�l i ch 

th e r e s 1 1 1  t s  sh own in Tab l e  V I  Vie r e  ob t G. i ne d . I t  can b e  

s e e n  f r o m  t�:. i s  f i gure th& t the extr3 c t i on pro c equr � wa s 
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e s s en t ially quan t i ta t ive in that ins ignifi cant l ip id 

wa s r e c over ed :from the 803'� e tha nol- ex tr a c t ed leaf' r e s i due 

b y  a re- ex tra c t i on into 1 00 ml o f'  CHC13-CH30H ( 2 :  1 ) .  

The chroma t ogram al so demons tra t e s  th e reprodu c ib i l ity 

of the l o s s  of' l ip id in the aqueous wash ings � 

Af'ter hydrolys is in N HCl for 30 min at 1 0 0
°

C the 

CHC 13- inso l ub l e  res idue o f'  the s edimented t l l ip idu 
gave h i g.11. 

sugar va lue s  b y  b o th of' the ana l yt ical me thods us ed . With 

gal a c to s e  a s  a s tandard in b o th ca s e s , �he Ba th proc edure 

gave a value of' 966 ug gala ctos e in th i s  fra c t i on and the 

reduc ing sugar me tho d gave a val ue of' 1 42 0  ug. F rom 

Tab l e  V I  i t  can b e  cal cul a t e d  tha t  comple t e  a c i d  hydrol ys i s  

o� the gala c t o l ip ids pre s ent in 5 g f'resh we igh t  of' wh i t e  

clover l e av es woul d yield 2 0 . 0 m g  o f'  gal a ctos e .  Henc e 

the sugar 1 ib er'a t ed b y  "':.he hydro lys i s  of' the CHC 13-

in s o l ub l e  r e s idue repr esent s a 5 to 8% con trib ut i on t o  the 
" l ip i dH -b ound gal a c t os e  value .  

A c i d  hydr olys i s  o f'  the l ip i d  gav e l ow an d va r i ab l e  

r e s ul t s  f' o r  l ip id-b ound gala c to s e .  Ghl ol"oi'orm a l  i quo t s  

of' leaf l ip i ds we:pe p l a c e d  in t e s t  tub e s  and the s o l  vent 

r emoved under n i tro gen . Three to fo ur ml of' N H2S04 

wer e  added and th e tub es hea ted f'or 6 0  m in wi th o c (;.a s i ol1.a l 

shaking in a b o il i ng wa t e r  b a th .  L ip i ds have a l ower 

spe c if' i c  gravi ty �1an , and hence f'loa t on the surf'a c{ . of' , 

wa ter . I t  wa s not surp r is ing therefo r e ,  that the l ip id 

tended t o  r i s e  t o  the surf'a ce of' the a c id and t o  

a c cumul a t e  in a rin g a dhering t o  the wal l  o f  the tes t tub e 
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F i g o  IV . Thin-laye r c hr omat ogram s h o wing the 
r e c ove ry o f  ga l a c t o l i pi d s  fr om the wa t e r  wa s hings 
of t he s e dimen t e d " l i pi d " .  Lane 1 is t h e l i pi d  
r e c ov e r e d  fr om t he 80% e t han o l -e x t r a c t e d - l e a f  
r e s i du e  by r e -e x t r a c t i on in t o  OHC I J - CHJ OH ( 2 : 1 ) . 
Lane s 2 mld J an d l an e s 4 an d 5 ar e the l i pi d s  
fr om t he wat e r  wa s h in g s  an d  s e d imen t e d  l i pi d s  
r e s pe c t ive ly o f  s e par ate whi t e c l o ve r  le af ex t r a c t s . 
S i l i c a  ge l G wa s the ad s or bent an d CHC I J - CHJ OH-
CHJ CO OH-H2 0 ( 85 : 15 : 10 : J ) t he d e v e l o p ing s o lvent . 

5 0  � l  o f  e a c h  fr ac t i on wa s  s t r eake d a cr o s s  2 cm . 

M = m on o gala c t o s y l  d i gl y c e r i d e ; 

D = d i gala t o syl d i gly c e r i de . 
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j us t  ab ove tl1.e Gur f'a c e  of' th.e a c i d , whi ch \;va s thus in 

conta c t  v!i t h  th i s  l ip i d  only v!h en the t ub e s  n e I' e  sha ke n . 

, 
I n  a f:eYI ca s e s  a gl ob ul e  o f:  1 ip i d  woul d a dh e r e  to the 

wal l  of the te s t  tub e b el ow the sur i'a c e  of: the a c id a nd 

woul d r e s i s t  a t t em:!) t s  t o  di slodge i t . I t  i s  d if'f: i cul t 

t o  s e e how the a c i d c oul d p en e tra t e  th i s  drop l e t  and 

hydr o l y z e  the s ugar r e s i due s conta i ne d  i n  i t .  I t  i s  

w o r th men t i on ing a t  th i s  p o in t  tha t Rus s e l l  found that 

a sulph o l ip i d  p r epar '"' t i on YiD S un de r go ing only 7OJ/o 

hydrolys i s  i n  N HC l when h e a t e d  a t  1 000C ( f'or 60 m in ) . I t  

i s  o ur expe r i en c e tpa t  the s ulph o l ip id i s  r e a d i l y  d e a cyl a t ed 

in N H2S04 when i t  i s  a ds o rb e d t o  s i l i c a  gel b ut that the 

glycerol- sulph o c�u inov o s e  b ond i s  ex t r em e l y  n c id s tab le . 

S in c e  the anthrone p ro c e dur e us e d  b y  Eus s e l l  woul d n o t  

d i s t in gu i s h  b e tv!e en sulpho Qu inovo s e and s ulpho quinov o s yl 

glyc e r ol we i n t e rpr e t  h i s  r e sul t s  a s  imply ing an incomp l e t e  

dea cylat i on of' the s ulpho l ip id ra th e r  . tha n th e i n compl e t e  

degrada t i on t o  f:a t t y  a c ids , gl yc e r o l  an d sulph o Qu i novo s e  

a s  Via s sugge s t e d . r:::'he vGr i ob l e r e sul t s  Vie ha d ob t a ine d 

were m o s t -- . l ik.e l y  caus e d  b ;{ incompl e t e  l ib e ra t i on o f:  the 

vra t eI' s ol ub l e  m o i e t i e s  of: the l ip i ds int o the a queous phas e . 

Th i s  V,ra S t e s t e d a s  f:o l l ovvs . 

Chl o ro f o rm s o l ut i ons o f:  l e a f  l ip id s  ( 0 . 2 ml ) we r e  

dr i e d  i n  t e s t  t ub c:: s , t a};:en up in 1 ml o f:  me th a nol i c  KOH 
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( O o 2 H KOB in me than o l ) and i n cub c t e d  8.t 37°C for 1 5  D i n . 

Tb. i s  p r o c e dur e dea c yl a t e d  th e l ip id s  and E. t th e end o f  

th e incub 8. t i on the me tha n o l  wa s r emov ed under r e duc e d  

p r e s s UT' e . ::ormal H2 S0
4 

( 4  ml ) wa s added t o  the tub e s  

and h�ldro l ys e s  p e r :fo P[1 e d  a s  us ual . A con t ro l  s e t of 

t ub es in ·wh i ch th e l ip i d  ha d no t b e en s ub j e c te d  to th i s  

i n i t i al mi l d- a lka l in e  hydro l ys i s were run con current l y . 

A ft e r  the a c i d  hydr o l ys i D  3 ml o f  p e tro l eum e thep wa s 

added t o  e a ch t ub e  and th e fa t ty a c id s , n o n- s ap on i f iab l e 

l ip i d  and �mhy-drolys e d  l ip i d  ex t r a c t e d  int o  th e o r gan i c  

pha s e . Ana l ys e s  of the r e duc ing sug a r  p r e s en t  i n  th e 

a queous pha s e  showe d tha t  pr i or dea c yla t i on of the l ip id 

r e s ul t e d  i n  a 2 5- 5 07� in c r e a s e in th e re c overy of r e duc ing 

s ugar and tha t only in th e ca s e s  whe r e  de a cyl a t i on wa s 

perfo rm e d  wa s s a t i s fa c t o ry dupl i ca t i on a ch i ev e d . 

In a m o r e  spe c i f i c expe r iment , 0 . 2 ml of a l ip id 

s o lut i on wa s de a cyl at e d  i n  0 . 8 ml of CHC l �  pl us 0 0 2 ml :; 
of 0 . 5r NaOCH

3 
in CH

3
0H for 20 m in a t  ro om t e mp e r'a t ur e . 

The s olv ent wa s p emoved on a r o ta ry evapor e tor , 4 ml of' 

N H
2S0

4 
a dde d and hydro lys i s  p e r fo rm e d  a t  1 000C for 6 0  min . 

A c on t r o l  group wa s  s e t  up in v;hi ch n o  s od ium D e thox i de 

hydrolys i s  ·wa s p e rforme d in i t  ial l y . Tub e s  were shak en a t  

1 0  m in i �t erva l s  dur i n g  the hydr o l ys i s . Unhydro l ys e d  

l i p id a n d  fa t ty a c i d s  w e r e  ex t r a c t ed int o pe t r o l e um  e th e r  

a s  b ef o r e  Dnd 1 m l  a l i quo t s  o f  the a qp.e ous pha s e  we r e  

ana l ys e d  fo r r e c1uc j. n c  suga r . P l an k s  a n d  s t anda.I' cLS YJ"ere 
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t ak e n  through the s ar;;.e pr o c e dur e . I n  tho s e  cas e s  '.vh ere 

a c i d hycir o ly s i s \','8 S n ot p r e c eded by the s od i um  m e thox i de 

t r e a tment the va l ue s  ob t E', in e d w e r e  1 03 , 1 65 , 1 62 , 1 70 

and 1 57 pg o f'  gal n c t o s e in LJ, ml o f'  a c i d vrh i le the value s  

ob t a ined .v11. en dee c2'l at i on v:as pe rf'o rme d were 278 , 2 81 , 286 , 

278 and 284 pg o f'  ga l a c t o s e i n  4 ml of' a c i d. The same 

t;/p e o f'  exp e r iment wa s p e I'f'orm e d by an j.ndepen dent op e ra t o r  

us i n g  the Ph eno l/H2S 04 suga r e s t i mat i on a s  de s c r ib ed i n  

the ma i n  r ep o r t . The val ue s ob t a i n e d  in th i s  ca s e  were 

2 26 , 1 92 ,  21 4 ,  94 a nd 233 pg ga l a c t o s e  in 4 ml o f'  a c i d  

s ol ut i on when de a cyl at i o n wa s no t f' ir s t  pe rforme d an d 

2 90 , 2 95 , 309 , 2 8 0  and 31 0 wh en dea cyl a t i on VIa s p e rforme d . 

rEhe s e  r e 8 '.1l t s  s ugge s t  tha t th e l ip i d  i s  o nl y s l owly 

dc a cyl a t ed unde r  the condi t i ons de s c r ib e d b y  Ba i l ey 

and hen c e  the w a t e r  s ol ub l e  ga l c: c t o syl gl y c e r o l i s  s l owly 

l ib e ra t e d  hl t O  a queous s o lut i on "Vllh e r e  the a c i d c a n  s pl i t 

the gl y c o s i d i c  l i nka ge . The r e l s. t iv e l y  l ow v a l ue s  

ob t a i n e d  vv i  th the r educ i ng suga r me tr� od c ompa r e d  w i  th 

tho s e  ob ta. in e d  \'d th the phenol/H2S04 me thod wo ul d tend 

t o  c onf' i rm th i s  b e l i ef . 

In h i s  paper Ba i l ey cl a i m e d  tha t there wa s a ma rke d 

s e a s onal ef'f'e c t  on the con c ent r8. t i on of' l ip i d b ound 

gal a c to s e  ( ga l a c t o l ip i d s ) i n  r ye gra s s , an d t he t the 

c o n c ent ra t i o n of the s ug8 r c ould va ry b e ti.7e en Qui te vvi d e  

l imits  ( 0 . 2 5  - 1 . 0370 ) . HO'vvev e r  a glanc e a t  t h e  pub l i she d 

t ab l e  rev eel l s  tha t in one mon th a f'l uc tua t i on of' f'rom 
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0 . 3 9  - 1 .  03;� 1,':a s encount eI' e d . Th e p r e s ent ev i den c e  

j_nd i cG. t e s  tha t  d i :ff'e r en c e s  shown up b y  thi s  m e th o d  a r e  

m o r e  1 ike1y t o  b e  a r e s ul t  of' ana1 yt i cal e r ro r  than o f'  

r es 1 d if':fer en c e s  in the pl an t . 
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DMP 
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PA 

PC 

PE 

PG 

PI 

PGTS 

SG 

SL 

TG 

TLC 

U1 
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ABBREV IATI ONS 

Ab sorb ance max imum 

D i e thylaminoethyl­

D i ga la c to s yl di glyceride 

\)�"G- - U;\N"�� I=ttAo.-·,o " ,  (,rlool- 'U"I�" I.\'\!)�) 
Dlmethoxy propane · 

D iphospha t idyl glycerol 

E thylene gl ycol suc c inat e  
\ 

Internal d i ame ter 

Mono galac to syl di glycer ide 
N IZ.brIl.A " L-,g..o 
Pho spha t id i c  a c i d  

Phospha t i dyl chol ine 

Pho spha t i dyl e thanolamine 

Phospha t i dy.1 glyc erol 

Phospha t i dyl ino s i t ol 

Pi gments 

S t eryl glyco s ide 

Sulphol ip id 

Tr iglycer ide 

Th in- laye r chroma t ography 

Unknovm neutral l ip i d  from Me s o t aen ium 

Unknown a c idic l ip id from M e s o ta enium 

1 8 : 3  e t c  Shor thand notat i on for fat ty a c i ds . 

The first f igure denot e s  the numb e r  

o f  carb on a t oms and the s econ d  the 

numb er of doub l e  b onds in the 

mol ecul e .  In th is case the no tat i on 

s tands fo r l inol enic a c i d. 
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