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ABSTRACT 

Two notable features o f  previous work on lipid 
biosynthesis by isolated chloroplasts have been:- (a) The 
inability of chloroplasts to incorporate more than small 
amounts o f  ac e tat e  into the main constituent fatty acids o f  
the chloroplast lipids, namely linoleic (18:2) and linolenic 
(1 8:3)  acids. (b) The poor incorporation o f  fatty acids 
synthesized into galactolipids, which are the main chloroplast 
lipi ds . Bo th o f  these  aspe c t s  o f  lipi d biosynthesis were 
investigated using chloroplasts i solated from spinach, maize 
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and sweetcorn. Initial att emp ts to improve the synthesis o f  
polyunsaturated fat ty aci ds from [ 1- 1 4c ]ace tate were not 
success ful . Consequently the main ob j e c t  o f  the investigation 
was directed towards increasing the incorporation o f  long chain 
fatty acids into galac tolipids in the hope that increased 
galactolipid synthesis might also lead to increased desaturation 
o f  oleate  to linoleate and l inolenat e. 

Factors affecting the rates  of ac e tate incorporation 
into lipids by spinach, mai ze and sweetcorn chloroplasts were 
investigated. Optimum concen trations of acetate, ATP and CoA 
were found to be about  0.5mM-acetate (spinach somewhat hieher 
at  0.75rnM-acetate), 0.5mM-ATP and_0.25mM-CoA under the 
incubation conditions used in the pre s ent s tudy . Acetate 
concentration had a ma jor effect on  the rate of incorporation; 
optimisation of  ATP and CoA concentrations gave only small 
enhanc emen ts  of acetate incorporation. T.he ef fect o f  dival ent 
cations was also investigated for spinach chloroplas t s .  
Optimum Mg++ was 3.0mM; addition of l mM-Mn++ i n  the presence  
o f  1mM-Mg++ gave a comparable stimulation of  acetate 
incorporation . Ac etate  incorporation by spinach chloroplasts 
was also en hanced by the addition of Triton X-100, sn-elycerol-
3-phosphate and UDP-galac tose . 

Maximum incorporation rates obtained for maize and 
sweetcorn chloroplasts were 20-30nmol of ac e tate/mg chlorophyll/h 
which are up to 10-fold higher than previously reported rates  
for maize . Rat es of u p  to 500nmol of acetate/mg chlorophyll/h 
were ob tained for s pinach chloroplasts which compare favourably 
wi th the rates obtained  by o ther workers usine chloroplasts 
i so lated from younger l ea f  tissue. 

Oleic and palmitic acids with small amounts of stearic 



acid were the main fatty acids synthesized from acetate by 
isolated chloroplasts from all three sources. Little synthesis 
of linoleic and linolenic acids was achieved and changes in 
acetate, ATP and CoA concentrations had no significant effect 
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on the synthesis of polyunsaturated fatty acids from acetate. 
Triton X-100 and divalent metal ion concentrations also had 
little effect on the synthesis of polyunsaturated fatty acids by 
spinach chloroplasts. 

The synthesis of diglycerides (DG) by isolated 
chloroplasts from spinach, maize and sweetcorn was enhanced by 
the addition of E.£-glycerol-3-phosphate (G-3-P). Synthesis of 
monogalactosyldiglyceride (MGDG) was enhanced by the addition 
of UDP-galactose particularly if G-3-P was also present. 
Triton X-100 greatly enhanced the synthesis of DG and also 
(in the presence of UDP-galactose) MGDG by spinach chloroplasts. 
Spinach chloroplasts gave higher rates of DG and MGDG synthesis 
than either maize or sweetcorn chloroplasts. 

The synthesis or MGDG from DG by spinach chloroplasts 
was investigated by double-labelling experiments, using 
[1 (�3HJ�-glycerol-3-phosphate and (1-14c]acetate, fatty 
acid analysis and positional distribution o f  the incorporated 
fatty acids. The synthesis of MGDG was shown to occur without 
prior modification of the fatty acid composition of the DG. 

It was evident from the incorporation of oleate and 
<alrnitate into DG (and subsequently into MGDG) and from the 
positional distribution of these t�o fatty acids that a specific 
acylation of G-3-P occurred synthesizinB mainly 1-oleoyl, 2-
palmitoyl-sn-glycerol. The effects of altering the proportions 
of oleate and pal�itate synthesized on the relative a�ounts of 
these fatty acids incorporated into DG (and MGDG) were 
investigated. The results suggested that palmitate was 
incorporated into position 2 first followed by oleate into 
position 1. If there was more palmitate than oleate synthesized 
some palmitate could be also incorporated into position 1. 

he rates of DG synthesis calculated from [1 (3�
3H)­

�-glycerol-3-phosphate incorporation were considerably 
greater than those calculated from [1-14c)acetate incorporation 

indicating that a considerable dilution of the label from 
[1-14c]acetate had occurred and that a major proportion of the 
fatty acid carbon had come from an alternative source. 
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Bicarbonate, present in the reaction medium, was found to be 

utilized by spinach chloroplasts for the synthesis of fatty acids 

and lipids. Thus bicarbonate was probably the alternative 

source of fatty acid carbon. The fatty acids and lipids 

synthesized by spinach chloroplasts from exogenous acetate and 

bicarbonate were very similar. 

Although high rates of DG and MGDG synthesiG have 

been achieved in the course of the present s tudy by  the addition 

o f  appropriate metabolites, stimulation of synthesis of these 

lipids did not alter the rates of synthesis of linoleic and 
linolenic acids from acetate. Other attempts to increase 

polyunsaturated fatty acid synth esis from acetate by isolated 

chloroplasts were al so unsuccess ful. The use o f  chloroplasts 

i sola t e d  from developing maize l ea f  sections  had l i t t l e  effect 

on the rates o f  linol eic and linolenic aci ds synthesized from 

acetate. The addi tion of a 100,000 X� parti culat e  preparation 

from leaf homogenate to isolated maize and spinach chloroplasts 

though stimulating overall incorporation of acetate, gave only 

minor increases in the proportion of linoleic and linolenic 

acids synthesized. The stimulation of phosphatidylcholine 

synthesis by the particulate fraction, in the presence of 

isolated chloroplasts, failed to result in any dramatic 

increases in the proportions of polyunsaturated fatty acids 

synthesized. 

These finding s are discus sed in relation to the 
current understanding of fatty acid and lipid synthesis and 

recent in vivo and in vitro studies of plant lipid synthesi s. 
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N OMENCLATURE 

For the s p e c i fi c s truc tural designation o f  c ompl ex 

l i pi d s  c o n t aining a gly c erol moi ety , the nomenc l atur e 

sugge s t e d  by the IUPAC-IUB Commi s sion  on Bio c hemi cal · 

Nomen c l atur e ( Eur . J .  Bio c hem . (196 7 )  �' 1 27- 1 31 )  has b e e n  

fo l lowe d . However , t h e  trivial names  o f  c ompl ex l i pi ds are 

us e d  when i t  is mor e  appropriat e . Widely used abbreviations, 

e . g . HGDG for mono galac tosyl di gl y c eride , have al so be..en us e d  

f o r  t h e  s ake o f  br evi ty . These  are de fined on pp . xxi -xxi i . 

x xi ii 

Fat ty acids  are d e s i gnated  by t he sho r t hand no tation 

o f  number o f  carbon atoms:number of  doub l e  bonds , e . g . 18:3 
refers to l inol eni c aci d .  

O ther abbreviations  and the format for t h e  figur e s  

and tabl es i n  t h i s  thesis  followed  the guide l i n e s  s e t  down 

by the Bi o c hemi c al Journal (Bioc hem, J, ( 1 975 ) ill, 1-20 ).  




