
Copyright is owned by the Author of the thesis. Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only. The thesis may not be reproduced elsewhere without 
the permission of the Author. 



THE BIOSYNTHESIS OF GALACTOLIFIDS IN PHOTOSY~TTHETIC TISSUE 

A thesis presented in partial fulfilment of 

the requirements for the degree of 

Master of Science 

in Biochemistry 

By 

Thomas Ross Eccleshall 

Massey University,· 

New Zealand 

1970 



ACKNOWLEDG Er·1:SNT.S 

The author wishes to express his appreciation of the excellent 

supervision of Dr. J.C. Hawke. 

The assistance of Prof. B.R. Watkin, in the providing of 

Gramineae sp., and the helpful advice of Dr. J.~. Lyttleton is also 

acknowledged. 

The capable technical assistance of Miss J.M. Aldersley is 

acknowledged with thanks. 

Thanks are extended to Miss D. King for typing this thesis 

and to Mr. P. Herbert for printing the figures. 



TABLE OF CONTENTS 

page 

Chapter 1 Review of Literature 1 

1 1.I: Occurrence 

1.II: Structure 

1 Characterization of the carbohydrate moiety 15 
2 Analysis of the intact lipid 17 
3 Configuration of the glyceryl moiety 19 
4 The identity of galactolipids from green leaves 19 
5 The trigalactosyl diglyceride 20 

1.III:Fatty acid composition 22 

22 
27 
28 

1 General considerations 
2 Specific composition of MGDG and DGDG 
3 The influence of light 

1.IV: Biosynthesis 32 
32 
33 
35 
36 
38 
39 
41 

1/J. 
1 Use of ·co

2 2 Experiments using chloroplast suspensions 
3 Non-chloroplastic synthesis 
4 The nature of the diglyceride acceptor 
5 Galactosylation of MGDG 
6 Incorporation of fatty acyl thioesters 
7 The possible biosynthetic pathway 

1.V: Degradation 

1 Characterization of a galactolipase ~3 
2 Identification of acylated galactolipids 46 
3 Factors influencing the expression of galactolipid 

degradation 47 
4 Consequences of galactolipase activity in 

isolated chloroplasts 48 

1VI: Raison d'etre 51 

Chapter 2 

1 Structural features 
2 Structural components of membranes 
3 Relationship to chlorophyll 
u Implication in electron transport 
5 Participation in carbohydrate metabolism 
6 Participation in fatty acid metabolism 
7 Miscellaneous 

The aim of the present work 

51 
51 
54 
59 
63 
6/J 

67 

68 



Chapter 3 

3.1: 

Materials and methods 

Materials and analytical techniques 

1 Reagents and solvents 
2 Radioactive materials 
3 Chromatography 
4 Quantitative and qualitative measurement of 

radioactivity 
5 Sonication 

3.II: Experimental procedures 

1 Plant tissues 
2 The incubation of leaf slices and extraction 

of lipids 
3 Isolation and hydrolysis of radioactive 

galactolipids 
4 Isolation of chloroplasts 
5 Preparation of crude enzyme preparations from 

chloroplasts 
6 Incubation procedures of chloroplast 

preparations 
7 Extraction of ids from reaction mixtures 

3.III: Preparation of lipid substrates 

Chapter 4 

4.I: 

1 Chemical synthesis of diglycerides 
2 Isolation of diglyceride and MGDG from the 

acetone extracts of chloroplasts 
3 Isolation of phospholipids 

Results 

Experiments with leaf slices 

1 The incorporation of radioactivity, from 

D-galactose-1-14c into the galactolipids of 
barley leaf slices, with respect to time 

2 The variation in the incorporation of radio-

activity from D-galactose-1- 14c into MGDG and 
DGDG with the age of the barley seedlings 

3 The incorporation of radioactivity from 
14 

D-galactose-1- C into the galactosyl moiety 
of MGDG and DGDG 

4 The incubation of fescue leaf slices with 
14 D-galactose-1- C 

4.II: Experiments with chloroplast suspensions 

1 The incorporation of radioactivity from 

UDF-D-galactose-
14c into the. lipids of chloro-

69 

69 

69 
69 
70 

71 
73 

74 

76 
77 

79 

80 
81 

82 

82 

88 
89 

92 

92 

92 

99 

101 

103 

plasts isolated from different plant species 103 



2 The relationship between the chloroplast 
concentration and the percentage incorporation 

of radioactivity from UDP-D-galactose-
14

c into 

page 

chloroplast lipids 106 
3 The effect of chloroplast isolaticn procedure 

on the incorporation of ra~ioactivity from 

UDP-D-galactose-
14c into lipids by chloroplasts 110 

4 The effect of treatment of the chloroplast 
suspension on the incorporation of radioactivity 

from UDP-D-galactose-
14c into chloroplast lipids 113 

4.III:Experiments with chloroplast enzyme preparations 117 

1 The incubation of ncetone powder preparations and 

freeze-dried chloroplasts with UDP-D-galactose-
14c 117 

2 The effect of adding increasing amounts of 
1,2-dioleoyl glycerol on the incorporation of 

radioactivity from UDP-D-galactose-
14

c into lipids 
by a spinach acetone powder preparation 120 

3 The effect of holding the reaction mixtures at 

o0
c before incubation with UDP-D-galactose- 14c 124 

4 The effect of different diglycerides on the 
incorporation of rndioactivity from UDP-D-

14 
galactose- C into lipids 127 

5 The effect of sonication time on the incorporation 

of radioactivity from UDP-D-galactose-
14

c ~nto 
lipids by spinach acetone powder preparations 132 

6 The effect of added phospholipid on the 
incorporation of radioactivity from UDP-D-

galactose-14c into lipids by a spinach acetone 
powder preparation 134 

7 The effect of time of incubation on the incorpor-

ation of radioactivity from UDP-D-galactose-
14

c 
into lipid by a spinach acetone powder preparation 138 

8 The effect of increasing amounts of 1,2(2,3)
diglycerides on the incorporation of radioactivity 

from UDP-D-galactose-
14

c into lipids by spinach 
acetone powder preparations 144 

9 The incubation of other lipid substrates with a 
spinach acetone powder preparation and UDP-D-

14 
galactose- C 150 

Chapter 5 Discussion 

5.I: The incorporation of D-galactose-1-
14c into the 

lipids of leaf slices 

153 

153 



pa"'e 
- 0 

5.11: The incubation of chloroplasts with UDP-D-galactose-

14c 155 

5.III:The incubation of chloroplast enzyme preparations 158 

SUMMARY 168 

REFERENCES 170 



Table 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

LIST OF TABLES 

The galactolipid content of plant tissues and other 
sources. 

The glycerolipid content of fractionated tissues, 
(Hirayama, 1967). 

The fatty acid composition of galactolipids from various 
sources. 

page 

3 

8 

10 

The degree of unsaturation of the fatty acids of 23 
galactolipids from various sources. 

The change in fatty acid composition of etiolated castor 29 
leaf galactolipids upon illumination. 
(Nichols, Stubbs and James, 1967), 

The fatty acid composition of the diglycerides prepared 37 
from spinach leaf phospholipids. 
(Mudd, van Vliet and van Deenen, 1969). 

The distribution of radioactivity on the TLC plates after 76 
re-chromatography of the isolated radioactive galactolipids. 

Summary of the acetone powder preparations of chloroplasts. 79 

Summary of the 1,2 (2,3)-diglyceride preparations. 84 

The fatty acid composition of the synthetic 88 
1,2 (2,3)-diglycerides. 

1h 
The incorporation of radioactivity from D-galactose-1- C 93 
into the lipids of barley lea: slices with res]ect to time. 

The variation in the incorporation of radioactivity from 97 

D-galactose-1-
14c into MGDG and DGDG by barley leaf slices 

with the age of the barley seedlings. 

The distribution of radioactivity between the fractions 99 
obtained by the hydrolysis of the radioactive galactolipids 

1u 
formed by incubating barley leaf slices with D-galactose-1- C. 

The incorporation of radioactivity from D-galactose-1- 14c 
into the lipids of fescue leaf slices. 

The incorporation of radioactivity from UDP-D-galactose- 14c 
into the lipids of chloroplasts isolated from different 
plant species. 

The incorporation of radioactivity from UDP-D-galactose-
14c 

into the lipids of fescue and ryegrass leaf chloroplasts. 

102 

104 

105 



Table 

17 

18 

19 

20 

21 

22 

23 

The effect of chloroplast concentration on the incorporation 

of radioactivity from UDP-D-galactose-
14c into chloroplast 

lipids. 

The incorporation of radioactivity from UDP-D-galactose-
14c 

into lipids by chloroplasts isolated by methods I and II. 

The effect of sonication of the chloroplast suspension on 
14 

the incorporation of radioactivity from UDP-D-galactose- C 
into chloroplast lipids. 

The incorporation of radioactivity from UDP-D-galactose-
14c 

into lipids by acetone powder and freeze-dried chloroplast 
preparations. 

The effect of adding increasing amounts of 1,2-dioleoyl 
glycerol on the incorporation of radioactivity from 

UDP-D-galactose-
14c into lipids by a spinach acetone powder 

preparation. 

The effect of holding the reaction mixtures at o0 c before 

incubation with UDP-D-galactose-
14c. 

The incorporation of radioactivity, from UDP-D-galactose-
1hc 

into lipids, stimulated by different 1,2 (2,3)-diglyceride 
when incubated with a spinach acetone powder preparation. 

page 

107 

111 

115 

118 

121 

125 

128 

24 The stimulation of incorporation of radioactivity into lipids 129 
1 Lf 

from UDP-D-galactose- C given by 1-oleoyl,2-linoleoyl glycerol 
and 1-linoleoyl,2-oleoyl glycerol incubated with a spinach acetone 
powder preparation. 

25 The effect of increasing sonication time on the incorporation 133 

of radioactivity from UDP-D-galactose-
14c into lipids by a 

spinach acetone powder preparation. 

26 The effect of added phospholipid on the incorporation of 135 

radioactivity from UDP-D-galactose-
14c into lipids by a 

spinach acetone powder preparation, 

27 The effect of time of incubation on the incorporation of 139 

radioactivity from UDF-D-galactose-
14c into lipids by a 

spinach acetone powder preparation using 1-oleoyl,2-linoleoyl 
glycerol as the lipid substrate. 

28 The effect of time of incubation on the incorporation of 11.i3 

radioactivity from UDP-D-galactose-
14c into lipids by a 

spinach acetone powder preparation, using 1-linoleoyl,2-oleoyl 
glycerol as the lipid substrate. 



Table 

29 

30 

31 

32 

The effect of increasing amounts of 1-oleoyl,2-linoleoyl 
glycerol on the incorporation of radioactivity from 

UDP-D-galactose-
14c into lipids by a spinach acetone powder 

preparation. 

The effect of increasing amounts of 1-linoleoyl,2-oleoyl 
glycerol on the incorporation of radioactivity from 

14 
UDP-D-galactose- C into lipids by a spinach acetone powder 
preparation. 

The effect of increasing amounts of 1-i-linolenoyl, 
2-linoleoyl glycerol on the incorporation of radioactivity 

from UDP-D-galactose-
14

c into lipids by a spinach acetone 
powder preparation. 

The incubation of other lipid substrates with a spinach 
14 

acetone powder preparation and UDP-D-galactose- C. 

page 

145 

146 

151 



Figure 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

LIST OF FIGURES 

The structures of MGDG and DGDG. 
(Carter ~i al, 1956, 1961a,b) 

The chemical d€gradation of HG:i.,G. 
(Carter, Hendry and Stanacev, 1961b) 

The conversion of deacylated galactolipid to 
L(+)-glyceric acid. (Miyano and Benson, 1962) 

The possible biosynthetic pathway of galactolipids 
in plants. 

The electron transport chain in photosynthesis. 
(Levine, 1969) 

The chemical synthesis of rac - 1,2 -di-0-acyl glycerol. 
(Mattson and Volpenhein, 1962) 

Examples of the GLC chromatographs obtained in the fatty 
acid analysis of the synthetic diglycerides. 

The GLC chromatograph obtained for the total fatty acids 
of the diglyceride isolated from the acetone extracts of 
chJoroplasts. 

The GLC chromatograph obtained for the total fatty acids 
of the phosphatidyl choline isolated from egg yolk. 

The percentage incorporation of radioactivity from 

D-galactose -1-
14c into MGDG and DGDG by barley leaf 

slices with respect to time. 

The change in the ratio of the percentage incorporations 
of radioactivity into :rviGDG and DGDG with incubation time. 

The ra.diochroma to gram scans for the lipid extracts 
obtained after the incubation of barley leaf slices with 

D-galactose -1-
14c for 1 hour and 5 hours. 

page 

16 

18 

18 

62 

87 

90 

90 

95 

13 The relationship between the percentage incorporation 98 
14 

radioactivity from D-galactose -1- C into MGDG and 
DGDG by barley leaf slices and the age of the barley tissue. 

14 The chromatogram of the water-soluble hydrolysis products 100 
from radioactive MGDG and DGDG. 

15 The relationship between the percentage incorporation 108 

of radioactivity from UDP-D-galactose -
14c into lipid 

and chloroplast concentration. 



Figure page 

16 The radiochromatogram scan of the lipid extract (no.5) 109 
obtained after incubating fescue chloroplasts with 

UDP-D-galactose -
14c. 

17 The radiochromatogram scans of the lipid extracts 4 12 
obtained after the incubation of fescue hloroplasts, 
isolated by method I, and method II, with 

14 
UDP-D-galactose - C. 

18 The radiochromatogram scan of the lipid extract obtained 119 
after incubating a freeze-dried spinach chloroplas~ with 

UDP-D-galactose -
14c. 

19 The incorporation of radioactivity from UDP-D-galactose- 14c 122 
into lipids on incubating the acetone powder of spinach 
chloroplasts with increasing amounts of 1,2-dioleoyl · 
glycerol. 

20 The radiochromatogram scan of the lipid extract (no.5) 123 
obtained after incubating the acetone powder of spinach 
chloroplasts with 1,2-dioleoyl glycerol and UDP-D-

14 . 
galactose - C. 

21 The effect of standing the acetone powder-diglyceride 126 
14 

suspensions before incubating with UDP-D-galactose - C. 

22 Some of the radiochromatogram scans of the lipid extracts 131 
obtained after incubating the acetone powder of spinach 

23 

24 

25 

26 

chloroplasts with UDP-D-galactose - 14c and different 
diglycerides. 

The effect of sonication time on the incorporation of 

radioactivity from UDP-D-galactose -
14c into lipids 

by an acetone powder preparation of spinach chloroplasts. 

Examples of the radiochromatogram scans of the lipid 
extracts obtained after incubating phospholipids with 

1u 
the acetone powder and UDP-D-galactose - ·c. 

The relationship between the percentage incorporation of 

radioactivity, from UDP-D-galactose -
14c into lipids by 

the acetone powder of spinach chloroplasts, and 
incubation, using 1-oleoyl,2-linoleoyl glycerol as the 
lipid substrate. 

The relationship between the percentage incorporation 

of radioactivity, from UDP-D-galactose -
14c into lipids 

by the acetone powder of spinach chloroplasts and 
incubation time, using 1-linoleoyl,2-oleoyl glycerol as 
the lipid substrate. 

137 

140 

1~ 



Figure page 

27 The radiochromatogram scan of the lipid extract obtained 141 
after incubating the acetone powder of spinach chloroplasts 

with UDP-D-galactose -
14c and 1-linoleoyl,2-oleoyl glycerol 

for 6 hours. 

28 The net percentage incorporation of radioactivity from 148 

UDP-D-galactose -
14c into lipids by the acetone powder 14 

of spinach chloroplasts incubated with UDP-D-galactose- C 
and increasing amounts of diglyceride. 

29 The radiochromatogram scans of the lipid extracts 152 
obtained after the incubation of the acetone powder of 

spinach chloroplasts with UDP-D-galactose -
14c and the 

MGDG, or the diglyceride, which were isolated from the 
acetone extract of chloroplasts. 



ACP 

F.ES 

ATP 

BSA 

C 

C/M 

CMU 

CoA 

cpm 

DCMU 

DCPIP 

DEGS 

DGDG 

dpm 

FRS 

C,' o• 

GLC 

GSH 

IUPAC-IUB -

1. 

M 

MGDG 

NADP 

p. 

PC 

PCM:B 

PE 

ABBREVIATIONS 

acyl carrier protein 

automatic external standard 

adenosine 5' - triphosphate 

bovine serum albumin 

Curie 

chloroform - methanol solution 

3-(p-chlorophenyl) - 1:1-dimethyl urea 

coenzyme A 

counts per minute 

3-(3:4-dichlorophenyl) - 1:1-dimethyl urea 

2,6-dichlorophenolindophenol 

diethylene glycol succinate 

digalactosyl diglyceride 

disintegrations per minute 

ferredoxin reducinf, substance 

gram 

gas liquid chromatography 

L-6lutathione 

International Union of Pure and Applied Chemistry -
the Internationsl Union of Biochemistry 

litre 

molarity 

monogalactosyl diglyceride 

nicotinamide adenine dinucleotide phosphate 

page 

phosphatidyl choline 

p-chloromercuribenzoic acid 

phosphatidyl ethanolamine 



PG 

PGA 

PI 

POPOP 

PPO 

PS I' 

rac 

sn 

SQDG 

TCPIP 

TGDG 

TLC 

II -

phosphatidyl glycerol 

3-phosphoglyceric acid 

phosphatidyl inositol 

1,4 bis /-2- (5-phenyloxazolyl) 7- benzene 

2,5 - diphenyloxazole 

photosystem I, II 

racemo 

stereospecific numbering 

sulphoquinovosyl diglyceride 

2,3 1
, 6 - trichlorophenolindophenol 

trigalactosyl diglyceride 

thin layer chromatoeraphy 

Tris Tri - (hydroxymethyl) methylamine 

UDP-D-galactose - uridine 5' - diphosphate D-galactose 

UDPG 

v. 

w., wt. -

uridine 5' - diphosphate O(-D-glucose 

volume 

weight. 



NOMENCLATURE OF LIFIDS 

For the specific structural design2.tion of complex lipids 

containing a glyceryl moiety, the nomenclature suggested by the 

IUPAC-IUB Commission on Biochemical Nomenclature (European J • 

.£.~_ochel]l (1967) ~' 127) has been followed. However, although a 

diglyceride prepared by chemical synthesis is correctly named as, 

e.g., ~-1-0-oleoyl, 2-0-linoleoyl glycerol, it is referred to as, 

in this case, 1--oleoyl, 2-linoleoyl glycerol, for sake of brevity. As 

a group the synthetic diglycerides are designated 1,2 (2,3)-diglycerides, 

The trivial names of complex lipids are used when it is more appropriate 

to do so e.g. phosphatidyl choline. 

Fatty acids are designated by the shorthand notation of number 

of carbon atom: number of double bonds, e.g. 16:3 refers to 

hexadecatrienoic acid. 




