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ANALYSIS OF MOLECULAR SPECIES OF 
CHLOROPLAST LIPIDS BY HPLC 

David G .  Bishop' 
Plant Physiology Unit 

CSIRO Division of Food Research & 
School of Biological Sciences 

Macquarie University 
P. 0. Box 52 

North Ryde 21 13 
Sydney, Australia 

ABSTRACT 

An improved p r o c e d u r e  f o r  t h e  q u a n t i t a t i v e  a n a l y s i s  o f  

f a t t y  a c i d  m o l e c u l a r  s p e c i e s  of  c h l o r o p l a s t  t h y l a k o i d  l i p i d s  by 

HPLC of t h e  1-methoxybenzoyl  d e r i v a t i v e s  of d i a c y l g l y c e r o l s  i s  

d e s c r i b e d .  Data  a r e  p r e s e n t e d  on t h e  chromatographic  p r o p e r t i e s  

of twenty t h r e e  commonly o c c u r r i n g  m o l e c u l a r  s p e c i e s .  

INTRODUCTION 

The t h y l a k o i d  membranes of  p l a n t s  and a l g a e  are  c h a r a c t e r -  

i s e d  by t h e  p r e s e n c e  of f o u r  major  p o l a r  l i p i d s ,  m o n o g a l a c t o s y l -  

d i a c y l g l y c e r o l  (MGDG),  digalactosyldiacyglycerol (DGDG), su lpho-  

* Deceased  September  1 4 t h  1986. 
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1498 BISHOP 

quinovosyldiacylglycerol (SQDG) and p h o s p h a t i d y l g l y c e r o l  (PG) . 
A knowledge of  t h e  f a t t y  a c i d  m o l e c u l a r  s p e c i e s  i n  t h e s e  l i p i d s  

i s  i m p o r t a n t  f o r  u n d e r s t a n d i n g  t h e i r  b i o s y n t h e t i c  pathway,  s i n c e  

t h e  d i a c y l g l y c e r o l  (DAG) moie ty  of  MGDG, DGDG and SQDG may be  

s y n t h e s i s e d  e i t h e r  i n  t h e  c y t o p l a s m  o r  i n  t h e  c h l o r o p l a s t  and 

t h e  r e l a t i v e  c o n t r i b u t i o n s  o €  e a c h  pathway v a r y  w i d e l y  among 

p l a n t  s p e c i e s  (1 ) .  However, PG a p p e a r s  t o  be s y n t h e s i s e d  

e n t i r e l y  w i t h i n  t h e  c h l o r o p l a s t  i n  h i g h e r  p l a n t s  ( 1 )  and i t s  

proposed  r o l e  a s  a f a c t o r  i n  d e t e r m i n i n g  c h i l l i n g  s e n s i t i v i t y  

( 2 , 3 , 4 )  i s  dependent  on t h e  p r e s e n c e  of  s p e c i f i c  m o l e c u l a r  

s p e c i e s .  

D e t e c t i o n  methods f o r  t h e  a n a l y s i s  of m o l e c u l a r  s p e c i e s  o €  

c h l o r o p l a s t  l i p i d s  have  depended e i t h e r  on t h e  measurement o f  UV 

a b s o r p t i o n  a t  a b o u t  205nm (5 ,6,7)  o r  on t h e  p r e p a r a t i o n  of  DAG 

d e r i v a t i v e s  such  as p n e t h o x y b e n z o a t e s  ( 5 ) .  The former method 

s u f f e r s  from a l a c k  of s e n s i t i v i t y  and from v a r i a t i o n s  i n  

d e t e c t o r  r e s p o n s e  a c c o r d i n g  t o  t h e  d e g r e e  of  f a t t y  a c i d  u n s a t u r -  

a t i o n .  I n  p a r t i c u l a r ,  i t  f a i l s  t o  d e t e c t  m o l e c u l a r  s p e c i e s  

c o n t a i n i n g  two s a t u r a t e d  f a t t y  a c i d s  ( 5 ) .  The l a t t e r  t e c h n i q u e  

p r o d u c e s  a n  i n c r e a s e  i n  s e n s i t i v i t y  and a l l o w s  a d i r e c t  q u a n t i -  

t a t i v e  a n a l y s i s ,  s i n c e  t h e  a b s o r p t i o n  of t h e  a r o m a t i c  group i s  

measured a t  a b o u t  250nm. 

T h i s  p a p e r  p r e s e n t s  d a t a  on t h e  a n a l y s i s  of t h e  p n e t h o x y -  

b e n z o y l  d e r i v a t i v e s  of DAGs d e r i v e d  from c h l o r o p l a s t  l i p i d s  

u s i n g  a r e v e r s e d  phase  column and a s i m p l e  i s o c r a t i c  s o l v e n t  

sys tem,  which p e r m i t s  e x c e l l e n t  s e p a r a t i o n  of  m o l e c u l a r  s p e c i e s .  

MATERIALS AND METHODS 

MGDG, DGDG, SQDG and PG were i s o l a t e d  by DEAE-Sepharose 

chromatography and p r e p a r a t i v e  TLC ( 2 )  of l i p i d  e x t r a c t s  from 
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ANALYSIS OF CHLOROPLAST LIPIDS 1499 

leaves of silver beet (Beta vulgaris), potato (Solanum 
tuberosum), passionfruit (Passiflora edulis forma flavicarpa) 

and banana (e sapientum) and from the cyanobacteria, 

Anacystis nidulans and Synechococcus sp., grown as previously 

described (8,9,10). DAGs were prepared from purified glyco- 

lipids by treatment with periodic acid and 1,l-dimethylhydrazine 

(11). DAGs were prepared from PG by hydrolysis with phospho- 

lipase C. The PG (0.2-2mg) was freed of solvent under a stream 

of N2 and the lipid dispersed in 1 ml of 50mM HEPES, pH 7.5, by 

vortexing for 60 sec at a temperature about ten Centigrade 
degrees above the phase separation temperature of the lipid. 

Phospholipase C (12 units, Boehringer), 1M CaC12 (10  111) and 

diethylether ( 2  m l )  were added sequentially and the mixture 

incubated at 37'C for 2h with occasional shaking. The ether 

layer was removed and the aqueous fraction re-extracted with a 

further 2 ml of ether. The combined extracts were evaporated 
under a stream of N2. 

incubation was sufficient to hydrolyse all the PG present in the 

sample and that the released DAG had a fatty acid composition 

identical to that of the PG from which it was derived. 

Control experiments showed that a 2 h 

DAGs were purified by TLC and converted to their p-methoxy- 

benzoyl derivatives (5). The derivatives were purified by TLC 

(5) and after extraction with ether were dissolved in aceton- 

itrile. 

Analyses of the p-methoxybenzoyl derivatives of DAGs were 

performed by HPLC at 24OC in a Waters high performance liquid 

chromatograph using a model 590 pump and model 490 programmable 

multiwavelength detector, set at 254 nm. The column was a 150 x 

3 . 9  mm Resolve 5 prn CIS reverse-phase (Waters Associates). The 

solvent used was &ropanol:acetonitrile, 3 5 : 6 5  (12 ,13 )  and the 

flow rate was 0.5 ml/min. 
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RESULTS AND D I S C U S S I O N  

BISHOP 

The a n a l y s e s  o f  t h e  p-methoxybenzoyl  d e r i v a t i v e s  of  D A G s  

p r e p a r e d  from PG and SQDG o f  E . f l a v i c a r p a  a r e  shown i n  F i g .  1. 

E x c e l l e n t  s e p a r a t i o n  of  t h e  major  m o l e c u l a r  s p e c i e s  i s  o b t a i n e d  

under  the a n a l y t i c a l  c o n d i t i o n s  d e s c r i b e d  and t h e  a n a l y s i s  i s  

comple te  i n  less t h a n  20 m i n u t e s .  PG from l e a v e s  of  h i g h e r  

p l a n t s  is  c h a r a c t e r i s e d  by i t s  c o n t e n t  of t rans-3 , -hexadecenoic  

a c i d  ( t r a n s - 3 , 1 6 : 1 )  which o n l y  o c c u r s  a t  t h e  E-2 p o s i t i o n  and 

i t  i s  p o s s i b l e  t o  r e s o l v e  m o l e c u l a r  s p e c i e s  c o n t a i n i n g  t h i s  a c i d  

from t h o s e  a n a l o g u e s  which c o n t a i n  p a l m i t i c  a c i d  ( 1 6 : 0 ) ,  or cis- 
h e x a d e c e n o i c  a c i d  (&, 1 6 : l ) .  The t e c h n i q u e  t h u s  p e r m i t s  

a c c u r a t e  e s t i m a t i o n  of t h e  m o l e c u l a r  s p e c i e s  16:0/16:0, 

1 6 : 0 / t r a n s - 3 , 1 6 : 1  and 18:0/16:0 which have  been proposed  t o  p 

a major  r o l e  i n  d e t e r m i n i n g  t h e  r e l a t i v e  c h i l l i n g  s e n s i t i v i t y  

h i g h e r  p l a n t s  ( 2 , 3 , 4 ) .  

aY 

of  

The r e l a t i v e  r e t e n t i o n  volumes of  twenty t h r e e  m o l e c u l a r  

s p e c i e s  o f  DAG, t o g e t h e r  w i t h  t h e i r  E f f e c t i v e  Average Chain 

Length (EACL) (12-13)  c a l c u l a t e d  from t h e  formula :  

log  ( r e 1  RT) = 0.096 (EACL) - 1.54 

a re  p r e s e n t e d  i n  T a b l e  1. R e 1  RT i s  t h e  r e t e n t i o n  t i m e  r e l a t i v e  

t o  t h a t  of 1,2-dihexadecanoyl-~-methoxybenzoate. 

s t a n d a r d  m o l e c u l a r  s p e c i e s  were o b t a i n e d  from i n d i v i d u a l  c h l o r o -  

p l a s t  l i p i d s  i s o l a t e d  from s p e c i f i c  p l a n t s .  

The v a r i o u s  

The d e s i g n a t i o n  of  m o l e c u l a r  s p e c i e s  shows t h e  f a t t y  a c i d  

occupying  t h e  E-1 p o s i t i o n  of  t h e  m o l e c u l e  f i r s t ,  and t h a t  

occupying  t h e  s - 2  p o s i t i o n  second.  Such c o n f i g u r a t i o n s  have  

b e e n  d e t e r m i n e d  by p o s i t i o n a l  a n a l y s i s  of t h e  p u r i f i e d  l i p i d s  

u s i n g  p h o s p h o l i p a s e  A2 o r  Rhizopus l i p a s e  ( r e f .  14 and Bishop e t  

a l . ,  u n p u b l i s h e d  r e s u l t s ) .  Those m o l e c u l a r  s p e c i e s  i n  which t h e  

p o s i t i o n a l  d i s t r i b u t i o n  h a s  n o t  been  u n e q u i v o c a l l y  d e t e r m i n e d  

are  marked w i t h  a n  J-. A l l  d o u b l e  bonds are of c i s  

c o n f i g u r a t i o n ,  e x c e p t  f o r  t h o s e  markedt ,  which i n d i c a t e s  a 
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1502 BISHOP 

TABLE I 

R e l a t i v e  Re ten t ion  Times and EACL Values f o r  p-methoxybenzoyl 

D e r i v a t i v e s  of 1 ,2 -Diacy lg lyce ro l s  Prepared  from Thylakoid 

L ip ids .  

Peak No. Molecular Spec ie s  Re1 RT EACL 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
1 5  
16 
1 7  
18 
19 
20 
21 
22 
23 

18:3/16:3 
18:3/18:3 
18  : 2 / 18 : 3" 
18:3/16:1 
18:3 /16: l t  
18:2/18:2 
18:2/16:1 
18:3/16:Ot 
18:2/16:1 
14 :0/14 :O 
18:1/16:1 
18:2/16:0 
18 : 2/18  : 1" 
16: 1/16:0 
18:1/16:lt  
16 :0/16: 1 
18:1/18:1 
18:1/16:0 
16 :0/1 6:Ot 
18:0/16:1 
18  :0/18:1-2 
18:0/16:0 
18:0/18:0 

0.36 
0.40 
0.47 
0.47 
0.52 
0.55 
0.55 
0.60 
0.61 
0.63 
0.69 
0.71 
0.73 
0.75 
0.77 

0.87 
0.93 
1 .oo 
1.08 
1.19 
1.30 
1.55 

0.83 

~ ~~ 

11.43 
11.88 
12.63 
12.63 
13.08 
13.33 
13.33 
13.73 
13.80 
13.96 
14.36 
14.50 
14.61 
14.74 
14.85 
15.20 
15.42 
15.71 
16 .OO 
16.39 
16.83 
17.23 
18.02 

t r ans -3  double bond. The terms Re1 RT and EACL a r e  de f ined  i n  

t h e  t e x t .  

For example, t h e  molecular  s p e c i e s  18:3/16:3 is a major 

component of t h e  MGDG from l eaves  of  p o t a t o  (9), whi le  16:1/16:0 

i s  t h e  predominant molecular  s p e c i e s  i n  a l l  fou r  l i p i d s  of t he  

cyanobacterium, Anacys t i s  n idu lans  (14 ) .  C a l c u l a t i o n  of  t h e  
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ANALYSIS OF CHLOROPLAST LIPIDS 1503 

EACL a l l o w s  a d i r e c t  compar ison  of  t h e  e f f e c t  on t h e  chromato-  

g r a p h i c  p r o p e r t i e s  o f  s p e c i f i c  m o l e c u l a r  d i f f e r e n c e s ,  such  a s  

c h a i n  l e n g t h ,  o r  t h e  number and c o n f i g u r a t i o n  of d o u b l e  bonds. 

For  example,  t h e  p r e s e n c e  of  the t r a n s - 3  d o u b l e  bond i n  t r a n s -  

3 ,16:1  d e c r e a s e s  the EACL by 0.7 t o  0.9 u n i t s  as compared t o  

16:0, whereas  a cis d o u b l e  bond n e a r  t h e  c e n t r e  of  t h e  c h a i n  

d e c r e a s e s  t h e  EACL by 1.3 t o  1.5 u n i t s .  A t  h i g h e r  l e v e l s  of 

u n s a t u r a t i o n ,  t h e  p r e s e n c e  o f  6 d o u b l e  bonds (e .g .  i n  18:3/16:3 

and 18:3/18:3)  r e d u c e s  t h e  EACL by a b o u t  6 u n i t s  a s  compared t o  

t h e  f u l l y  s a t u r a t e d  a n a l o g u e s .  The a n a l y t i c a l  c o n d i t i o n s  do n o t  

d i s c r i m i n a t e  between p o s i t i o n a l  i somers  of  1,2-DAGs. For  

example,  the plnethoxybenzoyl-DAG d e r i v a t i v e s  of  18:3/16:0, 

18:2/16:0 and 18:1/16:0 ( f r o m  Synechococcus MGDG) have  

r e s p e c t i v e l y  t h e  same R e 1  RT and EACL v a l u e s  as 16:0/18:3, 

16:0/18:2 and 16:0/18:1 ( f r o m  P. e d u l i s  forma f l a v i c a r p a  SQDG). 

The p r e s e n t  a n a l y t i c a l  p r o c e d u r e ,  which i s  b a s e d  on  t h e  

s o l v e n t  sys tem d e v e l o p e d  by B a t l e y  e t  a l .  ( 1 2 , 1 3 )  f o r  a n a l y s e s  

of E. c o l i  l i p i d s ,  h a s  a number of a d v a n t a g e s  o v e r  t h o s e  

p r e v i o u s l y  proposed  f o r  t h e  a n a l y s e s  of m o l e c u l a r  s p e c i e s  of  

c h l o r o p l a s t  l i p i d s ,  i n  t h a t  i t  u s e s  o n l y  a s 

s o l v e n t  m i x t u r e ,  i s  more r a p i d ,  and p r o v i d e s  

s e p a r a t i o n .  It is  a l s o  c a p a b l e  of  r e s o l v i n g  

FAGS from 1 ,2- i somers  ( d a t a  n o t  shown). The 

mple i s o c r a t i c  

improved 

t h e  1 ,3- i somers  o f  

u s e  of t h e  p- 
methoxybenzoyl  d e r i v a t i v e s  allows a c c u r a t e  q u a n t i t a t i v e  a n a l y s e s  

of m o l e c u l a r  s p e c i e s ,  b a s e d  on t h e  c o n t e n t  of one a r o m a t i c  

r e s i d u e  p e r  m o l e c u l e  ( 1 3 1 ,  and p e r m i t s  t h e  d e t e c t i o n  o f  

m o l e c u l a r  s p e c i e s  c o n t a i n i n g  two s a t u r a t e d  f a t t y  a c i d s ,  which 

a r e  n o t  m e a s u r a b l e  by UV a b s o r p t i o n  a round 200nm. F i n a l l y ,  t h e  

p r o c e d u r e  i s  a l s o  a p p l i c a b l e  t o  a n a l y s e s  of m o l e c u l a r  s p e c i e s  of  

n a t u r a l  d i a c y l g l y c e r o l s  o r  of  any o t h e r  p h o s p h o l i p i d  which i s  

s u s c e p t i b l e  t o  h y d r o l y s i s  by p h o s p h o l i p a s e  C ,  such  a s  

p h o s p h a t i d y l c h o l i n e  o r  phosphatidylethanolamiae. 
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