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Abstract-An enzyme which will deacylate sulphoquinovosyl diacylglycerol (SQDG) has been partially purified 
from the leaves of runner bean (Phuseolus multiflorus). No monoacyl intermediate was observed and the acyl hydrolase 
was more active towards unsaturated molecular species of SQDG than towards saturated species. The major peak 
of activity of SQDG acyl hydrolase, separated on both DEAE-cellulose and Sephadex columns, also contained 
galactolipid acyl hydrolase activity. The distribution of these activities together with substrate competition and 
inhibitor experiments indicated that at least part of the SQDG acyl hydrolase activity was due to an enzyme that also 
hydrolysed g~a~o~pids. 

INTRODUCTION 

Sulphoquinovosyl diacylglycerol (SQDG, plant sulpho- 
lipid, sulphonolipid) was first observed by Benson and 
co-workers in a variety of photosynthetic micro- 
organisms and higher plants [l--S]. Subsequently it has 
been found in all green plants examined [6, 71. In 
contrast to the other glycolipids, monogalactosyl diacyl- 
glycerol (MGDG) and digalactosyl ~cylgly~rol 
(DGDG), it contains a high amount of palmitic as well 
as linolenic acid [8]. SQDG is localized in the chloro- 
plast famellae and it has been suggested that it may play 
a role in photosynthesis [9, IO]. Furthermore, during 
greening SQDG is formed prior to the appearance of 
chlorophyll with which it rapidly achieves a constant 
ratio [ 111. 

Although the biosynthesis of SQDG has been in- 
vestigated by several workers [12-153 its catabolism has 
received little attention. Extracts from Scenedesmus 
obliquus catalysed the breakdown of SQDG via a mono- 
acyl intermediate to sulphoquinovosyl glycerol [16]. 
This enzyme, however, was not specific for SQDG but 
also hydrolysed ph~pho~pids. Wolfersberger and Pie- 
ringer [17] showed that cell-free preparations of the 
alga ~h~rel~~ p~~idosu could also deacylate SQDG 
in a step-wise manner. 

Extracts from the leaves of Phoseolus contain very 
active galactolipid acyl hydrolase activity. Sastry and 
Kates [lS] suggested that enzymes specific for MGDG 
and DGDG were present but Helmsing [19] considered 
that the same enzyme was involved in hydrolysis of 
both lipids. No examination of SQDG as a substrate 
was made, however, nor is there any report of SQDG 
hydrolysis by an enzyme preparation from plant leaves, 
in spite of the high amounts of endogenous sulpholipid. 
This paper describes the partial purification and proper- 
ties of such an enzyme which has been isotated from 
leaves of Fh~eolus multiform. 

RESULTS AND DISCUSSION 

Preliminary experiments were carried out using crude 
enzyme preparations to determine the most suitable 
method of assay. Disappearance of substrate, measured 
by ester [ZO] or sugar determination [21] or appearance 
of fatty acid, estimated by complex formation [22], or 
GLC of methyl esters were compared. Of these, the 
ester determination and the GLC method were the most 
reliable. Comparable results were always obtained but 
the GLC technique was selected because of its sensitivity 
as well as the additional information it yielded concern- 
ing the release of different fatty acids. 

Enzyme isolation and partial purijkation. 

The procedure used was based on that of Helmsing 
[19] except that the ion-exchange step preceeded the 
gel filtration stage. This had the advantage of allowing a 
less concentrated protein solution to be loaded onto the 
ion-exchange column, which removed much of the 
pigments that interfered with gel filtration. There was 
no tendency for the protein to precipitate after concen- 
tration prior to gel liltration when treated as such. 
Elution was carried out using a salt gradient in 0.01 M 
phosphate buffer, pH 7 (Fig 1) and the fractions assayed 
for activity towards MGDG, DGDG and SQDG. 
Although the major peak of activity was in the same 
fractions for all 3 substrates, they were not exactly 
superimposable. Fractions 28-48 (Fig. 1) from the ion- 
exchange column were bulked and the protein concen- 
trated with ammonium sulphate (75 %) as described in the 
Experimental section. Theconcentra&i protein solution 
was annlied to a Senhadex G-200 column and eluted 

a. 

with O.OlM phosphate buffer, pH 7 (Fig. 2). Fractions 
2428 were bulked and this partially purified preparation 
was used in all the subsequent experiments. This prepara- 
tion had acyl hydrolase activity towards SQDG, DGDG 
and MGDG in the ratio of 1:4.4:7.6. This agrees very 
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Fig. 1. Elution pattern of a DEAE-cellulose column. M 
protein (mgjml) ; A-A SQDGdeacylation (pmol/hr/fraction) 
For column details see text. Fractions of 8.4 ml were collected. 

well with a ratio of 1.50:2.68 for DGDG and MGDG 
hydrolysis obtained by Helmsing [19] who concluded 
that the same enzyme catalysed deacylation of both 
lipids, but he did not test SQDG. 

Determination of pH optima 

The pH curve for SQDG hydrolysis showed a broad 
optimum around pH 5. Activity at pH 7.6 was 50% of 
that at pH 5. Similarly broad pH curves were obtained 
for MGDG and DGDG by Sastry and Kates [18]. No 
effect of different buffers was observed and subsequent 
incubations used succinate buffer at pH 5. 

Determination of K, 

Varying concentrations of SQDG were incubated at 
30” in a succinate buffer, pH 5. When plotted according to 
Lineweaver and Burk a linear relationship between 
l/v and l/S was obtained, which gave an ‘apparent’ K, 
of0.15mM.Thisvaluecomparesfavourablywith0.65mM 
and 0.3 1 mM that Helmsing [19] obtained for MGDG 
and DGDG respectively. Sastry and Kates [lS] obtained 
values of 7.8 mM and 1.5 mM for these two substrates. 

Substrate competition experiments 

Since Helmsing [19] had implicated a single enzyme 
which would act on both MGDG and DGDG, we were 
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Fig. 2. Gel filtration on a Sephadex-G200 column. O---O 
protein (mg/ml) ; A-ASQDG deacylation (pmol/hr/fraction) 

Fraction volumes were 11.2 ml. For column details see text. 
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Fig. 3. Effect of competing substrates on SQDG deacylation. 
The reaction was followed by estimating the amount of sub- 
strate remaining at different time intervals (see Experimental). 
M SQDG deacylation, A-A SQDG deacylation in 
presence of MGDG, M SQDG deacylation in presence of 
DGDG, A-A DGDG deacylation in presence of SQDG, 
C+--0 MGDG deacylation in presence of SQDG. Equal 

weights of all lipids were incubated. 

interested in whether there was any evidence that SQDG 
could be deacylated by the enzyme hydrolysing the 
galactolipids.Accordingly,asubstratecompetitionexperi- 
ment was set up and the results are shown in Fig. 3. The 
breakdown of SQDG was decreased in the presence of 
either MGDG or DGDG. These results can be inter- 
preted as providing evidence for a single enzyne which 
can hydrolyse all 3 substrates. Since inhibition was not 
complete, the data does not preclude the possibility that 
another enzyme(s) may specifically deacylate SQDG 
without hydrolysing MGDG and DGDG. 

Enzyme specificity 

The fatty acid patterns obtained for the product of 
hydrolysis of both Swiss chard and Spring cabbage 
SQDG were not the same as the substrates (Table 1). 
Nor was there any good agreement with the fatty acids 
present in the 2-position of SQDG (Table 1). These 
data provide further evidence that deacylation of SQDG 
occurs at both positions and explains the absence of a 
lyso-intermediate, assuming that the second deacylation 
was the more rapid. Previous results with deacylation of 

Table 1. Distribution of fatty acids in SQDG compared with 
those released by enzymic hydrolysis 

% Total fatty acids 

Lipid Position 16:0 16:l 18:0 18:l 18:2 18:3 

Swiss chard 
SQDG Both 38.0 0.4 1.2 2.3 6.8 51.3 

l- 46.2 0.4 2.6 3.9 7.3 39.0 
2- 25.1 2.8 2.0 2.3 2.8 65.0 

Fatty acid 
products 32.5 0.5 0.5 0.2 5.6 60.7 

Springcabbage 
SQDG Both 30.5 1.9 1.7 1.0 7.6 57.3 

Fatty acid 
products 22.8 0.8 1.0 1.4 7.0 67.0 
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Table 2. Fatty acid analysis of molecular species of Swiss chard 
SQDG 

% Total fatty acids 

Species 16:0 16:l 18~0 18:l 182 18:3 

‘Saturated’ SQDG 59.8 1.4 2.0 9.3 22.1 4.8 
‘Trienoic’ SQDG 41.3 0.6 1.7 1.2 2.1 53.0 
‘Hexaenoic’ SQDG 10.5 02 1.1 0.7 1.5 86.0 

MGDG and DGDG by higher plants also failed to 
reveal a lyso-intermediate [ 18,191. Algal preparations, on 
the other hand, deacylated SQDG in a step-wise manner 
with the lyso-intermediate clearly isolatable [16, 171. 

From Table 1 it can be seen that linolenic acid is 
released in preference to palmitic acid. One could, 
therefore, predict that the enzyme prorations would 
be more active towards molecular species containing a 
high proportion of linolenic acid. Accordingly, AgNOS- 
TLC was conducted which resulted in the separation of 
3 molecular species of SQDG (Table 2). These were, 
predominantly, saturated, ~~tyl-l~olenyl and dilino- 
lenyl, representing 13 %, 71% and 16 % respectively of 
the original Swiss chard SQDG. 

Incubation of these molecular species with the enzyme 
preparation (Fig. 4) showed quite clearly that the 
dilinolenyl species was hydrolysed preferentially. The 
relative rates of hydrolysis of the molecular species, 
together with their relative abundance, fully explain the 
pattern of fatty acids released during hydrolysis. 

Eflect of cysteine 

Helmsing [19] had noted complete inhibition of his 
enzyme preparation by 1 mM cysteine but, in contrast, a 
g~a~o~pid acyl hydrolase from Ph~eo~us ~~~~ [23] 
was unaffected. We found no effect of cysteine up to a 
level of 2 mM on hydrolysis of SQDG, MGDG or DGDG 
by our preparation. It is, perhaps, pertinent to note that 
the cysteine solutions must be carefully buffered, other- 
wise the consequent change in pH of the ~cubation 
medium naturally renders the enzymes inactive. 
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Fig. 4. Enzyme release of fatty acids from molecular species of 
SQDG A-A ‘saturated’ SQDG, H ‘trienoic’ SQDG, 

8---O ‘hexaenoic’ SQDG. 

CONCLUSION 

The data presented in this paper show that P. multi- 
floras contains an active SQDG acyl hydrolase. The 
results provide an explanation for the rapid turnover of 
the acyl groups of SQDG in green leaves [6]. Further- 
more, the specificity of the enzyme also enables the 
differential turnover of individual molecular species. At 
present we do not know how many enzymes are capable 
of deacylating SQDG. Certainly, an appreciable part of 
the lipolysis is due to an enzyme which also hydrolyses 
galactolipids. However, the lack of complete substrate 
competition and the non-superimposability of lipase 
activity towards the different substrates in the column 
fractions suggest that other enzymes may also be involved. 
These enzymes may be specific for SQDG or may be 
unspecific acyl hydrolases [cf 24, 251. Further work is 
now continuing in our laboratories to answer this 
question. 
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EXPEREWJCNTAL 

Runner bean seeds (Phmeolus muZti$orus cv Scarlet Emperor) 
were obtained from Thompson and Morgan Ltd, Ipswich. 
Leaves were harvested from the plants between the second and 
fourth weeks of growth. Swiss chard (Beta uulgaris cv Cicla) 
was obtained from Samuel Dobie and Son Ltd., Llangollen and 
grown for 3 months before harvesting. Spring cabbage (Brassica 
olereceu) was purchased from the local market. 

St&sbqtag. SQDG, MGDG and DGDG were isolated from 
Swiss chsrd and Spring cabbage by tbe procedure of ref. [26]. 
MGDG and DGDG were further purified by preparativeSi gel 
TLC using CHCl-MeOH-HOAcH,O ( 170 : 30 : 20 : 7). Lipids 
wereelutedwith6changesofCHClj-MeOH-HOAc(2OO:1OO:1). 
SQDG was further purified on a second DEAF-cellulose column 
as previously described [26]. Purity of the substrates was 
checked by TLC 

Enzyme isolation. Enzyme was prepared from runner bean 
leaves (200400 8) by a method based on ref. 1181. Alter storage 
at 4” for 1 hr in the dark, the leaves were homogenized with an 
equal wt of HZ0 for 2 min. The homogenate was filtered through 
2 layers of cheesecloth and the residue was further homogenized 
with H,O and filtered. The pooled homogenates were centri- 
fuged for 30 min at 12000 g and the resulting supernatant was 
further centrifuged for 1 hr at 104000 g. Solid (NH&SO_, was 
added to the supernatant to 75% satn and the resulting ppt. 
was collected by centrifugation at 8000 g for 20 min. The ppt. 
was resuspended in 10ml of O.OlM Pi buffer, pH 7 and was 
dialysed against 5 1. oftbe same buffer for 24 hr. DEAE cellulose 
DE32 (microgranular anion exchanger, Wbatman) was treated 
according to the ~~~~~ instructions. Ion exchanger 
(log) was resuspended in 0.01 M Pi bulfer, pH 7. A column of 
25 x 2 cm id. was used with a bed height of 10 cm. Elution 
was carried out using a gradient in the same buffer. Gel filtration 
was carried out on a 50 x 4 cm i.d. column of Sephadex G-200. 
FWion was carried out with 0.01 M Pi buffer; pH 7 with a bed 
height of 4.5 cm. 

Enzyme assay. A modified procedure ofreX [ 181 was adopted. 
Succinate buffer, pH 5 was used for SQDG, maleate buffer 
pH 5.6 for DGDG and Pi bilfer pH 7 for MGDG assays. 
Substrate (cu 0.25 pM) was resuspended in 15 pl of MeOH, 
bulfer added and the substrate thoroughly dispersed. The 
reaction was initiated by enzyme addition and incubation 
carried out at 30”. The final buffer concn were 0.1 mM and the 
final vol. 0.5 ml. The reaction was stopped with 0.55 ml of 0.1 M 
HCl in 90% MeOH, CHCI, (0.625 ml) and MeOH (0.7 ml) 
were added and the mixture allowed to stand for 10min. 
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CHCI, (0.625 ml) and 0.625 ml of 2M KC1 in OSM Pi, pH 7.4 
were added and shaken vigorously. The extraction procedure is 
similar to that described in ref. [273 which has been shown to 
quantitatively extract acyl lipids [15]. The lower phase was 
removed and the upper phase was re-extracted with fresh lower 
phase. The combined lower phases wtre subjected to analysis 
bv one of the following methods. (&The products were separated 
biTLConSigelGin(?HCl,-Me~H-H~A~HzO(170:~:20:7) 
and visualizedwith 0.001% Rhodamine 6G. SODG. DGDG and 
MGDG were methylati ising M NaOMe inMebH. MGDG, 
DGDG and free fatty acids were methylated using 14% BF, 
in MeOH. (b) Free fatty acids were methylated using CH,N, 
Fatty acid Me esters were separated by GLC on 15 % DEGS 
at 185”. The R,s were compared to authentic standards and 
quantified by comparing with a Me pentadecanoate standard. 

Isolation ofmolecular species. Swiss chard SQDG (up to 20 mg) 
was separated on a 0.75 mm AgNO,-Si gel (1:4) ?LC pk& 
develoned in CHCl,-MeOH-H-0 (65:25:4). The bands were 
visual&d using O.lX?l % Rhoda&e’ 6G and were cluted with 
6 changes of CHCl,-MeOH (2 :l). The Rhodamine was removed 
on a DE 32 column. 
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