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Abstract--Characterization of reaction products showed that an enzyme (lipolytic acyl hydrolase) isolated from 
potato tubers could act on endogenous substrates as a galactolipase (E.C. 3.1.1.26) lysophospholipase (E.C. 
3.1.1.5) or a ‘phospholipase B’ but not as a lipase (E.C. 3.1.1.3). The affinity of the enzyme for methanol as acyl 
acceptor (acyl transferase activity) was higher than its affinity for water (acyl hydrolase activity). The nomencla- 
ture of acyl hydrolases in plants is discussed. 

INTRODUCTION 

THE NOMENCLATURE of plant enzymes that catalyse the deacylation of lipids is not rigorous. 
Such enzymes have been variously described as lipases, phospholipases, galactolipases and 
esterases, frequently based on results with a limited range of substrates (for reviews see 
Refs l-4). Unequivocal characterization of specific acyl hydrolases, with the exception of 
seed lipases (glycerol ester hydrolase E.C. 3.1.1.3) is rare in literature on plant enzymes. For 
example, the sulpholipase activity of plants was associated with a phospholipid deacyla- 
tion activity although not with galactolipid deacylation.5 

The characterization of an enzyme with broad specificity for polar lipids (phospholipids, 
galactolipids, mono- and di-glycerides) as well as some p-nitrophenyl-, naphthyl- and 
methyl esters of long chain fatty acids, but inactive on triglycerides, wax esters and sterol 
esters6 demonstrated the need for a re-examination of the specificities and nomenclature 
of this group of hydrolytic enzymes. A further complication is the possibility of reverse 
hydrolysis (i.e. acyl ester formation) or acyl transfer reactions catalysed by acyl hydro- 
lases.’ This communication illustrates the fact that, under appropriate conditions, an 
e’nzyme from potato tuber acting on endogenous substrates may be described as a phos- 
pholipase, a galactolipase or an acyl transferase. 
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Previous studies have established that one enzyme is responsible for the liberation of 
free fatty acids from mono- and diacyl phospholipids and from mono- and di-galactosyl 
diglycerides. ‘,’ However, the non-lipid reaction products were not examined and the pos- 
sibility existed that the hydrolysis could involve the polar groups and the lipids in a more 
complex mechanism unlike phospholipase B or galactolipase action. 

Using a partially purified enzyme preparation from potato tubers. the products obtained 
with phosphatidylcholine, lysophosphatidylcholine, mono- and di-galactosyl diglycerides 
as substrates were examined. The enzyme concentrations used were selected to give ap- 
proximately 5OYg deacylation of substrate in 10 min under the conditions used. Incuba- 
tions of 10 and 60 rnin duration were performed. after which the chloroform- and water- 
soluble products were separated and analysed chromatographically. 

TAI3t.I. I. f~Yl~KOl.\rSIS PROIX Cl3 tKOM I’HOSPIIOLII’IDS AWLI C.iALAC’lOLIPIIX HY I HI AC‘I’ION Ot LII’OLYTIC ACYL 

HYDROLASE 

Phosphatidylcholine 
Lysophosphatidylcholine 
Monogalactosyldiglyceride 
UigalactosyldiglycerIdc 

--.____--__ 

Free fatty acids + glycerylphosphor~lcholine 
Free fatty acids + glycerylphosphorylcholine 
h-cc fatty acids + monogalactosylglyccrol + monogalactosyl monoglycer~dc* 
Free htty acids + d~galactos~lgl~ceioi 

* Minor product. 

The results (Table 1) showed that the phospholipid substrates were hydrolysed to the 
corresponding deacylated forms and that none of the following possible water-soluble hy- 
drolysis products was detected even after a 60 min incubation: glycerol. glycerophosphate, 
phosphorylcholine, choline or inorganic phosphate. Also. no monoacyl intermediate (in- 
dicative of phospholipases A, or A?) was found in the deacylation products of phosphati- 
dylcholine and no evidence of phosphatidic acid or diglyceride (indicative of phospholi- 
pases D and C respectively) was obtained. 

In the absence of additional surface active agents the enzyme is much more active on 
lysophospholipids than on the diacyl analoguesh and this fact, together with the above 
results, shows that the enzyme satisfies the criteria of lysophospholipase (E.C. 3.1.1.5). In 
the presence of a surFace active agent (e.g. Triton Xl00 or linoleic acid) phosphatidylcho- 
line is hydrolysed to glycerylphosphorylcholine without accumulation of the lyso-interme- 
diate.” 

The galactolipid substrates similarly gave only the corresponding deacylated products 
on incubation with the enzyme (Table 1). No glycerol. galactose or, in the case of digdlacto- 
syldiglyceride, any digalactosylmonoglyceride was detected. However. as observed pre- 
viously,8 a small amount of monogalactosyl monoglyceride was detected as an interme- 
diate in the deacylation of monogalactosyl diglyceride. The reaction products obtained 
from the galactolipids, together with previous results,“.” show that the enzyme acts as a 
galactolipase (E.C. 3.1.1.26).” The detection of a monoacyl derivative in the hydrolysis pro- 
ducts of monogalactosyl diglyceride indicates that a stepwise deacylation mechanism is 
involved. 

a C;ALLIAKD. T. ( 1970) P/~Wx&w~isfq~ 9, 1715. 
” SASTK\~. P. S. and KATES. M. (1969) in .$lrrhods in E~~;~tmio~qy (Low NSTEI\. .I.. cd.). Vol. 13, pp. 203 208. 
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Acyl tmnsj&ase uctivity 

A lipolytic enzyme from potato 1733 

The earlier work had demonstrated that the lipolytic acyl hydrolase enzyme could cata- 
lyse acyl transfer reactions between a range of lipid substrates and primary alcohol accep- 
tors.6,8 Further study of this phenomenon has shown that, under appropriate conditions, 
the acyl transferase activity of the enzyme can predominate over the hydrolytic activity. 

Methanol cone (% v/v in Incubation mixture) 

FIG. 1. EFFECT OF METHANOL CONCENTRATION ON ACYL TRANSFERASE ACTIVITY OF LIPOLYTIC ACYL 

HYDROLASE. 

Amounts of free fatty acids (t-0) and fatty acid methyl esters formed (A--A) or lysophosphati- 
dylcholine deacylated (D-m) in 10 min incubations at 25” are given as “/, of substrate (lysophosphati- 

dylcholine) added. Experimental details are given in text. 

Figure 1 illustrates the effect of methanol concentration on the hydrolytic and acyl 
transferase activities of the enzyme. With lysophosphatidylcholine as substrate, methanol 
concentrations above 30% (v/v) cause a marked inhibition in the deacylation but below 
this concentration the deacylation is not inhibited and may be slightly stimulated. The pro- 
portion of fatty acid methyl ester to free fatty acid increases to a maximum of 4: 1 at a 
methanol concentration of 30% (v/v). Inspection of Fig. I shows that, at 10, 20 and 30% 
methanol concentrations, the affinity of the enzyme for methanol as acyl acceptor is ap- 
proximately IO-fold that for water. 

DISCUSSION 

The above results have illustrated the possible ambiguities inherent in nomenclature of 
enzymes with broad specificities. This problem is due in part to possible assumption of 
specificity based on recognized assay methods for established enzymes. Unpublished 
work in this laboratory has shown that the lipolytic acyl hydrolase activity occurs in many 
plants but that potato tubers contain higher activities than other tissues so far studied. 
For example, our studies with leaves of Phaseolus vulgaris have shown that the enzyme 
previously identified as galactolipase (E.C. 3.1.1.26)9 is in fact a less specific enzyme and 
it is probably identical with the lipolytic acyl hydrolase of potato tubers (Helmsmg, per- 
sonal communication). 



The term phospholipase “B” was originally applied to an enzyme that removed both 
acyl groups from a diacyl phospholipid although available evidence’0 indicated that this 
activity could be ascribed to a mixture of two enzymes (phospholipases A ]. E.C. 3.1. I .32 
and A,, E.C. 3. I. 1.4) each specific for one of the two acyl ester bonds. Subsequently. phos- 
pholipase B has been dcfincd as an alternati\:e name for lysophospholipase (E.C. 

3.1.1.5).10*” However, an enzyme obtained from barley and described as phospholipase 
B13 is very similar to the lipolytic acyl hydrolase from potato in that both enzymes remove 
both acyl groups from phosphatidyl,choline in reactions activated by free fatty acids. 

However, the lipolytic acyl hydrolase from potato (and the “galactolipase” from P. t:ul- 
garis leaves’“) are most active on monoglycerides (c.f. monoacyl glycerol hydrolase, E.C. 
3.1.1.13)” and lysophospholipids (cf. lysophospholipase, E.C. 3.1.l.5). ‘.” The potato 
enzyme hydrolyses diglycerides (cf. diac\,l glycerol lipase. E.C. .~.l_1.?4)1 ’ and other esteri- 

tied forms of long chain fatty acids hut does not hydrolysc the non-polar triglycerides (c.f. 
lipase. i.e. triacyl glycerol acyl hydrolasc, E.C. 3.1.1 .-i), sterol esters (cf. sterol ester hydro- 
lase. E.C. 3.1.1.13) or wax esters. With reference to the acyl transfer activity of the enzyme, 
it should be noted that, although it is conventionally named as an acyl hydrolase. its 
greater affinity for an alcohol than for water as acyl acceptor merits a definition of an acyl 
transferase. 

EXPERIMENTAL 

A4arr~iul.s. Potato tubers (Solarium tc&rostrrn var. Ma~cstic) were obtained at commercial harvest and stored 
at 5’ until used. Phosphatidylcholine (from egg yolk) and glyceryl phosphorylcholine were obtained from Sigma 
Chemical Co. Lysophosphatidylcholmc and “C-lysophosphatidylcholine (labelled with 14C in the fatty acyl 
moiety) were prepared as previously described.’ ’ Mono- and di-galactosyl diglqcerides and their deacylation pro- 
ducts were obtamed from spinach leaf lipids.‘” 

Prrparariot? o[tipol~,tic ucj’/ Irydroltrsu o~:!~,nc~. For phospholipase and galactolipase activity studies a partiallq 
purified preparation of the enzyme from potato tubers ’ in 2M (NH&SO, was passed through a column of 
Sephadex GZ5. equilibrated and washed with HZO. to remove salts which interfered with subsequent chromat- 
ography. The salt-free enzyme solutron was frozen in small aliquots until used. For acyl transfcrasc studies we 
used a crude 15000 9 supernatant fraction from tuhcrs homogenized in 0.05 M potassium buffer. pH 6.0. contan- 
ing 100 FM mercaptobenzathiarole. 

E~:y,nu ir~c&al/or~s ~r~lt/ ‘1.~~11;s. For phospholipase and galactolipase studies no buffers were used. Suhstrates 
were sonicated in water:” optimal substrate concentrations” as used were 3 mM phospholipidsor 0.8 mM galactoli- 
pids; linoleic acid (3 mM) was added as activator to systems containmg phosphatldylcholine.‘- Amounts of 
enzyme used were calculated to give CL, 5(Y),, breakdown of Tubstrate in IO min incubation (i.e. for phosphatidyl- 
choline. lysophosphatidylcholine. monogalactosyl diglyceride and digalactosyl diglyceridc. 680, 120. X5 and I50 
/lg of protein respectively). Initial pH value5 wzre between 5.0 and 6.0. mixtures being made up to 2.4 ml with 
distilled H20. After incubation at 15 for IO min. reactions wcrc stopped by heating at 100 for 3 min. Chloro- 
form-soluble and aqueous methanol-soluble products were ceparated. I’ Chloroform-soluble products were 
apphed to thin layers (0.25 mm] of silica gel G. Aq. methanol phases were taken to drlncss /II IYKUO, residues 
taken up in distilled H20 and suitable amounts applied to acid-washed Whatman Yo. I PC‘. F’or acyl transferase 
studies. incubation mixtures contained ‘“C’-lysophosphatidylcl7olille (r! /[mol. 0.1 /ICI): O+i M sodium acetate 
huffcr. pH 5.5: enrymc (100 ,rg protein): methanol (&0.X ml as indicated in FIN. 1) and water to make a final 
vol of I.0 ml. After In min incubation at 15 reactions wcrc stopped and extracted as above. Ahquots of Ihe 
chloroform-soluble products (0.05 {KI) were applied in I cm hands to silica gel G TLC plates. 

I(’ ASSEL.L, G. B. and HAWTHORYI.. J. N. (1963) P/to.~p/~~lipicis. pp. 152 174. Elsevicr. Amsterdam. 
‘I DAWSON. R. M. C. (1973) in For+,] cr~rl Furrtlion (!f Plto,spl~o/~/)id,s (ANSELI., G. B.. Dnwso~ R. M. C. and HAW- 

THORNE. .I. N.. eds.). pp. 97 116, Elsevier. Amsterdam. 
” Enzyme Nomenclature (1973) in C’[,,,fprc,/2(‘iI,sif:(. Rioc/wr~~ia~r~~~ (FLOI~KIY. M. and Srorz. E. H.. cds.). Vol 13 
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Chrornato~raplt~. Non-polar chloroform-soluble products from enzyme incubations were separated by TLC 
in petrol. (B.P. 6O-8O’tEt,O-HOAc (60:40: 1). Polar products were separated on TLC plates developed in 
CHCI-MeOH-HOAc-HZ0 (70: 30: 20: 4). Lipids were visualized with I2 vapour. For assay of acyl transfer acti- 
vity “C-labelled products separated in the non-polar TLC system were located with a radiochromatogram scan- 
ner (Panax Equipment Ltd.) and appropriate areas of the gel (containing lysophosphatidylcholine, free fatty acid 
or fatty acid methyl esters) were scraped into scintillation fluid for liquid scintillation counting.” HzO-soluble 
deacylation products were separated by descending paper chromatography in rl-PrOH-NH,OH (0.88 sp. gr.t 
H,O (6:3: l).‘s The following authentic standards were chromatographed in the same system (R, values in 
brackets): glycerol (@69); monogalactosyl glycerol (0.49); galactose (0.48); choline (0.45); glyceryl phosphorylcho- 
line (0.42); digalactosyl glycerol (0.30): sodium glycerophosphate (0.26): phosphatidylcholine (0.23): KH,POI 
(0.14). C’onvcntional dctcction nxthxis \\crc uxd Ibr compounds conklining polghbdrox!.“’ phosphate”’ and 
choline’ ’ groups. 
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