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Abstract-Five varieties of potato (Solanum tuberosum) were shown by gel- and free-flow-electrophoresis to exhi- 
bit multiple forms of lipolytic acyl hydrolase (LAH) and esterase enzymes. The electrophoretic patterns of LAH 
and esterase activities and protein differed with the variety and were characteristic for a given variety. In the 
variety (Golden Wonder) with the highest LAH activity @-nitrophenylpalmitate as substrate), this was 200-fold 
greater than the esterase activity (p-nitrophenylacetate as substrate) and isoenzyme patterns for both enzymes 
were the most complex. In the variety with a very low LAH activity (D&sir&e), the LAH and esterase activities 
were similar and more simple isoenlyme patterns for these cn7ymes were observed. 

INTRODUCTION 

MULTIPLE forms of esterase enzymes, catalysing the hydrolysis of carboxylic esters of 
short-chain acids, have been demonstrated in several plant tissues including leaves’ and 
seeds’mm4 of Phaseolus species, needles and macrogametophytes of Picea abirs,’ seeds of 

pea 2,3,h and cotton,’ a range of citrus and curcubit fruits,2 carrot roots,8 legume root 
nodules’ and tubers of Solanum species.2*‘0-‘s Characteristic electrophoretic patterns of 
soluble proteins and esterases have been demonstrated for tubers of individual varieties 
of potato (So/unum tub~~osum).‘O~’ 5 

A carboxylic ester hydrolase (lipolytic acyl hydrolase, LAH) which acts on the endo- 
genous phospholipids and galactolipids of the potato tuber has been isolated from this 
tissue’6-‘8 and shown to have properties similar to galactolipase [E.C. 3.1.1.261. 
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Iysophospholipase [E.C. 3. I. I.51 and ‘phospholipasc B’.’ ” The partially purified cnzymc 
hydrolysed the esters of short chain acids much less readily than long chain lipid esters.‘- 
Preliminary evidence17 indicated that the esternse and lipolytic acyl hydrolnse activities 
uere not homogeneous. 

The present work has shown that multiple forms of both esternsc and lipol!,tic ac!,l hy- 
drolase acti\.itics exist in potato tubers, that these :rcti\.itics arc not tiuc to the same 
enzyme forms and that the clectrophoretic patterns of both cn~ymes ditycr with Lariet!, 

of potato. 

Five varieties of common commercial potatoes grown in the British Isles were studied. 
Previous work’*,“’ had established that of these, four had high levels of L,4H activit! 

ranging from Golden Wonder (4650 units (/moles p-nit]-ophenylp~~l~iiittatc hydrolqscti 
minjg fr. wt) to Orion (5-C) units,‘g) and one, D&sir&c. had ;I rcl:lti~~el! Vera. low Ic~cl of 
activity (0.06~-0.20 units/g). 

Esterase. LAH and acid phosphatase activities (relative to protein content of acetone 
powder preparations) wcrc‘ determined on three varieties. Tahlc 1 sl~ows that. w:hcrcus 
similar levels of acid phosphatase activity were found in each variety. differences \\cre 
noted in the LAH and esterase activities of different varieties. The cbtcr;Lse activity of the 

D&sir& variet], was approximately half that of the high-LAH varietie> \\hc~-cas tl;c LAH 
activity of D&sir&e was only about 0.3”,, that of the high activity varieties. The LAH activity 
of Golden Wonder was sonic 100x greater than the estcrasc activity of this variety 
whcrcas the D&sir&c varict\ had comparable levels of these t\vo en~\mc activities. 

Solutionscontainingacetonc powder preparations from each of the fi\c varictics together 
with added marker dyes were sul,jected to free-llow clectrophorcsis at pH S..3. Figure 1 
shows the patterns obtained for protein (E 78o). LAH and csterusc (‘-n~~yllth~lacctnte hyd- 
rolase) activities. 

The three varieties with highest LAH activity (Golden Wonder. Pcntland Cro\vn and 
Majestic) all show LAH and cstcrasc peaks close to. but not quite coincident u ith. ;t m:i,ior 

“’ <i ii.1 I:\RI). .I‘. allci 13 \\I% s I l9’4) I’ll i~lr,i~/i~~,,i,\l,~~~ 13, iii I. 
?” 81 RKI /I \. tt i? and <;\I I ,\I<,). -I-. 11921, ./. SC I I.,MM/ I‘/,‘. (ill ,,I’CII, 
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protein peak. In these varieties a close coincidence of the LAH and esterase peaks was 
observed. The Orion variety (moderate LAH activity) showed less coincidence of the LAH 
and esterase peaks and greater separation of these from the major protein peak. The very 
low LAH-activity variety. Desirte, had a quite different electrophoretic profile; two peaks 
of enzyme activity were obtained; one (fractions 29932) having a much higher ratio of LAH 
tco eslerase ac5rvrry rhan ‘rhe seconB )?rac%nns 22-27$x Hnwe~er, a JX..& ~3 IXB arfiti>~ 
was coincident with the “esterase” peak (fractions 22-28) and a peak of esterase activity 
was coincident with the LAH peak (fractions 29-32). As with the other varieties, the pre- 
dominant peak of LAH activity in Desiree occurred close to the major protein peak. How- 
ever. the “esterase” peak was clearly separated from the main protein and LAH peaks. 
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FIG. 1. FREEFLOW ELECTROPHORESISPROFILESFOR LAH ESTERASEACTIVITIESOF DIFFERENT VARIETIES OF 

POTATO. 

Acetone powder preparations (5-8 mg of protein) in l-1.8 ml of 0.2 M Tris-acetate buffer, pH 8.3, were 
injected at a rate of 1 ml/hr at entry point 7 (represented by arrow in Fig. 1) of the electrophoresis equip- 
ment. DNP-aspartate and DNP-ethanolamine were used as marker compounds. LAH activity (D-0) 
of fractions was determined on aliquots (3&200 pl) by incubation for 10-30 min. (time and enzyme 
concentration depending on activities of individual varieties) with p-nitrophenylpalmitate (see Experi- 
mental). Similarly 200~800 ~1 aliquots were assayed (45-60 min) for esterase (2-naphthylacetate hydro- 
lase) activity (o---+). The continuous line represents E,,, readings. (Broken regions represent absorp- 
tions due to DNP-aspartate and DNP-ethanolamine marker compounds). Enzyme units refer to nmoles 
substrate hydrolysed/min. The varieties used were: (a) Golden Wonder, (b) Pentland Crown. (c) Majes- 

tic, (d) Orion and (e) Dtsiree. 

Acrylamide gel electrophoresis 

The above results of the free-flow electrophoresis studies indicated non-homogeneity of 
LAH and esterase enzymes, at least for the varieties with lower levels of these enzymes. 
Disc gel electrophoretic patterns for protein, together with LAH and esterase activities, 
were determined on acetone powder preparations of tubers from the five varieties of 
potato. 

Standard staining methods were used to detect protein and esterase bands on acrylamide 
gels; however, the published method of staining for “lipase” activity (using a-naphthyl 
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nonanoate as substrate)2’ did not work in our hands for detecting LAH bands. Thus pro- 
tein and esterase were detected on intact gels and LAH and esterase activities were deter- 
mined after slicing the gels and measuring each enzyme in the halved slices. 

Figure 2 shows a diagram of protein and esterasc profiles obtained by staining gels run 
concurrently on preparations from each variety. The profiles of both protein and esterase 
were reproducible for a given variety and compared well with proliles obtained on three 
of the same varieties but grown in the following year at a different location and used for 
other studies.‘I These observations were consistent with published work on electrophor- 
etic profiles of protein and esterase in tubers of other European”‘.” and North Amcri- 
can ’ I,13 I5 potato varieties. Figure 2 illustrates the multiple (5) esterase bands in the two 
high LAH varieties (Golden Wonder and Pentland Crown). 3 csterase bands in Orion 
(moderate LAH activity) and a single band only for the low-LAH. D&sir& varier). C’om- 

parison of protein and esterase patterns showed corresponding protein-staining bands for 
all esterase bands; a similar observation was made for a wide range of wild types and culti- 
vated varieties of tuber bearing Solu~m species. ” 

Variety 

Golden Wonder 

Pentland Crown 

Motestic 

Orion 

FE. 2. POLYACRYIAMIDE rxsc titL IU~TRO~W~R~~S~S TO SHOW f’RoTLIx .4Nt1 t.srt Rhst t’AT7t tlhs th 

TLBERS OF DlFFLREVT \‘hRlt.T IES 0, POTA I‘O. 

The diagram represent tracings of gels stained for (a) protein or (b) esterase activit) of acetone prep- 
arations of each variety. A11 the gels were run simultancouslq at pH X.3 as descrihcd in Fxperimcntal. 

4pprox. 0.2 mg protein \vas applied to cxh gel. 

Enzyme determinations on approx. l-mm slices obtained from a portion of acrylamide 
gels are given in Fig. 3. The LAH profile (open circles) shows that several electrophorctic 
forms of this enzyme exist in the four varieties with high or moderate LAH activity. As 
in the case of the esterase enzyme, the Dksirie variety showed a more simple LAH profile 
with one major peak. Again. the LAH profiles were reasonably reproducible for given var- 
ieties grown in different years and at different locations.” The estcrase activity in halved 
1 -mm gel slices was low and the esterasc profiles (closed circles in Fig. 3 1 MYI-c not su tticicntlq 

” AK, M.. KRAMER. S. P. and SI:I.IC;IA~, ‘4. M. ( 1964) J. If wdw,l. C‘JVCA /WUJ. Ii?. ih4. 
” Dt N\iS. s. and ‘&t.I.l,4RI~. T. (1’974) P/i~~o~/~~,,r~/sr~~~ 13. 24hc). 
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reproducible to permit close comparisons between peaks of LAH and esterase activities; 
nevertheless, the general esterase pattern supports the results obtained by staining 
techniques and by free-flow electrophoresis. 
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FIG.~. ESTERASEAND LAH ACTIVITY DISTRIBUTION FOLLOWING ELECTROPHORESIS ON POLYACRYLAMIDE 

GELS. 

The portion of gels between 2 and 5 cm from the cathode end was cut into approx. 1 mm slices which 
were then halved and assayed for enzyme activity on p-nitrophenylpalmitate (LAH; 0-O) or 2-naph- 
thylacetate (esterase; to). Incubation periods (see Experimental for details) were determined by the 
enzyme activity ofeach variety and for LAH ranged from 15 min (Golden Wonder) to 105 min (Dksirke). 
Approx. 3-4 hr incubations were necessary for esterase measurements. Enzyme units refer to pmoles 
substrate hydrolysed!min. The varieties used were (a)Golden Wonder,(b) Pentland Crown. (c) Majestic. 

(d) Orion and (e) Dksirke. 

Conclusions 

The present work has confirmed, for different varieties of potato, previous observations 
on protein and multiple esterase electrophoretic profiles.‘0-‘5 In addition, the enzyme, 
lipolytic acyl hydrolase, which, in some varieties, has an activity some 200x greater 
(p-nitrophenylpalmitate as substrate) than the esterase (p-nitrophenylacetate as substrate; 
Table l), also exists in multiple forms which show varietal differences. Comparisons of 
electrophoretic patterns (Figs. l-3) do not give evidence for absolute specificities of separ- 
ate esterase and LAH enzymes but indicate that the different forms of esterase and LAH 
have differing affinities for short- or long-chain esters. 

Desborough and Peloquin I3 have postulated that the Solanum esterase isoenzymes are 
different forms of a tetramer composed of 1 to 3 types of monomer and that varietal 
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phenotypes are genetically determined. Although studies on many varieties and hybrids 
would be necessary to show an analogous case for the LAH enzyme. the size (molecular 
weight approx. 10”)17 and electrophoretic properties of the enzyme described above do not 
preclude a similar phenomenon. The work described here was performed with mature tubers 
stored for a limited period of time. However, the LAH activity of a given variety remains 

relatively constant throughout the life-cycle of the tuber.‘” 

EXPERIMENTAL 

,Ll~tc~/tr/.s. Potatoes (SO/~~UUJU f~hc~os~~n) of the varieties DL:‘;irL;e. Golden Wonder. Mi!jestic. Orion and Pcnt- 
land Crown were grown locally under- standal-d agricultural conditions and harvested in September 1971. Tubers 
were stored dark at 6 

/:~r:~,n~c c’.\f,~~i,5. Tuber homogcnatcs were pt-eparect as pre\ 1ous1~ jh III 1 vol. or \vater contninmg 2 mM 
Na2S,01 and the supcrnatant obtained by centrifugation al 15 000 y ior 30 mln was retained. Acetone powders 
were prepared as previously” from the 15 000 (_I supcrnatant preparations. 

EKJI~IC ~rs.sn~‘s. Standard methods as previously used’-were emploved for esterax / I-naphthvlacetatc and ,‘- _ 
nitrophenylacetate hydrolases) and acid phosphatase determinations. iipolytic acyl hydrolasc (1.4H) activity was 
determined, using p-nitrophenylpalmitate as substrate either by a continuous recording spcctrophotomctric 
methodlT (for enzyme preparations) OI- by incubation for measured time5 and subsequent d&et-mimition of the 
p-nitrophenol released” (for fractions obtained in rlectrophorctic separations). 

Ac,~~&~irl~ yrl e/rctlopl~o,~rsi,\. Gel preparation sample loading. clcctrophor-esis and stainmg for protein and 
rstcrase (2.naphthylacetate hydrolasel activity were described prcvlousl!. 1- A McIlwain tissue slicer (Mickle 
Labor-atories Engineering Co., Gomshall, Guildford. Surrey) was adjusted to out I mm slices of the portion of 
the gels between 2 and 5 cm from the cathode end. The slices were bisected and each half placed in 0.5 ml H,O 
at 0 and left for I-16 hr to extract enzyme from the gels. ‘Then r-nitrophcnqlpall~atl: or ‘-naphth~lacct;Ite. 
togcthcr with appropriate buffers for LAH and esterax assays rcspccti\el!, were added and en/)me activities 
dctermincd as above. 

.4ck/io~l~dgemrnt.s----We are indebted to Mr. W. M. Laird of this Institute for advxc and help in the free-flow 
electrophoresis work. These studies formed part of an Industrial Training Programmc for Mr. S. Dennis under 
the C.N.A.A. Scheme at the Thanes Polytechnic. London. 


