
A STUDY OF SOME PLANT liSTERASES 

INTRODUCTION 

~Enslin,M~andW~~l~aseriesofbittct~~wbirhthey~ 
cucurbitacins, from members of the Chcurbitaceae. They found evidence for the existence 
oftwolyrimrvycuaubitacins,,EdB(Fig.l),andpos~~~o~artformedfirom 
~d~~of~~nt. ~s~~~~~by~~~~tf~t 
juic8s from many -bits are capable of enzymic transformation of one bitter principle to 
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another. One of these enzymes which converts cucurbitacin B to D, E to I, and A to N 
appeared to be a carboxylic ester hydrolase (esterase). 

While animal esterases have been studied extensively, the esmmses of higher plants have 
received scant attention. Most work has been done on citrus fruits which contain an acetyl- 
esterase capable of hydrolysing a wide range of e~t.ers.~*~ Acetylesterase activity was also 
found in wheat germ’s 5 and in the tomato and luceme.6 Substrate specificity tests on the last 
two and on citrus, however, indicated that the activity was not due to a single enxyme.6 Re- 
cently starch gel electrophoresis has been employed to study the estera8es of maixe kernels,‘* 8 
wheat seeds and cucumber and soybean seedlings,8 all of which showed more than one such 

enzyme. 
The primary purpose of the present study was to investigate the esterases occurring in 

plants belonging to the Cucurbitaceae. At the same time a study of es&ases in other plant 
families, particularly from the point of view of their ability to hydrolyse cucurbitacin acetates, 
wasundertaken. 

RESULTS 

A preliminary survey of the e&erase activity of a number of plants belonging to the 
Cucurbiuzeae and other families was m using indophenyl acetate as substrate. This 
compound was selected because aromatic esters have been reported to be attacked by a wide 
range of esterases,g and also because they lend themselves to the use of rapid and sensitive 
calorimetric methods of enxyme assay. Ofthe esters frequently used, a-nitrophenyl-acet4 
and 2-axoben~ne-1-naphthyl acetate lo were found to be unsuitable because of their very low 
solubility in water. Organic solvent8 could not be used in the present study because the 
cucurbit esterases were partially inhibited by small amounts (2%) of ethanol or acetone. 
Indophenyl acetate,” on the other hand, was 5ufIichtly soluble in O-5 % ethanol to give a 
satisfactory assay method. 

The esterase activities of a number of cucurbits are shown in Table 1. The fruits of all 
species examined showed some activity, the values ranging from 27 units/ml of juice (see 
Bxperimental) in a variety of Cucurbitapepo to 3180 units/ml inL@‘h ucutungukz var. amara. 
The activity of CucuWs myriocarpus showed a marked seasonal variation; it was highest in 
Novemberwhenthefruitsweregreenanddecrea4 to almost xero in January when they 
were fully ripe. In Cucurbita maxima cv. Green Hubbard, on the other hand, no relation 
was found between activity and maturity of fruit from the same plant. The range in activity 
of 119-845 units/ml found in commercial samples of this variety examined over a period of 
one year also showed no seasonal trend and was possibly due to genetic di6erences in the 
plants. In five cases the leaves and stems were also examined for e&erase activity which was 
generally present at a lower level than in the fruit. An exception was EcbuZIizun ehterium 
where the highest activity occurred in the leaves. The stems were always the least active. 

8 A. &WA and C. SANNIE, Buli. Sot. Chim. &I. P&a 26,457 (1944). 
~KF.JAN~EN,RJANQ~~~L.R.MACDONNBLL, Arch. Bio&m. 15,415 (1947). 
4 E. F. JANSEN, M. D. F. N- and A. K.. BALLS, J. bid. t&m. 175,975 (1948). 
5L.k~endM.KMOUNTBR,~m.J.$5,S76(1962). 
6 L. R MA- R. Jluuo, E. F. JAPISEN and H. -WEA-, Arch. B&&em. 28,260 (1960). 
‘I D. SCHWARTZ, Proc. N&l. Acad. Sci. 46,121O (1960). 
*J.v.-wrsssW.JoomxandD.E.M ORELAM), Phyk?chem&try 5 263 (1963). 
g D. K. MYERS, 7?w l?hzymes, Ed. P. D. Boyea, H. LARDY and R M-K, VoL 4, p. 475, Aahmic Press, 

New York (1960). 
lo J. Epsnw, M. DEMEK and V. C. WOLFF, Amdyt. Ckm. 29,105O (1957). 
l1 D. N. KRlraaeR and R. M. GAWSON, Adyt. Ckm. 30,251(1958). 
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The highest e&erase activity in the non-bits examimd was found in the cabbage 
(head), green beari (hit), carrot (root), potato (tuber) md citrus (albedo and h&o) 
(Table 2). In agmxmt with Jansen et uL3 we found very little activity in the juice of citrus 
hits. 
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by cabbage and bean extracts showed that the destruction of the cucurbitacin molecule which 
was detect& ~~to~p~~y was not preceded by deacetylation. A~~lcho~~ 
activity was also of limited ~~butio~, beiug found only in the &uit of the Green Hubbard, 
the flavedo of the three citrus fruits and orange and lemon aibcdo. 

The number and types of e&erases present in the plants were studied further by starch gel 
e&rophoresis. Fies Z-4 show some typical zymograms. Most exZracts contained several 
enzymes capable of splitting a-~phthyl acetate. The enzymes were different in di&rent 

speciesandevenindiBerentpartsofthcsameplant. Di&rentbatchesofmaterialfromcom- 
mercial sources also showed dSerences in esterase pattern. For example, some potatoes 
lacked the e&erase which moved towards the cathodq shown in Fig. 2, while extra& of 
orange, lemon and grapefKt albedo showed from one to four acid e&erase bandsI the inten- 
sity of whi* relative to that of the most slowly moving varied from sample to sample. These 
variations are possibly related to diG&ences in the genetic constitution of the plan& since the 
two strains of C~~&ita ~&WPZU which were exam&d showed markedly di&ent esterase 
patterns (Fig. 2). Genetic co&of of the nature of the esterases present in maize kernel has 
also been reported.7 

Activity towards ~bro~~~ph~~~~~~~o~ choline iodide was detected only 
in the zymograms of the albedos and ftavedos of tha three citrus species. Even here, not all 
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batches of mate&l were equally active, since several samples of orange and lemon flavedo 
were encountered which failed to show any choline&erase band. No cholinesterase activity 
was detected in the zymograms of extracts of Green Hubbard fruits. This is in contrast to 
the results of the manometric test carried out on di&rent samples of fruit which showed 
slight activity towards acctylcholine (Table 3), and may indicate that the enzyme is much 
more active towards acetylcholine than towards other choline esters. Alternatively, the 
activity may vary, as in citrus, depending on the breeding line or maturity of the Wt.. 

Lllftk E&Ilium Cucumis ClKWbitr 
-h alaterium heptdactyius andrana 
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Each of the citrus extracts showed only one cholinesterase band which appeared from its 
positiononthezymogramtobetbe~inthealbedosandflavedosofallthree~~ 
(Fig. 4). Further evidence of the identity of the chok&emses of the different citrus tissues 
warobtainedfiomastudyoftheeffectofeserineandDFPontheiractivity. Allwereun- 
affected by 1V M di-isopropyllluorophosphate (DFP) and slightly stimulated by Ws M 
eserine. 

In the zymograms of the flavedo extracts, the position of the chokstemse band did not 
coincide with any of the bands revealed with c+naphthyl acetate (Fig. 4). The cholinestcrase 
is therefore unreactive towards this substrate. The cholinesterase of the albedo extracts, on 
the other hand, occupied the same position as one of the c+naphthylacetyk&mses, but, 
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whuaa by&olysh of the &oh ater was urMa2ed by Ws M DFP, tlmt of cr-nrphtbyl 
aor$Wwup8rWyinhibit&6ug@ingthat~~t~~~volv~. 

F&m 5 shows the distribution of cucurbitacin estora=~ on starch gel eburopbcrogcams 
of aatnc01 of potato, Green Hubbard and CUCU& melo fix& The bandr arc somewhat 
diSnac,.peicuMy in tho potato. It is not possible to stats with certainty how many enzymes 
hydrolysing thin class of compound are prcacnt., but it is evident that thorc arc several in each 
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plant. ThtpoPitionsofmanyofthebandsdonotoorrespondwiththo#reveabdwith~rph- 
thy1 aetate suggesting th8t the cucurbitacin c3Wascs have l&lo or no activity toward8 
aromatic catcrll. 

DISCUSSION 

The present work shows that planti contain a multipliGty of c&rascs whichdif%rin 
differentapecier,indiflb;rmrtstroinrofth6samespacier,sndevmin~’erentportsoftbcsame 
plant. l-hi8 is flslar to tho state of a5il-a which exists in animal tiwpee. *‘J’ 

It is not possible to decide how many of the plant c&craea distinguishable by star& gel 
electrophomsis are isozyma~ and how many di&r in substrate spec4fkity and other biochami- 
Cal characMstics. The cholinaHerase of the cirrll8 fhlvcdos clearly differs in substrate spazifi- 

1’ J. PAUL and P. IbnlmL, BbrhclR. J. 7& 418 (l%l). 
1’ J. M. AILLW aml R. L Humm, /. Hhmhmt. Cyruchem. 8, SO (l%O). 
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city and sensitivity to iuhibitors from the enzymes responsible for the hydrolysis of a-naphtyl 
acetateinthe!Mtissuc& simikly,someifnotallofthecucurbitacinestcrases in cucurbit 
fruits and potato are distinct from the a-naphthylacctylcsterascs. Even amongst the latter 
some di&cntiation may be made on the basis of sensitivity towards inhibition by DFP and 
p-choloromercaui benzoicacid(FCMB). ItisthusclcarthatattcmptstochamcMzca plant 
enzymeasan~~oralipaseasdonerecentlybyMo~~andMounterSortoclassifjl 
it as an A, B or C estera~ according to Augusti~sson~~ am only justified when the enzyme 
has been isolated in a pure stata. 

Cu E. NE. CUE. NE. CUE. NE. - 

Cucurbita Cucumir 
maxlma. mdo. 

Flo.5. ~oFcuculullTAclN-(cllE)AND~(NE)lN~ 

Nothingisknownofthe~ofanyof~esterasasintheplant. Althou&hcucur- 
bitacin esterascs are found most frequently in members of the Cucurbitaceae, they do not 
apptartob ~~withthe~~of~~~,sincetheyrrrefoundinbotbbitter 
and non-bitter varieties and they are also produced in the potato in which these compounds 
are not known to occur. In this respect the fzstcrascs difkr from the @glycosisidase elatcrasc, 
which is unique in its high activity towards cucurbitacin glycusides and has been found only 
in bitter cucurbits.‘6 

1’ K. AUG-, Nature, Land. Ml, 1786 (1958). 
16 P. R EIVSLIN, F. J. JOUBBRT and S. REHM, J. Sd I&i&k. 7,646 (1956). 
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The function of choline&erase in plants is also obscure. We have found &o&&erase 
activity only in citrus albedo and flavedo and in the fruit of Cucwbita muximu, cv. Green 

Hubbard. Otherworkershavereporteditalsoinwheatgerm415andl~e.6 Gurexperience 
has shown that even in the species where it is found, it is not invariably present. Acetylcholine 
however occurs in many plants, including the potato,l’ in which we have tiled to detect the 
hydrolase. Phosphocholine and glycerophosphocholine, products of the enxymic hydrolysis 
of lecithin, have also been found in many plant tissues.l’ If the function of cholinesterases in 
plants is related to the hydrolysis of these esters, it would be expected that their presence would 
be more universal than indicated by the present survey. 

Some of the carboxylic ester hydrolase activity of plant tissues may be due to proteinases or 
peptidases which can hydrolyse a number of esters in addition to peptides. An understanding 
of the function of the different esterases in viva must thus wait on fuller knowledge of the sub- 
strate specificity of the purified enzymes. 

Substrates 
EXPERIMENTAL 

Triacetin, tripropionin, tributyrin, o-nitrophenyl acetate, a-naphthyl acetate, acetyl- 
salicylic acid and ethyl acetate were all of analytical purity. Acetylcholine bromide was 
obtained from L. Light and Co. Ltd, 6-bromo-2naphthylcarbonaphthoxy choline chloride 
from Dajac Laboratories, and Tween 20 (polyoxyethylene lauryl alcohol) from Rohm and 
Haas Co. Cucurbitacin A and elaterinide, which were chromatographically pure, were sup 
plied by Dr. P. R. Enslin of this laboratory. Indophenyl acetate was prepared and purified 
according to Kramer and Gamson.‘l 

Inhibitors 

E&mine salicylate was obtained from E. Merck, DPP from L. Light and Co. Ltd, and 
PCMB from Hopkin and Williams Ltd. 

Enzyme Extracts 

Citrus albedo and Savedo extmcts were prepamd by the method of Jansen et aL3 Gther 
fruits and vegetables were peeled where neqsaryand;b#fleshwasmincedandsqueexed 
through ~-0th. The juice was centrifuged for 30 min at 25OOg at 5” and the supewmtant 
used as a source of crude enxyme. For electrophoresison starch gel the extract was usually 
concentrated fivefold by treatment with Sephadex G-25 (AB Pharma&, Uppsala, Sweden). 

ikieamrement of Enzyme Activity 

(a) hdopbeny~acetatemethod. AmodificationoftheprocedureofRramerandGamsonfl 
was used. Indophenyl acetate (121 mg) in 1.5 ml ethanol was diluted immediately before use 
to lOOmlwithO467Mphosphatebu&r,pH65. Thissolution(5ml)wasaddedtotheenxyme 
extract (5 ml) giving a substrate concentration in the 8nal reaction mixture of 1.67 x lo-4 M. 
After incubating the mixture at 30” for 15 min, 0.05 M F&L&O, and water (5 ml) were rapidly 
added to bring the pH to 8-O and the colour produced was immediately measured in an Evelyn 
calorimeter at 620 rnp. A blank, containing water instead of enzyme, was run simultaneously 
to correct for non-enxymic hydrolysis of the substrate. 

‘7 M. chJGGm, Die Bogmen Amine, p. 111, S. Kaqgr, BaseI (1951). 



Plantag- 199 

Kntmn:cmdGamson1”carricdoutthtir~atpH8~and20”. Cwingtothehigh 
ambient temperature we were compelled to work at 30”, at which temperature considerable 
non-emymie hydrolysis of the substrate occurred at pH 8G but not at pH 6.5. The incubation 
was therefore carried out at pH 65 but the mixture was adjusted to pH 80 before taking 
calorimetric readings in order to measure the absorption of the indophenylate ion. 

Under the conditions described, a xero-order reaction was obtained over a range of optical 
density readings of 0.05-0.45. The unit of enzyme activity was defined as the amount of 
euzyme which, under the conditious of the test, gave an optical density of ml. 

(b) Enzyme ~~o~s~g acetykted ~b~t~~. Tkm wtze detected by two methods: 
(i) In crude plant extracts. Enzyme extract (25 ml) was added to a 3 % solution of elaterinide 

in ethanol (1 ml) and the mixture was incubated at 30” for 2 hr. Proteins and gums were 
precipitated by the addition of ethanol (25 ml) ~d.~~~ basic lead acetate (25 ml). 
Excess of lead acetate was removed from the supernatant with saturated KHsP04 (20 ml). 
Cucurbitacins were extracted three times with CHCIs (8 ml), which was removed by dis- 
tillation. The residue was dissolved in ethanol (1 ml), water (25 ml) was added and the 
mixture was incubated at 30” for 2 hr with elaterase l* (2-10 mg crude enzyme in 5 ml water) 
to hydrolyse the cucurbitacin glycosides. The aglycones were extracted with CHCls and 
identiiied by paper ~0~~~phy.l 

(iii In extracts prepared from starch gel electropherograms. Cucurbitacin A (3 mg iu O-1 ml 
CHCls-methanol, 1: 1) was applied evenly along a line approximately 13 cm long on a 
strip of filter paper (BVhatman No. 540) 2 cm wide. After evaporation of the solvent 
enxyme extract (about 4.5 ml) was placed on the line of substrate. The paper was incubated 
in a moist atmosphere at 30” for 1 hr. After drying, the strip was sewed to a sheet of for- 
~~~~~a~ paper and the chromatogram was developed with ethyl acetate- 
benzene (1: 1). The deacetylated product, cucurbitacin N (.R, value approximately 045) 
was well separated in this system from cucurbitacin A (Rfvalue approximately O-8; this is 
higher than the usual value of 0*3w40,1 and is caused by the greater exposure of the 
impregnated paper to the atmosphere necessitated by the sewing on of the non-impregnated 
strip). A roughly quantitative assessment of activity in the extract was made by comparing 
the intensities of the bands of A and N. This method is more rapid and sensitive than 
procedure (i). 
(c) ~~~~~ method, The technique of Ammoni9 was modified as follows: The 

substrate (l-74 mmoie) was dissolved in ethanol (10 ml) and diluted to 100 ml with water 
containing 1 %TritonX-lOO(RohmandHaasCo.). Theenxymesolution,previously adjusted 
to pH 65 (1.5 ml), and NaHC@ (2.09 x BP2 M, O-2 ml) were placed iu the maiu compartment 
of the Warburg flask and the substrate solution (0.3 ml) was added to the side arm. The 
reaction was allowed to take place at 30” for 30 min. Blauks were run simultaneously to 
correct for non-enxymic hydrolysis. 

Starch Gel Eiectrophoresd 

Themethodofverticalstarch~lelectrophoresisofS~~~used. Thegelwas 
prepared with Starch Hydrolysed (Connaught Laboratories, Toronto, Canada) in 0025 M 
sodium borate buflbr, pH 8.6, and the bridge solution contained O-3 hi sodium borate buifer, 
pH 8.6. 180 volts were applied across the gel for 17 hr. 

‘* F. J. hUMlRT, A&&. &?&WI. d!#k&‘f. !&I1 (I%@. 
19 It. fhk4oN, ppiigcr;p Arch. Ga. P&id m 486 (1933). 
20 0. t5ImmEs* l#imhem. J. n, 585 a9!m. 
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Stabbg was carried out using~a-naphthyl acetate and tetmzotixed c&u&&e @@ma 
ChemW co.),13 or 6-bromo-2-naphthykarbonaphthoxy choline iodide and tetraxotized 
u-dWsitie.21 Cucurbitacin esteraewwerelocatedbycuttingtha~~intnstrips(~5or 1 cm 
wide) which were homogenized with O-067 M phosphate buffer, pH 65, (5 or 10 ml) in a 
Douncq homogenixer. The extracts were centrifuged for 15 min at 2000 g and the activity 
tested by reaction with cucurbitacin A as described above. 

To study the effect of inhibitors the gels were split longitudinally; one half was imhttcd 
at 37” for 60 min in O-25 M phosphate buffer, pH 6.25, containing Ws M inhibitor Wore 
stainiq; the control half was treated in the same way except that no inhibitor was present in 
the buik 

as. IL LAN P. J. h4BLmx and Ii. lx. wm Rue. sot. Exp. Bid. Ated las, 572 0960). 


