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ABSTRACT 

The action of tomato and A. foetidus pectinesterases on ohgo(D-gaiac- 

tosiduronic acids) partially esterified with diazomethane was studied. The pen- 

tamer was found to be the shortest substrate at which de-esterification catalyzed by 

tomato pectinesterase occurred, whereas A. foetidus pectinesterase was able to 

cause attack on the dimer. With increasing degree of polymerization of the es- 

termed oligomers, the reaction rates increased for both enzymes. Differences 

were, however, found in the relative activities towards the oligomeric substrates, as 

well as in the extent of their de-esterification. From these results, it is apparent that 

the two enzymes studied differ in both the size and the character of the active site. 

INTRODUCTION 

Pectinesterase (pectin pectyl-hydrolase, EC 3.1.1,ll) catalyzes the de-es- 

terification of methyl D-ga~actopyranosyhnonate residues of pectin. 

Pectinesterases produced by Aspergillus sp. (A. niger’, A. japonicu?, and A. 
foetidus3) differ from those of higher plants (tomato4,5, orange6, and alfalfa7) in 

several properties: the pH optima of Aspergillus sp. pectinesterases lie in the acid 

region (3.54.8), whereas those of higher plants are in the alkaline range (7.0-8.5). 

The isoelectric points of Aspergillus sp, pectinesterases are acidic (3.7-3.9), but 

those of higher plants are basic (7511.0). The activity of the higher-plant pec- 

tinesterases is significantly stimulated by Na+ and Cazt ions, but Aspergillus sp. 

pectinesterases are only slightly influenced by these ions’. Pectinesterases of A. 
niger 1*9, A. japonicus’, and A. foetidus” catalyze random de-esterification of 

methyl esters of pectin, whereas the de-esterification by tomato, alfalfa, and 

orange pectinesterases proceeds linearly along the D-galacturonan chain, giving 

rise to blocks of free carboxyl groups 9- ” Differences have also been reported as . 
to the effect of pectic acid on the activity of pectinesterases of various origins: to- 

mato4, orange6,“, and alfalfa7 pectinesterases are competitively inhibited by pectic 

acid, but the enzyme of A. niger is activated in its presence13. 

The length of the substrate at which the action of pectinesterase takes place 

is one of the questions so far unanswered. Earlier study with orange pectinesterase 
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showed that this enzyme does not hydrolyze the ester groups of the mono- and di- 

methyl ester of di(I>-galactosiduronic acid). the dimethyl ester of di(r>-galac- 

tosiduronlc acid) methyl glycoside, and the trimcthyl ester of tri(r)-galactosiduronic 

acid) methyl glycos~dc, but rcadilv attnckl; the polymethvl ester of I)-~;tI;icturc,nans 

having a dcgrk of polymerization (d.p. ) of 10 and above I-‘” 

The availabilit> of ctligo( r,-galactosi~luronatcs) having defined degree5 of cs- 

terification ha:, permitted LI\ to Investigate and compare the XT~IOR of tomato and 

A. ~o~ricius pectincstcrases on 1 hese substr;itcs. 

.S~th.srmtc.s. -- Oligo(rt-galactosiduronic acids) of d.p J-8 v.erc prep;ircci ;tc- 

cording to Rexov~-13enkov~ili. Ibgalacturonan of d.p. IO -irZ :kccording ta 

McCready and Sccgmiller’-‘, and pectic acid of [q] ” = 336 mI,,‘g W;I\ prepared hy 

de-esterificatiori of citrus pfctin \fith tomato pcctlnestcrasc”’ I)-tI;alac- 

topyranuronic acid was ;t product of Flub (Switzerland). All of thc\\c sulxtance~ 

were esterlfied with diazomethane to :I predetermined degree oi c\tc‘rlticatL~n 

(d.tz.) hq’ using 3 method dcscrlhed prcviousl~“. 

E‘n~~~mt3. -- I‘omato pectine\terac (one of five multiple forms) was prc- 

pared and chsractcrircd according to procedures previously docrihecl“-“‘. 

Aspt~rgill~~.~ fortrtiur pcctincsterae was prepared from the commercial pro- 

duct Pektofoctidin (CSSR) by 4ting out with ammonium allfatc. gel filtration on 

Sephadex G-50 and <;-75. anti ion-exchange chromatography on DEAI14tzphadex 

A-51 (ref. 5). followed by chromatography on SE-Sephadcs C’-50 in 0.1~ citric buf- 

fer. pH 3.0. with a concentration gradient of NaCI. 

Enz~mr UF.W~. --- The activity of pectinrstcrasc was dcterrnincd in ;I thcr- 

mostaticltlly controlled vcs~l bv continuous tltratlon wrth O.Ol\t NaOJ-I under nl- 

trogen at 31” and pH 7.0 ([or tom:itc> pectlncsterase). or at pH 4.0 (for 1 fi~~~f~chs 

p”‘iinc’,vlrrn.sc), hy using a Kadiomcter pfl-stat 2nd autotitrator cct ((‘c>penhagcn. 

Denmarh). In ;L standard. c\perimental proccdurc. a lo-ml. sample of substrate 

(concentration c,f methyl ~~-~~~lactopyrannsvlur~~n~lt~ units -0.03\1) \\a\ incubntai 

with 50 /..LI_ of tomato prctine\terahe (total activity. X7 nmol of rclc;lscd carbouvl 

groups per s) or 300 j.~l. of,?. ioi~titlris pcctinestcrase (total sctihit!. -4X 3 nmoi.\ Ii. 

In the case of tomato enzyme, the activity measurements wcrc yertormcd In the 

presence of 0.15xt Na(‘1 

The initial reaction rates were computed hy using the proccdurc ot Booman 

and Nlcmann’“. 

‘Llrnlt vlwoaltv number 
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RESULTS 

Tomato pectinesterase. - The partially esterified penta(D-galactosiduronate) 

was found to be the shortest substrate attacked by tomato pectinesterase; partially 

esteritied oligomers of d.p. 2-4 did not serve as substrates. The initial rate of pen- 

tamer de-esterification was 4.48% of that of pectic acid partially esteritied with 

diazomethane (taken as 100%). The reaction rates for higher-oligomeric substrates 

increased with their d.p. (see Table I). 

The time course of de-esterification of individual oligomers (see Fig. 1) shows 

that the reaction stopped at a relatively low extent of ester hydrolyzed, particularly 

with the lower oligomers (see Table I). The de-esterification of these substrates 

continued after addition of a new portion of the enzyme. An example of this situa- 

tion is demonstrated in Fig. 2. This result indicates that the first portion of enzyme 

was inhibited bv reaction products, but that there was still sufficient esterified sub- 

strate available for subsequent reaction. On the other hand, the activity of the en- 

zyme inhibited by partially de-esterified, oligomeric substrates could be initiated by 

addition of the natural substrate (citrus pectin). The reaction rate of reactivated 

pectinesterase was 20-2576 lower than that for pectin in the absence of partially de- 

esterified oligomers (see Fig. 3 - exemplified by the octamer). This indicates that 

tomato pectinesterase is competitively inhibited by reaction products of oligomeric 

substrates. The competitive inhibition of orange pectinesterase by pectic acid and 

various oligo(t+galactosiduronic acids) was reported by Termote et al. ‘I. 

A. foetidus pectinesterase. - The monomethyl ester of di(D-galactosiduronic 

TABLE I 

ACTION OFTO%iATO PECTlNESTERASt ON SURSTRATESFSTERIFIED WITH DIAZOMETHANE 

dp 

3 
3 
4 

5 
6 

7 

8 
IO f2 
E.P.A.’ 

C.P.’ 

d.e. 
(%J 

50.0 
66.6 
50.0 
60.0 
66.6 

57.0 
62.5 
53.5 
65.0 
65 0 

Concentration Enzyme action 
.~- 

Methyl Ollgomer v,, Relative Ester 
ester’ (rnbfj (IO_ actlvllq hydrolyzed 

CrnMJ pro1.s ‘) (%) (‘6) 
_ 

26.5 26.5 - - 
33 8 17 4 - 
26.5 13 3 - 

31.Y 10.6 0 32 3.58 0.188 
35.4 8.8 0.91 13.00 1.285 

30 6 7.6 1 .‘l3 20.50 3 265 
34.4 6.‘) 1 9’ 27.50 6 536 
29 4 5.3 3.36 48 11 xl 11s 
31.5 7.M 100.0 82.300 

31.5 x 70 125.28 
_ _-. .-_ .-. -. - 

“Methyl u-galactopyranosyluronate umts. “Diazorrethane-esterlfied pectlc acid ‘Citrus pecttn. 
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Fig. 3. Time course of de-esterification of octamer. and reactivation of tomato pectinesterase with the 
natural substrate. [Curve d.p. 8: 5 rnI* of 62.5% esterified octamer (36m%f methyl ester) titrated to a vol- 
ume of 7 mL. 4 C.P.: addition of 7 mL of citrus pectin (Mm%{ methyl ester). Curve C.P.: 14 mL of 
citrus pectin (33mki methyl ester) with .50pL of enzyme (87 nmo1.s -‘).I 

5 10 15 20 

Time (mln) 

FIN 1. Time course of de-esterlfication of ohgomcric substrate\ by A foefrdus pcctmestcrase [Curves 
7-7, partially estcrified oligomers of d.p. 2-7. Curve E.P A.: 65% esterlfied pectlcacld In all cases, IO- 
mL samples of substrate (d.e. and conccntratlon of methyl ester as in T,~hle IT) wcrc Incubated with 300 

FL of enzyme (total actlvlty, JR.3 nmo1.s ’ )] 

drolyzed for corresponding oligomers, were several times higher than those ob- 

tained with tomato pectinesterase (see Tables I and II). 

Addition of citrus pectin to the reaction mixture, at the time when the de-es- 

terification of oligomers by A. foctidus pectinesterase ceased. caused the reaction 
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DISCUSSION 

The rate of de-esterification of oligomeric substrates by the two pectines- 

terases studied depends on the d.p. of the oligomers at approximately the same 

concentration of methyl D-galactopyranosyluronate units, and is not determined by 

the molar concentration of the oligomcrs (see Tables I and II). 

Based on the differences in the de-esterification of oligomeric substrates, it 

may be assumed that the size of the binding site of tomato pectinesterase is larger 

than that of A. foetidus enzyme. Considering the different mode of de-esterifica- 

tion of pectin ‘” by tomato (in blocks) and by A. foetidus pectinesterase (random), 

the opposite effect of reaction products on the activity of the enzymes studied, and 

their different pH optima and isoelectric points. it may also be assumed that the ac- 

tive sites of these two enzymes have a different character. 

It may be mentioned that the relative activities of tomato and A. foetidus pec- 

tinesterases were 25% lower with diazomethane-esterified pectic acid than the val- 

ues obtained with natural citrus pectin (see Tables I and II). Solms and Deue12’ re- 

ported that the activity of orange pectinesterase on citrus pectin dropped 25% after 

total esterification with diazomethane and subsequent alkaline de-esterification to 

the d.e. of natural pectin. However, it is not yet known how diazomethane influ- 

ences the pectin molecule or the linear D-galacturonan chain. 

Despite these observations, the action of tomato and A. foetidus pectines- 

terases was investigated by using the substrates prepared by esterification with di- 

azomethane, as this method” provides, very readily and in quantitative yield, 

products having a predetermined d.e. 
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