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Abstract 

Versteeg, C. (1979) Fectinesterases from the orangefruit - their purification, general 
characteristics and juice cloud destabilizing properties. Agric.Res.Rep. (Versl.landbouwk. 
Onderz.) 892, ISBN 90 220 0709 X, (x) + 109 p., 53 figs, 26 tables, 246 refs, Eng. and 
Dutch summaries. 
Also: Doctoral thesis Wageningen. 

Twelve forms of pect inesterase were detected i n c i t rus f r u i t s . Two forms, representing 
over 90% of the t o ta l pect inesterase a c t i v i t y i n Navel oranges, were pur i f i ed . These 
p ec t ines t erase s , named Pect inesterase I and II have i s o e l e c t r i c points of 10.05 and 
> 11.0, r e spec t ive ly . Both pect ines terases have the same molecular weight of 36 200 but 
d i f f er i n amino acid composition. A third pec t ines terase , with a higher molecular weight 
(about 54 000) was part ly pur i f i ed . The optimum pH of these three pect ines terases i s 
about 7 .5 , but the ir pH-activity p ro f i l e s d i f f er and depend on the degree of e s t e r i f i c a -
t ion of the pec t in . The high molecular weight pect inesterase i s s t i l l ac t ive at pH 2 .5 . 
The Km values of both puri f ied pect ines terases decrease with decreasing degree of 
e s t e r i f i c a t i o n of the pec t in substrate and increase with decreasing pH. Pect inesterase 
I I has a tenfold higher a f f i n i t y for pec t in than Pect inesterase I and i s more s trongly 
inhibi ted by pec ta te . The heat s t a b i l i t i e s were determined: the D90 C and Z values i n 
orange ju ice are 0.00037 min and 6.5 °C for Pect inesterase I , 0.0015 min and 11 °C for 
Pect inesterase II and 0.375 min and 6.5 °C for the high molecular weight pec t ines terase . 
The orange ju ice cloud des tab i l i z ing properties of the pect inesterases at 5 C and 30 C 
are remarkably d i f f e ren t . The a c t i v i t y measurements were done, amongst other methods, by 
an improved gas chromatographic methanol assay. The l i t e ra ture on pect inesterase was 
reviewed. 

Free descriptors: molecular weight, multiple forms, isolectric point, stability, heat 
stability, amino acid composition, K , K., V , 
literature review, methanol assay, citrus fruit, 
stability, amino acid composition, K , K., V , mode of action, cloud stability, pH, 
... . .. . m. 1 , max 
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Stellingen ^ ^ ? ^ 

1. De k l a r i n g van ondergepas teur i see rd s i naasappe l sap door p e c t i n e - e s t e r a s e wordt v e r 

oorzaakt door s l e c h t s enkele van de oo r sp ronke l i j k d aa r i n aanwezige vormen van p e c t i n e -

e s t e r a s e . 

Dit p r o e f s c h r i f t , hoofdstuk 8. 

2 . Het u i tdrukken van de Michael is-Menten-constante van p e c t i n e - e s t e r a s e i n een methyl 

D-galactopyranosyluronaat c o n c e n t r a t i e , zoa ls aanbevolen door Rexovâ-Benkovâ & Markovic, 

i s a f t e r aden. 

L. Rexovâ-Benkovâ & 0 . Markovic, 1976. Advances in Carbohydrate Chemistry and 
Biochemistry 33: 323-385. 
Dit p r o e f s c h r i f t , hoofdstuk 7. 

3 . De experimenten van Lee & Macmillan en M i l l e r & Macmillan r ech tvaard igen n i e t hun 

conc lus ie da t de h e l f t van de e n zymac t i v i t e i t van p e c t i n e - e s t e r a s e van zowel de tomaat 

a l s ook van Aspergillus rrlger b eg in t aan he t reducerende e inde van de hoogveresterde 

p e c t i n e . 

M.Lee & J .D . Macmillan, 1970. Biochemistry 9: 1930-1934. 
L. M i l l e r & J .D . Macmillan, 1971. Biochemistry 10: 570-576. 

4 . De r e l a t i e t u ssen de Michael is-Menten-constante van p e c t i n e - e s t e r a s e van de s i n a a s 

appel en de v e r e s t e r i ng sg r aad van g e d e e l t e l i j k a l k a l i s c h voorverzeepte p ec t i ne zoals ge 

vonden door Solms & Deuel i s o n j u i s t . 

J . Solms & H. Deuel, 1955. Helv. Chim. Acta 38: 321-329. 
Dit p r o e f s c h r i f t , hoofdstuk 7. 

5 . Het g lycopro te ïne k a r a k t e r van p e c t i n e - e s t e r a s e s van tomaten en pruimen, zoals ge

suggereerd door Theron, De V i l l i e r s & Schmidt, i s vooralsnog n i e t bewezen. 

T. Theron, O.T. De V i l l i e r s & A.A. Schmidt, 1977. Agrochemophysica 9: 7-12. 
T. Theron, O.T. De V i l l i e r s & A.A. Schmidt, 1977. Agrochemophysica 9: 93-96. 

6 . Het v e rd i en t aanbeveling om b i j de b e s tude r ing van zowel f ys io log i sche a l s t echnolo

gische p rocessen i n r e l a t i e t o t de a c t i v i t e i t van een enzym n i e t a l l e e n de t o t a l e enzym

a c t i v i t e i t , maar ook de a c t i v i t e i t van eventuee l aanwezige v e r s ch i l l ende vormen van h e t 

enzym a f zonde r l i j k i n h e t onderzoek t e be t rekken . 

BTTILI^TTTF.EK. 
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7. De door Biran, Gilbert & Giacin gepubliceerde gegevens over de sorptie van vinyl-

chloride in levensmiddelen bemoeilijken de toepassing van de methode van Van Lierop a ls 

routinebepaling van vinylchloride in levensmiddelen. 

D. Biran, S.G. Gilbert & J.R. Giacin, 1979. J. Food Sei. 44: 56-58. 
J.B.H, van Lierop, 1979. Determination of potentially carciogenic compounds in Food. 
Proefschrift Landbouwhogeschool, Wageningen. 

8. De door Van der Stegen gegeven in terpre ta t ie van de door Viani & Horman aangegeven 

mogelijke afbraak van carboxy-5-hydroxytryptamides bi j het branden van koffie als ver

klaring voor het n iet verdragen van koffie door sommige mensen i s niet gerechtvaardigd. 

G.H.D. van der Stegen, 1979. Food Chem. 4: 23-29. 
R. Viani & I. Horman, 1975. Proceedings of the 7th International Colloquium on the 
Chemistry of Coffee, p. 273-278. 

9. Behalve bij kant-en-klaar-maaltijden, is het vermelden van voedingsstoffen en de 

energetische waarde op levensmiddelen slechts van beperkte waarde. 

W. Pilnik & P. Folstar, 1979. Dtsch. Lebensm. Rundsch. In druk. 

10. Onderzoek naar de toepassing van enzymen in afwasmachines dient gestimuleerd te 

worden, aangezien het gebruik van enzymen in afwasmachines zowel het energieverbruik van, 

als de fosfaatverontreiniging door deze machines zou kunnen verminderen. 

11. Indien het oppervlak van het Nederlandse wegennet tevens gebruikt zou kunnen worden 

als zonne-energiecollector, zou jaarlijks een hoeveelheid energie opgevangen kunnen worden 

die het Nederlandse elektriciteitsverbruik benadert. 

12. Witte wijn is niet wit. 

13. De gebruikelijke opdracht voorin een proefschrift met de strekking van: "Aan mijn 

vrouw en kinderen" zou vaak volledigheidshalve moeten luiden: "Aan mijn vrouw en kinderen, 

ondanks wie dit proefschrift toch tot stand is gekomen". 

Proefschrift van C. Versteeg 
Pectinesterases from the orange fruit - their purification, general characteristics and 
juice cloud destabilizing properties 
Wageningen, 28 september 1979 
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1 Introduction 

Pectinesterase (pectin pectylhydrolase EC 3.1.1.11, older names: pectin raethyleste-

rase, pectin demethoxylase, pectin methoxylase, pectase) is present in large amounts in 

various citrus fruits (MacMillan & Sheiman, 1974; Rexovâ-Benkovâ & Markovic, 1976). The 

enzyme is firmly associated with the cell wall fractions and is situated mainly in the 

peel, the rag and juice sac tissue (MacDonnell et al., 1945; Rouse, 1953; Jansen et al., 

1960b; Manabe, 1973a). Most of the enzyme present in the extracted juice is bourtd to pulp 

particles (Rouse, 1953). 

In fresh citrus juices, pectinesterase de-esterifies the pectin, producing methanol 

and low methoxyl pectin. Subsequently, precipitation of the low methoxyl pectin with 

calcium ions from the juice results in cloud loss, a serious quality defect (Joslyn & 

Pilnik, 1961; Krop, 1974). In citrus juice technology pectinesterase is either inacti

vated by pasteurization or inhibited by frozen storage of juice concentrates at -20 C or 

below (Joslyn & Pilnik, 1961). 

Recently, several reports appeared on the stabilization of orange juice cloud, either 

by the addition of polygalacturonase to degrade the low methoxyl pectin (Baker & Bruemmer, 

1972; Krop & Pilnik, 1974) or by adding oligogalacturonic acids to inhibit pectinesterase 

(Termote et al., 1977). In these studies no attention was paid to the possible occurrence 

of multiple forms of pectinesterase in citrus fruits, notably in orange. Multiple forms 

of pectinesterase have been found in tobacco pith (Glasziou & Inglis, 1958), banana 

(Hultin et al., 1966; Brady, 1976; Markovié et al., 1975), tomato (Pressey & Avants, 

1972; Markovic & Kuniak, 1974; Rexovâ-Benkovâ et al., 1977) and various other fruits and 

vegetables (Roeb & Stegeman, 1975). Multiple forms of pectinesterase may differ in kine

tic properties and temperature stability (Hultin et al., 1966; Hultin & Levine, 1963) and 

therefore, if present in orange juice, may play a different role in cloud loss phenomena. 

This work on orange pectinesterase was intended to be an initial step in the study of 

the mode of action of plant pectinesterase and also to obtain a more detailed picture of 

cloud loss phenomena in citrus juice. Extraction and extensive purification resulted in 

the isolation of two molecular forms of pectinesterase. In addition several other forms 

could be detected and one of them (in the impure state) was also incorporated in part of 

this study. Some of the molecular, kinetic and orange juice clarifying properties of the 

different forms were found to be remarkably different. 



2 Literature on pectinesterase 

2.1 PECTINESTERASE AND OTHER PECTIC ENZYMES 

As this thesis is concerned with pectinesterase, the literature on pectinesterase is 

reviewed in this chapter, while other pectic enzymes are described only briefly. Several 

literature reviews dealing with pectic enzymes have been published recently (Voragen & 

Pilnik, 1970a; Rombouts & Pilnik, 1972; MacMillan & Sheiman, 1974; Rexovâ-Benkovâ & 

Markovic, 1976). The importance of these enzymes for the fruit and vegetable juice 

technology was reviewed by Rombouts & Pilnik (1978) and also the literature on the pro

duction of these enzymes was discussed by the same authors (Rombouts & Pilnik, 1980, in 

press). Pectic enzymes degrade pectin, which is a major constituent of the plant middle 

lamella and primary cell wall. They are very generally produced by higher plants and 

micro-organisms. But also insects (Courtois et al., 1968), nematodes (Deubert & Rohde, 

1971) and protozoa (Mah & Hungate, 1965) have been found to produce these enzymes. 

Pectin is a (1+4)-polymer of partially methyl esterified a-D-galacturonic acid. How

ever, it is not a homopolymer and contains various proportions of L-rhamnose in the main 

chain and arabinose, xylose, fucose, galactose and possibly also apiose in side chains 

(Voragen & Pilnik, 1970b; Fogarty & Ward, 1974; McNeil et al., in press). The secondary 

hydroxyl groups at C 2 and C 3 of the galacturonide monomer may partially be acetylated, 

depending on the source. Pectinesterase de-esterifies the methyl esters of the carboxyl 

groups. Polygalacturonases split the main chain in a hydrolytic way and the lyases 

(pectate lyase and pectin lyase) split the main chain by transelimination (Table 1 ; Fig. 

1). Internal and terminal splitting of polygalacturonases and pectate lyases are known 

and all of these enzymes have a preference for substrates with a low content of methyl 

ester (Pilnik et al., 1973). Endo-pectin lyase is the only enzyme which preferentially 

attacks pectins with a high content of methyl ester. Many chain-splitting enzymes re

quire free carboxyl groups for activity, and these enzymes can only degrade pectins with 

a high content of methyl ester when they operate in conjunction with pectinesterase. 

Table 1. Chain-splitting pectic enzymes. 

Name 

Endo-polygalacturonase 
Exo-polygalacturonase 

Endo-pectate lyase 
Exo-pectate lyase 
Endo-pectin lyase 

EC number 

3.2.1.15 
3.2.1.67 

4.2.2.2 
4.2.2.9 
4.2.2.10 

Preferred 
substrate 

pectate 
pectate 

pectate 
pectate 
pectin 

Mechanism 

hydrolytic 
hydrolytic 

transeliminative 
transeliminative 
transeliminative 

Mode of 
atback 

internal 
terminal 

internal 
terminal 
internal 



^.pectinesterase 

COOCH3 COOCH3 CO(ÓCH3 CDOH OOOCHj COOÇH3 

( O H ^ O K ^ H 

ÓH | ' ÓH( ' ÓH OH OH 
-pectin lyase 

pectin -
esterase 

COOH COOH COOCH3 COOH COOH COOH 

OH OHl OH 

polygalacturonase 
pectate lyase 

COOH COOH COOH COOH 

.^o^^^J^a-
<DH OH OH OH 

polygalacturonase 

COOH COOH COOH COOH 

OH OH OH H 
pectate lyase 

COOCH3 COOCH3 COOCH3 COOCH3 

<̂ H ̂ OKPH^to'—--•XOH . ^ j ^ V ^ 0 Fig. 1. Basic structure of galacturonan 
OH OH OHfH OH with points of attack and mode of attack 

pectin lyase of pectic enzymes. 

From the heterogenous structure of pectin it is evident that also several other 

enzymes are needed for splitting all glycosidic linkages in the molecule. The basic 

structure of pectin together with places and mode of attack of some of the pectic 

enzymes are given in Fig. 1. 

Because pectin is a structural element of the plant cell wall and a major constituent 

of the middle lamella, pectic enzymes play an important role in growth, ripening, tissue 

deterioration by parasites as well as by saprophitic micro-organisms and affect the 

texture and appearance of processed fruits and vegetables. 

2.2 PECTINESTERASE 

2.2.1 Occurrence 

Pectinesterase was discovered in 1840 by Frémy (1840) in vegetable juice. Since then 

numerous higher plants and micro-organisms have been shown to contain or to be able to 

produce pectinesterase (Tables 2 and 3 ) . In fact all higher plants seem to contain 

pectinesterase in all living tissues. For instance, pectinesterase was demonstrated 

in seeds, leaves, stems, petioles, flowers, green and ripe fruit of cucumbers (Bell et al., 

1951). The level of activity varies considerably with plant species, variety, part of the 

plant and stage of growth. Also in fruits there are zones which are relatively rich and 

poor in pectinesterase activity, like in citrus (MacDonnell et al., 1945; Rouse, 1953; 

Rothschild et al., 1974; Tahir et al., 1975) and persimmon (Nakayama & Iwasaki, 1966). 



Table 2. Occurrence of pectinesterase in higher plants. 

Source References 

alfalfa 
apple 

apricot 
artichoke 
avocado 
banana 

barley 
bean (broad, french and snap) 
cacao 
carrot 
cauliflower 
cherry (sweet and Montmorency) 
cranberry 
cucumber 
gooseberry 
grape 
grapefruit 
guave 
lilac 
lime 
mandarin 
oat 
onion 
orange 

papaya 
paprika 
peach 
pea 
pear 
persimmon 
plum 
potato 
radish 
raspberry 
rye 
strawberry 
tomato 
tobacco 
wheat 

Lineweaver & Ballou (1945) 
Pollard & Kieser (1951); Lee 4 Wiley (1970); 
Miyairi et al. (1975) 
Polacsek-Racz & Pozsär-Hajnal (1976) 
Glasziou & Inglis (1958) 
Zauberman & Schiffmann-Nadel (1972) 
Hultin & Levine (1963); MarkoviÉ et al. (1975); 
Brady (1976) 
Fuchs (1965) 
Fuchs (1965); Buren et al. (1962) 
Gamble (1973) 
Markovic (1978) 
Hoogzand & Doesburg (1961) 
Schmid (1975); Al-Delaimy (1966) 
Arakji S Jang (1969) 
Bell et al. (1951) 
Polacsek-Räcz & Pozsär-Hajnal (1976) 
Montedoro (1968); Datunashvili et al. (1976) 
Rouse & Atkins (1953a); Eagerman & Rouse (1976) 
Shastri & Shastri (1975) 
McColloch & Kertesz (1947) 
Evans & McHale (1978) 
Nath & Ranganna (1977a) 
Glasziou (1959) 
Vas et al. (1967) 
MacDonnell et al. (1945); Evans & McHale (1978); 
Versteeg e t a l . (1978) 
Aung & Ross (1965) 
Vas e t a l . (1967) 
Buescher & Furmanski (1978) 
Collins (1970) 
Vas et al. (1967); Weurman (1954) 
Nakayama & Iwasaki (1966) 
Theron et al. (1977a) 
Vas et al. (1967); Bartolome & Hoff (1972a) 
Polacsek-Räcz & Pozsär-Hajnal (1976) 
Polacsek-Räcz & Pozsär-Hajnal (1976) 
Fuchs (1965) 
Leuprecht & Scha l l e r (1968) 
Hills & Mottern (1947); Pressey & Avants (1972) 
Glasziou & Inglis (1958) 
Fuchs (1965) 

The activity changes in fruits and vegetables during growth and ripening do not 

follow a general trend. For instance the pectinesterase level increases during growth in 

orange (Rouse & Atkins, 1953b; Tahir et al., 1975), tomato (Sawamura et al., 1978; Poszâr-

Hajnal & Polacsek-Râcz, 1975), banana (Hultin & Levine, 1965), apple (Lee, 1969b), cacao 

(Gamble, 1973), guave (Shastri & Shastri, 1975) but decreases in cucumbers (Bell et al., 

1951), pears (Weurman, 1954), peas (Collins, 1970) and avocado (Zauberman & Schiffmann-

Nadel, 1972). In orange, tomato and guava there is a sudden drop at a stage during 

ripening. Brady (1976) suggested that the apparent low activity level in immature bananas 

is caused by inactivation through phenolic compounds. 

Pectinesterase is situated in the free space between the cell walls as was shown for 

oat coleoptiles and tobacco pith (Glasziou, 1959; Bryan & Newcomb, 1954), and the main 



Table 3. Fectinesterase-producing micro-organisms. 

Micro-organisms References 

Bacteria 
Closvridium aurantibutyricum 
Clostridium multifermentans 
Corynebacterium (several species) 
Ewinia (several species) 
Pseudomonas solanacearum 
Xanthomonas malvacearum 
Xanthomonas (several species) 

Fungi 
Acroay lindrium 
Alternaria humiaola 
Aspergillus aarbonarius 
Aspergillus japonious 
Aspergillus niger 
Aspergillus (several species) 
Botrytis cinerea 
Botryosphaeria ribis 
Byssochlamys fulva 
Ceraosporella herpotrichoiaes 
Chaetomium globosum 
Colletotrichum trifolii 
Coniothyrium diplodiella 
Corticium rolfsii 
Curoularia lunata 
Diplodia gossypina 
Epicoccum nigrum 
Fusarium oxysporum 
Fusarium roseum 
Fusarium sp. 
Gibberella sp. 117 
Gilbertella persicaria 
Glomerella cingulata 
Macrosporium cladosporioides 
Monilia fructicola 
Nigrospora sphaerica 
Oospora sp. 
Ophiobolus graminis 
Pellicularia filamentosa 
Pénicillium chrysogenum 
Pénicillium (several species) 
Vleospora infectoria 
Plylasospora sp. 
Phy8alospora obtusa 
Phytophtora infestons 
Pseudoarachniotus roseus 
Rhizocotonia solani 
Sclerotina libertiane 
Sclerotina sclerotiorum 
Sclerotium rolfsii 
Stemphylium botryosum 
Trichoderma lignorum 
Trichothecium roseum 

Lund & Brocklehurst (1978) 
Miller & MacMillan (1970); Sheiman et al. (1976) 
Lange (1970) 
Lange (1970) 
Lange (1970) 
Abo-El-Dahab (1964) 
Dye (1960); Lange (1970) 

Kimura et al. (1973) 
Abdel-Fattah & Mabrouk (1977) 
Sreekantiah et al. (1975) 
Ishii et al. (1979) 
Rexovä-Benkovä 4 Slezârik (1966); Baron (1978) 
Abdel-Fattah & Mabrouk (1977) 
Verhoeff 4 Warren (1972) 
Wallace et al. (1962) 
Reid (1952) 
Hännsler et al. (1971) 
Abdel-Fattah 4 Mabrouk (1977) 
Hancock & Millar (1965) 
Endo (1964) 
Yoshihara et al. (1977) 
Abdel-Fattah 4 Mabrouk (1977) 
Wang 4 Pinckard (1971) 
Abdel-Fattah 4 Mabrouk (1977) 
Miller 4 MacMillan (1971) 
Perley & Page (1971) 
Abdel-Fattah 4 Mabrouk (1977) 
Abdel-Fattah 4 Mabrouk (1977) 
Mehrotra et al. (1971) 
Wallace et al. (1962) 
Abdel-Fattah 4 Mabrouk (1977) 
Paynter (1975) 
Agarwal et al. (1977) 
Abdel-Fattah 4 Mabrouk (1977) 
Weste (1970) 
Barker 4 Walker (1962) 
Phaff (1947) 
Abdel-Fattah & Mabrouk (1977) 
Agarwal et al. (1977) 
Wallace et al. (1962) 
Wallace et al. (1962) 
Clarke (1966) 
Abdel-Fattah 4 Mabrouk (1977) 
Bateman (1963) 
Oi 4 Satomura (1965) 
Astapovich (1976) 
Yoshihara et al. (1977); Bateman 4 Beer (1965) 
Hancock 4 Miliar (1965) 
Abdel-Fattah 4 Mabrouk (1977) 
Abdel-Fattah 4 Mabrouk (1977) 

Yeasts 
Kluyveromyces fragilus 
Torulopsis Candida 

Call & Emeis (1978) 
Call 4 Emeis (1978) 



part is bound by ionic interaction. It can be liberated from the cell wall fraction by 

raising the pH above 7 and increasing the ionic strength, as was demonstrated, for 

example, in orange (MacDonnell et al., 1945; Jansen et al., 1960b), oat coleoptiles 

(Glasziou, 1959; Jansen et al., 1960a) and tomatoes (Pozsâr-Hajnal & Polacsek-Râcz, 1975). 

In tomato cell walls and oat coleoptiles it was moreover demonstrated that there were 

binding sites specific for pectinesterase. The binding of pectinesterase was only partial

ly or not at all affected by prior saturation with other proteins or vice versa (Nakagawa 

et al., 1971; Jansen et al., 1960a). 

However, the situation is probably much more complicated. Glasziou & Inglis (1958) 

demonstrated three different fractions of pectinesterase from artichoke and two in 

tobacco pith. The pectinesterases appeared to differ with respect to binding properties 

to cell walls. One pectinesterase could increasingly be bound by addition of auxins, but 

not by calcium ions, the binding of another pectinesterase was neither affected by cal

cium ions nor by auxin and the binding of the third pectinesterase was only affected by 

calcium ions and not by auxin. Hultin & Levine (1963) demonstrated three different pectin

esterases in bananas by differential extraction procedures. These enzymes appeared to be 

bound differently and possessed different properties with respect to pH-activity, 

activation or inhibition by sodium lauryl sulphate and temperature inactivation. Multiple 

forms and isoenzymes of pectinesterase are discussed further in Sections 2.2.2 and 2.2.3. 

2.2.2 Role in vivo 

The role of pectinesterase in growth of plants and in growth and ripening of fruits 

is not very well understood. As pectinesterase seems to be present in all living tissues 

of higher plants an essential function is likely. 

Auxins like IAA (3-indolylacetic acid) promote cell enlargement. In tobacco pith this 

is accompanied by a rise in pectinesterase content (Bryan & Newcomb, 1954). IAA, depen

ding on its concentration, stimulates or inhibits pectinesterase activity (Bryan & 

Newcomb, 1954; Nakagawa et al., 1970b). IAA and other auxins have been reported to affect 

the binding of pectinesterase to cell walls of tobacco pith (Glasziou, 1957; Glasziou & 

Inglis, 1958). It was suggested that immobilization of pectinesterase favours methylation 

of pectate of the cell wall and thus plasticity of cell wall increases. However, Jansen 

et al. (1960a) and Nakagawa et al. (1971) reported that there was no effect of IAA on 

pectinesterase binding to oat coleoptile and tomato cell walls, respectively, but it may 

be possible that they tested the wrong concentration ranges of IAA or irrelevant forms of 

pectinesterase. It was pointed out by Jansen et al. (1960a) that IAA did not change the 

degree of esterification of any pectic material in cell walls and that therefore 

elongation of cell walls mediated through an effect on pectinesterase was unlikely. Salt 

in the nutrient solution reduced the pectinesterase concentration in the leaves of 

Aster tripolium and promoted cell elongation (Binet, 1976); here an inverse relationship 

between cell size and pectinesterase concentration was found as by Bryan & Newcomb 

(1954) in tobacco pith. 

As discussed in Section 2.2.1, there is no general relationship between ripening and 

pectinesterase level in fruits and vegetables. Also no relationship could be demonstrated 



between available pectinesterase activity and firmness of tomato fruit (Hall & Dennison, 

1960). It has often been suggested that tissue softening during ripening or plant patho

genesis is caused by pectinesterase activity followed by- polygalacturonase action. How

ever, pectinesterase action alone, and subsequent binding of pectate with bivalent cations 

increases tissue firmness and resistance against maceration (Brown, 1969). There are 

indications that this mechanism is involved in resistance against pathogens. In several 

cases it was demonstrated that host pectinesterase activity increased upon infection 

(Bateman, 1963; Langcake et al., 1973). In bean hypocotyls infected by Rhizoctonia solani 

calcium ions accumulate in the infected zone, pectinesterase activity increases, pectin 

is demethylated and insoluble calcium-pectate is formed, which cannot be degraded by the 

endo-polygalacturonase of the pathogen (Bateman & Millar, 1966). During pathogenesis 

Sclerotium rolfsii produces oxalic acid, which binds calcium ions and thus enables the 

polygalacturonase to degrade pectate. Also, the pH is lowered towards the optimum for 

polygalacturonase activity (Bateman & Beer, 1965). Pectinesterase of the pathogen is not 

always needed for virulence. Lange (1970) concluded that there was no relationship be

tween virulence and pectinesterase activity of pathogenic bacteria. Paquin & Coulombe 

(1962) found that a virulent strain of Fusarium oxysporum produced 2 - 3 times more 

pectinesterase than an avirulent one. Cells of Xanthomonas malvacearum adapted to produce 

pectinesterase were more pathogenic than unadapted cells (Abo-El-Dahab, 1964). No relation 

was found between virulence of Vellicularia filamentosa and pectinesterase production 

(Barker & Walker, 1962). 

The amount of pectinesterase is sometimes very high compared with the amount of 

available pectin. For instance, in citrus fruit there is sufficient pectinesterase 

(60 000 units (pmol/min)/kg) to de-esterify the quantity of pectin (30 g/kg) from high to 

low degree of esterification in 10 min at optimal pH or in less than 4 h at the pH of the 

juice. Possibly pectinesterase in vivo plays a role in the methylation of pectates. 

Glasziou (1959) suggested that pectinesterase might have a transmethylase function to 

methylate pectate to pectin in vivo. A transferase activity transferring methyl groups 

from S-adenosyl-L-methionine to the carboxyl groups of polygalacturonic acid was found 

in bean shoots (Kauss & Hassid, 1967). Kauss et al. (1969) found also that intact 

particles from the same source contained pectinesterase which could only de-esterify the 

plant's pectin if the lipid membranes protecting the pectic substances were destroyed by 

detergents or phospholipase. Although the authors did not mention this possibility, one 

might speculate that the transferase becomes an esterase after the lipid membranes are 

destroyed and water is introduced in the immediate environment of substrate and enzyme, 

and possibly also after some chemical or physical change of the enzyme. Then, after 

extraction and under the aqueous assay conditions, only pectinesterase activity would be 

measured. This theory is in agreement with the continuously increasing pectinesterase 

concentration during growth (see Section 2.2.1) as often found without simultaneous 

decrease in degree of esterification of the pectic substances. The degree of esterifica

tion of the pectic substances even increases in some fruits and no decrease is observed 

until the very ripe stage (Gee et al., 1959). 

In several plants multiple forms of pectinesterase have been demonstrated, e.g. four 

to eight forms in tomatoes (Pressey & Avants, 1972; Delincée, 1976), two to six in 



bananas (Hultin & Levine, 1963; Brady, 1976; Markovic" et al., 1975), two in tobacco pith 

(Glasziou & Inglis, 1958), three in artichoke (Glasziou & Inglis, 1958) and two in orange 

(Evans & McHale, 1978; Versteeg et al., 1978). It is still not known whether these en

zymes are derived from the same form and are merely breakdown products, still having 

pectinesterase activity, or whether they all have a different origin and function in the 

plant. Several explanations for the occurrence of multiple forms were given by Hultin et 

al. (1966) and Brady (1976). The fact that the two pectinesterases in citrus were found 

in different tissues (Evans & McHale, 1978) points to a functional difference. If so, 

the situation in vivo must be very complicated since eight forms were detected in tomato 

(Delincée, 1976) and even twelve forms in citrus, of which sometimes ten forms in the 

same fruit (this work; Nieuwenhuis, 1978). Multiple forms of pectinesterase always seem 

to differ in isoelectric point and usually differ in one or more of the following as

pects: pH-activity profile, activation by cations, substrate affinity, inactivation by 

detergents, inhibition by sucrose, heat stability, molecular weight and binding proper

ties to cell walls (Pressey & Avants, 1972; Hultin et al., 1966; Hultin & Levine, 1963; 

Brady, 1976; Glasziou & Inglis, 1958; Versteeg et al., 1978). 

2.2.3 Purification and properties 

Though in many plants and cultures of micro-organisms the presence of pectinesterase 

was established (Tables 2 and 3 ) , the properties of these enzymes were often not 

determined and only in relatively few cases they were partially or completely purified. 

Especially pectinesterases from micro-organisms received little attention even though 

they differ more widely in properties than the plant pectinesterases seem to do. 

The properties of pectinesterases which have been studied in more detail are listed 

in Tables 4a, 4b and 5. Comparison of most properties has only limited value because the 

assay conditions are not always the same. The data of the impure preparations usually 

represent the overall properties of a mixture of different forms of pectinesterase. The 

use of a mixture of different forms is sometimes indicated by irregularities reported 

such as pH curves with shoulders and irregular heat inactivation curves. Even in some of 

the pure preparations more than one single form of pectinesterase may be present. Thin-

layer isoelectric focusing seems to be the most sensitive method to determine multiple 

forms or isoenzymes (Delincée, 1976). 

Purification usually involves extraction (for plant pectinesterases), fractional 

ammonium sulphate precipitation or acetone precipitation and several types of column 

chromatography, such as gel filtration (separation based on molecular size), anion or 

cation exchange (separation based on charge and charge distribution). Sometimes other 

principles were employed as well, for instance affinity chromatography (Rexovâ-Benkovâ 

et al., 1977; Versteeg et al., 1978), isoelectric focusing (Brady, 1976), calcium-phos

phate adsorption chromatography (Dahodwala et al., 1974 ; Yoshihara et al., 1977). A 

rather detailed summary about purification methods used for pectinesterase is given by 

Rexovâ-Benkovâ & Markovic (1976). 

Except for one low molecular weight form from banana and one high molecular weight 

pectinesterase (complexed with exo-pectate lyase) from Clostridium multifermentons, all 

S 



pectinesterases have molecular weights in the range of 24 000 to 37 000. The molecular 

weights were not all determined in the same way and Delincée & Radola (1970) showed that 

the apparent molecular weight for the same tomato pectinesterase could range between 

24 000 and 28 000, depending on the method employed. The isoelectric points of plant 

pectinesterases were always above pH 7 and the pH optimum ranged between 6 and 8.5. It 

should be noted that the pH-activity profile is broadened at the acid side by raising the 

concentration of cations (Lineweaver & Ballou, 1945). The pH optimum for microbial pectin

esterases depends largely on the source of the enzyme. The Michaelis-Menten constants 

(K values) reported for the purified enzymes differ up to a factor 500. Between iso

enzymes from the same source already a 20-fold difference was found (Versteeg et al., 

1978). Rexovâ-Benkovâ & Markovic' (1976) suggested to express the K on the basis of me-

thyl-D-galactopyranosyluronate residues. But this seems illogical because free carboxyl 

groups are regarded to be necessary for affinity (Solms & Deuel, 1955), see also Section 

2.2.4. 

Plant pectinesterases are competitively inhibited by pectate, one of their own 

reaction products (Termote et al., 1977). The effect of salts on alfalfa pectinesterase 

was thoroughly studied by Lineweaver & Ballou (1945). It appeared that cations and not 

anions stimulate pectinesterase at the acid side of its pH optimum. Also pectate inhibi

tion is less at higher pH and at higher cation concentrations. It was concluded that cat

ions do not stimulate the enzyme but liberate it from an inactive ionic complex with the 

product so that full activity can be obtained. Also MacDonnell et al. (1945) and Hills & 

Mottern (1947) found for orange and tomato pectinesterase, respectively, that a higher 

concentration of cations was required for activity at a lower pH. The optimum concentra

tion of sodium chloride for plant pectinesterase is in the range of 0.1-0.25 mol/1 and the 

optimum concentration of calcium chloride is about five times lower. This optimum 

salt concentration is usually determined near pH 7.0 and is higher at a lower pH. Though 

the optimum sodium chloride concentration for fungal pectinesterase is approximately the 

same, the stimulation is much less. Also for a fungal preparation it was found that more 

salt was required for optimal activity at a lower pH (Calesnick, 1950). 

As can be seen from the tables in this chapter, the optimal temperature for plant 

pectinesterases is approximately 55 °C with a S of 1.3-1.4 in the range 20-50 °C. The 

optimal temperature for microbial pectinesterases is about 10 °C lower, and usually they 

are also less heat stable. Lee (1969a) suggested that tomato pectinesterase was a lipo

protein. Markovic (1974) demonstrated that one of the multiple forms of tomato pectin

esterase was neither a lipo-protein nor a glyco-protein. Theron et al. (1977a, 1977b) 

found indications for a glyco-protein character of plum and tomato pectinesterase. None 

of the six banana pectinesterases examined by Markovi^ et al. (1975) were lipo-proteins. 

Baron (1978) found indications for a lipo-protein character of Aspergillus niger pectin

esterase. 



' es en m -& \£> CT» 

•H e 
O D.IO ^ o a — u 
B U I » 

•H Q . ^ 

p. d)c= 

t j g 
« tu 5 

i ^ 

4J e-l 
tf S 

u où 
a) a 

s 

o 
o 

— o 
o d 

vo — 
— o en 
-»o CM 
o o — 

en -a-
oo o -a-

en o o -a- r̂  
eg o o CM o 

co co 

o o 

o o o o 

» <u 
co 
eet 
h 
eu 
u 
CO 
<u 
B 
H 

a s 
O B. 

\ co 
• u 

O • -H 
CU 4J B ^ 
O. O 3 Op 
C/J « w g 

en o \o o o m 
rs co r̂  oo oo oo 

Cl O • * M *J 0 > ï 
- o o\»o M m o 
r-* C N v£> r*. r * — r*. 

o o 
vD <& 

r* CTN 
m CM 
• * u i 

o a« m — 
r» N I O ( N 

co — 
en 

-a- oo CM -a- CM er» i n 
«a- CM CM «a- en — m 
- • n N - î en 

3 u 
O J= 
0) 00 

S » 

o 
••e 

o 

ta 

O o 
o — 

A 

O O 
O O 
CM CM 

M3 t£> 
en en 

CO 

r̂  

en 

C/3 CA 

00 m 
O CM 

en en 

o o 
o o 
in oo 

CM CM 

co c o 
V 
+3 
g 
ö 

CD 

•< 'S 
S 

a, 

(j\ 

00 

o 
o 
o 
o 
en 

-a-
er» 

o o 
o o 
o o 

o o 
en — 

o o 
o o 
o o 
m \o 
en -<r 

00 
o 

o o o o o o o 
o o o o o o o 
o m o r-* en o o 

H M M H 

CU CU 
CU 00 00 
r-i ß B 
O» cd eö 
O. M U 
W O O 

o 
eg 
cj 
cd 
o 

o 
u 
u 
en 
CJ 

CU CU 

cd co g 
U U -H 
b0 t iOH 

00 
B 
nt 
u 
o 

i-H O O 

10 



u O. tri .*-> 
co B — o 
e eu i ° 

•U O 
3 u-i 

O O I 
- J O 

Q? cd (N 

4J j r u 
P. ai<= 

» U S 
C M S o o -^ 

cn 
o 
r/l 

m 
u 
•u 
(0 

DJ 
B 
H 

a 

a 
et) 

u 
a 
o 

o g 
m s 
z -^ 

(U ^ 

n S 
U \ 
u cm 

• H ai s 

:*: O.-— 

i-H 

S 

in O 
O 

O 1 
. - « CM 

t n U"> 
CM — CM 

m u-i 
— o 

-a-
o 

en 
o 

H 
U 
01 
a o 

4J 
P.S o a 

o o m i n m 

v£> r- *o r~ r-* 

oo en 
o o 

i n in m m CM m m 

i-* I-N r- vo oo r» rN 

ai 

a 
p. 

« 

£uZ 
H ai 
ai x> w 

ai .o S « 
iH C 3 -H 
a ni U 9 
a h s h 
« o O LH 

4J 
nj 
0 

ai 
on 
c 
m 
M 

o 

CS 

>, m 

01 
a . 

en 

>. m 
m 
a. 

cn 
01 
ai 
a 

c 
o 

f3 
• H 
Wl 
h 
ai 
a 

u 
en w ai 
B h B 
ni ai u 
eu x> 

xi S u 

o) M ai 
C « S 
co en en 

2 «t' B M 

Xt 
<t 

1 al 

et) 
-3 -

al 
»-i 
XI 
<t 
u 

o 
u 

CO 
ai 
4J 

§ 
4-1 
O 
o 

PM 

o «o m 
U / - \ r H 
O , Û « / -N ÏÖ 

•o PN eu o £t 
iH a) r«. , j PN T J 
Cl) 4-1 OH ON O 

0 — 1 • ^ - N — J 3 
4J Q V ^ N W m 
<D 33 CM SO Q 

^-s • o \ m 
CtJ ON • r H —' fi • 
? v O m CÖ / - \ N » / « r i 0 0 
CtJ ON — i n r H CO 
0 0 — 4J « * • r H 
ttj ^ -^ 0) ON r H O 

J i / - \ — «J Ü / - \ . 
muco c ^ m » S *r* r- 0 *•» • r- fi 

r J O N U S t U C O O N r î 
• vu — 0) o m — o 

Irt N v , f i r t IS ' w ' i H 
« h H n) i-*~>o td > / - \ *o tu 

• -N Cn * r t • FQ m - r i r H 
cd > ON • NO S p . 

O o Ö O - «9 00 0 \ £ -H 
r** M CM •— u 4-1 
O N X J H r< W CO r H 
— -iH cd . - N CU 3 

o r*- «j — co r-
• ^ • I N « m o fo m 

r H l 4 < t - O N > O N p 2 •<-» 
rt Cd — — CD — . H 

4-> * H CO MH 
0> • y-N • i_q • 00 v o o 

ON f ) r H r H Û ON 

cd r- «J • aj 9 — a» 
S ON co < j w c 
rt , - s ~ 4-> CM 4-> O 
o o * - *—* o> o . u 
co r^ CN tu • 

^NiON (U fi ^ N r H CO r H — 
( B - H O V D H r H < t 

Z N - ' . Q u p» o cd 
H Q) ON Jï) , - N , f i 

rH r«. o* -<t 
r H • • OJ CN — «Ö ON 

s~s - r t CO 0 0 MU N ^ — 
0 0 S — — O U v 

p*. CJ ß s-* • »a 
O N td - H ON r H O N 
— ! 5 / - s <—* r H ND CïJ (U C0 
<v i n oo ai ON h a) 

•a p-» P*. Q — 4J a - u 
ON CT\ ^ fl) 3 ^ 

H ^ « - . CÜ O 
Cd « w s - T * ! Ö U Ö O H J W 

r H CM ß ß 
•u rH • a) cd cd • «o 
Q) . H r H r H »") J3 VO 

S cd rt ^ U co J3 
oo a o «a a fl) • u u rs • o 
Q ) 0 0 0) g ON ' H - ^ H 
•M — «f-) CO CM r H 
co -io «a N ^ ^ vo o 
n ^-x . H ed ON ü 
<u ni > « (d M / ^ - ü 

> O N o e > - H < i n ^ E 
vo ^ K o >* 

• ON U > TJ « O N • • 
CO — « W ( d v O — r H O 

N- ' g pi CM •>-' Cd s t 

• / M i l > N o 8 • 4J 
Cd 0) CN —' / " \ H < U / ^ 

co > j — a) * - cd r*. 
r*. \d> m ß sr 
ON • ^-s CJ ON 4J CO O N 

« N / - \ v O C — « M — 
s-^ \ 0 N « H w 3 '<-' 

I N ON r H r H M 
a ^ C A - o) r i H ä 

J3 0 0 « ^ P fl) 41 • & qj vO v ^ CO ß m 0) 
ß O N • — V ß ( O 4J 
td — S S r H CM ' r i O * J 

_ cd ü ^ g 
• ß *J 4-1 y-N o3 cd *£> 

c M c d p q a i c N £ v D oQ 
r-t P N T3 ON 
t-t . - H ON iM . — « 

/—s »H r - i—1 «-• Cd O N ^ e-* 
m J3 — ' H v H f n r H 
IN- ü > r H * H - H 
O N CO ^ 10 O M SC 

N - * ^ cd ß O N « • 
. o a i N . f i cd » m c d O N 

rH O N ß > m o N & e o 
CÖ CÜ ^- 4J < CN — M 

0) S—' cd N ^ 
4J H J Q «J « Ö ^ - S 

o x> ^ 3 sr 
• - H • t > » o o cd r N 

• H v o > \ 0 tu N - H B O N 
h O * - C 0 O N N C d — 

• H - Ü CO — CO f N ^ 
cd ^ -^ M <ü N - ' cd cd 
f ^ ^ O rt / - s U r* M • 

• H O J g C O p H > ^ Ü C d r H 
S r - v o a) » cd 

O N » O N - i~* • 
> " O " O ' H 0 \ < f 4J 

« ^ « ^ N 5 N H 0) 

ß 
0 
CO 

• H 
M 
cd 
9* 
B 0 
o 
o 4J 
cd 
4-> 
•rf 
i-H 
•H 
U 
cd 

( H 

O 
4-1 

co 
4-1 

• H 

ß 
3 

a o CM 
•H 

a 3 

O 
4J 

•a ai 
j j 
CD 

i-H 

3 Ü 
t H 
ta 
u 
ai 
M 

ai 
i-i 
<u 
» 
to 
ai 
3 

r H 
RI 

> 
><' 
•a 
c en 

»i 

fc«! 
to 
tu 

• H 
4J 
• H 

> •H 
«J 
U 
ta 

u 
• H 
I H 
• r i 
O 
eu 
O. 
C0 

1-1 
et] 

C • H 
t>0 

• r i 
U 
O 

ai 
•c 
4J 

»H 
O 

2 
B 
o ta 

11 

http://oaiN.fi


.>: 1 
4J • 
o B — u 
C «i i ° 

H *J m ^ 

•u S cj 
p. « = o « ^ 

•H i-I <—I 
4J U O 

I - l ^ 

1 c 
4J o o 
a a e 
o z £• 

« B 

ï 

\D \© r«. — oo 

m u i 
en co 
o o 

o 

o 

<§• 
00 00 u"i o 

(X o S oo 
oo cd w B 

01 
e •H 
• U 

U 
<u 
a 

01 
•H 
.O 
0 
U 
U 

•H 
ft 

>W 
O 

0) 

« •H 
• U 

kl 
ai 
a 
P 

i 
0 
to 

H 

» 
o 

t/3 

h 
m 

i - i 

3 
o 11 

r H 

0 
s 

u 
<u i - H 

ai 

4-1 
.e M) 
•l-t 
ai 

» 

o 
o 
o 

. - - . * > eu 

t'̂  I »̂  
.- „ ,- SH V ' • -»•« O 
Ö l O i s t * , • • » • « t-4 
S, o , S* • t » •« -h O ö , 
to Co *"^ fc O 

•^ i j ; to Co 

.3.8 

Eb O -

« D j » « » « & , t s to o 

Q, C fi • « Ci, Ü J \ » to ff » ff * 
- ü 5 n; 

ai C 
td 

cd - i 

/ - \ et] • 

s°' 
r-l O 

ÄR' 

•rl tj% 

* * td *ö . 
H U 01 
3 cd co 

s-* S M cd 
>o -H o >» 
O Ü i B H 
er» »I-I 
— • f e d ) 
w a \ *J 

c3 cd 
J<S « 
•H^s M Ü 
n m e ai 

Vd \C d P i 
N C\ !3 1 
<U — O 

.H v • X 
en «4- CU 

cd — 

* S3 5 
0 -U r~ 
^ « u i x 
e en — al 
en w I H 

ca «s & 
1 • B 

\cd -H i-I o 
> o cd o 

s . « . 
01 00 O) 00 
Oj „ 

M 
• >-s 01 

!*) r s H » to E 
.— — C o 
o \ ^ ï c d UH 
r- 5S o> . ai 

I - I tg I H 
cd / - . 3 

cd oo S 

o) cd o\ co 
, c — « 

• i-I -H w .H 
•H J3 
•C W £3 <H 
10 O O O 
l-l (H t l 

cd tu 
• • oo C 

N r » o 

CM • 
s-^ *~*. •— r-» 
00 - * — 

a* a\ ^v 
— — oo *~* 
^^ s^ n- co 

a\ vo 
• o — cn 

H t ) V -
cd (3 —' 

U 0) 
u UI B 
ai • u cd 

vo c S 
•H -H S 
•H H U 
•C /-^ Ol cd 
o i o O ea 
H r~ 

41 

1 

V 

«H 
O 

^ - N-^ — — « 

12 



2.2.4 Specificity and mode of action 

Pectinesterase is highly specific for methyl esters of (1-i-4)-a-D-galacturonan chains. 

Both the D-galacturonan chain structure and the methyl ester group are needed for full 

activity. The methyl ester of alginic acid is not de-esterified by orange pectinesterase 

(MacDonnell et al., 1950). The methyl esters are not hydrolysed if the galacturonan 

chains are too short, for example trimers are not attacked but a degree of polymerization 

of 10 is sufficient for activity (McCready & Seegmiller, 1954). Also if part of the 

galacturonate ester units in the main chain are reduced to galactose units or part of the 

secondary hydroxyl groups are acetylated the reaction rate is much lower (Solms & Deuel, 

1955). Pectinesterase has some activity on ethyl esters of D-galacturonan, approx. 101 

of the rate on methyl esters at optimal pH (MacDonnell et al., 1950; Manabe, 1973b). The 

reaction rate on ethyl esters is much less affected by the pH than the rate on methyl 

esters and at pH 4 the rates are approximately equal (Manabe, 1973b). Some other esters 

(viz. propyl, allyl, propargyl) of a-D-galacturonan are attacked at a very low rate and 

the glycyl and glyceryl esters not at all (Deuel, 1947; Manabe, 1973b). 

Crude orange pectinesterase preparations show activity on alkyl esters of several 

acids (MacDonnell et al., 1950). As these activities diminish with increasing purity of 

the pectinesterases, MacDonnell et al. (1950) concluded that the activity of crude pectin

esterase on these substrates is due to contaminating carboxylesterases other than pectin

esterase. The acetylesterase from citrus, which hydrolysis several carboxyl esters and 

the esters of acetic acid best, does not have pectinesterase activity (Jansen et al., 

1947). It should be pointed out that the substrate specificity as described above 

pertains to plant pectinesterase (mainly citrus pectinesterase) and that the substrate 

specificity of microbial pectinesterases may appear to be different. 

It is believed that the de-esterification of pectin by plant pectinesterases 

proceeds linearly along the pectin chain so that blocks of free carboxyl groups are 

produced. This conclusion was reached by comparing partially acid or alkali de-esterified 

' pectins (which have randomly distributed free carboxyl groups) with partially enzymatical-

ly de-esterified pectin and pectic acid with respect to viscosity of solutions, calcium 

gel strengths, electrophoretic and chromatographic patterns and stability constants of 

calcium pectinates (Schultz et al., 1945; Hills et al., 1949; Heri et al., 1961; Kohn 

et al., 1968). 

On the basis of the enzymatic activity on high methoxyl pectins, partially de-

esterified by alkali, Solms & Deuel (1955) concluded that orange pectinesterase splits 

ester groups next to free carboxyl groups and that carboxyl groups are needed for the 

enzyme-substrate complex. Although carboxyl groups are necessary, they found a higher 

Michaelis-Menten constant (K. ) with an increasing number of free carboxyl groups in the 

substrate. Ishii et al. (1978; 1979) studied the elution patterns on DEAE cellulose and 

the gel strengths of pectins de-esterified with Aspergillus Japoniaus pectinesterase and 

they suggested this pectinesterase removes methoxyl groups at random. 

For the complex of pectinesterase and exo-polygalacturOnate lyase of Clostridium 

multifermentons, Sheiman et al. (1976) proved that both en2ymes attacked highly esteri-

fied pectin (with a H label at the reducing end) from the reducing end in a coordinated 
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marmer. First the pectinesterase de-esterifies ester groups and without dissociation of 

the enzyme-substräte complex, the lyase splits off unsaturated dimers. From the equiva

lent release of the H label and total product, and from the K and V of the lyase, 
r m max ' 

it could be shown that no steady state concentration of the lyase substrate was available 

to account for the observed initial reaction rate. However, some doubt can be expressed 

about the conclusions of the same research group with respect to the mode of action of 

tomato pectinesterase and Fusarium oxysporum pectinesterase. Tomato pectinesterase and 

the exo-pectate lyase from Clostridium multifermentans (the pectinesterase of the pectin-

esterase-pectate lyase complex had been heat inactivated) were jointly incubated with 

highly esterified pectin (with an average degree of polymerization of 33). The activity 

of both enzymes was continuously monitored. The pectinesterase activity appeared to be 

rate limiting for the lyase activity and the lyase activity was always half that of the 

pectinesterase activity. It was concluded that half of the tomato pectinesterase activity 

was initiated at the reducing end of the pectin chain (Lee & MacMillan, 1970). 

However, objections can be made to such a conclusion. Suppose the pectinesterase 

initiates its action somewhere in the pectin chain and moves to and reaches the reducing 

end of the pectin. With the turnover number of about 500 moles/mole.s of the pectin

esterase, only 0.03 s are needed for a pectinesterase molecule to reach the reducing 

end of the pectin chain. In this way, every pectinesterase molecule can de-esterify 

33 pectin chains per s. Then no lag period for lyase activity would be observed either. 

If all pectinesterase activity were initiated somewhere in the pectin chain and if half 

of the pectinesterase molecules were to move towards and reach the reducing end, the 

experimental results would have been the same. Therefore the conclusion that half of the 

pectinesterase activity is initiated at the reducing end of the pectin chain should not 

have been made. 

A further point of criticism may be raised by comparing the observed initial activity 

of the lyase with the initial activity expected from the known Michaelis-Menten constant 

(K ) , maximal velocity (V J of the lyase (Sheiman et al., 1976) and the maximal quan

tity of substrate made available by the tomato pectinesterase. Even if all pectinesterase 

activity were initiated at the reducing end of the pectin chain, a considerable period 

(> 10 min) with lower lyase activity should have been observed. 

Similar objections can be made to the conclusions on the mode of attack of Fusarium 

oxysporum pectinesterase (Miller & MacMillan, 1971). 

2.2.5 Inhibition and (in)activation 

The heat stability was discussed in Section 2.2.3. Pectinesterase is not inactivated 

by a dose of y-radiation that can effectively reduce the microbial contamination of an 

industrial enzyme preparation (Delincée, 1978). 

Table 6 shows the effects of a variety of agents on the activity of pectinesterases 

from different sources. Not all agents tested are listed, only those that are thought to 

give a good illustration of the array of effectors, e.g. the effect of potassium chloride 

is rather similar to that of sodium chloride whereas magnesium chloride behaves like 

calcium chloride. Also more sugars and phenols have been tested but the results were not 
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Table 6. Pectinesterase (in)activators and inhibitors. (++: strong stimulation; +: stimula 
tion; o: no effect; -: inhibition/inactivation; =: strong inhibition/inactivation). 
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significantly different fron those reported in the table. The principal effects of mono

valent and bivalent cations on pectinesterase activity were also discussed in Section 

2.2.3. Ammonium ions have an inhibitory effect on pectinesterase of Acrocylindrium but 

not on other microbial and plant pectinesterases. Mercury ions appear to be an 

effective inhibitor of some microbial pectinesterases. Some trivalent ions are inhibitory 

for both plant and fungal pectinesterases. Some of the cations may block the substrate 

instead of affecting the pectinesterase. 

The inhibition by sugars and alcohols is ascribed to the reduction of the water 

activity and Chang et al. (1965) found an indication for the non-competitive character 

of the inhibition. 

Tannic acid is the most effective phenolic inhibitor and cloud stabilization of 

orange juice by grape leave extracts (Kew & veldhuis, 1961) was also ascribed to this 

compound (Hall, 1966). 

The inactivatory effect of sodium lauiyl sulphate differs somewhat depending on the 

molecular form or isoenzyme involved (Pressey & Avants, 1972; Hultin & Levine, 1963). 

At rather low concentrations it is an effective inactivator for plant pectinesterases. 

A minimum chain length of 8 is required for the competitive inhibition of orange 

pectinesterase by oligomers from pectate. Pectate oligomers were successfully used to 

increase the cloud stability of orange juice (Termote et al., 1977). 

The inhibition by iodine (irreversible and non-competitive) increased with the purity 

of tomato and carrot pectinesterase preparations (Markovic & Patocka, 1977; Markovic', 

1978). On the basis of this inhibition it was assumed that tyrosine is present in the 

active centre of the enzyme (Markovic & Patocka, 1977). 

2.2.6 Importance in food technology 

Native pectinesterase in fruits and vegetables may produce desirable and undesirable 

effects before, during or after processing. 

In fresh or underpasteurized citrus juices pectinesterase de-esterifies the pectin, 

producing methanol and low methoxyl pectin. Subsequently precipitation of the low metho-

xyl pectin by calcium ions results in cloud loss, a serious quality defect because of the 

appearance, reduction of taste and aroma components and the increased sensitivity to 

oxidation (Joslyn & Pilnik, 1961; Pilnik, 1958; Krop, 1974). Concentrates may gel. The 

drinks prepared by reconstitution have gel lumps, a curdy appearance and a rapidly setting 

pulp (Rouse & Atkins, 1952; Kew & Veldhuis, 1961). Gelating of papaya puree is also 

ascribed to pectinesterase activity (Chang et al., 1965). The pectinesterase in citrus 

juice is more heat stable than the micro-organisms which are involved in spoilage (about 

20 °C) (Bisset et al., 1953) and than peroxidase which may give flavour changes (Nath & 

Ranganna, 1977b). Heat inactivation of pectinesterase brings the risk of a cooked off-

flavour (Kew & Veldhuis, 1961). 

Lemon juice on Sicily is clarified by storage in big tanks for months (Uhlig, 1978). 

The mechanism of clarification is not clearly understood since the pH of the juice is 

rather low (about pH 2.5) for native pectinesterase action. Nowadays the process can be 

speeded up by commercial fungal preparations, which contain several pectic enzymes 
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(Uhlig, 1978; Gonzalez et al., 1977). 

In cider production clarification is desirable and calcium carbonate and sodium 

chloride are added deliberately to aid clarification (Pollard & Kieser, 1951). 

In tomato juice production heat or acid must be applied quickly to produce a stable 

juice with a high viscosity (hot break process), whereas the combined action of pectin-

esterase and polygalacturonase simplifies the production of concentrated products 

(Fogarty & Ward, 1974; Wagner et al., 1969; Hobson & Davies, 1971; Paul, 1975). 

By manipulating with blanching temperatures, holding times and sometimes with the aid 

of calcium ions or a pH shift, the texture of canned tomatoes (Hsu et al., 1965), apple 

slices (Wiley & Lee, 1970), cauliflower (Hoogzand & Doesburg, 1961), carrots (Lee et al., 

1979) and potatoes (Bartolome & Hoff, 1972a) can be improved. Blanching conditions are 

chosen so as not to inactivate too much pectinesterase and to use its increased activity 

at the elevated temperature to reduce the degree of esterification of the pectic material 

in the tissues. Calcium bridges can then be formed which result in a better firmness 

retention after cooking. Presumably the heat applied for blanching is also needed to 

liberate pectinesterase or to render the substrate available for the enzyme since there 

is no direct correlation between pectinesterase level and firmness of fresh tomatoes 

(Hall & Dennison, 1960) or firmness retention of normal canned peaches (Shewfelt, 1965). 

Citrus and tomato pectinesterase have been used to produce low methoxyl pectin, 

suitable to make gels with low sugar content or even without sugar (Mottern & Hills, 1946; 

Hills et al., 1942; Leo & Taylor, 1958; Leo & Taylor, 1962). The principal differences 

in low methoxyl pectins prepared by acid de-esterification and by plant pectinesterase 

are discussed by Hills et al. (1949). Low methoxyl pectin produced with pectinesterase 

from Aspergillus japonicus gives a high gel strength with calcium ions (Ishii et al., 

1979). 

Pectinesterases are usually an integral part of the commercially available pectolytic 

enzymes of fungal origin, which are used to increase press yields or pressability, 

improve extraction of pigments, reduce viscosity of juices, liquefy fruits and vegetables 

and clarify juices (Pilnik et al., 1975; Pilnik & Rombouts, 1978; Segal et al., 1966; 

Rombouts & Pilnik, 1978; Gonzalez et al., 1977; Delecourt, 1972). 

A possible disadvantage is the methanol production, both by the native and by the 

added enzymes in fruit juice and wine technology (Segal et al., 1966; Dahodwala et al., 

1974). Methanol concentrations can rise to 130 mg/1 (Bock, 1966) or even 400 mg/1 

(Baumann & Gierschner, 1974) and concentrations of 50 mg/1 are quite common. In fresh 

fruit the methanol concentration is usually 10-20 mg/1 but can also be much higher and 

rise to nearly 200 mg/1 (Segal et al., 1966; Al-Delaimy et al., 1966; Hultin & Proctor, 

1961). Also this methanol is ascribed to pectinesterase action. In wine making, the heat 

inactivation of the native pectinesterase before treatment with the fungal enzyme 

preparation considerably reduces the final methanol concentration (Segal et al., 1966). 

The methanol in distilled spirits from fruits is caused by the activity of pectinesterase 

from the fruits during fermentation (Tanner, 1970). 

17 



2.2.7 Assay and detection 

Several methods are available to determine pectinesterase activity. Some determine 

the changes in the substrate, others measure the methanol liberated. 

2.2.7.1 Changes in the substrate 

Titration of the carboxyl groups The activity of pectinesterase can be followed by 

titration of the liberated carboxyl groups with diluted (0.1-0.002 mol/1) alkali. If the 

pH is kept constant, the alkali used is a direct measure of the pectinesterase activity. 

The original manual titration with a pH indicator, used, for example, by Lineweaver & 

Ballou (1945), is nowadays usually done by automatic titration equipment. The pH 

is kept constant by the apparatus and the alkali consumption is monitored versus time. 

These titrations can be done in systems with a relatively low or no buffering capacity 

at the pH where the activity has to be determined. The uptake of carbon dioxide from the 

air must be corrected for by a blanc or prevented by saturating with nitrogen. Above pH 7 

a correction must be made for the chemical de-esterification of the pectin. Also the pH 

should be well above the pK of the pectin (about 4.0). Correction for partial dissociation 

of the liberated carboxyl groups is difficult while the pK varies with the concentration 

of the pectin, the degree of esterification and the mode of de-esterification (Speiser 

et al., 1945). It is simpler to raise the pH quickly to 6 at the end of the reaction and 

to do the same for a blanc with inactivated enzyme (McColloch & Kertesz, 1947). However, 

this procedure may produce relatively large errors if the activity of the pectinesterase 

is much higher at pH 6 than at the pH at which the activity was measured. 

Recording pH changes Somogyi & Romani (1964) proposed direct recording of the pH drop 

over a short pH interval in an unbuffered substrate solution. Within certain limits, the 

drop in pH per min appeared to be proportional to the amount of enzyme. A standard curve 

must be made to relate pH change to hydrogen-ion equivalents in a certain reaction mix

ture. The method is quick and little substrate is needed. Again, this method is unsuitable 

at a pH close to the pK-value of pectin. The method is suitable only to measure initial 

reaction rates and if the enzymes used do not differ in content of buffer salts. 

Colour change of pH indicator A quantitative method in which the colour change of a pH 

indicator is measured with a spectrophotometer was used by Brady (1976). The method has 

much in common with the recording method for pH changes. A semi-quantitative method was 

described by Zimmerman (1978). A pH indicator is included in agar-pectin plates. Pectin

esterase solutions are pipetted into wells and the area of the coloured zones after a 

certain incubation time is related logarithmically to the amount of enzyme. A suitable 

pH indicator (such as methyl red or bromothymol blue) with pectin in test tubes can be 

used as a sensitive qualitative screening method for pectinesterase activity (Delincée 

& Radola, 1970; Versteeg et al., 1978). Pectin and indicator impregnated paper can be 

used in printing techniques on gels after gel filtration or electrophoresis (Delincée & 

Radola, 1970). 
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Gelation and viscosity The oldest qualitative method is that of Frémy (1840) who dis

covered pectinesterase. After de-esterification pectin forms a gel with pouvaient 

cations. Usually calcium ions are used. Pilnik & Rothschild (1960) developed a sensitive 

semi-quantitative variation to test under pasteurization of juices. The increase in vis

cosity of pectin solutions has also been used to measure pectinesterase quantitatively 

(Weurman, 1954). The method has only very limited possibilities for application and 

calcium also affects the rate of viscosity increase. In both methods the activity of 

chain-splitting enzymes may interfere. 

Hydroxylamine and methylene blue Hydroxylamine reacts with the carbomethoxyl groups of 

the pectin. Subsequently addition of ferric ions leads to a brown complex of ferric-

pectin hydroxamic acid. McComb & McCready (19S8) used this as a semi-quantitative method 

to screen preparations on pectin-agar plates. Gee et al. (1959) used the reaction in 

histochemical studies to estimate the degree of esterification of pectic substances in 

fruits. Also recently Delincée (1976) used the principle for a print technique after iso

electric focusing of pectinesterases. The buffering capacity of the ampholites incorpo

rated in the gel reduces the sensitivity of a print technique with a pH indicator. Another 

detection technique was used by Roeb & Stegeman (1975) in Polyacrylamide gels. The pectin 

was included in the gel and after electrophoresis the gel was stained with methylene blue. 

Pectin is hardly coloured but the zones with de-esterified pectin strongly absorb the dye. 

In both staining techniques other pectic enzymes may interfere (Roeb & Stegeman, 1975; 

Delincée, 1978). 

Non-pectin substrates Instead of pectin p-nitrophenylacetate has been used as a substrate 

for pectinesterase (Zimmerman, 1978). The pectinesterase activity was followed by a 

spectrophotometer at 400 nm. It would seem a simple procedure. However, from the work of 

MacDonnell et al. (1950) it can be presumed that not pectinesterase activity is measured, 

but some other esterase activity; see also Section 2.2.4. 

Manometric assay Glasziou & Inglis (1958) used Warburg manometry to measure pectin

esterase activity. Sodium hydrogen carbonate was added to the reaction mixture and the 

carbon dioxide development was measured. The sensitivity was higher than with a titri-

metric procedure. 

2.2.7.2 Methanol determination 

Several colour reactions and gas chromatographic methods are available to determine 

methanol. Also, in some cases radioactive isotopes can be used. 

Colour reactions and titrations The colour reactions require an oxidation step in which 

methanol is oxidized to formaldehyde. Several methods of oxidation were studied by 

Whright (1927) and the method with potassium permanganate was found to be the only satis

factory one. Whright (1927) found a modified Schiffs reagent to be the most suitable 

reagent to condense formaldehyde to a compound with a (violet) colour. Ethanol affects 
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the colour développent and also glycerol and pectin interfere. Leaf & Zatman (1952) ad

justed their test solutions to 15 g/l ethanol for optimal sensitivity and determined 

methanol concentrations down to 3 mg/1 in body fluids. With chronotropic acid formalde

hyde produces a violet colour which is measured at 580 nm and several other aldehydes 

do not interfere (Boos, 1948). There again the absorbance is affected by ethyl alcohol 

(Beyer, 1951). Interfering substances are described by Bricker & Johnson (1945). The 

method was not used under 20 mg/1 methanol. Usually in organic material all these methods 

require distillation of the methanol before analysis can be carried out, which is the 

main disadvantage. 

Wood & Siddiqui (1971) developed a sensitive method (down to 2 mg/1 original methanol) 

in which pentane-2,4-dione was used to produce a colour with formaldehyde (absorbance 

peak at 412 nm). Because of the mild conditions, the method can directly be used in pec

tin solutions, but some other compounds interfere. The method was automated in an 

analyser by Vijayalakshmi et al. (1976) who found that polyphenols interfere. Segal et 

al. (1966) used a method in which formaldehyde is further oxidized to formic acid by 

hydrochloric acid and an excess of silver nitrate. The remaining silver nitrate is 

titrated and the methanol is calculated. 

Methanol can also be determined by converting it to methyl iodite, after which it can 

be titrated (Vieböck & Schwappach, 1930; Clark, 1932; Hoffman & Wolfrom, 1947) or 

determined gravimetrically (Zeisel, 1885; Zeisel, 1886). The samples must first be dis

tilled because methoxyl and other alkoxyl groups react also. The methods are labourous, 

insensitive and not specific for methyl alcohol. 

Gas àhromatograçhy Several gas chromatographic methods for analysing lower alcohols 

have been published. Many of them were developed for analysis in wines and spirits and 

were not used for concentrations lower than 10-20 mg/1 (Dyer, 1971; Venturella et al., 

1974; Klaushofer & Bandion, 1968). Nowadays usually porous polymers without liquid phase 

are used as column material (Porapak, Chromosorb, Tenax). In several applications gas 

chromatography was used to determine methanol in concentrations of about 1 mg/1 (Baker 

et al., 1969; Berger et al., 1974; Majchrowicz & Mendelson, 1971; Krop, 1974). However, 

the sensitivity of the detector can be affected by the water in the sample (Lucero, 1972) 

and low concentrations (< 10 mg/1) of methanol in aqueous samples appeared to give 

irregular response in routine analysis (Krop, 1974). For biological materials usually a 

precolumn or inlet is needed which must regularly be replaced to prevent rapid column 

deterioration (Baker et al., 1969; Berger et al., 1974). Also samples can be distilled 

or pretreated before injection (Baumann & Gierschner, 1974; Majchrowicz & Mendelson, 

1971). Lee & Wiley (1970) used a dialysis cell to separate the methanol from the reaction 

mixture. Demethylation of carboxyl groups is thus prevented, however, the diffusion pro

cess limits the possibility to measure initial reaction rates. Usually headspace 

techniques are only qualitatively used (Wolford et al., 1963; Norman, 1970). Davis & 

Chase (1969) measured quantitatively the alcohols of citrus juices by a headspace tech

nique, but the coefficient of variation determining concentrations of lower than 40 mg/1 

was not given. 

Alcohols can also be determined gas chromatographically after derivatization to 
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alkyl iodites (after distillation because esters and ethers such as pectin, hesperidin 

and naringin also react). In contrast to the volumetric and gravimetric determinations 

of alkyl iodites, the method is specific for various alcohols because the alkyl iodites 

are separated on the column (Kratzl & Gruber, 1958; Vertalier & Martin, 1958). Derivati-

zation to alkyl iodites is advantageous if an electron capture detector is used, which 

has a sensitivity of about 50 times that of a flame ionization detector (Dickes & 

Nicholas, 1978). 

Another approach is derivatization of alcohols to nitrite esters, which are much more 

volatile than their alcohols. The headspace is sampled and injected and concentrations 

of about 1 mg/1 can be determined quantitatively (Gessner, 1970; Litchman & Upton, 1972). 

If the method is properly used, pectin is not de-esterified under the derivatization con

ditions and pectin solutions and plant tissue homogenates can be assayed without prior 

distillation (Bartolome & Hoff, 1972b). Recently Baron et al. (1978) described a very 

sensitive and reproducable variation of this principle. At a methanol concentration of 

about 1 mg/1 the coefficient of variation was only 1.2%, better than any of the gas 

chromatographic or colorimetric methods described. Generally, the gas chromatographic 

methods are not very time consuming (4-15 determinations/h). 

Radioisotopes A sensitive method of another nature is the use of pectin labelled with 

'"[C] methyl as a substrate. The substrate can be prepared biosynthetically (Kauss et al., 

1969) or by esterification with 1U[C] diazomethane (Milner & Avigad, 1973). After the 

enzymatic reaction the substrate is separated from the liberated methanol by precipita

tion with alcohol or by extraction. The radioactivity of the methanol is then counted in 

a liquid scintillation counter. The sensitivity of the method depends on the specific 

activity of the label, but a sensitivity of 0.03 mg/1 methanol is easily achieved 

(Milner & Avigad, 1973). 

The method is of little value if natural substrates are to be used (e.g. natural 

pectic substances and fruit juices), but can be advantageous in studies of working 

mechanisms and in routine assays of enzymes. 

Generally a sensitive methanol analysis offers many more possibilities than titration 

e.g. in buffered systems, at low reaction rates, at pH values below 5 and if a limited 

amount of substrate is available. But where it can be applied, automatic titration is 

the most simple method, also because the activity is continuously monitored and 

deviations from linearity in time are easily recognized. 
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3 Materials and methods 

Citrus fruit Citrus fruits were purchased as single lots from local dealers in the 

Netherlands. Navel oranges [Citrus sinensis) from Spain, Salustiana oranges {Citrus 

sinensis) from Spain, Shamouti oranges {Citrus sinensis) from Israel, Valencia oranges 

(Citrus sinensis) from the USA, White Marsh seedless grapefruits (Citrus paradisi) from 

Israel, Clementine mandarins (Citrus reticulata) from Spain and lemons (Citrus limon) 

from the USA. 

Substrates and inhibitors Green ribbon apple pectin(625
0 esterified; anhydrogalacturonic 

acid content 64%,degree of polymerization 368)and brown ribbon apple pectin(72°s esterified; 

anhydrogalacturonic acid content 631, degree of polymerization 423) were obtained from 

Messrs. Obipectin Ltd., Bischofszeil, Switzerland. Pectins with different degrees of 

esterification were prepared by esterification of the same brown ribbon apple pectin to 

95.6% and subsequent alkali de-esterification as described by van Deventer-Schriemer & 

Pilnik (1976). The characteristics of the preparations are given in Table 7. Various 

other substrates were obtained from commercial suppliers and from the laboratory 

collection as indicated in Table 16 (page 46). Polygalacturonic acid (anhydrogalactu

ronic acid content 88%) used as pectinesterase inhibitor was obtained from ICN Pharma

ceuticals, Inc., Cleveland, Ohio, USA. Pasteurized frozen, pectinesterase inactive, 

Valencia orange concentrate of 65 °Brix from Letaba (South Africa) was supplied by the 

Coca-Cola Company and had the characteristics as listed by Krop (1974). 

Fractionation of pectins Pectins were fractionated according to their degree of 

esterification by chromatography on a DEAE cellulose (Whatman DE22) column. Five ml of 

a 10 g/1 pectin solution was applied to a column of 2.5x12.5 cm, equilibrated with 

starting buffer (0.05 mol/1 sodium phosphate, pH 4.8) and eluted with a linear gradient 

Table 7. Characteristics of pectin preparations. 

Degree 
(% ) 

95.6 
88.0 
78.2 
67.8 
52.6 
32.3 

of esterification Anhydrogalacturonic 
acid content 
(g/100 

75.0 
73.4 
73.4 
74.6 
80.7 
82.2 

g) 

Degree of 
polymerization 
(monomers/chain) 

76 
84 
81 
81 
77 
79 
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