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Abstract
Pectic materials, which are widely spread in the plant cell wall as plant carbohydrates, plays a great role
in food industry that acts as a softening agent of fruits and vegetables, and gel forming agents.
To study physiochemical properties and industrial applications of pectic enzymes that hydrolyzes pectin,
classification, assay method and industrial application are reviewed based on previous results.
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Table 1. Some properties of pectic enzymes

Pilnik o] Ae)gk v} 9lom (Table 1) 1 2H8-7]
22 Fig. 1ol VYelhgich
Depolymerizing @452 H®l, petic acid, oli-

go-galacturonateEol st Ml & 4zp8 Al

Enzyme and source

Pectin esterase
Banana |
Banana [
Tomato
Orange |
Orange 1l
Fusarium oxysporum
Clostridium multi-

fermentans

Polygalacturonase

Tomato

Aspergillus niger |
Aspergillus niger

= =

Aspergillus niger ll
Aspergillus niger
Aspergillus niger 1

Aspergillus niger 1l

Rhizoctonia fragariae 1
Rhizoctonia fragariae |l
Fusarium oxysporum |

Fusarium oxysporum 1l

Pectate lyase
Erwinia carotovora

Erwinia chrysanthemi

Erwinia aroideae
Pseudomonas
Sfluorescens
Clostridium multi-
fermentans
Pectin lyase
Aspergillus niger |
Aspergillus niger |l
Aspergillus sojae
Aspergillus japonicus

Dothidea ribesia

Molecular

Iso-electric Optimum Remarks
welght point pll
30,000 8.8 6.0 two iso-
30,000 9.3 6.0 anzymes
26,300 8.4
36,200 10.0 7.6 tow iso-
36,200 11 8.0 enzymes
35,000
400,000 9.0 complexed with
exo PAL
44,000 4.5 endo ;multiple
84,000 forms
3.8 4.0 endo:
4.5 multiple forms
4.5 5.5
46,000 4.1
35,000 3.8 endo:multiple
85,000 5.0 forms
36,000 6.8 5.0 endo, two
36,000 7.1 5.0 isoenzymes
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37,000 proteins
31,000 9.2 8.0 endo
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to 36,000 to 4.6 to 8.2 molecular forms
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42,300 10.3 9.4 endo
400,000 8.5 exo;complexed
with PE
35,400 3,65 6.0 glycoproteins;
33,100 3.75 6.0 single peptides
32,000 5.5
32,000 7.7 6.0
8.9 8.4

31,200
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Fig 1. Mode of action of pectinases. Abbreviations: PMGL, polymethylgalacturonate lyase (pectin lyas-
e); PMG, polymethylgalacturonase(pectin hydrolase); PE, pectinesterase; PGL, polygalacturonate lyase
(pectate or pectic acid lyase); PG, polygalacturonase.
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Table 2. Classification of pectinolytic enzymes

Esterase
Pectinesterase, PMGE, EC 3.1.1.11, de-esterifies pectin acid by removal of methoxyl residues.
(S.n.)? : Pectin pectyl-hydrolase.
(S.n.)? : Polymethylgalacturonate esterase.
Depolymerases
1. Acting on pectin
1. 1 Polymethylgalacturonase (PMG)
(a) Endo-PMG hydrolyses pectin in a random fashion.,
(S.n.) : Poly(methoxylgalactosiduronate) glycanohydrolase.
(R.n.) : Endopolymethylgalacturonase.
(b) Exo-PMG hydrolyses pectin in a sequential fashion,
(S.n.) : Poly(methoxylgalactosiduronate) exohydrolase.
(R.n.) : Endopolymethylgalacturonase.
1. 2 Polymethylgalacturonate lyase (PMGL)
(a) Endo-PMGL. EC 4.2.2.10, causes random cleavage in pectin by a transelimination process.
(S.n.) : Poly(methoxylgalactosiduronate} endolyase.
(R.n.) : Endopolymethylgalacturonate lyase (endopectin lyase).
(b) Exo-PMGIL. causes sequential cleavage in pectin by a transelimination process.
(S.n.) : Poly(methoxylgalactosiduronate) exolyase.
(R.n.) : Endopolymethylgalacturonate lyase (exopectin lyase).
2. Acting on pectic acid (polygalacturonic acid)
2. 1 Polygalacturonase (PG)
(a) Endo-PG, EC 3.2.1.15, hydrolyses pectic acid in a random fashion.
(S.n.) : Poly(1,4-a-D-galactosiduronate) glycanohydrolase.
(R.n.) : Endopolygalacturonase.
(b) Exo-PG-1, EC 2.3.1.67, hydrolyses pectic acid releasing D-glacturonate, i.e. hydrolyses successive bon
ds.
(S.n.) : Poly(1,4-a-D-galactosiduronate) glycanohydrolase.
(R.n.) : Endopolygalacturonase.
(3) Exo-PG-2, EC 3.2.1.82, hydrolyses pectic acid from non-reducing end releasing digalacturonate, i.e,
hydrolyses alternate bonds.
(S.n.) : Poly(1,4-a-D-galactosiduronate) diglacturonohydrolase.
(R.n.) : Exopolydigalacturonase.
2. 2 Polygalacturonate lyase (PGL)
(a) Endo-PGL., EC 4.2.2.2, cause random cleavage in pectic acid by a transelimination process.
(S.n.) : Poly(1,4-a-D-galactosiduronate) endolyase.
(R.n.) : Endopolygalacturonate lyase (endopectate lyase).
(b) Exo-PGL: EC 4.2.2.9, causes sequentila cleavage in pectic acid by a transelimination process.
(S.n.) : Poly(l,4-a-D-galactosiduronate) exolyase.
(R.n.) : Exopolygalacturonate lyase (exopectate lyase),
3. Acting on oligo-D-galactosiduronates
3, 1 Oligogalacturonase (OG)
OG hydrolyses oligo-D-galactosiduronate,
(S.n.) : Oligo-D-galactosiduronate hydrolase.
(R.n.) : Oligogalacturonase.
3. 2 Oligogalacturonate lyase (OGL)
OGL, EC 4.2.2.6, causes cleavage of oligo-D-galactosiduronate by a transelimination proces,
(S.n.) : Oligo-D-galactosiduronate lyase.
(R.n.) : Oligogalacturonate lyase.

2 (S.n.) systematic name.
® (R.n.) recommended name.
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Table 3. Occurrence of pectic enzymes

1. Pectin esterases

Pectin esterasey nZ2lZ3 2ol ax 1d
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lyase lyase

Higher plants
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Tomato

+++
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Fungi

Aspergillus (niger)
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Table 4. Properties of pectinesterases

Molecular  Iso-electric Spe_m_flc Optimum K Valu.e
Source of enzyme ) . activity for pectin
welght point ) pH
(u/mg protein) (mg /ml)
Fruites
Banana [@ 30,000 3.9 457 6.0
e 30,000 9.4 529 6.0
Orange (Citrus natsudaidai) 2,200 8.0 2.3
Orange (Citrus sinensis) 179 36,200 10.0 694 7.6 0.083
e 36,200 11.0 762 8.0 0.0046
Plums ( Prunus salicina) 25 7.5 0.1
Tomato® 27,500 1,150 6.9 0.74
Tomato? 26,300 8.4
Tomato 724 8.0 2.40
Tomato® 27,800
Fungi
Acrocylindrium 7.5 0.7
Coniothyrium diplodiella 1* 4.8
I 4.9
Corticium rolfsil° 37,000 3.5
Fusarium oxysporum 35,000 203 7.0
Bacteria
C l()\lndlum multlfermentuns“ 400,000 48 9.0 0.74

“ {One of) multiple molecular forms or isoenzymes.

b Active at low pH, stable in pH range 1-11.
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