
YADAV et al: PECTIN LYASES OF A FEW INDIGENOUS FUNGAL STRAINS 601Journal of Scientific & Industrial Research

Vol. 66, August 2007, pp. 601-604

*Author for correspondence

E-mail: sangeeta_rahul@rediffmail.com

Pectin lyases of a few indigenous fungal strains

S Yadav*, P K Yadav and K D S Yadav

Department of Chemistry, Deen Dayal Upadhyaya Gorakhpur University, Gorakhpur 273 009

Received 31 January 2007; revised 20 March 2007; accepted 11 May 2007

Four pectin lyases (PNLs), producing indigenous fungal strains (Aspergillus flavus, A. niger, A. phoenicis and A. wentii),

have been isolated from local samples. Enzymatic characteristics of PNLs produced by above fungal strains using citrus pectin

have been found to be (respectively): Km, 0.38, 0.67, 0.55 and 0.32 mg/ml; pH, 8.0, 7.0, 5.0 and 7.0; and temperature, 50 °C

for all PNLs. Effect of metal ions (Ag+, Ca++, Co++, Cu++, Hg++, K+, Mg++, Zn++, Na+) and protein inhibitors (EDTA, sodium

arsenate, sodium azide, potassium permanganate and potassium ferrocyanide) on the activities of PNLs has been determined.
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Introduction

Pectin is a heteropolysaccharide composed of α, 1-4

linked galacturonate chains with a high percentage of

methyl esters occupying a place in the middle lamella

of the plant cell wall1. Food industries utilize pectinases

in processing of beverages, such as wine and fruit juices2.

In textile industries, pectinases are used for degumming

of natural fibers, a process more ecofriendly than

chemical processes3. Among all pectinases

[polygalacturonase, PG (EC 3.2.1.15), pectin esterase,

PE (EC 3.1.1.11), pectate lyase, PL (EC 4.2.2.2.) and

pectin lyase, PNL (EC 4.2.2.10)], only pectin lyases can

degrade pectin by β-elimination mechanism without

complementary action of other enzymes4. PE and PG

must act together to degrade the pectin molecule

completely, and they also liberate methanol as a

byproduct of PE action, which is not desirable in food

industries.

This paper presents four pectin lyases (PNLs)

producing indigenous fungal strains and their enzymatic

characteristics like Km, pH, temperature and effect of

some common metal ions and enzyme inhibitors on the

enzymes produced by these fungal strains.

Materials and Methods

Citrus pectin (P-9135) was purchased from Sigma

chemical company, St. Louis, USA. All other chemicals

(Merck, Germany or S.D.fine, Mumbai) were used

without further purification. Enzyme activity of PNLs

was assayed5 by monitoring the increase in optical density

at 235 nm due to formation of unsaturated uronide product

using UV/VIS Spectrophotometer Hitachi (Japan) model

U-2000, which was fitted with electronic temperature

control unit and had a least count of 0.001 unit. Enzyme

solution (0.2 ml) was added to a reaction mixture

containing 0.8 ml citrus pectin (1% w/v) and 2.0 ml of

the desired buffer (100 mM conc.) maintained at 37°C.

In cases of PNLs of A. flavus, A. niger, A. phoenicis

and A. wentii, repective buffers used were sodium

phosphate (pH 8.0), sodium phosphate (pH 7.0), citrate

phosphate (pH 5.0) and sodium phosphate (pH 7.0).

Optical density was measured at zero time and after 20

min. Enzyme activity was defined in terms of ¼ mole of

unsaturated product released per min, based on the molar

coefficient value 5500 M-1cm-1 of the unsaturated

product. Protein was determined by Lowry method6

taking Bovine serum albumin as the standard.

Fungal strains, tentatively identified as A. flavus, A.

niger, A. phoenicis and A. wentii in the Department of

Botany, DDU Gorakhpur University, Gorakhpur, were

isolated from decaying wood, soil from local fruit market

and diseased fruit samples by using repeated streaking

method7, maintained on Czapek Dox Agar slants and

preserved at 4°C. Pure fungal strains were screened for

extracellular, PNL production in submerged medium

(pectin, 10; L-asparagine, 2; MgSO
4 

7H
2
O, 0.5; and
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KH
2
PO

4
, 3g/l double distilled water; pH, 4.5). One ml

of spore suspension (spore density, 5 x 106 spores/ml)

from agar slants was inoculated aseptically into sterilized

liquid medium, 25 ml contained in 100 ml culture flasks.

Flasks were incubated at 25°C in BOD incubator and

culture was allowed to grow under stationary conditions.

Aliquots (1.0 ml) of growth medium were aseptically

withdrawn at 24 h intervals filtered through whatmann

filter paper no. 41 and cell free filtrate (CFF) was used

as an enzyme sample.

Results and Discussion

Temperature (25°C) is optimum8,9 for PNLs

production in submerged culture. Up to 4th day after

incubation under static culture conditions, no appreciable

production of PNLs was observed in all the four fungal

strains (Fig. 1). In A. flavus and A. phoenicis, maximum

production of PNL was observed on 6th day after

incubation, whereas in A. niger and A. wentii, maximum

productions was on 8th day of incubation. Maximum

enzyme units achieved in the culture conditions were:

A. flavus, 0.11; A. niger, 0.013; A. phoenicis, 0.47; and

A. wentii, 0.08 IU/ml. Maximum enzyme units produced

Fig. 1—Appearance of pectin lyase activity in liquid

culture medium: (a) A. flavus(p) (b) A. niger (n)

(c) A. phoenicis (l) (d) A. wentii (X)

Fig. 2—Double reciprocal plots for pectin lyases: (a) A. flavus; (b) A. niger  (c) A. phoenicis  (d) A. wentii

in the liquid culture media in A.flavus and A.wentii were

better than the maximum enzyme units reported10.

Km values determined for these enzymes using citrus

pectin as substrate are 0.38, 0.67, 0.55 and 0.32 mg/ml

respectively (Fig. 2), and are comparable to literature

value11. pH optima of PNLs secreted by A. flavus, A.

niger, A. phoenicis, and A. wentii are 8.0, 7.0, 5.0 and

7.0 respectively (Fig. 3). Most of the reported PNLs have
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Table 1—Effect of metal ions and protein inhibitors on pectin lyase activity

S.No.                                  Relative activity, %

A. flavus A. niger A. phoenicis A. wentii

Metal ions (0.2 mM)

1 Control 100 100 100 100

2 Ag+ 0.0 0.0 0.0 0.0

3 Ca++ 94.0 84.0 92.0 87.0

4 Co++ 0.0 8.6 0.0 11.3

5 Cu++ 0.0 0.0 0.0 13.1

6 Hg++ 12.5 0.0 0.0 0.0

7 K+ 183.0 139.0 24.6 113.0

8 Mg++ 177.0 130.0 73.3 58.0

9 Zn++ 0.0 69.5 23.3 73.8

10 Na+ 181.0 117.5 23.3 92.0

Protein inhibitors (0.2 mM)

1 EDTA 57.0 55.6 21.0 79.0

2Sodium arsenate 139.0 113.0 8.6 117.0

3Sodium azide 46.8 170.0 21.3 0.0

4Potassium permanganate 0.0 0.0 0.0 0.0

5Potassium ferrocyanide 0.0 0.0 0.0 0.0

pH optima in alkaline range12-14. In present study, PNL

from A. phoenicis has pH optima (5.0) in acidic range

suggesting that it is better suited for clarification of fruit

juices15-17. PNL produced by A. flavus, which has pH

optimum in alkaline range, is better suited for degumming

of natural fibres in textile industries18-21. Though pH

optima of PNLs produced by A. niger and A. wentii lie

in  neutral  pH range  but  these  have   more  activities

(>60%) even at pH 8.0 and thus can be used for

degumming of natural fibres.

Relative activities of PNLs from four fungal strains

have temperature optima at 50°C (Fig. 4), which is

comparable to reported13 values. Effect of metal ions

and some common enzyme inhibitors on the activities of

4 PNLs from four fungal strains were studied at using

0.2 mM concentrations (Table 1). K+, Mg2+ and Na+ ions

Fig. 3—Effect of pH on pectin lyase activity: (a) A. flavus (p)

(b) A. niger ( n) (c) A. phoenicis (l) (d) A. wentii (X)

Fig. 4—Effect of temperature on pectin lyase activity:

(a) A. flavus(p)(b) A. niger (n) (c) A. phoenicis (l)

(d) A. wentii (X)
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promote activities of PNLs from A. flavus, A. niger and

A. wentii but inhibit activity of PNL from A. phoenicis.

Ag+, Cu2+, Co2+, Hg2+ and Zn2+ inhibit activities of all

PNLs. Sodium arsenate promotes activities of PNLs

from A. flavus, A. niger and A. wentii, whereas it inhibits

PNL activity of A. phoenicis. Sodium azide promotes

activity of PNL from A. niger but it inhibits activities of

PNLs from A. flavus, A. phoenicis and A. wentii.

Potassium ferrocyanide and Potassium permanganate

strongly inhibit activities of all PNLs. Modification in

activities of PNLs may be attributed to electrostatic

bonding of metal ions with enzyme molecules, which

would change tertiary structure of the enzyme22.

Conclusions

The level of enzyme units produced in the liquid culture

medium though is not enormously high but studies

available can be used to isolate the gene of these enzymes

and to overexpress in suitable expression system.

Acknowledgements

Authors thank Prof Nisha Mishra, Department of

Botany, DDU Gorakhpur University, Gorakhpur, for

identifying fungal strains. Financial assistance by DST,

New Delhi through Women Scientist Scheme No. SR/

WOS-A/LS-34/2004 is acknowledged.

References
1 Vries R P D & Visser J, Aspergillus enzymes involved in

degradation of plant cell wall polysaccharides, Microbiology

and Molecular biology Reviews, 65 (2001) 497-522.

2 Alkorta I, Garbisu C, Liama M J & Serra J L, Industrial

application of pectic enzymes: A review, Process Biochem, 33

(1998) 21-28.

3 Kashyap D R, Chandra S, Kaul A & Tewari R, Production

purification and characterization of Pectinase from Bacillus sp.

DT 7, World J Microbiol Biotechnol, 16 (2001) 277-282.

4 Taragano V M & Pelosof A M R, Application of Doehlert

design for water activity, pH and fermentation time,

optimization for Aspergillus niger pectinolytic activity,

production in solid state and submerged fermentation, Enz

Microbiol Technol, 25 (1999) 411-419.

5 Albersheim P, in Methods in Enzymology, Pectin Lyase from

Fungi, vol VIII, edited by E F Neufeld & Ginsburg (Academic

Press, New York) 1966, 628-635.

6 Lowry O H, Rose Brough N J, Farr A L & Randall R J, Protein

measurement with Folin phenol reagent, J Biol Chem, 193

(1951) 265-275.

7 Cappuccino J G & Sherman N, Microbiology: A Laboratory

Manual, 5th edn (Benjamin/Cumming, California) 1998, 14-19.

8 Philip A O B & Mohammad Z, Production of pectic enzymes

by barepatch isolates of Rhizoctonia solani AG-8, Aust Plant

Pathol, 32 (2003) 65-72.

9 Silva D O, Attwod M M & Tempest D W, Partial purification

and properties of pectin lyase from Penicillium expansum, World

J Microbiol Biotechnol, 9 (1993) 574-578.

10 Afifi A F, Fawzi E M & Foaad M A, Purification and

characterization of a pectin lyase produced by Curvalaria

inaequalis NRRL 13884 on orange peels waste, solid state

culture, Ann Microbiol, 52 (2002) 287-297.

11 Sanchez-Torres P, Visser J & Benen J A E, Identification of

amino acid residues critical for catalysis and stability in

Aspergillus niger family 1 pectin lyase A, Biochem J, 370 (2003)

331-337.

12 Chen W C, Huann-Ju H & Tseng T, Purification and

characterization of a pectin lyase from Pythium splendens

infected cucumber fruits, Bot Bull Acad Sin, 39 (1998) 181-186.

13 Ueda S, Fujio Y & Lim J Y, Production and some properties of

pectic enzymes from Aspergillus oryzae A-3, J Appl Biochem,

4 (1982) 524-532.

14 Martin N, De Souza S R, Da Silva R & Gomes E, Pectinase

production by fungal strains in solid-state fermentation using

agro-industrial bioproduct, Brazilian Archiv Biol & Technol,

47 (2004) 813-819.

15  Blanco P, Sieiro C & Villa T G, Production of pectic enzymes

in yeast, FEMS Microbiol Lett, 175 (1999) 1-9.

16 Gainvors A, Karam N, Lequart C & Belarbi A, Use of

Sachromyces cervisiae for the clarification of fruit juices,

Biotechnol lett, 18 (1994) 1329-1334.

17 Pretel M T, Lozano P, Requelme F &Romojaro F, Pectic enzyme

in fresh fruit processing: Optimization of enzymatic peeling of

oranges, Process Biochem, 32 (1997) 43-49.

18 Cao J, Zheng L & Chen S, Screening of pectinases producer

from alkaophilic bacteria and study on its potential application

in degumming of ramie, Enzyme Microbiol Technol, 14 (1992)

1013-1016.

19 Henriksson G, Akin D E, Slomczynski D & Eriksson K-E L,

Production of highly efficient enzymes for flax retting by

Rhizomucor pusillus, J Biotechnol, 68 (1999) 115-123.

20 Bruhlmann F, Leupin M,  Erismann K H & Fiechter A,

Enzymatic degumming of ramie bast fibres, Appl Environ

Microbiol, 76 (2000) 43-50.

21 Kapoor M, Beg Q K, Bhushan B, Singh K, Dadhich KS &

Hoondal G S, Application of an alkaline and thermo stable

Polygalacturonase from Bacillus sp. MG-cp-2 in degumming

of ramie (Boehmeria nivea) and sun hemp (Crotalaria juncea)

bast fibres, Process Biochem, 36 (2001) 803-807.

22 Palmer T, Understanding Enzymes: Extraction and Purification

of Enzymes (Ellis Horwood Ltd, England) 1991, 301-317.


