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Abstract: Yeast isolates GSP 101, 102 and 103 capable of producing both pectin lyase and
pectate lyase were isolated from rotten apple. Among this, isolate GSP 101 exhibited higher
levels of pectin lyase and pectate lyase. Based on 268 1DNA D1/D2 sequence analysis, the
isolate was identified as Debarvomyces nepalensis (99.8% sequence identity). The isolate
produced maximum 3.2 U mL ™" of pectin lyase and 2.3 U mL™! of pectate lyase when
grown in basal medium supplemented with pectin (5 g L™"). The presence of glucose in
medium did not show any negative effect on production of pectic lyases suggesting that
there is no catabolite repression. Among the tested naturally available pectic substances,
lemon peel was best inducer and carbon source for the production of PL and PGL. This is
the first report on production of pectin lyase and pectate lyase by Debarvomyces
nepalensis.
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Introduction

Pectic substances are naturally occurning heterogeneous macromolecular polyuronides widely
distributed in plant tissues. The principle constituent of all pectic substance is rhamnogalacturonan.
The primary chain in the polymer consists of ¢-D-galacturonate units linked through -1, 4-glycosidic
linkages. The side chains of pectin molecule consist of rhamnose, arabinose, galactose and xylose. In
most plants, about 70% of the galacturonate units are esterified with methanol. Based on the degree
of esterification, pectic substances are classified into three main types: protopectin, highly esterified
parent pectic substance, which is insoluble in water; pectin where the degree of polymerization varies
between 70-90% and polygalacturonic acid (unesterified) (Whitaker, 1991). The degradation of pectic
substances involves the combined action of different pectinases, viz., esterases and depolymerases
(hydrolases and lyases).

Pectic transeliminases or pectic lyases are one among the pectinases, which degrade pectic
substances by P-elimination mechanism yielding 4:5 unsaturated oligogalacturonates. Pectin Lyase (PL)
acting on pectin and polygalacturonate lyase or pectate lyase (PGL) acting on polygalacturonic acid
are two important transeliminases acting on pectic substances. Fungal strains are mainly found to
produce PL and bacterial strains were used for the production of PGL {(Gummadi and Kumar, 2005).
PL and PGL can be differentiated by their substrate requirement and the absolute requirement of
calcium for PGL activity (Henrissat et al., 1995). Pectic Iyvases are extensively used in extraction and
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clarification of fruit juices, degumming of ramie and jute fibers, scouring of crude cotton fibers,
pretreatment of wastewater from food processing industries (Bruhlmann, 1994; Naidu and Panda,
1998; Tanabe ef af., 1998; Kashyap er a/., 2001, Hoondal e al., 2002; Gummadi and Panda, 2003,
Gummadi and Kumar, 2005). Since applications of pectic Iyases are in an increasing trend, new strains
capable of producing pectic lyases (both PL and PGL) are needed. The strain Debarvomyces nepalensis
isolated from rotten apple was found to produce both PL and PGL. In this study we report for the
first ime the production of pectic lyases from Debaryomyces nepalensis. The 1solate was able to use
lemon peel as carbon source and inducer for production of PL and PGL.

Materials and Methods

Chemicals
Apple pectin {Sigma) was used as the substrate for PL and polygalactironic acid (Sigma) was
substrate for PGL. The other chemicals were of analytical grade procured in India.

Media

The screening medium had the following composition (g L™": CaCl,, 0.05; KH,PQ,,
0.2; Mg80,.7H,0, 0.1; (NH,),80, 1.0; pectin, 0.5; agar, 15. The pH of the medium was maintained at
6.4. The Basal Mediumm (BM) had the following composition (g L™ MgS0,.7H,0, 0.1, NH,CI,
2;Na,HPO,, 6; K,HPO,, 3; NaCl, 5. The imitial pH was adjusted to 7.0. The mimmal medium (MM}
had the same composition of BM with glucose (8 g L™"). The isolates were maintained in YEPD agar
medium. YEPD medium has the following composition (g L™"): veast extract, 10; peptone, 20,
dextrose, 20. For preparation of solid mediumn, YEPD medium was supplemented with agar {15 g L),

Screening and Identification of Strains Producing PL and PGL

Samples (soil, rotten orange, apple and guava and decaying wood) were used to screen for
pectin degrading microorgamsms. Each test sample (1 g) was mixed with 10 mL of stenle saline
and incubated for 15 min, 100 L of this was added to 900 uL of sterile saline and a serial dilution
(10 7't0 107%) was prepared, of which 100 uL was added and distributed on an screening medium.
The plates were incubated at 30°C for two days. [solates capable of utilizing the pectin as sole source
of carbon was picked and sub-cultured to single colomny. Pure isolates were further screened based on
their ability to produce PL and PGL by submerged fermentation in BM supplemented with 0.5 g L™
pectin in test tubes. Pectinase producing cultures from National collection of industrial microorganisms
(NCIM, Pune) and Institute of Microbial Type Culture Collection (IMTECH, Chandigarh) were also
screened for PL and PGL production. Among all the tested strains, the best strain producing PL and
PGL was further characterized by 26S rDNA DI1/D2 sequence analysis, which was performed at
National collection of yeast cultures (NCYC), Norwich, UK.

Production of PL and PGL by Submerged Fermentation

Prior to cultivation of isolated strains on production medium a loop of the strain from YEPD agar
plates was transferred to 5 mL sterile YEPD medium and incubated on rotary shaker at 180 rpm and
30°C. After 12 h, 2% (v/¥) of the seed culture was transferred into a 100 mL Erlenmeyer flask
contaimng 25 mL of medium and incubated at 180 rpm and 30°C. Pectic lyases production was studied
in BM and MM with and without pectin and polygalacturonic acid (5 g L.
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Effect of Different Naturally Available Pectic Substances on PL, and PGL Production

The effect of different naturally available pectic sources (corn, peels of orange, lemon and banana,
sugarcane bagasse and sugar beet) on the production of PL and PGL was studied. These natural sources
were cut into small pieces, dried in oven at 70°C for two days and ground to fine powder
(approximately 200 pum) and stored in airtight bags. The naturally available pectic substance used in
this study act as an inducer and carbon source and was added to BM at 5 g L™1.

Enzyme Assay

Supernatant was used as the source for enzyme assay. PL activity was assayed by measuring the
formation of unsaturated oligogalacturonates at 235 nm (Albersheim, 1966). The reaction mixture
contained 0.19% pectin in 100 mM citrate phosphate buffer (pH 5.2) and 100 pL of enzyme. The
assay mixture was incubated for 3 min at 30°C and the increase in absorbance at 235 nm was measured
using Perkin Elmer UV-Visible spectrophotometer. To test PGL activity pectin was replaced by
0.15% (w/v) polygalacturonic acid in 75 mM Tris-HCI buffer (pH-8.0) with 1 mM CaCl, One umt
of enzyme activity was defined as an increase of 1.0 unit of absorbance at 235 nm of the reaction
mixture per minute (Nakagawa et af., 2000).

Analytical Methods

Cell growth was monitored by measuring the absorbance at 600 nm (QOD,,, of 0.5 corresponds
to 0.56 g dry weight L™"). Protein was measured by the method of Lowry with bovine serum albumin
as the standard. All the experiments were performed in triplicates and the activity values reported are
mean values with +5 to +£8% error.

Results and Discussion

Sereening and Identification of Microorganism

Eleven isolates (2 fungal, 3 yeast and 6 bacterial isolates) were obtained from natural sources
capable of degrading pectin when pectin was used as the sole source of carbon. In addition, five pure
cultures from culture banks capable of producing pectinases were selected for screening of pectic lvases
production. All the 16 isolates were tested for production of PL and PGL in submerged medium and
their activities were shown in Table 1. All the fungal isolates produced only PL, whereas the bacterial
isolates B4, B5, B8 produced only PGL. However, three yeast strains GSP 101, 102 and 103 produced
both PL and PGL. Of this, isolate GSP 101 produced higher levels of PL. and PGL. Hence, this isolate
was used for further studies. The isolate GSP 101 was a Gram-positive with budding cells, showed
creamy white smooth colomies on sabourand agar and negative for Germ tube test, suggesting that
isolate GSP 101 was non-pathogenic yeast. The isolate was further characterized based on 265 rDNA
analyses and the sequence was compared using EMBL database. The D1/D2 sequence of the strain
shows 99.8% sequence identity for both Candida sp. BG02-6-6-2-1 and Debaryvomyces nepalensis.
However, the strain was found to sporulate on corn meal agar (CMA) after 17 days of incubation at
20°C, thus confirming its identity as Debaryomyces nepalensis. The 26 8 tDNA D1/D2 sequence is
givenin the 5° to 3” direction (Fig. 1).

Many microorganisms have been reported to produce pectic Iyases but most of them produce
cither PL or PGL. PL has been primarily produced by fungi (Alana ez ef., 1990; Manachini ef af., 1998,
Panda and Naidu, 2000; Piccoli-Valle et af., 2003) where as PGL by bacteria (Dave and Vaughn, 1971,
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Table 1: Production of PL. and PGL by different isolates and strains obtained from culture banks

Microorganism PL activity (UmL™!) PGL activity (U mL™)
Tsolate F1 0.04 -
Tsolate F2 0.06 -
Aspergillus niger (MTCC 281) 0.03 -
Aspergillus niger (NCIM 505) 0.08 -
Aspergillus niger (NCTM 596) 0.06 -
Aspergillus niger (NCIM 1027) 0.05 -
Aspergillus niger (NCIM 514) 0.15 -
Isolate B4 - 0.01
Tsolate BS - 0.04
Tsolate B6 - -
Isolate B7 - -
Isolate BS - 0.09
Tsolate B9 - -
Tsolate GRP 101 0.26 0.41
Isolate GSP 102 0.20 0.02
Tsolate GSP 103 0.14 0.07

Table 2: Comparison of PL. and PGL activities with and without calcium for crude and partially purified enzyme

PL activity (U mL™") PGL activity (U mL™")
Fraction With 1 mM Ca** Without Ca®* With 1 mM Ca® Without Ca**
Crude 31 32 2.3 21
9% (NIL),S O, precipitate 14.5 15.6 4.7 1.8
Elution of UNO Q6 column 3.2 36 1.6 0

McCarthy ef af., 1985; Hayashi er af., 1997, Singh ef af., 1999). However, very few reports were
available where both the pectic lvases being produced by single microorganism (Nakagawa ef af., 2000,
Sorano ef af., 2005). This is the first report on production of both pectic transeliminases by
Debaryomyces nepalensis.

Effect of Different Media on PL and PGL Production

The effect of different media on the growth and production of PL and PGL by Debaryomyces
nepalensis was studied. Maxinmum growth was observed when glucose was used as the carbon source
(MM) followed by MM supplemented with pectin and polygalacturonic acid. The isolate was also
able to grow in medium containing pectin and polygalacturonic acid as the sole carbon source (Fig. 2a).
PL and PGL activities were detected in BM and MM suggesting that the enzymes are constitutive in
nature. The production of pectic lyases was induced by the presence of pectic substances in the
medium. The strain showed highest pectic lyases production when grown on basal medium
supplemented with pectin than compared to polygalacturonic acid (Fig. 2b and ¢). The presence of
glucose in the medium did not show any pronounced negative effect on the production of pectic lyases,
suggesting that pectic lyases production in the isolate was not repressed by glucose. However, it has
been reported that PL and PGL production by Candida boidinii and Paenibacillus sp. was repressed
by the glucose in the medium (Nakagawa ef af., 2000; Soriano et &/, 2005). In all the media, maximum
PL and PGL were produced within 24-36 h of fermentation and the production was growth associated
(Fig. 2a-2¢). Maximum activities of PL and PGL by Debaryomyces nepalensis obtained in this study
were 3.2 and 2.3 U mL ™ respectively in 24-36 h of fermentation. These results were higher to those
reported for pectic lvases production by different strains such as, 0.009 U mL~! of PL by 4dspergillus
niger NCIM 548 (Panda and Naidu, 2000}, 0.06 U mL ™" of PL Ay Penicillium griseoroseum CCT
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5'- AGCOGAGCARRAGARACCRACAGEGATTGCCTTAGTAACOGT TOAAGCOOCARARGCTCAARTT

TeARATC TEECAC T TOGE TG O o GAG T TG TAM T T TOAA B A RGE TARCTTTGGAGTTGEC TCTTOTY
TATGTTCCTTEEAACAGEACETCACAGA GG TOAGA AT COG TR GATIAGATECCAATTC TATG,

ARG TG T T TOGARGAG TG TT T T TGEEAA TG AG TC TARG TRGO TAGTARATTCCATO TARY

GCTAANTR T TGE00AGAGRC OO T AGCAMAC AN TAC AS TOATCEAARGATGARA NGAS
AGAGAG TEAARAAGTACGTEARATTCTTRARAGEGAAGGGC TTOAGATCAGAC TTEETATTTTEOG!
O T T T O N T GG T TOOE T T T A T TAC TEGECCAGCATCGOT TTOGATGG TAG G TAR
AT T AR GGAA TG IGG e T T A T T G TG A TG T TATAGC CTTEE TTEATACTOCC TG TC TAGASTL
AGORCTOCS TCTTTEAC TAGEATSC TEECATAATGATC TTARGOCACCOGTETTGA o)

Fig. 1: The 26 5 tDH& DI1D2 sequence of the isolated strain Debarponpee s nepalensiz

621 ieCarthy ef @l , 1985), 0.07 U ml ~' of PL by Pamicilfium ifalicum CECT 2294 (Alana of al,
1990y, 0.4 U wl ~' of PGL by Bacilfus lichenjformis (Singhef al, 19990, 096 U wl ~' of PGL by
Paaudomonas warginalis (Haymshi efal, 1997) and 1.4 U 1wl ~' of POL by Bacillus punglis (Dave
and Vaughn, 1971). However, Paenibacillussp. (472 U ral~' of PL and 234 U wal —' of POL) and
Baciilus sp. (53 U mL™ of PL) showed higher activities than reported in the present study
(Kashyap ef of, 2000, Sorano ef al, 2005). The specific activities of PL (4.3 U mg ") and PGL
(3310 mg" reported in thiz report were much higher than reported for Candida boidingi
(0673 U g™ of PL and PGL) (Makagawa ef of,, 2000}, Production of pectic lyases in shorter
fertnentation firne is adwantage ons and alternatie to furgal production.

PILand PGEL Production Using Mafurally Awailable Pechic Subsfances

The ahility of the isolate to produce FL and PGL nsing naturally svailable pectic substances was
studied to reduce the overall cost of ferraentation (using nutrient mediuen with pecting. For this
Parpse, corm, sugar beet and wastes contairdng pectic substances such as orange, banana and leron
peels and sugar cane bagasse (52 L") was nsed as the sole catbon source and inducer for production
of FL and PGL. The isclate Debarporp cas nepalensiz showed roavironrm PL production in lemon peel
rredinre, whick iz equal to that obtaired in B, supplernente d with pectin (Fig. 3a). The production
of PGL was same wher Bl was supplemented with leraon peel and orange peel but lower than
corapared to B supple rnented with pectin (Fiz. 3b). Fror this resnlt, it is clear that lemon peel was
the hest carthon source and inducer for production of both PL and PGL among the tested pectic
substances. Hence, pectin in the medinm canbe replaced by lemon peel.

Characferization of Lpase Acfivifies

In owder to confirr whether the pectinase activity obfained in this study was due to pectic lymses,
the enzynatic e action was perfinned as dissussed in materials and raethods. The product of reaction
was scanned fior 200 xea to 500 new using TV -Visihle spectophotometer. The results clear]y showed
that the product of ensyimatic reaction has rasivanmm absotbance around 235 ren forboth PL and PGL
iremult not showry, which i due to the formation of unsaturated oligogalachmonates by
trarse livnivation mecharisrn (Albersheirn, 19660, It is know that PGL has absolute reguirerient of
calcium fr its activity whe reas PL is inde pendent of caloiwm. To study the effect of Ca™ on PL and
POL activity, the encymatic reaction was perforred with {1 mhD and without Ca** for PL and PGL
actrvity. It was found that Ca® has noeffect on PL activity in the crude ealtare broth. But the ahzence
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Fig. 2. Effect of different media on growth and production of PL and PGL by Debaryomyces
nepalensis (a) Growth profile (b) PL activity profile © PGL activity profile. PGA:
polygalacturonic acid

of Ca* in the assay mixture slightly reduced the PGL activity. However, PGL activity was not
completely abolished in the absence of Ca®*. Calcium is found abundantly in the cell walls of plants
which is required for the in vivo activity of PGL in plants (Hepler and Wayne, 1985). The calcium ions
present in the cell walls of lemon peel might have interfered with the PGL activity and hence enzyme
assay were performed with both crude and partially purified enzyme (90% ammonium sulfate
saturation and elute of anion exchange column). It was found that activity of PL was not affected in
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Fig. 3: Effect of naturally availdhle pectic substances on production of FL and PGL by Debarpompess
nepalensiz in B (a) PL activity peofile (b) PGL ac tivity profile

the presence and abeence of Ca® in cnade and partiallvparified fractions. However, arormotdnm sulfate
fraction showes reduction of PGL activity drastically by almost less than half without Ca® whereas
in elate of Of PGL activity is completely abolished (Table 2). These results clearly indicate that
presence of Ca® is ahsolute Iy nece ssary for POL activity whereas caleium is not requived for PL.
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