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Abstract

Polygalacturonases are pectinolytic enzymes that have important industrial application inextraction and clarification of fruit juices and in
process winemaking. Kluyveromyces strains were screened for pectinase production. The production of pectinase by Kluyveromyces marxianus
was evaluated at different concentrations of pectin and glucose. All the strains grew on citric pectin as sole carbon source. Breeding and
selection of pectinolytic segregants resulted in important increase on extracellular total pectinolytic activity. The evaluation of the best strain
(NRRL-Y-7571) under different condition showed that oxygen depletes polygalacturonases activity, pectin acts as an inducer, and glucose
stimulates grown but did not affect enzyme production. The kinetic study showed that the highest enzyme activity was achieved at 48h of
fermentation. The cultivation of K. marxianus NRRL-Y-7571 in 2% pectin medium under a restricted oxygen condition resulted in the highest
extracellular total pectinolytic activity (118.5 U.mL-1). Such studies are very scarce in the literature and should be helpful to understand the
true potentialities of pectinases obtained by yeast in industrial applications.
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Introduction

Enzymes that act on pectic substances by hydrolysis, trans
elimination and de-esterification reactions, which contribute to
the firmness and structure of plant cells, are known as pectinolytic
enzymes or pectinases [1]. Based on the pectin degradation
mechanism they are classified mainly into pectinesterase
(PME), pectinlyase (PL) and polygalacturonase (PG). Among
them, polygalacturonase hydrolyzes -1, 4 glycosidic linkages
of polygalacturonic acid chain and releases galacturonic acid
residues [2]. Pectinolytic enzymes are particularly important
for the food industry, mainly in the clarification of fruit juices
[3] and wine industry [4]. Pectinases are of great importance for
clarification and viscosity reduction in fruit juices. Clarification
is achieved by pectin hydrolysis, leading to decreased viscosity
and agglomeration of particulate matter that may be removed or
sufficiently reduced by filtration or centrifugation [5].

The production of pectinases usually relies on different
species of filamentous fungi, bacteria and yeasts [6]. Filamentous
fungi are the most frequently used microorganisms in the enzyme
industry because at least 90% are produced extracellularly

[7]. Pectinases can be produced at different concentrations
by strains of filamentous fungi belonging to Aspergillus genus
and certain Aspergillus species have been characterized by the
types of pectinolytic enzymes they produce [8]. However, yeasts
represent another alternative source of this enzyme, and most of
them are able to provide high yields of pure enzymes [9].

Yeasts present advantages over filamentous fungi, mainly
because yeasts are unicellular organisms, the growth medium
does not require the addition of inducers [6], and usually yeasts
do no secret pectin esterase [10], consequently their pectinases
can be used to process fruit juice and wine without releasing
methanol [11,12]. In addition, cloning andgene manipulation
may improve enzyme production, which could foster its
industrial application on a large scale [13]. The production
of pectinolytic enzymes depends on microbial strains and
production conditions. The production of pectinases by fungi
and yeasts is affected by several physical parameters (e.g.
temperature,pH, oxygen supply) and chemical (culture medium
composition) [14].
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In general, the fermentative production of these enzymes
requires special attention to the composition of the culture
medium, since it can contain components involved in the
induction, repression or inhibition of enzyme formation
and secretion of every strain of interest [7,15]. According to
Kouhoundé etal. [16], the production of PG by microorganisms is
especially dependent on the composition of the cultivation media
(glucose and pectin) and the variation of pH during the process.
Polygalacturonase induction by pectin was observed in different
yeast species, including Saccharomyces cerevisiae [17,18] and
Kluyveromyces marxianus [19]. Nakagawa et al. [20] described
the yeast Candida boidinii S2 was found to be able to grow on
pectin or polygalacturonate as a carbon source. Conversely,
Schwan & Rose [21] did not evidence polygalacturonase
induction by pectin in the Kluyveromyces marxianus CCT 3172
isolate, indicating that pectin induction may be strain specific.
Considering the promising opportunities that Kluyveromyces
species might offer for the food industry, the present study was
to select highly pectinolytic strains of Kluyveromyces sp., and to
evaluate the effect of pectin and glucose concentrations on the
production total pectinolytic by the selected strain.

Materials and Methods
Yeast strains and breeding

In this study, 19 Kluyveromyces strains were evaluated. These
strains include 11 isolates obtained from the National Center for
Agricultural Utilization Research (NRRL), the American Type
Culture Collection (ATCC), the Instituto Zimotécnico (ESALQ,
USP, Brazil), and the Industrial Technology Foundation (FTI, SP,
Brazil), four auxotrophic mutants, a hybrid, and three meiotic
segregants selected based on their growth onminimal medium
with pectin as sole carbon source. K. marxianus hybrid was
obtained by mass mating and selection by auxotrophic marks
complementation onminimal medium (2 % glucose, 0.67 % YNB
without aminoacids, 2 % agar). Sporulation was induced on
raffinose-acetate medium, vegetative cells eliminated by diethyl
ether treatment [22], and spores plated on pectin-YP medium (1
% yeast extract, 2 % peptone, 1 % pectin, 2 % agar).

Media and Experimental conditions for the selection and
production of enzymes Pectinolytic strains were selected by the
method proposed by McKay [23]. Briefly, the microorganisms
were inoculated in YNB-pectin (1 % citric pectin (ESKISA S.A.,
Brazil), 0.5 % yeast extract, 0.67 % yeast nitrogen base (YNB),
and 2 % agar, pH 5.0), and grown at 30 °C for 96h. The plates
were overlaid with an aqueous solution of ruthenium-red (0.05
%), incubated for 5min, and then washed with distilled water.
The clear halos of pectin degradation were measured, and the
relative pectinolytic activity (RPA) was calculated as a relation
between the diameter of the degradation halo and the colony
diameter.

To evaluate the extracellular pectinolytic activity, yeast
strains were grown for 48h at 28 °C and 150 rpm in YEPD (2

% glucose, 2 % peptone, 1 % yeast extract, pH 6.8), and used
to inoculate (2 x 107 cells.mL™) 50ml of citric-pectin broth (0.5
% yeast extract, 1 % citric pectin (ERKISA S.A., Brazil), 0.67 %
yeast nitrogen base, pH 5.0). Cultures were maintained at 28
°C for 48h, under static conditions. The solution thus obtained
was then centrifuged at 5000g for 10min. The supernatant
(enzymatic extract) was kept at 4 °C. To evaluate the influence
of culture medium composition on yeast growth and total
pectinolytic activity production, four media with different
concentrations of glucose and citric pectin (ERKISA S.A., Brazil)
were formulated: (1) 1 % pectin, (2) 2 % pectin; (3) 1 % pectin
and 1 % glucose, and (4) 1 % glucose. From the previous studies
[1], these carbon sources were incorporated on the basal
medium (0.67 % Yeast Nitrogen Base, 0.5 % Yeast Extract, pH
5.0). The culture media (50mL) were inoculated (2 x 107 cells.
mL™* final concentration) from a two day old culture in YEPD at
28 °Cand 150 rpm. The experiments were conducted at 28 °C for
96h, under static conditions. Samples were collected every 8h,
centrifuged (10min, 10000 rpm), and the supernatant (crude
extracts) stored at 4 °C. The experiments were conducted twice
with three replications of each treatment [24].

Analytical methods

The total pectinolytic activity was estimated by measuring
the release of reducing groups by using the dinitrosalicilic (DNS)
method [24] and adapted to small volumes. Briefly, the crude
extract (50 pL) was mixed with 50 pL of polygalacturonic acid
solution (0.1 % in 25mM acetate buffer pH 5.0) in PCR plates with
96 holes (200 pL). The plates were incubated at 40 °C for 1h in
a Research Thermal Cycler model PTC 100, and the reaction was
stopped by adding 60 pL of DNS. The plates were again placed in
the thermal cycles and kept at 95 °C for 15min. The volume was
then completed to 200uL with distilled water. Samples (150puL)
were transferred to microplates and the absorbance (595nm)
was evaluated in a Biochrom Libra S12 microplate reader. One
unit of activity was defined as the amount of enzyme required
to release 1 pmol (equivalent of galacturonic acid) of reducing
groups per minute. Quantification of the reducing groups was
performed by comparison with a standard curve of galacturonic
acid (0-80pg) under the same conditions. All the tests were
made in triplicate. The concentration of reducing groups in
the culture supernatant was determined by the DNS method
described above, but using water instead of polygalacturonic
acid solution, and incubating the samples directly at 95 °C for
15min. A standard curve of glucose (0 to 10g.L') was used. Yeast
growth was estimated by optical density at a wavelength of
600nm.

Statistical analysis

Data were submitted toone-way analysis of variance
(ANOVA), and means comparison by the Tuckey’s test with
a probability level below 5% (p <0.05). The analyses were

conducted on the PASW 18.0.0 statistics.
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Results and Discussion
Selection of pectinolytic strains

Initially, pectinolytic strains were selected by the method of
pectin degradation calculated as a relation between the diameter
of the degradation halo and the colony diameter. Among the 19
Kluyveromyces strains evaluated, 16 (84 %) showed pectinolytic
activity on agar plates. The three strains (NRRL-Y-8278,
NRRL-Y-1195, NRRL-Y-1207) that did not exhibited halo, grew
on YNB-pectin medium, indicating that there are able to use
pectin as sole carbon source. These strains showed just a basal
extracellular total pectinolytic activity (1.07 to 1.69U.mL")
when compared with the other strains. A large and significant
variation was observed on the total pectinolytic activity among
the Kluyveromyces strains evaluated, and a significant correlation
was detected between relative activity (halo) and PG activity
(R = 0.951), indicating that relative activity can be used for
strains selection. The highest extracellular pectinolytic activity
was detected on NRRL-Y-7571 (62.79 UmL-1), followed by
NRRL-Y-6373 (30.88 U.mL-1). The pectinolytic activity detected
in these strains were higher than those previously reported in
different wild yeast species, including Kluyveromyces [25,26],

and a recombinant S. cerevisiae strain [13].
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Figure 1: Extracellular total pectinolytic activity of parental
strains, hybrid and selected segregants. Dotted line indicates
the mean pectinolytic activity (PG activity) of the parental strains
KM9 and KM21.
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The auxotrophic mutants KM9 (met-) and KM21 (arg-) were

crossed producing the 9x21A hybrid. This hybrid was sporulated

and 30 segregants were initially selected by their pectinolytic
halos on YNB-pectin medium. The segregants exhibited a large
variation on extracellular pectinolytic activity and 40 % were
significantly higher than the parental strains (Figure 1). The
pectinolytic activity of the selected segregants 9D, 17D and 45E
was 80.5, 94.4 and 99.4 % superior than the average of KM9
and KM21, indicating that conventional breeding methods can
be efficiently used to increase extracellular total pectinolytic
activity in Kluyveromyces. Effect of medium composition
and agitation on the total pectinolytic activity production
by Kluyveromyces marxianus NRRL-Y-7571 in the sequence,
submerged fermentation runs with media containing 0 and
1 % (w/w) glucose and citric pectin concentrations of 0, 1,

and 2 % (w/w). The aim of these experiments was to test the
replacement of a part of the pectin by a simpler and cheaper
carbon source for the growth of K. marxianus as well as to
obtain more information on the induction/repression process of
polygalacturonase production by this yeast. Based on the above
results, NRRL-Y-7571 was selected for further analysis.

A first experiment in pectin 1 % YNB medium, conducted
under constant shaking (150 rpm) and static condition,
confirmed the negative effect of dissolved oxygen on total
pectinolytic activity production by Kluyveromyces marxianus,
with maximum activity of 10.9 UmL? in agitated, and 60.8
U.mL? in non-agitated cultures, respectively (Figure 2). Our
results agree with those reported by Cruz- Guerrero et al. [27],
who analyzed dissolved oxygen in the repression of endo-
polygalacturonase production by Kluyveromyces marxianus.
Yeast growth, reduction products variation, and total pectinolytic
activity during static cultures of K. marxianus NRRL-Y-7571 on
four media with different concentrations of glucose and pectin
are shown in Figure 3. As can be observed, independent of the
culture media, NRRL-Y-7571 showed an initial lag phase of 8h
followed by a logarithmic growth phase of 8h in 1 % pectin to
16h on the other media (Figure 3A). Moreover, no differences
were observed on yeast growth on the pectin, glucose or
pectin/glucose media, indicating that poly galacturonic acid is
efficiently metabolized by NRRL-Y-7571. Kluyveromyces growth
was accompanied by a decrease on reducing groups in culture
media (Figure 3B).
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Figure 2: Figure 2: Effect of aeration on the extracellular total

pectinolytic activity (PG activity) of K. marxianus NRRL-Y-7571.

Static (solid square) and shacked (open square) culture.
\ J

The absence of reducing products accumulation in pectin
and pectin/glucose media indicates that polygalacturonic acid
released by total pectinolytic activity is rapidly incorporated
and used by yeast cells. Filamentous fungi D-galacturonic acid
metabolism operates by a specific pathway that involves a
sequential conversion of D-galacturonic acid to L-galactonate,
2-keto-3-deoxy-L-galactonate, and glycerol and pyruvate [28].
Although conserved in fungi, we were notable to find homologous
to fungal D-galacturonic acid reductase and L-galacturonate
dehydrogenase, the two initial enzymes in D-galacturonic acid
pathway, in Saccharomyces cerevisiae and Kluyveromyces lactis

How to cite this article: Luciani T P, Regina V A,Sergio E. , Screening and Breeding of Kluyveromyces Strains for Production Pectinolytic Activity. Adv
Biotech & Micro. 2017; 3(2): 555608. DOI: 10.19080/AIBM.2017.03.555608.


http://dx.doi.org/10.19080/AIBM.2017.03.555608


Advances in Biotechn

ology & Microbiology

genomes, posing an interesting question on the metabolism of
D-galacturonic acid residues by pectinolytic yeasts. Besides the
carbon source, other medium components must be carefully
chosen to achieve good results.

The culture media with an adequate balance of simple
carbohydrates and pectin lead to the best production of
pectinases in a submerged process. The process was evaluated
in medium containing different concentrations of pectin with
glucose addition. In the medium without pectin, production of
the PG was lower. When using pectin, higher activities of PG
were obtained, indicating that the enzyme production by K.
marxianus is strongly affected by the presence of this inducer.
Higher PG activities were found in media with increased pectin

content. The highest total pectinolytic activity of K. marxianus
NRRL- Y-7571 was obtained in 2 % pectin medium (118.5 U.
mL-1) (Figure 3C). Independent of the culture media, total
pectinolytic activity reached its maximum after 48h of culture,
when the yeast attained the stationary phase, followed by a low
but significant decay (Figure 3C). The association between K.
marxianus growth and total pectinolytic activity was previously
evidenced [25]. The total pectinolytic activity in 1 % glucose
medium (36 U.mL?) indicates the constitutive production of
this enzyme by Kluyveromyces. However, in 1% glucose plus 1 %
pectin medium, the activity was significantly higher (50 U.mL™),
indicating that although constitutive this enzyme is induced by
pectin or their products.
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Figure 3: Effect of glucose and pectin on yeast growth and extracellular total pectinolytic activity (PG activity). Glucose 1% (open
square), glucose 1% with pectin 1% (open circle), pectin 1% (solid circle), and pectin 2% (solid square).
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Conclusion 6. Alimardani-Theuil P, Gainvors-Claisse A, Duchiron F (2011) Yeasts:
an attractive source of pectinases- from gene expression to potential
In summary, the present results showed that the selection applications: a review. Process Biochem 46: 1525-1537.
and breeding of K. marxianus can significantly increase the 7 pp,ging A, Dravillas K, Cantero D, Pandiella SS, Webb C (2001)
total pectinolytic activity production, and confirmed that the Utilization of whole wheat flour for the production of extracellular
establishment of adequate culture conditions for specific strains pectinases by some fungal strains. Process Biochem 37: 497-503.
is essential to obtain high pectinolytic extract for industrial 8. Demir H, Tari C (2014) Valorization of wheat bran for the production of
purposes. polygalacturonase in SSF of Aspergillus sojae. Ind Crop Prod 54: 302-
300.
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