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Isolation of a Mutant of Kluyveromyces marxianus Resistant to Glucose Repression
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Abstract: In this study, we isolated a mutant of Kluyveromyces marxianus resistance to glucose repression.
To screen for depression mutants, the strains were treated with UV rays. Fifteen resistant mutant strains were
1solated. The mutants were further screened for glucose-repression-resistant mutants m the presence of
2-deoxy-D-glucose, an analog to glucose and lactose as the sole carbon source. In this condition, one glucose-
repression-resistant mutant was isolated. The enzyme activity in this mutant strain and the wild type strain was
compared using different mediums containing 4% of each lactose and glucose and 2% glucose+2% lactose. The
results demonstrated significant decreasing in glucose repression in the mutant strain as compared to the wild
type. This mutant was unable to grow anaerobically on glucose in present of antimycin A, the property of rag!
mutants. This mutant is, therefore, capable of constitutive expression of B-galactosidase, which makes it
suitable for industrial purposes.
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INTRODUCTION

Saccharomyces cerevisiae and many other yeasts
such as Kluyveromyces species may thrive on a variety of
carbon sources, but glucose is the preferred ones!™.
When this sugar 1s present, the enzymes required for the
utilization of alternative carbon sources such as lactose n
some Kluyveromyces strains are synthesized at low rates
or not at all™*¥, This phenomenon is known as glucose
repression. Many microorganisms including bacteria,
yeasts and fungi produce P-galactosidase with different
properties!”®. P-galactosidase (Lactase) is produced by
several microorganisms including bacteria, yeast and
fungi™.

The lactose uptake and B-galactosidase activity in a
mumber of yeast including  Kluyveromyces
marxianus are induced by lactose™. However, in other

strains

strains such as Kluyveromyces lactis (K. lactis) the
enzyme 18 produced constitutively without requiring
further induction!™'". Several strains of Kluyveromyces
marxianus capable of expressing B-galactosidase activity
have been isolated in our laberatory previously*.
Further, analysis of these strains revealed that thus
activity could be repressed by glucose.

In this study, it was attempted to isolate mutant
straing of Kluyveromyces, which were resistant to glucose
repression. For this purpose, the identified

Kluyveromyces straing were exposed to ultraviolet
radiation as a mutagenic factor, as it has been shown to
induce i yeast and bacterial
effectively™. Forty mutants resistance to glucose was
isolated of which one was found capable of utilizing

mutations strains

lactose as a scle carben source. The isolation of this
mutant, which could be of
applicationy, 1s discussed.

mvaluable industrial

MATERIALS AND METHODS

Yeast strains: Four strains of Kluyveromyces marxianus
were isolated from dairy products!”. These strains were
identified using the standard taxonomic key outlined by
Kutzman and Fell™. This identification were based on
different chemical testes including the fermentation of
sugars, liquid assimilation of carbon compounds, liquid
assimilation of mtrogen compounds, growth at 37°C and
40PC, growth in 50% Glucose and Urase activity.

UV-treatment and isolation of mutants resistant to
glucose repression: The strams were cultured mto
medium containing 20 g L ™' of dextrose and peptone and
10 g L7! yeast extract. Ultraviclet radiation has been
shown to induce mutations in yeast and bacterial
strains'"*. For this purpose, the grown yeast strains were
spread on Potato Dextrose Agar (PDA) medium and were
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exposed to UV radiation (25 pw cm ™) for different time
periods of 0, 5, 10, 15 and 20 min. The plates incubated for
48 h at 25°C. The resistant mutants to UV radiation were
1solated. For this screen, the UV mutants 1solated were
cultured into a medium containing 0.1% 2-deoxy-D-
glucose as an analog of glucose that cannot normally be
metabolized by these crganisms, 10 g L™ lactose as the
sole carbon source, 0.4, 0.5, 1 and 5 g L™ NaCl, MgCl,,
KH,PO, and (NH,) 50,, respectively, filter sterilized and
were incubated for 12-16 h at 25°C under shaking at
180 pm. A positive reaction was detected by visual
mspection as an increase m the turbidity of the liquid
medium. The grown mutants were isolated and transferred
to a solid medium containing 0.1% 2-deoxy-D-glucose,
10 g L™ lactose, Nitrogen base medium and 1.5%
agar-agar and was incubated at 25°C for 2-3 days. The
mutant strain that grown in this medium was again
transferred into a liquid medium containing 2-deoxy-D-
glucose (see above) and mcubated for 12-16 h at 25°C.
The mutant strain which was at this condition grown was
purified by streaking on Potato Dextrose Agar (PDA) and
stored on a PDA slant at 4°C.

Beta-galactosidase activity: The enzyme activity of this
mutant was qualitatively prepared with the wild type
using X-gal plates versus overly adapted from
Duttweiler!” in different mediums, (4% Glucose, 4%
Lactose, 2% Glucose + 2% Lactose). Then the Beta-
galactosidase activity of the mutant and wild type was
measured quantitatively using the Ortho-nitrophenyl-B-D-
galactopyranoside (ONPG) assay as described by
Guarente'”. The assay was carried out in triplicate using
4% of each lactose and glucose and 2% lactose + 2%
glucose and the results were averaged.

Anaerobic growth in present of antimycin A: The mutant
strain was grown under anaerobic condition at 30°C in a
medium containing (per liter): 10 g glucose, 5 g yeast
extract, 5 g ammonium sulfate, 2.5 g MgS0,.7H,O, 2 g
KH,PO, and Antimycin A (15 pM; sigma), a respiratory
chain inhibitory™?.

RESULTS AND DISCUSSION

Four strains of Kluyveromyces marxianus were
isolated and identified, which were found to be repressed
by glucose (Table 1). Because of the glucose repression,
the strain has some limitations in industrial application. To
overcome this problem, attempts were put to isolate new
mutant resistant to glucose repression. In this study, the
grown strains into rich medium were spread on Potato
Dextrose Agar (PDA) medium and were exposed to UV
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Table 1: Identification of yeasts isolated from dairy producer centers in lab
Conventional name of yeast

£

M, My

Fermentation
Glucose
Galactose
Sucrose
Maltose
Raffinose
Trehalose
Assimilation
Galactose
Sucrose
Maltose
Cellobiose
Trehalose
Melibiose
Rattinose
Inuline
D-Xylose
L-Arabinose
D-Ribose
L-Rhamnose
Glycerol
D-Mannitol
Citrate
Inositol
Nitrate
1-Lysine
Growth in
500 Glucose
Growth in 37
Growth in 40
Urease activity -

Yeast species K mepxianus K marxicnus K marxiamis
+: Positive reaction; -: Negative reaction; ND: Not Detection

+0 o+ o+ o+
+0 o+ o+ o+
+0 o+ o+ o+
+0 o+ o+ o+

+
+

T LT TN
e L S
+ o+

.

N

[T
[T
'

ND ND

+
+

K marxianus

Table 2: UV treatment of Four strains
Yeast strains resistant to TV
ray after different time radiation (min)

Growth into 2-DOG

Strains 5 10 15 20+ lactose medium
M, 4 - - - -
M; 3 1 2 - -
M, 5 1 - - -
M, 1 - 2 - 1 sample®

* This sample was resistant to glucose repression

radiation for different time periods of 0, 5, 10, 15 and 20
min and incubated in suitable conditions. Fifteen UV
resistant mutants were i1solated (Table 2). These isolated
were considered resistant to glucose repression. For
this screen, the UV mutants 1solated were cultured
into medium containing 2-deoxy-D-glucose and lactose
as the sole carbon source. The 2-deoxy-D-glucose i
an analog of glucose that can repress the synthesis of
B-galactosidase in cell sensitive to glucose repression’™'.
Under these repression conditions, the sensitive cells
are not able to utilize lactose as the carbon source and
thus cannot grow. Only the glucose-repression resistant
mutants can produce P-galactosidase to digest lactose for
growth. Among these, one mutant exhibited a positive
reaction. It was transferred to a selid medium containing
2-deoxy-D-glucose, lactose, Nitrogen base medium and
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Fig. 1: 1) Mutant strain in 2-DOG +lactose medium, 2) Mutant strain in lactoze medium, 3) Wild type in 2-DOG +lactose

medium

Fig. 2: Qualitatively preparation of beta-galactosidasze activity of the mutant with wild strain using X-gal plates versus

overly adapted in different medium:

a and b: wild type and mutant strain, respectively in 2%s glucose + 2%a lactose medium,
¢ and d: wild type and mutant strain, respectively in 4% glucose medium

agar-agar (Fig. 1). One colony of the mutant on the
above medium was again transferred into liquid medium
containing 2-deoxy-D-glucose and then grown mutant
strain was purified on PDA. Qualitatively preparation of
beta-galactosidase activity of this mutant with wild strain
using X-gal plates versus overly adapted in 4% Glucose,
4% Lactose, 2% Glucose + 2% Lactose mediums was
performed.  This preparation indicated significant
differences between the mutant and wild type in 4%
Glucose and 2% Glucose + 2% Lactose mediums (Fig. 2).
The [3-galactosidase activity of the mutant and wild type
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using the  Ortho-nitrophenyl-[3-D-galactopyranoside
{(ONPG) assay in present 4% lactose, 4% glucose and 2%
lactose + 2% glucose, was quantitatively measured
(Table 3). In the 4%p lactose the enzyme activity of mutant
and wild type were 5844 and 5298 U mL ™, respectively.
The difference of beta-galactosidase activity between the
mutant sirain and wild type in the medium with 4%
glucose as the only carbon source and in the 2% glucose
+ 2%o lactose medium was considerable (Table 3). In the
4% glucose medium the beta-galactosidase was very
low in wild type, 150 U mL~!, whereas in the mutant was
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Table 3: Enzyme activity of wild type and mutant strain in different medium
(-galactosidase activity (U mL ™)

Medium Wild type Mutant
4% lactose 5298 5844
49% glucose 150 2611
2% lactose+2% ghicose 959 5305

2611 U mL™". When a complex of 2% glucose and 2%
lactose was used together, the enzyme activity of the
mutant reached 5305 U mL ™" whereas in the wild type was
only 959 U mL ™" All these results demonstrated that the
repression  effects of glucose on the mutant strain
decreased significantly as compared to that in the wild
type strain.

In fermentative condition in present of antimycin A,
the mutant strain was unable to grow on glucose™. This
is the characteristic property of ragl mutant in
Kluyveromyces™™. Ragl encodes an inducible low-
affinity hexose transporter™? and several of the rag
genes seem to be involved m the regulation of this
gene'™. ragl is necessary for fermentative growth on
high concentration of glucose, so the rag! mutant unable
to grow anaerobically on high concentration of glucose in
present of a respiratory chain inhibitor such as antimyein
AP rae] is induced by several hexoses but induction
is rather slow!”.
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