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Cloning and expression of choline dehydrogenase gene (betA)
of Escherichia coli in yeast Saccharomyces cerevisiae
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Abstract

The complete DNA sequence of betA, encoding choline dehydrogenase of Escherichia coli has been cloned in a yeast
expression-secretion vector and expressed in Saccharomyces cerevisiae DBY 746. The recombinant plasmid (designated as

PYYF3) was stably maintained in ycast cells at a level of 24% after 30 generations. Gene expression analysis was carried out
at transcription and translation levels. The mRNA analysis by DNA-RNA hybridisation using a specific betA probe did not
reveal any signal of transcription of the cloned betA gene in yeast. Protein analysis by SDS-PAGE did not show any specific
protein secreted into the yeast supernatant either. However, analysis of the intracelhilar proteins of yeast demonstrated differences
of protein profile between Hie untransfornied with the transformed cells.
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Introduction

Microbial adaptation to osmotic shock
may be accomplished through the synthesis
or accumulation of osmolytes. In Escherichia
coli, tolerance to osmotic shock is conferred
by the synthesis of glycine betaine using
choline as the precursor. Choline dehydro-
genase is the first enzyme involved in the
synthesis of glycine betaine in E. coli. The
enzyme oxydises choline into betaine
aldehyde which is then followed by second
oxidation, by betaine aldehide dehydro-
genase, to glycine betaine. Choline dehydro-
genase is encoded by betA gene, while

betaine aldehyde dehydrogenase is encoded
by betB gene. The DNA sequences of both
genes have been completely characterised
(Lamark et al., 1991). A study has demons-
trated that the expression of betA gene alone
in tobacco resulted in the enhanced tolerance
of transgenic tobacco to NaCl stress (Lilius
et al., 1995). This study thus suggested that
choline dehydrogenase alone can accom-
plished the conversion of choline into
glycine betaine.

Saccharomyces cerevisiae is a unicellular
eukaryot which has been extensively used
inindustry. One of the limiting factors in the
application of yeast in industry is the low
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tolerance to osmotic stress. The osmotic
stress may occur due to the use of high
concentration of sugar in the medium. High
osmotic stress may result in the decrease of
growth rate which consequently will also
affect the net yield of fermentation. In S.
cerevisige, tolerance to osmotic stress im-
posed by high sugar and salt content is
conferred by glycerol (Norbeck and
Blomberg, 1997; Myers et al., 1997). It was of
interest to investigate whether betA gene of
E. coli could be expressed in yeast. If the gene
could be expressed in yeast, this would open
up a novel approach in improving yeast
tolerance to osmotic shock. This study
describes the cloning and expression of betA
gene of E. coli in the yeast S. cerevisiac.

Materials and Methods

Bacterial and yeast strains
1. Escherichia coli JM109 [F’ traD36 lacl"
AllacZ)M15 proAB/recAl endAl gyr96
(Nal®) thi hsdR17 (r,-m,) supE44 relAl
A(lac-proAB)] was used as the host for
cloning.
2. Saccharomyces cerevisiae strain DBY 746
(MATa his3-A1 leu2-3,112 ura3-52 trp1-289)
was used to express the choline dehydro-
genase gene (betA) of E. coli.

Plasmid

1. pUMA19 was the recombinant plasmid
carrying the complete structural gene of
betA of E. coli (Yuwono et al., 1996) and
was used as the DNA source for the
cloning of betA gene in yeast expression-
secretion vector.

2. pYSV9 was the yeast expression-secretion
vector used to express betA gene (kindly
provided by Dr Peter A. Meacock, Uni-
versity of Leicester, UK).
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Cloning of betA gene in yeast expression-
secretion vector

The DNA sequence encoding choline
dehydrogenase (betA gene) was digested
from pUMA19 using HindlIl and BamHI
enzymes followed by electrophoresis on
0.8% agarose gel. The HindlIII - BamHI frag-
ment was cut from the gel, followed by ex-
traction and purification using Agarose Gel
DNA Extraction Kit (Boehringer Mann-
heim). The purified fragment was then
ligated into pYSV9 which was also digested
with HindIIl and BamHI enzymes. The
ligation reaction was then used for trans-
formation of E. coli JM109. All cloning
procedures were carried out using the pro-
tocol as described by Sambrook et al. (1989).

Transformation of yeast

The recombinant plasmid (pYYF9) was
subsequently used for transformation of S.
cerevisiae DBY 746 using lithium acetate-
induced transformation method (Ito et al.,
1983).

Plasmid stability analysis

The analysis of recombinant plasmid
stability in yeast cells was performed by
plating the cells carrying plasmid on a non-
selective medium, followed by replica
plating the colonies onto selective medium.
Plasmid stability was expressed as the
percentage of total colonies on the non-
selective plates that grew on selective plates
(Semi Defined medium: 6.7 g/1 Yeast Nitro-
gen Base [without amino acids but sup-
plemented with ammonium sulphate], 20g/
1 glucose, 20 pg/ml L-histidire, 20 ug/mi L-
tryptophan, 30 pug/ml uracil). The cells
carrying plasmid were firstly grown in non-
selective broth YEPD medium (10 g/1 yeast
extract, 20 g/l peptone, glucose 20g /1) until
reaching mid-exponential phase. The culture
was then maintained at this growth phase
by repeated dilution in the same medium.
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Samples of cells were drawn from the culture
when the cells have reached mid-expo-
nential phase and plated onto YEPD agar
medium. Colonies grew on YEPD agar were
then replica plated onto selective medium
on which only cells carrying the plasmid
would be able to grow. The ratio (in percent)
of colonies grew on selective plates to
colonies grew on non-selective plates was
expressed as plasmid stability (Bitter et al.,
1989; Yuwono, 1991).

RNA analysis

Total RNA was isolated from the yeast
cells by using the method of Schmitt et al.
(1990). RNA obtained was then electro-
phoresed on an agarose gel using the method
as described by Farrel (1993), followed by
northern transfer (Sambrook et al., 1989) onto
nylon membrane (Boehringer Mannheim).
RNA blotted onto nylon membrane was
subsequently hybridised with a probe deve-
loped for betA gene (Yuwono et al., 1996). The
probe used was the full-length DNA
sequence of betA gene and prepared by
random priming method using Non-radio-
active DNA Labeling and Detection Kit
(Boehringer Mannheim). RNA-DNA hy-
bridisation was detected by ELISA method
using anti-digoxigenin alkaline phosphatase
conjugate and visualised using 5-bromo-4-
chloro-3-indolyl phosphate (BCIP) and
nitroblue tetrazolium (NBT).

Protein analysis

Protein was prepared both from the
extracellular and intracellular preparations.
The extracellular protein preparation was
carried out by precipitation using cold
acetone (Hames and Rickwood, 1990) and
by TCA precipitation (Baldari et al., 1987).
The intracellular proteins were prepared by
breaking-up the cell using sonicator. Cells
were sonicated in cell-breaking buffer (2%
Triton X-100, 1% SDS, 100mM NaCl, 10mM

betA of E. coli

Tris-HCl pH 8.0, 1ImM EDTA). The extra-
cellular and intracellular protein prepara-
tions were subsequently electrophoresed on
SDS-PAGE (Hames and Rickwood, 1990)
and stained with Coomassie blue.

Results and Discussion

- Cloning of betA gene in yeast expression-
secretion vector
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Figure 1. Scheme of recombinant plasmid carrying
betA gene (pYYF9). MF alfa-1: DNA
sequence encoding the regulatory and the
prepro-sequences of the yeast o-factor gene,
LEU2: Scerevisiae LEU2 gene, CYCI-term:
the CYC1 terminator sequence, Amp-R:

_ ampicillin resistance gene, betA: the
complete structural DNA sequence of betA
gene inserted in-frame between HindIll and
Ban: HI sites.

The scheme of recombinant plasmid
carrying the complete structural gene of betA
(pYYF9) is outlined in Figure 1. Restriction
analysis of the recombinant plasmid (pYYF9)
is presented in Figure 2. The plasmid vector,
pYSV9Y, consists of regulatory region and
prepro portion of the MFo-1 gene of S.
cerevisine. The MFa-1 regulatory region and
leader sequence is essential for regulating
the expression of the downstream hetero-
logous gene and directing the polypeptide
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into the secretion pathway. In addition, the
vector also contains the CYC1 termination
sequences. The heterologous gene (betA) to
be expressed was inserted in-frame at
Hind]II site which is part of the lys-arg
residues. The lys-arg residues will be cleaved
up by the action of dipeptidyl amino-
peptidase (DPAPase A) encoded by STE13
gene of S. cerevisiae. Thus, cloning of hetero-
logous gene in-frame at HindlIll site will
result in the correct transcription and trans-
lation of the gene.

M1234

Figure 2. Restriction analysis of recombinant plasmid
carrying betA gene (pYYF9): pYSV9 digested
with EcoR, 2- 4: pYYF9 digested with EcoR],
M: marker, ADNA digested with HindIII +
EcoRL

Figure 2, lane 1 showed the results of
digestion of the vector, pYSV9, with EcoRI
which gave four fragments. The plasmid
vector, pYSV9, contains four EcoRI sites
which, upon cleavage, will result in four
fragments of different sizes. One of the EcoRI
sites is located just upstream of the MFo-1
regulatory region and leader sequence.
Figure 2, lane 2 - 4 showed that the betA gene
has been inserted into the pYSV9 plasmid.
The inserted fragment will increase the size
of one of four EcoRI fragments.

Transformation of S. cerevisiae with recom-
binant betA gene

The recombinant plasmid (pYYF9) carry-
ing the complete structural DNA of betA was
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subsequently used for transformation of S.
cerevisiae DBY 746. Transformant obtained
was then reconfirmed by culturing it in a
selective medium. The results (data not
shown) showed that the transformants
carrying either the recombinant plasmid,
PYYF9, or the vector only, pYSV9, grew on
the selective media. The untransformed cells,
on the other hand, did not grow in the same
selective medium.

Recombinant plasmid stability
Recombinant plasmid, pYYF9, present in
S. cerevisiae DBY 746 was analysed for its
stability. The result (Figure 3) demonstrated
that the plasmid was maintained in the cell,
in a non-selective medium (YEPD), up to the
level of 24% after 30 generations. The fact
that the plasmid was relatively stably main-
tained in the cells under non-selective con-
dition suggested that the betA gene
expression was not toxic to the cells.
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Figure 3. Stability of recombinant plasmid carrying
betA gene in S. cerevisiae DBY 746 grown in
YEP supplemented with 2% glucose

Expression of betA gene in S. cerevisiae
The analysis of betA expression in S.
cerevisiae DBY 746 was carried out by ana-
lysis of transcription and translation. Trans-
cription analysis was carried out by isolating
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total RNA from yeast grown under non-
selective condition in YEPD medium. The
RNA was then electrophoresed and blotted

. onto nylon membrane. The RNA blot was

subsequently probed by using betA DNA
probe (Yuwono et al., 1996). The result of
hybridisation, however, did not show any
positive signal, even after altering the tem-
perature and hybridisation time. The results
of transcription analysis thus suggest that
the betA gene may not be efficiently trans-
cribed. Therefore, the level of mRNA ob-
tained may not be enough to be detected
using the non-radioactive detection kit as

~used in this study. The possibility of mRNA

degradation following isolation can be
excluded, as ithas been confirmed (data not
shown) that after blotting the RNA could be
clearly stained by methylene blue (Sam-
brook et al., 1989) on the membrane.

Translation analysis was carried out by
analysing both extracellular and intracellular
proteins. It was assumed that if BetA protein
was expressed in yeast, it would be secreted
out of the cell. Therefore, extracellular
protein was extracted from the supernatant
culture grown in YEPD to a late exponential
phase. The protein was concentrated and
electrophoresed on SDS-PAGE. The results
did not show any additional protein band.
The absence of specific protein in the
supernatant may be attributed to the low
level of expression or the inefficiency of
secretion. The relatively large (65 kDa) size
of BetA protein may have imposed difficulty
on secretion of the protein into the
supernatant. In addition, it may also be
possible that the SDS-PAGE may not be
sensitive enough to visualise protein present
at low level in the supernatant.

To determine whether or not the BetA
protein (choline dehydrogenase) was
retained in the cell, intracellular protein
preparation was carried out after disrupting
the cells by sonication. Electrophoresis of the
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intracellular proteins (Figure 4) demons-
trated differences of protein profiles between
untransformed cells (lane A1 - 3), cells trans-
formed with pYSV9 (lane B1 - 3), and cells
transformed with recombinant plasmid,
pYYE9 (lane C1 - 3). When the cells were
grown in YEP supplemented with 2%
glucose (lane C1) more distinct new protein
bands appeared (arrow).
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Figure 4. Profiles of intracellular proteins extracted
from S. cerevisine DBY 746. A: untransformed
yeast cells, B: yeast carrying the vector only
(pYSV9), C: yeast carrying recombinant
plasmid harboring betA gene (pYYF9). The
yeast was grown in:

1. YEPD supplemented with 2 % glucose

2: YEPD supplemented with 20 % glucose

3: YEPD supplemented with 2 % glucose
and 5mM choline

Arrows showed new protein bands emerged
The protein band of this size was not ob-
served in the preparation of cells carrying
the vector only (pYSV9) grown under the
same condition (lane B1). The more signi-
ficant difference was observed when the cells
were grown in YEP supplemented with 20%
glucose and 5mM choline (lane C3, see the
arrow). The emergence of the two protein
bands- in this cell suggested specific gene
expression. Protein bands of the similar sizes
did not appear in the cells transformed with
pYSV9 (lane B3). However, new protein of
different sizes also appeared when the
untransformed cells were grown in YEP
supplemented with 20% glucose and 5mM
choline (lane A3, see the arrow). The data
presented here suggested that the presence
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of recombinant betA gene in yeast resulted
in the changes of protein profiles expressed.
The difference of protein profile was ob-
served when the cell was grown in the
presence of choline and high sugar content.
Interestingly, changes of protein profile was
also observed in the untransformed cells,
despite the fact that the sizes of the new
proteins were different. Similarly, Norbeck
and Blomberg (1997) also observed changes
of protein profiles of S. cerevisiage grown in
the presence of 1.4M NaCl. It was not clear
at this state, however, whether or not the
changes of protein profile in the cells trans-
formed with recombinant plasmid was due
to the specific expression of betA gene in the
plasmid. The fact that the cells transformed
with the plasmid vector only (pYSV9) did
not show signal of the synthesis of new
protein (lane B3) suggested that the presence
of recombinant gene (betA) might have some
effects on the pattern of protein expression.
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