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Two fragments of DNA containing the Saccharomyces cerevisiae STA2 glucoamylase gene, with
differing lengths of 5 non-coding DNA, were separately subcloned into a yeast centromeric plasmid.
Of these two subclones, only the shorter one (containing 127 bage-pairs of 5° non-coding DNA) was
able to confer glucoamylase production on a standard laboratory strain of S. cerevisiae. The longer
subclone (containing 465 bp of §° non-coding DNA) did, however, confer glucoamylase production on
a strain of S. cerevisiae lacking a functional STA10 gene (which encodes a repressor of STA2 gene
expression). All-yeast plasmids lacking bacterial DNA were constructed from the two STA2 subclones
for the transformation of a lager brewing yeast. Only the shorter STA2 subclone conferred gluco-
amylase activity on this yeast. The level of enzyme activity was comparable to that produced by the
same yeast strain containing STA2 expressed from the PGK1 (that is, PGK1) promoter.
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INTRODUCTION
Extracellular glucoamylase production in the yeast Saccharo-
myces cerevisiae, and the ability to grow on starch or dextrins
as the sole carbon source, is conferred by any one of the three
highly homologous genes STA! (DEX2), STA2 (DEX!) or
STA3 (DEX3) (reviewed by Pretorius et al.!”). In addition, all
strains of S. cerevisiae possess a sporulation-specific gluco-
amylase gene (SGA1), the product of which is an intracellular
enzyme®®. An ancestral STA gene is likely to have evolved from
SGAl before being duplicated to produce the STA gene
family®. The control of expression of the STA glucoamylase
genes is complex, with a number of negative regulatory effects
having been identified. The STA/0 gene'* was found to repress
expression of STA2 primarily at the transcriptional level!s.
INHI represses STAI at either the transcriptional or post-
transcriptional level depending on culture conditions®. A third
repressor gene, SGL/, was identified by Patel ef al.'*, but the
mechanism by which STA gene expression is regulated by SGL1
was not investigated. Expression of the STA glucoamylase
genes is also negatively regulated in MATa/MATa diploids by
the MATal/MATo2-encoded transcriptional repressor’-1028,
Amylolytic yeasts capable of degrading up to 30% of the
dextrins in brewers’ wort have been constructed by the use of
recombinant DNA techniques to introduce either the STAJ or
STA2 genes into conventional (Sta-) brewing strains!!.14.18.22,
Earlier work had shown that an episomal plasmid expressing
STA2 in a lager brewing yeast had a detrimental effect on
fermentation behaviour'. However, expression of STA2 under
the control of the PGK! promoter had no adverse effects when
this construct was introduced into another lager strain22. In this
paper, we further investigate the regulation of STA2 in a lager
brewing yeast and describe the construction of a transformant
which grows normally and does not require a highly expressed
promoter to produce sufficient levels of glucoamylase activity.

MATERIALS AND METHODS

Strains and plasmids

Saccharomyces cerevisiae strains used in this work were
BRG536'"° (MATa STA2 POF!), 1SP52 (MATa ura3 his3
stal0), RY303 (MATa ura3 GAL) and the polyploid wild-type
lager brewing yeast NCYC 1324 (from the National Collection

of Yeast Cultures, Norwich, UK). ISP52 was provided by Isak
Pretorius (University of Stellenbosch, South Africa).
Escherichia coli strain XL-1 Blue MR (A(mcrA) 183 A(mcrCB-
hsdSMR-mirr )173 endAl supE44 thi-1 recAl gyrA96 relAl lac;
from Stratagene, La Jolla, CA, USA) was used for the routine
maintenance and amplification of plasmid DNA.

The centromeric plasmid pRS4162!, which carries the URA3
gene as a selectable marker for the transformation of wra3
strains of yeast, was obtained from Stratagene. The yeast epi-
somal plasmid pJDB207' was provided by Jean Beggs
(University of Edinburgh, UK). The plasmid pET131°, which
carries the yeast CUP/ gene, was obtained from the Brewing
Research Foundation (Redhill, UK). The all-yeast plasmid
pDVK2%, containing STA2 expressed from the PGKI pro-
moter, was provided by Bass Brewers Ltd (Burton-on-Trent,
UK) in the lager yeast strain NCYC1324. In this work, a yeast
strain transformed with a plasmid is indicated by the name of
the strain immediately followed by the plusmid name in square
brackets, e.g. NCYC1324[pDVK2).

Polymerase chain reactions

Forward primers for the amplification of STA2 by the
polymerase chain reaction (PCR) were STA2-Fl1 (5'-
TTTCTAGAGAAATGTGGGTCA-3') and STA2-F2 (5'-
GCTCTAGAGGATCTTTTGCTTCC-3'). The reverse primer
was STA2-Rl (5-GCTCTAGACAACAAGTTGACAC-3).
All three primers contained a site for the restriction enzyme
Xbal (5-TCTAGA-3’) close to the 5° end. The annealing sites
for these primers relative to the STA2 gene are shown in Fig. 1.
The PCR used Pfu DNA polymerase (Stratagene) and
reactions (100 pl) were prepared in accordance with the
manufacturer’s instructions. Following an initial step of 10 min
at 94°C to denature the template DNA, 1 unit of Pfu DNA
polymerase was added to the reaction. One cycle of ampli-
fication at 94°C for 1 min, 50°C for 2 min and 72°C for 3 min
was then carried out, before continuing with another 23 cycles
at 94°C for | min, 56°C for 2 min and 72°C for 3 min. A final
cycle of 94°C for | min, 56°C for 2 min and 72°C for 10 min
was carried out to complete the PCR.

PCR was also used to prepare a digoxigenin-labelled probe
for STA2 (STA-P1). The primers STA2-F3 (5'-
GTCGACAACACGGCTTTTCACG-3') and STA2-R2 (5°-
GTTCCCCGTCTGTTCCCACGT-3") (Fig. 1) amplify a
966 bp sequence within the coding region of STA2.
Digoxigenin-labelling of the PCR product was performed
with 7ag DNA polymerase and digoxigenin-11-dUTP
(both from Boehringer Mannheim) using reaction conditions















