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Yeast adaptation to maltose utilization diminishes the repressing effect of glucose on maltose uptake.

Furthermore, it affects both the rates and profiles of maltose, glucose and maltotriose uptake during
high cell density brewer's wort fermentation. Yeast cells pre-grown in maltose, as sole carbon source,

and harvested while the sugar is still present in the growth medium, are better adapted to utilize
maltose. The adapted cells are less sensitive to glucose inhibition, and the uptake of glucose is inhibited
in the early stages of fermentation. Cells grown for longer periods and harvested following maltose

depletion, lose their ability to preferentially utilize maltose. In addition, they become more sensitive to

glucose repression, and are able to utilize glucose faster than the cells harvested when maltose is still
present in the medium. During the process of adaptation, maltose controls the induction of its own

transport systems and appears to affect the biosynthesis of the glucose transport systems.
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Introduction

All species of the genus Saccharomyces are able to utilize a

wide variety of sugars as sources of carbon and energy2,

however, strains of the same species differ greatly in their

abilities to utilize sugars6. In general, the utilization of a
particular sugar is controlled by glucose repression, which is

a complex regulatory system that affects the expression of a

multitude of genes including those involved in sugar uptake

and fermentation12. The fermentation of disaccharides, such

as sucrose and maltose, is controlled by dispersed repeated

families of genes6. Maltose is taken up intact into brewer's

yeast strains by an inducible alpha-glucoside permease, and

once inside the cell, is hydrolyzed by an alpha-glucosidase

(maltose alpha-glucoside glucohydrolase, E.C. 3.2.1.20), that

is also inducible6-9-25. In order to ferment maltose, Saccharo

myces yeast strains require the presence of one or more of

at least five unlinked MAL loci, MALI, MALI, MAL3,

MAL4, and MAL6, which exhibit extensive sequence and

functional homology to each other2-7-17. The role of the MAL
genes has only recently been fully elucidated14. Employing a
number of mutants with the MALI allele, it has been found

that MALI is actually a gene complex consisting of three

closely linked genes, MAL1S, the structural gene for alpha-

glucosidase; MALIT, encoding for alpha-glucosidase perme

ase; and MAL1R, whose product coordinately regulates

expression of the alpha-glucosidase and permease genes.

Biochemical studies with strains of Saccharomyces cerevis-

iae indicate the presence of at least two forms of maltose

transporter: low-affinity and high-affinity transport systems4

l8. Two kinetically different systems were also identified in

studies with a genetically denned maltose-fermenting strain

of Saccharomyces cerevisiae carrying the MALI locus8. It

was found that the high-affinity transport system is maltose

inducible and is encoded by the MAL11 and/or MAL61 gene

of the MALI and/or MAL6 locus. The low affinity transport

system is expressed constitutively and is not related to

MALI! and/or MAL61, and furthermore, both high and low-

affinity transport systems are sensitive to glucose-induced

inactivation8.

In all-malt brewer's wort, a typical sugar percentage cotn-
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position would be maltose (50-60%), maltotriose (15-20%),

glucose (10-15%), fructose (1-2%), sucrose (1-2%) and dex

trin material (20-30%). Since maltose constitutes such a large

proportion of the fermentable sugar of wort, it is important

that detailed basic information be available on the factors

that influence maltose metabolism by brewer's yeast strains.

It has been reported that a major limiting factor in the

fermentation of maltose is the repressing effect of glucose4-
10.15 jt was aiso repOrte(j that glucose both repressed and

inactivated maltose transport in Saccharomyces cerevisiae20.
However, little attention has been devoted to the effect of

maltose on the induction of its own transporters. This work

describes studies of the effect of yeast adaptation to maltose

utilization on the uptake of maltose, glucose and maltotriose

in wort. It will be shown that maltose and glucose transport

varies during the adaptation to maltose and that this adap

tation has a marked effect on glucose utilization. In addition,

kinetic studies of sugar uptake of yeast grown in several

substrates have also been conducted and are reported here.

Materials and Methods

Chemicals.

D-[U"14C] Glucose (270 mCi/mmol) and D-[U-|4C) malt
ose (420 mCi/mmol) were obtained from ICN Biomedical

Inc. (Irvine, CA). Maltose (Cat. no. M-5885), maltotriose

(Cat. no. M-8378), chloramphenicol (Cat. no. C-0378) and

cycloheximide (Cat. no. C-6255) were obtained from Sigma

Chemical Co. (St. Louis, MO). All other chemicals were

obtained from commercial sources and were of the highest

purity available.

Strain.

The yeast strain used in this study was Saccharomyces

uvarum (carbbergensis) brewing lager strain number 3021

from the Labatt Culture Collection. The yeast culture was

maintained on peptone-yeast extract glucose agar slopes at

4°C, and subcultured every six months.

Media.

Complete medium for yeast growth (PYMal) contained:

peptone, 3.5 g; yeast extract, 3.0 g; KH2PO4, 2.0 g;

(NH4)2SO4,1.0 g; MgSO4.7H2O,1.0 g; maltose, 50.0 g; dis

solved in 1 litre of distilled water and adjusted to pH 5.6.

Fermentations were conducted in PY medium or freshly

prepared 16° Plato brewer's wort prepared from barley

malt23, supplemented with high maltose syrup (Casco Inc.,

Toronto, Canada).










