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ANTHONY H. ROSE MEMORIAL LECTURE

THE INS AND OUTS OF THE YEAST PLASMA MEMBRANE*

BY ALAN E. WHEALS

{ School of Biology and Biochemistry, South Building, University of Bath, Bath BA2 74Y)

The last three pieces of research associated with the late Anthony H. Rose, Professor of Microbiology
at the University of Bath, are reviewed. The second messenger cyclic AMP was shown to vary up to
70-fold in concentration during the growth of batch cuitures of Saccharomyces cerevisiae with
different media. It seems to have a role in transducing information on actual levels of extracellular
residual carbon source as well as entry into stationary phase. Another second messenger pathway,
involving hydrolysis of phosphatidylinositol bisphosphate, was shown not to be glucose-stimulated as
previously thought. Inositol trisphosphate kinase activity was detected but both the existence of the
complete pathway and its role were unclear. The yeast Kluyveromyces marxianus isolated from cocoa
fermentations was shown to produce abundant and almost pure endo-polygalacturonase in a
constitutive manner. Some strains of Saccharomyces cerevigiae also secrete this pectinolytic enzyme.
All three projects relate to the central role of membranes in regulating transport of either sensory
information or molecules in and out of cells, a key focus of his research for thirty years.
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INTRODUCTION

Anthony H. Rose died suddenly in June 1993, just six months
before retiring from his position as Professor of Microbiology
at the University of Bath. He was still active in research but
was winding down his activities in both fundamental and
applied aspects of yeast biology. He was maintaining a busy
schedule of editing for Advances in Microbial Physiology,
which he had edited from the start. He was also working on
the sixth and final volume of The Yeasts which eventually
appeared in 1995'%, He was planning to write a single volume
on yeasts, a task few others are equipped to write, but this
project will now never materialise.

This article reports the last collaborative work with me and
others. None of the projects were directly related to brewing
per se but all show his continued interest in aspects of mem-
brane physiology right up to the end. These three projects have
as their linking theme the role of membranes in controlling
entry and exit of organic molecules to cells, and in sensing and
transducing information from the environment to the interior
of the cell. Tony Rose always emphasised the role of mem-
branes in the brewing process because they were at the primary
interface between the medium and the biology of the cell, He
strongly believed that all knowledge of the multifarious roles
of membranes would eventually find useful industrial appli-
cations at some point in the future.

There are three separate accounts. The first is on cyclic AMP
in which he acted as a kind of advisor to Dr J. R. (Dick)
Dickinson (University of Wales, College of Cardiff) and A. E.
Wheals with research student Maxine Smith. Since cAMP is
crucial as an indicator of cell growth, entry into stationary
phase and as a cell cycle determinant, it could provide an
additional parameter to be measured to estimate cell vitality.

The second report is on phosphatidylinositol (PI) metabo-
lism and its role in cell signalling, a joint research project
between Tony, Dick and myself, with research officer Kevin
Robinson. Although the aim was to clarify the existence and
role of a Pl-based signal transduction system, both aspects
proved recalcitrant to analysis and Pl metabolism remains
puzzling and opaque. Tony published an early paper on Pl

*An abbreviated form of this article was given to the Institute of
Brewing at Oxford in November 1994.

metabolism with Bob Michell before the pathway was
famous?®,

Finally there is a summary on the properties and secretion
of the pectinolytic enzyme endo-B-polygalacturonase by the
yeast Kluyveromyces marxianus, work of his last PhD student,
Rosane Schwan, who completed her studies under the
guidance of Dr Richard Cooper and A. E. Wheals in 1994,
This enzyme is secreted by a number of yeasts including strains
of Saccharomyces cerevisiae. The unpurified enzyme from
Aspergillus spp. is used in the wine, cider and fruit juice
industries for clarifying beverages. It is clear that this yeast
could provide a cheaper source of enzyme either purified or as
growing culture especially since K. marxianus is one of that
small band of micro-organisms that is Generally Regarded As
Safe (GRAS).

THE INTRACELLULAR SECOND MESSENGER 3',5"-CYCLIC
ADENOSINE MONOPHOSPHATE (CYCLIC AMP OR CAMP)

The key physiological mechanism that senses that conditions
are suitable for growth and proliferation for the yeast
Saccharomyces cerevisiae is thought to be the RAS/CAMP
system which has been well characterised since 1982!7. In
outline, a membrane-associated protein (the CDC25 gene
product) is involved in sensing external glucose concentration
acting as a GDP-GTP exchange factor positively transmitting
information to a Rasl/Ras2 G-protein system. This in turn
activates adenylate cyclase causing an increase in the level of
the ubiquitous second messenger CAMP. The principal identi-
fied role of cAMP is to combine with the regulatory subunit of
cAMP-dependent protein kinase (protein kinase A, PKA) thus
activating the PKA catalytic subunit. PKA is thought to
phosphorylate a number of target proteins which are involved
in growth and proliferation such as glycolytic enzymes and
proteins involved in protein synthesis, and the organisation of
the cytoskeleton.

A working hypothesis for the role of cAMP is as a bio-
chemical switch whose concentration will control directly the
entry into, and exit from, stationary phase. The two alternative
states, growth having high intracellular cAMP concentrations
and stationary phase having low cAMP concentrations, are
thus seen as mutually exclusive population conditions. How-
ever, this has not been established unequivocally because of
(i) the difficulty of assessing the potential proliferative status
of non-growing cells, (ii) the existence of an alternative by-pass
pathway, and (iii) the discovery of increasing numbers of genes
in the pathway whose gene products affect cAMP concen-
tration.












