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A STUDY OF VIABILITY AND TREHALOSE METABOLISM IN SACCHAROMYCES CEREVISIAE
VACUOLAR DEFICIENT MUTANT SKD2
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The vacuolar deficient mutant SKD2 and a closely related vacuole complete strain SKD1p~ were
studied to identify the cause of low trehalose accumulation in SKD2. The present work indicates that
low intracellular trehalose levels in SKD2 result from reduced activity of enzymes of the trehalose-6-
phosphate synthase/phosphatase complex rather than higher activity of trehalase in the cytosol caused
by supposed ineffective compartmentalisation of vacuolar acid trehalase. In vitro studies using crude
enzyme extracts from SKD2 and SKD1p- also suggested that loss of viability of SKD2 might result
from a fall in free phosphate levels as sugar phosphates accumulated.
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INTRODUCTION

A large proportion of micro-organisms in their natural environ-
ment exist in growth limiting conditions and the ability to
survive for long periods in a non-proliferating state has a high
selective pressure.® Many micro-organisms including Saccharo-
niyces cerevisiae are highly developed for the maintenance of
viability for long periods in the stationary phase, which has
been shown to be biochemically and physiologically distinct
from other growth phases.' Recent studies of the yeast cell
vacuole suggest that this organelle plays a role in the modified
cellular metabolism of yeast in stationary phase.*” The role of
the yeast cell vacuole in maintaining viability during entry into
the stationary phase was studied by Kida er al* using the
vacuolar deficient diploid SKD2 which was bred by mating sip
mutant haploids isolated by Kitamoto er al.* Loss of viability
in vacuolar deficient cells was found to correlate closely with
depletion of trehalose in the mutant which accumulates very
low levels of the storage carbohydrate compared with the
closely related wild-type SKD1p~.*14

Trehalose which together with glycogen serves as a reserve
store of carbohydrate, has recently been shown to function as a
membrane stabilising agent during adverse physiological con-
ditions. Studies using cells submitted to osmotic shock and heat
shock have shown accumulation of trehalose which seems to
form part of a general stress response.’

Intracellular levels of trehalose are controlled by the relative
activities of trehalose synthesising and hydrolysing enzymes.
Synthesis is facilitated by the trehalose-6-phosphate synthase/
phosphatase complex which synthesises trehalose-6-phosphate
(T-6-P) and uridine diphosphate (UDP) from glucose-6-
phosphate (G-6-P) and uridine diphosphoglucose (UDPG) and
then dephosphorylates T-6-P to trehalose and orthophosphate.!
Trehalose degradation occurs via two enzymes; neutral tre-
halase which is located in the cytosol and acid trehalase which
is located in the vacuole.

In the present works the cause of low trehalose accumulation
in SKD2 compared to SKD1p~ previously shown by Kida ez
al* was studied. The activity of acid and neutral trehalase over
the course of fermentation was examined to determine whether
failure in compartmentalisation of trehalase results in greater
trehalose degradation in the vacuolar mutant. The activity of
trehalose synthesising enzymes in SKD1p~ and SKD2 were
also examined. A link between orthophosphate levels and
trehalose metabolism is discussed together with possible causes

of the rapid loss of viability of SKD2 following depletion of
glucose from the fermentation medium.

MATERIALS AND METHODS

Yeast strains

SKDI1p~ is a respiratory deficient mutant produced from the
wild-type SKDI*. SKD2 is vacuolar deficient and a result res-
piratory deficient mutant prepared by mating vacuolar deficient
haploids* which were isolated by Kitamoto er al.*

Fermemation conditions

Yeast strains were maintained on yeast peptone dextrose
(YPD) agar slopes (20 g glucose, 20 g bacteriological peptone,
10 g yeast extract and 10 g bacteriological agar per litre at 4°C
and subcultured every 4 weeks. As required, veast from the
slopes was used for inoculation of a 250 ml conical flask (sealed
with foam bung) containing 50 ml of YPD medium which was
incubated with shaking at 25°C and 120 rpm for 24 h. Yeast was
collected by centrifugation and resuspended in 10 ml sterile
water under aseptic conditions. The main fermentation was
carried out using 100 ml of 5%-glucose YNBD medium (10 g
yeast nitrogen base w/o amino acids from Difco Laboratories
Inc., Detroit, Michigan, USA and 50 g glucose anhydrous from
Nacalai Tesuque, Kyoto per litre) in a 250 mi conical flask, fitted
with a fermentation lock. The flask was inoculated with the
preculture yeast suspension to give an initial cell population of
1x 107 cells/ml and incubated at 25°C for between 20 to 100 h.

Preparation of crude extract solution

Culture containing 2x 10? cells was centrifuged at 3000xg
for 5 min and the pellet washed using 0.12 M MOPS buffer
containing | mM benzamidine, 0.5 mM PMSF and | mM 2-
mercaptoethanol according 1o the procedure of Panek et al.”
Cells were transferred to a 2 ml graduated plastic vial in 1.25 ml
of the washing buffer and centrifuged at 10 000x g for | min.
The pellet was then resuspended to a total volume of 1 ml of
the same buffer and 0.5 mm glass beads were added until beads
and cell suspension entirely filled the tube and air was excluded.
The vial was transferred to an aluminium vial holder of the
mini-Beadbeater 8 (Biospec Products, Bartlesville, Oklahoma,
USA) which had previously been stored at —20°C. Cells were
disrupted by bead beating at the maximum speed setting for
three intervals of 5 min, each separated by a | min rest for
cooling. The disrupted cell suspension was removed from the
vial by pipette (fitted with a tapered Multiflex 0.5-200 pl tip)
and centrifuged at 10 000x g for 5 min. The supernatant was
used as the crude enzyme extract.
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Assay of acid trehalse

Crude extract was prepared from harvested yeast as described
above and 0.2 ml was combined with 0.4 ml 10 mM of MES
buffer containing 1 mM EDTA (pH 5.0) and 0.2 ml of this same
MES+EDTA buffer containing 2.5 mM trehalose. The reaction
mixture was incubated for 30 min at 30°C and the reaction was
stopped by heating in boiling water for 10 min. The inactivated
reaction mixture was then clarified by centrifugation at 10 000
x g for 5 min and trehalase activity was measured as amounts of
liberated glucose, detected by F-kit glucose (Boehringer
Mannheim, Germany) according to their protocol.

Assay of newtral trehalase

The procedure for assay of neutral trehalase was identical to
the assay of acid trehalase above, except that the pH buffer used
was a pH 7.0 PIPES buffer. In this case, 0.2 ml of crude extract
was combined with 0.4 ml of 50 mM PIPES buffer containing
2.5 mM CaCl; (pH 7.0) and 0.2 ml of the same buffer contain-
ing 2.5 mM of trehalose.

Analvsis of trehalose-6-phosphate synthase

A procedure for examination of T-6-P synthase was developed
by modification of existing techniques by Panek er al® and
Vandercammen e al.'? Crude enzyme extract solution (0.1 ml)
was incubated with 0.05ml of a buffer containing 60 mM
MOPS (pH 6.8), 9.7 mM G-6-P, 5.5 mM UDPG and 12 mM
MgCl1: for 15 min at 37°C and then heated at 95°C for 10 min
to inactivate enzymes in the reaction mixture. Following incu-
bation, the reaction mixture was diluted 1:10 with deionized
water, centrifuged at 10 000xg for 5 min and the supernatant
filtered (0.45 um) prior to analysis of phosphate and sugar
phosphates by Dionex HPLC. Analysis by HPLC was used to
measure the consumption of glucose-6-phosphate and the pro-
duction of trehalose-6-phosphate, fructose-6-phosphate and
phosphate during incubation of the reaction mixture. HPLC
conditions: mobile phase—27 ml of 0.1 M Na>COs and 3 ml of
0.1 M NaHCO; made up to 1 litre with deionized water; flow
rate—1.5 ml/min. The separation was carried out using a
Dionex lonPac ASI12A 4 mm (10-32) column. A series of
reaction buffers were also used as controls to detect the contri-
bution of parallel reactions to the production of phosphate and
trehalose-6-phosphate, these controls were: buffer only+crude
extract, buffer+G-6-P+crude extract and buffer+ UDPG+
crude extract.

Measurement of intracellular trehalose and orthophosphate

A sample of fermentation medium containing 30 mg of yeast
(dry weight) was filtered (cellulose nitrate, 0.45 um, 47 mm,
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FiG. 1. Changes in cell viability, accumulation of trehalose and
trehalase activity during fermentation of 5%-glucose YNBD
medium by SKDIlp~-incubated at 25°C and 100 rpm. O, propor-
tion of dead cells; <, trehalose content: @, activity of acid
trehalase: A . activity of neutral trehalase.
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Advantec, Japan) and then washed with 50 ml of deionized
water. The filtered yeast was transferred to a boiling tube,
boiled for 1 h, then centrifuged. After centrifugation the super-
natant was clarified by membrane filtration (0.45 um) and
analysis of trehalose was carried out by HPLC. The HPLC
analysis used degassed, deionized water as the carrier solvent
pumped at 0.5 ml/min by a Shimadzu LC-3A pumping unit.
Separation was carried out on a Shodex sugar SC1821 column
maintained at 80°C by a Shimadzu column oven CTO-2A. The
detector and integrator were Jasco RID-300 and Shimadzu C-
R6A respectively.

In the case of phosphate analysis the boiling time was 15
minutes and the sample was centrifuged and filtered in the same
manner as the trehalose sample. Orthophosphate was analysed
by Dionex HPLC as previously described.

Cell counts were taken at each sampling time (Thoma
counting chamber, Tokyo) and viability was measured by
methylene blue staining.'!

RESULTS AND DiscussioN

Examination of the influence of the vacuolar deficient muation
on the activity of acid and newtral trehalase

The vacuolar deficient haploids, which were mated to form
the diploid SKD2, carry the slp (small lysine pool) mutation
selected for by Kitamoto er al.> have been studied extensively
and a number of phenotypic differences have been identified.
The complex phenotype including respiratory deficiency is
produced by a defect in the SLP gene which is thought to
encode a protein involved in vacuolar protein sorting. Defective
protein sorting would explain why in SKD2 proteins normally
located in the vacuole in wild-type cells are located in the
cytosol. The mutant also shows location of tonoplast proteins
in the plasma. A possibility was considered that vacuolar
trehalase that is directed to the vacuole in the late exponential
and stationary phase would be ineffectively compartmentalised
in SKD?2 resulting in higher cytosolic trehalase activity, leading
to the lower level of trehalose accumulation in SKD2 compared
to SKDIp~.

A comparison of the levels of acid trehalase and neutral
trehalase in SKD1p~ and SKD2 revealed significantly higher
activity of both trehalases in the wild-type strain than vacuole
deficient mutant throughout the fermentation (Figs 1 and 2).

Activity of the trehalose-6-phosphate synthetase complex

Since the data presented in Figures | and 2 gave no indi-
cation of higher trehalase activity in the mutant SKD2
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Fi16.2. Changes in cell viability, accumulation of trechalose and

trehalase activity during fermentation of 5%-glucose YNBD
medium by SKD2 incubated at 25°C and 100 rpm. Symbols are the
same as described in FiG. 1.









