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Identification of two forms of the maltose transport system in Saccharomyces
cerevisiae and their regulation by catabolite inactivation
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The maltose transport system of Saccharomyces cerevisiae exists in two forms with K, values of approx. 4

mM and 70 mM, respectively. The ¥,

max

of the high-K,, form is about 4-fold greater than the ¥V, of the low

one. A rapid and irreversible inactivation of both forms is detected on protein synthesis impairment. This
inactivation is stimulated by the catabolism of fermentable sugars and prevented during ethanol catabolism. It
is concluded that both forms of the maltose transport system are regulated by catabolite inactivation.

A rapid and irreversible inactivation of the
sugar transport systems in Saccharomyces
cerevisiae has been detected on protein synthesis
impairment [1,2]. This inactivation has been attri-
buted to the rapid turnover of these carriers [1,2].
However, a detailed study on the glucose transport
system has shown that, in this case, inactivation is
due to a catabolite inactivation process [3]. In this
paper the nature of the inactivation of the maltose
transport system has been studied. For this pur-
pose, maltose uptake in maltose grown cells has
been measured under different experimental con-
ditions. Using a wide range of maltose concentra-
tions two forms of this transport system with
different affinity constants have been detected.
The results indicate that both forms are regulated
by a catabolite inactivation process in a similar
manner to the two components of the glucose
transport system [3].

The enzymes and nucleotides were from Sigma
Chemical Co. (St. Louis, MO). p-[U-'*C]Maltose
was from Radiochemical Center (Amersham, In-
ternational) (Amersham, U.K.). All other reagents
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were of analytical grade. Strain ATCC 42407 was
grown aerobically in enriched medium containing
0.3% (w/v) yeast extract with 2% (w/v) maltose as
carbon source. Flasks (2.5 litres) containing 250 ml
of medium were incubated at 30°C in a gyratory
shaker at 250 rpm. Composition of ammonium-free
medium was described in Ref. 4. Cell growth was
monitored by optical absorbance measurement at
640 nm or by dry weight determination. Total
proteins were determined as described in Ref. 5.
The activity of the maltose transport was mea-
sured as described in Ref. 6. Uptake was initiated
by addition of the labeled sugar.

Identification of two forms of the maltose trans-
port system with different affinity constants. It has
been reported that the maltose transport system
shows a K for maltose of about 4 mM [2,6]. This
value was calculated from uptake experiments in
which maltose was present at concentrations that
did not exceed 10 mM [2,6]. At this maltose con-
centration, the existence of an additional compo-
nent with greater K, value, as has been recently
described for the glucose transport system (K|,
about 50 mM) [3,7], would not have been detected.
Therefore, to check for the possible existence of
multiple forms of the maltose transport system
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with different K, values we studied the kinetics
of the maltose uptake using a wide range of sugar
concentrations (from 0.4 mM to 250 mM), and
plotted the results according to the Eadie-Hofstee
transformation [8,9]. This plot amplifies any devia-
tion from Michaelis-Menten kinetics and is recom-
mended for the detection of different components
in mixtures of isoenzymes [7,10]. The biphasic
kinetics observed (Fig. 1A) indicate that the
maltose transport system exists in, at least, two
forms whose apparent K, values are 4 mM and
70 mM, respectively. They also indicate that the
Vax Of the high-K _ form is about 4-fold greater
than the V. of the low-K  form (intersecting
points of the respective straight lines with the
ordinate-axis).

Inactivation of the two transport forms. It is
known that the low-K_, form of the maltose trans-
port system is inactivated upon protein synthesis
inhibition with cycloheximide [2]. We studied the
behaviour of the high-X, transport form and
found it to be also inactivated under these condi-
tions. As shown in Fig, 1, upon addition of cyclo-
heximide to maltose growing cells, the V. of the

two transport forms substantially decreased

A B C
= 12Re
'c
< .
<
€ 9oF - -
& [}
3 .\ :
=
T gle
3 §
S
g
- 3
£ ;
E ] N
> 9 L ! R nihdiin S

L
02 06 10 Q.2 06 0.2 06
V/S (mmol maltose - (g protein)™'«h~")

Fig. 1. Kinetic constants of the two forms of the maltose
transport system. Yeast cells were grown with 2% (w/v) maltose
and harvested during logarithmic growth. (A) Transport was
measured using D-{U-'#C)maltose at concentrations ranging
from 0.4 mM to 0.25 M. (B) Cells were transferred to fresh
complete medium containing 2% (w/v) maltose and 10 pg of
cycloheximide per ml. After incubation at 30°C for 105 min,
transport was measured as above. (C) Cells were transferred to
fresh complete medium containing 2% (w,/v) maltose and 2%
(w/v) glucose. After incubation at 30°C for 90 min, transport
was measured as above.
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whereas their K values remained constant (Fig.
1B). Similar results were obtained (Fig. 1C) when
synthesis of the maltose carrier was repressed by
glucose addition [11].
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Fig. 2. Characteristics of the inactivation of the two forms of
the maltose transport system. Yeast cells were grown with 2%
(w/v) maltose and harvested during logarithmic growth. They
were transferred to the initial volume of the following media:
(A) Fresh compiete medium containing 2% (w/v) maltose and
10 pg of cycloheximide per ml. (B) Ammonium-free medium
containing 2% (w/v) glucose. When indicated by arrows the
cells were harvested by centrifugation and suspended in:
o ® and a A, fresh complete medium with 2%
(w/v) maltose; O---O and a-—-a, fresh complete medium with
2% (w/v) maltose and 10 pg of cycloheximide per ml. (C)
Ammonium-free medium without a carbon source. (D) Am-
monium-free medium containing 2% (v/v) ethanol. When indi-
cated by arrows, glucose was added to 2% (w/v) final con-
centration. After incubation at 30°C the maltose transport was
measured at the indicated times using: O and ®, 4 mM
D-[U-"Clmaltose (0.5 mCi/mmol); a and a, 80 mM D[U-
*CJmaltose (0.1 mCi/mmol). Results of two experiments are
shown.
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Characteristics of the inactivation. The inactiva-
tion kinetics of the two transport forms were
studied separately using 4 mM and 80 mM maltose
as substrate. At 4 mM, about 70% of the total
sugar taken up would be transported by the low-X |
form whereas at 80 mM maltose about 70% would
be transported by the high-K, form. These values
are calculated by substituting the kinetic constants
of both forms (Fig. 1) in the Michaelis-Menten
equation. The results obtained indicate that the
two transport forms are inactivated at similar rates
following first-order kinetics (Fig. 2). In maltose or
glucose consuming cells, half-lives of about 1.3 h
for the two transport forms were observed (Figs.
2A and 2B). However, in cells deprived of a carbon
source half-lives as long as 6 h were calculated
(Fig. 2C) and still greater values (= 30 h) occurred
in ethanol consuming cells (Fig. 2D). In the later
case addition of glucose to the medium produced
immediate inactivation of both transport forms
(Fig. 2D). The activities were recovered after sus-
pension of the cells in a complete medium contain-
ing maltose as the carbon source whereas the
recovery did not occur when cycloheximide was
present in addition to maltose (Fig. 2B).

These results indicate that the two forms of the
maltose transport system are irreversibly in-
activated, the inactivation rates being dependent
on the nature of the carbon source present in the
medium. Indeed inactivation is stimulated during
the catabolism of fermentable substrates whereas

it is prevented during catabolism of a non-fermen-
table substrate such as ethanol. It can thus be
concluded that the two forms of the maltose trans-
port system in S. cerevisiae are regulated by a
catabolite inactivation process, as has been de-
scribed for the two components of the glucose
transport system [3].
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