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‘Transport of L-glutamic acid into the fission yeast Schlzasm'hamn_ms pambe grown to the early stationary phase

and preincubated for 60 min with 1% p-gh is

1 and is

iated by a single aphill

transport system with a Ky of 170 M and J,.,, of 4.8 nmol min~' (mg dry wt.) ~'. The system proved to be rather
non-specific since all the amino acids transported into the cells acted as potent competitive inhibitors. It has a pH

acid is highest at a suspension density of 0.6-1.0 mg dry

The system

and its activity decays after washing the celis with

a serine protei inhibitor. The b

with a half-tisie of 24 min in a reaction

optimum at 3.0-4.0, the ratio of v

wt. per ml and d with i ing L- acid in the
present in the cells after prei; with p-gl is

water or after ing the ki with cycloh ik
significantly by phenylmethylsulfony) fluorid

protein to be je by i N

Intreduction

Transport of amino acids in lower eukaryotes in-
cluding yeasts is an active and practically unidirectional
process. Probably all these vrganisms possess two types
of transport system for amino acids: those that are
specific for one or a few structurally related amino
acids and a general system which is shared by most
amino acids (see Ref. 1 for review).

C d to S¢ where amino
acid transpon is effected by approxlmately sixteen sys-
tems with different specificities, our k ledge of anal-

is of the

is absent in cells grown on ammonium ions as the soie
nitrogen source. (iii) A system specific for most of the
neutral but not the basic and/or acidic amino acids [6].
(iv) The general amino acid transport system assumed
to exlst on the basis of compenuve inhibition of L-
t by histidine and 1-
glutamic acnd. Its activity is apparently completely lost
in the phol mutant with highly reduced acid phos-
phatase activity [4].
We report here on the kinetic characterization of
L-glutamm acid transport in the wild-type strain of

ogous systems of Schizosaccharomyces pombe lags be-
hind. Only limited data are available, suggesting the
existence of perhaps four different amino acid trans-
port systems [2]. (i) A high-affinity svstem specific for
basic amino acids, viz. L-argmme, L-histidine, - and
r-lysine, L-ornithine and L- ing in the

es pombe 972h ™.
Materials and Methods

Schizosaccharomyces pombe 972h~ was grown in a
YPD medium containing 1% yeast extract, 1% bac-

wild-type strain with either ammonium ions or L-
glutamic acid as the nitrogen source during growth
[3-5), lts activity is much reduced in the mutam canl
isolated as a rcsistant to

analogue [3). (ii) The L-; arglmnc-speclﬂc systcm which
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and 1% p-glucose at pH 4.5. The culture (50
ml) was placed in a reciprocal shaker at 29°C. Cells
from the early stationary growth phase (26-28 h) were
harvested by centrifugation, washed twice with distilled
water and suspended in distilled water to a density of
5-8 mg dry wt./ml.

Preincubation of the cells with energy donors and
measurement of the amino acid transport activity were
carried out as described previously {5] using membrane
filtration and liquid scintillation counting.
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All transport experimenis were done at least in
triplicate. The initial rates of uptake were estimated
from the linear parts of the curves (generally up to 2
min). The K¢ and J_,, values were esti d from

regardless Jf the growth phase. Cells must be preincu-
bated with an appropriate source of energy to be able
to transpon them [4-6] The stimulatory effects of such

1-gl ic acid activity

reciprocal plots and the mean values and deviations
from 16 separate experiments were calculated. In-
hibitor constants were calculated from the formula

Ki=i/(Ky/Kz=1)

where i is the inhibitor concentration and K, and K;

are the ‘half- ion’ in the p and
ly, of the inhibi
Cyclohexnmdc was from Fluka, Swnzerland d|ethyl-
stilbestrol, ph hylsulfonyl I

phenol, N.N -dlcyclohexvlcarbodnmlde and carbonyl
cyanide hi were h
from Sigma, FRG. Yeast extract and bactopeptone
were from Difco, USA. All other chemicals were from
focal commertial sources and were of the highest pu-
L{U-"“C]Glutamate (4 MBq mi~’, 8800 MBq
mmol ') was ob d from the Institute for R h
Production and Uses of Radioisotopes, CSFR.

Results

Conditions of preincubation
During growth on YPD media no transport of basic
and neutral amino acids is measurable in S. pombe

(Table 1) closely resembled those found earlier for
1-leucine and L-lysine uptake, both as to the energy
sources stimulating the transport (except for p-maltose
which was ineffective here) and as to its suppressibility
by ammonium ions and by cycloheximide, but not by
henicol. Taken together, these data are in
accordance with the view that the stimulation of L-
glutamic acid uptake by certain enersy sources is asso-
ciated with lic, but not dria! protein
hesis of the iate Since
the rate of L-glutamic acid uptake by the glucose-pre-
treated cells depends on the growth phase at which the
celis were harvested, peaking at 15 h of growth and
attaining constant value as the stationary phase was
hed (7], all the i were carried out with
ionary cells after p with an appropriate
energy source.

Factors affecting transport protein synthesis
lt‘ cyc|ohexnm|de was added to the cell suspension
b with 1% p-gl for 60 min, L-glutamic
acid transport activity decreased with a half-time of 20
min (Fig. 1A). The loss of activity was fully protected
by phenylmethylsulfonyl fluoride (PMSF) during the
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Fig. 1. L—Glulamw acid transport uhvny in cells preincubated for 60 min with 1% glucose and further incubated (slmms at time zero) with 0.4
mM .

(O) or with

plus 2 mM PMSF (a; A), Lineweaver-Burk plot of L-glutamic acid transpo:t in cells preincubated

with 1% glucose as in (A) and further incubated with cycloheximide for 1 min (®) or 30 min (a; B). Jn, initial ratc of transport in nmo! min ™'
(mg dry wt.)~!; S;, L-glutamic acid concentration in wmol 17",



TABLE 1

Initial rate of 50 uM 1-glutamic acid transport into cells preincubated
for 60 min with different energy sources

The inhibitors and nitrogen sources were added to the suspension 30
min before labelled L-glutamic acid. The values shown are the means
of five separate experiments.

Substrate Concentration  Initial
rate of
transport
(%)

Glucose 1% 100

Fructose 1%

Sucrose 1% 80

Ethanol, galactose, treha-

tose, maltose, a-methylglu-
coside, or none 1% [
Glucose +cycloheximide 1% +04 mM 63

Glucose +chloramphenicol
Glucose + ammonium ions

1%+20mM 103
1% +4.0mM 25

Glucose +cycloheximide + PMSF 1% +0.4 mM
+2mM 0

Glucose + ammonium ions+PMSF 1% +4.0 mM
+2mM 93

Glucose + PMSF
Glucose + proline

1%+2.0mM 98
1% +1 mM 104
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first 20 min of incubation and then a similar decline of
activity was observed, probably due to fast hydrolysis of
PMSF. Since in cells treated with cycloheximide de-
crease of the maximum rate of vL-glutamic acid uptake
Jonax Without Ko change may be observed (Fig. 1B),

lysis of the cor protein ap-
pears to be the most probable explanation of such
results.

In S. pombe preincubated with p-glucose ammo-
nium ions decrease the initial rates of uptake of basic
[5,8] and of ‘hydrophobic’ [6] amino acid transport
mediated by at least two different systems to a consid-
erable extent, this decrease being largely prcvemeo by
PMSF. M the ium ions
Ky value of vL-lysine transport 4-fold, leaving the J,.,,
of uptake practically unchanged while PMSF neutral-
ized their influence [8).

When analogous experiments were carried out with
L ic acid t, the following data were ob-
tained. (i) If the ammonium ions and 1% b-glucose
were added simultaneously at time zero of the preincu-
bation period, nc iransport activity was measurable
after 60 min. But when the ammonium ions were

G cose +allantoin Hriom  x added after ‘triggering’ of the stimulation, the stimula-
' tion p ded for a certain time, giving rise to higher
a A NH, B
° +
w b
1,
3p /,K
2 b
1 /
T ] 1 I 'l
0 10 20 30 4 50 60 70 80 90 s 1 15 20
min Y Soue

Fig. 2. Time course of L-glutamic acid (S0 wmol 1) “inhibition' by 4 mM ammonium ions added at different times of the preincubation period

{A). The initial transport rate after 60 min of preincubation with 1% glucuse is taken as 100%. Lineweaver-Burk plot of L-glutamic acid uptake in

cells preincubated with glucose for 30 min and further with ammonium ions for § min (e) or 30 min (). J,, is expressed in nmol min~* (mg dry
wt.)~; L-glutamic acid concentration range from 50 to 250 smol1-%.
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rate of uptake than at the time of inhibitor addition.
Addition of ammonium ions at a later time stopped the
stimulation more or less immediately and an exponen-
tial decrease in the initial rate of L-glutamic acid “rans-
port followed (Fig. 2A). (ii} The poor nitrogen sources,
c.gy urca, allantoin, or L-proline, do not influcnce the

effects of n-gl under anal condi-
tions. (iii) Ammonium ions decrease only the J,, of
L-glutamic acid transport, leaving its K, value un-
chznged (Fig. 2B). (iv) The decrease of L- glutamic acid

t by ions is pi d to a large
extent by PMSF (Tahle 1). Such rcsults appear to be
most d by ing that the ammo-

nium jons act as a ‘repressor’ of L-glutamic acid trans-
port protein synthesis and that the repression may be

| by its p l dation in a
prevented by PMSF. acting as a serine proteinase
inhibitor.

Kinetic analysis

The port of L- acid into gl P!
treated S. pombe was generally linear with time for at
least 2 min and aficr 18 tz 12 min the net enlrv
stopped at a constant value, higher at all L-gl

TABLE 11
Inhibition of the initial rate of entry of 50 uM r-glutamic acid by
amino acids at 10-fold higher concentration added simultaneously

The values shown are the means of at least three separate experi-
ments,

Amino acid Inhibition
(%)
Glycine 68
1-Alanine 62
1-Leucine 68
1-Isoleucine 61
1-Valine 64
1-Serine 68
1-Threonine 70
1-Asparagine 55
1-Glutamine 58
1-Proline 4
~Arginine 84
”
82
1-Aspartic acid 54
2-Aminoisobutyric acid 7
1-Tyrosine 66
1-Tryptophan 69
1-Phenylalanine 7
1-Methionine n
1-Cysicine il

acid concentrations used (0.02-2.5 mM) than the extra-
cellular value (data not shown).

The efflux of vL-glutamic acid (accumulated in 15
min from 50 pM) from cells was insignificant, regard-

Effect of pH
The transport of L-glutamic acid showed a pH opti-
mum at a pH 3.0-4.0 (Fig. 4), the value at which

less of whether the loaded cells were ded in L-gl ic acid exists in an electroneutral, zwitterionic
water, 1 (2,4-d resu bonyl form.
cyanide hi ), a t in-
hibitor (uranyl nitrate) or labelted L-gh ic acid hibition of 1-glt ic acid uptake
at relauvely hlgh concentration (0.5 mM). Several selected inhibitors were active on the initial
I plot of L-gl ic acid t was rate of L-glutamu: acld transpon (Table III). Sodium
d of a single with Ky d the intracellular ATP

of 170+ IS uM and maximum rate J,, of 4.8+ 1.7
nmol min~' (mg dry wt.)~'. The properties of this
transport systemn were now sludled in more detail.

Substrate specificity
The transport of 50 uM L-g} ic acid

level and thus, among other things, diminished the
efficiency of the plasma rnembrane H*-ATPase. Car-
bonyl cyanide hil and probabl;

also 2,4-dinitrophenol and sodium azide, short-cir-
cuited the ApH across the plasma membrane as well as
inner mnochondnal membrane and thus acted directly

in the presence of other amino acids at 10-times higher
concentrations (Table 1) clearly shows that, except of
L-proline and 2-aminoisobutyric acid, which are practi-
caily not transported by the wild-type strain of .
pombe below 1 mM [7), all the amino acids dlsplay a

on the ! difference at the
plasma membrane and at the energy-comemng inner

hondi i ay diethyl-
stilbestrol may be assumed to be an inhibition of plasma
membrane H*-ATPase. Also uranyl nitrate, a general
mhlbltor of ammo acnd and sugar transport in yeasts [9]

ial t The i

high degree of inhibition with respect to L-gl
acid uptake. The inhibition by all the Qlec(ed ammo
acids, e.g., by r-alani L L- L-
aspartic acid and v-arginine, was strictly competitive
(Flg 3) with K, ., of 400+ 13, K, of 273135,

Kime Of 132162, K, of 500£38, and K;,,, of
58429 uM, d ined from three experi-
ments.

ic acid uptake. All these
data taken together are thus in agreement with « view
that above all oxid bolism that provides en-
ergy for active L-glutamic acid transport.

ratio of 1-gl ic acid
Like with all actively transponed solutes, the accu-
lation ratio of L-gl ic acid d d with its
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Fig. 3. Lineweaver-Burk plot of 50 umol 17! L-glutamic acid uptake
in the presence of L-arginine (&), L-methionine (a), L-tyrosine (W),
t-alanine (02), and t-aspartic acid (#) at a concentration of 0.5 mmol
174, control (0).

TABLE 11t

Inibition of the imtial rate of SO pM L-glutamic acid uptake by
metabolic and transport inibitors added to the yeast suspension 1 min
before labelled L-glutamic acid

Inhibitor Conen. Inhibition
(M} (%)
24-Dinitrophenol 100 96
250 97
500 97
Sodium azide 10 1
50 44
100 n
500 93
Carbonyl cyanide

m-chlotaphenylhydrazone 10 a1
20 45
Diethylstitbestrol 100 39
200 68
N,N "Dicyclohexylcarbodiimide 20 12
50 1n
200 12
Sodium arsenate 2500 95
Uranyl nitrate 2500 89
5000 93

100 1

uw

3.0 4.0 5.0 6.0 7.0
PHoue
Fig. 4. Uptake of 50 pmol 1! 1-glutamic acid as 4 function of pH.
Uptake was measured at various pH values in 0.1 M phthalic
acid-triethanolamine buffer.

external concentration (Fig. 5), apparently due to local
depletion of the energy source at the carrier {10].
Moreover, Kotyk [11] and Kotyk and Michaljanicova
{12] described that suspension density plays a role in
the capacity of various transport (as well as metabolic)
events in yeasts. The v-glutamic acid transport system
is no exception. The lation ratio of L-gl I
acid showed a clear maximum at a cell density of
0.6-1.4 mg dry wt. per ml (Fig. 6), distinctly lower than

40 L
slnlsauz
30
20
10
. n s
1.5 2.0 2.5 3.0 3.5

iog S,
Fig. 5. Dependence of the accumulation ratio (S, /5,) of 1-glutamic
acid on its external concentration S, in wmol 17",
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Fig. 6. Dependence of the accumulation ratio of t-gltamic acid at
an initial concentration of 50 gmol 1=! on the density of yeast

suspension »1, in mg dry wt. per ml.

the ‘optimum’ density found for the accumulation of
r-lysine [S] and v-leucine [6] in S. pombe and of L-pro-
line in S. cerevisiae [11], respectively.

The transpori of L-glutamic acid in S, pomhe resem-
bles in many respects that of basic and neutral amino
acids in the same yeast spezies, mediated by two spe-
cific systems [5,6] in being unidirectional, active (these
features are also shared by most of the amino acid
transport systems of S. cerevisiae and of eukaryotlc

or whether they exist but are not detectable or func-
tional under our experimental conditions, remains to
be elucidated. The system characterized here appears
to be similar to, if not identical with, the system for
L-tyrosine transport in S. pombe competitively in-
hibitable by selected neutral, basic and acidic amino
acids with comparable K; values [4].

The present and earlier [5,6,8] studies on the influ-
ence of ammonium jons alone and in combination with
PMSF on amino acid transport in two yeast species, S.
pombe and S. cerevisiae led us to predict the existence
of at least three kinetically distinct regulatory mecha-
nisms they exert. According to the first mechanism,
based on the ability of ammonium ions alone (but not
in the presence of PMSF) to increase only the K
value of L-lyﬁme port ium fons inacti
the cor t protein by changing to a
less active form in a reaction, prevented by PMSF,
acting presumably here as a group-specific modifier of
its serine t yl groups. In when
expcnments were donc ith e basic amino acud

in §. ¢ ium ions d

the I,m value, Ieavmg the K values of L-lysine and

the d was not
prevented by PMSF. The decrease of J,,, without a
change of K, was also observed with vL-glutamic acid
transport in S. pombe but there the PMSF protected
the uptake system to a large extent. 1t is suggested that
the decrease of Ji,,, of amino acid transport mediated
by bolh systems may be due to a reduction of the
ations of the cor ling plasma

"

lly; see Ref. 1),

in the sense that its activity is measurable only in cells

d with an iate energy source regard-
less of the growth phase at which cells are harvested
for amino acid transport assays and highly sensitive to
proteolytic attack.

Our experiments disclosed at least two peculiar fea-
tures of the 1-glutamic acid transport system. The first
is its nonspecificity and relatively low affinity for all
substrates tested and the fact that it is composed of
only one kinetic component (at least in the range of
L-glutamic acid concentrations used, i.e. 0.02-2.5 mM).
The second lies in its mechanism of regulation at the
level of synthesis by ammonium jons both with and
without phenylmethyisulfonyl fluoride, a

by rep! of their
syntheses followed in the casc of L-glutamic acid trans-
port by a proteolytic attack of serine proteinase, inhib-
ited by PMSF. But since no proteinase has been iso-
lated and charactenzcd from S. pombe, lhe suggestlon
of p is still More-
over, the results do not exclude unambiguously the
possibility of ammonium ions acting as trans-inhibitors
or as competitors with amino acids for a common
source of energy for the active transport. The ability of
PMSF to protect the uptake system against the nega-
tive influence of ammonium ions has also been ob-
served with xanthine transport in S. pombe [20). But
here the data were interpreted in terms of a combina-

known to play dual role, actinig as a serine p

tion of i d by PMSF) and of repres-

h

inhibitor or as a group-specific modifier of serine
groups of proteins [13].

The finding of a single system for L-glutamic acid
transport across the S. pombe plasma membranc was
unexpected in the light of data on S. cerevisiae showing
that this amino acid may be e substrate of up to five
systems with different specificities and mechanisms of
regulation [14-19). Whether such differences are due
to the real absence of analogous systems in S. pombe

sion of the cor ding transport protein,
being resistant to the protective role of PMSF.
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