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Summary 

1. L-[14C]Leucine transport into Saccharomyces  cerevisiae involves a high- 
affinity, low-velocity system (system 1) and a low-affinity, high-velocity system 
(system 2). These systems are characterized by the different values of the kine- 
tic parameters K T and Jmax, and are both capable of concentrative transport. 
The general amino acid permease is assumed to be a part of the high-affinity 
system. 

2. The kinetics Of L-[14C]leucine entrance show an initial rapid phase (the 
'very early uptake') before reaching the steady-state rate. The contribution of 
the very early uptake to total entrance values affects the values of KT and Jm~, 
especially when the steady-state rate is relatively slow, as with starved yeast, 
and then negative K T and Jmax values may result. The very early uptake is 
increased by pretreatment of starved yeast with D-glucose, this latter effect 
being counteracted by iodoacetate. 

3. After energization of starved yeast by pretreatment with D-glucose or 
propionaldehyde, the apparent KT, 2 value greatly decreases whilst the KT, 1 
value decreases to a much more limited extent, or does not vary. With the ener- 
gized yeast, KT, 2 decreases throughout incubation whilst KT, 1 variation is insig- 
nificant. Energization increases Jm~,l  and Jm~,2 several-fold and with the 
energized yeast at the steady-state phase, Jm~,2 ~ 4Jmax,l" Variation of K T and 
Jm~ values as a function of the metabolic state of yeast cells may be explained 

* Paper III  in the series: Amino acid uptake by yeasts. 
Abbreviations: DCCD, dicyelohexylcarbodHrn~de; CCCP, cszbonylcy~ide 3-chlorophenylhyd~azone; 
FCCP, earbonylcyanide 4-trlfluoromethoxyphenylhydrazone. 
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in terms of variation of  rate constants k-z, k,l and k,2 for each transport  sys- 
tem. 

4. Dicyclohexylcarbodiimide, quercetin and diethylstilbestrol inhibit tran- 
sport at 0.05 mM L-[~4C]leucine, in good agreement with a function of the 
plasmalemma ATPase for the operation of  system 1. Dio-9, propionic and iso- 
butyric acids, pentachlorophenol,  carbonylcyanide 3~hlorophenylhydrazone 
and carbonylcyanide 4-trifluoromethoxyphenylhydrazone, which affect the 
proton gradient and/or the membrane potential inhibit L-[~4C]leucine uptake 
at all the assayed amino acid concentrations. 

5. The polyene antibiotic, nystatin, which forms channels in membranes 
permeable to K ÷ and H ÷, inhibits systems 1 and 2 activity but enniatin (also a 
K + ionophore) does not. 

Introduct ion 

The occurrence of  multiple transport components  for the accumulation of 
amino acids has been observed in yeast and fungi [1--16]. Ramos and coworkers 
[10,11] described in Saccharomyces ellipsoideus two kinetic systems for tran- 
sport of L-[14C]leucine, one with high affinity and low transport activity and 
the other with low affinity and high transport activity. The kinetic parameters, 
K T and V, of these systems were dependent  on the energization state of  the 
yeast cells and it was suggested that  the high-affinity system involves the 
general amino acid 'permease' [10,11] *. 

It is generally accepted [16] that  the uptake of  amino acids by yeasts may 
be energized by the influx of protons across the plasmalemma. The resulting 
influx of positive charge is neutralized by ejection of protons from the cell 
interior, protons being expelled by the proton pump,  in which the plasmalem- 
ma ATPase [17--19] may play an essential role [16,20]. There is evidence in 
Neurospora [16] that  the plasmalemma ATPase is involved in amino acid tran- 
sport and protonophores inhibit amino acid absorption by yeasts [10--12,16, 
21--23], an inhibition that  fits in well with the idea of the essential function 
played by the proton gradient in transport processes. However, coupling of 
metabolic energy and transport across the cell membrane is less documented in 
yeasts than in other microorganisms, and the biological mechanisms for the 
generation of an electrochemical potential across the yeasts' plasmalemma are 
still unknown [16]. 

In order to extend our previous observations on energy coupling in amino 
acid transport in Saccharomyces [10,11,21,22], in the present study with 
Saccharomyces cerevisiae, the kinetics of L-[~4C]leucine transport have been 
examined with regard to (a) variation of intracellular levels of metabolic energy 
and proton concentration, (b) the effect of inhibitors of the plasmalemma 
ATPase, (c) the effect of proton conductors, and (d) the effect of ionic channel 
formation in the cell membrane.  

* In  p a p e r  II o f  t h i s  wr i e s ,  L - [ 1 4 C ] l e u c i n e  t r a n s p o r t  s y s t e m s  w e r e  t e r m e d  s y s t e m s  A a n d  B. In  order  to  
avo id  c o n f u s i o n  w i t h  s e c o n d a r y  k i n e t i c  p a r a m e t e r s  t h o s e  s y s t e m s  a re  n o w  t e r m e d  s y s t e m  1 and  sys-  
t e m  2.  
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Materials and Methods 

The yeasts employed were S. cerevisiae, diploid, strain 207 wild type; the 
cytop!~smic rho- mutant ,  'petite colonie', and S. cerevisiae var. ellipsoideus, 
strain 208, wild type. 'Starved' yeast means that  before incubation the yeast 
was suspended in distilled water and aspirated with air for 18--20 h at 20-- 
25°C under sterile conditions. 'Energized' yeast means starved yeast pretreated 
with 5 mM D~lucose or 5 mM propionaldehyde, in 20 mM phthalate buffer 
(pH 4.5), for 10--15 rain before L-[14C]leucine addition. Characteristic features 
of yeasts and culture conditions were as described earlier [10,11,22,24]. 

Diethylstilbestrol, iodoacetic acid and quercetin (Sigma Chemical Company, 
St. Louis, MO), DCCD (Koch and Light Co., Colnbrook, U.K.), pentachloro- 
phenol (K and K Laboratories, Plainview, NY), Dio-9 (Gist-Brocades N.V., 
Delft, The Netherlands), propionic acid (Baker Analyzed Reagent) and dime- 
thylformamide (E. Merck, Darmstad t )were  purchased from the sources indi- 
cated in parentheses. Enniatin was supplied by Dr. Yu. A. Ovchinnikov 
(U.S.S.R. Academy of Sciences, Moscow, U.S.S.R.) and nystatin, by E.R. 
Squibb and Sons (Argentina). CCCP and FCCP were supplied by Dr. P.G. 
Heytler (E. Dupont  de Nemours, Wilmington, DE). Isobutyric acid was a redis- 
tilled sample (b.p. 153-155°C).  Other reagents were as described earlier [10, 
11~22,24]. 

Incubation techniques and assay of  radioactive samples. The kinetics of 
L-['4C]leucine uptake were carried out  at 30°C, in a New Brunswick Gyratory 
Water Shaker (Model T-76). The incubation mixture (2--5 ml) contained yeast 
(2 mg/ml),  20 mM potassium phthalate buffer (pH 4.5) and additions as speci- 
fied in each case (standard experimental conditions). Inhibitors were added in 
the solvent indicated in each case. Control samples were added to the corre- 
sponding volume of pure solvent. Other experimental conditions were as 
described in Refs. 10, 11, 22 and 24. 

Analytical methods. Assay of  radioactive samples was performed after ill- 
tration of incubation mixtures through a Mfllipore filter 25 ea, HA 0.45 ~m 
(method A in Ref: 22). Intracellulsr amino acid concentration was determined 
using a Technicon Amino acid Analyzer (type I) as described by Spackrnan et 
al. [25]. Other experimental conditions were as described earlier [10,11,2~2, 
24]. 

Expression o f  results. Unless otherwise stated, uptake of L-[~4C]leucine by 
yeast is expressed as pxnol/g cells (dry weight). The concentration of yeast sus- 
pensions is expressed by the weight after drying at 104°C for 24 h. The water 
content  of  the cells is assumed to be 60% of the wet weight [2]. 

Remits 

Kinetics o f  L-[14C] leucine uptake 
Knowledge of very early events is essential for understanding the kinetics of 

L-[14C]leucine uptake. Fig. 1 shows a typical representation of L-[14C]leucine 
entrance into starved S. cerevisiae as a function of incubation ~me and amino 
acid concentration. It is to be seen that  at short incubation periods the kinetics 
involves two phases which will be termed the ~ery early' and the 'steady-state' 
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Fig.  1. K i n e t i c s  o f  L - [ 1 4 C ] l e u c i n e  e n t r a n c e  i n t o  s t a rved  y e a s t .  Cel ls  w e r e  s u s p e n d e d  in  2 0  m M  p h t h a l a t e  
b u f f e r  ( p H  4 .5 )  e o n t e / n i n g  L - [ 2 4 C ] l e u c i n e  a t  c o n c e n t r a t i o n s  ( r aM)  as i n d i c a t e d  b y  the  f igu res  in  p a r e n -  
theses .  A t  t h e  t i m e s  i n d i c a t e d  o n  t h e  absc i ssa ,  s a m p l e s  w e r e  t a k e n  a n d  i n t e r n a l  r ad ioae t i v i t i e s  w e r e  m e a -  
su red .  O t h e r  c o n d i t i o n s  as  in  Ma te r i a l s  a n d  M e t h o d s .  

phase, respectively. Extrapolation of  straight lines to zero time (To) allows one 
to calculate the very early uptake value. These values increased with the amino 
acid concentration and with 5.1 mM L-[14C]leucine, the very early uptake 
represented 45% of  total L-[14C]leucine entrance after 4.5 min incubation 
(Fig. 1). Table I shows that the very early uptake is an energy-dependent pro- 
cess. In fact, preincubation with D-glucose significantly enhanced L-[14C]leu - 
cine entrance in the 0--10 s incubation period, whilst addition of  iodoacetate 
to the preincubation mixture prevented the effect of  D-glucose. 

T A B L E  I 

E N E R G Y  R E Q U I R E M E N T  F O R  T H E  V E R Y  E A R L Y  U P T A K E  O F  L - [ 1 4 C ] L E U C I N E  BY S. C E R E .  
V I S I A E  

S t a r v e d  cel ls  w e r e  s u s p e n d e d  in  2 0  m M  p h t h a l a t e  b u f f e r  ( p H  4 . 5 ) .  1 .0  m M  L - [ 1 4 C ] l e u c i n e  w a s  a d d e d  a t  
TO; 5 m M  D-g lucose  a n d  1 m M  i o d o a c e t e t e  w e r e  a d d e d  a t  T o ~ 1 5  m l n .  Wi th  ° o l a n k '  s a m p l e s ,  t h e  y e a s t  
s u s p e n s i o n  w a s  f i l t e r e d  t h r o u g h  a Ml l l lpore  f i l t e r ,  L - [ 1 4 C ] l e u c l n e  s o l u t i o n  w a s  l a y e r e d  o n  t o p  o f  t h e  c a k e  
a n d  s u c k e d  t h r o u g h  i m m e d i a t e l y .  T h e  y e a s t  w a s  t h e n  w a s h e d  w i t h  2 0  m M  p h t h a l a t e  b u f f e r  ( p H  4 . 5 )  a n d  
L - [ 1 4 C ] l e u e i n e  e n t r a n c e  w a s  m e a s u r e d .  O t h e r  c o n d i t i o n s  as  i n  Ma te r i a l s  a n d  M e t h o d s .  

Y e a s t  A d d i t i o n s  L - [ 1 4 C ] L e u e i n e  u p t a k e  ( # m o l / g  cells)  

B l a n k  T O T 0 +  5 s  T 0 + 1 0 s  

Wild t y p e  D - g l u c o s e  3 . 5 0  3 . 4 2  3 . 5 9  - -  
n o n e  0 . 3 1  0 . 4 8  0 . 5 4  - -  

R h o -  m u t a n t  D-g lucose  1 . 7 9  1 .71  - -  2 . 2 0  
D-g lucose  + i o d o a e e t a t e  0 . 9 8  1 . 1 6  - -  1 . 1 0  
n o n e  0 .9  9 0 .9  7 - -  0 .7  2 
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Fig.  2. (a)  E f f e c t  o f  p r e i n c u b a t i o n  w i t h  D - g l u c o l e  o n  L - [ 1 4 C ] l e u c i n e  e n t r a n c e .  S t a r v e d  cel ls  we re  
s u s p e n d e d  in  2 0  m M  p h t h a l a t e  b u f f e r  ( p H  4 . 5 )  a n d  0 .1  m M  L - [ 1 4 C ] l e u c t n e  w a s  a d d e d  a t  T 0. v ,  c o n t r o l  
s a m p l e ;  P,  ce l ls  p r e i n e u b a t e d  w i t h  D-g lucose  f o r  I 0  r a i n  b e f o r e  T O (e,m,A) o t h e r w i s e ,  D 1 1 u c o s e  w a s  a d d e d  
a t  T O (o z~); D-g lucose  c o n c e n t r a t i o n  is i n d i c a t e d  b y  t h e  f i gu re s  in  p a r e n t h e s e s  ( raM) .  A t  t he  t i m e s  indi -  
c a t e d  o n  t h e  abseisea ,  s a m p l e s  w e r e  t a k e n  a n d  i n t e r n a l  r a d l o a e t i v i t i e s  w e r e  m e m m r e d .  Inse t :  s a m e  c o n d i -  
t i ons ,  e x c e p t  f o r  1 . 0  m M  L - [ 1 4 C ] l e u c i n e .  (b )  E f f e c t  o f  t i m e  o f  p z e i n e u b a t i o n  w i t h  D-g lucose  o n  t h e  r a t e  
o f  L - [ 1 4 C ] l e u c l n e  e n t r a n c e .  Cel ls  w e r e  p r e i n c u b a t e d  w i t h  5 .0  m M  D-g lucose  f o r  t h e  t i m e  i n d i c a t e d  o n  t h e  
absc i s sa  a n d  t h e n  L - [ 1 4 C ] l e u e i n e  w a s  a d d e d  ( a t  T0 ) ,  a t  t h e  c o n c e n t r a t i o n s  i n d / e a t e d  b y  the  f / . , ,~es  in  
p a r e n t h e s e s .  • a n d  o,  s a m p l e s  i n c u b a t e d  w i t h  L - [ 1 4 C ] l e u c i n e  f o r  5 o r  1 .5  r a i n  a f t e r  TO, r e s p e c t / r e l y .  
O t h e r  c o n d i t i o n s  as  in  Ma te r i a l s  a n d  M e t h o d s .  

In order to establish optimal conditions for kinetic studies, the effect of  the 
energy load of  the yeast cells on the rate of  L-[14C]leucine entrance was 
examined. Fig. 2a shows that preincubation of yeast with D-glucose increased 
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L-[14C]leucine entrance rate as a function of D-glucose concentration. With the 
energized yeast, the kinetics of L-[i4C]leucine entrance were linear and the 
contribution of the very early uptake to total uptake was relatively small. Since 
displacement of intracellular L-[~4C]leucine was negligible [10,11,22], it may 
be assumed that entrance values measured the amino acid influx across the 
yeast cell plasmalemma. It can be seen from Fig. 2a that 0.5 and 50 mM 
D-glucose activated uptake less than 5 mM D-glucose and accordingly, this 
latter concentration was subsequently used to energize yeasts when D-glucose 
was the energy source. Similar results were obtained with 1.0 mM L-[~4C]leu - 
cine, although at this concentration the very early uptake effect was greater 
than at 0.1 mM L-[i4C]leucine (Fig. 2a, inset). Fig. 2b shows that the rate of 
L-[~"C]leucine uptake increased lineally as a function of time of preincubation 
with D-glucose, in accordance with the metabolic nature of the D-glucose 
effect. 

Characterization o f  L-[~4C]leucine transport systems 
The uptake kinetics for L-[14C]leucine transport show a deviation from sim- 

ple Michaelis-Menten kinetics. Since saturation isotherms were similar to those 
previously reported with S. cerevisiae [22] and S. ellipsoideus [10,11], the 
primary data are omitted. Fig. 3 shows the Hofstee [26] plot for entrance 
values obtained with (a) the wild-type yeast, energized by pretreatment with 
propionaldehyde [10,11,22], and (b) the rho- mutant energized by pretreat- 

I I l l I I t 

1.0 4 ~  

~_ A I i I J t I 
0 5 10 15 

Fig.  3. E f f e c t  o f  L - [ 1 4 C ] l e u c i n e  c o n c e n t r a t i o n  o n  the  a m i n o  ac id  u p t a k e  (u) .  S t a r v e d  cel ls  ( w i l d - t y p e )  
we re  s u s p e n d e d  in  2 0  m M  p h t h a l a t e  b u f f e r  ( p H  4 . 5 )  c o n t a i n i n g  5 .0  r a m  p r o p i o n a l d e h y d e .  A f t e r  15  r a i n  
i n c u b a t i o n ,  L- [  1 4 C ] l c u c i n  e w a s  a d d e d  ( a t  T 0)  a t  c o n c e n t r a t i o n s  c o r r e s p o n d i n g  t o  t he  va lues  s t a t e d  o n  t h e  
absc issa .  A f t e r  T 0 ,  s a m p l e s  w e r e  t a k e n  a t  t h e  t i m e s  ( m i n )  i n d i c a t e d  b y  t h e  f igu res  in  p a r e n t h e s e s  a n d  in te r -  
na l  r a d i o a e t i v i t i e s  w e r e  m e a s u r e d .  O t h e r  c o n d i t i o n s  w e r e  as  d e s c r i b e d  u n d e r  Ma te r i a l s  a n d  M e t h o d s .  Hofo 
stee r e p r e s e n t a t i o n  [ 2 6 ]  o f  e n t r a n c e  va lues ,  i n se t :  s a m e  c o n d i t i o n s ,  e x c e p t  f o r  y e a s t  w h i c h  w a s  t h e  r h o -  

m u t a n t  e n e r g i z e d  b y  1 5  r a i n  p r e t r e a t m e n t  w i t h  5 .0  m M  D-g lucose .  ,, ,  # m o l  L - [ 1 4 C ] l e u c i n e / g  cells;  s, 
L-[  1 4 C ] l e u c i n  e ( raM).  
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ment with D-giucose (inset). With the former yeast, the stimulation of L-[]4C] - 
leucine uptake involved the utilization of energy rendered available by the 
oxidation of reduced pyridine nucleotides in the yeast mitochondrion, whilst 
w i t h  t h e  r h o -  mutant, energy was made available by glycolysis [10,11,22]. En- 
trance rates are represented by total uptake values (u) at fixed times of incuba- 
tion. The concave-upwards curves reveal the existence of two kinetic systems, 
irrespective of the substmte used to energize L-[~4C]leucine transport. These 
kinetic systems, which henceforth will be termed system 1 and system 2 are 
characterized by parameters Jm~ and K~ Jm~ expresses the maximum flux 
that the yeast cells can exhibit towards the amino acid and K T formally 
expresses the substrate concentration at which the flux is one half the limited 
flux Jm~. KT and Jmax are often represented as K m and V in transport studies. 
The rate equations for each system then become: 

v = u / A t  - J m a x "  s (1) 
KT +s 

o r  

U 
v = u / A t  = J m a ~  - -  K T  - -  (2) 

$ 

where v is the entrance velocity, u the L-[14C]leucine uptake at incubation time 
At, s the L-[14C]leucine concentration and K T and Jmu are the kinetic param- 
eters defined above. Eqn. 1 can be rearranged to the Lineweaver-Burk form, 
which can be used for data analysis. 

Jmax and  K T values were computed from sets of influx data, using the Line- 
weaver-Burk form of Eqn. 1, or the graphical method of Hofstee [26]. L-[14C] - 
Leucine concentrations were in the range 0.010--5.5 raM. Fig. 4 show the 
variation of K T a n d  Jmax as functions of incubation time and the metabolic 
state of yeast cells. K T values are represented by their reciprocals, which may 
be considered as indicative of the amino acid affinity for the transport system. 
In order to calculate Jmu values for the initial samples, the time of processing 
of these samples was taken as 6 s. It is worth recalling that the results presented 
in Fig. 4 were obtained with the same strain of yeast after a 4 year interval, a 
circumstance that stresses the constancy of KT, 1 and KT, 2 displaying different 
behaviour. Concerning Jm~ values, a remarkably rapid initial decay was ob- 
served with the energized yeast and a similar, though much smaller, variation 
was observed with the starved yeast. That decay was maximal when high exter- 
nal concentrations of L-[14C]leucine were used, which points to the assump- 
tion that the very early uptake effect was largely responsible for the time- 
dependent variations of Jm~ and KT. 2. 

Table II shows representative values for KT and Jm~, calculated by the pro- 
cedure of Hofstee [26] (results obtained with the Lineweaver-Burk procedure 
are included for comparative purposes). It can be seen that: (a) with the ener- 
gized yeast, KT.1 was more than one order of magnitude smaller than KT,2; (b) 
KT, 1 for the starved yeast was approximately twice KT, 1 for the energized yeast 
but in other experiments [25] t he  variation was not significant; (c) KT. 2 for 
the energized yeast was smaller than KT. 2 for the starved yeast when the very 
early uptake effect was accounted for; (d) with the energized yeasts, Jmu,1 
values were 20--30% of the corresponding Jm~.2 values; (e) with the wild-type 
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Fig.  4. I n f l u e n c e  o f  i n c u b a t i o n  t i m e  a n d  m e t a b o l i c  l o a d  o f  y e a s t  o n  k i n e t i c  p a r a m e t e r s  K T (a)  a n d  J m a x  
(b) .  W i l d - t y p e  y e a s t  e n e r g i z e d  w i t h  5 m M  D-g lucose ,  f o r  1 5  m i n  b e f o r e  T 0. L - [ 1 4 C ] L e u c i n e  w a s  a d d e d  a t  
T O a n d  t h e  t i m e  o f  i n c u b a t i o n  a f t e r  T O w a s  as s t a t e d  o n  t h e  abscissa .  I ~ [ 1 4 C ] L e u c i n e  c o n c e n t x a t i o n s  
w e r e  as in  Fig.  3. O t h e r  c o n d i t i o n s  we re  as  d e s c r i b e d  in  t h e  t ex t .  (a)  R e s u l t s  w i t h  t w o  d i f f e r e n t  s a m p l e s  
o f  e n e r g i z e d  y e a s t  ( o , e  a n d  A , i ) .  (b)  R e s u l t s  w i t h  the  s a m e  s a m p l e s  o f  y e a s t ;  • a n d  A, ene rg i zed ,  a n d  • a n d  
o,  s t a r v e d .  

yeast, energization determined a 30- or 5-fold increase of the Jmax,1 or Jmax,2 
values, respectively; (f) with the rho- mutant, the increase in Jm~x values result- 
ing from energization was much higher than with the wild-type yeast, since 
L-[14C]leucine uptake by the starved mutant (not shown) was insignificant [10, 

T A B L E  II 

K I N E T I C  P A R A M E T E R S  O F  L - [ 1 4 C ] L E U C I N E  T R A N S P O R T  IN E N E R G I Z E D  A N D  S T A R V E D  
S. C E R E V I S I A E  

Y e a s t  w a s  e n e r g i z e d  b y  p r e t r e a t m e n t  w i t h  5 m M  D-g lucose  f o r  1 5  ra in .  E x p .  A w a s  p e r f o r m e d  4 y e a r s  
b e f o r e  B ( s a m e  s t r a i n  o f  y e a s t ) .  E x p e r i m e n t a l  c o n d i t i o n s  w e r e  as d e s c r i b e d  in  Figs .  3 a n d  4 a n d  i n  t h e  
t e x t .  r I a n d  r 2 a r e  c o r r e l a t i o n  c o e f f i c i e n t s .  

Expe r i -  Y e a s t  T i m e  o f  r I K T , I  J m a x , 1  r2 K T , 2  J m a x , 2  
m e n t  i n c u b a t i o n  ( raM)  ( ~ m o l / m i n /  ( raM)  ( b a n o l / m i n !  

( r a in )  g ceils)  g cells)  

w i l d - t y p e  3 . 5  1 . 0 0  0 . 0 5 5  0 . 7 9  1 . 0 0  0 . 9 2  2 . 3 4  
( e n e r g i z e d )  1 . 0 0  * 0 . 0 4 7  0 . 7 5  0 . 9 9  0 . 7 6  2 . 1 8  

4 .5-- -3 .5  0 . 8 6  0 . 0 3 0  0 . 6 3  0 . 9 6  0 . 3 3  1 . 6 4  
w i l d - t y p e  3 .5  0 . 9 9  0 . 1 4 0  0 . 0 3  1 . 0 0  - - 1 2 . 7  - - 1 . 4 9  

4 . 5 - - 3 . 5  0 . 7 7  0 . 0 5 8  0 . 0 2  0 . 9 3  4 . 4 7  0 . 2 6  

w i l d - t y p e  2 1 . 0 0  0 . 0 6 7  1 . 2 4  0 . 9 7  3 . 7 8  1 2 . 2 0  
( e n e r g i z e d )  4 1 . 0 0  0 . 0 8 1  1 . 2 3  0 . 9 9  2 .17  7 .13  
R h o -  m u t a n t  2 0 . 9 9  0 . 0 7 4  1 . 3 6  0 . 9 3  4 . 8 4  1 0 . 0  
( e n e r g i z e d )  4 0 . 9 7  0 . 0 4 6  0 . 9 6  0 . 9 8  3 . 0 4  1 1 . 3  

* C a l c u l a t e d  w i t h  t h e  Lineweaver-BuJ~k f o r m  o f  E q n .  1 ; f o r  o t h e r  c a i c u l a t i o n s ,  t h e  p r o c e d u r e  o f  H o f s t e e  
[ 2 6 ]  w a s  u s e d .  
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Fig.  5. K i n e t i c s  o f  L - [ 1 4 C ] l e u c i n e  t r a n s p o r t  in  s t a rved  y e a s t  (ve ry  ea r ly  u p t a k e ) .  L - [ 1 4 C ] L e u c i n e  w a s  
added  a t  T O a t  c o n c e n t r a t i o n s  c or r e sp on d in g  to  the  va lues  s t a t e s  on  the  absc issa ;  s a m p l e s  w e r e  t a k e n  
d u r i n g  t h e  0 - - 5  s i n c u b a t i o n  t i m e .  Other  c o n d i t i o n s  as  in  Ma te r i a l s  and Methods .  S-1, s y s t e m  1; S-2, sys- 
t e m  2.  

11,22]; (g) negative Jmax values were observed with starved yeast under condi- 
tions in which the very early uptake contr ibuted significantly to total uptake. 
The very early uptake was the cause of  negative kinetic parameters, since, after 
subtracting the corresponding value from total entrance, positive Jm~  (and 
KT) values were obtained (Table II). The occurrence of a negative intercept on 
the ordinate axis is illustrated in Fig. 5, which depicts typical uptake kinetics 
for starved yeast  at the To + 6 s t ime of  incubation. Summing up, in good agree- 
ment  with the our observations on S. ellipsoideus [10,11],  system 1 may be 
defined as a high-affinity, low-velocity transport  system whilst system 2 is a 
low-affinity, high-velocity system. With system 2, energization of yeast cells 
affected both transport  velocity (Jm~) and affinity (KT), whilst with system 1, 
energization apparently affected solely velocity. In terms employed by Alva- 
rado and Mahmood [27],  energization caused an essentially V effect  on system 
1, and a mixed (V plus K) effect  on system 2. Similar results were obtained 
with propionaldehyde-energized yeast  although Jm~  values were somewhat 
smaller than with D-glucose as source of  energy. For example, at To + 4 min, 
the values obtained were: KT.1, 0.045; J inx . l ,  0.28; K T . 2 ,  1.03; Jm~,2, 1.03 
(units as in Table II, primary data omitted).  

Assuming that  L-[14C]leucine transport  involves two simultaneously occur- 
ring processes, the rate equation then becomes [28] : 

Jmax.1 " s Jmax,2 " s A " s + B" s 2 
v - ~ - (3) 

K T ,  I + S K T , 2  + S C + D " s + s 2 
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T A B L E  I I I  

S E C O N D A R Y  C O E F F I C I E N T S  A - - D  F O R  E N E R G I Z E D  A N D  S T A R V E D  S. C E R E V I S l A E  

Primary parameters  were  t a k e n  from Table  I I  ( E x p t .  A, w i ld - type  yeas t ) .  The figures are the average o f  
t w o  typica l  exper iments .  A,  mM •/~mol • r a in  -1 • g-1 ; B,  ~umol • r a in  -1 • g - I  ; C, mM 2 ; D, raM. 

Yeast  Incubat ion  A B C D ( A / B  + 4C D 2 
t ime  ( m i n )  B C / A )  

Energized 4 .5- -3 .5  0 .70  2 .27  0 .01  0 .36  0 .34  0 .04  0 .13  
Starved 4 .5 - -3 .5  0 . 5 8  0 .28  0 .26  4 .53  2 .20  1 .04  20.5  

where v is the total entrance rate, s is L-[~4C]leucine concentration, KT.1, KT,2, 
Jm~, l  and Jm~x.2 are primary kinetic parameters, and coefficients A--D are 
secondary kinetic parameters defined as follows: A = KT,1Jmax, 2 + KT,2Jmax, 1 , 
B = Jmax,1 + Jmax,2, C = KT,1KT, 2 and D = KT, 1 + KT, 2. Table III shows repre- 
sentative values for coefficients A--D, as obtained with the wild-type yeast. It 
can be seen that coefficients A--D were affected by the metabolic state of  the 
yeast cells, particularly C and D,  which after energization decreased by more 
than one order o f  magnitude. In all cases AIB + BCIA < D and 4C < D 2, which 
is in accordance with the operation of  a dual-transport mechanism [28 ,29] .  
Similar results were obtained with the rho- mutant (experimental data 
omitted).  

Eqn. 3 allows calculation of  the uptake rate as a function of  the amino acid 
concentration and resulting values may be compared with the experimental 

t~ 

r- 

E 
t- 

12.5 

1GO 

i - -~  i 

s ~  - O ~  
7.5 ($-1)÷(S-2~, " 

~ i 
0 "  "~; 

5.0 / / 

/ f t I ~ '  

• / : f  / - 4 - 2  

External I- ~'4C -] leucineimM) 

Fig. 6. Compar i son  o f  tota l  u p t a k e  va lues  (A) with  c o m p u t e d  activit ies  for the (S-1) + (S-2) (o)  and  S-2 
(A) sys tems ,  at several L-[ 14C] leuc ine  concentrat ions .  S-1 + S-2 activity was  calculated wi th  Eqn.  3 and 
S-2 activity was  calculated w i th  E q n .  1. The  KT~and J m a x  va lues  used  for  c o m p u t a t i o n  of  u p t a k e  va lues  
were:  KT,1 ,  0 . 0 4 3 ;  J m a x , 1 ,  0 .74 ;  KT,  2, 1 .43 ;  J m a x , 2 ,  2 .58  (un i t s  as in Table  I I ;  4 .5  rain incubat ion) .  The  
bars o n  the exper imenta l  po ints  indicate  the dev iat ion  o f  exper imenta l  values wi th  respect  to  the mean  
(dupl icate  m e a s u r e m e n t s ) .  S-1, s y s t e m  1 ; S-2, s y s t e m  2. 
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ones. Fig. 6 shows that within the 0--0.1 mM L-[14C]leucine concentration 
range, the measured uptake values approached those calculated from Eqn. 3. 
However, at the higher L-[14C]leucine concentrations, the observed values 
approached those calculated from Eqn. 1 for system 2. Experimental data in 
Fig. 6 allow one to calculate intracellular L-[14C]leucine concentration with 
respect to cell water (60% of wet weight [2]). If uptake values are converted 
into concentration values (mmol/1 cell water; mM) and the endogenous L-leu- 
cine concentration (approx. 6.0 mM) is summed, the total intracellular L-[14C]- 
leucine concentration ([Leu]in) at each external L-[14C]leucine concentration 
([Leu]out) is obtained. The data in Fig. 6 lead to the conclusion that the 
[Leu]in/[Leu]out ratio was always above unity, thus proving the concentrative 
nature of  L,[14C]leucine transport, whatever the kinetic system involved may 
be. 

Effect of inhibitors of plasmalemma A TPase 
DCCD and quercetin inhibit the solubilized yeast plasmalemma ATPase 

[17,18] and DCCD, quercetin and diethylstilbestrol inhibit Neurospora plas- 
malemma ATPase [19]. In ,order to establish whether these inhibitors affect 
L-[14C]leucine transport, they were assayed as described in Table IV. The 
rho- mutant was used for these experiments since this yeast lacks an active 
mttochondrial ATPase [30] the inhibition of  which would complicate the inter- 
pretation of  results. The yeast was preincubated with D-glucose for 15 rain 
before To, to energize transport, and inhibitors were added 5 rain before To 

T A B L E  IV 

E F F E C T  OF I N H I B I T O R S  OF P L A S M A L E M M A  ATPase  ON L - [ 1 4 C ] L E U C I N E  U P T A K E  BY S. C E R E .  
V I S I A E  A N D  S. E L L I P S O I D E U S  ( R h o - M U T A N T S )  

Starved cells  were  suspended  in 20 m M  phthalate  buf fer  (pH 4 .5) .  L - [ 1 4 C ] L e u c i n e ,  5 m M  D-glucose  and 
inhib i tors  were  added at T0 ,  T O - - 1 5  a n d  T O - - 5  rain, respect ive ly .  DCCD,  quercet in  and .dlethylst i l -  
bes tro l  were  added in d i m e t h y l f o r m a m i d e  (60  # l /m l ) .  Values  in parentheses  indicate  percentage inhib i t ion  
o f  L-[ 14C] leuc in  e entrance .  Where n o t  indicated ,  the  di f ference  ~rom the contro l  value is n o t  d e e m e d  sig- 
ni f icant .  Other c o n d i t i o n s  as in  Materials and Methods .  

Experi-  Yeast  External  Inhibitor  (/JM) Entrance  of  L - [ 1 4 C ] l e u c i n e  
merit L-[ 14 C ] - ( # m o l / g  cel ls)  

l euc ine  
( raM) T O T O + 2 ra in  T O + 4 rain 

A S. cerevis iae 0 .05  n o n e  0 .10  0 .65  1 .22  
DCCD ( 1 0 0 )  0 .06  0 .45  (31)  0 .72  (41)  

1 .00  n o n e  0 .60  3 .50  6 .03  
DCCD (100 )  0 .60  3 .50  6 .73  ( - -12)  

B S. cerevisiae 0 . 0 5  n o n e  - -  0 .66  1 .14  
quercet in  ( 500 )  - -  0 .47  (29)  0 .76  (33 )  
diethylst f lbestrol  (50)  - -  0 .49  (26)  0 .73  (36 )  

1 .00  n o n e  - -  3 .64  5.26 
quercet in  ( 500 )  - -  3 .68  5.62 ( - -7 )  
diethyls t i lbestrol  (50)  - -  3 .17  (13 )  4 .66  (12)  

C S. el l iPsOideus 0 . 0 5  n o n e  0 .12  0 .83  1.66 
DCCD ( 2 0 0 )  0 .11  0 .38  (54)  1 .28  (23 )  

1 .00  n o n e  0 .75  3 .73  6 .99  
DCCD (200 )  0 .83  4 .22  ( - -13)  8 .37 ( - -20)  
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T A B L E  V 

E F F E C T  O F  DIO-9 ON L - [ 1 4 C ] L E U C I N E  U P T A K E  BY S. C E R E V I S I A E  ( R h o - M U T A N T )  

L-[  14 C] Leuc ine ,  5 rnM D-glucose  a nd  Dio-9 w e r e  a d d e d  at  T 0,  T O - -  15  an d  T O - -  5 ra in .  Dio-9 was  a d d e d  
in e t h a n o l  (13 # l / m l ) .  O t h e r  c o n d i t i o n s  w e r e  a s  i n  T a b l e  IV.  F r o m  e n t r a n c e  values  fo r  T O + 2 m i n  w e r e  

s u b t r a c t e d  t h e  c o r r e s p o n d i n g  T O values .  

E x t e r n a l  Dio-9 E n t r a n c e  of  L-[  14 C ] leucine  
L-[ 14 C ] - (~tg/ml) (~ mo l /g  cells) 
leucine 
( m M )  T O T O + 2 ra in  

0 .05  

1 .00  

n o n e  0 .13  0 .91  
2.5 0 .11  (14 )  0 .70  (23)  

10  0 . 0 5  (65)  0 .28  (69)  
50 0 .03  (74)  0 .15  (83)  

n o n e  0 .87  4.51 
2.5 0 .76  (10)  4 .38  

10  0 .66  (21)  2 .55  (43 )  
50 0 .57  (32)  1 .15  (74)  

in order to ensure enough t i m e  for penetration and reaction with energy 
coupling mechanisms. The effects observed are presented in Table VI and 
deserve the following comments: (a) DCCD inhibited uptake with 0.05 mM 
L-[14C]leucine but did not inhibit, or even increased it, with 1.0 mM L-[~4C]- 
leucine; (b) quercetin inhibited uptake only with 0.05 mM L-[X4C]leucine; (c) 
diethylstilbestrol inhibited at both 0.05 and 1.0 mM L-[~4C]leucine, this lat- 
ter inhibition being, however, smaller than with 0.05 mM L-[14C]leucine. 
DCCD was al~o assayed with S. ellipsoideus (Table IV) the inhibitions being 
similar to those observed with S. cerevisiae. 

As opposed to the effect of DCCD and quercetin, Dio-9, which is also a 
plasmalemma ATPase inhibitor [18,19,31,32], prevented uptake at both 0.05 
mM and 1.0 mM external L-[~4C]leucine (Table V). Dio-9 inhibitions are in 
good agreement with observations by Foury et al. [31] on Schizosaccharo- 
myces pombe and L-[~4C]leucine, and Roon et al. [32] on S. cerevisiae and 
amino acids other than L-[~4C]leucine. 

Effect  o f  carboxylic acids 
Short-chain carboxylic acids are known to affect transport processes in 

yeasts, mainly through acidification of cells caused by proton translocation 
[33]. Propionic and isobutyric acids were therefore assayed on L-[14C]leucine 
transport using the rho- mutant. Table VI shows that both acids inhibited 
L-[14C]leucine entrance, the greater inhibition being obtained with 1.0 mM 
L-[~4C]leucine. Since carboxylic acids decrease the cellular pH without affect- 
ing glycolysis [33] or the concentration of ATP [34], the inhibition of L-[14C] - 
leucine uptake can be attributed to modification of the intracellular H ÷ concen- 
tration. 

Effect  o f  pro tonconductors 
Pentachlorophenol, CCCP and FCCP inhibited L-[~4C]leucine uptake by the 

rho- mutant irrespective of amino acid concentration (Table VII). Interestingly 
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T A B L E  VI  

C A R B O X Y L I C  A C I D  I N H I B I T I O N  O F  L - [ 1 4 C ] L E U C I N E  U P T A K E  BY S. C E R E V I S I A E  ( R h o -  MU- 
T A N T )  

L - [ 1 4 C ] L e u c i n e ,  5 r a M  D-g lucose  a n d  c a r b o x y l i c  ac ids  w e r e  a d d e d  a t  TO, T O - - 1 5  a n d  T o - - 5  m i n ,  
r e s p e c t i v e l y .  C a r b o x y l i c  a c i d  s o l u t i o n s  w e r e  a d j u s t e d  t o  p H  4 . 5 .  O t h e r  c o n d i t i o n s  w e r e  as  d e s c r i b e d  in  
Tab le  IV.  F r o m  e n t r a n c e  va lues  f o r  T O + 4 m i n  w e r e  s u b t r a c t e d  t h e  c o r r e s p o n d i n g  T O va lues .  

E x t e r n a l  C a t b o x y l i c  E n t r a n c e  o f  L-[  1 4 C ] l e u c i n e  
L- [  14 C ] - a c id  ( ~ m o l / g  cel ls)  
l e u c i n e  (10 mM) 
( raM)  T O T O + 4 m i n  

0.05 

1 . 0 0  

n o n e  0 . 1 3  1 .97  
p r o P i o n i c  0 . 1 2  1 . 4 9  (24 )  
i s o b u t y r i c  0 . 1 1  1 .63  (17 )  

n o n e  0 . 7 5  9 .01  
p r o p i o n i c  0 . 5 5  (26 )  4 . 7 8  (46 )  
i s o b u t y r i c  0 . 5 3  ( 2 9 )  6 .11  (32 )  

T A B L E  VII  

E F F E C T  O F  P R O T O N  C O N D U C T O R S  O N  L - [ 1 4 C ] L E U C I N E  U P T A K E  BY S. C E R E V I S I A E  ( R h o - M U -  

T A N T )  

L - [ 1 4 C ] L e u c i n e ,  5 m M  D - g l u c o s e  a n d  p r o t o n  c o n d u c t o r s  w e r e  a d d e d  a t  TO, T o - -  1 0  a n d  T o - -  1 m i n ,  
r e s p e c t i v e l y .  O t h e r  c o n ' d i t i o n s  w e r e  as  d e s c r i b e d  in  T a b l e  IV.  F r o m  e n t r a n c e  va lues  f o r  T O + 4 m i n  w e r e  
s u b t r a c t e d  t h e  c o r r e s p o n d i n g  T O va lues .  PCP ,  p e n t a c h l o r o p h e n o l .  

E x t e r n a l  P r o t o n  E n t r a n c e  o f  L-[  14 C ] l e u c i n e  
L-[  14 C ] - c o n d u c t o r  ( ~ m o l / g  cel ls)  
l eue ine  (/~M) 
( m M )  T O T O + 4 m i n  

0 . 0 5  n o n e  0 . 2 6  2 . 2 9  
P C P  (50 )  0 . 1 8  ( 2 6 )  0 . 5 0  (78 )  
CCCP ( 1 0 )  0 . 2 4  (5)  1 . 5 2  ( 3 4 )  
F C C P  (10 )  0 . 2 8  1 . 7 7  (23 )  

1 . 0 0  n o n e  1 . 4 3  9 . 5 7  
PCP ( 5 0 )  1 . 0 0  ( 3 0 )  1 . 0 4  ( 8 9 )  
C C C F ( 1 0 )  1 . 3 1  (8 )  4 . 7 4  ( 5 0 )  
F C C P  ( i 0 )  1 . 1 9  (17 )  5 . 4 2  ( 4 3 )  

5 . 0 0  n o n e  2 . 5 6  7 . 6 4  
PCP ( 5 0 )  1 . 5 7  ( 3 8 )  2 . 7 3  (64 )  

T A B L E  VII I  

E F F E C T  O F  P E N T A C H L O R O P H E N O L  O N  K I N E T I C  P A R A M E T E R S  O F  L - [ 1 4 C ] L E U C I N E  T R A N S -  

P O R T  

E x p e r i m e n t a l  c o n d i t i o n s  w e r e  as  in  T a b l e  VI I  a n d  F ig .  3 .  V a l u e s  i n  p a r e n t h e s e s  i n d i c a t e  p e r c e n t a g e  inhi -  
b i t i o n  o f  L- [  1 4 C ] l e u e i n e  ent~mnce.  

P e n t a c h l o r o -  K T ,  1 J m u , 1  K T , 2  J m a x , 2  
p h e n o l  ( r aM)  ( /~mol /mln  ( m M )  (p~molflnin 
(/zM) P e r  g cel ls)  p e r  g cells)  

0 0 . 0 6 8  0 . 5 5  1 . 5 8  3 . 3 9  
2 5  0 . 0 5 2  0.43 (22)  1 . 0 0  2 . 5 4  (25)  
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T A B L E  IX 

E F F E C T  O F  N Y S T A T I N  A N D  E N N I A T I N  O N  L - [ 1 4 C ] L E U C I N E  U P T A K E  BY S. C E R E V I S I A E  (Rho-  
M U T A N T )  

L-[  1 4 C ] L e u c i n e ,  5 m M  D-g lucose  a n d  i n h i b i t o r s  w e r e  a d d e d  a t  TO, T O - -  1 0  a n d  T O - -  5 r a in ,  r e s p e c t i v e l y .  
I n h i b i t o r s  we re  a d d e d  in  d i r n e t h y l f o r m a m i d e  ( 1 3  # l / m l ) .  O t h e r  c o n d i t i o n s  w e r e  as  d e s c r i b e d  in  T a b l e  IV.  
F r o m  e n t r a n c e  va lues  f o r  T O + 4 r a i n  w e r e  s u b t r a c t e d  t h e  c o r r e s p o n d i n g  T O va lues .  

External Inhibitor Entrance of L-[ 14 C ] leucine 
L-[ 14 C]- (/~g/ml) 0~mol/g cells) 

leucine 

(raM) T O T O + 4 rain 

0 . 0 5  

1.00 

n o n e  0 . I  2 1 , 4 7  
n~ ' s t a t in  (5)  0 . 0 8  (54 )  0 . 4 3  (71 )  
n y s t a t i n  ( I 0 )  0 . 0 1  (91 )  0 . 1 0  (93 )  
e n n l a t i n  (5)  0 . 1 4  ( - - 1 6 )  1 . 9 0  ( - - 2 9 )  
e n n i a t i n  (10 )  0 . 1 2  1 .61  ( ~ 9 )  

n o n e  0 . 9 3  8 . 7 2  
n y s t a t i n  (5)  0 . 7 5  ( 1 9 )  2 . 0 3  ( 7 6 )  
n y s t a t i n  ( 1 0 )  0 . 2 4  ( 7 4 )  0 . 8 6  (90 )  
e n n i a t i n  (5)  1 . 1 6  ( - - 2 4 )  8 .59  
e n n i a t i n  (10 )  1 . 0 3  (---10) 7 .51  (13 )  

enough, with CCCP and FCCP the very early uptake was less inhibited than 
total uptake at To + 4 rain. When assayed on the kinetic parameters for L-[14C] - 
transport no evidence for competitive inhibition of .transport could be obtained 
since pentachlorophenol decreased Jm~ but did not increase KT (Table VIII). 
The reported decrease in K T is not significant since with other yeast samples 
these .values were not affected by pentachlorophenol or other uncouplers 
(experimental data omitted). 

Effect of nystatin and enniatin 
Nystatin,  a polyene antibiotic,  in a complex with sterol, forms channels in a 

lipid membrane permeable to ions, in particular to K ÷ and H ÷ [35--37].  Table 
IX shows that nystatin decreased L-[14C]leucine entrance irrespective of  the 
amino acid concentrat ion.  As opposed to these results, enniatin, a cyclodepsi- 
pept ide which also increases K ÷ permeabili ty of  biological membranes [38],  did 
not  inhibit, or rather increased uptake (Table IX). The different  behaviour of  
nystatin and enniatin suggests that  the mode  of  interaction with the cell mem- 
brane is essential for these antibiotics '  effect.  

Discussion 

In good agreement with previous observations by Ramos and coworkers 
[10,11] on S. ellipsoideus, L-[14C]leucine transport in S. cerevisiae is formally 
in accordance with the operation of two kinetic systems. The interaction of 
L-[14C]leucine with each system may be represented in a simple form by reac- 
tion 4. 

4÷i 4+2 ~ +C (4) Se + C ~ (SC) --* ~i 
k_1 



228 

where Se and S t are the permeant L-[14C]leucine at the cis (external) and 
trans (internal) surfaces of the plasmalemma, respectively; C is the unloaded 
carrier (permease); SC is the amino acid-carrier complex; k÷l and k-l are asso- 
ciation and dissociation rate constants, respectively, and k+2 may be regarded 
as representing the activity of the energizing mechanisms. 

The kinetic parameters of amino acid transport systems of yeast and fungi 
have been repeatedly measured in order to characterize such systems and, 
particularly, the corresponding permeases [1--5,8,13--16]. These determina- 
tions were performed on the assumption that K w values are essentially binding 
constants, equivalent to K s in enzyme kinetics. However, g w values for L-leu- 
cine transport systems in S. ellipsoideus [10,11] and S. cerevisiae (Table II 
and Ref. 25) vary significantly as a function of the metabolic state of the yeast 
cells, especially KT, 2. Variation of K w values can be explained in terms of the 
corresponding rate constants k÷~, k-1 and k÷2, since according to elementary 
Michaelis-Menten kinetics, for each transport system: 

g T = (k_ 1 + k+2)/k+l (5 )  

Therefore, the decrease in KT,2 as a consequence of cell energization (Table II) 
may be due to the increase in k+l, a condition leading to a higher concentration 
of the L-leucine-carrier complex in the cell membrane. Incidentally, a similar 
variation of KT, 2 was reported with S. ellipsoideus [10,11]. On the other hand, 
KT, 1 variations are either relatively small (Table II) or quite insignificant [24], 
whiCh leads one to believe that the increase in/~2 that follows energization of 
system 1 is compensated by a decrease in k_l and/or an increase i n / ~ .  The 
constant, k_~, represents the rate of decomposition of the SC complex towards 
the cis side of the membrane and/~1 is the rate of formation of the SC complex 
(Eqn. 4). Accordingly, a simultaneous variation of rate constants can increase 
the velocity of L-[ 14C]leucine influx without significant modification of KT, 1. 
An exhaustive explanation of th.e dependence of kinetic parameters on metab- 
olism must take into account the fact that the avai!ebflity of the carrier on the 
medium side of the cell plasmalemma can be affected by the concentration of 
internal and external ions, particularly, proton concentration. Consequently, 
specific information concerning the dependence of kinetic parameters on ion 
concentration (H +, K ÷) and membrane potential [23,28,29] is essential in 
understanding the variation of KT and Jma~ in accordance with the metabolic 
conditions in the yeast cell. In contrast to the kinetic parameters of phosphate 
uptake [39], that information is not available for amino acids, but the effect of 
carboxylic acids as shown in Table VI strongly suggests dependence of K T and 
Jm~ on cellular proton concentration. 

Values calculated for the coefficients, A--D, satisfy the inequalities A / B  + 
BC/A <~ D and 4C <~ D 2 (Table III) which are valid for dual mechanisms of 
transport via two independently operating single-site transport systems. Rate 
equations for the concentration-dependence of the influx rate of substrate by 
a two-carrier transport process are similar, however, to the equations for a two- 
site, one-carrier transport system [28]. When this latter process occurs, one of 
the Jma~ (or V values) might become negative if, by varying the concentrations 
of cotransported ions, coefficient A becomes either too small or too large [28]. 
In the present study that possibility has not been explored, but the kinetics of 
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L-[14C]leucine uptake by starved yeast for short incubation times yield nega- 
tive K w and Jmax values (Table II and Fig. 5). These negative values may be 
interpreted, however, as kinetic artifacts due to the incidence of the very early 
uptake effect on total entrance values and consequently, negative parameters 
must not be taken as an evidence for the two-site, one-carrier transport mecha- 
nisms. Assuming that uptake values at 1.0 mM L-[Z4C]leucine largely represent 
system 2 activity, L-[14C]leucine transport systems could be further differ- 
entiated by their responses to inhibitors, such as DCCD and quercetin (Table 
IV), Dio-9 (Table V), carboxylic acids (Table VI), and CCCP and FCCP (Table 
VII). In all probability, the high-affinity system is carrier-mediated and involves 
the general amino acid permease [6]. This system would function effectively 
when L-p4C]leucine concentration is relatively small and energy sources are 
easily available. 

DCCD, quercetin, diethylstilbestrol and Dio-9 effectively inhibit L-[14C] - 
leucine transport at 0.05 mM (Tables IV and V). Since inhibition of mitochon- 
drial ATPase can be ruled out [30], the observed effects may involve: (a) 
inhibition of the plasmalemma ATPase; (b) variation of the membrane poten- 
tial by exchange of K ÷ for protons [16,20,23]; (c) a general permeabilizing 
effect on the cell plasmalemma [32], or (d) combination of these mechanisms. 
The inhibition of the plasmalemma ATPase is borne out by the fact that DCCD 
and quercetin concentrations effective on L-[~4C]leucine transport are well 
above those inhibiting the solubilized ATPase [17--19,32]. The same conclu- 
sion may be valid for diethylstilbestrol, since concentrations at which it causes 
generalized perturbation of artificial lipid films [40] largely exceed those 
affecting both L-p4C]leucine transport (Table IV) and the plasmalemma 
ATPase [18]. Unlike DCCD and quercetin, Dio-9 inhibits transport at 0.05 and 
at 1.0 mM L-p4C]leucine (Table V). Dio-9 inhibits the solubilized plasma- 
lemma ATPase [18] and this inhibition supports the enzyme function for sys- 
tem 2 operation. However, Dio-9 inhibition may also be explained by (a) the 
increase in the proton gradient that follows K ÷ efflux [31]; (b) a general per- 
meabilizing action on the cell membrane [32], or (c) both. Since nystatin 
(Table IX) provides evidence for transport inhibition as a consequence of 
increased membrane permeability (10 #g/ml nystatin does not inhibit the yeast 
plasmalemma ATPase [17] but 5/~g/ml nystatin increases membrane per- 
meability to K ÷ and H ÷ [35,36]) it is worth questioning whether plasmalemma 
ATPase inhibition really plays a role in Dio-9 inhibition of system 2. A negative 
answer to this point is suggested by the fact that with Sch. p o m  be, the Dio-9- 
induced K ÷ efflux is not secondary to the inhibition of the plasmalemma 
ATPase activity [ 31]. Nevertheless, the inhibition of the plasmalemma ATPase 
cannot be ruled out. 

Uncouplers of oxidative phosphorylation, like 2,4-dinitrophenol and car- 
bonylcyanide phenylhydrazone derivatives, increase the conductance of pro- 
tons across artificial phospholipid membranes [40] and bacterial plasma mem- 
brane [41], but, as exemplified by pentachlorophenol and analogues, un- 
couplers can also inhibit amino acid transport competitively, by interacting at 
specific sites for the transport mechanism [42]. The results in Table VII 
strongly support the first alternative since pentachlorophenol, CCCP and FCCP 
were more effective at 1.0 mM than at 0.05 mM [~4C]leucine and moreover, 
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pentachlorophenol produced significant inhibition even at 5.0 mM L - [ 1 4 C ]  - 

leucine. The effect of pentachlorophenol o n  K T (Table VIII) is also against 
competition for L-[14C]leucine binding sites. These results indicate that both 
the high- and low-affinity L-[14C]leucine transport systems depend oh the 
proton gradient for activity. The effect of proton conductors in Table VII is in 
accordance with the previously described 2,4-dinitrophenol inhibition of 
L-[14C]leucine transport in rho- mutants of S. cerevisiae, S. ellipsoideus [10, 
11,23],  Sch. pore be [12] and Saccharom yces carlsbergensis [43].  

Summing up, the observations here reported demonstrate the function of the 
proton gradient and the plasmalemma ATPase for the operation of L-[~4C]leu - 
cine high-affinity transport system. In all probability this system involves the 
general amino acid permease [6] and therefore, the mechanism energizing 
L-[14C]leucine transport may be valid for most of the amino acid utilized by 
yeasts for growth and metabolism. On the other hand, the very nature of the 
low-affinity system is by no means clear and its elucidation requires further 
investigation. 
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