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Summary. A transport system for branched-chain amino acids 
(designated as LIV-II system) in Pseudomonas aeruginosa re- 
quires Na + for its operation. Coupling cation for this system was 
identified by measuring cation movement during substrate entry 
using cation-selective electrodes. Uptakes of Na + and Li were 
induced by the imposition of an inwardly-directed concentration 
gradient of leucine, isoleucine, or valine. No uptake of H- was 
found, however, under the same conditions. In addition, effects 
of Na + and Li + on the kinetic property of the system were exam- 
ined. At chloride salt concentration of 2.5 raM, values of appar- 
ent K,, and Vm~x for leucine uptake were larger in the presence of 
Na + than Li-.  These results indicate that the LIV-II transport 
system is a Na+(Li+)/substrate cotransport system, although ef- 
fects of Na + and Li + on kinetics of the system are different. 
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transport systems (Hasan & Tsuchiya, 1977; To- 
kuda & Kaback, 1977; Tsuchiya et al., 1977a; Chen 
et al., 1985; Hama et al., 1987). Of them, melibiose 
and proline transport systems are coupled to Li + in 
addition to Na § (Tsuchiya, Oho & Shiota-Niiya, 
1983; Tsuchiya et al., 1984). 

In this communication, we describe uptake of 
leucine, isoleucine, and valine in the presence of 
Na + or Li + , substrate-induced uptake of Na + and 
Li + in whole cells using Na + and Li+-selective elec- 
trodes, and difference between effects of Na + and 
Li § on kinetic parameters of leucine uptake. 

Materials and Methods 

Introduction 

Pseudomonas aeruginosa has two kinetically dis- 
tinguishable transport systems for branched-chain 
amino acids, L-leucine, L-isoleucine, and L-valine 
(Hoshino, 1979b; Hoshino & Kageyama, 1982). 
One is a binding protein-dependent system (LIV-I) 
with high affinity to the substrates. The other is a 
sodium-dependent carrier system (LIV-II) with low 
affinity. The latter (LIV-II) transport system re- 
quires sodium ion for its operation in whole cells 
and membrane vesicles. An imposition of inwardly- 
directed concentration gradient of sodium ion 
drives leucine accumulation in nonenergized mem- 
brane vesicles (Hoshino, 1979a). Similarly, the ad- 
dition of lithium ion also causes considerable accu- 
mulation of leucine. These findings strongly suggest 
that Na + and Li + are coupling cations for the LIV-II 
transport system. However, there is no direct evi- 
dence for cotransport between the three substrates 
and Na + or Li + via the transport system. 

It has been reported that Escherichia coli and 
Salmonella typhimurium have Na+/substrate co- 

BACTERIAL STRAINS AND GROWTH CONDITIONS 

P. aeruginosa PML14, wild-type strain, was mainly used 
throughout this study. Strains PML1459 and 1460, derivatives of 
PMLI4, are defective in LIV-I system and LIV-II system, re- 
spectively. Strain PMLI455 is also a LIV-I-defective derivative 
of PML14, having an enhanced LIV-II transport activity with the 
same K,, and large Vma• compared to those of the parental strain. 
All the strains were grown in modified G medium at 37~ 
(Hoshino, 1979b). 

UPTAKE MEASUREMENT 

Cells were harvested at early logarithmic phase of growth, 
washed three times with 100 mM 4-(2-hydroxyethyl)-I-pipera- 
zine-ethanesulfonic acid (HEPES)/Tris-(hydroxymethyl)-amino- 
methane (Tris) buffer, pH 7.5, suspended in the same buffer, and 
kept at room temperature until use. For initial rate measure- 
ments, a 200-/xl aliquot of cell suspension was preincubated for 
1.5 rain at 30~ with appropriate salt solution containing 50 mM 
glucose as a respiratory substrate and 10 mM alanine. Alanine 
was contained to repress uptakes of leucine, isoleucine, and 
valine via LIV-I transport system (Hoshino, 1979a). Uptake was 
initiated by the addition of 4/xl of [f4C]-amino acid to give a final 
concentration of 23 ~M (0.9/xCi/ml). After 10 sec incubation, the 
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Fig. 1. Initial rate of  leucine uptake as a function of salt concen- 
tration. Initial rates were measured  in duplicate at 30~ as de- 
scribed in Materials and Methods .  Salt solutions (1 M) were 
added to cell suspens ions  to give appropriate concentrat ions of 
NaC1 (O), LiCl (A), KC1 (Q), or none ([]). The final cell concen- 
tration was 0.25 mg protein/ml 
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Fig. 2. Leucine uptake in the presence of various salts. Cell 
suspens ions  contained 2.5 mM NaC1 (O), LiC1 (A), KCI (Ot, or 
none (D). Uptake reaction was initiated by addition of [~4C]- 
leucine at a final concentra t ion of 23/.6M leucine. Cell concentra-  
tion was 0.3 mg protein/ml 

sample solution was diluted with 4 ml of  dilution solution com- 
posed of 0.125 M KCI and 10 mm Tris-HCl, pH 7.5, to stop the 
uptake reaction, filtered on a 0.45 /xm Millipore filter, and 
washed with the same volume of  the dilution solution. Residual 
radioactivity on the filter was counted after drying it (Hoshino,  
1979b). Time course  of uptake was measured  at 30~ by remov- 
ing 100-/,1 aliquots of  reaction mixture at various time intervals 
under  the condit ions of aeration with stirring. 

C A T I O N  T R A N S P O R T  M E A S U R E M E N T  

Uptakes  of N a - ,  L i ' ,  and H -  were measured  at 28~ using 
cation-selective electrodes (Tsuchiya et al., 1983; Hama  et al., 
1987). For  measu remen t  of  Na + and Li + uptakes,  cells were 
harves ted  at late logarithmic phase,  washed twice with 100 mM 
3-(N-morpholino)-propanesulfonic acid (MOPS)/ te t ramethylam- 
monium hydroxide (TMAH),  pH 7.5, and suspended in a small 
volume of  the M O P S / T M A H  buffer. Protein concentrat ion of 
cell suspens ions  was approximately 40 mg per ml. A portion of 
the cell suspens ion  (0.3 ml) was diluted with 2.7 ml of  100 mM 
t r ic ine /TMAH, pH 8.0, containing 100 /*M NaCl or LiCI. Cells 
were incubated at 28~ in a plastic vessel  with rapid stirring 
under  water-saturated N2 gas flow. An Na+-electrode (Radiome- 
ter, Copenhagen,  Denmark)  or a hand-made  Li+-electrode with a 
reference electrode (Radiometer) was put into the vessel. An 
anaerobic solution (30/xl) of  0. I M leucine, isoleucine, or valine 
was added to initiate the cation transport .  The two electrodes 
were connected  to a pH meter  (PHM80, Radiometer) ,  and Na + 
or Li + concentrat ion was cont inuously  recorded. Calibration 
was carried out by the addition of known amounts  of  NaCI or 
LiC1. 

H + movemen t  was measured  with a pH electrode in a man- 
ner essential ly similar to the measu remen t  of  Na + or Li + uptake. 
Buffer solutions were replaced with 140 mM choline chloride. A 
portion (0.4 ml) of  cell suspens ion  was diluted with 2.1 ml of  the 

same choline solution. H" concentrat ion was calibrated by the 
addition of known amounts  of  HCI. 

P R O T E I N  D E T E R M I N A T I O N  

Protein content  of  cell suspens ions  was determined by the 
method  of  Schaffner  and Wei s smann  (1973) for the samples of  
HEPES buffer o1 of  Lowry  et al. (1951) for the others  with bo- 
vine serum albumin as s tandard.  

C H E M I C A L S  

L-[U-I4C]-leucine, isoleucine, and valine were purchased from 
A m e r s h a m  (Japan).  N,N'-diheptyl-N-N'-5 ,5- te t ramethyl-3 ,7-  
d ioxanonandiamide,  ionophore for Li+-selective electrode, was 
obtained from Fluka (Switzerland). All o ther  chemicals  were of  
reagent grade and commercial ly  available. 

Resul ts  

E F F E C T  OF M O N O V A L E N T  C A T I O N S  ON 

S U B S T R A T E  U P T A K E S  

Dependence  of  leucine uptake activity, a measure  
of  L IV- I I  t ransport  system, on salt concentrat ions 
of  NaC1, LiC1, and KC1 was examined by measuring 
the initial rate of  leucine uptake (Fig. 1). The initial 
rate increased with the increase in NaC1 concentra-  
tion and reached maximal  level around 10 mM 
NaC1. In the presence  of LiC1, the initial rate was 
maximal at 2.5 to 5.0 mM and decreased above 5.0 
mM. On the other  hand, no stimulation of  leucine 
uptake was observed with KC! up to 100 mM. Thus,  
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Table 1. Effect of cations on uptakes of Ieucine, isoieucine, and 
valine ~ 

Strain Salt added Uptake (nmol/mg 
(2.5 mM) protein/min) 

Leu lieu Val 

PML14 None 0.5 0.6 0.4 
LiCI 5.8 6.5 8.0 
NaC1 7.6 7.8 6.5 

PMLI460 None 0,03 0.14 0.0 
LiCI 0.07 0.03 0.04 
NaCI 0.03 0.04 0.03 

PMLI455 None 2.5 4.3 1.6 
LiCI 24.0 26.7 44.0 
NaCI 29.2 28.9 39.8 

PML 
14 

Val 

1 rain 

10 ng ions Na ~ 

1455 

1459 i 

I 
1460.  ,,~ 

;' Grown cells were suspended in 0.1 M HEPES/Tris, pH 7.5, 
after wash. Uptake reaction was initiated at 30~ by addition of 
[~4C]-leucine, isoleucine, and valine to give a final concentration 
of 23, 31, and 46/-~m, respectively. Uptake values were taken at 1 
min. 

salt concentrat ion was fixed at 2.5 mM for the fol- 
lowing exper iments  of  substrate uptake. 

Figure 2 shows time course of  leucine transport  
in the presence  of Na  + , Li + , or K + . The presence 
of Na  + or Li t simulated leucine accumulation,  
whereas  that of K + did not. Leucine uptake in the 
absence of salt was as small as that in the presence 
of K + . The effect of  monovalent  cation was exam- 
ined for isoleucine and valine uptakes as well as 
leucine uptake (Table 1). Uptake  activities of iso- 
leucine and valine were high in the presence of Na + 
or Li +, but low in the absence of these cations. 
Strain PMLI460  lacking LIV- I I  t ransport  activity 
did not exhibit  any uptake activity even in the pres- 
ence of  Na  -~ or Li +. Strain PML1455 having high 
LIV- I I  activity exer ted high uptake activities of  
leucine, isoleucine, and valine with Na  + and Li § 
These results indicate that the LIV- I I  t ransport  sys- 
tem is operated exclusively by Na  + or Li + but not 
by K + . 

SUBSTRATE-INDUCED CATION UPTAKE 

In order  to verify the mechanism of substrate/cat-  
ion cot ranspor t  in the L IV- I I  t ransport  system, Na + 
or Li + uptake during substrate entry was measured 
using an N a -  or Li§ electrode. In addi- 
tion, H § uptake was examined.  Figure 3A shows 
that the imposit ion of inwardly-directed concentra-  
tion gradient of  leucine, isoleucine, or valine in- 
duced Na  § inflow into whole cells. The addition of 
valine caused slower Na  § uptake than that of  
leucine and isoleucine. When an excess  alanine (10 
raM), a substrate  for L IV- I  system, was present  to 
suppress branched-chain  amino acid uptake via the 

Fig. 3. Uptake of Na- induced by addition of leucine, isoleucine 
or valine. Na" uptake was measured at 28~ using an Na+-selec - 
tire electrode as described in Materials and Methods. The up- 
take was initiated by the addition of an anaerobic amino acid 
solution at the point indicated by arrows. Final concentrations of 
amino acids and cell suspension were 1 mM and 4 mg protein/ml, 
respectively. (A) Na + uptake induced by the addition of leucine, 
isoleucine, or valine in wild-type strain PMLI4. (B) Na- uptake 
after addition of leucine in mutant strains of PMLI459 (LIV- 
I-,II+), 1460 (I § ,II ), and 1455 0%II") 

LIV-I  system,  Na  ~ uptake was induced by the addi- 
tion of leucine, isoleucine, or valine (data not 
shown). The Na  + uptake induced by leucine was 
observed in strain PML1459 (LIV- I - , I I+ ) ,  whereas  
it was not observed  in strain PML1460 (LIV- 
1 + , I I - ) .  Besides,  an enhanced Na  + uptake after the 
addition of  leucine was observed  in PML 1455 strain 
having high LIV- I I  activity (Fig. 3B). 

For  the measurement  of substrate-induced Li + 
uptake,  NaCI was replaced with LiC1. The Li + up- 
take was detected after the addition of leucine, iso- 
leucine or valine, although an initial rate of uptake 
was smaller than that of  Na  + uptake (Fig. 4). The 
Li* uptake  induced by leucine was observed in 
PML1459 (LIV-I - , I I+) ,  but not in PML1460 (LIV- 
I+ , I I - ) .  PML1455 mutant  strain exerted an in- 
creased Li+ uptake after the addition of leucine. 
Initial rates of  N a  + and Li + uptakes  were est imated 
f rom the initial slopes of  cation uptake records and 
summarized  in Table  2. 

Similarly, H + movemen t  during substrate entry 
was examined (Fig. 5). In the absence  of Na  +, no 
H + influx was detected after addition of leucine, 
isoleucine, or valine. However ,  in the presence of 
Na  + , H + efflux after  leucine addition was observed 
in wild-type strain and PML1459 having LIV- I I  sys- 
tem, but not in PML1460 which lacks it. 

The above  results demonst ra te  that the LIV- I I  
t ransport  sys tem is a cot ranspor t  sys tem of Na  + or 
Li § and branched-chain  amino acids, but not an H +- 
coupled t ransport  sys tem.  



60 Y. Uratani et al.: Na- (Li*) /Branched-Chain  Amino Acid Cotransport  

B 

PML 
14' 

Leu 

Y 

l i e  

! ~  1455 

Val 
1459 

1460 1 rnin 

L?f 
., ,~#I~ ' ' ' ~ ' ' ' ' ~  

L 

I i0  ng ions Li + 

Fig. 4. Uptake of L P  induced by addition of leucine, isoleucine, 
or valine. Li + uptake was measured  at 28~ using a Li+-selective 
electrode. Condit ions for measurements  were the same as those 
described for Fig. 3 except  for replacement  of  NaCI with LiCI. 
(A) Li + uptake induced by the addition of leucine ,  isoleucine, or  
valine in PMLI4 .  The final concentrat ion was I mM leucine, 1 
mM isoleucine, or 5 mM valine. (B) Li + uptake induced by 
leucine in mutan t  strains of  PML1459, 1460, and 1455 
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Fig. 5. Movement  of  H-  after addition of leucine, isoleucine, or 
valine. H + flux was measured  at 28~ by monitoring pH change 
of extracellular medium with an H* electrode as described in 
Materials and Methods.  Final concentrat ions  of amino acids and 
cell suspens ions  were I mM and 5 mg protein/m/,  respectively. 
(A) pH of the medium after the addition of amino acids in the 
absence  of NaCI to PMLI4  cell suspension.  (B) H + efflux in- 
duced by leucine addition in the presence of  5 mM NaCI from 
PMLI4,  1459, and 1460 

Table 2, Initial rate of  Na + or Li + uptake induced by the addition 
of leucine, isoleucine,  and valine ~ 

Strain Initial rate (ng ions/mg protein/rain) 

Na + uptake Li + uptake 

Leu lle Val Leu lle Val 

PMLI4  1.40 2.39 0.57 0.43 0.81 0.26 
PMLl459  2.30 1.97 1.05 0.25 0.15 0.06 
PMLI460 ND ND ND ND ND ND 
PML1455 8.79 5.20 2.65 1.28 1.37 1.31 

Uptakes  of  Na + and Li + after addition of  leucine, valine, or  
valine were moni tored at 28~ using an Na § or Li+-selective 
electrode. Initial rate of  Na + or Li" uptake was est imated from 
initial slope in records.  Final concentrat ions of leucine, iso- 
leucine, and valine were 1, 1, and 5 raM, respectively.  ND, not  
detected.  

E F F E C T  OF P H  ON L E U C I N E  U P T A K E  

A N D  ITS K I N E T I C S  

First, effect of  pH on leucine uptake activity, a 
measure  of  the LIV-I1 system, in the presence of 
Na  + or Li + was examined in a pH range between 5 
and 9. The uptake activity with Na + or Li + was 
maximal around p H  8 and low at pH 5 and 9 (Fig. 6). 
A big difference in the activity was observed be- 
tween pH 6 and 7. Similarly, pH effect on glutamic 
acid uptake activity in the presence of Na  + was 
examined to compare  with the effect on the leucine 
t ransport  activity. Glutamic acid t ransport  by P. 
aeruginosa cells is suggested to be independent of  
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Fig. 6. Effect of  pH on leucine uptake in the presence of Na + or 
Li + . Washed  cells were resuspended  in buffer solutions of 0.1 M 
2-(N-morphol ino)ethanesalfonic  acid (MES)/Tris, pH 5 and 6, 
HEPES/Tr i s ,  pH 7 and 8, and 2-(cyclohexylamino)ethane- 
sulfonic acid (CHES)/Tris ,  pH 9, and kept at room temperature 
before use. Initial rate was calculated from 15-sec values of  
leucine uptake at 30~ in the presence of 2.5 mM NaCI (�9 or 
LiC1 (~)  and from those of glutamic acid uptake at 2.5 mM NaCI 
(• The final concentrat ion of [lgC]qeucine or glutamic acid was 
23 b~M 

Na + (Hoshino,  1979a). The activity ofglu tamic  acid 
t ransport  was maximal  around pH 7 and higher at 
pH 5 than the leucine uptake activity with Na  + . Its 
activity at pH 9 was as low as the activity of leucine 
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Fig. 7. Effect of Na + and Li" on kinetic parameters of leucine 
uptake at different pH. Initial rate was estimated from teucine 
uptake values at 10 sec and 30~ in the presence of 2.5 mM NaCI 
at pH 6.0 (0) and 7.5 ((2)) or LiC1 at pH 6.0 ( , )  and 7.5 (A). The 
results were presented as double reciprocal plots of the initial 
rate and leucine concentration 

uptake in the presence  of Na  + or Li + . Effect of  pH 
on the Na  + and Li+-coupled leucine transport  ap- 
pears similar, but leucine and glutamate transport  
sys tems exhibit different pH dependence.  

Next ,  effect of  pH on kinetics of  Na  + or Li +- 
coupled leucine t ransport  was examined by deter- 
mining kinetic parameters  at p H  6.0 and 7.5. Initial 
rates of  leucine uptake were measured in the con- 
centrat ion range of 0.3 to 40/~M leucine in the pres- 
ence of Na  + or Li + at pH 6 and 7.5. Results are 
presented in a double reciprocal  fashion (Fig. 7). 
The kinetic parameters  were est imated and are 
given in Table 3. At pH 7.5, the values of  apparent  
K,n and Vma• with Na  + were 8 and 4 times larger 
than those with Li +, respectively.  At pH 6.0, the 
Km values with N a  + and Li + were  2.5-5 times larger 
than those at pH 7.5, whereas  the Vmax values with 
Na  + and Li + were  the same with those at pH 7.5. 
These results indicate that kinetic proper ty  of  Na  + 
and Li+-coupled leucine t ransports  is different f rom 
each other and strongly suggest that pH change in- 
fluences Km values rather  than Vmax values in the 
two cat ion/leucine cotransports .  

Discussion 

P. aeruginosa cells accumulated leucine, iso- 
leucine, or valine in the presence  of Na  + or Li + 
through the L I V - I I  t ransport  system. Fur thermore ,  
the addition of  leucine, isoleucirle, or valine to the 

Table 3. Effect of Na + and Li + on kinetic parameters of leucine 
uptake a 

Salt added pH K,,, (/XM) Vm,• (nmol/mg 
(2.5 mM) protein/rain) 

6 7.5 
6 7.5 

NaCI 200 40 20 20 
LiCI 13 5 4.3 4.3 

Kinetic parameters were calculated from the data given in 
Fig. 7. 

cell suspension caused uptake of Na  § and Li + . Nei- 
ther uptake of substrates  in the absence of Na  § or 
Li § nor uptake  of  Na  § or Li § induced by the sub- 
strates was observed.  These findings indicate that 
the L IV- I I  t ransport  sys tem for the branched-chain 
amino acids in P. aeruginosa is a Na  § or L i - / sub-  
strate cot ranspor t  system, but not an H+-coupled 
system. Hoshino and his collaborator  (1979a,b) 
have already described that the LIV- I I  t ransport  
sys tem is a Na+-coupled t ransport  sys tem and that 
Li § ion works  as a coupling cation for leucine trans- 
port,  suggesting that not only Na  § but also Li § is a 
coupling cation for L IV- I I  system. Our present  
study has confirmed their suggestion. Several trans- 
port sys tems that couple to Li § as well as Na  + have 
been found in E. coli. They are melibiose and pro- 
line sys tems (Tsuchiya et al., 1983; Tsuchiya  et al., 
1984). Our finding provides evidence that Na§247 - 
cotransport  sys tem is present  in bacterial species 
such as P. aeruginosa other than E. coli. 

The addition of  leucine did not cause H + move-  
ment  in the absence of Na  +, while it caused H + 
efflux f rom whole cells in the presence of Na  § . This 
observat ion is interpreted by a view that a mem- 
brane potential  generated by an electrogenic Na+/ 
leucine cot ranspor t  elicited secondary electropho- 
retic H § extrusion (Tsuchiya et al., 1977b; H a m a  et 
al., 1987). 

The leucine t ransport  by the LIV- I I  system de- 
creased more  greatly by lowering pH f rom 7 to 5 
than the glutamate t ransport  did. Both t ransport  ac- 
tivities were low at p H  9. It  is considered that low 
activities at pH 9 may be attributed to either inacti- 
vation of the t ransport  sys tems or reduction of a 
driving force generated by intact cells, but that a 
difference in p H  dependence  of the two transport  
activities be tween pH 5 and 7 should be due to the 
proper ty  of  the respect ive systems.  The big differ- 
ence in the leucine t ransport  activity between pH 5 
and 7 could be  interpreted as titration of histidine 
with a pKa around 6.0 involved in the cotransport  
pa thway (Bindslev & Wright, 1984). The possibility 
of  involvement  of  histidine remains to be investi- 
gated. 
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Ef fec t  o f  N a  § and  Li  + on k ine t ic  p r o p e r t y  o f  the 
L I V - I I  s y s t e m  was  d i f ferent .  The  a p p a r e n t  Km val- 
ues  for  l euc ine  u p t a k e  we re  40 and 5 b~M in the  
p r e s e n c e  o f  2.5 mM NaCI  and  LiCl ,  r e spec t ive ly .  
NaC1 c o n c e n t r a t i o n  o f  2.5 mM is not ,  h o w e v e r ,  opt i -  
mal  for  N a + / l e u c i n e  c o t r a n s p o r t .  The  Km va lue  has 
been  found  to be  11 ~M when  e x a m i n e d  with  20 mM 
NaC1 ( H o s h i n o  & K a g e y a m a ,  1982). On the o t h e r  
hand ,  it has  been  s h o w n  tha t  Vma• is c o n s t a n t  with 
va ry ing  NaC1 c o n c e n t r a t i o n  (Hosh ino ,  1979a). In 
the  p r e s e n t  s tudy ,  Vmax va lue  at  2.5 mM NaCI  was  
four  t imes  la rger  than  tha t  at  the  same  concen t r a -  
t ion o f  LiC1. T h e s e  f indings l ead  to a conc lus ion  that  
u n d e r  each  op t ima l  c o n c e n t r a t i o n  o f  N a  + and Li  t , 
Km va lue  and  Vma• wi th  N a  + are  two  and  four  t imes  
la rger  than  those  wi th  Li  + , r e spec t i ve ly .  A differ-  
ence  in op t ima l  sa l t  c o n c e n t r a t i o n  b e t w e e n  NaCI  
and  LiCI  s e e m s  to be  due  to a d i f fe rence  in K,,, for  
the  ca t ions ,  a l t hough  the  Km va lue  for  Li  + has  not  
been  e s t i m a t e d .  This  sugges t s  tha t  the  affini ty o f  the  
L I V - I I  c a r r i e r  for  Li  + is g r ea t e r  than  that  for  N a  t . 
In  E.  col i ,  the  Km va lue  for  th iomethyl - /~-ga lac to-  
s ide  u p t a k e  v ia  me l ib io se  t r a n s p o r t  sy s t em with 
N a  § is two  t imes  l a rge r  than  tha t  wi th  Li  § wi thou t  
chang ing  Vmax (Lop i l a to ,  T s u c h i y a  & Wi l son ,  1978). 
I t  is l i ke ly  tha t  ef fec t  o f  N a  + and Li  + on t r a n s p o r t  
k ine t ics  is c h a r a c t e r i s t i c  o f  ind iv idua l  Na+(Li+)  - 
c o u p l e d  c o t r a n s p o r t  s y s t e m s .  T h e r e  are  two plaus i -  
b le  e x p l a n a t i o n s  on  the  d i f f e rence  in ef fec t  o f  the  
two  ca t ions  on  k ine t ics  o f  the  L I V - I I  sys t em.  One is 
tha t  b o t h  ca t ions  w o r k  in the  s ame  coupl ing  pa th-  
w a y  bu t  b e h a v e  d i f fe ren t ly  on the g round  of  thei r  
p h y s i c o c h e m i c a l  p r o p e r t y .  The  o t h e r  is tha t  the  two  
ca t ions  w o r k  in d i f fe ren t  coup l ing  p a t h w a y s .  Fur -  
ther  i nves t iga t ion  is n e c e s s a r y  to se t t le  the a b o v e  
poss ib i l i t i e s .  

A d e c r e a s e  in p H  c a u s e d  a n  i nc rea se  o f  K~ 
va lue  wi th  gmax unchanged .  This  m e a n s  that  high 
H § c o n c e n t r a t i o n  r e d u c e s  an  aff ini ty o f  the  ca r r i e r  
for  s u b s t r a t e s  bu t  does  not  af fec t  its t u r n o v e r  rate .  
This  e f fec t  o f H  + is s imi la r  to tha t  o f N a  + conc e n t r a -  
t ion  on k ine t i c s  ( H o s h i n o ,  1979a), sugges t ing  that  
H + m a y  o c c u p y  b ind ing  si te(s)  for  N a  + and  Li  +, 
a l though  it is not  ab le  to w o r k  as a coupl ing  ca t ion  
o f  the  L I V - I I  c o t r a n s p o r t  sy s t em.  
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