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SUMMARY 

L Based  on the lnodel of t ransmemt) rane  sugar t ranspor t ,  developed in previous 
papers ,  the kinet ics  of mutua l  inhibi t ion between pairs  of sugars were calculated.  
The equat ions  der ived take  into considera t ion the existence of two modes of t rans-  
por t :  fac i l i ta ted  diffusion and act ive  t ranspor t ,  both  ut i l iz ing the same carrier,  as 
shown previously.  

'~. I t  was shown tha t  the kinetics are more compl ica ted  than  those of simple 
compet i t ive  inhibit ion,  if a t  least  one of the two compet ing  sugars is t r anspor t ed  
act ively .  

3. The exper imen ta l  results  with var ious  pairs of sugars appeared  to be in good 
agreement  with the  theoret ical  equat ions  der ived for mutua l  t r anspor t  inhibit ion.  

4. The re la t ionship  between this t r anspor t  model  and  d a t a  on sugar  t r anspor t  
in recent  l i t e ra tu re  is discussed briefly. 

INTRODUCTION 

Transpor t  of sugars in yeas t  cells has been kinet ica l ly  character ized as a carrier-  
med ia ted  process I 4. Counte r t ranspor t  s tudies and demons t ra t ion  of mutua l  inhibi t ion 
of t r anspor t  with pairs  of sugars indicate  tha t  a number  of sugars share a common 
carriera,~ 7, according to the general ly  accepted cri ter ia  s n In some papers  on this 
subjec t  the terln compet i t ive  inhibi t ion has been uti l ized to describe the mutua l  
t r anspor t  inhibi t ion of pairs of sugars. At  first sight it  seems self-evident t ha t  this 
would describe the s i tua t ion  sufficiently and m a n y  exper imenta l  da t a  seem to be in 
accordance  with this representa t ion .  The exper imenta l  condi t ions in these studies,  
however,  were not  a lways  op t imal  to de tec t  devia t ions  of the kinetics of comt)et i t ive 
inhibi t ion.  Moreover, some of these compet i t ion  studies were performed with iodo- 
ace ta te -poisoned  yeast .  As discussed previously< e' this will chmd the issue. 

In previous papers  exper imenta l  evidence has been presented  for the existence 
of two sugar  t r anspor t  mechanisms in yeast ,  bo th  proceeding via tile salne carrier<6,1='. 
As will be discussed in this paper ,  this s i tua t ion  should have its bear ing on tile kinetics 
of inhibi t ion.  In  the present  inves t igat ion the theore t ica l  consequences of this  t rans-  
por t  model  on the kinet ics  of inhibi t ion will be compared  with exper imenta l  results.  
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THEORETICAL 

As discussed previously<< 12 two hexose transport mechanisms are operative 
in yeast : a passive, carrier-mediated, facilitated diffusion and an active, metabolicalh" 
linked transport. In this active transport  mechanism the same carrier is utilized as 
in facilitated diffusion; the binding of sugar to the carrier is catalyzed in this case 
by an enzyme (permease), and a phosphorylating reaction with polyphosphate as 
phosphate donor is involved in this binding. Facilitated diffusion was found e.g. for 

sorbose and for galactose in uninduced yeast. Active transport was found for galactose 
in induced yeast, glucose and fructose. This transport model can be outlined as 
follows : 

Transport by facilitated diffusion: 

S @ C ~- (SC) (I) 

Active transport : 

R E ~ (leE) (2) 

(RE) - C ~ (KPOa)n  ~ (te E - p h o s p h a t e - C )  --  (KPOa)n 1 (3) 

(R-E-phosphate--C) ~- (R-phosphate-C) -- E (4) 

where S = passively transported substrate; R = actively transported substrate; 
C = carrier; E - -  permease; (KPOa)n = polyphosphate. 

Subsequently the (SC) and (R-phosphate-C) complexes will move across the 
membrane. 

As shown previously, nickelous ions inhibit active transport at the level of 
reaction (3). Passive transport  is not influenced by Ni 2+ (ref. 5). So it seems possible 
that  the presence of Ni"- could change the equilibrium constant of reaction (3), 
without changing the equilibrium constant of reaction (2). 

In iodoacetate-poisoned yeast active transport is abolished quickly, by de- 
pletion of the polyphosphate fraction involved in the active mechanism. Substrates, 
normally transported actively, are taken up via facilitated diffusion in iodoacetate- 
poisoned cells ~2. Experimentally a major shift of transport paraIneters is found. For 
this reason inhibition studies between pairs of sugars should not be performed with 
poisoned yeast if one or both of the sugars is transported actively. 

The overall transport process shows Michaelis-Menten kineticsl,l"J a. I t  is clear 
that  the apparent Michaelis-Menten constant that  can be determined from the re- 
lationship between substrate concentration and initial velocity of uptake (e.g. by the 
Lineweaver-Burk plot) has a quite different meaning in active and passive transport. 
In passive transport  it represents the dissociation constant of the substrate-carrier 
complex (Kc and Ki in the following calculations); in active transport, however, the 
substrate-permease dissociation constant (Ke in the folh)wing calculations). These 
constants can be determined experimentallyS& 1~-. 

From (I) the normal Michaelis-Menten kinetics of transport  can be derived: 

~S? Ec 
K~ (5) 

~sc]  

c ,  . -  ~c~ ~ Esc]  (6) 
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kCt!SI 

....... t G  ~ is] (7) 

where Ct - -  to ta l  amoun t  of carr ier ;  v ~ veloci ty  of t r anspor t  ; k = react ion constant .  
If a second subst ra te ,  I,  competes  with S for the  carrier,  the convent ional  

HUNTER AND DOWNS 1~ equat ion for compet i t ive  inhibi t ion can be der ived:  

where 1,2,-- the c a r r i e r - /  dissociat ion cons tan t  and c~ = the rat io  of the t r anspor t  
veloci ty  in the  presence of inhibi tor  to the veloci ty  wi thout  inhibi tor ,  at  the same 
subs t ra te  concent ra t ion .  

If an ac t ive ly  t r anspor t ed  subst ra te ,  R, inhibi ts  t r anspor t  of S, the  s i tua t ion  is 
more complicated.  In th s case there will be a compet i t ion  between S and (RE) 
(Eqns. I and 3) for the carrier.  I t  is reasonable  to assume tha t  every pa r t i cu la r  (RE) 
complex is spa t ia l ly  associated with one par t i cu la r  carr ier  site. For  this pa r t i cu la r  
carr ier  site there  will be a compet i t ion  between S and (RE). There is, of course, no 
bulk (RE) concent ra t ion  : only a "local  concen t ra t ion"  with regard  to C, which cannot  
be expressed in convent ional  units.  The only th ing tha t  can be concluded is t ha t  
(once a permease site has reac ted  with R) this  local (RE) concent ra t ion  is cons tan t  
and  p re sumab ly  very  high (assuming a close spa t ia l  re la t ionship  between permease 
and carrier).  This local concent ra t ion  with regard  to C will be ind ica ted  by  [B] in 
the following calculat ions.  

To eva lua te  the  t r anspor t  kinet ics  of S in the presence of R, i t  should be realized 
tha t  one fract ion involves S t r anspor t  by  RE-assoc ia ted  carriers (fraction A) and the 
o ther  f ract ion involves S t r anspor t  by  the non-RE-assoc ia ted  carrier  sites, ( C t -  A). 
Firs t  i t  will be assumed tha t  each carrier  site is associated with one permease,  or:  

Et ..... Ct (9) 

From (2): 

IR! [El 
K e (10) 

[RE] 

l£t E ]  - -  FREI ( t i) 

[ ICiEr [B ' ]C t  
[tfE . . . . . . . . . . . . . . . . . . . .  ~4 (I2) 

K,, a "/?j K,, t R 

Transpor t  of S via the  non-RE-assoc ia ted  carrier  fraction,  (Ct - A ) ,  is compet i t ive ly  
inh ib i ted  by  free R, whereas S t r anspor t  via the fract ion A is co lnpe t i t ive ly  inhibi ted  
by  (RE). If the  t r anspor t  ve loc i ty  via fract ion A is called v 1 and via (Ct A) v2, the 
to ta l  ve loci ty  of inhib i ted  t r anspor t  is given by :  

,'t ~'I ¢ ~'2 ( t 3 )  

Transpor t  employing  the non-RE-assoc ia ted  fract ion (Ct .4) would obey Eqn. 14: 

k(ct - .4)  [ s i t G  
~.~ .... ( 1 4 )  

Kr[S! @ Kr t (c  : KelP. 

where Kr  = the  ca r r i e r -R  dissociat ion constant .  
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However,  if K e  is of the same order of magni tude  as Kr,  and [R] ~ [S], Eqn.  14 
becomes: 

k(ct-~4) i s ]  
v2 - (L~I 

IS] + / l ' c  

From (3): 

I t ' ]  [/3] [ (KPO3) , ,  
A" i (1(3) 

[REC'] [ ( K P O 3 ) n - 1  

where C' is the amount  of free carrier within the fraction A. In  the s teady state 
[(KPO3)n]/[(KPOa)n-1 can be considered as a constant,  with a value close to one, 
as the t ransport  phosphorylat ion given in Eqn. 3 implies the use of one phosphate 
monomer,  decreasing n, but  not changing the molecular concentrat ion of the poly- 
phosphate.  So Eqn. 16 can be simplified to:  

[c ' ]  [ B  
I,'~ : D ~ : C ' -  (~7) 

As there is a competi t ion between S and (RE) for the carrier fraction A : 

OF : 

and:  

:t i t '  + [REC'] -- [SC'] (~S/ 

From (5): 

K~[SCq 
[c ' ]  (m) 

rs] 

From (I7): 

tO'- [M- Kc[SC'] [B]  
rRI~C'] - ~ - (2o)  

Ki  IS] Ki 

Therefore: 

.4 k ' ~ [ s c q  k ' ~ E s c ' ]  [B] 
= - -  ~ + ÷ [SC'] (-',) 

[s]  [s]K~ 

.4 [sjK~ 
[SC'] = (22)  

Kct;~ + K~[S] + Kc[B] 

kA IS] K, 
vt 

Ki[S ~_ m KcK~ ~ Ke[B] 

By subst i tut ing Eqns. 15 and 23 into I3 one obtains:  

k.-t [ s ] ~ ;  /~,(ct - A )  Is ]  
vt + 

K~[S] + KeK~ + K o E B ]  Ke + [S]  

From (7) and (z4): 

Ct--H .4t;~(f(c +- [S] )  
,~ - v t l v  + 

Ct Ct[KdS ] + KcK~ + KcEB]} 

By subst i tut ing Eqn. I2 into 25 one obtains:  

- (A'e + [Rj)k'~[Sl (Ke + [R])A'~ 
- - - -  jR] = + -- 4- K~ 

(23) 

(24) 

(25) 

(26) 
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Tile value of the  fraet ion ( (Ke  + [Rj)Ki) / [13J  cannot  be de te rmined  direct ly ,  
bu t  it  is expected  to be small,  as [B! has a very  high value (see above).  The value of 
tile fract ion will increase with increasing [R , bu t  is cons tant  when !R  is fixed. If 
the  value of the  fraction,  at a fixed R concentra t ion,  is wri t ten as Ko, Eqn. 2() can 
be wr i t ten  as: 

R !  = Ke ~ t G  : (27) 
I - ¢l I X ' t ,  " 

Under  these condi t ions a plot  of ~[R /(I  .... ~) against  [Sj will yield a s t ra ight  
line. The analogy with tile HU~TER a~,'> DOwxs equat ion (Eqn. 8) is obvious. 

If some carr ier  sites are not  associa ted with a permease (Et < Ct), the same 
calculat ions  can be made.  In  this  case, however,  Et ~ / 3 C t  (/~ < I), and Eqn. I2 
changes to:  

[R~/h 17RI~c, rRl'Z . . . .  .I (2S) 
Ke [1¢_ K,, : R 

and the final result  will be:  

K~,I .s] 
. . . .  = ¢i VR t . ' f i K e -  I.'fiKi, } I.,fl 1"[¢. " (1,"fl I )  :Ri  (29) 
I - - ¢ l  

The value of c~[R /(I  ~) is now dependen t  on [/{1 in two ways:  via the 
value of Kt~, and via the  term (I//3 - I ) [ R .  At  a cons tan t  concentra t ion  of R, a plot  
of ~[/{i /( i  ~) agains t  IS yields a s t ra ight  line again. If fi ~ I, Eqn. 2q is ident ical  
to Eqn.  27. 

From Eqn.  25 it follows tha t  if K~ ..~. K c  and IS is re la t ive ly  small,  the ex- 
pression reduces to c~ - (Ct , t ) / ( ' t  ()r, from gqn .  28: 

.4 fl7/¢i 
(~ .) . . . .  (30) 

('t K,, - h'  

This means  tha t  under  these c i rcumstances  the per cent inhibi t ion of S t r anspor t  
is d i rec t ly  propor t iona l  to the per cent sa tu ra t ion  of the permease with the inhibi tor  R, 
and  w h e n / 3 - -  i (Et - -  ('t) these are the kinetics of uncompet i t ive  inhibit ion.  

W i t h  two ac t ive ly  t r anspor t ed  sugars, taken  up via the same carrier,  the corn 
pet i t ion  fl)r this carr ier  will be between (RIE1)  and (R2E2) ,  if different permeases are 
involved.  Under  the  s impli fying condi t ion tha t  the concentra t ions  of R 1 and R~, in 
the  medium are high enough to v i r tua l ly  sa tu ra te  the permeases,  both  (R1E1) and  
(R.aE2) are max ima l  and constant ,  and independent  of the free sugar concentra t ions  
[R t and [[1¢ 2 !. The rat io  of the t r anspor t  veloci ty  of R 1 to the t r anspor t  veloci ty  of 
R2 will under  these condi t ions be de ter lu ined  by  the re la t ive  affinities of ( R I E t )  
and (R.,E.a) for the carrier.  In o ther  words:  this ra t io  is de te rmined  by  the K ,  values 
(Eqn. 17) of the  two subs t ra tes  and is independen t  of the K e  values (Eqn. zo), which 
are the Michael is -Menten cons tants  of the  overall  t r anspor t  nmchanisln of the sub- 
s t rates .  As po in ted  out  before, the Ki  values m a y  be influenced by  the presence of 
nickelous ions, whereas the  K e  values are not. Consequent ly  tile presence of nickelous 
ions may  change the ra t io  of the t r anspor t  velocit ies of /{1 and R~. 

Final ly ,  if two ac t ive ly  t r anspor t ed  sugars would be t aken  up via  the same per- 
mease and the same carrier,  an uncompl ica ted  compet i t ive  inhibi t ion should be ex- 
pected.  The degree of mutua l  inhibi t ion will depend  on the rat io  of the K~ values of 
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the two substrates and on the ratio [RI!/IR21, and will not be influenced by  nickelous 
ions. 

METHODS 

Baker 's  yeast, strain Hansen C.B.S. 1172, was grown, harvested and starved 
as described before 15. Adaptation to galactose was brought about as described pre- 
viously 12. Uptake of non-metabolizable substrates was measured according to the 
procedure described by CIRILLO 3. Uptake of fermentable sugars was determined by 
measuring the disappearance of the sugars from the medium. The analytical methods 
utilized were: glucose, glucose oxidase method as modified by WASHKO AND RICE~*; 
galactose, galactostat reagent (Worthington Biochemical Corp.) ; sorbose and fructose, 
method of DISCHE AND DEVlIL When 14C-labelled sugars were used, the radioactivity 
was measured in a liquid scintillation counter, with the liquid scintillator described 
by BRAY 18. 

RESU L T S 

Michaelis-Menten constants of sugar transport 
In preliminary experiments the Michaelis-Menten constants of transport  of 

the various sugars, utilized in these studies, were determined. The results appeared 
to be quite reproducible in many  experiments and are summarized in Table I. The 
constants were calculated from the amounts of sugar, taken up during the first IO 
rain of incubation at 25 °. In control experiments the velocity of uptake appeared to 
be virtually constant during at least 15 min, for all substrates tested. In the case of 
the non-metabolized substrates this relatively long interval of constant uptake velocity 
(with apparently negligible back-transport) is caused by  the low V and high Kn~ 
values of these sugars. 

Competition between two passively transported substrates 
The inhibition of sorbose transport  by galactose in uninduced cells shows the 

characteristics of a normal competitive inhibition, as given in Eqn. 8 (Fig. I). Because 
of the high Ki value of galactose, high concentrations had to be used to get an 
appreciable inhibition of sorbose transport. Therefore the total sugar concentration 
in the medium in these experiments reached values up to IOOO raM. At these high 
concentrations an osmotic response of the cells is likely to occur 19, confusing the 

T A B L E  I 

MICHAELIS--~'V[ENTEN CONSTANTS (ME;AN VALUE ~ STANDARD ERROR) OF SUGAR TRANSPORT 
CALCULATED FROM SUGAR UPTAKE; AT VARYING SUBSTRATE CONCENTRATIONS, AT :25 ° 

Sugar Kc (raM) Ke (mM) 

Sorbose  950 -t- 61 
G a l a c t o s e ,  u n i n d u c e d  653 ~ 59 
G a l a c t o s e ,  i n d u c e d  4.7 ~ 0-4 
G luc ose  5.1 :~- o.3 
F r u c t o s e  4.9 ± o.3 

Biochim. Biophys. 14cta, 15o (1968) 4 2 4 -4 3 4  
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resul ts  to some extent .  The Ki  of galactose,  ca lcula ted  from the slope of the line, is 
527 raM; and 67o raM, as ca lcula ted  from the in tercept .  The difference can be ex- 
p la ined by  the re la t ive ly  low ~[Ii/(I ~) values at  higher  sorbose concentra t ions  
(where an osmotic  react ion of the cells can be expected} which tend  to decrease the  
slope and to increase the in tercept  of the  ca lcula ted  line. These values should be 
c o m p a r e d  with the Ke value of 653 mM of galactose  t r anspor t  in un induced  yeas t  
cells (Table I). 

1000 

o • 

800 

600 I 

4 O0 ! 

J 

200 i 
I 

i i i r O t 
100 200 300 400 500 

Sorbose concentration (mN) 

100 

80 .c_ 

°~ 60 
7 \ \  

"~ 4C °N 
.o 

i 

0 l l r ~ i _ _ ~  i "~ 4'0 80 120 160 
Time(rain) 

Fig. i. Inhibi t ion of sorbose t r anspor t  by galactose, in uninduced cells, at  25 . O - - - O ,  500 mM 
:galactose; O - - O ,  3 °o mM galactose. The dotted line represents  the theoretical relationship 
.according to Eqn.  8, with/{e(galaetose) 653 m3i and A'e(sorbose) -- 950 raM. 

Fig. 2. Competit ion for t r anspor t  between fructose (O--Q)  and galactose (O -- --O), measured from 
the disappearance of these sugars from the medium. The initial concentrat ion in the medium of 
both  sugars was 2 %, yeast  concentrat ion:  5%, tempera ture :  25 °. With a combinat ion  of glucose 
.and galactose, similar results were obtained. 

Competition betwee~z two actively transported sub#rates 
In these exper iments  ga lac tose- induced  yeas t  cells were used. Two combina t ions  

were s tud ied :  glueose/galactose and fructose/galaetose.  The d i sappearance  of these 
sugars  from the medium was measured  in the course of t ime,  s t a r t ing  with  a I : I ra t io  
of the two subst ra tes .  As shown in Fig. 2 the sugars  are t aken  up at  a cons tan t  ra te  
ove r  a large t ime in terval .  Galactose  is t aken  up faster  than  glucose or fructose, wi th  
a cons tan t  ra t io  g a l a c t o s e / g l u e o s e -  1. 4 and g a l a e t o s e / f r u c t o s e - - 1 . 6 ,  no twi th-  
s t a n d i n g  the fact  t ha t  the  concent ra t ion  ra t io  in the med ium changes from I : I a t  
the  beginning of the  exper imen t  to less than  I : 4 af ter  abou t  IOO rain. In o ther  experi-  
nlents,  s t a r t ing  with  different  subs t ra te  concentra t ions ,  the  same cons tan t  up take  
rat ios  were found even wi th  free sugar  concent ra t ion  rat ios  under  I : 20. If the experi-  
ment  is conduc ted  in the  presence of nickelous ions the t r anspor t  ra t io  galactose/glu-  
eose changes from ~-4 to 2.2 and the t r anspor t  ra t io  galactose/ f ructose  from 1.6 to 
2.8 (Fig. 3). 

Competition between an actively amt a passively tra~zsporled substrate 
These exper iments  were conduc ted  with  ga lae tose- induced  yeast .  As ac t ive ly  

t r anspo r t ed  inhibi tors  glucose and galactose were used. The pass ively  t r anspor t ed  
subs t r a t e  was sorbose. 

The inhibi t ion  of sorbose t r anspor t  b y  glucose and galactose  is shown in Figs. 4 
and  5. I t  is obvious tha t  one is not  deal ing here with a silnple compet i t ive  inhibi t ion.  

Biochim. I3iophys. dcla, 15o (1968) 424-434 
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The kinetics of inhibition fit, however, Eqn. 27 with glucose, and Eqn. 29 with, 
galactose as inhibitor of sorbose transport. With every 6 sets of experiments the 
parameters (±  standard error) of Eqns. 27 and 29 could be equated to:  Ke(gJueose),, 
5.4 (~  0.5) raM; Kb(glueose), 1.3 (J= 0.8) mM; (fl ~ I), with 20 mM glucose as inhibitor ; 
I£e(galaetose), 5' I (2~- o.4) mM; Kb(galaetose), 0.9 (±  0.6) mM; fl = 0.67 (-L o.o4), with 20 mM 
galactose as inhibitor. At other inhibitor concentrations (Io-5o raM), calculate([ 
parameters did not differ significantly from the above values. 

The validity of Eqn. 3o was tested at relatively low sorbose concentration 

o 

106 

o~ 6O 
cu 

= 

20 

'~',~ . ~ ,, ,~ l ~ J  

"~ o " a[ 

o,,\ 2 ; 
,q 

, -.~--,o---~ , , , 

do 8'o 120 160 160 ~0 s60 '~700 
Time (rain) Sorbose concentration (rnN) 

Fig. 3. Compet i t ion  for t r a n s p o r t  be tween  f ructose  ( O - - O )  and  galac tose  ( O - - - O )  in the  p resence  
of 5 '  IO-~ M Ni 2+. The  init ial  concen t r a t ion  of bo t h  sugars  was 2 %. Yeas t  concen t r a t ion :  15 %, 
t e m p e r a t u r e :  25 °. W i t h  a combina t ion  of glucose and  galac tose  s imilar  resul ts  were ob ta ined  
(see text) .  

Fig. 4. The  inhib i t ion  of sorbose t r a n s p o r t  by  glucose in concen t ra t ions  of io mM ( 0 - - 0 )  and  
2o m M  ( © - - © ) .  The  do t t ed  line represen t s  t he  re la t ionship  of a s imple  compe t i t ive  inhibi t ion  
accord ing  to Eqn .  8, wi th  Ki{glueose) = 5.4 mM  and  Ke(sorbose) ~ 95 ° mM. 

O O O O O 

• • . • 

__  I r i I I 

100 3;0 5(10 7;0 
Sorbose concentration (raN) 

~lO~- 

Y /  
0 6 • /  ~ ,  ¢ 

04[/.~.. ::S/°/~ 
02 .o ~" 

0 2 04 0.6 0.8 I0 
R 

K E + R  

Fig. 5. The  inh ib i t ion  of sorbose t r a n s p o r t  by  galactose,  in concen t r a t ions  of io m M  ( 0 - - 0 ~  
and  2o m M  ( O - - O ) .  The  do t t ed  line represen t s  the  re la t ionship  of a s imple  compe t i t i ve  in- 
h ib i t ion  accord ing  to Eqn .  8, w i th  Michae l i s -Men ten  c o n s t a n t s  of 5. i m M  for ga lac tose  and  95 ° mM 
forsorbose  (see Table  I). 

Fig. 6. The  inhib i t ion  of sorbose t r a n s p o r t  by  galac tose  and  glucose, a t  low sorbose concen t r a t ion  
(6o mM). The  va lue  of (I - -  ~) for sorbose t r a n s p o r t  is p lo t t ed  aga ins t  the  ca lcu la ted  s a t u r a t i o n  
of the  glucose and  galac tose  permease ,  respect ively,  ut i l izing t he  Ke va lues  s u m m a r i z e d  in 
Table  I. O - - O ,  glucose;  O - - - O ,  ga lac tose  as inhibi tor .  W i t h  glucose:  fl = I; wi th  ga lac tose :  
fl = 0.6 7. 
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(60 raM). As shown in Fig. 6, the experimental results were in excellent agreement with 
the theoretical expectation. The deviation of the straight line at high galactose concen- 
trations will be discussed below. 

DISCUSSION 

The hypothesis of sugar transport in yeast, postulated in previous papers4,~, 12 
and summarized in the theoretical section of the present comnmnication, implies 
certain consequences for the kinetics of mutual inhibition between pairs of sugars, 
competing for the common carrier. The kinetics of inhibition will be different according 
to the mode of transport of the competing sugars. A number of possibilities were 
considered theoretically and verified experimentally. 

(I) Two substrates, both transported via facilitated diffusion (bypassing the 
permease step), should show colnpetitive inhibition (Eqn. 8, Fig. I). Notwithstanding 
the high experimental error (see r~I~SULTS) the experiments on sorbose transport 
inhibition by galactose in uninduced cells must be interpreted as a simple competitive 
inhibition. 

(,o) Two substrates, both transported actively (utilizing different permeases but 
the same carrier) should give a mutual inhibition of transport of which the following 
characteristics can be derived theoretically: (a) The inhibition should be independent 
of the free sugar concentration in the medium and of the ratio between the sugar 
concentrations, as long as both permeases are near saturation ([R] >~ Ke). This is 
confirmed by the experimental results over a wide concentration range. 

(b) The degree of mutual inhibition (in other words: the ratio velocity R i trans- 
port/velocity R 2 transport) is determined by the ratio of the affinities of the sub- 
strate-permease complexes (R1E 1 and R1E,, ) for the carrier. These affinities, however, 
cannot be determined directly'. The inhibition studies concerning actively transported 
sugars and sorbose (see below) indicate that the affinity of the substrate-permease 
complex is very high, both with glucose and with galactose as inhibitor. In both 
cases the Kb values are of the order of magnitude of I raM, but the experimental 
error is luuch too large to evaluate the ratio of the Ko values from these studies. 

(c) As the transfer step of substrate from the permease to the carrier (Eqn. 3) 
is influenced by nickelous ions, a shift of the equilibration constant of this reaction 
may be expected in the presence of Ni e: . It should be stressed that Ni 2+ does not 
cause a change of the Ke values 5. Consequently, the ratio of the relative affinities of 
the substrate-permease complexes to the carrier may alter in the presence of nickelous 
ions. The change of the transport ratios glucose/galactose and fructose/galactose 
after addition of nickehms ions is in excellent agreement with this expectation (Figs. 
2 and 3). 

(3) Inhibition of a passively transported substrate by an actively transported 
inhibitor gives a complicated situation. In the theoretical section the possibility that 
the passively transported, non-metabolized substrate would have an affinity for the 
permease was ignored. This is not a priori justified. CIRILI.O 20 e.g. has shown that 
galactose induction of yeast results in a considerable increase of the velocity of 
facilitated diffusion of some non-metabolized sugars. The possibility of the following 
additional steps of the transport model should therefore be considered: 
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s + E ~ (SE) (a) 

(SE) + C ~ (SEC) (b) 

(St~C) ~ (SC) + E (c) 

This will, of course, complicate the inhibition kinetics. The yeast used in the present 
experiments did not show any change in the parameters of sorbose transport, how- 
ever, after galactose induction. Moreover, no data were found in the present studies 
indicating any appreciable affinity of passively transported substrates for a permease. 
Apparently, the steps a, b and c may exist in some yeast strains with regard to certain 
sugars, but this does not represent a general feature. 

In many  experiments with varying sorbose and inhibitor concentrations, the 
validity of Eqn. 29 was proved (Figs. 4 and 5), the parameters being constant within 
the experimental error. In the case of glucose E~ = Ct (fl = i), whereas for galactose 
Et < Ct (fi = approx. 0.67). 

As shown in the theoretical section, (r - -  a) should be directly proportional to 
the permease saturation, at low sorbose concentrations (Eqn. 3o). This is shown to 
be true in Fig. 6. Theoretically it might be expected that  ( i -  a) should reach a 
maximal value of o.6 7, at extremely high galactose concentrations. Fig. 6 shows, 
however, that  at very high galactose concentrations there is a deviation from the 
originally perfectly straight line: the inhibition increases more than would be ex- 
pected. This deviation becomes obvious at galactose concentrations over 3oo raM, 
where the galactose permease is virtually saturated. The explanation of this phenom- 
enon is that  galactose can be transported both actively and passively 6. At high 
galactose concentrations the permease is saturated, yielding a saturation of 67 o; 
of the carrier sites. For the remaining 33 % of the carrier sites a simple competitive 
inhibition between sorbose and free galactose may be expected. Adopting a Kc value 
of 653 mM for passive galactose transport  (as found in uninduced cells, see Table I), 
this competitive inhibition can be evaluated as follows. If the affinities of two sub- 
strates for the same carrier are of the same order of magnitude and IS] ~ [Ri, the 
HUNTER AND DOWNS equation for competitive inhibition can be reduced to: 

[R] 
(i --~) 

K~(m + [R] 

The total inhibition of sorbose transport  by active plus  passive galactose trans- 
port at high galactose concentrations thus becomes: 

[R] [R] 
Ke + [R] K~(m + [R] 

The inhibition actually found experimentally corresponds very closely to the inhibition 
calculated from this equation. 

The good agreement between the experimental results and the theoretically 
calculated kinetics can be considered as valuable support for the permease-carrier 
transport  model, from which the theoretical considerations were derived. This model 
may be compared with the KEPES permease-carrier model of transnlembrane trans- 
port2t, 22. In recent literature other examples of the existence of more than one mode 
of t ransmembrane sugar transport  are given23, 24. How far the kinetics, discussed in 
this paper, will contribute to diauxie phenomena, cannot yet be established. 
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A few experimentally found deviations from the expected kinetics in compe- 
tition studies have been reported in recent literature (see e.g. ref. 25). It  seems 
probable that these deviations can be explained according to the lines indicated in 
this comnmnication. 
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