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Abstract 

As the expression of the hexose transporters in Succharomyces cereuisiue is regulated by the external fructose 
concentration, in vivo fructose transport was investigated at a number of different but constant fructose concentrations in a 

continuous culture. The in vitro uptake rate and kinetic parameters were studied by uptake of 14C-labelled fructose. From 
Eadie-Hofstee plots, based on the results of the in vitro uptake experiment, K, and V,,, for the different steady-state 

conditions were determined. These results demonstrate that as fructose concentrations increase, fructose consumption rates 
and K, increase and V,,, slightly decreases. However, remarkably a large discrepancy was observed between in vivo 

determined consumption rates in the continuous culture and the in vitro uptake rates from the “C-labelled fructose uptake 
experiment on cells from an identical steady-state condition. In every condition the in vivo consumption rate was approx. 

2-3 times higher than the in vitro uptake rate. A comparable discrepancy was observed for glucose uptake rates; however, 
in vivo and in vitro galactose uptake rates were identical. These observations imply that kinetic analyses of sugar transport 

mechanisms can only be performed correctly when accompanied by a comparison with in vivo determined consumption 
rates. 
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1. Introduction 

The yeast Saccharomyces cereuisiae is able to 
grow on a variety of sugars which serve as carbon- 
and energy source. The first step in hexose consump- 
tion concerns the transport of the hexose molecule 
across the plasma membrane by a facilitated diffusion 
system. Until recently, it was assumed, based upon 
kinetic studies from 5-s uptake experiments, that the 
hexose transport in S. cereuisiae was mediated by 
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two kinetically distinct hexose transport systems, i.e., 
a high affinity transport system ( K, of l-2 mM and 

5-10 mM for glucose and fructose respectively) and 
a low affinity transport system (K, of 20 mM and 
50 n-A4 for glucose and fructose respectively) [ 1,2]. 

Recently, however, evidence has been obtained 
that hexose transport in S. cereuisiue is mediated by 
multiple, differentially regulated hexose transporters 
[3-61. Th ese tr ansporters are encoded by a multigene 
family of genes, i.e., the HXT-genes, GAL2 and 
SNF3. The expression of the various members of this 
family is differentially regulated dependent upon the 
external glucose concentration 171. Moreover, some 
members of the transporters may influence the activ- 
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ity of others. In addition to the differential expres- 
sion, the hexose transporters exhibit different speci- 
ficities for glucose, fructose and mannose. These 
observations clearly indicate that hexose transport in 
S. cereuisiae is mediated by a complex network of 
transport systems, the activity being strongly deter- 
mined by the external hexose concentration. Conse- 
quently, a kinetic analysis of hexose transport in 

wild-type S. cereuisiae, grown in batch culture may 
yield results that would be difficult to interpret, be- 

cause of the varying external hexose concentrations. 
In this respect the application of a continuous 

culture of yeast cells may provide the required condi- 
tions for accurate hexose transport studies. We 
demonstrate here that growth of S. cerevisiae in a 
nitrogen-limited continuous culture in the presence of 
various concentrations of fructose in the feed medium 

provides the possibility to grow the cells under 
physiological well-defined conditions in the presence 
of a number of different but constant fructose concen- 
trations. Using these cells we demonstrate that fruc- 
tose transport can be described according to the 

kinetics of a ‘one-component’ system under each 
tested condition. Increasing the fructose concentration 
in the feed medium is accompanied by an increase in 
fructose concentration in the growth medium which 
results in a decrease of the V,,, and an increase of 
K,. However, at all fructose concentrations used, the 
in vivo fructose flux, deduced from the reliable con- 
tinuous culture experiments, appears to be approx. 2- 
to 3-fold higher than the calculated flux obtained 
from in vitro uptake experiments. This difference was 
found also for glucose flux. No difference, however, 
was observed between in vivo and in vitro galactose 

influx. 

2. Materials and methods 

2.1. Reagents 

D-[U- “C]-fructose, D-[U-‘4C]-glucose and D-[U- 
“C]-galactose were obtained from Amersham Life 
Science Nederland B.V. (‘s-Hertogenbosch, The 
Netherlands). Chemicals were purchased from E. 
Merck Nederland B.V. (Amsterdam, The Nether- 
lands) or Sigma Chemical Co. (Zwijndrecht, The 
Netherlands) and were reagent grade or better. 

2.2. Strain and growth conditions 

Saccharomyces cerevisiae strain SU32 was grown 
in a 2 1 BiofloIII chemostat (New Brunswick Scien- 
tific; Nijmegen, The Netherlands), that was con- 
nected to a computer controller unit running on Ad- 
vanced Fermentation Software (New Brunswick Sci- 
entific). SU32 was inoculated in the medium as 

described previously [81 and after batch growth 
overnight a continuous feed was connected. The 
medium for continuous cultivation is as previously 

described [8] with the modification that the NH: 
concentration was 1.5 g . 1-l and the fructose feed 
concentration was changed for each steady-state. At a 
dilution rate of 0.3 h-l a steady-state analysis was 
performed at fructose feed concentrations of 121, 
147, 175, 201, 264, 309, 434, 600 and 720 mM. 

In order to perform the glucose and galactose 
uptake experiments, SU32 was cultivated in the 
medium described above except for the modification 
that the concentration glucose or galactose in the feed 
was 167 mM and the dilution rate was 0.13 h- ‘. The 
NH: concentration was 1.5 g . I-‘. 

The pH of the cultures was automatically con- 
trolled at 5 by the addition of 5 M KOH. Tempera- 
ture was kept at 30°C. The airflow and stirrer speed 
were 2 l.min-’ and 700 rpm respectively. Hereby 
the oxygen tension was kept above 50%. Carbon 
dioxide production (rC0, in mmol . (g dry weight)-’ 
. hP ’ ) and oxygen consumption (40, in mmol . g- ’ * 
hh’ > were measured on line and continuously by 
connection of the headspace of the chemostat to an 
Ura3G CO, analyser and a Magnos4G 0, analyser 
(Hartmann and Braun). 

Samples for the determination of external sugar 
concentrations and gram dry mass per litre culture 
liquid (abbreviated as g) were taken from the chemo- 
stat under steady-state conditions and prepared or 

determined as described previously [81. 

2.3. Determination of the in vivo sugar uptake rate in 

the chemostat 

In order to determine the fructose, glucose or 
galactose uptake rate in the chemostat (as from here 
cited as in vivo sugar uptake rate) the following 
parameters were measured: dry weight (DW in g . 

l-l), dilution rate (D in hh’), sugar concentration in 
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the feed medium (S,,, in mM) and the external sugar 

concentration in the continuous culture (Sextemal in 

mM). The in vivo sugar consumption rate (in mmol . 

g -’ . h- ‘) is subsequently defined as follows: 

@in viva = ({sfetxl - SextWllal~ ' D)/DW (1) 

2.4. “C-labelled fructose, glucose and galactose up- 

take assays 

Uptake experiments were performed according to 

Walsh et al. [9] with some modifications. Continu- 
ously grown cells, harvested from the established 
steady-state in the chemostat were washed and fil- 
tered (Whatman G/C glass fibre filters) three times 

and resuspended in ice-cold 100 mM potassium phos- 
phate buffer (pH 6.5) to an optical density of OD600nm 
= 15. Uptake was measured at fructose concentra- 
tions of 1 to 270 mh4 (specific radioactivity 1 to 74 
kBq . pmol-I), at glucose concentrations of 0.3 to 
250 mM (specific radioactivity 1 to 248 kBq . 

pmoll’) and at galactose concentrations of 0.3 to 
150 mM (specific radioactivity 1 to 248 kBq . 

pmol- ‘). Yeast cells (100 ,ul) and two-times-con- 
centrated 14C-labelled fructose, glucose or galactose 
(100 ~1) were preincubated under aeration at the 
assay temperature (30°C). Uptake was started by 
addition of the 14C-labelled sugar to the cells. After 
exactly 5 s of incubation the reaction was terminated 
by quenching the cells in 10 ~01s. of 100 mM potas- 

sium phosphate buffer (pH 6.5) containing 500 mM 
fructose, glucose or galactose maintained at a temper- 
ature below - 5°C on salt-ice mixtures. Cells were 
then collected rapidly and rinsed on glass fibre filters 
(d = 1 cm) with 10 1 f m o quenching solution. Filters 
were then transferred immediately to scintillation vials 
containing 2.5 ml of AquaLuma scintillant 
(Lumac.LCD), and radioactivity was measured with a 
Beckman liquid scintillation counter. The control 
blank in each experiment was performed as previ- 
ously described [9]. Each uptake experiment was 
performed in triplicate. From these uptake experi- 
ments the (as from here cited as) in vitro sugar flux 
(in mmol . g-’ h- ‘> can be calculated according to: 

@invitro = ('/('+ Km)) ’ “mix (2) 

where S (in mM) is the external sugar concentration, 
K, (in mM) is the affinity constant and V,,, (in 

mmol.g-‘ah-’ ) is the maximum rate of sugar up- 
take. Eadie-Hofstee plots were used to determine the 

kinetic parameters K, and V,,. All data were anal- 
ysed by computer-assisted non-linear regression by 
using Enzfitter software, using proportional weight- 

ing. 

3. Results 

3.1. Growth of S. cerevisiae under constant sugar 

concentrations 

As described above, expression of hexose trans- 
porters in S. cerevisiae is strongly dependent upon 
the external hexose concentration, and consequently 
growth of wild-type S. cerevisiue in batch cultures 
results in continuous changes in expression of differ- 
ent hexose transporters. In order to obtain constant 
growth conditions of S. cerevisiae in this respect, the 
cells were grown in continuous culture under nitro- 
gen limitation at a dilution rate of 0.3 h-t. The 
fructose concentration in the feed medium was in- 
creased from 121 mM to 720 mM. Under steady-state 
conditions a constant biomass was obtained of ap- 
prox. 4.5 g dry weight. l-‘, independently of the 
fructose concentration in the feed medium. These 
observations demonstrate the nitrogen-limited nature 
of the culture. The latter was supported by the obser- 
vations that cells obtained a pseudo hyphae morphol- 
ogy [ 10,111, especially at the high fructose concentra- 
tions. However, at low fructose concentrations, i.e., 
fructose concentrations that are below the K, of the 
fructose uptake system, it is possible that the growth 
rate is not determined by nitrogen only, as the limit- 
ing substrate, but also by fructose. So at low fructose 
concentrations the cells may be under dual-substrate 
control [ 12,131. However, this will not disturb the 
steady-state conditions or the application of growing 

cells under constant fructose concentrations, as is 
demonstrated below. 

The external fructose concentration in the growth 
medium was determined in the culture medium under 
steady-state conditions, and as shown in Fig. 1 this 
concentration increased from 3 mM to 417 n&l, as 
the fructose concentration in the feed medium was 
increased from 121 mM to 720 mM. Especially at 
fructose concentrations in the feed medium higher 
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Fig. 1. The external fructose concentration and the in vivo 

fructose flux @ as a function of the fructose feed concentration. 

Yeast cells were cultivated in a nitrogen-limited continuous 
culture under step-wise increasing fructose concentrations in the 
feed medium. At each fructose concentration in the feed medium 

the external fructose concentration (0) (mM) in the chemostat 
was determined and fructose flux (0) (mmol.g- ‘. h- ‘) was 
determined according to Eq. (1) as described in Section 2. Three 

of these conditions are chosen to investigate the kinetic character- 

istics of fructose uptake of cells that are exposed to a low, 
medium and high fructose concentration (indicated by arrows 

( 1 >I. 

than 250 n-&I, a strong increase in the external fruc- 
tose concentration in the culture medium was ob- 
served (Fig. 1). While the fructose concentrations in 
the feed medium increase the in vivo fructose con- 

sumption rates also increase from 7.55 to 21.69 mmol 
.g-’ . hh’ (Fig. I). Error estimations in in vivo 

consumption rates were always less than 10%. Since 
the biomass was constant at all fructose concentra- 
tions used, these data indicate that fructose 

metabolism changes at increasing fructose concentra- 
tions. This was reflected by an increase in CO,, 
ethanol and glycerol production (data not shown). 

These observations clearly demonstrate that with 
help from the continuous culture conditions can be 
provided under which S. cerevisiae can be grown in 
the presence of a number of different but constant 

fructose concentrations. Furthermore, the fructose 
concentration can be modulated easily by adjusting 
the concentration in the feed medium. 

3.2. Fructose uptake 

In order to study the kinetics of fructose uptake in 

cells grown in the presence of various constant fruc- 
tose concentrations, cells were harvested from the 
continuous culture, washed and incubated in the pres- 
ence of 14C-labelled fructose as described in Section 
2. The fructose uptake was linear for at least 8 s (data 
not shown), and therefore a 5-s pulse was used to 

analyse the dependency of the fructose uptake rate on 
the fructose concentration as described in Section 2. 
Determining the fructose uptake rate in relation to the 
fructose concentration in cells grown either under 
low (4 mM), medium (31 mM) and high (417 mM) 
external fructose concentrations, and subsequent ex- 
pression in an Eadie-Hofstee plot as shown in Fig. 2, 
reveals in all three cases an apparent linear relation- 
ship. These findings indicate that under these condi- 
tions fructose transport in S. cerevisiae can be de- 
scribed according to the kinetics of a ‘one-compo- 
nent’ transport system. Subsequently the apparent 

@3 (mmol/g/h)/(mM) 

Fig. 2. Kinetics of “C-labelled fructose uptake of cells grown on 

low, medium and high fructose concentration in the continuous 
culture. Fructose uptake was determined of cells grown on a low 
(4 mM) (0 ), medium (3 1 mM) (0) and high (417 mM) (A ) 
fructose concentration as described in Section 2. Each point is the 
mean of three determinations. Data are presented in Eadie-Hofs- 
tee plot and analysed by using computer-assisted non-linear 
regression, using proportional weighting. The data were best-fitted 
to a model of a one-component uptake system. 
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Table 1 
Comparison of in vivo fructose fluxes from cells growing in continuous culture and in vitro fructose fluxes determined from kinetic 

parameters, K, and V,,,, from “C-labelled fructose uptake experiments 

S eXtemal = 4 mM S external = 31 mM S external = 417 mM 

Gin ViV0 (mmol g- I h- ‘> 8.8 14.0 21.7 
V,,, (mmol.g-’ hh’ > 14.7 * 0.9 6.9 f 0.4 1.5 ) 0.6 
K, (mM) 10.0 f 1.3 23.8 + 2.2 39.6 k 4.6 
@i” VltrO (mmol.g-‘.h-‘) 4.2 3.9 6.7 
@in vivo/@in vitro 2.1 3.6 3.2 

In vivo fructose fluxes were determined from cells grown in continuous culture on low (4 mh4), medium (31 mM) and high (417 mM) 

fructose concentrations according to Eq. (1) as described in Section 2. In vitro fructose fluxes of these cells were determined after 

“C-labelled fructose uptake experiments as described in Section 2 according to Eq. (2). 

K, and apparent V,,, values were calculated as 

shown in Table 1. Increasing the external fructose 
concentration in the growth medium from 4 to 417 
mM resulted in an increase of the apparent K, from 
10.0 + 1.3 to 39.6 f 4.6 mM and a decrease in appar- 

ent VI,, from 14.7 + 0.9 to 7.5 + 0.6 mm01 * g-’ . 

h-l. 
In order to establish whether these transport pa- 

rameters represent reliable data, we have calculated 
the in vivo flux rates from the steady-state continuous 
culture data and compared these with the in vitro flux 
data, calculated from the apparent K, and V,, 

values. The in vivo flux rates were determined from 
the dilution rate of the continuous culture and the 
fructose concentrations in feed and culture medium 
as described in Section 2 (Eq. (I)). These calculations 
yielded fructose influx rates of respectively 8.8, 14.0 
and 21.7 mmol . g -’ . h- ’ fructose in cells grown in 

the presence of 4, 31 and 417 mM fructose respec- 
tively (Table 1). Subsequently the fructose fluxes 
were calculated from the apparent K, and V,,, 
values (Eq. (2)) and yielded respectively 4.2, 3.9 and 
6.7 mmol . g-’ 1 hh’ fruc tose. Clearly the in vitro 

obtained data are approx. 3-fold lower than the in 
vivo data (Table 1). These findings indicate strongly 
that a relevant transport component is lost during the 
in vitro uptake experiment. 

3.3. Glucose transport 

Since fructose and glucose are transported by the 
same transporters, we determined also the in vitro 
and in vivo glucose flux rates to exclude any possible 
fructose-dependent artefact of the uptake assays as 

described above. S. cerevisiae was grown in a nitro- 

gen-limited continuous culture with glucose as sole 
carbon- and energy source using a dilution rate of 
0.13 hh ‘. The glucose concentration in the feed 

medium was 167 r&I. At steady-state conditions the 
glucose concentration in the culture medium was 
determined as 0.60 n&I. From these data the in vivo 

glucose flux rate was calculated as 3.2 mm01 . g-’ 1 

hh’. Subsequently, cells were taken from the contin- 

uous culture under steady-state conditions, and used 
for a 14C-labelled glucose uptake experiment as de- 
scribed in Section 2. “C-labelled glucose uptake was 

0.5 1 1.5 

(l/S (mmol/g/h)/(mM) 

Fig. 3. Kinetics of 14C-labelled glucose uptake of continuously 

grown cells on 0.6 mM glucose. Glucose uptake was determined 
as described in Section 2. Each point is the mean of three 

determinations. Data are presented in Eadie-Hofstee plot and 
analysed by using computer-assisted non-linear regression, using 
proportional weighting. The data were best fitted to a model of a 
one-component uptake system. 
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linear for at least 8 s, as also found for fructose 
uptake, and therefore a 5-s pulse was used to analyse 
the glucose uptake kinetics as described in Section 2. 
Also for glucose a linear relationship between the 
glucose flux rate per glucose concentration and the 
glucose concentration was obtained when plotted in 
an Eadie-Hofstee plot (Fig. 3). The apparent K, 

was calculated to be 7.4 f 0.7 mM and the apparent 
V,,, as 12.7 k 1.4 mmol * g-l . hh ‘. From these data 
the in vitro glucose flux was calculated as 0.95 
mmol . g-’ * hh’. Thu s also for glucose the in vivo 

uptake rate appears to be 3-fold higher than the in 
vitro determined influx rate, as was shown to be the 
case for fructose as well. These data are consistent 
with a previously described discrepancy between glu- 
cose transport and glucose consumption [14]. 

3.4. Galactose transport 

The observed differences between the in vivo and 

in vitro fructose and glucose flux rates may be caused 
by the complexity of the transport systems involved. 
Therefore a similar experiment was performed using 
galactose, since galactose has been demonstrated to 
be taken up by the cells by a single transporter, 
encoded by GAL2 [ 151. Cells were cultured in a 

I=-...: 
0 0.5 1 1.5 2 

@/S (mmol/g/h)/(mM) 

Fig. 4. Kinetics of “C-labelled galactose uptake of continuously 
grown cells on 2 mM galactose. Galactose uptake was deter- 
mined as described in Section 2. Each point is the mean of three 
determinations. Data are presented in Eadie-Hofstee plot and 
analysed by using computer-assisted non-linear regression, using 
proportional weighting. The data were best fitted to a model of a 
one-component uptake system. 

nitrogen-limited continuous culture with galactose as 

single carbon- and energy source at a dilution rate of 
0.13 hh ’ . The galactose concentration in the feed 
medium was 167 mM, the concentration in the cul- 
ture medium was determined as 1.98 mM. From 

these data the in vivo galactose influx rate was 
calculated to be 3.13 mmol . g - ’ . h- ’ . Subsequently 
the in vitro galactose influx rate was determined from 
an uptake experiment using “C-galactose (Fig. 4). 

The apparent K, and V,,, were calculated to be 
4.0 f 0.4 mM and 9.0 f 0.9 mmol . gg ’ . hh ’ respec- 
tively. These data yielded an in vitro galactose influx 
rate of 3.02 mmol . g- ’ . h-‘. Thus for galactose the 
in vivo and in vitro influx rates were identical, 
demonstrating that the differences observed for fruc- 
tose and glucose are likely due to the transport 
systems involved. 

4. Discussion 

The existence of a multigene family hexose trans- 
porters in S. cerevisiae may be essential to adjust the 
cells to extreme conditions. For instance, in S. cere- 
uisiae’s natural habitat of grapefruit juice, the organ- 
ism is easily exposed to sugar concentrations of l-3 
M, whereas on the other hand it is able to grow on 
very low sugar concentrations as well. The hexose 
uptake system might consist of a fine-tuning appara- 
tus to adapt to changing extracellular conditions, in 
which depending on these conditions different trans- 
porter proteins do or do not contribute to the sugar 
uptake process. As one starts to investigate hexose 
uptake in such an organism, it is important to con- 
sider these conditions, such as the external hexose 

concentration. Different research groups have shown 
that external glucose concentration determines the 
expression and activity of hexose transporters [6,7,16]. 
In our study on hexose transport we have tried to 
eliminate the varying external conditions by growing 
wild-type yeast cells under physiologically defined 
conditions in a nitrogen-limited continuous culture, 
where should be noted that at low sugar concentra- 
tions growth rate could be under dual-substrate con- 
trol [ 12,131. However, we have shown that under 
these conditions it is possible to modulate the exter- 
nal sugar concentration by a step-wise increase of the 
sugar concentration in the feed medium. Subse- 
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quently three different conditions were chosen to 
investigate the kinetic parameters of cells that are 
exposed to either a high-, a low- or an intermediate 

fructose concentration. Eadie-Hofstee plots based on 
the results of these uptake experiments are linear in 
all three cases and therefore under these conditions 
fructose transport in S. crreuisiae can be described 
according to the kinetics of a ‘one-component’ trans- 
port system. As the external fructose concentration 
increases, the affinity decreases which is seen by an 
increase in the apparent K, from 10.0 to 39.6 mM, 
which is in correspondence with published data on 
fructose uptake in batch cultures on low and high 

fructose [2]. Apart from a decrease in affinity, the 
increase in external fructose concentration is accom- 
panied by a decrease in the apparent Vmax, indicating 
that the activity or the number of active transporters 
in the membrane decreases. These findings are in 
agreement with the recent findings of Gzcan and 
Johnston [7]. 

With the K, and V,,, data, the in vitro flux under 
these three conditions of different constant external 
fructose concentrations can be calculated. However, 
when the in vivo and in vitro fructose fluxes are 
compared, the former fluxes are approx. 2-3 times 
higher than the latter under each condition. Identical 
experiments performed on galactose and glucose 
demonstrate that for Hxt-mediated fructose or glu- 
cose transport, one or several essential components 
are not detectable in 14C-labelled fructose- or glucose 
uptake experiments. The missing component is inde- 
pendent of the sugar influx and independent of the 
presence of any medium components that could be 
lost after washing the cells (data not shown). It is 
difficult to speculate whether the missing component 
is independent of the growth rate, while at sugar 
concentrations below the K, of their respective up- 
take system, the growth rate might, besides by the 
limiting substrate nitrogen, also be controlled by 
carbon as a substrate [ 12,131. The missing component 
in the transport assay could be caused by a decreased 
contribution of one particular uptake component, 
which would be inactivated because under the tested 

condition. This seems unlikely though because the 
difference is observed under all conditions that have 
been studied. More likely would be the inactivation 
of a general component or a regulator of the uptake 
system. 

The missing component seems to be inactivated 

very rapidly: the elapsed time between sampling and 
performing the actual uptake experiment is less than 
a minute. A fast (de)phosphorylation may explain this 
quick inactivation. As Vojtek et al. [17], Kriegel et al. 
[ 181 and Herrero [ 191 have described, hexokinase PI1 
has been shown to have a protein kinase activity 
capable of autophosphorylation and of phosphoryla- 
tion of other proteins. This protein phosphorylation 
capacity has been shown to have a substrate speci- 
ficity similar to a casein-kinase-II-like protein kinase. 
It is known that all of the Hxt-protein sequences as 

well as the SnD-carboxyl terminus contain possible 
consensus sites for protein phosphorylation, among 
which several casein-kinase-II-like consensus sites 

[20]. A possible mechanism could involve a rapid 
(delphosphorylation of the Hxt’s by hexokinase PI1 
as cells are taken from the chemostat, hereby inacti- 
vating part of the uptake mechanism itself or a 
regulating component of the hexose transporters in a 
more indirect manner. For example phosphorylation 
of Snf3 by hexokinase PI1 could be followed by an 
inactivation or conformational change of SnD. Since 
Snf3 is thought to be involved in the regulation of the 
hexose transporters, it is tempting to speculate that 
this would have its influence on the activity of the 
Hxt-proteins and therefore have an effect on the 
consumption rate. If important regulation on transport 
takes place on such a short time scale, discrepancies 
between in vivo and in vitro determined uptake rate 
are not so unlikely any more. 

The results described here clearly demonstrate that 
performing kinetic analyses of sugar transport should 
be accompanied by a comparison with in vivo deter- 
mined consumption rates. This paper clearly demon- 
strates that in vitro glucose and fructose uptake ex- 

periments do not give correct results, which means 
that the kinetic nature of such an uptake system 
cannot be determined under these conditions in con- 
trast to kinetic analyses of galactose uptake. 
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