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The urate uptake system in Chlamydomonas reinhardtii
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Urate was accumulated against a concentration gradient in cells of Chlamydomonas reinhardtii by an
inducible mediated transport system lacking passive diffusion and distinguishable from the urate oxidase
activity. The system has a K, of 0.9 M and an optimal pH of 6.2. Addition of ammonia to cells actively
consuming urate rapidly inhibited the transport, whereas urate oxidation was not affected. Dark conditions
halved urate uptake, which was not followed by a parallel decrease in urate oxidase activity. Nitrogen
starvation diminished urate uptake by cells which, in contrast, exhibited high levels of urate oxidase after
different periods of nitrogen deprivation. Metabolic inhibitors such as NaCN, NalN;, 2,4-dinitrophenol and
N-ethylmaleimide severely inhibited urate transport, whereas they did not appreciably affect urate oxidase in
vivo. We conclude that urate uptake in C. reinhardtii is an inducible energy-dependent mediated transport

process different from the enzyme-catalyzed intracellular urate oxidation.

Introduction

Purines and other nucleic acid breakdown prod-
ucts are utilized by a variety of organisms as
sources of nitrogen and energy or as precursors in
nucleic acids synthesis [1]. As a prerequisite, these
compounds must enter the cells through different
transport systems according to the type of cells.

A common pattern in the utilization of purines
and purine derivatives is that their metabolic con-
versions take place immediately after their trans-
port. Thus, it has been very difficult to distinguish
between the transport process proper and the sub-
sequent enzyme-catalyzed conversions of the
transported substrate. For this reason, there are so
relatively few reports in which these transport
systems are distinguished from the following
metabolism of these compounds [1], and the scarce
existing systems utilize membrane vesicles as study
models [2].

Studies on the purine uptake and metabolism in

* To whom correspondence should be addressed.

algae are rather scarce [1,3,4]. Uric acid is utilized
by green algae as a nitrogen source for growth
[4-7], although the mechanisms by which this
compound is translocated into the cell are un-
known. In the present work the uptake of urate by
Chlamydomonas reinhardtii cells is established as
an inducible energy-dependent transport system
distinguishable from the metabolic drag caused by
the subsequent enzyme-catalyzed urate oxidation.

Materials and Methods

Cells of C. reinhardtii 6145¢ (a gift from Dr.
Ruth Sager, New York) were grown phototrophi-
cally as previously described [4] with 4 mM am-
monia or 1 mM uric acid as sole nitrogen sources.

Cells were centrifuged at 20000 X g, 10 min,
and then broken by freezing at —40°C and thaw-
ing with gentle stirring in 0.1 M Tris-HCI buffer
(pH 9.0). The homogenate was centrifuged at
27000 X g, 10 min, and the resulting supernatant
was used as source of enzyme.

Urate and ammonia uptake was measured by

0005-2736 /85 /$03.30 © 1985 Elsevier Science Publishers B.V. (Biomedical Division)



96

determining their disappearance from the media
after removal of the cells by centrifugation. For
short-term experiments, 1 ml aliquots of culture
media were centrifuged at 11000 rpm, 1 min, in a
Beckman Microfuge 11. Intracellular urate content
was determined by centrifuging 10-15 ml of cell
culture at 20000 X g, 10 min, and storing the
washed sediment at —40°C. Frozen pellets were
then thawed with 1 ml water, vigorously shaken
and centrifuged as above. Urate was estimated in
the supernatant [8]. All the steps were performed
at 0-4°C.

Growth was measured turbidimetrically by fol-
lowing the absorbance of the cultures at 660 nm.
Cell volume was calculated by measuring the
packed cell volume as described by Gfeller and
Gibbs [9].

Urate oxidase (urate:O, oxidoreductase, EC
1.7.3.3) was assayed spectrophotometrically at 292
nm [4]. One unit of urate oxidase activity is de-
fined as the amount of enzyme which oxidizes 1
pmol of urate per min under optimal conditions of
assay. Specific activity is expressed in mU/mg
protein. Protein was determined according to
Bradford [10], using bovine serum albumin as
standard. Ammonia was estimated colorimetrically
by the Conway microdiffusion method [11] or by
the phenol-hypochlorite procedure [12}. Urate was
measured directly at 292 nm (molar extinction
coefficient 12.2 - 10?) or enzymatically by a colori-
metric assay [8]. Chlorophyll was determined as
described by Arnon [13].

Kinetic experiments were performed by follow-
ing the disappearance of urate in diluted culture
media at 30-60-s periods and plotting the corre-
sponding progress curve (| S | versus ¢). Parameters
were calculated by means of the integrated
Michaelis-Menten equation as described by
Cornish-Bowden [14].

Results

Chlamydomonas reinhardtii cells used urate for
growth as sole nitrogen source at a constant rate
after a lag phase required to induce the urate-up-
take system (Fig. 1). After the lag phase, urate was
accumulated in cells against a concentration gradi-
ent, reaching a maximum of 54 mM at an ex-
tracellular concentration of 0.12 mM (Fig. 1,
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Fig. 1. Time course of urate uptake and accumulation by cells
of C. reinhardtii. Cells grown on ammonia were washed and
transferred to a medium containing urate as sole nitrogen
source, O, urate concentration in the medium; O, intracellular
urate concentration; @, urate oxidase activity.

arrow). When urate in the medium was exhausted
the intracellular urate concentration dropped
sharply, which indicates a rapid urate assimilation.
Urate oxidase specific activity increased steadily
until the intracellular urate was depleted. The
urate-uptake system was dependent on de novo
protein synthesis, since it was not induced in the
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Fig. 2. Direct plot of urate uptake rate vs. urate concentration
in C. reinhardtii cells. Slopes from the progress curve of urate
disappearance in cell cultures containing 1 pg Chl/ml are
represented. Inset: integrated plot of Michaelis-Menten equa-
tion for the uptake process. ¢, time in min; a, initial urate
concentration (9 uM); b, urate concentration at the time .
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Fig. 3. Time course of ammonia effect on urate uptake (A) and
oxidation (B) by C. reinhardtii cells. Ammonia 4 mM (|) was
added to cells linearly consuming urate (O); @, urate uptake
and oxidation in the presence of ammonia; O, ammonia uptake.

presence of cycloheximide (1 pg/ml) in cells grown
on ammonia and transferred to media containing
urate (results not shown).

When the urate uptake by cells previously in-
duced with urate was followed at 30-60-s periods,
a mediated transport system lacking a diffusion
component was found (Fig. 2). A Michaelis con-
stant for transport (K,) of 0.9 pM, markedly
different from the apparent K, of urate oxidase
for urate (12 pM), and a V_,,, of 0.74 pmol /min
per mg Chl were calculated.

The optimum pH of urate uptake was 6.2,
whereas that of urate oxidase activity was about 9,
which clearly distinguishes urate uptake and
oxidation processes.

Ammonia prevented urate from entering the
cells (Fig. 3). Addition of ammonia to C. rein-
hardtii cells actively consuming urate inhibited
urate uptake, which was resumed after 10 h when
ammonia concentration in the medium was still 2
mM and urate oxidase levels were minimal. Simi-
lar proportional inhibitions were found when dif-
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Fig. 4. Effect of light-dark transition on urate uptake (A) and
oxidation (B) by C. reinhardtii cells. Cells linearly consuming
urate in the light were transferred to dark conditions (1) and
after 2 h light conditions were restored (| ); O, urate uptake
and oxidation in the light; @, urate uptake and oxidation in the
dark. Urate oxidase activity is expressed in mU /mg protein.

ferent concentrations of added ammonia, ranging
between 0.1 and 4.0 mM, were used (results not
shown).

The entrance of urate was light-dependent.
Urate uptake was halved when cells were
transferred from light to dark conditions, whereas
urate oxidase activity remained practically un-
changed (Fig. 4). In the dark, urate uptake ex-
hibited saturation kinetics with a K, of 2.1 uM,
twice the corresponding K, value in the light.

Nitrogen starvation also influenced urate up-
take without appreciably changing urate oxidation
specific activity. Cells induced with urate and sub-
jected to different nitrogen starvation periods were
affected in their capacity to consume urate (Fig.
5). Similar urate oxidase levels, ranging between
18 and 25 mU/mg protein, sufficient to support
maximum uptake activity, were present in control
and starved cells.

Similarly, differences in response to metabolic
inhibitors were also found for urate uptake and
enzymatic oxidation activities (Table I). NaCN,
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Fig. 5. Effect of nitrogen starvation on urate uptake by C
reinhardtii cells. Cells grown on urate 1 mM were allowed to
exhaust urate and then kept 1 h (®) and 5 h (O) under
conditions of nitrogen starvation. After these treatments, cells
were diluted up to 9 pg Chl/ml and uptake of urate by treated
and control non-starved (O) cells was measured as described in
Materials and Methods. Urate oxidase activity at the beginning
of the experiment was 18 (O), 23 (®) and 25 (O) mU/mg
protein.

NaN; and N-ethylmaleimide turned out to be
strong inhibitors of urate uptake without markedly
affecting urate oxidase specific activity. 2,4-Di-
nitrophenol and p-hydroxymercuribenzoate in-
hibited uptake to a minor extent but still distinctly
affected urate uptake and oxidation.

TABLE 1

Discussion

The results presented in this paper demonstrate
for the first time the presence in a green alga of an
inducible energy-dependent urate transport system
distinguishable from the urate oxidation process.

C. reinhardtii cells used urate as sole nitrogen
source after a lag period required to induce the
uptake system. Likewise, urate was accumulated in
algal cells against a concentration gradient, re-
aching an inside-to-outside concentration ratio of
45 (Fig. 1). Under these conditions, urate trans-
port was distinguishable from any metabolic drag
caused by urate oxidation, since urate oxidase
levels changed steadily irrespective of urate con-
centration until internal urate was depleted. Simi-
lar concentrating urate uptakes have been reported
in several yeasts [15,16], bacteria [17] and Chlorella
pyrenoidosa [6], and in C. reinhardtii a ratio of
3000 between urea concentration inside and out-
side the cells has been found [18].

Urate was translocated into the cells by means
of a mediated transport system lacking a diffusion
component with a K, of 0.9 uM, much lower than
the apparent K, of urate oxidase for urate (12
uM) [4]. A similar K, value has been reported for
the urate-uptake system of Alcaligenes eutrophus
[19]. The difference between K, and K, figures
for urate uptake and oxidation indicates that both
are separate processes.

EFFECT OF DIFFERENT METABOLIC INHIBITORS ON URATE UPTAKE AND OXIDATION IN C. REINHARDTII
CELLS

Cells actively consuming urate were divided into glass flasks and the listed reagents were added at the indicated final concentrations.
After 30 min, the urate uptake was determined during 1 h at 15 min intervals. Urate oxidase was measured at the end of the
experiment. 100% of urate uptake and urate oxidase activities of untreated cells corresponded to 0.6 pmol/min per mg Chl and 14

mU /mg protein, respectively.

Inhibitor Concentration Urate uptake Urate oxidase

(M) activity (%) activity (%)
Sodium cyanide 1-107°3 24 82

1-107¢ 0 90
N-Ethylmaleimide 1-107° 29 68

1-107* 0 65
Sodium azide 5-107° 86 84

5-107° 0 73
2.4-Dinitrophenol 1-1074 77 88

1-107° 16 92
p-Hyhroxymercuribenzoate 1-1074 84 96




Another feature characteristic of a mediated
active transport of the urate uptake system in C.
reinhardtii is its dependence on pH. The optimum
pH for uptake turned out to be 6.2, very different
from the optimum pH (8.8-9.1) of urate oxidase
activity [4]. The same optimum pH of 6.2 has been
reported for the urate uptake in A. eutrophus [19].

The urate uptake system was very sensitive to
energy poisons. Inhibition by azide and cyanide
provides evidence that the transport process is
energy dependent. The entry of urate was practi-
cally inhibited by 1 mM 2,4-dinitrophenol, sug-
gesting that a proton gradient is necessary for the
urate transport to proceed. The effect of these
metabolic inhibitors and the stimulating effect of
light on the uptake (Fig. 4) are consistent with the
proposal that, as suggested for Neurospora crassa
[20], the mechanism of urate translocation is via an
active transport and not by metabolic drag. The
fact that these treatments did not affect urate
oxidase activity to a noticeable extent corrobo-
rated this distinction between urate active trans-
port and its enzymatic oxidation. Besides, SH-
group reagents strongly inhibited urate uptake in
C. reinhardtii, thus indicating that SH-groups might
be involved in the urate-uptake system. Similar
results have been reported for the system responsi-
ble for xanthine and uric acid uptake in A.
eutrophus [19] and for nucleoside transport in
Escherichia coli [21]. The different sensitivity of
uptake to p-hydroxymercuribenzoate and N-ethyl-
maleimide indicates that SH-groups are not easily
accessible from the outside [22].

Experiments presented here demonstrate that
urate uptake was rapidly inhibited by ammonia,
whereas urate oxidase remained practically unaf-
fected during short-term transport inhibition (Fig.
3), which separates the urate transport and meta-
bolic oxidation processes. The fact that inhibition
of urate uptake was relieved after several hours in
the presence of ammonia (Fig. 3A) indicates that
the synthesis of the urate transport system is not
repressed by ammonia, thus establishing another
difference with the urate oxidase system [4].

Nitrogen starvation also influenced urate up-
take. When C. reinhardtii cells actively growing on
urate were subjected to different starvation times,
a lag in reaching the same uptake rate as that of
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the control cells was observed. For its part, urate
oxidase activity was not noticeably changed by the
treatment, which corroborates the distinction be-
tween urate transport and assimilation.
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