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A broad-specificity nucleoside transporter has been identificd in Giardia intestinalis trophozoites, using a rapid sampling assay to
measure influx of [*H]deoxycytidine, [*HJadenosine end [*H]guanosine at 0°C. The influx of cach labelled nucleoside was
inhibited strongly by all common, naturally-occurring nucleosides but only poorly or not at all by nuclcobases, indicating that the
transporter recognizes structural features on the furanosy! moicty of ribo- and 2'-deoxyribonucleosides. Both 2'- and 5'-rcoxy-
adenosine were potent inhibitors of influx (> 95% inhibition at 2 mM), whercas 3'-deoxyadenosine was significantly less effective
(approx. 70% inhibition), and 2',3'-dideoxycytidine and cytosinc arabinoside were virtually inactive (0-20% inhibition). The data
reveal that the 2'- and 5'-hydroxyl groups arc not nccessary for the recognition of nucleosides by this transporter. However, the
3'-hydroxyl appears to be important. Michaclis-Menten constants (K,,) were calculated for the influx at 0°C of deoxycytidine
(220 £ 116 uM) and adenosine (45 + 24 M), with respective V,,,,, values of 13 + 4 and 11 + 2 pmolmin ' (10® cclls)~". Only
12-26% of [*Hlthymidine influx occurred through this transporter, the remainder entering the cells through a thymine /uracil-

speciiic transporter described previously. Thymidine exhibited a K; of 205 + 90 «M against [*H]deoxycytidine influx.

Introduction

Giardia intestinalis (syn. G. lamblia) is an acrotoler-
ant, anaerobic protozoan which colonizes the human
small intestine [1,2). It has been shown with axenically
cultured trophozoites of two independent isolates (WB
and Portland-1) that the cells lack the enzymes neces-
sary for de novo synthesis of purines [3) ard pyrim-
idines [4-6] and it is probable that the organism relies
on exogenous purine and pyrimidine bases or nucleo-
sides to satisfy its nucleotide requirements. There is
little or no direct utilization of ribonucieosides. These
are hydroiysed intracellularly to uracil, adenine and
guanine, which are then converted to the respective
5'-mononucleotides by specific phosphoribosyltrans-
ferases {0-10). G. intestinalis also appears to lack ri-
bonucleotide reductase, the enzyme responsible in most
organisms for the conversion of ribonucleotides to 2'-
deoxyribonucleotides [11]. Because 2'-deoxyribose ap-
parently is not utilised [10], it is likely that the parasite
can synthesize deoxyribonucleotides only by direct
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phosphorylation of exogenously-acquired deoxynucleo-
sides [6,10,11).

The membrane transport systems that must exist for
cellular uptake of nucleosides and nucleobases by
Giardia trophozoites remain essentially uncharacter-
ized. Recently, we described a transporter of thymidinc
that is inhibited specifically by thymine, uracil, de-
oxyuridine and thymidine, but not by cytosine, cytidine
or deoxycytidine [12]. This transporter is, thus, specific
for uracil /thymine derivatives, and one may expect it
to mediate the transport of uridine as well as thymi-
dine. Thymidine influx was measured at 0°C to prevent
adherence of trophozoites to vessel walls and the up-
take of radiolabel at this temperature was shown to
reflect membrane transport with minimal enzymic
metabolism of thymidine. Previous studies, in which
uptake was measured at 37°C [13,14], were found to
reflect metabolism because of the rapid conversion of
labelled bases into phosphorylated derivatives.

Because deoxycytidine, probably an essential nutri-
ent, did not inhibit the thymine /uracil-specific thymi-
dine transporter, we have examined the influx of this
nucleoside, and that of adenosine and guanosine, into
trophozoites of the Australian G. intestinalis isolate,
Ad-1. This has led to the iden-ification of a second
nucleoside transporter that recognizes the B-furanosyl



moiety of purine and pyrimidine ribonucleosides and
2'-deoxynucleosides.

Materials and Methods

Giardia cultures

G. intestinalis trophozoites (Adelaide-1 isolaie, Ref.
15) were grown axenically as described previously [12].
Adherent cells were harvested and washed in ice-cold
modified phosphate-buffered saline (PBS,: 2.68 mM
KCl, 214 mM NaCl, 147 mM KH,PO,, 8.1 mM
Na,HPO,, pH 7.2), resuspended at (1-1.6)-10°
cellsml ™! in ice-cold assay buffer (20 mM b-glucose, 2
mM L-cysteine-HCl, 1 mM MgCl,, 0.1 mM CaCl, in
PBS,,) containing 15 mgml~! bovine serum albumin
and were used within 1 h.

[3H]-Nucleoside stock solutions

A 2 X -concentrated solution containing [5-*Hlde-
oxycytidine (Amersham TRK.211; 833 GBqmmol ™),
[2-*HJadenosine (Amersham TRK.423; 962 GBg
mmol ~ '), [methyl-*H]thymidine {Amersham TRK.300;
925 GBqmmol ~!) or [8-*H]guanosine (Sigma 32217-2;
130 GBqmmol ~'), unlabelled carrier nucleoside (suffi-
cient to bring the total nucleoside concentration to 10
uM) and 5 mgml~' (1-'*C)-acetylated bovinc serum
albumin [12] was prepared in assay buffer. In inhibition
studies, the concentration of unlabelled nucleoside was
varied or competitors were included. The purity of all
radiolabelled nucleosides was wverified by thin-layer
chromatography (see below). Only the [*H]guanosine
required purification prior to use.

Rapid sampling assay

Uptake aud transport at 0-4°C was measured as
described [12,16). Briefly, trophozoites were mixed with
an equal volume of 2 X -concentrated [*H}nucleoside /
[(¥Clalbumin solution and incubated on ice, usually for
40 to 60 s as indicated. 10 s prior to the end of the
uptake period, a 50 ul sample ((2.5-4.0) - 10° cells) was
layered over a 230 ul oil phase and the cells were then
sedimented by microcentrifugation into a 50 ul aque-
ous under!ay. The overlying medium was removed, the
tuoes were rinsed and excess oil was aspirated. The
underlay was then frozen in solid CO,/ethanol, resid-
ual oil was dissolved in mineral turpentine, aspirated,
and the cells in the underlay were solubilised in 1%
Triton X-100. Radioactivity (*H and 'C) was mea-
sured by liquid scintillation counting. Extracellular fluid
contamination was calculated by measuring the ['*Clal-
bumin content of each underlay.

Intracellular metabolism of transported [ SHjdeoxycyti-
dine :
After various periods of incubation at 0°C with
[3Hldeoxycytidine, trophozoites were sedimented into
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an underlay containing cytosine, cytidine, 2'-de-
oxycytidine, uracil, uridine and 2’-deoxyuridine (each
0.8 mM) in 1 M KOH. The recovered underlay was
neutralised with HCIO, and the labelled metaboliies
and added standards were separated by thin-layer
chromatography on silica gel sheets (Kieselgel 60 F,,,
Mierck, Darmstadt) in two solvent systems. Butanol/
acetic acid/H,O (5:1:3, v/v) was used to separate
possible deamination products of deoxycytidine
(uridine, R 0.45; uracil + deoxyuridine, Ry 0.55) from
cytosine, cytidine and deoxycytidine (R 0.22), while a
butanol:aqueous ammonia (15 M)/H,0 (6:1:2, v/v)
system separated bases from nucleosides and deoxynu-
cleosides (R 0.34, 0.10 and 0.24, respectively). Phos-
phorylated products were immobile in both systems.
The extent of metabolism of the transported deoxycyti-
dine was deduced from the combined chromatographic
results. Metabolism of [*HJ]adenosine was studied using
a protocol identical to that for deoxycytidine but with
adenine and adenosine markers.

Liquid scintillation counting and data analysis

Samples (0.1 mi) were mixed with 1.5 ml of Op-
tiphase ‘HiSafe’ 1I scintillation fluid (LKB, FSA Labo-
ratory Supplies, England) and counted in a Beckman
LS-6000TA counter employing H and '“C channel
separation and quench monitoring by ‘H’ number. Cal-
culations utilized the measured ratio of *H to 'C in
each assay mixture to determine the extracellular *H
content, which was then subtracted from the total
cell-associated *H content.

Analysis of transport kinetics

(¢) Calculation of K, and K. Transport was consid-
ered to be a saturable process following Michaelis-
Menten kinetice [17,18]. Influx was measured in dupli-
cate or triplicate tubes over a 40 s (adenosine) or 60 s
(deoxycytidine) period at 0°C to obtain near-initial
velocities. The Michaelis-Menten constants (K,,) for
adenosine and deoxycytidine influx were calculated by
fitting the data to rectangular hyperbolas by non-linear
regression using both EZ-FIT (F.W. Perrella, DuPont
de Nemours, 1988) and Inplot (V3.1; GraphPAD Soft-
ware, San Diego, CA). K; values for thymidine were
calculated fiom Dixon plots [19].

(b) Calculation of relative inhibitor constants. The
concentratior (ICs,) of various nucleosides and nucle-
obases required to halve the influx of 5 M deoxycyti-
dine over 1 mir at 0°C was caiculated by measuring
uptake of [*H]deoxycytidine over a range of inhibitor
concentrations (4-1700 uwM). Rectangular hyperbolas
were fitted to each data set by non-linear regressioi.

(c) Inhibition of thymidine transport by uracil and
deoxycytidine. The influx of thymidine through the
thymine /uracil-specific thymidine transporter [12] and
through the broad-specificity nucleoside transporter
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Fig. 1. (a) Time course of deoxycytidine uptake into trophozoites at 0°C. Cells were incubated with [*H]deoxycytidine for the indicated times
(triplicates) and then scdimented without dilution through oil. (b) Intracellular metabolism of transported [*Hldeoxyceytidine at (°C. Phospho-
rylated, deaminated and hydrolysed products were monitored in trophozoites over time. Thin-layer chromatography indicated that label was
associated only with deoxveytidine and uracil. Incorporation of label into nucleotides was below the level of detection. The fraction of
intracellular Gabel (mean + 1 S.D.) present as deoxyeytidine (single + double hatched) or uracil (double hatched) is shown.

was cxamined by incubating trophozoites with
[*H]thymidine in the presence of unlabelled thymidine,
uracil, or deoxycytidine (each at a final concentration
of 1.5 mM) for periods of up to 10 min at 0°C.

Results

Measurement of 2'-deoxycytidine uptake

Uptake of [*Hldeoxycytidine at 0°C was monitored
over periods up to 15 min (Fig. 1la). Accumulation of
deoxycytidine to a calculated equilibrium level of 1.4 +
0.1 pmol(10° cells)~' was evident, with half this level
being reached by 3.4 + 0.4 nun, Taking inic considera-
tion the amount of label needed for accurate measure-

ments and the need for estimates of initial influx rates,.

a 1-min fixed-time uptake period was chosen for subse-
quent kinetic experiments. At this time, influx was still
essentially linear, with mean influx rates 85 + 5% of

TABLE 1

initial rates calculated by extrapolation from timed
measurements. The uptake was saturable, as it was
inhibited by unlabelled deoxycytidine, as exemplified in
Fig. 2. Combined data from this and two other inde-
pendent experiments, using concentrations of deoxycy-
tidine up to 1 mM, yielded K,, 220 + 116 mM (mean
+S.D.) end V,,, 13 +4 pmol transperted min ™' (10°
cells) ™",

Intracellular metabolism of deoxycytidine

Trophozoite lysates contain substantial cytidine
deaminase activity, but direct hydrolysis of cytidine to
cytosine is insignificant [4,5]. Rapid intracellular
metabolism of labeiied deoxycytidine, especially phos-
nhorylation, could have complicated the interpretation
of uptake kinetics seriously. The products of phospho-
rylation, deamination and hydrolysis were therefore
measured by thin-layer chromatography after various

Inhibition of [*H]deoxycytidine influx into trophozeites by nucleobases and nucleosides

. 3 s an . . . . .

The influx of [*Hldeoxycytidine into trophozoites was measured over 1 min at 0°C in the presence of different unlabelled nucleosides or
nucleobases as competitors, each tested at 4-5 concentrations. The data {from at least two separate experimenis for each competitor) were used
to calculate the mean concentiation (ICg, + 1 S.E.) required to halve the rate of uninibited influx.

Base substituent ICq (uM)

adenine cytosine guanine thymine uracil
Fr‘eebase > 1000 > 1000 > 1000 > 1000 > 1000
Ribonucleoside 25+ § 92+13 26+ 5 - @ 45425
2'-Deoxynuclecside 89+ 8 9%+ S 93+13 11545 93+13
3'-Deoxynucleoside 550+ 100 - ¢ - a - _—
3" Deoxynucleoside 40+ 20 - - - -
2’ 3"-Dideoxynucleoside - 2 > 1000 - - -
Arabinoside - > 1000 - -

2 Not tested.



periods of uptake by trophozoites at 0°C (Fig. 1b).
After 1 min of uptake, intact deoxycytidine represented
at least 73% of the cell-associated label. All of the
remaining label co-migrated with uracil, indicating that
deamination was rate-limiting and that hydrolysis of
deoxyuridine [7] was rapid. Phosphorylation and con-
version to deoxyuridine, uridine and cyiosinc were
below the level of detection for the entire time course
(up to 15 min). These results showed that measure-
ments of deoxycytidine uptake over 1 min at 0°C re-
flected influx, not metabolism.

Specificity of the deoxycytidine transporter

The inhibition of 2’-deoxycytidine influx by a range
of purine and pyrimidine bases, nucleosides and de-
oxynucleosides was measured (Table I). Ribonucleo-
sides were the best competitors, with adenosine,
guanosinc and uridine having 1C, values of 25-45
M. The 2'-deoxynucicosides (ICs, range 89-115 uM)
appeared slightly less effective. The free bases were
extremely poor competitors (ICg, > 1 mM), indicating
that the transporter requires the presence of the sugar
moiety for recognition of nucleosides. The inhibitory
capacity (1Cs,) of 5'-deoxyadenosine (40 + 20 uM) was
similar to that of adenosine (25 + 5 uM), but 3'-deoxy-
adenosine was significantly less active (550 + 100 uM).
Cytosine-arabinoside and 2',3'-dideoxycytidine had lit-
tle inhibitory activity (IC5, > 1 mM). In addition to the
competitors listed in Table 1, nitrobenzyl-mercap-
topurine riboside (NBMPR) and dipyridamole (both
potent inhibitors of mammalian nucleoside transport)
were tested near the limit of their solubilities (from
0.02 to 20 xM). NBMPR was not inhibitory and dipyri-
damole inhibited by < 10% at the highest concentra-
tion used (data not shown).
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Fig. 2. Plot of deoxycytidine influx velocity (pmoimin ™ 1(10° cells)™ ")

vs. deoxycytidine concentration, using data from one of 3 separate

experiments. Uptake measurements were 1 min at 0°C. (Inset) Dou-

ble reciprocal plot of the same data ([S}~' values in mM ~ '), with the

5 mM datum point omitted to visualize the distributicn of the
other points.
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Fig. 3. Dixon plot depicting the inhibition of deoxycytidine influx into
trophozoites by thymidine. The graph depicts the reciprocal initial
velocities (pmolmin ~'(10° cells)™ ') of deoxycytidine influx mea-
sured over a range of thymidine concentrations at four different
concentrations (4 to 60 wM) of deoxycytidine (indicated) from one of
two separate experiments. Each point represents the mean of dupli-
cate samples. Lines were fitted by leasi-squares analysis. The point
of intersection of each pair of lines was used to calculaie a mean
value (- K;).

Inhibition of deoxycytidine influx by thymidine

Because thymidine enters trophozoiies via a high-af-
finity, base-specific transporter [12], we examined the
inhibition of [*H]deoxycytidine influx by thymidine.
Uracil, which does not inhibit deoxcytidine transport,
was used to minimise any interference that might have
arisen by thymidine entering the cells through the
thymine /uracil-specific thymidine transporter. Dixon
plot analysis of the kinetic data (Fig. 3) indicated that
thymidine inhibited deoxycytidine transport in a simple
competitive manner, with a mean K, (+S.E.) of 205 +
90 uM (calculated from two experiments).

Specificity of adenosine and guanosine uptake

Time course studies of adenosine uptake showed
that this nucleoside entered trophozoites faster at 0°C
than did deoxycytidine, half the equilibrium concentra-
tion being reached hy 2.42 + 0.38 min (data not shown).
Chromatographic analysis of intracellular metabolites
after 40 s uptake at 0°C with 5 uM [*Hladenosine
(= 98% pure) revealed that 63% had been hvdrolyzed
to adenine, < 3% to phosphorylated derivatives, with
34% remaining intact (data not shown). This substan-
tial rate of metabolic catabolism, significantly faster
than observed with deoxycytidine, was consistent witli
the known high level of adenosine hydrolase in G.
intestinalis trophczoites [3,14].

To determine whether a single broad-specificity
transporter was respnnsible for the influx of deoxycyti-
dine, adenosine and other non-thyminc-based nucleo-
sides in G. intestinalis, the uptake of labelled adenosine
and guanosine was examined over 45 s at 0°C in the
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presence of various competitors (Table II). The entry
of each labelled nucleoside was inhibited severely (78—
98%) by all of the nucleosides examined, except 3'-de-
oxyadenosine (approx. 70% inhibition) and 2,3-dide-
oxycytidine (15-24%). This pattern of inhibition is
identical to that observed for deoxycytidine influx.
Moreover, the pattern cannot be explained by inhibi-
tion of the adenosine-guanosine hydrolase, because
uridine, cytidine and thymidine (inhibiting uptake by
78 to 96%) have no effect, even at 2 mM, on the
activity of this enzyme (Ey, P.L. and Andrews, R.H.,
unpublished data). These uptake data therefore reflect
predominantly transport kinetics. A single competition
experiment using unlabelled adenosine yielded a
Michaelis-Menten constant for adenosine uptake of
45 + 24 uM, with ¥, 11 £ 2 pmol min~'(10° cells) "
(data not shown).

Contribution of the broad-specificity nucleoside trans-
porter to thymidine influx

The contribution of the newly defined transporter to
the transport of labelled thymudine (external cencen-
tration, 4.8 uM) into trophozoites was examined in the
presence of 1.5 mM unlabelled bases or nucleosides (a
300-fold molar excess; Fig. 4). Relative to the maxi-
mally-inhibited rate observed in the presence of 1.5
mM unlabelled thymidine (which should inhibit both
nucleoside transporters), uracil inhibited the rate of
influx by 79-88%, and deoxycytidine by only 19-26%.
As discussed earlier, uracil inhibits the thymine/ ura-

TABLE 11
Inhibition of adznosine and guanosine uptake

The uptake of [*HJadenosine and [*H]guanosine by trophozoites was
measured over 45 s at 0°C using § uM [*H]nucieoside in the
presence or absence of different unlabelled competitors, each at a
final concentration of 2 mM, except where indicated.

Unlabeiied % Inhibition of uptake
competitor (2 mM) [*l)adenosine [*H]guanosine
None 03 043
Adenosine 98+1 9+1
Inosine 97+1 9%+1*"
Guanosine 9+0° 9%+1°
Cytidine 82+8 -
Uridine 9%+ 1 93+6
2'-Deoxythymidine 78+3 8+1
2'-Deoxycytidine 86+1 95+4
2"-Deoxyadenosine 95+0 974§
3'-Deoxyadenosine 69+3 4+2
5'-Deoxyadenosine 96+ 1 96+2
2',3"-Dideoxycytidine 24+1 15+4
Adenine 27+8 -
Hypoxanthine 114 4+7
Uracil -2+7 -
Thymine -1+3 -

* 1 mM competitor (final concentration).
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Fig. 4. Inhibition of thymidine influx into trophozoites. Deoxycyti-

dine, uracil and a combination of both (cach 1.5 mM) were tested for

their capacity to inhibit the rate of thymidine influx. relative to

thymidine itself (1.5 mM, a). O, uninhibited influx. Deoxycytidine

(0) inhibited the rate of influx by 19-26%, whilst uracil (®) reduced

the rate by 79-88%. The efficiacy of uracil plus deaxycytidine (®)
was not significantly different from that of thvmidine.

cil-specific thymidine transporter but not the broad-
specifity nucleoside transporter, whereas deoxycytidine
has the reverse effect. The effect of both competitors
(each 1.5 mM) was essentially additive, showing that
thymidine entered the cells predominantly (but not
exclusively) through the base-specific transporter. The
extrapolated steady-state level for uninhibited thymi-
dine influx was 1.4 + 0.2 pmol (10° cells)~ !, identical to
that calculated for [*H]deoxycytidine.

Discussion

The results of this study show that G. intestinalis
trophozoites absorb deoxycytidine, adenosine and
guanosine via a previously undescribed membrane
transporter. The uptake of these nucleosides has been
examined under conditions where metabolism is mini-
mal, as shown previously for thymidine influx by a
thymine /uracil-specific thymidine transporter [12] and
verified for deoxycytidine and adenosine in this study.
The initial findings, based on deoxycytidine uptake at
0°C, showed that this transporter was different from
the thymine/uracil-specific thymidine transporter.
These conclusions were confirmed and extended using
labelled adenosine and guanosine.

A single transporter was found to be responsible for
the influx of each of the three labelled nucleosides
examined. The transporter has affinity for both ribonu-
cleosides and 2’-deoxyribonucleosides (purine and
pyrimidine), with slight preference for purine ribonu-
cleosides. This conclusion is based on the finding that,
for all thres nucleosides examined, the pattern of inhi-
bition of influx by a range of purine and pyrimidine



bases and nucleosides was virtually identical. The im-
portance of the B-furanosyl ring of the nucleoside was
indicated by the reduced inhibitory capacity of 3'-
deoxyadenosine, compared with that of 2’-deoxyadeno-
sine and 5'-deoxyadenosine, and the lack of inhibition
by 2',3’-dideoxycytidine and cytosine arabinoside. The
nucleoside 2'- and 5'-L.ydroxyls are thercfore not essen-
tial, but the 3'-hydroxyl is important and loss of both
the 2'- and 3'-hydroxyl groups prevents recognition as
assessed by inhibitory activity. A change in the confor-
mation of the furanoside, as is forced by the inversion
of the 2'-hydroxyl in cytosine arabinoside, also abol-
ishes recognition.

At present, it is difficult to determine what role the
base moiety plays in the recognition of nucleosides by
this transporter. Free bases were largely ineffective
inhibitors of deoxycytidine and adenosine influx, in
striking contrast to the potent inbibition (by thymine
and uracil) seen previously for the base-specific thymi-
dine transporter [12]. Nevertheless, it appears that the
base moiety does participate in nucleoside recognition
by the broad-specificity transporter. This is indicated
by the slight but consistent differences in gross inhibi-
tion activity and ICs, values observed for nucleosides
containing different bases. With all three labeiied nu-
cleosides, cytidine. deoxycytidine and thymidine were
less effective inhibitors of influx than were uridine and
the purine ribo-and 2’-deoxyribonucleosides.

There are clear differences between the G. intesti-
nalis nucleoside transporter described in this study,
and most mammalian facilitated-diffusion nucleoside
transporters for which the common nitrogens of pyrim-
idines (N-1) and purines (N-9), together with the 5'
sugar hydroxyl, have been implicated in substrate
recognition [20). The G. intestinalis transporter may
interact similarly with the pyrimidine N-1/N-3 and the
purine N-9/N-7 atoms, which are in equivalent posi-
tions. However, the failure of the Giardia transpoiter
to discriminate between natural nucleosides and 5'-de-
oxyadenosine distinguishes this transporter from those
detected in mammals generally. Nevertheless, it is in-
teresting to note that the human erythrocyte nucleo-
side transporter shares with the G. infestinalis trans-
porter a requirement for the 3'-hydroxyl of nucleosides
[21). Both of these broad-specificity nucleoside trans-
porters show no requirement for the 2’-hydroxyl moi-
ety, but have significantly reduced affinity for 3'-de-
oxynucleosides and they appear unable to recognize
2',3'-dideoxycytidine. Despite this remarkable similar-
ity in the structural requirements for substrate recogni-
tion, these transporters can be distinguished on the
basis of the high resistance of the Giardia transporter
to nitrobenzyl-mercaptopurine riboside (NBMPR) and
dipyridamole (ICs,>20 puM). Both of these com-
pounds are extremely effective inhibitors of facilitated
nucleoside transport in mammals, including that of
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erythrocytes (IC, range 0.001-0.1 pM) [18,22). Al-
though the mammalian and Giardia transporters share
similar broad substrate affinity (K, 100-300 »M) and
specificity, the differences in drug susceptibility pro-
vide potential to design chemotherapeutic agents that
are selective for either the parasite or host trans-
porters.

In our previous study [12], we reported that tropho-
zoites possess a thymine/uracil-specific thymidine
transporter (K, 50 uM at 0°C) but observed also that
the raie of thymidine influx was inhibited by up to 20%
by nucleosides such as adenosine. That result can now
be explained by the findings of this study which show
that, at an external concentration of 5 uM, approx.
80% of thymidine infiux occurs via the base-specific
thymidine transporter. The remainder is mediated by
the broad-specificity nucleoside transporter. Although
the thymine /uracil-specific thymidine transporter has
affinity for thymine (K, 30 uM at 0°C), we have shown
in other studies [23] that it does not contribute signifi-
cantly to the transport of the free base. Further charac-
terization of both Giardia nucleoside transporters will
require detailed Kkinetic analyses (e.g., Ref. 18) over a
range of temperatures to determine their behavicur
under physiological conditions. At present, it would
appear that the base-specific carrier constitutes a
high-affinity uptake system for thymidine (and presum-
ably uridine) and that it may be important when thymi-
dine is scarce. The *:road-specificity transporter de-
scribed in this study seems vital for the purine ribo-
and deoxyribonucleoside and deoxycytidine require-
ments of G. intestinalis.
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