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

Tapeworms absorb and consume large quantities of glucose through their syncytial tegument, storing the excess as

glycogen. Although some studies on the metabolism of glucose in several tapeworms are available, the proteins that mediate

its uptake and distribution in their tissue have not been identified. We describe the isolation and characterization of cDNA

clones encoding 2 facilitated diffusion glucose transporters (TGTP1 and TGTP2) from Taenia solium, the causal agent

of human and porcine cysticercosis. Radio-isotope labelled hexose uptake mediated by TGTP1 expressed in Xenopus

oocytes is inhibited by the natural stereoisomers -glucose and -mannose but not by -glucose. Transport by TGTP1

is sensitive to classical inhibitors of facilitated diffusion such as phloretin and cytochalasin B, and insensitive to ouabain.

TGTP2 did not function in Xenopus oocytes. Localization studies using specific anti-TGTP1 and anti-TGTP2 antibodies

show that TGTP1 is abundant in a number of structures underlying the tegument in adult parasites and larvae, whereas

TGTP2 appears to be localized only on the tegumentary surface of the larvae and is not detected in adults.

Key words: facilitated diffusion glucose transporter, tapeworm parasites, Taenia solium, cysticercosis, cDNA, localization,

tegument.



Tapeworms lack a digestive tract and carry out

metabolic exchange with their host through the

syncytial tegument. When glucose is available, the

parasites absorb and consume large quantities,

storing the excess as glycogen (Roberts, 1983). Adult

worms live in the intestine of vertebrates and require

carbohydrates in the host diet for their normal

development and reproduction (Read & Simmons,

1963). The larval stages, or metacestodes, lodge in

the tissues of their intermediate hosts where sur-

rounding fluids provide nourishment. Their matu-

ration can be accelerated in vitro by culturing in a

glucose-rich medium (Graham & Berntzen, 1970).

Substantial research on the acquisition, storage

and catabolism of carbohydrates in tapeworms has

been previously reported. For example, uptake of

glucose through a mediated system has been demon-

strated in several species of cestodes (Pappas & Read,
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1975). Uptake by adult worms has been reported to

be driven by a Na+-dependent active transport

system, similar to counterparts in the vertebrate

intestine (Pappas & Read, 1975; Pappas, 1983).

Metacestodes appear to take up carbohydrates by

passive as well as active transport (von Brand et al.

1964; Arme, Middleton & Scott, 1973; Pappas,

Uglem & Read, 1973; Pappas, 1983; Rosen &

Uglem, 1988). In H. diminuta, both types of

transport have been localized in different tissues of

the infective cysticercoid; facilitated diffusion is

associated primarily with the cyst wall and is lost

when the larva excysts in the vertebrate host, whereas

Na+-dependent active transport is associated with

the external plasma membrane of the scolex (Rosen

& Uglem, 1988).

The molecules that mediate the uptake and

distribution of carbohydrate in the tissue of the

cestodes have not previously been identified. In this

report, we describe the isolation and characterization

of 2 cDNA clones containing the complete coding

sequence for 2 glucose transporter homologues of

T. solium (TGTP1 and TGTP2). TGTP1 has been

functionally expressed in Xenopus oocytes and shown

to have properties typical of facilitated diffusion
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glucose transporters. Immunolocalization studies

indicate that TGTP1 is abundant in a number of

structures underlying the tegument of larval and

adult T. solium ; its homologues are also present in T.

saginata and T. crassiceps. In contrast, TGTP2

appears preferentially on the external surface of

larval-stage parasites.

  

Isolation and characterization of T. solium glucose

transporters (TGTP) cDNA

A probe was obtained by PCR amplification of

T. solium cysticerci cDNA, using degenerate primers

designed from conserved amino acid sequence motifs

of human (GLUT1) and Schistosoma mansoni

(SGTP1, 2 and 4) facilitated diffusion glucose-

transporters (see Fig. 2 in Skelly et al. 1994). The

sense primer TGTP-2cg (5«-CAGCAGTTCTCC-

GGCAT(A}C}T)AA(C}T)G-3«) was designed

from amino acid positions 281–288 in SGTP1, and

the antisense primer TGTP-3cg (5«-TCGTCGAA-

GGTGCGGCCCTT(A}C}G}T)GT(T}C)TC-3«)
from position 460–468. PCR utilized 25 cycles,

annealing at 50 °C}60 sec, extension at 72 °C}60 sec

and denaturation at 94 °C}60 sec. The product was

ethanol precipitated and run on a 1% agarose gel,

and the region of the gel containing DNA of

approximately 550 bp was excised, purified by glass

affinity and used as a template in a second PCR

under the same conditions. The now apparent

amplified 550 bp DNA fragment was radio-isotope

labelled with the Random Primed DNA Labelling

Kit (U.S.B. Corp., Ohio) and [α$#-P]dATP (Amer-

sham International plc) and used to screen about

80000 plaques of a T. solium cysticerci cDNA library

prepared as previously described (Landa et al. 1993).

Hybridization was carried out at high stringency

(65 °C, 2¬SSC), and several positively hybridizing

plaques were isolated, each representing isolates of

TGTP2 cDNA.

A second strategy for isolating glucose transporter

clones from the cysticerci cDNA library was to use a

1 kb DNA probe containing the amino-terminal

coding end of the S. mansoni glucose transporter

SGTP1 as a probe (Skelly et al. 1994). The amplified

DNA fragment was radio-isotope labelled and used

to screen the cDNA library at low stringency (50 °C,

6¬SSC). This strategy resulted in the isolation of

TGTP1 cDNA clones.

The inserts in all selected clones were subcloned

into M13 vectors and sequenced by the dideoxy

chain-termination method (Sanger, 1977). The com-

plete sequences were obtained from both strands

of the cDNA using synthetic oligonucleotides.

Sequences included in this paper have been sub-

mitted to the GeneBank with accession numbers:

U39197 (for TGTP1) and U62917 (for TGTP2).

Functional expression of TGTPs in Xenopus

oocytes

Functional expression of the 2 TGTP cDNA clones

was characterized essentially as described by Skelly

et al. (1994). Briefly, the complete coding regions of

the 2 glucose transporters were amplified by PCR

and ligated into the Xenopus expression vector,

pSP64T. Linear DNA was prepared from the

resulting plasmids and used to synthesize RNA in

vitro. Approximately 50 ng of RNA were injected

into each Xenopus oocyte. For analysis of glucose

uptake, groups of 5–6 oocytes were incubated at

room temperature in a buffer containing 0±1 m 2-

deoxyglucose, 1 µCi}ml [1,2-$H]2-deoxyglucose for

1 h. Individual oocytes were washed, solubilized

with 0±2 ml of 2% SDS and the incorporated

radioactivity was evaluated by liquid scintillation

counting. The effects of several sugars and inhibitors

(at 10 m and 1 m, respectively) on the transport

of 2-deoxyglucose were studied. When assaying the

effects of the inhibitors, the oocytes were pre-

incubated with the compounds 30 min prior to the

start of the transport assay. To evaluate the effect of

sodium on glucose transport, choline chloride

(100 m) replaced NaCl in the buffer. Experiments

were undertaken twice, and the data are presented as

the mean³the standard deviation of uptake by at

least 4 individual oocytes. Data were compared by

Student’s two-tailed t-test (P!0±05).

Localization studies

T. solium cysts were dissected from skeletal muscles

of infected pigs obtained in Mexico City. T. crassiceps

cysticerci (ORF strain) were obtained from the

peritoneal cavity of BALB}c mice and maintained in

the laboratory. T. saginata adult worms were kindly

donated by A. Aluja, Facultad de Medicina Vete-

rinaria y Zootecnia, UNAM, and T. solium adult

worms were obtained from experimentally infected

hamsters (kindly provided by J. Ambrosio and

A. Flisser, Facultad de Medicina, UNAM). All

larvae and adult worms were washed 3 times with

sterile phosphate-buffered saline, pH 7±2 (PBS) and

used immediately for localization studies or stored at

®70 °C until use.

For the preparation of a specific antiserum, 2

peptides were synthesized (C. Dahl, Harvard Medi-

cal School), based on the extrapolated amino acid

sequence at the carboxyl-terminus of both TGTP1

(NH2-CEAATALRRSDEEDAKVDA-COOH)

and TGTP2 (NH2-CRSLPSENGENMTKSDR-

VKF-COOH), with a cysteine added to the amino

terminus of each peptide for coupling to a carrier.

Peptides were coupled to BSA and to ovalbumin,

and the BSA-coupled peptides were injected sub-

cutaneously into rabbits as previously described

(Zhong et al. 1995). Immune sera were collected, and
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Table 1. Amino acid sequence comparisons of

TGTP1 and TGTP2 from Taenia solium with

several glucose transporters from other organisms

TGTP1 (%) TGTP2 (%)

Protein* Identity Similarity Identity Similarity

TGTP2 28±0 47±2 — —

GLUT1 31±9 49±2 37±2 53±0
GLUT3 30±8 48±8 37±3 53±6
GLUT4 32±2 49±9 36±0 52±3
SGTP1 56±2 67±6 26±9 43±8
SGTP2 25±2 42±1 41±9 56±0
SGTP4 47±9 64±6 27±7 47±3

* TGTP1 and 2 are T. solium glucose transporters;

GLUT1, 3 and 4 are human glucose transporters; SGTP1,

2 and 4 are Schistosoma mansoni glucose transporters.

the anti-peptide antibodies were purified by affinity

chromatography to the ovalbumin-coupled peptides

conjugated to NHS-activated HiTrap columns

(Pharmacia Inc.). Retained antibodies were eluted in

0±1  glycine, pH 2±5, neutralized with Tris, pH 8,

and dialysed exhaustively against PBS. Purified

antibodies against the C-terminal peptides are re-

ferred to as anti-TGTP1 or anti-TGTP2.

Immunofluorescence microscopy was performed

on frozen sections of the parasite tissues. Sections

6–8 µm thick were air dried on poly--lysine coated

slides, rehydrated with PBS, pre-incubated for

30 min with 20% normal goat serum in PBS as a

blocking reagent, washed with PBS–0±15% Tween

20, and incubated overnight at 4 °C with the anti-

TGTP1 or anti-TGTP2 antibody fractions

(100 µg}ml in PBS–0±15% Tween 20, 3% BSA).

Slides were extensively washed and incubated in the

dark for 1 h at room temperature with a fluorescein-

conjugated F(ab)
#

goat anti-rabbit IgG (Boehringer

Mannheim, Biochemicals) at 2 µg}ml. The slides

were washed again and mounted with cover-slips

using 1:9 glycerol–PBS. Control sections were

incubated with the second antibody only. All sections

were photographed in a Nikon Optiphot Epi-

fluorescence microscope.

Expression of TGTPs in insect cells

For the recombinant expression of the TGTP1 and

TGTP2 in insect cells, the complete coding

sequences of TGTP1 and TGTP2 were amplified by

PCR as described earlier and subcloned into the

baculovirus vector pVL1393. Recombinant plasmids

containing TGTP1 and TGTP2 coding sequences

in the correct orientation and baculovirus DNA were

used to co-transfect Sf9 cells as described previously

(Zhong et al. 1995). Detection of TGTP1 and

TGTP2 in membrane fractions of transformed insect

cells after 48 h of infection, and of T. solium and

T. crassiceps cysts, was carried out by Western blot

(Towbin, Staehelin, & Gordon, 1979). Membrane

fractions from Sf9 cells and cysts were prepared as

described by Zhong et al. (1995), except that frozen

cysts were homogenized using a Polytron homogen-

izer (Brinkmann Instruments) at maximum speed for

1–2 min at 4 °C before sonication. A goat anti-rabbit

IgG conjugated to peroxidase (Sigma) 1:1000 di-

lution was used as second antibody and detected by

reaction with 0±05% 4-chloro-1-naphthol.



Characterization of 2 T. solium glucose transporter

cDNAs

Two full-length cDNA clones were obtained from a

T. solium cysticerci cDNA library with probes based

on homologies to conserved amino acid sequence

motifs of human and Schistosoma mansoni glucose

transporters as described in the Materials and

Methods section. One 1±8 kb clone showed strong

coding homology to the S. mansoni glucose trans-

porter, SGTP1, and was designated TGTP1. A

second 1±7 kb clone was designated TGTP2 because

of its greater coding homology with SGTP2, a

S. mansoni glucose transporter homologue (Table 1).

Extensive efforts to amplify additional TGTP

cDNAs with other conserved sequence motif primer

combinations, or low stringency hybridization with

S. mansoni glucose transporter cDNA clones were

unsuccessful. TGTP1 and TGTP2 have 3«-
untranslated regions of 235-bp and 136-bp, re-

spectively, ending in poly-A tails, whereas only

TGTP2 has the typical consensus poly(A) addition

site (AATAAA), 20-bases upstream of the poly-A

tract.

The predicted translation products of TGTP1

and TGTP2 encoded proteins with characteristics

typical of facilitated diffusion glucose transporters

(Mueckler et al. 1985). They were about 55 kDa each

with 12 predicted transmembrane α-helices, rela-

tively large hydrophilic loops between trans-

membrane helices 1–2 and 6–7, and hydrophilic

sequences at the amino- and carboxyl- ends (Fig. 1).

A single putative N-linked glycosylation site on the

first external loop, typical of eukaryotic transporters,

was present only in TGTP1. Absence of this site has

been reported in glucose transporters of plants and

protozoa (Stack, Stein & Landfear, 1990; Langford

et al. 1994; Sauer & Tanner, 1989; Stadler et al.

1995). In addition to their structural similarities,

both proteins have substantial levels of protein

sequence identity and similarity to all known

members of the superfamily of facilitated diffusion

glucose transporters. TGTP1 shows 56% identity

and 67±6% similarity with SGTP1, whereas TGTP2

is most closely related with SGTP2 (42% identity

and 56% similarity). Identity between TGTP1 and

TGTP2 is only 28% (see Table 1).
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Fig. 1. Alignment of the deduced amino acid sequences of Taenia solium TGTP1, TGTP2 and other glucose

transporters. GLUT1, GLUT3 and GLUT4 are human glucose transporters (Kayano et al. 1990); SGTP1, SGTP2

and SGTP4 are Schistosoma mansoni glucose transporters (Skelly et al. 1994). Positions of amino acid identity with

TGTP1 are shown as a dots. Hyphens indicate gaps introduced to maximize alignment. Underlining shows the

putative membrane-spanning segments determined using the algorithm of Eisenberg et al. (1984).

https://doi.org/10.1017/S003118209800345X Published online by Cambridge University Press

https://doi.org/10.1017/S003118209800345X


Glucose transporter of Taenia solium 583

(A) (B)

Fig. 2. Functional expression of the TGTP1 in Xenopus oocytes. (A) Transport of 2-deoxyglucose by oocytes injected

with TGTP1, TGTP2 and SGTP1 cRNA. The basal transport is represented by uninjected oocytes (see Materials

and Methods section). (B) The 2-deoxyglucose transport versus time by oocytes injected with TGTP1 cRNA

compared with uninjected oocytes (NI). Data are represented as the mean³standard deviation of uptake by 4–5

individual oocytes of a representative experiment.

(A) (B)

Fig. 3. Sugar specificity and sensitivity to inhibitors of TGTP1 cRNA injected oocytes. (A) Effect of competing

10 m sugars on the transport of 2-deoxyglucose by oocytes injected with TGTP1 cRNA. The values for uninjected

(®) and positive control (­) oocytes, were obtained in the absence of competing sugar. -GLU, -glucose; -GLU,

-glucose; MAN, -mannose; MAL, -maltose; GAL, -galactose; FRU, -fructose. (B) Inhibition of

2-deoxyglucose transport by several potential transport inhibitors at 1 m. Uninjected (®) and positive (­) control

oocytes, were obtained in the absence of inhibitors. ®Na, oocytes injected with TGTP1 RNA incubated in buffer

lacking sodium; CyB, cytochalasin B; Oub, ouabain; Pht, phloretin; Phz, phlorizin. The 2-deoxyglucose transport by

the oocytes injected with TGTP1 cRNA in the absence of sugar competitors or inhibitors was set to 100%.

Functional expression of T. solium glucose

transporters in Xenopus oocytes

To functionally characterize the T. solium glucose

transporters, the coding DNA of both TGTP clones

were expressed in Xenopus oocytes. Oocytes were

injected with coding RNA that was produced in vitro

and then measured for their ability to take up radio-

isotope labelled 2-deoxyglucose as compared with

uninjected control oocytes. As shown in Fig. 2,

oocytes injected with TGTP1 RNA, took up sig-

nificantly more 2-deoxyglucose than controls, and

uptake was linear over a 60 min incubation. Oocytes

injected with TGTP2 RNA had no increased glucose

uptake during a 60 min incubation, as was previously

found for its S. mansoni homologue, SGTP2 (Skelly

et al. 1994). The oocyte expression system was used

to characterize the substrate specificity of TGTP1.

Sugar stereospecificity was assessed by competition

studies using either -glucose or -glucose (Fig.

3A). The natural stereoisomer -glucose, but not

-glucose, competed effectively for transport of
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Fig. 4. Immunolocalization of TGTP1 and TGTP2 in tissue sections of Taenia solium (A and B) and T. crassiceps

(C and D) larvae. Tissue sections were initially incubated with anti-TGTP1 (A and C) or anti-TGTP2 (B and D)

affinity-purified antibodies and developed with a fluorescent anti-rabbit IgG. Control sections incubated in the

absence of primary antibody did not show any fluorescence (not shown). BM, basal membrane; TC, tegumental

cytons; T, tegument.

2-deoxyglucose. Transport inhibition studies were

also carried out using the -isomers of the following

sugars at 10 m ; mannose, maltose, galactose and

fructose (Fig. 3A). Mannose inhibited uptake to a

level similar to that observed with -glucose, whereas

galactose and fructose were much less inhibitory.

Maltose did not significantly inhibit glucose uptake

by TGTP1 (P"0±05). The inhibitor of facilitated

glucose transporters, phloretin, completely abolishes

TGTP1-dependent glucose transport at 1 m (Fig.

3B). Cytochalasin B, another inhibitor of facilitated

glucose transporters, decreases glucose transport by

TGTP1 by 80%. In contrast, no differences in the

glucose uptake were seen when the oocytes were

incubated in the presence of ouabain, which disrupts

sodium movement by inhibiting the sodium}ATPase

pump. These results demonstrate that the translation

product of TGTP1 is a facilitated diffusion glucose

transporter. Somewhat surprising was the moderate

reduction in activity detected when sodium was not
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Fig. 5. Immunolocalization of TGTP1 in tissue sections of adult Taenia solium (A) or T. saginata (B and C). Sections

were initially incubated with anti-TGTP1 affinity-purified antibodies and developed with fluorescent anti-rabbit IgG.

Insert shows higher magnification (¬60). (C) Staining of eggs within the uterus of T. saginata. (D) Control staining,

in the absence of primary antibody. Equivalent tissue sections stained with anti-TGTP2 antibodies and in the

absence of the primary antibody did not show any fluorescence (data not shown). EC, excretory canals ;

E, embriophore; OM, oncospheral membrane; YC, yolk cell ; arrows downwards show the cytoplasmic canals and

arrows upwards show the tegumental cytons.

included in the medium, and the clear sensitivity to

phlorizin, another inhibitor of sodium-dependent

sugar transport.

Immunolocalization of TGTP1 and TGTP2 in

Taenia parasites

Specific rabbit antisera against TGTP1 and TGTP2

were elicited with peptides corresponding to the

carboxyl terminus of the 2 glucose transporters. For

localization studies, antibodies were purified by

antigen affinity. The resulting antibody preparations

recognized proteins of about 40–45 kDa in Western

blots containing membrane fractions from T. solium

cysts (data not shown). The specificity of each

antibody was demonstrated on Western blots con-

taining membrane fractions of recombinant insect

cells expressing 1 of the TGTPs. In each case, a

broad band of about 40–45 kDa in the relevant

membrane fraction from recombinant insect cells

was apparent and the antibodies did not recognize

the other TGTP (data not shown).

Immunofluorescence was carried out on frozen

sections from the bladder wall of T. solium larvae and
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showed that TGTP1 was localized in the tegument

as well as in several structures underneath its basal

membrane, including the tegumental cytons and

other cellular types (Fig. 4A). Similar observations

were made in localization studies of TGTP1 in

T. crassiceps cysts, with a less intense fluorescence

in the tegument (Fig. 4C). At higher magnification

fluorescence appeared patchy, suggesting association

of TGTP1 with the vesicular bodies within the tegu-

ment, the cytoplasmic canals and the cytons (not

shown). Immunolocalization of TGTP1 on adult

worm sections from T. solium and T. saginata also

revealed localization in a number of structures

underneath the tegument including cytons, muscle

cells and deeper cellular bodies in the vicinity of the

excretory canals which might correspond to the

canal bodies and flame cells (Fig. 5A and B). The

TGTP1 could also be visualized on sections of eggs

inside the uterus of a gravid proglottid of T. saginata,

within the yolk cell, and in the oncosphere membrane

(Fig. 5C). These observations suggest that TGTP1

is involved in the uptake of glucose into a diversity of

T. solium tissues in all developmental stages.

Immunolocalization of TGTP2 on frozen sections

from the bladder wall of both T. solium and

T. crassiceps cysts showed an intense fluorescent strip

on the external surface of the tegument and a diffuse

fluorescence underneath (Fig. 4B and D). In contrast

to TGTP1, no TGTP2 could be localized on adult

worms sections from T. solium and T. saginata, nor

in eggs within a gravid proglottid of T. saginata,

suggesting that its expression is developmentally

regulated and restricted to the cyst stage.



The lack of an alimentary canal in cestodes defines

the physiology of this group because the body-

covering or tegument not only provides protection

against the environment and the host immune

response, but carries out both absorption of nutritive

molecules and excretion}secretion of waste materials

(Smyth, 1994). Adult T. solium are elongated worms

that only live in the intestine of human beings,

whereas the larval stage, or cysticercus, is a cystic

organism that can survive for long periods in a

diversity of tissues of its intermediate host, usually

pigs. In this context, glucose transporters were

expected to be associated with the tegument on the

external surface of both adult and larval forms and

may be candidates for intervention against the

parasite. For example, glucose transporters exposed

on the tegumentary surface could be potential

vaccine targets for the induction of protective

immune responses within hosts.

We have isolated and characterized cDNA clones

encoding 2 distinct T. solium proteins showing

substantial amino acid sequence identity with the

members of the facilitated diffusion glucose trans-

porter family. Functional expression of TGTP1 in

Xenopus oocytes confirms its role as a facilitated

glucose transporter. Results from immuno-

localization studies indicate that both proteins are

expressed in T. solium and other taeniid species (see

below). These proteins, designated TGTP1 and

TGTP2 according to their homology to Schistosoma

mansoni transporters, are the first glucose trans-

porters characterized for cestodes.

The high amino acid sequence identity (56%),

and similarity (68%) of TGTP1 and its counterpart

from the trematode S. mansoni, SGTP1, as well as

their similar sugar specificity, support the concept

that both proteins are orthologous transporters in

cestodes and trematodes. The partial sensitivity to

Na and to phlorizin in transport assays using whole

cestode larvae (von Brand et al. 1964; Arme et al.

1973; Pappas et al. 1973), have been interpreted as

indicative of the simultaneous operation of the 2

distinct types of glucose transport, i.e. active and

facilitated, in larval cestodes (Pappas, 1983). In fact,

removal of the cyst wall during excystment allowed

the localization of an active transport in the scolex

and a facilitated diffusion in the wall of cysticercoids

of Hymenolepis diminuta (Rosen & Uglem, 1988).

Our observations that TGTP1 is significantly sen-

sitive to sodium and phlorizin, as well as its wide

distribution in the tissues of adult and larval taeniids,

suggests that TGTP1 provides the sensitivity to

sodium and phlorizin in the whole larva.

Our attempts to demonstrate functional ex-

pression of TGTP2 in the Xenopus oocyte system

have been unsuccessful, similar to the experience

with the related S. mansoni homologue, SGTP2

(Skelly et al. 1994). However, the presence of

TGTP2 on the external surface of the tegument of

T. solium and T. crassiceps cysts in immuno-

localization studies suggests its role in sugar uptake.

It is likely that the lack of function of TGTP2 is due

to improper translation within oocytes, and}or

improper transport to the plasma membrane. Also

possible is that some aspect of the assay conditions

inhibited TGTP2 function or that the transporter

did not recognize 2-deoxyglucose, used in the assay.

Glucose transporters can be grouped in 2 distinct

types; energy-dependent transporters able to take up

glucose against a concentration gradient relying on

an electrochemical potential, and the facilitated

transporters that are energy independent and simply

facilitate the diffusion of glucose down a concen-

tration gradient (Lienhard et al. 1992). Among

parasites, glucose transporters have been studied in

Leishmania (Langford et al. 1994, 1995; Piper et al.

1995), Trypanosoma (Bringaud & Baltz, 1992;

Tetaud et al. 1994), and S. mansoni (Skelly et al.

1994). The 2 glucose transporters of T. solium

described here add to the list of known glucose
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transporters in parasites. As expected, differences in

the mechanism of glucose transport appear to emerge

according to the life-style of the parasite devel-

opmental stage; Trypanosoma and Leishmania

amastigotes, living within cardiac or reticulo-

endothelial cells of their hosts, require an active

transport system to take up enough glucose from the

internal milieu of those cells, whereas adult

schistosomes residing in the bloodstream and taeniid

larvae in the tissues of their hosts (e.g. central

nervous system) live in glucose-rich environments

where facilitated diffusion should suffice.

Immunolocalization studies show that TGTP1 is

expressed in all developmental stages of T. solium

and other taeniid species, whereas TGTP2 appears

to be restricted to the larval stage or cysticercus.

Moreover, TGTP1 appears to be localized in a

variety of the cell types in the embryo, the larval and

the adult stages, whereas TGTP2 appears to be

predominantly localized on the surface of the cyst.

This developmentally regulated expression and

asymmetric location of the 2 glucose transporters is

similar to observations from S. mansoni where

SGTP1 is detected in membrane extracts of all life-

cycle stages, being confined to the basal membrane

and its dilations in the adult worm, whereas another

transporter protein SGTP4 only appears to be

exposed on apical membranes of the adult worm’s

tegument (Zhong et al. 1995; Skelly & Shoemaker,

1996). Perhaps trematodes and cestodes have de-

veloped analogous arrays, based on 2 distinct

transporters, to take up and distribute glucose

through the syncytial tegument to the internal

tissues. In this respect it will be interesting to look

for a counterpart of SGTP4 in adult T. solium and

for SGTP2 on the apical membrane of larval stages

of schistosomes.
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