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Cys-42! und Cys-429 of Glutl were replaced hy site-diresicd mutugenesis in arder (o investigate their involvement in basal glucose transport and

transport inhibition, Neither of the two cysicine residues was essential for busal 2-deaxy-p-glusose uptake in Xeropus cocytes expressing the

respective mutant M421 und M429, 1l applied (rom the external side, the poorly permenble sulthydryl-reactive agent pCMBS inhibited 2<deoxy-p-

glucoie uptake of Glutl- and M42l-expressing Xenopres oocytes but fuiled to afTect uptake of the Cys=429 mutant. This is in ugreement with the

proposed two-dimensional model of Glutl confirming that Cys-429 is the only residue exposed to the surface of the plasma membrane, The

replacement of Cys-421 al the exofucial end of helix eleven eaused 4 partial proteciion of 3-O-methylglucose trunsport inhibition by CB: this residug
may thus be involved in stabilizing an adjacent local tertlury strueture neeessary for the full activity of this inhibitor.

Glutl glucese transporter: Xenopus ooeyte: Cyiteine mutunt

. INTRODUCTION

Molecular cloning has led to the identification of §
different glucose transporters of the facilitative type.
named Glutl through GlutS (reviewed in [1-5]), De-
rived from the nucleotide sequences of the eDNA the
Glut! glucose transporter is known to contain 6 cyste-
ine residues [6]. Apart from Cys-347, all cysteines are
located towards the ends of an a-helix and are expected
to be in an aqueous environment. According to the
two-dimensional model of Glutl based on hydropathy
plots, Cys-421 is located within an ‘amphipathic’ seg-
ment of helix 11 whereas Cys-429 is exposed to the cell
surfuce. During conformational changes of the glucose
trasnporter the cysteines at position 421 and 347 might
also be exposed then being accessible to reagents from
the exofacial side of the plasma membrane (reviewed in
[5.7).

Structure-function studies of Glutl by the use of site-
directed mutagenesis have been restricted so far to the
role of the tryptophan residues concerning their role in
glucose transport and inhibition after CB treatment
[8,9]. Here we investigated the function of the residues
Cys-421 and Cys-429 of Glutl for (1) the basal glucose
uptake, (2) their involvement in sulfhydryl reagent-me-
diated glucose transport inhibition using pCMBS, and
(3) the possible interaction of these residues with trans-
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port inhibition by CB. Xenopus oocytes were used as a
suitable cell system [10-12] which after injection of the
respective mRNAs functionally cxpressed the trans-
porter proteins of the wild-type Glutl and the cysteine
mutants.

2. EXPERIMENTAL

2.1, Euginecring of Glut! mutations and in vitro synthesis of mRNA

A 2.4 kbp BumH! fragment derived from pSPGT (13] was sub-
cloned into pBlueseript SK” (Stratagene, Heidelberg, Germany). Sites
dirccted mutagenesis was performed ascording to the prosedure of
Kunkel et al. [14] using a BioRad kit (Bio-Rad, Minchen, Germany).
The resulting changes of the mutagenic oligonucleotides and the
umino acids are as follows:

Amino asid no, Nusleolide change  Amino acid change

5TGCY - $°CGCY¥
STGTY - STCTY

Cys-42]
Cys-429

Cys = Arg
Cys = Ser

The mutagencsis was confirmed by DNA sequence analysis with
appropriate primers. The mutant DNAs were subsloned Into the
oocyle capression vector pSPEAT [15). In general, mMRNAs were pre-
pared from Xbal-linearized pSPGAT uccording to the method of Mel-
ton et al, [16] medified by adding 0.5 uM "GpppG and 50 4M rGTP
and 0.8 4Ciml [MS)UTPaS. Quantitation of newly synihesized mRNA
was performed by counting the incorporated [M*SJUTP, by determina-
tion of the ODy. and by estimalion of the respective mRNAs on a
denaturing agurose gel using ribosomal 288 and 185 rRNA (Pharma.
¢ia, Freiburg, Germany) as standards. The final concentration of
newly synthesized mRNA was adjusted 10 | mg/ml,

2.2, Xenopus cocyles as expression system and (ranspart measurenent

Collection, defulliculution and culiure of Xenopus aocytes were cons
ducted as deseribed previously (10]. Routinely, oosyles were injected
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with 50 nl of 4 solution contuining cupped mRNA und collected alter
3 doys for trunspert meysurements. "C-labeled 3-O-methyl-glucose or
2.deoxyglucose uptake ussuys were condusted by muintaining groups
of up to 10 oocytes in modifled Burths' solution (MBS) at a final
concentration of 50 uM of the respective glusose unalogs. After the
indicuted time, the oosytes were washed 3 times with 3 ml of ice-cold
MBS solution conlaining 0.1 mM phloretin {l.e. stop solution) und
cuch singie oocyle was dissolved in 0.5 ml of 1% SDS before quanti-
tation of rudiouctivity by a liquid scintillution spectrophotometer.

All substrates used were of highest grude quality, The mutant ol-
igonugleotides were purchased from Malbiol (Berlin, Germany), the
radiolabeled hexoses from DuPont (Bud Momburg, Germuny);: for
sequencing the Sequenuse version 2 DNA sequencing kit (USB, Cleve-
land, USA) was used. Cytochalasin B, phloretin and p-chloromereuri»
benzens sulfonic aeid (pCMBS) are from Sigma Chemicals (St. Louis.
USA). Yenopus luevis frogs were obtained from H. Kidhler, Xenopus
Laborzueht, HMamburg, Germany. Statistical evaluation wus made
using the Student’s 7 test for puired values conducted with StatView
for the Macintosh (Abuacus Consepts, Ins.).

3. RESULTS

Table I shows that mRNAs which had been in vitro
transcribed from wild-type Glutl-cDNA or the mutant
Cys-421- and Cys-429-cDNAs were efficiently trans-
lated to functionally active heterologous glucose trans-
porter proteins in Xenopus oocytes. No statistically
significant differences (£>0.1) of 2-deoxy-p-glucose up-
take were observed between the mutants missing the
cysteine residues cither at the external loop between
transmembrane segment (TM) 11 and 12 (M429) or at
the exofacial end of the 11th TM (M421), and the wild-
type Glutl. Thus, neither cysteine residue in position
42| or 429 appeared to be essential for basal p-glucose
uptake by the Glutl glucose transporter.

Fig. 1 documents that the highly specific thiol-reagent
pCMBS [17,18]. which very poorly penstrates the
plasma membrane in intact cells, inhibited glucose up-
take exclusively by reacting with Cys-429. The 2-deoxy-
p-glucose uptake was reduced to 28% in Glutl-express-

Table |
2-Deoxy-n-glucose uptake of the Cys-421 and Cys-429 mutants

2-Deoxy-neglusose uptake (pmol/oosyte/30 min)

Exp. |
Shem Glutl M 421
Mean 27 74.3 76.2
*SEM, 04 6.5 6.5
Exp. 2
Sham Ghet! M 429
Mean 25 148.0 125.8
S EM. 0.3 11.0 69

In two independent experiments, Xenopus cocytes were injected with

water (siiamj or MR NA éncading the Cys-421 {T=R) and the Tys-d73

{C-8) mutants, Three days afler injection 2-deoxy-p-[U-"Clglucose

(50 4M) uptake was performed In 10-20 single Xenopres aoeytes, Val-
ues represent mean = S,E.M,
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Fig. 1. Effest of pCMB3 on 2-deoxy-n-gluccse uptake. Xenopus
oocytes expressing the wild-type Glutl, the Ma2i or the M429 glucose
transporter were exposed to the relatively impermeant sullhydryl rea-
gent pCMBS (0.5 mM (17]) for 30 min at room temperature, For cach
group, the pereentuge of remaining activity wis calculuted from the
differences of the averaged 2-deoxy-n-[U-"“Clglucose (50 4M) uptake
of untreated and pCMBS-treated oocytes. Far the two independent

experiments 8-20 oocytes were ingluded in cach group.

ing cocytes or to 24% in the M421 group (averaged
vilue of Exp. | and 2). From theses data, Cys-421 is not
accessible to inhibition by sulfhydryl reagents at least in
a conformation of the glucose transporter that favors
glucose binding from outside the plasma membrane (i.e.
influx). As oocytes from different experiments do not
necessarily express the same amount of glucose trans-
porter proteins, for each group a paired comparison
was conducted between untreated- and pCMBS-treated
oocytes, thus setting the non-inhibited 2-deoxy-p-glu-
cose uptake to 100%.

Observed in three independent experiments, inhibi-
tion of 3-O-methylglucose transport by the specific
transport inhibitor CB was always about half as effec-
tive in M421l-expressing Xenopus cocytes when com-
pared with cells expressing the wild-type or the Cys-429
mutant, In Fig. 2 we compared the remaining transport
activity at two different concentrations of CB. Qocytes
from the same frog were used in order to directly com-
pare the inhibition between the two mutants. 3-Q-meth-
ylglucose transport was inhibited by 62% (Glutl), 76%
(M429), and 309% (M421) at the lower concentration or
by 86% (Glutl), 81% (M429), and 57% (M421) at the
higher concentration of CB. As shown for both concen-
trations, the effectiveness of CB-inhibition of glucose
transport was dependent on the presence of Cys-421 as
can bc documentcd by comparing M43l vs, M429
(P<0.01 for 2 uM CB; P<0.01 for 20 uM CB) or M421
vs, wild-type Glutl (P=0.01 for 2 4M CB; P<0.01 for
20 uM CB).
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Fig. 2. 3-O-Maethylglusose transport inhibition by cytochalasin B on
oocyles expressing eysteine mutants, 3-0-[1*C]Methylglucose (50 uM)
transport assay was performed in Xenopus oocytes expressing the
wild-type Glut! and the Cys-421 or Cys-429 mutants. Transport was
inhibited by CB at two concentrations (2 xuM and 20 uM). Values
present mean £ S.E.M, of 10-20 ooeytes from each group.

4. DISCUSSION

The importance of the cysteine residues for the fune-
tion of glucose transporters has been addressed by
many authors (reviewed in [5,7,19]). The role of Cys-421
at the exofacial end of helix 11 and Cys-429 which is
located in the extracellular loop between TM 11 and 12
has been of primary interest for ligand binding and
transport inhibition by sulfhydryl reagents. In contrast
to Cys-207 and Cys-347 that is conserved in Glutl-
Glut4, Cys-421 and Cys-429 are expressed exclusively
in the Glutl and Glut2 transporters. In accordance with
their expression in only a limited number of tranporter
isoforms, these cysteins are not essential for the basal
glucose transport.

It has been concluded that among the three cysteins
of a 19 kDa carboxy-terminal cleavage fragment Cys-
429 is the most likely candidate for binding from the
exofacial surface of the tranporter [20]. This assump-
tion, however, has to be confirmed by amino acid
sequence analysis. As pointed out by others [5,7] addi-
tional cysteins might be also exposed during the confir-
mational changes of the transporter. Therefore, it re-
mained to be answered whether under defined condi-
tions Cys- 421 is also accessible to ligands reacting with
thiols from outside the cell and/or after covalent binding
is involved in transport inhibition. PCMBS is known as
an effective inhibitory reagent which very poorly pene-
trates plasma membranes of intact cells [17]. In a con-
formation of the transporter ready to bind glucose from
outside the cell (influx), pPCMBS at the used concentra-
tion (0.5 mM) was without effect on the Cys-429 mu-
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tant, whereas a comparable transport inhibition of both
Glutl- and M42l-expressing oocytes was observed.
With regard to the alternating-conformation mecha.
nism of transport, further studies will have te be con-
ducted to answer the question of whether inhibition
from outside the plasma membrane can affect the efflux
of glucose from the Xenapus oocyte and vice versa after
co-injecting the sulfhydryl reagent into the cells.

As crystallization of the glucose transporter has still
failed to suceced, site-directed mutagenesis remains at
present the only alternative strategy in erder to study
structure-function relationship. It is well established
that CB competitively inhibits glucose transport from
the cytoplasmic side by binding at or near the inward-
facing substrate binding site of Glutl. We know from
mutation of all six tryptophans that Trp-388 at the end
of helix 10 is involved in the equilibrium binding of CB
[9]. Substitution of Cys-421 by Arg caused a partial
protection of the glucose transport inhibition by this
specific transport inhibitor. As we failed to perform CB
binding in membranes of glucose transporter-express-
ing cocytes, the putative effect of this point mutation on
the K, for CB remains an open question. However, it
seems reasonable to assume that Cys-421 exerts a stabi-
lizing effect on the adjacent helix 10 harboring Trp-388.
Since the replacement of Cys-421 cannot completely
abolish the inhibitory effectiveness of CB, one might
speculate that either Trp-388 still remains a binding site
for CB cven with lower affinity and/or CB molesules
that are bound to other domains are additionally in-
volved.
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