
Biochem. J. (2005) 389, 57–62 (Printed in Great Britain) 57

Immunodetection of the expression of microsomal proteins encoded by the
glucose 6-phosphate transporter gene
Silvia SENESI*, Paola MARCOLONGO*, Tamas KARDON†, Giovanna BUCCI*, Andrey SUKHODUB‡, Ann BURCHELL‡,
Angelo BENEDETTI*1 and Rosella FULCERI*
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Glucose 6-phosphate transport has been well characterized in liver
microsomes. The transport is required for the functioning of the
glucose-6-phosphatase enzyme that is situated in the lumen of
the hepatic endoplasmic reticulum. The genetic deficiency of the
glucose 6-phosphate transport activity causes a severe metabolic
disease termed type 1b glycogen storage disease. The cDNA en-
coding a liver transporter for glucose 6-phosphate was cloned
and was found to be mutated in patients suffering from glycogen
storage disease 1b. While related mRNAs have been described in
liver and other tissues, the encoded protein(s) has not been im-
munologically characterized yet. In the present study, we report
(using antibodies against three different peptides of the predicted
amino acid sequence) that a major protein encoded by the glucose
6-phosphate transporter gene is expressed in the endoplasmic
reticulum membranes of rat and human liver. The protein has an

apparent molecular mass of approx. 33 kDa using SDS/PAGE, but
several lines of evidence indicate that its real molecular mass is
46 kDa, as expected. The glucose 6-phosphate transporter protein
was also immunodetected in kidney microsomes, but not in micro-
somes derived from human fibrocytes, rat spleen and lung, and a
variety of cell lines. Moreover, little or no expression of the glu-
cose 6-phosphate transporter protein was found in liver micro-
somes obtained from three glycogen storage disease 1b patients,
even bearing mutations that do not directly interfere with protein
translation, which can be explained by a (proteasome-mediated)
degradation of the mutated transporter.
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INTRODUCTION

Liver G-6-Pase (glucose-6-phosphatase) catalyses the common
terminal reaction of gluconeogenesis and glycogenolysis, hence
it plays a major role in the maintenance of blood glucose homo-
eostasis [1–3]. G-6-Pase1 is expressed mainly in the liver and
in the kidney, where it is associated with the ER (endoplasmic
reticulum) and functions as a multicomponent system [4]. The
system consists of the enzyme protein with an intraluminal active
site and transporters for the entry of the substrate G-6-P (glucose
6-phosphate) and for the exit of the products, phosphate and
glucose [4–7]. The genetic deficiency of the G-6-Pase1 enzyme
protein is termed type 1a glycogen storage disease (GSD1a) [2,8].
However, it has been known for a long time that a number of
patients with the symptoms of GSD1 are not deficient in the G-
6-Pase1 protein activity, and it has been hypothesized that the
genetic deficiency of a putative ER G-6-PT (G-6-P transporter)
can also cause a GSD1 subtype termed GSD1b (see [2] and refer-
ences therein).

A cDNA encoding a liver putative G-6-PT has been cloned and
found to be mutated in two GSD1b patients [9]. The predicted
molecular mass of the encoded protein is 46 kDa [9]. We reported
the structure of the gene and its mapping to human chromosome
locus 11q23.3 by FISH (fluorescence in situ hybridization) ana-
lysis [10], where it was previously localized by linkage studies
[11]. A variety of mutations in the G-6-PT gene have been sub-
sequently found in the majority of the GSD1 non-a patients inves-
tigated [12–15]. Northern blot analysis revealed at least two
mRNAs: a liver mRNA containing eight out of nine exons (without

exon 7) and a brain mRNA containing all the nine exons [16]. The
mRNA(s) are also present in a variety of extrahepatic cells [17].
Western blot analysis with an antibody against the 17-amino-
acid N-terminus of G-6-PT revealed a liver microsomal protein,
termed P46, but its apparent molecular mass was not reported
[18]. A protein (over)expressed in COS-1 cells, transfected with
the human liver cDNA coding G-6-PT, appeared to have a lower
than predicted molecular mass that was approx. 37 kDa [19].

The present study is aimed at characterizing the protein pro-
ducts of the G-6-PT gene. To this aim, we employed antibodies
raised against selected peptides of the liver G-6-PT protein. We
show that a major protein is expressed in liver and kidney ER
membranes, while it is virtually absent in microsomes from a
variety of other tissues and cells. In addition, little or no expression
of the identified G-6-PT protein was found in liver microsomes
obtained from three GSD1b patients.

EXPERIMENTAL

Materials

Oligonucleotide primers and peptides were synthesized by Primm
(Milan, Italy). MMLV (Moloney murine leukaemia virus) reverse
transcriptase-RNase H minus was from Promega (Milan, Italy).
Transfection reagent LipofectamineTM 2000, TRIzol® reagent,
pcDNA 3.1+ vector and cell-culture media were purchased from
Invitrogen Life Technologies (San Giuliano Milanese, Mi, Italy).
pShuttle vector was from BD Biosciences Clontech (Milan,
Italy). Plasmid-purification columns and gel extraction kit were

Abbreviations used: CHO, Chinese-hamster ovary; ER, endoplasmic reticulum; G-6-P, glucose 6-phosphate; G-6-Pase, glucose-6-phosphatase; G-6-PT,
G-6-P transporter; GSD, glycogen storage disease; HEK, human embryonic kidney; MMLV, Moloney murine leukaemia virus; P1, P2 and P3, peptide 1, 2
and 3.
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purchased from Qiagen (Milan, Italy). The ECL® (enhanced
chemiluminescence) kit was from Amersham Biosciences (Milan,
Italy). [14C]G-6-P was purchased from ICN Biomedicals (Segrate,
Mi, Italy). All other chemicals were of analytical grade.

Tissue specimens

Human liver specimens were obtained in accordance with the
guidelines of the Declaration of Helsinki. The control adult human
liver samples were small portions of wedge or needle-biopsy sam-
ples obtained for the investigation of the original condition for
which the patient was referred. All control liver samples were
graded by a pathologist on routine histochemistry on a scale of
1–5, and only liver samples graded 1 (1 being apparently normal
and 5 severely diseased) were used as controls in the present
study. The Ethical Committee of the Semmelweis University
approved the study on the G-6-Pase system in control human
liver samples. The three GSD1b patients were initially diagnosed
by kinetic analysis of the G-6-Pase system in microsomes isolated
from liver biopsy samples. For two of these patients, the clinical–
biochemical diagnosis was also confirmed by mutational analysis.
The Ethics Committee of Tayside Health Board approved the
study of the G-6-Pase system in GSD1b human liver samples.

Rat liver specimens were obtained from 24-h-fasted male
Sprague–Dawley rats (180–230 g). Animals were given anaes-
thesia before being killed, and the study was approved by the
University of Siena committee on animal care.

Preparation of microsomal fractions

Microsomes from rat liver, kidney and brain were prepared as re-
ported in [6], except that, in the case of brain, 2 mM EDTA was
included in the homogenization medium. Rat skeletal muscle
microsomes were prepared as reported in [20]. Microsomes
from human fibrocytes, as well as from the other cell lines (see
below) were prepared as detailed in [21]. Microsomal fractions
were resuspended in a buffer containing 100 mM KCl, 20 mM
NaCl, 1 mM MgCl2 and 20 mM Mops, pH 7.2. The suspensions
were frozen rapidly and maintained under liquid N2 until used.
Microsomes from human liver biopsies were prepared as reported
in [22].

Transient expression of G-6-PT–FLAG in HEK-293 (human
embryonic kidney) and COS7 cells

A vector suitable to express human G-6-PT, containing a N-ter-
minal FLAG peptide (Asp-Tyr-Lys-Asp-Asp-Asp-Asp-Lys) fol-
lowing the initial methionine residue, was constructed by PCR
from the human G-6-PT cDNA template. The oligonucleotide pri-
mers derived from nucleotides 170–190 (sense, 5′-GCTCTAGA-
GCCGCCATGGACTACAAGGACGACGATGACAAGGCAG-
CCCAGGGCTATGGC-3′) and nucleotides 1439–1459 (anti-
sense, 5′-GGGGTACCGTCACTCAGCCTTCTTGGACAC-3′) of
the template [9] were used. The sense primer was modified to
include 24 nucleotides encoding the FLAG epitope (underlined
sequence) and a restriction site for XbaI, while the antisense pri-
mer included the restriction site for KpnI. The cDNA obtained
was subjected to a double digestion with XbaI and KpnI and
cloned in the expression vector pShuttle. The construct obtained
was verified by DNA sequencing. HEK-293 and COS7 cells were
grown in DMEM (Dulbecco’s modified Eagle’s medium) sup-
plemented with 10% (v/v) heat-inactivated foetal calf serum,
100 units/ml penicillin, and 100 µg/ml streptomycin and L-gluta-
mine (2 mM) at 37 ◦C in a humidified atmosphere of 5 % CO2

and 95% air.

Preparation of CHO-K1 (Chinese-hamster ovary) cells stably
expressing G-6-PT

RNA was isolated by the TRIzol® procedure. Total human
liver RNA (1 µg) was reverse-transcribed according to the manu-
facturer’s instructions using MMLV reverse transcriptase-RNase
H minus. The following sense and antisense primers were used:
sense, 5′-TCGTCTTTTCTACCATGGCA-3′, and antisense, 5′-
ACCTGGACTCTCTTCACTCA-3′. PCR was performed as fol-
lows: 30 cycles of 95 ◦C (1 min), 55 ◦C (1 min) and 72 ◦C (1 min).
The 1300 bp PCR product was analysed on a 1 % (w/v) agarose
gel and extracted using a Qiagen Gel Extraction kit. Gel-extracted
PCR product was ligated into pcDNA 3.1+ at the EcoRV site and
was used to transform XL1Blue cells. Colonies were grown up in
LB (Luria–Bertani) broth with 50 µg/ml ampicillin, and plasmid
DNA was purified using a Qiagen Plasmid Maxi kit. DNA was
sequenced on an Applied Biosystems automated DNA sequencer.
The CHO-K1 cells were transfected with G6PT-pcDNA 3.1
using the LipofectamineTM reagent, according to the manufac-
turer’s instructions. Transfected cells were subsequently trans-
ferred on to new plates before being tested. CHO-K1 cells were
grown in F10 nutrient mixture supplemented with 10% (v/v) heat-
inactivated foetal calf serum, 100 units/ml penicillin, 100 µg/ml
streptomycin and 1 mg/ml Geneticin.

Antibody production

We have produced polyclonal antibodies against three different
synthetic peptides (referred to here as P1, P2 and P3) corres-
ponding to three putative non-transmembrane amino acid se-
quences (P1, amino acids 40–49; P2, amino acids 122–134; P3,
amino acids 415–429) of the predicted human hepatic G-6-PT
protein [19]. Rat P1 differs from the human one in the amino acid
residues 40 and 43, whereas P2 is identical except for the amino
acid 124. P3 is identical with the human one [17]. Therefore we
would expect that the antibodies could react both with the human
and rat G-6-PT protein(s). Rabbits were immunized with the three
peptides [containing an additional N-terminal cysteine residue
to enable conjugation with the carrier protein KLH (keyhole-
limpet haemocyanin)], and the antibodies against each peptide
were purified by affinity-column chromatography. The antibodies
against P2 and P3 were highly, while that against P1 was poorly,
reactive towards the corresponding peptide, as verified by ELISA
measurements.

Western blot analysis

Microsomal membrane proteins were resolved on 5–20 % gra-
dient or 11% polyacrylamide gels [23] and were blotted on to
nitrocellulose. Immunoblots were probed with the different anti-
bodies and were analysed by ECL®. For the determination of the
G-6-Pase enzyme, membranes were re-probed with a sheep IgG
shown previously to be monospecific for the G-6-Pase catalytic
subunit [24].

G-6-P uptake

Microsomes prepared from COS7 cells (1 mg of protein/ml) were
incubated in the KCl/Mops buffer (see above) in the presence of
1 mM G-6-P plus [14C]G-6-P (75 µCi/ml). To distinguish the
intravesicular and the bound radioactivity, 0.1% deoxycholate
was added to the incubation mixture [25]. The deoxycholate-
releasable portion of radioactivity was regarded as intravesicular.
At the indicated time intervals, aliquots (0.05 ml) were rapidly
withdrawn and were filtered through cellulose acetate/nitrate
filters (pore size 0.22 µm) and were washed with 4 ml of Hepes
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Figure 1 Immunodetection of G-6-PT protein in rat liver microsomes

Rat liver microsomal proteins (40 µg) were separated by SDS/11 % PAGE and blotted on to a
nitrocellulose membrane. The blots were reacted either with the whole immunoserum against
the three peptides P1, P2 and P3 (lane 2) or the purified antibodies against P1 (lane 3), P2
(lane 4) or P3 (lane 5) respectively. The blot on lane 1 was reacted with the pre-immunoserum.
The immunoserum and the purified antibodies were produced as detailed in the Experimental
section. The sizes of molecular mass markers (in kDa) are shown.

(20 mM) buffer, pH 7.2, containing 250 mM sucrose and 1 mM
4,4′-diisothiocyanostilbene-2,2′-disulphonic acid. The radioactiv-
ity associated with microsomes retained by filters was measured
by liquid-scintillation counting [6].

Immunohistochemistry

Specimens of rat liver and kidney were fixed with buffered
(pH 7.0) formalin (5 %) for 24 h and embedded in paraffin. Tissue
sections of approx. 10 µm were cut and incubated for 40 min at
60 ◦C. Hydrated sections were permeabilized with Triton X-100
(0.2% in PBS) for 10 min, blocked with BSA (3 %, in PBS)
for 30 min, reacted with the (primary) antibodies against P1, P2
or P3 at 4 ◦C overnight, and, finally, with a fluorescein-conju-
gated secondary antibody for 1 h at room temperature (22 ◦C).
Fluorescence images were taken with a Nikon Eclipse 300 in-
verted microscope coupled to a CCD (charge-coupled device)
cooled camera and Metamorph® imaging software.

RESULTS

Western blot analysis of rat liver microsomes with antibodies
raised against three different amino sequences of
the G-6-PT protein

To immunodetect the protein(s) encoded by the human G-6-PT
gene, we have produced a polyclonal serum by immunizing rabbits
with a mixture of three different synthetic peptides corresponding
to three predicted non-transmembrane amino acid sequences (see
the Experimental section for details). First, we probed rat liver
microsomal proteins using the whole immunoserum and the puri-
fied immunoglobulin fractions corresponding to each of the three
peptides. The whole immunoserum and antibodies against P2 and
P3 revealed a major band between 30 and 35 kDa (Figure 1,
lanes 2, 4 and 5 respectively). In contrast, antibodies against P1
were not immunoreactive (Figure 1, lane 3). ELISAs confirmed
that the antibodies against P1 were poorly reactive, while those
against P2 and P3 were reactive towards the corresponding syn-
thetic peptides (results not shown).

Antibodies against the liver G-6-PT protein recognize the
recombinant protein expressed in heterologous cells

The apparent molecular mass of the visualized band in liver micro-
somes was smaller than the predicted molecular mass (46 kDa) of
the protein encoded by the liver G-6-PT cDNA. We therefore ex-

pressed the human liver G-6-PT cDNA in three different mam-
malian cell lines to ascertain whether or not the expressed protein
has the same apparent molecular mass as the band detected in liver
microsomes. The human liver G-6-PT cDNA expressed both in
HEK-293 and COS7 cells was FLAG-tagged at the N-terminus,
thus allowing the visualization of the expressed protein with
antibodies against FLAG. The anti-FLAG antibodies revealed a
major band between 30 and 35 kDa in transfected cell lysates
and microsomes (Figures 2A and 2B respectively). The same
band was detected by antibodies against P2 and P3 (Figures 2A
and 2B), but not by antibodies against P1 (results not shown).
Microsomes obtained from CHO-K1 cells stably transfected with
the human liver G-6-PT cDNA also contained a major band
between 30 and 35 kDa, which could be visualized with antibodies
against P2 and P3 (Figure 2C), but not with antibodies against
P1 (results not shown). In additional experiments, we verified
that the expression of the immunodetectable putative G-6-PT
protein band was associated with an increase in the microsomal
uptake of radiolabelled G-6-P. As demonstrated in Figure 2(D),
the uptake of radiolabelled G-6-P was more than 2-fold higher in
microsomes obtained from the COS7 transfected cells (as shown
in Figure 2B), with respect to control (mock-transfected) COS7
cells. The increase in G-6-P uptake was sensitive to the selective
inhibitor of G-6-PT, S3483 [26], while the basal uptake in control
cells was not (Figure 2D).

Western blot analysis of microsomes from different tissues with
antibodies against the G-6-PT protein

In further experiments, we performed immunoblot analysis of
microsomal fractions derived from a variety of tissues (Figure 3).
Rat kidney microsomes probed with anti-P2 and anti-P3 anti-
bodies also contained an immunoreactive band with the same
apparent molecular mass (Figure 3, lane 3). Antibodies against
P1 did not detect immunoreactive bands in kidney microsomes
(results not shown).

Microsomes obtained from human fibrocytes, rat spleen and rat
lung (Figure 3, lanes 1, 6 and 7 respectively) did not contain the
major immunoreactive band found in liver and kidney micro-
somes. It should be noted that microsomes from HEK-293,
COS7, and CHO-K1 cells also did not contain the hepatic im-
munoreactive band (see Figures 2A, 2B and 2C).

Skeletal muscle microsomes contained a band at a slightly
higher molecular mass than that of liver, which was visualized
with both anti-P2 and anti-P3 antibodies (Figure 3, lane 4), but
not with the antibody against P1 (results not shown). One faint im-
munoreactive band, at the same apparent molecular mass as the
muscle band, was also present in brain microsomes immuno-
reacted with antibodies against either P2 or P3 (Figure 3, lane 5),
but was not evident with anti-P1 (results not shown).

It should be noted that human liver microsomes revealed a band
at the same apparent molecular mass as rat liver microsomes using
both antibodies against P2 (results not shown) and P3 (see Fig-
ure 4, ‘contr’ lane).

Reduced expression of the G-6-PT protein in liver microsomes
isolated from GSD1b patients

Liver microsomes isolated from liver biopsies from three patients
who had the classic symptoms of GSD1b were analysed. The
mutations of the G-6-PT gene in patient B consisted of a stop
codon at Trp96 (G456A) and a four-amino acid repeat after Met311

(12 base insertion at 1103). Patient C has a homozygous mutation
leading to deletion of Phe31 (260delTTC). Unfortunately, no
mutational analysis of patient A is available, since the patient
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Figure 2 Expression of the immunoreactive G-6-PT protein and G-6-P transport in microsomes from transfected cell lines

The different cell lines were transfected for the expression of the G-6-PT protein as detailed in the Experimental section. (A) Cell lysates of HEK-293 (10 µg of protein) were run on an SDS/PAGE 5–20 %
gradient gel and blotted on to a nitrocellulose membrane. Blots were reacted with antibodies (Ab) against the indicated epitopes. Lanes 1, mock-transfected cells; lanes 2, G-6-PT–FLAG-transfected cells;
lanes 3, rat liver microsomes. The sizes of molecular mass markers (in kDa) are shown. (B) Microsomal proteins (40 µg) from COS7 cells were analysed as in (A). Lanes 1, mock-transfected
cells; lanes 2, G-6-PT–FLAG-transfected cells; lane 3, rat liver microsomes. The sizes of molecular mass markers (in kDa) are shown. (C) Microsomal proteins (25 µg) from CHO-K1 cell stable
clones were analysed as in (A). Lanes 1, mock-transfected cells; lanes 2, G-6-PT-transfected cells. The sizes of molecular mass markers (in kDa) are shown. (D) Uptake of radiolabelled G-6-P by
microsomes from G-6-PT-transfected COS7 cells measured in the presence (�) or absence (�) of the G-6-PT inhibitor S3483. As a control, the uptake of G-6-P in mock-transfected COS7 cells
was also measured with (�) or without (�) S3483.

Figure 3 Immunoblot analysis of microsomes from human fibrocytes and
different rat tissues

Microsomal fractions were prepared as reported in the Experimental section. Microsomal proteins
(20 µg) were separated by SDS/11 % PAGE and blotted on to a nitrocellulose membrane. The
blots were reacted with antibodies (Ab) against P2 (upper panel) or P3 (lower panel). Lanes 1,
human fibrocyte; lanes 2, rat liver; lanes 3, rat kidney; lanes 4, rat skeletal muscle; lanes 5, rat
brain; lanes 6, rat spleen; lanes 7, rat lung. The sizes of molecular mass markers (in kDa) are
shown.

Figure 4 Expression of G-6-PT and G-6-Pase in liver microsomes from
GSD1b patients and control subjects

Microsomes from the different human liver biopsies were prepared as mentioned in the
Experimental section. Microsomal proteins (20 µg) were separated by SDS/11 % PAGE and
blotted on to a nitrocellulose membrane. The blots were first probed with antibodies (Ab) against
P3, and then re-probed with antibodies against the G-6Pase1 protein, as indicated. A, B and C
are microsomal samples from three GSD1b patients; Contr are liver microsomes from a healthy
subject (for details see the Experimental section). The sizes of molecular mass markers (in kDa)
are shown.

died. Western blot analysis with antibodies against P3 revealed
a faint expression in patient A, low expression in patient B and
no expression in patient C of the major liver band (Figure 4).
Re-probing the same membrane with antibodies against the G-6-
Pase1 enzyme revealed similar levels of expression of the enzyme
in all patients and control liver microsomes (Figure 4). The same
pattern of expression was seen with both the whole immunoserum
and antibodies against P2 (results not shown).
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Figure 5 Immunohistochemical detection of G-6-PT in rat liver and kidney

Rat liver and kidney sections were prepared and immunoreacted with antibodies (Ab) against
P1, P2 or P3, as reported in the Experimental section. Scale bars, 20 µm.

Immunohistochemical localization of the G-6-PT protein in liver
and kidney tissue

In an additional set of experiments, we probed rat liver and
kidney microscopy sections with the antibodies against P1, P2
and P3. A fluorescein-labelled secondary antibody was used for
the immunofluorescence microscopy analysis. Anti-P1 did not
result in any appreciable fluorescence, while anti-P2 and anti-P3
reacted positively with hepatocytes and kidney tubule epithelial
cells (Figure 5). Nuclei were immunonegative, and the fluor-
escence pattern was consistent with ER localization. Little or
no immunoreaction was present in endothelial and Kupffer cells,
or in the glomerula. These observations are consistent with the
immunolocalization of the G-6-Pase1 enzyme protein [27,28].

DISCUSSION

After the discovery of a cDNA encoding a human liver ER G-6-PT,
several studies have characterized the gene and its mutations in
patients with GSD type 1b, i.e. in the inherited deficiency of
transport of G-6-P into the ER lumen [9,10,13–15]. Expression
experiments have also demonstrated that the G-6-PT cDNA can
encode a functional microsomal G-6-PT [12]. However, no clear-
cut data are presently available about the G-6-PT protein(s) ex-
pressed in the (ER membranes of) liver and other tissues. More-
over, the microsomal G-6-PT expressed in cell lines upon the
transfection with the G-6-PT cDNA appeared to have a different
molecular mass from the expected 46 kDa.

In the present study, the identification of the G-6-PT protein(s)
has been achieved by using antibodies against two different amino
acid sequences (referred to as P2 and P3) of the predicted human
(liver) G-6-PT protein. Neither of the two antibodies was entirely
specific. However, the conclusions drawn on the presence of the
G-6-PT protein(s) in tissues have been based on the concordance

of the results obtained with the two antibodies. The predicted
molecular mass of the liver G-6-PT is 46 kDa; however, a major
protein band with an apparent molecular mass of approx. 33 kDa
was revealed by both of the antibodies in rat and human liver
microsomes. The cDNA coding for G-6-PT is very similar in rats
and humans, with respect to the molecular mass and the sequence
of the immunoreactive peptides (see the Experimental section for
details). We concluded nonetheless that the immunoreactive band
corresponded to the protein with the predicted G-6-PT sequence
and that it has a real molecular mass of 46 kDa. Several lines of
evidence support this.

First, a protein band, which migrates on SDS/PAGE as the band
visualized in liver microsomes, was revealed by the two antibodies
in microsomes prepared from cell lines transfected with the cDNA
encoding human liver G-6-PT.

Secondly, the transfection of cell lines with a human liver,
FLAG-tagged, G-6-PT cDNA resulted in the appearance of a pro-
tein band immunoreactive with both the antibodies against FLAG,
and the antibodies against P2 and P3. It should be noted that the
antibodies used probe the N-terminus (anti-FLAG), an internal
peptide (anti-P2) and the C-terminus of the protein, which ex-
cludes proteolysis as the cause for the apparent size anomaly.
These results therefore unequivocally demonstrate that the G-6-
PT protein with a real molecular mass of 46 kDa migrates on
SDS/PAGE at an apparent lower molecular mass. This discre-
pancy is possibly due to the high hydrophobicity of the protein.
Consistently, other authors have observed that the human liver
G-6-PT protein expressed in host cells always exhibits an ap-
parent molecular mass lower than 46 kDa [12,29].

Thirdly, transfection resulted in a higher rate of microsomal
G-6-P transport as demonstrated by rapid filtration experiments.

The present results indicate that a major, apparently unique,
protein encoded by the G-6-PT gene is expressed in the liver and
kidney ER membranes. This is consistent with the fact that both
tissues are primarily involved in the pathology of GSD1b, as
they express high levels of the G-6-Pase1 enzyme, whose activity
depends on the functioning of the microsomal G-6-PT. Mutations
in the gene of the hepatic G-6-PT not only cause glycogen depo-
sition in hepatocytes and kidney tubule epithelial cells, but also
impairment of neutrophils/monocyte function [30]. In these cells,
G-6-PT is believed to play a role unrelated to the G-6-Pase1 en-
zyme (which is not present in these cells), but crucial for cell
survival/differentiation [25]. In the present study, we did not
get clear-cut evidence for the presence of a G-6-PT protein in
neutrophil microsomes. A relatively low level of expression of the
protein might account for the lack of visualization of the band.
Moreover, neutrophil microsomal fractions are contaminated by
non-reticular membranes because of the relatively low represen-
tation of the ER network in these cells [31].

In skeletal muscle and brain microsomes, a protein band at a
slightly higher apparent molecular mass than that of liver was
immunorevealed by either anti-P2 or anti-P3 (but not anti-P1)
antibodies. As a logical interpretation, this band may correspond
to a protein coded by the ‘brain’ mRNA [16], referred to also as
vG-6-PT (variant G-6-PT) transcript [32]. Brain mRNA differs
from liver mRNA, as it contains an additional 66 bp exon-7 se-
quence and encodes a protein with a predicted molecular mass
of approx. 49 kDa, slightly higher than that the predicted ‘liver’
protein (46 kDa). The vG-6-PT transcript has been found exclu-
sively in the brain, heart and skeletal muscle [32]. Moreover,
knockout of the G-6-PT gene in mice resulted in a reduction of
G-6-P transport in skeletal muscle microsomes [33].

The low or absent expression of the G-6-PT protein in GSD1b
patients also confirms the identity of the major liver band. The
lack of the protein in patients with mutations that do not directly
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interfere with protein translation, i.e. stop codons, can be ex-
plained by a proteasome-mediated degradation of the mutated
transporter. Consistent with this interpretation, recent work from
others shows that the expression in COS-1 cells of the cDNA
encoding human G-6-PT, mutated at different levels, results in a
detectable level of the ER G-6-PT protein only upon the pharma-
cological inhibition (with lactacystin) of the proteasome [34].
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