Hum Genet (1998) 103:493—-496 © Springer-Verlag 1998

ORIGINAL INVESTIGATION

Keniji Ihara - Ryuichi Kuromaru - Toshiro Hara

Genomic structure of the human glucose 6-phosphate translocase
gene and novel mutations in the gene of a Japanese patient
with glycogen storage disease type Ib

Received: 11 May 1998 / Accepted: 25 July 1998

Abstract Glycogen storage disease (GSD) type Ib is an adentified and two types of point mutations were reported in
tosomal recessive disorder caused by a deficiency in thie gene of two GSD Ib patients (Gerin et al. 1997).
crosomal glucose 6-phosphate (G6P) translocase. A genén the present study, the entire sequence and genomic
mutated in GSD type Ib patients has recently been isolat&ducture of the human G6P translocase gene have been de-
We have determined the entire sequence of the human @G8mined by PCR-directed sequencing. In addition, from
translocase gene by PCR-directed sequencing. The giaeedirect DNA sequencing of the gene of a Japanese GSD
spans approximately 5 kb of genomic DNA and contaiits patient, we have identified new mutations in the gene.
eight exons. Analysis of DNA from a Japanese patient with

GSD type Ib revealed new compound heterozygous muta-

tions; a T to C transition at cDNA position 521 resulting ifjaterials and methods

W118R, and an A to C transversion at the -2 splicing ac-

ceptor site of intron 1. Reverse transcription (RT)-PCRyient

from leukocyte RNA of the patient revealed the abnormally

spliced transcript. These results further support the suggess case, born to non-consanguineous Japanese parents, has previ-
tion that the gene is causative for GSD Ib and should dsly been reported (Hara et al. 1986; Ihara et al. 1998). The diagno-

useful in the molecular diagnosis of such patients. sis of GSD Ib was made by typical clinical and laboratory findings
and liver enzyme assay at 4 months of age. Low glucose 6-phos-

phatase activity was determined in a fresh homogenate of the liver

specimen, with a sixfold increase in its activity with deoxycholate

Introduction treatment. Informed consent for DNA and RNA analyses was ob-
tained from the patient, his parents, and his brother.

Glycogen storage disease (GSD) type | results from defegt
in the glucose 6-phosphate (G6P) enzyme system. Glucos

6-phosphatase is affected in GSD type la and the microg@nomic DNA was isolated from peripheral blood cells using a QIA-
mal membrane transport system of G6P in GSD types Amp Blood kit (Qiagen, Tokyo, Japan). The complete G6P translocase
Ic, and Id (Chen and Burchell 1995). GSD type Ib (GSD | ding region was amplified by a TaKaRa PCR thermal cycler MP

; KaRashuzo, Otsu, Japan) with primers P1: 5-AAGCAGGAAC-
results from a defect of the QGP transporter, i.e., G6P tranSe -~ ) 8 T A AAAGGTTCAGGGCTAGCE. A PCR
locase (Narisawa et al. 1978; Lange et al. 1980). The clinig@iment was amplified from genomic DNA of a control and the patient
symptoms of GSD Ib are essentially the same as thos@yadng-distance PCR using TakaRa LA Taq (TaKaRashuzo). Thermal
GSD la with the addition of chronic neutropenia and def@enditions were an initial heating at 94°C for 3 min, 40 cycles consist-

i ; i i ing of denaturation at 94°C for 1 min, annealing at 60°C for 1 min, ex-
tive leukocyte function (Beaudet et al. 1980). Little is knov‘@:hsion at 72°C for 2 min, followed by an additional extension at 72°C

howevgr, abou,t the precise m_()leCUIar function of G6P raf55°1 0 min. The PCR product of about 5 kb long was sequenced com-

locase in the liver as well as in the leukocyte. Recently, Bigely by an ABI dRhodamine Terminator Cycle Sequencing FS

cDNA sequence encoding a human G6P translocase has Beady Reaction kit with an ABI PRISM 310 automated DNA sequenc-
er (Perkin-Elmer, Foster City, Calif., USA). The sequence primers were
designed from the EMBL data library, accession number Y15409.

uencing of the G6P translocase gene
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Fig. 1la,b Schematic structure of the human glucose 6-phosphate

(G6P) translocase gene and nucleotide substitutions of a JapanesBesults

tient.a Scale in kilobaseskb). The exons are depictedstsaded box-

esand the introns as laorizontal line The numbering of exons is e

shown below the exon boxes. The sizes of exons in base pairsV¥eamplified and sequenced the G6P translocase gene con-

shown above them. Approximate sizes of introns are shown abovet#iaing the entire protein-coding exons and their internal in-

exon sizesb Nucleotide substitutions at —2 INS1 and in exon 2 afggns from a normal control DNA. The human G6P translo-

shown below the gene structure case gene consists of eight exons and seven introns
spanning approximately 5 kb (Fig. 1a). The sequences of

generated from the total RNA derived from 1.5 ml whole blood usitige exon/intron boundaries are shown in Table 1.

a First-Strand cDNA Synthesis kit (Amersham Pharmacia Biotech, The whole region was amplified and sequenced from the

Tokyo, Japan) with random hexamers. PCR amplification of the G - .
translocase cDNA was performed by denaturation at 94°C for 1 A of a Japanese GSD Ib patient. We found two point mu-

annealing at 60°C for 1 min, and extension at 72°C for 1 min, for i&fions. One was a T to C transition at cDNA position 521
cycles with a final 7-min extension at 72°C. PCR primers were P3: f&mino acid 118) in exon 2. This substitution caused an ami-
CAGATCTGGGAACTGTGAGA and P4: 5-AGCCACTGATAACT- ng gcid change from tryptophan to arginine. The other was an
TCCAGC. The target cDNA was further amplified by nested prim FO C transversion at the intron 1 splicing—acceptor site

sets, P1 and P2, and PCR thermal conditions were as follows: in?[#_a . . ..
heat at 94°C for 3 min, followed by denaturation at 94°C for 30 s, 4h/9. 10). The point mutation at position 521 creatdthd

nealing at 60°C for 30 s, and extension at 72°C for 30 s, for 30 cy@é€, and the other at the position —2 IVS1 destroyd se-
with a final 10-min extension at 72°C. The reaction products were &ffriction site (Fig. 1b). The nucleotide substitutions were

alyzed in a 2.5% agarose gel. For the sequence analyses of two difgfirmed by restriction enzyme digestion of PCR fragments
ent fragments, each band was excised from the agarose gel, extragted

and purified using a QIAquick Gel Extraction kit (Qiagen). The purl ig. 2).
fied fragments were sequenced by automated DNA sequencer.

bp 1 2 3 4 5 6 7
_ o~ ; 1500 —
PCR-restriction enzyme analysis 1200 _
One point mutation at position 521 createldad site, and the other 1000 /
at the position —2 IVS1 destroyedPat restriction site. For screening 500

these substitutions on the gene, digestion of PCR products with
striction enzymes was carried out. DNA from exon 2 to exon 3 of tFig. 2 Electrophoretic analyses of PCR products followet\as or
patient, his family members and normal controls was amplified usiPst digestionLane 1DNA size markers (100-bp ladddgne 2patient
primers P5: 5-TACTGACACTGTGAGCACTG and P6: 5’-withoutNad digestionlane 3patient withNad digestionJane 4con-
TCTGCCTGCTAAATGAGTGC. The PCR products were purified btrol with Nad digestionJane 5patient withPst digestionlane 6con-
a QlAquick PCR Purification kit (Qiagen). Then, purified fragmenttrol with Pst digestion,lane 7 patient withoutPst digestion. PCR
were digested wittNad or Pst restriction enzymes at 37°C for 1 h,product (1380 bp) is cleaved to 694-bp and 686-bp fragmerNady
followed by separation in a 2.5% agarose gel. in the presence of the T to C transition at cDNA position 521, and is not
cleaved to 901-bp and 479-bp fragment®by in the presence of the
A to C transversion at the —2 splicing acceptor site of intron 1
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Table 1 Exon-intron boundaries and size of exons in the human glucose 6-phosphate translocase gene. Intron sequence and parts of the £
and 3"-end untranslated sequend#$ER) are shown by lower-case letters and exon sequences by upper-case letters, with the amino acid num-
bering based on the predicted cDNA sequence (EMBL accession number Y15409). The translation stop codon is indicated by an asterisk

Exon number

Exon boundaries

Exon size (bp)

1 5" utr ATG GCAGCC  ---e- GAT TTG G gtgagccctgaaaca UTR+148
Met Ala Ala Asp Leu
2 taatgttccctgcag GG TTC ATC oo CTG CGG AAG gtgagtgcttccaaa 233
Gly Phe lle Leu Arg Lys
3 ccctetgecccacag TGGTTT GAG - AAG AAG G gtgagcccccaccca 244
Trp Phe Glu Lys Lys
4 ttttcccacctccag GCTCCTTG eeeeee CTT GTA G gtaagatgagcatgg 159
Gly Ser Leu Leu Val
5 aactccctactgcag GT AGCTCC  -+eees ATG GCA AAG gtgagcgggcagaag 86
Gly Ser Ser Met Ala Lys
6 ggactgtatccatag GCG GGACTG  «evee TCC CCC AAG gtaattaagaaaggc 114
Ala Gly Leu Ser Pro Lys
7 ctctgeccttggceag CTC TGG ATC - GCC AAT G gtaagtgttaacttc 139
Leu Trp lle Ala Asn
8 ctttccccctgacag TG GGC GGC e GCT GAG TGA 3’ utr 167+UTR
Val Gly Gly Ala Glu *
Fig. 3a,b Detection of G6P translocase mRNA in leukocytes by RT-
nested PCRa Agarose gel electrophoresis of PCR productsie 1
DNA size markers (100-bp laddelyne 2control, lane 3patient.b
Top Schematic presentation of the aberrant G6P translocase tran- g
script.Middle The exon 1—exon 4 junctioBottomThe exon 4—exon
6 junction. Amino acid sequences derived from the cDNA report are .}308 = - 1451
shown above the nucleotide sequence and the predicted amino acids 1gpg — -2 888
of the abnormal transcript are shown below
500 —
This nucleotide change would lead to abnormal splicil
and transcriptional aberration. As shown in Fig. 3, a sh
transcript was detected by RT-nested PCR for the G
translocase gene. Direct sequencing of the short fragm 100 —
revealed that an aberrant splicing resulted in skipping of |
ons 2, 3, and 5. b

For the genetic analysis of the affected pedigree, D!
from his family members and the patient were analyzed
PCR followed by restriction enzyme digestion. Appearan
of a newNad site was noted in the patient and his fathe
Abolition of aPst site was found in the patient, his mothe
and brother. These mutations in family members were ci
firmed by direct DNA sequencing of the PCR fragmen
used for the restriction enzyme digestion analysis (data
shown). Neither appearance of a i¢ad site nor abolition
of aPst site at these positions were found in 70 alleles
normal controls (data not shown).

Discussion

We have reoprted here the entire sequence of the hul
G6P translocase gene and its genomic structure. The ¢
spans about 5 kb and consists of at least eight exons
protein coding region. As we amplified the gene by using 5’
and 3’ primers which were located about 50 bp upstream or
downstream of the untranslated regions, there remained a

exon number 1 4 67 8

junction

Exon 1 Exon 4
Asp Leu Gly Ser Leu Lys

GAT TTG G/GC TCC TTG AAG

junction

Exon 4 °  Exon 6
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possibility that other untranslated exons might exist. As tiieese results strongly suggested that the substitutions were

gene for GSD Ib has recently been mapped to 1llg28isative mutations of GSD Ib. To determine whether these

(Annabi et al. 1998), the genomic data of the G6P transtoutations were common to Japanese GSD Ib patients, mu-

case gene will make it possible to perform further localiz@tion screening of more patients should be undertaken.

tion of the gene. Further molecular analyses will be of great help in under-
The gene product is estimated to function as a transpastanding the pathogenesis of GSD |b disease.

for a monophosphate ester by structural comparison to vari-

ous types of bacterial monophosphate ester ansporter BRECHEIEETET U snae voro K g Famam

teins (Gerin et al. 1997). The bacterial transporter protein 5rr%ka for technical assistance. This work was supported by grants

well as a human G6P translocase have 12 transmembrangdi€ine Ministry of Health and Welfare and of Education, Science,

lices. The genomic structure showed that helix 1 is in exormdd Culture of Japan.

helices 2—4 in exon 2, helices 5 and 6 in exon 3, helix 7 in ex-

on 4, helix 8 in exon 5, helix 9 in exon 6, helix 10 and the up-

per region of h_elix 11 in exon 7, and the lower region Ofm’e'ferences

lix 11 and helix 12 in exon 8, indicating close correlation

between transmembrane helices and exons. I\Q\nn bi B, Hirawa H, Mansfield BC, Lei K-J, Ubagai T,
Based on the genome sequence data, we analyzed D olymeropoulos MH, Moses SW, Parvari R, Hershkovitz E,

a patient with GSD Ib. We found two types of nucleotide sub- Mandel H, Fryman M, Chou JY (1998) The gene for glycogen-

stitutions. The T to C substitution at cDNA nucleotide posi- Storage disease type 1b maps to chromosome 11g23. Am J Hum

. : . in_Genet 62:400-405
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