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A Single-Base Deletion in the 3' -Coding 
Region of Glycogen-Debranching 
Enzyme Is Prevalent in Glycogen 
Storage Disease Type lilA in a 
Population of North African Jewish 
Patients 

Abstract 
Glycogen storage disease type III (GSD III) is an autosomal recessive disease 
caused by the deficiency of glycogen-debranching enzyme (AGL). The overall 
incidence of the disease is about 1: 100,000 life births in the USA; however, it 
is unusually frequent among North African Jews in Israel (prevalence 1:5,400, 
carrier prevalence 1 :35). All North African Jewish GSD III patients examined 
have both liver and muscle involvement. While all patients showed the charac
teristic features related to the liver enzyme deficiency, the peripheral muscular 
impairment varied from minimal to severe, with neuromuscular involvement. 
A single mutation in the AGL gene, the deletion of T at position 4,455 
(4,455delT) in homozygous form, was found in this patient population. The 
mutation 4,455delT results in the change of 17 amino acids at the carboxy 
terminus of the AGL protein (1,486-1,502) and truncation of the last 30 ami
no acids of the normal AGL 1,532 amino acids. The mutation appears to be 
ethnic specific as it was not seen in 18 patients of different ethnic origins. This 
is the first report of a mutation in the AGL gene affecting a considerable num
ber of GSD III patients in a defined population. 

Glycogen storage disease type III ( GSD III; McKusick, 
232,400) is an autosomal recessive disease caused by the 
deficiency of glycogen-debranching enzyme (amylo-1,6-
glucosidase, AGL). AGL contains two catalytic activities: 
oligo 1,4-1,4 glucantransferase (EC 2.4.1.25) and amylo 
1,6 glucosidase (EC 3.2.1.33) at two separate sites on a 
single polypeptide chain with a molecular weight of 
174,751 kD [1, 2]. Clinically, deficiency of AGL in 

humans presents during infancy or early childhood, with 
hepatomegaly with increased hepatic content of glycogen 
and triacylglycerol, hypoglycemia, hyperlipidemia (fast
ing hypertriglyceridemia and hypercholesterolemia) with 
elevated transaminase, retarded physical growth and a 
variable degree of myopathy and cardiomyopathy. Pa
tients with this disease show marked heterogeneity both 
clinically and enzymatically [reviewed in ref. 3, 4]. In 
most patients, AGL deficiency affects both liver and mus
cle (subtype Ilia). In patients with GSD type Illb 
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( -15%), the enzyme is deficient in the liver, but is re
tained in muscle. The relationships between enzyme defi
ciency, degree of glycogen accumulation in muscle and 
clinical features are not clear. Different mutations may 
provide the molecular basis accounting for the variability 
in organ involvement and the heterogeneity observed in 
enzymatic activities. The gene for AGL has been isolated 
and characterized. It is comprised of 35 exons which span 
85 Kb of DNA [5-7]. The length of the eDNA is 7 Kb, 
and the coding region contains 4,596 bp [5, 7]. Recently, a 
nonsense mutation due to a single-base insertion in the 3' 
coding region of the AGL gene (4,529insA) was shown to 
be associated with a severe phenotype [8]; a donor splice 
mutation and a DNA rearrangement were identified in a 
compound heterozygous Japanese patient [9], and two 
transition mutations causing stop codons R864X and 
R1228X were identified in heterozygous form at frequen
cies of 10.3 and 5.2%, respectively, among 29 Caucasian 
GSD Ilia and Illb patients of different ethnic origins 
(collected in the USA and UK) [10]. Two mutations, 
17 delAG and Q6X, were shown to be associated with 
GSD Illb, but the mechanism underlying the tissue-spe
cific expression ofthe enzyme is not clear [10]. 

The overall incidence of the disease is about 1:100,000 
life births in the USA; however, it is unusually frequent 
among North African Jews in Israel (prevalence 1:5,400, 
carrier prevalence (1:35) [11]. All of them had both liver 
and muscle involvement; but while characteristic features 
which relate to the liver enzyme deficiency did not show 
any unusual pattern, the peripheral muscular impairment 
varied from minimal to severe, with neuromuscular in
volvement found in only 1 patient. The present report 
identifies the mutation causing GSD III in this popula
tion. 

Materials and Methods 

Patients 
The study was approved by the Soroka Medical Center and Duke 

University Medical Center institutional review boards. Only patients 
with enzymatically confirmed diagnosis of GSD III were included in 
the study. Enzyme activity in all was less than 5% in blood leukocytes 
or deficient in liver and/or muscle. All presented at young age, with 
the characteristic hepatic features of disease, i.e. hepatomegaly, fast
ing hypoglycemia, hyperlipidemia and increased serum transami
nase levels. Muscle AGL activity ranged from 0 to 20% of normal; 
activity was measured as reported elsewhere [ 12]. Phenotypically, all 
North Mrican patients had increased serum creatinine kinase activi
ties. Regarding their clinical muscle involvement out of 12 patients 
studied, 4 had no clinical evidence of myopathy, 6 presented with 
marked early-onset myopathy which partly improved with age, l pre
sented with early-onset myopathy which continues into adult age, 
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while another patient, BN. Y., who developed a rare picture of 
severely incapacitating late-onset neuromyopathy, is described be
low. Patients were treated by frequent meals. 

BN. Y. presented with typical features of GSD III, with character
istic progress of the disease; he was short and plump and had hepa
tomegaly and slight transient myopathic features in young age. The 
patient functioned physically reasonably well until the age of 23, 
when he developed gradually progressive muscular weakness of the 
pelvic girdle and extremities, associated with paresthesia. Serum cre
atinine kinase activities were increased, reaching a maximum of 
1,321 U/1 (compared to normal activities of up to 190Uil). Electro
physiological studies revealed evidence of myopathic and some neu
ropathic features. A muscle biopsy showed 18% of normal AGL 
activity and increased glycogen ( 4% compared to control1.2% ). Elec
tron microscopic studies of myofibrils showed severe ultrastructural 
damage. A sural nerve biopsy showed abnormal glycogen accumula
tion within Schwann cells and axoplasm. Mter the provision of a 
high-protein diet and a noctural intragastric administration of an 
amino acid-glucose solution, he initially responded both clinically 
and in terms of muscle function tests; however, after a period of poor 
compliance, his condition deteriorated and did not improve after 
reinstituting the diet described above. As a result, he became increas
ingly quadriplegic, suffered from swallowing disturbances causing 
recurrent aspirations, severe obesity and attacks of sleep apnea which 
required intranasal continuous positive-pressure ventilation. In ad
dition, he developed severe venous and lymph congestion in his legs, 
with pressure ulcers. During the years, a gradual and slight functional 
improvement in selected muscles was noted, enabling him to partial
ly take care of himself and even drive a specially outfitted car. He is 
presently 40, not keeping any special diet and suffering, in addition 
to his neuromyopathy, from obesity and peripheral circulatory dis
turbances. One of his 2 affected brothers, BN. N., aged 36 years, 
has evidence of nonprogressive slight myopathy, the other brother, 
BN. J., aged 30 years, has minimal functional limitations. 

Single-Strand Conformation Polymorphism Analysis 
Single-strand conformation polymorphism (SSCP) analysis was 

carried out on all 35 exons using primers designed to amplify the 
coding region and exon-intron junctions. The primers used for SSCP 
of exon 34 were: forward primer, 5' (4348-42) GGTATTTA
TGGTTTTTTTTGTC (4348-21) 3'; reverse primer, 5' (4481 + 38) 
ACACTAGTTATGGAAATTACA(4481 + 18)3'.DNAwaslabeled 
by addition of0.1j.Ll of32P-dCTP (3,000 Cilmmol, 10 Cill) in a 10-j.Ll 
PCR. Cycling conditions were: 94 ° C for 1 min, 55 ° C for 1 min and 
72 ° C for 1 min for 30 cycles, then 72 ° C for 5 min. Two microliters 
of each amplified sample were added to 8!!1 of stop solution (95% 
formamide, 10 mMEDTA, 0.25% bromophenol blue, 0.25% xylene 
cyanol). The sample was denatured in a 95°C block and loaded 
directly onto a 0.75 x MDE gel (FMC, Rockland, Me., USA) and 
electrophoresed in 0.6 x TBE at 8 W at room temperature for 16 h. 
The gel was dried on 3MM Whatman paper and exposed to Kodak 
Biomax AR film overnight. 

DNA Sequencing 
PCR-amplified genomic DNA fragments were purified using the 

QIAquick purification kit (Quiagen, Hilden, Germany) and sub
cloned into pGEM-T (Promega, Madison, Wise., USA). Six sub
clones of each control and patient DNA were sequenced using 
Sequenase kit II (USB, Cleveland, Ohio, USA) and the - 40 primer of 
the Sequenase kit. 
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Fig. 1. SSCP analysis ofPCR-amplified DNA of exon 34. Lane N 
= Normal control; H = heterozygous (a patient's mother); M = 
mutated (GSD III patient). 

Restriction Analysis 
Genomic DNA was amplified using the primers for exon 34 

(above). The amplified fragments were digested with Mboll (Fer
mentas AB, Lithuania) and separated on a 6% Nusieve (FMC) gel in 
TBEbuffer. 

Results 

Mutation analysis of 1 Jewish North African patient 
was performed using 35 pairs ofPCR primers designed to 
amplify all AGL exons, the coding region and the exon
intron junctions. SSCP analysis on MDE gels was carried 
out to detect mobility shifts in the patient. The PCR prod
uct of exon 34 of the patient and his mother revealed dif
ferent patterns than that of the normal control (fig. 1). 
GSD III patients from different ethnic backgrounds (8 
Caucasians, 3 African Americans, 5 Arabs, 1 Ashkenazi 
Jewish and 1 oriental patient) had migration patterns of 
exon 34 similar to those of the control (data not shown). 
Genomic DNA of the Jewish North African GSD III 
patient and a healthy North African Jew were used to 
amplify exon 34 of the AGL; the PCR products were sub
cloned into the pGEM-T vector, and 6 subclones of each 
patient and control were sequenced. All clones of the 
patient revealed a deletion of T at position 4,455 
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Fig. 2. Partial DNA sequence of exon 34 showing the 4,455delT 
in the patient (arrow). 

(4,455de1T; the assignment of the nucleotide position 
number was according to the GenBank accession number: 
Banklt 88587 U84007) (fig. 2). This deletion causes a 
frameshift starting at amino acid codon 1,486, eliminat
ing the last relevant 4 7 amino acids at the carboxy termi
nus of the normalAGLof 1,532 amino acids (changing 17 
amino acids following the deletion, then introducing a 
stop codon which causes premature termination). 

The 4,455de1T creates a new Mboll site in exon 34. 
The PCR product of this exon is a fragment of 214 bp, 
and its restriction with Mboll results in two fragments of 
60 and 154 bp in the normal DNA. The 154-bp fragment 
is further divided into two fragments of 79 and 75 bp in 
DNA with the 4,455de1T mutation. A family study 
showed that the patient was homozygous for the muta
tion, and both parents were heterozygous (fig. 3). The 
analysis of 12 GSD Ilia patients from 10 families revealed 
that all of them carried this mutation in the homozygous 
form. A Jewish patient whose mother is of North African 
extraction and the father of Y emenite origin was hetero
zygous for the mutation, as was his mother. Further analy
sis of28 healthy Jews ofNorth African extraction did not 
show the mutation. 
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Fig. 3. Mboll digestion ofPCR-amplified genomic DNA of exon 
34 of a GSD III family and control. Lane 1 = Mother (heterozygote), 
lane 2 = father (heterozygote); lane 3 = GSD III patient (homozy
gote); lanes 4, 5 =normal control. 

Discussion 

GSD III patients may occasionally have severe hypo
glycemia and seizures. Although in most cases symptom
atology improves with age, liver cirrhosis has been re
ported, myopathy may be incapacitating and cardiac 
involvement may lead to death [13-15]. In adults, pro
gressive myopathy leading to severe muscular paralysis 
has been reported [ 16]. GSD III is generally considered as 
a mild form of inherited metabolic disease; however, 
some patients are severely affected. The possibility of a 
poor course of disease justifies prenatal diagnosis. Prena
tal diagnosis is possible by measuring the enzyme activity 
using a qualitative assay [ 17] in chorionic villi or amniotic 
fluid cells [ 18, 19]. However, the relatively low activity of 
the enzyme in these tissues and the existence of nonspe
cific enzyme activities can make the distinction between a 
heterozygote and an affected fetus difficult in a few cases. 
Three previous reports of AGL gene mutation analyses in 
a total of 31 GSD Ilia patients [8-10] did not demon
strate any prevalent mutation. The use of DNA methodol
ogy became recently available with the identification of 
polymorphic markers in the AGL gene which enable link
age analysis in families with GSD III [20]. Our identifica
tion of a single prevalent mutation in the North African 
Jewish population will allow direct DNA prenatal diagno
sis for families at risk of GSD Ilia and will provide an 
easy and reliable screening method for this population 
who has an unusual high prevalence of the disease (carrier 
prevalence 1 :35) [11]. Thus, the DNA test can be used for 
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premarital genetic counseling and prenatal diagnosis for 
heterozygote couples for their first born. In a preliminary 
study, we have identified three restriction fragment length 
polymorphisms in the AGL gene [21]. Seven North Afri
can Jewish GSD III patients of different families present
ed the same restriction fragment length polymorphism 
pattern, which was distinct from the normal population, 
indicating a linkage disequilibrium caused by a founder 
effect and suggesting a single mutation in this patient pop
ulation. In the present study, we have identified a single 
mutation (4,455delT), in homozygous form, which was 
the only mutation found in 10 Jewish GSD III families of 
North African extraction. The 4,455delT mutation was 
not found in 56 normal alleles. 

The mutation 4,455delT, resulting in protein trunca
tion, is likely to have a profound deleterious effect on the 
AGL activity as the putative glycogen-binding domain is 
located in the carboxy terminus of the AGL [5], although 
expression studies have not yet been performed. Indeed, 
the 4,529insA mutation causing the elimination of the last 
23 amino acids was associated with a severe phenotype in 
a GSD III patient [8]. Moreover, specific separate mea
surements of the oligo1,4-1,4 glucantransferase (EC 
2.4.1.25) and amylo 1,6 glucosidase (EC 3.2.1.33) activi
ties demonstrated that both activities were markedly de
creased (more than 80%) [12]; thus, the last 47 amino 
acids are apparently necessary for both activities. 

All12 North African Jewish patients carried the same 
mutation, compromising their AGL activity in tissues; 
however, their clinical manifestations varied with respect 
to muscle involvement. While all had elevated serum cre
atinine phosphokinase levels, the muscle symptoms 
ranged from no clinical evidence of myopathy to a severe
ly incapacitating late-onset neuromyopathy. Our finding 
suggests that other factors (such as dietary environment or 
modifying genes) may play a role, accounting for the clini
cal variability in this population. 
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