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ABSTRACT
Inherited metabolic diseases are a heterogeneous group of diseases caused by a punctual defect in cell 
metabolism, resulting in the accumulation of toxic intermediate metabolites or in the lack of important 
biomolecules for adequate cell functioning. D-glyceric aciduria is an inherited disease caused by a 
deficiency of glycerate 2-kinase activity, whose pathophysiological mechanisms remain unknown. The 
main clinical and neurological symptoms seen in affected patients include progressive encephalopathy, 
hypotonia, psychomotor and mental retardation, microcephaly, seizures, speech delay, metabolic acidosis, 
and even death. In this review we shall discuss these clinical and biochemical findings, as well as diagnosis 
and treatment of affected patients in order to raise awareness about this condition. 
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INTRODUCTION

Inborn errors of metabolism are biochemical 
hereditary diseases caused by a deficiency of 
selected enzymes, resulting in a blockage of a 
metabolic pathway (Saudubray and Sedel 2011). 
This interruption leads to the accumulation of the 
initial substrate, to the lack of the enzymatic product 
and/or misuse of the alternative metabolic pathway 
(Araújo 2004). If untreated, these metabolic 
disorders can lead to a number of clinical and 
developmental consequences, ranging from mild 
complications to serious mental disability and death 

(Camp et al. 2012). Organic acidurias are inherited 
diseases of the catabolic pathway of carbohydrates, 
amino acids and lipids, presenting accumulation 
of one or more organic acids in tissues, urine, 
blood, and other body fluids of affected individuals 
(Scriver et al. 2001, Vargas and Wajner 2001).

Glyceric acid (2,3-dihydroxypropionic acid) is 
a carboxylic acid with small molecular weight and 
being very hard to detect during routine organic acid 
analysis in urine of healthy individuals (Rashed et 
al. 2002). This compound is found in humans in 
two different configurations, D- and L-glycerate 
(Brandt et al. 1974, 1976). Increased excretion of 
glyceric acid can be observed in two distinct and 
rare inherited metabolic diseases, D-glyceric and 
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L-glyceric acidurias (the latter being also known as 
primary hyperoxaluria type II) (Rashed et al. 2002). 
The clinical phenotype of L-glyceric aciduria 
predominantly involves renal alterations, including 
recurrent nephrolithiasis, while D-glyceric aciduria 
mainly affects the central nervous system (Bonham 
et al. 1990). In this review we shall discuss the 
clinical and biochemical findings, diagnosis and 
treatment of patients affected by D-glyceric aciduria 
in order to raise awareness about this condition.

BIOCHEMICAL FINDINGS

D-Glyceric aciduria (OMIM 220120) is an 
autosomal recessive disease of the catabolism 
pathway of the amino acid serine and, to a lesser 
extent, of fructose metabolism (Rashed et al. 
2002, Sass et al. 2010). The disease is caused by 
a deficiency of glycerate 2-kinase (EC 2.7.1.165) 
activity (Guo et al. 2006) and its prevalence is 
unknown.

In normal terms, fructose is phosphorylated 
by fructokinase to fructose 1-phosphate, which 
is converted to D-glyceraldehyde by aldolase B 
(Leuthardt and Testa 1951, Hers and Kusaka 1953, 
Leuthardt and Wolf 1954, Adelman et al. 1967) 
(Fig. 1). The conversion of D-glyceraldehyde 
to D-glyceric acid is catalyzed by aldehyde 
dehydrogenase (Lamprecht and Heinz 1958, 
Holldorf et al. 1959), and subsequently 
phosphorylated by liver D-glycerate 2-kinase 
to 2-phosphoglyceric acid, an intermediate of 
glycolytic pathway (Lamprecht et al. 1962). 
This pathway might be the major source of 
D-glyceric acid (Rauschenbach and Lamprecht 
1964). However, under normal circumstances, 
most of the glyceraldehyde is phosphorylated to 
D-glyceraldehyde 3-phosphate by triokinase due 
to its high activity in human liver (Heinz et al. 
1968, Van den Berghe 1978). 

D-Glyceric acid is also an intermediate in 
the gluconeogenic pathway of the amino acid 
serine, which can be converted by transamination 
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Figure 1 - Metabolic pathway involved in D-glyceric aciduria. Double-crossed arrow 
represents the reaction catalyzed by D-glycerate 2-kinase, which is the impaired step 
in the disease. Dashed lines represent multiple steps. Double-arrowed lines represent 
reversible steps.
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to hydroxypyruvate, the latter being reduced to 
D-glycerate by D-glycerate dehydrogenase (EC 
1.1.1.29) (Kolvraa et al. 1976). The deficiency 
of D-glycerate dehydrogenase results in the 
accumulation of L-glycerate (Williams and Smith 
1983, Mistry et al. 1988), which is produced from 
hydroxypyruvate by lactate dehydrogenase enzyme 
(Dawkins and Dickens 1965). 

D-Glyceric aciduria was first reported in 1974 
in a 2 year-old boy with hypotonia and severe 
psychomotor retardation (Brandt et al. 1974). Since 
then, only a few cases of children with D-glyceric 
aciduria have been described in the literature (Sass 
et al. 2010). 

Patients affected by D-glyceric aciduria show 
increased levels of D-glyceric acid in urine and 
serum (Wadman et al. 1976, Fontaine et al. 1989, 
Schaftingen 1989, Bonham et al. 1990), as well 
as hyperglycinemia (Brandt et al. 1974, Sass et al. 
2010). In a patient affected by D-glyceric aciduria, 
there was a significant elevation of hydroxyacids, 
free and total short-chain fatty acids, and elevated 
amounts of butyric and hexanoic acids together 
with butyrylglycine, hexanoylglycine, and 
suberic acid (Kolvraa et al. 1980). Based on the 
increased excretion of these compounds, it may be 
hypothesized that the diminished glycine cleavage 
activity is, at least in part, due to inhibition 
by 2-methylbutyryl-CoA and isobutyryl-CoA 
(compounds known to inhibit the glycine cleavage 
system). On the other hand, it cannot be ruled out 
that D-glyceric acid itself has an inhibitory effect 
on this system. 

A marked increase of the excretion rate of 
D-glycerate in response to oral fructose overload 
in children with suspicion of D-glyceric aciduria 
was demonstrated (Fontaine et al. 1989, Bonham 
et al. 1990). The same pattern was observed after 
a dietary loading with L-serine (Wadman et al. 
1976). On the other hand, Wadman et al. (1976) 
did not observe a worsening of metabolic acidosis 
or changes in urine acidity after an overload of 
fructose in a patient with D-glyceric aciduria. 

MOLECULAR STUDIES

Human genes for glycerate kinase, glycerate 
1-kinase and glycerate 2-kinase were first 
isolated by Guo et al. (2006) and associated to 
D-glyceric aciduria. Further, genomic DNA was 
extracted from fibroblasts or peripheral blood of 
three patients diagnosed with D-glycerate kinase 
deficiency. Homozygous mutations in exon 5 of the 
gene encoding D-glycerate kinase were identified, 
including c.1448delT (p.Phe483SerfsX2), 
c.1478T4G (p.Phe493Cys), and c.1558delC 
(p.Leu520CysfsX108) (Sass et al. 2010).

CLINICAL MANIFESTATIONS

The complete determination of the clinical features 
in D-glyceric aciduria is a complicated task due to its 
etiological and clinical heterogeneity and the small 
number of cases reported in the literature (Insuga et 
al. 2010). Patients affected by D-glyceric aciduria 
present progressive encephalopathy, hypotonia, 
psychomotor and mental retardation, microcephaly, 
seizures, speech delay, metabolic acidosis, and 
even death (Brandt et al. 1974, Grandgeorge et 
al. 1980, Duran et al. 1987, Insuga et al. 2010) 
(Wadman et al. 1976, Fontaine et al. 1989, Rashed 
et al. 2002). Furthermore, two patients had traces 
of autistic behaviors (Duran et al. 1987, Topcu et 
al. 2002). Some patients may remain asymptomatic 
with only mild neurological dysfunction (Bonham 
et al. 1990). In this scenario, two children found to 
excrete large amounts of D-glycerate were healthy 
and developmentally normal at 7 and 9 years of age 
(Bonham et al. 1990). 

METHODS OF DIAGNOSIS

The diagnosis of D-glyceric aciduria may be 
indicated by the identification of increased 
urinary concentrations of glyceric acid by gas 
chromatography (GC) or preferably by GC coupled 
to mass spectrometry (GC/MS) (Sweetmann 1990). 
Since the extraction efficiency for glyceric acid 
is as low as 6% with this method, an alternative 
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extraction procedure may be used by extracting 
aqueous phase 5 times with ethylacetate, rendering 
a recovery of 25% of this organic acid (Wadman 
et al. 1971). However, further tests are necessary 
in order to determine the optical configuration 
of the glyceric acid, in order to differentiate 
D-glyceric aciduria from primary hyperoxaluria 
type II (Kolvraa et al. 1976). There is an alternative 
method based on liquid chromatography coupled 
to tandem mass spectrometry (LC-MS/MS) for the 
enantiomers separation and detection of the glyceric 
acid stereoisomers. The method allows the detection 
of normal levels of D- and L-glyceric acid in urine, 
and it was useful for the confirmation of three cases 
of D-glyceric aciduria and for differentiating this 
disease from primary hyperoxaluria type II (Rashed 
et al. 2002). D-glyceric acid can also be identified 
in urine of patients by DEAE-Sephadex (Chalmers 
and Watts 1972).

TREATMENT

A palliative administration of bicarbonate was 
proposed for the treatment of D-glyceric aciduria, 
in order to compensate for the metabolic acidosis 
observed in the affected patients (Wadman et al. 
1976). Additionally, a fructose-restricted diet was 
shown to provide a clinical improvement in a 
patient with D-glyceric aciduria, even though the 
authors implied that it was judged by subjective 
criteria (Duran et al. 1987). It should be highlighted 
that although this disease cannot currently be 
treated as effectively and easily as more common 
inherited diseases (PKU, for example), the increase 
in the number of detected cases of the disease may 
help identify new therapeutic protocols to prevent 
or alleviate symptoms, improving the quality of 
life of the affected patients and resulting in a better 
outcome.

CONCLUSIONS

D-glyceric aciduria is a disease whose pathophysi-
ological mechanisms remain unknown. More stud-
ies are needed in order to elucidate the pathophysi-

ology of brain damage found in patients affected 
by D-glyceric aciduria in an attempt to better char-
acterize this disease and develop therapeutic strate-
gies to improve quality of life of patients affected 
by this condition.
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RESUMO

Doenças hereditárias metabólicas são um grupo 
heterogêneo de doenças causadas por um defeito 
pontual no metabolismo celular, resultando no acúmulo 
de metabólitos intermediários tóxicos ou na falta de 
biomoléculas importantes para o funcionamento celular 
adequado. A acidúria D-glicérica é uma doença hereditária 
causada por uma deficiência na atividade da enzima 
glicerato 2-cinase, cujos mecanismos fisiopatológicos 
permanecem desconhecidos. Os principais sintomas 
clínicos e neurológicos observados nos pacientes 
afetados incluem encefalopatia progressiva, hipotonia, 
atraso mental e psicomotor, microcefalia, convulsões, 
atraso na fala, acidose metabólica e, inclusive, morte. 
Neste artigo de revisão discutiremos estes achados 
clínicos e bioquímicos, bem como o diagnóstico e 
tratamento de pacientes afetados, para ressaltar a 
importância de aumentar a conscientização sobre esta 
doença.

Palavras-chave: D-glicerato, acidúria D-glicérica, glicera-
to cinase. ácido glicérico, acidurias orgânicas.
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