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Table 1. Enzyme-based diseases and syndromes associated with carbohydrate metabolism.

Disease Enzyme(s) Substrate(s) Product(s) Cofactor(s) [ Intermediate(s) and [ Clinical Manifestation(s)
Involved Metabolite(s)
Hemolytic anemia | glucose-6-phosphate glucose-6-phosphate + | 6-phosphoglucono-o- | NADP* decreased RBC stability, drug-induced
(multiple forms) dehydrogenase NADP* lactone + NADPH hemolysis
pyruvate kinase phosphoeno|pyruvate pyruvate + ATP
+ ADP
Pyruvate  carboxylase | pyruvate carboxylase | pyruvate + ATP + |oxaloacetate + ADP + | biofin reduced levels of amino | Tasting™ hypoglycemia, lactic acidosis,
deficiency HCOy" P+ H" acid neurotransmitters | ketoacidosis, neurological symptoms
Pyruvate — dehydroge- | pyruvate dehydro- [ pyruvate + NAD* +|COz + acety-CoA +[NAD", thia- | lactate, pyruvate, ala- | may be one of the causes of Reye's syn-
nase deficiency genase, dihydrolipoyl | coASH NADH + H* min pyrophos- nine drome, lactic acidosis, neurological
transacetylase,  dihy- phate (vitBy), defects, ataxia
drolipoyl dehydroge- CoA, lipoic
nase acid, FAD,
Fructosuria fructokinase fructose + ATP fructose-I-phosphate | pgZ* initial rise in fructose | benign, autosomal recessive
+ ADP
Fructose intolerance | fructose-I-phosphate | fructose-1-phosphate | dihydroxyacetone fructose-I-phosphate | cell Tysis
aldolase phosphate (DHAP) +
glyceraldehyde
Fructose-1,6-bisphos- | fructose-1,6-bisphos- | fructose-1,6-bisphos- [ DHAP + glyceralde- certain  amino acids, | hypoglycemia, acidosis
phatase deficiency phatase phate hyde-3-phosphate lactic acid, ketoacids
Galactosemia galactokinase galactose + ATP galactose-I1-phosphate galactitol, elevated | cataracts
galactose-1-phosphate | galactose-1-phosphate | + ADP galactose in blood anorexic, vomiting, jaudice, liver enlarge-
uridylyl transferase + UDP-glucose UDP-galactose + glu- ment, physical abnormalities, autosomal
cose-1-phosphate recessive
Galactose  epimerase | UDP galactose-4-epi- | UDP-galactose UDP-glucose NAD? galactose-I1-phosphate | similar to classical galactosemia
deficiency merase in blood
Pentosuria xylulose reductase L-xylulose + NADPH' [ yylitol + NADP* NADP?* xylulose in urine benign
Lactose intolerance lactase lactose glucose + galactose lactose dirrhea, borborygmi, bloating, flatus,

nausea, abdominal cramps

Crigler-Najjar syn-
drome (Gilbert's syn-
drome is milder form)

UDP-glucuronyl-
transferase

UDP-glucuronic acid
+ bilirubin

bilirubin glucuronide

bilirubin in blood

autosomal recessive type T (complete),
jaunice, neurological problems, kernict-
erus, hyperbilirubinemia

autosomal dominant type Il (partial) less

severe symptoms

Glycogen storage defi-
ciency (Type 0)

glycogen synthetase

glucose,, + UDP-glu-
cose

glucose,,+; + UDP

enlarged fatty Tiver, fasting hypoglycemia,
autosomal recessive

von Gierke's disease | glucose-6-phos- glucose-6-phosphate | glucose + P glycogen in Tiver and | hypoglycemia, acidosis, Ketosis, hyper-
(Type la) phatase renal tubule cells, lac- | |ipemia, gouty arthritis, large liver and
transport of G6P into tate kidneys, hyperuricemia, autosomal reces-
(Type 1b) glucose-6-phosphatase | endoplasmic reticulum sive
translocase
a-[1,4]- and [1,6]-glu- | maltose glucose glycogen in lysosomes | Targe Tiver or heart, cardiomegaly, autoso-

Pompe's disease (Type
)

cosidase (acid maltase)

mal recessive
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Cori's or Forbe's dis-
ease (Type I, limit
dextrinosis)

4-a-D-glucanotrans-
ferase
amylo-a-[1,6]-glucosi-

branched glycogen

less branched glycogen

branched  polysaccha-
ride

hepatomegaly,  fasting
autosomal recesive

hypoglycemia,

dase (debranching

enzymes)
Andersen’s disease | amylo-(1,441,6)- glycogen branch glycogen with more polysaccharide  with | cardiac or Tiver Tailure, autosomal reces-
(Type 1V, amylopecti- | transglycosylase branches few branches sive
nosis) (branching enzyme)
McArdle’s disease | muscle glycogen phos- | glycogen ,+ P; o-D-glucose-I-phos- high glucose in mus- | cramps on exercise, autosomal recessive
(Type V, myophos- | phorylase phate + glycogen,,_ cle, no lactate after
phorylase deficiency) exercise
Hers™ disease (Type [ Tiver glycogen phos- | glycogen ,+ P; o-D-glucose-I-phos- high glycogen inTiver [ enlarged Tiver, Tfasting hypoglycemia,
Vi) phorylase phate + glycogen,.q often benign, autosomal recessive
Tarui’s disease (Type | phosphofructokinase | fructose-6-phosphate [ fructose-1,6-bis-phos- | ATP MgZ+ cramps on exercise, hemolysis, autosomal
V“) + ATP phate + ADP recessive
Type VI, TX, X, XT|Tiver — phosphorylase | 0-glycogen phospho- [ m-glycogen phospho- [ ATP autosomal recessive, X-Tinked Type TX
rare disorders kinase cascade rylase b + ATP rylase a + ADP
Aspartylglycosy- 4-L-aspartyl-glycosy- | glycoside-GIcNAc-Asn | glycoside-GIctNAc — + glycoside-GIcNAc-Asn | hepatosplenomegaly, neurological symp-
laminuria lamine  amidohydro- Asn toms, cataracts

lase

o-Mannosidosis

a-mannosidase

glycoside-Man-Man-
glycoside

glycoside-Man + Man-
glycoside

glycoside-Man-Man-
glycoside

hepatosplenomegaly,
toms, cataracts

neurological symp-

Sialidosis (mucolipido-
sis 1)

sialidase

NeuAc-Gal-glycoside

NeuAc + Gal-glycoside

NeuAc-Gal-glycoside

hepatosplenomegaly,
toms, cataracts

neurological symp-

B-Mannosidosis [B-mannosidase glycoside-Man- glycoside-Man + glycoside-Man- hepatosplenomegaly, neurological symp-
GIcNAc-glycoside GlcNAc-glycoside GlcNAc-glycoside toms, cataracts

Hurler and Scheie syn- | a-L-iduronidase -IduA-GalNAc- -IduA + GalNAc- dermatan sulfate, hepa- | clouding of cornea, stiff joints, aortic

drome (MPS | H, ran sulfate regurgitation, death with MPS I H form

MPS I 'S, MPS | H/S)

Hunter's disease (MPS | iduronate sulfatase -[duA-OSO3H -1duA + HOSOg dermatan sulfate, hepa- | grave manisfestations, death

1) ran sulfate

Sanfilippo A syn- | heparan sulfamidase -GIctN-OSOzH -GlcN- + HOSO5” heparan sulfate mild somatic, severe CNS effects

drome (MPS 111)

Sanfilippo B syn- [ N-acetylglucosamini- | -GIcNAc-glycoside -GIcNAc- + glycoside heparan sulfate mild somatic, severe CNS effects

drome (MPS I11) dase

Sanfilippo D  syn- [ N-acetylglucosamine- | -GIcNAc-OSO3H -GIcNAc- + HOSO3” heparan sulfate mild somatic, severe CNS effects

drome (MPS 111) 6-sulfatase

Morquio  syndrome | N-acetylgalactos- -GalNAc-OSOzH -GalNAc- + HOSOg" keratan sulfate severe bone changes, cloudy cornea, aor-

(Type A, MPS IV A)
(Type B, MPS IV B)

amine-6-sulfatase

[B-galactosidase

-Glc-Gal-

-Glc- + Gal-

tic regurgitation ) )
moderate bone changes, dwarfism, spinal
malalignment

Maroteaux-Lany — dis-
ease (MPS VI)

N-acetylgalactos-
amine sulfatase

-GalNAc-OSOzH

-GalNAc- + HOSO5-

dermatan sulfate

severe osseous and corneal change

Sly disease (MPS VIT)

B-glucuronidase

-GIcUA-GalNAc-

-GIcUA + GalNAc-

dermatan sulfate

hepatosplenomegaly, dysostosis multi-
plex, WBC inclusions, mental retardation

DiFerrante syndrome
(MPS VIII)

N-acetylglucosamine-
6-sulfatase

-GIctNAc-OSOzH

-GlcNAc- + HOSO3”

heparan sulfate, keratan
sulfate

various symptoms as above MPS
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