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Table 2. Enzyme-based diseases and syndromes.

Disease Enzyme(s) Substrate(s) Product(s) Cofactor(s) [ Intermediate(s) and [ Clinical Manifestation(s)
| nvolved Metabol |te(S)
Hemolytic anemia | glucose-6-phosphate | glucose-6-phosphate + | 6-phosphoglucono-6- | NADPY decreased RBC stability, drug-induced
(multiple forms) dehydrogenase NADP?* lactone + NADPH hemolysis
pyruvate kinase phosphoen0|pyruvate pyruvate + ATP
+ ADP

B-Aminoisobutyricaci- | aminotransferase [3-aminoisobutyrate methylmalonic semial- | vit Bg [-aminoisobutyrate benign, frequent in Orientals

duria (B-alanine) + aKG dehyde + glutamate

Orotic aciduria (Type | orotate phosphoribosyl | orotate  + phospho- | orotidine-5™-phos- MgZ orotic acid found in| pale, weak, fail to thrive, megaloblastic

1) transferase ribosyl pyrophos-phate | phate + pyrophos- serum and urine anemia, immunodeficiency, orotic acid

(PRPP) phate ; ;
orotidine-5'-phos- orotidine-5'-phos- uridine-5'-monophos- crystalluria, autosomal recessive
phate decarboxylase | Phate phate + CO,

Orotic aciduria (Type | orotidine-5'-phos- oritidine-5™-phosphate | uridine-5-monophos- orotic acid found in | orotidinuria, orotic aciduria, megaloblas-

1) phate decarbox-ylase phate + CO, serum and urine tic anemia, autosomal recessive

Gout PRPP synthetase (5- | ribose-5-phosphate + | PRPP + AMP MgZ uric acid in blood X-Tinked recessive, renal problems, joint

phosphoribose  pyro- | ATP problems, hyperuricemia
phosphokinase,

increased V., resis-

tance to feedback inhi-

bition, low K, for

ribose-5-phosphate)

Lesch-Nyhan syn- | hypoxanthine-gua- hypoxanthine + PRPP [inosine  monophos- M92+ uric acid, hypoxan- | athetosis, self-mutilation, hyperuricemia,

drome nine-phosphoribosyl- phate + pyrophosphate thine, xanthine mental and physical retardation, X-linked

transferase guanine + PRPP (PP; ) recessive
guanine  monophos-
phate + PP;

Immunodeficiency adenosine deaminase | adenosine + H,O inosine + NH,* dATP in erythro-cytes, | combined T cell and B cell immunodefi-
S-adenosyl-L-homocys- | ciency, deoxyaden-osinuria, autosomal
teine recessive

Immunodeficiency purine nucleoside | inosine,  xanthosine, | hypoxanthine,  xan- decreased uric acid, | T cell deficiency, inosinuria, deoxyinosi-

phosphorylase guanosine + P; thine, guanine + guanosine, deoxygua- | nuria, guanosinuria, deoxyguanosinuria,
ribose-1-phosphate nosine, inosine, deoxyi- i
nosine hypouricemia

Renal Tithiasis adenine phosphoribo- | adenine + PRPP AMP + PP, MgZ renal problems, autosomal recessive

syltransferase

Xanthinuria xanthine oxidase hypoxanthine + O, + | xanthine + H,O, Fe, Mo, FAD hypouricemia, autosomal recessive

H,0O
xanthine + O, + H,O | uric acid + H,0,
Pyruvate  carboxylase | pyruvate carboxylase | pyruvate + ATP + | oxaloacetate + ADP + | biofin reduced levels of amino | Tasting™ hypoglycemia, lactic acidosis,

deficiency

HCOy

Pi+H+

acid neurotransmitters

ketoacidosis, neurological symptoms
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Pyruvate  dehydroge- | pyruvate dehydro- [ pyruvate + NAD* +|COz + acetyl-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, Iac_tic acidosis, neurological

transacetylase,  dihy- phate (vitB,), defects, ataxia

drolipoyl  dehydroge- CoA, lipoic

nase acid, FAD,
Phenylketonuria (Type | phenylalanine hydrox- | phenylalanine + O, + [ tyrosine + H,O + | biopterin phenylpyruvic acid, [ neurologic symptoms, mental retardation
I, 10, 1) ylase tetrahydrobiopterin | dihydrobiopterin phenylacetic acid
(Type 1V) dihydrobiopterin
( reductase
Type V) dihydrobiopterin bio-

synthesis
Tyrosinemia (Type T, [ fumarylacetoacetate fumoylacetoacetate acetoacetate + fuma- succinyl acetone, | hepatic cirrhosis, fulminating heptic fail-
also denoted as Type | hydrolase rate fumarylacetoacetate, ure, renal tubular dysfunction, ricketts,
VIl hyperphenylala- maleylacetoacetate, polyneuropathy, increased risk  of
ninemia) tyrosine hepatoma
Tyrosinemia (Type TII, | tyrosine aminotrans- | tyrosine + aKG p-hydroxyphenyl pyru- | vit B N-acetyltyrosine, p- | mental retardation, keratitis, dermatitis
Richner-Hanhart syn- | ferase vate hydroxyphenylpyru- Fanconi's syndrome,
drome, also denoted as vate, p-hydroxyphenyl-
Type VIII hyperphen- lactate, p-
ylalaninemia) hydroxyphenylacetate,

tyramine

Neonatal tyrosinemia | p-hydroxylphe- p-hydroxyIphe- homogentisate + CO, | pe2* benign
(also denoted as Type | nylpyruvate oxidase nylpyruvate + O,
VIl hyperphenylala-
ninemia)
Albinism tyrosinase tyrosine dopamine cuzt pigment absent in skin, hair, eyes
Alcaptonuria homogentisate oxidase | homogentisate + O, maleylacetoacetate FeZt homogenistic acid ochronosis, arthritis, dark urine
Histidinemia L-histidine ammonia | histidine urocanate + NH; histidine, Tack of uro- | benign, retardation, neurologic manifes-

lyase (histidase) canate in sweat tations
Maple syrup urine dis- | branched-chain  keto | a-keto-B-methylbu- a-methyloutyryl CoA, [ coa, NADT, | a-keto acids, hydroxy | reflex changes, hypertonicity, convul-
ease (various forms) acid dehydrogenase tyrate, o-ketoisovaler- | isobutyryl CoA, isov- | vit B, acids sions, coma, death, urine odor

ate, a-ketoisocaprioate | aleryl CoA + NADH +
+ NAD* + CoA CO, +H*

Valinemia valine aminotrans- | valine + aKG o-ketoisovalerate VitBg valine retardation

ferase
Cystathioninuria cystathionase cystathionine cysteine + o-ketobu- | pyridoxal cystathionine in urine | benign trait

tyrate phosphate (vit
Be)

Homocystinemia cystathionine syn- [ homocysteine + serine | cystathionine + H,O | vit Bg homocysteine + | skeletal abnormalities, ectopia Tentis,

thetase methionine retardation, thromboembolic disease
Glycinemia  (nonke- [ D-amino acid oxidase | glycine + NAD* CO, + NH,  +|FAD, NAD", | dlycine convulsions, retardation
totic) (glycine cleavage sys- + folate,
B-Alaninemia [B-alanine-a-ketoglut- | alanine + aKG pyruvate + glutamate | vit Bg alanine seizures, somnolence, death

arate aminotransferase
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Prolinemia (Type T)

proline oxidase

proline

Al-pyrroline-3-carbox-
ylate

proline

hereditary nephritis,
sometimes benign )
convulsions, mental retardation

nerve deafness,

(Type 11) Alpyrroline-5-carbox- | Al-pyrroline-3-carbox- | 9lutamic semialdehyde | \ » +
ylate dehydrogenase ylate N ADP”'
Hydroxyprolinemia hydroxyproline  oxi- | 4-hydroxyproline L-A-pyrroline-3- mental retardation, CNS symptoms
dase hydroxy-5-carboxylate
Lysinemia and Tlysi- | lysine a-keto-glut- [ Tysine  + aKG  + | saccharopine + [ NADP* lysine and saccharopine | muscle weakness, retardation, sometimes
nuria arate reductase | NADPH NADP* NAD* in blood and urine benign
(bifunctional en-zyme,
also denoted as saccha- . + . .
; saccharopine + NAD™ | a-aminoadipic-6-
ropine dehydrogenase) +H,0 semialdehyde N
NADH + glutamate
Lysine intolerance L-Tysine:NAD 0oXI- | saccharopine + NAD™ | @-aminoadipic-6- NAD* vomiting, coma, hyperammonemia, thin
doreductase  (deami- | + H,0 semialdehyde + hair, muscle wasting, osteoporosis
nating) NADH + glutamate
Saccharopinuria aminoadipic semi- | a-aminoadipic-6- o-aminoadipate + [ NAD* retardation
aldehyde-glutamate semialdehyde + NAD+ | NADH
reductase
N-Acetylglutamate N-acetylglutamate glutamate + acetyl | N-acetyl glutamate lethargy, coma, vomiting, hyperammone-
synthetase deficiency | synthetase CoA mia (Type 1)
Carbamoyl phosphate | carbamoyl phosphate | CO, + 2ATP + NH3 | carbamoyl phosphate | ATP Mg?* vomiting, Tethargy, acidosis, coma, death,
synthetase deficiency | synthetase + ADP hyperammonemia (Type 2)
Ornithine-transcar- ornithine transcarbam- | carbamoyl phosphate | citruline glutamine in Dblood, | recurrent vomiting, irritability, protein
bamylase deficiency ylase + ornithine cerebrospinal . fluid intolerance, hepatic encephalopathy, leth-
(CSF), and urine argy, coma, seizures, X-linked, lethal in
males
Citrullinemia argininosuccinic acid | citruline + ATP +[argininosuccinate  + | pMg2*, ATP citruline vomiting, coma, convulsions
synthetase aspartate
Argininosuccinicaci- [ arginineosuccinase argininosuccinate arginine + fumarate argininosuccinate in | seizures, retardation, coma, vomiting,
demia (lyase) blood, CSF, and urine | hepatomegaly, trichor-rhexis nodosa
Argininemia arginase arginine + H,O urea + ornithine Mn2t arginine in blood and | retardation, seizures, spasticity
CSF
Ornithinemia ornithine keto-acid (d- | ornithine  + a-keto | glutamic semialde- | vit Bg gyrate atrophy of choroid and retina
amino) trans-aminase | acid hyde + a-amino acid
Pyroglutamic acidemia | glutathione synthetase | y-glutamylcysteine — + [ glutathione + ADP + | ATP 5-oxoproline, g- [ acidosis, increased hemolysis, episodic
glycine + ATP Pi glutamylcysteine vomiting, retardation
Glutathione deficiency | 5-oxoprolinase 5-oxoproline + ATP glutamate + ADP + P; [ ATP 5-oxoproline benign
y-glutamylcysteine ATP ADP + P; ATP hemolysis
synthetase
Isovaleric acidemia isovaleryl-CoA — dehy- [ isovaleryl CoA + FAD | B-methylcrotenyl-CoA | FAD isovalerate in blood vomiting, lethargy, acidosis, retardation,
drogenase + FADH, sweating feet odor, cheesy breath, neona-
tal death
[B-Hydroxyisovaleric [B-methylcrotonyl- [B-methylcrotonyl- [-methylglutaconyl- | ATP, biotin B-methylcrotonylgly- | retardation, muscle atrophy, unpleasant

aciduria

CoA carboxylase

CoA + ATP + CO,

CoA + H,0 + ADP +
Pi

cine,
erate

B-hydroxyisoval-

urine odor
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HMG-CoA lyase defi-
ciency

3-hydroxy-3-methyIgl-
utaryl CoA lyase

[B-hydroxy-p3-methyl-
glutaryl-CoA

acetyl-CoA + acetoace-
tate

acidosis, hypoglycemia, hypotonia, Teth-
argy

a-Methylaceto-ace-
tate accumulation

acetyl-CoA  thiolase
(acetyl-CoA acyl trans-
ferase)

a-methylacetoacetyl-
CoA

acetyl-CoA + propio-
nyl-CoA

episodes of acidosis, coma, retardation

Propionicacidemia propionyl-CoA  car- | propionyl-CoA D-methylmalonyl- biotin propionate, propion- | acidosis, lethargy, coma, mental and
(two forms) boxylase CoA +CO, ylglycine, methylci- | physical retardation
trate, tiglate
Multiple  carboxylase | holocarboxylase — syn- | B-methylcrotonyl- B-methylglutaconyl- | biotin acidosis, skin rash, alopecia, hypotonia,
deficiency (two forms) | thetase CoA + ATP + CO, CoA + H,O + ADP + defective T- and B-cell immunity, hearing
propionyl-CoA P; loss
D-methylmalonyl-
biotinidase CoA +CO,
Methylmalonic  aci- | methylmalonyl-CoA | D-methylmalonyl- L-methylmalonyl-CoA | cobalamine methylmalonate acidosis, Tethargy, coma, mental and
demia (two forms) mutase 0A succinyl-CoA (vit Byo) physical retardation
methylmalonyl-CoA | L-methylmalonyl-CoA
racemase
Methylmalonic  aci- | methylmalonyl-CoA | D-methylmalonyl- L-methylmalonyl-CoA | vit By, retardation, failure to thrive, seizures,
demia-homocystinuria | mutase and homocys- | CoA megaloblastic anemia
teine:methyl  tetrahy-
drofolate methyl
transferase
Hypermethioninemia [ Tiver methionine ade- | methionine + ATP + | S-adenosyl-methion- | ATP MgZ* methionine benign
nosyltransferase H,O ine + P; + PP;
Suffituria— (suffocys- | suffite oxidase (thiosul- [ Q.2 (sulfite) + O, + | SO,>  (sulfate) + [ Mo sulfite
teinuria) fate sulfur transferase) H-O +
2 H,O0, + H
3-Mercaptopyruvate- | 3-mercapto-pyruvate | 3-mercaptopyruvate + [ pyruvate + S$,05°
cysteine disulfiduria sulfur transferase S05% (thiosulfate)
Fructosuria fructokinase fructose + ATP fructose-I-phosphate | pgZ* initial rise in fructose | benign, autosomal recessive
+ ADP
Fructose intolerance fructose-1-phosphate | fructose-1-phosphate | dihydroxyacetone fructose-1-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-I-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-1-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
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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 Ib) glucose-6-phosphatase | endoplasmic reticulum sive
translocase
Pompe's disease (Type | o-[1,4]- and [1,6]-glu- | maltose glucose glycogen in Iysosomes | Targe Tiver or heart, cardiomegaly, autoso-

I

cosidase (acid maltase)

mal recessive

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
phorrylase deficiency) exercise
Hers™ disease (Type | liver glycogen phos- | glycogen ,+ P; a-D-glucose-1-phos- high glycogen inTiver | enlarged Tiver, fasting hypoglycemia,
Vi) phorylase phate + glycogeny, 4 often benign, autosomal recessive
Tarur’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
Fucosidosis a-fucosidase Cer-Glc-Gal-GalNAc- | Cer-Glc-Gal-GalNAc- Cer-Glc-Gal-GalNAc- | cerebral degeneration, muscle spasticity,

Gal-Fuc Gal + Fuc Gal-Fuc H-isoantigen, | thick skin
pentahexosylfucogly-
colipid

Aspartylglycosy- 4-L-aspartyl-glycosy- | glycoside-GIcNAc-Asn | glycoside-GIcNAc  + glycoside-GIcNAc-Asn | hepatosplenomegaly, neurological symp-
laminuria :amine amidohydro- Asn toms, cataracts

ase

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-
GIlcNAc-glycoside

glycoside-Man +
GIcNAc-glycoside

glycoside-Man-
GlcNAc-glycoside

hepatosplenomegaly,
toms, cataracts

neurological symp-

Mucolipidosis IT (T-cell
disease)

UDP-GIcNAc-:Iysoso-
mal enzyme precursor
GIcNAc phospho-
transferase

Tysosomal  hydrolase-
mannose marker

Tysosomal hydrol-ase-
mannose-6-phosphate

hepatosplenomegaly,
toms, cataracts

neurological symp-
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Hyperlipoproteinemia

(Type 1, exogenous
hypertriglyceridemia,
familial ~ fat-induced

lipemia, hyperchyomi-
cronemia)

lipoprotein Tipase

lipoprotein

lipd + protein

triglycerides in blood

eruptive xanthomas, Tipemia retinalis,
hepatosplenomegaly, pancreatitis

Generalized gangliosi-
dosis

Gpm1-b-galactosidase

Cer-Glc-Gal(NeuAc)-
GalNAc-Gal

Cer-Glc-Gal(NeuAc)-
GalNAc + Gal

Cer-Glc-Gal(NeuAc)-
GalNAc-Gal Gy; gan-

glioside

mental retardation, Tliver enlargement,
skeletal deformation

Tay-Sachs disease
(G2 gangliosidosis)

hexosaminidase A

Cer-Glc-Gal(NeuAc)-
GalNAc

Cer-Glc-Gal(NeuAc)
+ GalNAc

Cer-Glc-Gal(NeuAc)-
GalNAc Gy, ganglio-
side

mental retardation, blindness, muscular
weakness, cherry red spots on macula

Sandhoff's disease
(Sandhoff-Jatzkewitz
diease, Gy, gangliosi-
dosis variant O)

B-N-acetylhexosamin-
idase A and B

Cer-Glc-Gal-Gal-Gal-
NAc

Cer-Glc-Gal-Gal +
GalNAc

Cer-Glc-Gal-Gal-Gal-
NAc globoside plus
G2 ganglioside

more rapid Tay-Sachs symptoms

Fabry's disease | a-galactosidase Cer-Glc-Gal-Gal Cer-Glc-Gal + Gal Cer-Glc-Gal-Gal  glo- | skin rash, kidney failure (full symptoms

(angiokeratoma  cor- botriaosylceramide in male), X-linked recessive

poris diffusum univer-

sale;  o-galactosidase

deficiency)

Ceramide lactoside | ceramide  Tactosidase | Cer-Glc-Gal Cer-Glc + Gal Cer-Glc-Gal ceramide | progressing brain damage, Tiver and

lipidosis (B-galactosidase) lactoside spleen enlargement

Metachromatic  Teu- [ arylsulfatase A Cer-Gal-OSOj5” Cer-Gal + 05032- Cer-Gal-0SO5™ 3-sul- mental retardation and sychologic distur-

kodystrophy  (sulfatide fogalactosylceramide | bances in adults, metachromasia, demy-

lipidosis) elination

Krabbe's disease [-galactosidase Cer-Gal Cer + Gal Cer-Gal galactosylcera- | mental retardation, myelin almost absent
mide

Gaucher's disease (glu- | B-glucosidase Cer-Glc Cer + Glc Cer-Gilc glucosylceram- | hepatosplenomegaly, skin pigment-ation,

cosylcerebros-ide  lipi-
dosis; Type |1, adult
chronic  noneurono-
pathic; Type Il, infan-
tile  neuronopathic;
Type I, juvenile)

ide

reticulum cell hyperplasia, erosion of long
bones, mental retardation in infants

Niemann-Pick disease
(sphingomyelin lipido-
sis; five forms)

sphingomyelinase

Cer-phosphocholine

Cer + phosphocholine

Cer-phosphocholine
sphingomyelin

hepatosplenomegaly, pancytopenia, men-
tal retardation, fatal in early life

Farber's disease
(lipogranulomatosis)

ceramidase

ceramide + H,O

sphingosine
acid

+ Tatty

acylsphingosine ceram-
ide

hoarseness, dermatitis, skeletal deforma-
tion, mental retardation, fatal in early life

Wolman's disease (acid
cholestryl ester hydro-
lase deficiency)

cholestryl ester hydro-
lase

cholesteryT Tinoleoate

cholesterol + Tinoleic
acid

neutral Tipids, choles-
teryl esters

autosomal recessive, hepatosplenome-
galy, steatorrhea, adrenal calcification,
death

Cerebrotendinous xan-
thomatosis (van Bog-
art's disease)

sterol hydroxylase

bile acid sterol

hydroxylated sterol in
bile acid pathway

cholestanol (dihy-droc-
holestrol) in nervous
system, lungs, blood,
xanthomas

premature artherosclerosis, ataxia,
dementia, cataracts, tendon xanthomas

Hurler and Scheie syn-
drome (MPS | H,
MPS I S, MPS | H/S)

a-L-iduronidase

-IduA-GalNAc-

-IduA + GalNAc-

dermatan sulfate, hepa-
ran sulfate

clouding of cornea, stiff joints, aortic
regurgitation, death with MPS | H form
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Hunter's disease (MPS [ iduronate sulfatase -IduA-OSO3H -IduA + HOSOg dermaltfan sulfate, hepa- | grave manisfestations, death

Il ran sulfate

Sanfilippo A syn- | heparan sulfamidase | -GIcN-OSO3;H -GlcN- + HOSO5” heparan sulfate mild somatic, severe CNS effects

drome (MPS I11)

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

drome (MPS 111) dase

Sanfilippo D  syn- [ N-acetylglucosamine- | -GIcNAc-OSO3;H -GIcNAc- + HOSO3” heparan sulfate mild somatic, severe CNS effects

drome (MPS 111) 6-sulfatase

Morquio  syndrome | N-acetylgalactos- -GalNAc-OSO3H -GalNAc- + HOSO3" 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- + HOSO3

dermatan sulfate

severe osseous and corneal change

Mucolipidosis VII

B-glucuronidase

-GIcUA-GalNAc-

-GIcUA + GalNAc-

dermatan sulfate

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

DiFerrante  syndrome

N-acetylglucosamine-

-GIcNAc-OSO3H

-GlcNAc- + HOSO3

heparan sulfate, keratan

various symptoms as above MPS

(MPS VIII) 6-sulfatase sulfate

Carnitine deficiency | carnitine  palmitoyl'| carnitine + acetyl- | acylcarnitine + muscle pain, myoglobinuria
transferase | (outer | CoOASH CoASH
mitochondrial mem- | acylcarnitine + | carnitine  + acetyl-
brane) and Il (inner | CoASH CoASH

mitochondrial
brane)

mem-

Long chain acyl-CoA [ acyl-CoA dehydroge- | long-, medium-, short- | Tong-, medium-, short- | FAD LCA, MCA, SCA in[vomiting, Tethargy, coma, hypoketotic

dehydrogenase, nase chain-saturated fatty | chain-unsaturated tissues, same and car- | hypoglycemia, dicarboxylic aciduria, may

Medium CAD, Short acid-CoA + FAD-pro- | fatty  acid-CoA  + boxylic acid and ester :

CAD deficiency tein FADH,-protein forms in urine be what had been dlagnqsed as Reye's-like
syndrome and sudden infant death syn-
drome

Refsum's syndrome phytanic acid hydroxy- | phytanic acid a-hydroxyphytanic phytanic acid in plasma | peripheral neuropathy, cerebellar ataxia,

lase acid and tissues retinitis pigmentosa, bone and skin

changes

Ehlers-Danlos syn- | Tysyl hydroxylase Gly-X-Lys Gly-X-hydroxyLys cu?t, ascor- autosomal recessive, microcornea, scleral

drome (Type VI, ocu- bic acid (vit perforation, retinal detachment, scoliosis

lar-scoliotic) C)

Ehlers-Danlos syn- | procollagen ami- | N-terminalprocolla- collagen autosomal recessive, articular hypermo-

drome (Type V11, arth- | nopeptidase gen bility, short stature, micrognathia

rochalasis  multiplex

congenita)

Ehlers-Danlos  syn- | Tysyl oxidase Tysine allysine CuZ* vitC Toose skin, joint hypermobility, X-Tinked

drome (Type V, Cutis

laxa)

Menkes™ disease Cu metabolism, Tysyl | Tysine allysine cu® vitC severe mental retardation, sparse, steely,

oxidase

or kinky hair
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Congenital adrenal | desmolase cholesterol pregnenolone + 1-soca- lipid in adrenal adrenal insufficiency
hyperplasias proic aldehyde dehydroepiadroster-
P450-3B-OL dehydro- | pregnenolone pregesterone one, pregnenolone, 17- | sogium loss, adrenal insufficiency, male
genase hydroxypregnenolone - | hynospadias, female mild virilism, imma-
P450-17-hydroxylase | pregnenolone 17-hydroxypreg- corticosterone,  11- | yre female, ambiguous genitalia in males,
P450-21-hydroxylase nenolone deoxycorticosterone hypertension, low potassium, alkalosis
P450-11-hydroxylase 11-deoxycortisol androgens masculinization, sodium loss, adrenal
P450-18-hydroxylase | L I-Nydroxypregester- androgens,  11-déoxy- | insufficiency
. ; ! m linization, hypertension, ium
11-deoxycorticoster- | corticosterone corticosterone | asculinization, - hypertension, - sodiu
one 085
corticosterone 18-OH-corticosterone
ALA (d-amino- | ALA dehydratase ALA porphobilinogen ALA In urine, Zn-pro- | autosomal recessive, muscle hypotonia,

levulinic acid) dehy-
dratase porphyria

toporphyrin IX (ZnPP
IX) in RBC

respiratory insufficiency

Acute intermittent
prophyria  (Swedish
porphyria, pyrrolopor-
phyria)

uroporphyrinogen
(Uro) I synthetase
porphobilinogen

(PBG) deaminase

porphobilinogen

hydroxymethylbilane
(to uroporphyrinogen
N

ALA, PBG in urine

autosomal dominant, abdominal pain,
nausea, vomiting, constipation, diarrhea,
abdominal distention, ileus, urinary
retention, incontinence, dysuria, tachy-
cardia, hypertension, motor and sensory
neuropathy, seizures

Congenital _ erythro- | Uro ITT cosynthetase | hydroxymethylbilane | uroporphyrinogen 11 Uro T, Copro I'in RBC, | autosomal recessive, photosensitivity, bul-
poletic porphyria plasma, urine lae, crusts, scar formation, sclerodermoid,
(Glinther's  disease,

congenital hematopor-
phyria, erythropoietic

hyper- and hypopigmentation, hypertri-
chosis, erythrodontia, hemolytic anemia,

uroporphyria) splenomegaly

Porphyria cutanea | Uro decarboxylase uroporphyrinogen T coporphyrinogen T'and Uro and 7-carboxyl-Por | acquired (Type I)

tarda (Type I, 11, 1), and 1l (carboxyme- | IIl  (methyl  side in plasma, urine, and | autosomal dominant (Type Il and I11)
symptomatic porphy- thyl side chains) chains) stool, isocoprophyrin | autosomal recessive

ria, porphyria cutanea
symptomatica, idio-
syncratic porphyria
hepatoerythropoietic
porphyria

(Isocopro) in stool

Zn-PP in RBC, Uro
and 7-carboxy-Por in
plasma, urine, and
stool, Isocopro in stool

photosensitivity, skin fragility, bullae,
crusts, sclerodermoid, hyper- and hypop-
igmentation, hypertrichosis

photosensitivity, bullae, crusts, scar for-

mation,  sclerodermoid, hyper- and
hypopigmentation, hypertrichosis, eryth-
rodontia, hemolytic anemia, splenome-
galy, abdominal pain, nausea, vomiting,
constipation, diarrhea, abdominal disten-
tion, ileus, urinary retention, inconti-
nence, dysuria, tachycardia, hypertension,
motor and sensory neuropathy, seizures
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phyria (Copro) oxidase

Hereditary copropor- | coproporphyrinogen

coporphyrinogen TI1

protoporphyrinogen
1X

ALA and PBG In urine,
Copro in  plasma,
urine, and stool

autosomal dominant, abdominal pain,
nausea, vomiting, constipation, diarrhea,
abdominal distention, ileus, urinary
retention, incontinence, dysuria, tachy-
cardia, hypertension, motor and sensory
neuropathy, seizures, photosensitivity,
skin fragility, bullae, crusts, scleroder-
moid, hyper- and hypopigmentation,
hypertrichosis

Variegate
(protocoproporphy-
ria, South African
genetic porphyria,
royal malady)

oxidase

porphyria | protoporphyrinogen

Proto IX

protoporphyrin TX (PP
IX)

ALA and PBG In urine,
Proto in plasma and
stool

autosomal dominant, abdominal pain,
nausea, vomiting, constipation, diarrhea,
abdominal distention, ileus, urinary
retention, incontinence, dysuria, tachy-
cardia, hypertension, motor and sensory
neuropathy, seizures, photosens-itivity,
skin fragility, bullae, crusts, scleroder-
moid, hyper- and hypopigmentation,
hypertrichosis

Erythropoietic (heredi- | ferrochelatase
tary) protoporphyria

PPTX + Fe

heme

Fe

Proto in RBC, plasma,
and stool

autosomal dominant, photosensitivity,
burning sensation, edema, erythema,
itching, scarring, vesicles
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