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Characteristics of some inborn errors of metabolism (AR and AD = autosomal recessive or dominant.
XR and XD = X-linked recessive or dominant)

Homocystinuria
Maple syrup urine discase
Phenylketonuria

Amino acid transport
Cystinuta

Ureu cycle disorders
Omithine transcarbamylase
deficiency

Carbohydrate metabolism
Galactosaemia

Glycagen storage diseases
McArdle’s disease
Pompe’s disease

Stervid metabolism
Congenital adrenal hyperplasia

Testicular feminization

Lipoprotein metabolism
Familial hypercholesterolacmia

Lysosamal storage diseases
Mucopolysaccharidoses
Hunter’s syndrome

Hurler's syndrome
Sphingolipidoses
Tay-Sachs disease

Gaucher's disease

Pucine / pyrimidine metabolism
Lesch-Nyhan disease

AR

AR

AR

AR

XD

AR

AR
AR

AR

XR

AD

XR

AR

AR
AR

XR

Cystathione B-synthetase
branched chain alpha-ketoacid

decarboxylase
phenylalanine hydroxylase

renal transpon defect of
cystine

omithine carbamy! transferase

Galactose-1-phosphate uridyl
transferase

muscle phosphorylase

lysosomal a-1,4 glucosidase

21-hydroxylase,
L1 B-hydroxylase,
3 B-dehydrogenase

androgen binding protein

low-density lipoprotein receptor

sulphoiduronate suiphatase

iduronidase

Hexosaminidasc-A
P-glucosidase

hypoxanthine guanine
phosphoribosyl transferase

Type of defect Genetics Deficient enzyme Main clinical features
nino acrd metabolism
Oculocutaneous albinism AR tyrosinase lack of skin and pigment, eye defects
Alkaptonuria AR homogentisic acid oxidase arthritis

mental retardation, dislocation of lens,
thrombosis; skeletal abnormalities
mental retardation

mental retardation, fair skin, eczema,
cpilepsy

kidncy stones

hyperammonaemia, death in early
infancy

cataracts, mental retardation, cirrhosis

muscle cramps
heant failure, muscle weakness

virilisation, salt-loss

female external genitalia, male internal genitalia,
tnale chromosomes

early coronary artery disease

mental retardation, skeletal abnormalities,
hepatosplenomegaly

as Hunter’s syndrome, plus comeal
clouding

mental retardation, blindness, deafness

joint and limb pains, splenomegaly

mental retardation, uncontrolled
movements, self-mutilation




ST TN Headaces™
Hepatic porphyrias
Acute intermittent AD uroporphyrinogen Abdominal pain, CNS effects
Porphyria (AIP) ! synthetase
Hereditary coproporphyria AD coproporphyrinogen oxidase as for AIP, photosensitivity
Prophyria variegata AD ? Photosensitivity, as for AP
Evthropoietic porphyrias
Congenital erythropoietic AR 2 haemolytic anaemia, photosensitivity
prophyria
Organic acid disorders
Methylmalonic acidaemia AR methylmalonyl-CoA mutase hypotonia, poor feeding, developmental
delay’
Propionic acidaemia AR propionyl-CoA carboxy!ase poor feeding, failure to thrive, vomiting,
acidosis, hypoglycacmia
Copper metabolism
Wilson’s disease AR / spasticity, ngidity, dysphagia, cirrhosis
Menkes’ disease XR 9 failure to thrive, neurological
detenoration
Thyroid hornone blosynthesis
Congenital hypothyroidism AR dehalogenase, peroxidase mental retardation
(dyshormonogenesis)
Peroxisomal disorders
Zellweger's syndrome AR all peroxisomal enzymes dysmorphic featurcs, hypotonia, farge
liver, renal cysts
Adrenoleukodystirophy XR very long chain fatty acid-CoA | mental deterioration, fits, behavioural changes,
synthetase adrenal failure
Miscellaneous
al-antitrypsin deficiency AR ol -antitrypsin Pulmonary emphysema, liver cirrhosis
Hereditary angioneurotic oedema AD C1 inhibitor recurrent swelling of skin, throat, gut
Vitamin D-resistant rickets XD renal defect of phosphate rickets
reabsorption
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Some Enzymes Present in Lysosomes

Enzyme Substrate

Proteases and peptidases

Cathepsin A, B,C,Dand E Various proteins and peptides
Collagenase Collagen
Arylamidase Amino acid arylamides
Peptidase Peptides

Nucleases
Acid ribonuclease RNA
Acid deoxyribonuclease DNA

Phosphatases
Acid phosphatase Phosphate monoesters
Phosphodiesterase Oligonucleotides, phosphodiesters
Phosphatidic acid phosphatase Phosphatidic acids

Enzymes acting on carbohydrate chains of

glycoproteins and glycolipids

Beta-galactosidase Beta-galactosides
Acetylhexosaminidase Acetylhexosaminides, hepartn sulfate
Beta-glucosidase Beta-glucosides

Alpha-glucosidase Glycogen

Alpha-mannosidase Alpha-mannosides

Sialidase Sialic acid derivatives

Enzymes acting on glycosaminogiycans

Lysozyme Mucopolysaccharides, bacterial cell walls
Hyaluronidase Hyaluronic acid, chondroitin sulfates
Beta-glucuronidase Polysaccharides, mucopolysaccharides
Arylsulfatase, A, B Arylsulfates, cerebroside sulfates, chondroitin sulfate

Enzymes acting on lipids

Phospholipase Lecithin, phosphatidy! ethanolamine
Esterase Fatty acid esters
Sphingomyelinase Spingomyelin
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STORAGE DISEASES CAUSED BY A LACK OF A

LYSOSOMAL ENZYME

Disease

Major Polysaccharide or
Sphingolipid Accumulated

Enzyme Defect

Type 11 glycogenosis (Pompe’s disease)

Glycogen

a-Glucosidase

Gaucher’s disease

Ceramide glucoside (glucocerebroside)

B-Glucosidase

Niemann-Pick disease

Sphingomyelin

Sphingomyelinase

Krabbe's disease

Ceramide galactoside
(gzalactocerebroside)

f3-Galactosidase

Metachromatic leukodystrophy

Ceramide galactose-3-sulphate
(sulphatide)

Sulphatidase

Ceramide lactoside

Ceramide lactoside

B-Galactosidase

Fabry's disease

Ceramide trihexoside

a-Galactosidase

Tay-Sachs disease

Ganglioside GM,

Hexosaminidase A

Tay-Sachs disease variant

Globoside (plus ganglioside GM,)

All hexosaminidases

Generalized gangliosidosis Ganglioside GM,

B-Galactosidase

cGaucher s disease yis g~ ya ya
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CH, | Glucocerebrosidase | CH,

i i
HC NH ¥ O yt HC NH
) )

T G Glucose

Glucocerebroside Ceramide

The enzyme deficiency in Gaucher’s disease prevents the hydrolysis of glucocerebroside
to glucose and ceramide.
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Numerical system for nomenclature of blood clotting factors

Factor Name
i Fibrinogen
|1 Prothrombin
1 Thromboplastin .
v Calcium
Vv Labile factor, proaccelerin, accelerator (Ac-) glcbulin
Vil Proconvertin, serum prothrombin conversion accelerator (SPCA), cothromboplastin,
autoprothrombin 1
Vil Arntihemophilic factor, antihemophilic globulin {AHG)
IX Plasma thromboplastin component (PTC) (Christmas factor)
X Stuart-Prower factor
Xl Plasma thromboplastin antecedent (PTA)
XIi Hageman factor '
XN Laki-Lorand factor (LLF)
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Triplet Repeat Disorders

- mRNA NI:::br::.o p Disease
Disease Repect Copies Number of Copies | Symptoms
Fragile X syndrome CGG or 650 200-2,000 Mental retardation, large testicles,
CCG long face

Friedreich ataxia GAA 629 200-900 Loss of coordination and certain
reflexes, spine curvature, knee and
ankle jerks

Haw River syndrome | CAG 725 4975 Loss of coordination, uncontroliable
movements, dementia

Huntington disease CAG 10-34 40--121 Personality changes, uncontroliable
movements

Jacobsen syndrome CGG tH 160--1,000 Poor growth, abnormal face, slow
movement

Myotonic dystrophy | CTG 537 80—-1.000 Progressive muscle weakness; heart,

type | brain, and hormonc abnormalities

Myotonic dystrophy | CCTG <10 >100 Progressive muscle weakness; heart

type I1 brain, and hormone abnormalities

Spinal and bulbar CAG 1432 40-55 Muscle weakness and wasting in

muscular atrophy adulthood

Spinocerebellar CAG 4-44 40—130 Loss of coordination

ataxia (5 types)
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Representative Oncogenes of Human Tumours

Oncogene Type of cancer Activation mechanism
ab! Chronic myelogenous leukernia, Translocation
acute lymphocytic leukemia
bel-2 Fotlicular B-cell lymphoma Translocation
E24/ pbxi Acute lymphocytic leukemia Translocation
erbB-2 Breast and ovarian carcinomas Amplification
gip Ademnal cortical and ovarian carcinomas Point mutation
gli Glioblastoma Amplification
gsp Pituitary and thyroid tumours Point mutation
hox-11 Acute T-cell leukemia Translocation
vl Acute T-cell leukemia Translocation
c-myc Burkitt’s tymphoma Translocation
c-myc Breast and lung carcinomas Amplification
L-myc Lung carcinoma Amplification
N-mye Neuroblastoma, lung carcinoma Amplification
PML/RARx Acute promyelocytic leukemia Translocation
PRAD! Parathyroid adenoma Translocation
PRADI Breast carcinoma Amplification
rasH Thyroid carcinoma Point mutation
rasK Colon, lung pancreatic, and thyroid carcinomas Point mutation
rasN Acute myelogenous and lymphocytic Point mutation
leukemias, thyroid carcinoma
ret Thyroid carcinoma DNA rearrangeinent
)




Some malignancies associated with specific chromosomal rearrangements.

chromosomal rearrangements

Disease

del (1) (p32-36)
t(1:3) (p36:q21)
del (1) (p12—p22)
t(1;19) (q23;p13.3)
Y2;8) (p12;924)
t(2:11) (p21;923)
del(3) (pl4;p23)
1(3;8) (p21:912)
t(4;11) (p21;923)
1(5p}

1(6p)

1(6;9) (p23;q24)
t(6;14) (q21;924)
del(7) (q22;q936)
t(8,14) (p24.1;q32.3)
t(8;21) (q22;922)
(8:22) (q24:q11)
1(9;11) {p21,923)
£(9:22) (p34;q1l)
del(11) {p13)
t(11:17) (q23;q9295)
®(11;19) (q23;p13)
1(11,22) (q24,q12)
i{12p)

del(12) (pl1—p!3)
del(13) (ql4.1)
1(14;18) (q32.3;q21.3)
inv{14){(ql1;q32)
del(14) (q22;q24)
1{15;17) (q22:q21)
inv(16) (p13;q22)
del(16) (q22)
i(17q)

del{20) (ql1)
del(22) (g11)

Neuroblastoma -

Acute non-lymphocytic leukaemia (ANLL)
Malignant melanoma

Acute lymphatic leukaemia (ALL)
Burkitt lymphoma (BL)

ANLL, myelodysplasia (MD)
Bronchial carcinoma

Mixed tumour of parotid

ALL

Bladder carcinoma

Malignant melanoma, retinoblastoma
ANLL

Ovarian carcinoma

ANLL, MD

BL,ALL-L3

ANLL-M2

BL,ALL-L3

ANLL-M4, ANLL-M5

Chronic myeloid leukaemia (CML), ALL, ANLL
Wilms tumour

ANLL-M4, ANLL-MS

ANLL

Ewing sarcoma

Testicular carcinoma

ANLL

Retinoblastoma

Malignant lymphoma (ML)

T-cell chronic tymphocytic leukaemia (CLL)
B-cell CLL

ANLL-M3

ANLL-M4EQO

ANLL-M4EO

CML, ANLL, ML

Polycythaemia vera, MD, ANLL
Meningioma, glioma

del = deletion
t = translocation

i = isochromosome
Inv = inversion
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Classification of DNA viruses and their diseases

Family Viruses Diseases
Poxviruses variola smallpox,
molluscum molluscun
contagiosum
Herpesviruses herpes simplex herpes,
varicella-zoster chickempox,
shingles
cytomegalovirus infection in the
immunocopromised
EB virus infectious
mononucleosis
HHV6 cxanthema subitum
adenoviruses
Adenoviruses sore throat,
conjunctivitis
Hepadnaviruses hepatitis B hepatitis
Papovaviruses papilloma warts,
IC virus progressive multitocal
leucoencephalopathy
Parvoviruses B19 ervthema infectiosum,
haemolytic crises




Classification of RNA viruses and their diseases

Family Viruses Diseases
Orthomyxoviruses influenza influenza
Paramyxoviruses Parainfluenza, respiratory infection
Respiratory syncytial
Measles Measles
mumps mumps
Coronaviruses coronavirus respiratory infection
Rhabdoviruses rabies rabies
Picornaviruses enteroviruses Meningitis, paralysis
rhinoviruses colds
hepatitis A hepatitis
Caliciviruses Norwalk virus _gastroenteritis
Togaviruses Alphaviruses (Group A encephalitis and
arboviruses) | haemorrhagic fevers
rubivirus rubella
Flaviviruses Flaviviruses (Group B encephalitis and
arboviruses) | haemorrhagic fevers
Bunyaviruses some arboviruses encephalitis and
haemorrhagic fevers
hantavirus fever, renal involvement
Reoviruses rotavirus ' gastroenteritis
Arenaviruses lymphocytic Meningitis
choriomeningitis,
Junin, Machupo viruses, } haemorrhagic fevers
Lassa virus
Retroviruses HTLV 1, 1] T-cell leukaemia-
lymphoma, paresis
HIV-1, 2 AIDS
Filoviruses Marburg virus Marburg disease
Ebola virus Ebola haemorrhagic fever
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Some transforming retroviruses, the species affected, the tumour formed and the oncogene responsible

Virus Species Virus induced tumour | Oncogene
Rous sarcoma Chicken Sarcoina s$re
Avian Chicken erythroleukaemia erb-B
erythroblastosis
Avian myeloblastosis Chicken Myeloblastic leukaemia | myh
Avian myelocytomatosis | Chicken Myelocytoma, sarcoma | myc
Abelson leukaemia Mouse Pre-B cell leukaemia ubl
EBJ murine osteosarcoma | Mouse osteosarcoma fos
Moloney murine sarcoma | Mouse sarcoma mos
Harvey murine sarcoma Rat sarcoma Ha-ras
| Kirsten murine sarcoma Rat sdarcoma Ki-ras
Simian garcoma Monkey sarcoma six
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Human DNA viruses implicated in carcinogenesis

Virus family Type Tumour
Papova Papilloma Warts (plantar & genital), urogenital
(HPV) cancers {cervical, vulvar & penile). skin
cancer
Herpes Epstein-Barr Burkitt’s lymphoma, nasopharyngeal
(EBV) carcinoma, lymphomas in
immunocompromised hosts
Cytomegalovirus Kaposi's sarcoma
(CMV)
Hepadna Hepatitis B (HBV) Hepatocellular carcinoma
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Oncogenic retroviruses, their hosts and associated tumours

Host Virus Tumour/disease
Chickens Rous sarcoma virus Sarcoma

Avian leukosis virus Avian leukaemia
Mice Murine sarcomna virus Sarcoma

Murine leukaemia virus Leukaemia

Mouse mammary tumour virus Breast cancer
Primates Simian sarcoma virus Sarcoma

Gibbon ape leukaemia virus leukaemia
Humans Human T-ccll T-cell leukaemia

lymphotrophic viruses (HLTV)

Human inmunodeficiency Kaposi’s sarcoma

Virus type | (HIV-1)
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Ecogenetics : genetic varation in susceptiblity to environmental agents

Environmental agent Genetic susceptibility Disease

UV light fair complexion skin cancer

Drugs

Foods
fats hypercholesterolaemia atherosclerosis
fava beans G6PD deficiency favisin
gluten gluten sensitivity coeliac disease
salt Na-K puinp defective hypertension
milk lactase deficiency lactose intolerance
alcohol atypical ADH alcoholism
oxalates hyperoxaluria renal stones
fortified flour haemochromatosis iron overload

Inhalants
dust o l-antitrypsin deficiency emphysema
smoking AHH inducibility lung cancer
Allergens atopy asthma

Infections

defective fmmunity

digbetes mellius?

spondyitis?
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Collagen Disorders

Disorder Defect Signs and Symptoms

Alport syndrome Mutation in type 1V collagen interferes with tissue | Deafhess and inflamed kidneys
boundaries

Aoriic aneurysm Missense mutationsubsituteswrg for g/ in alphal gencf Aorta bursts

Chondrodysplasia Dcletion. insertion, or missensc mutation replaces | Stunted growth, defonmed joints
gl with bulky amino acids

Dystrophic epidermoiysis Collagen fibrils that attach epidermis to dermis Skin blisters on any touch

bullosa break down :

Ehlers-Danlos syndrome Missense mutations replace gly with bulky amino Stretchy, easily scarved skin, lax joints

acids: delctions or missense mutations disrupt
intron/cxon splicing

Osteoarthritis Missensc mutation substitutes cys for arg in alpha Painful joints
| gene
Osteogenesis imperfecta type ! | Inactivation of a allele reduces collagen triple Easily broken bones; blue cye whites:
helices by 50% deafness
Stickler syndrome Nonsense muatation in procollagen Joint pain, degeneration of vitreous gel and
retina
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Ethnic associations witlh autosomal recessive diseases

Disease Ethnic group(s)

Beta-thalassaemia Cypriots. Greeks, ltalians, Thais, Indians,
Chinese. Turkish, U.S. blacks

Sickle cell disease African blacks. Arabs. West Indians

Tay-Sachs disease Ashkenazi Jews

Gaucher disease Ashkenazi Jews

Bloom syndroine Ashkenazi Jews

Adrenogenital syndrome Eskimos

Severe combined immunodeficiency | Apache Indians

Cystic hibrosis Caucasiany
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Estimates of beta-thalassaemia heterozygote frequency in various ethnic groups

Ethnic group Carrier frequency
Cypriots 176

Greeks ' 1114

ltalians 1710 - 1/50

Indians 1/6 - 1/50

Turkish 1/50

Thais 1/10 - 1/50

Chinese 1/50

U.S. blacks 1/70
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Ethnic variations in some pharmacogenetic disorders

Disorder Ethnic group (%) Frequency
Slow acetylation Europeans 50
‘ Orientals 10

Pseudocholinesterase variants Europeans <]
Eskimos 1-2

G6PD deficiency N-Europeans 0
S-Europeans <25

Hypolactasia Europeans <20
Asians 100

Atypical ADH Europeans 5
Orientals KS
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Negrillo

Bushmaun

Negro

Banitu

Negrito

Melanesian and Pupuan
Nigratian

Australian

Dravidian

Eskimo

Ugrian

Lapp

North American Indian

Central and South American Indian
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Patagonian

Turko

Tatar

Northern Mongul
Southeastern Asiatic
Alnu

Polynesian and Micronesian
Hindu

Arab

East African
Mediterranean

Alpine

Northeastern European

Northwestern European

Qaad

VYA



