Genetics

Lec. #7

Inborn Error Of Metabolism
-These disorders depend on the metabolic activity of the chemicals we ingest.

-Generally, they are autosomal recessive, others are x-linked or autosomal dominant.

-single gene inheritance.

-Clinical pic of these diseases: they are v. much influenced by the environment and other epigenetic characteristics.

- IEM: are a large group of hereditary biochemical diseases in which specific gene mutation cause abnormal or missing proteins that lead to alter function.

Central Dogma of Genetics
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Info comes from DNA which can replicate and duplicate itself. Then DNA transcription to produce mRNA which is translated into amino acids that produce proteins.

Sometimes we have reverse transcription condition.
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Each step in protein synthesis there is a gene controlling that step.

e.g: we have compound 1 (protein 1), to be degraded into peptides it needs enzyme 1 which is controlled by gene 1, and these peptides should be degraded into a.a ……….
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The general metabolic pathway of the body:

Nutrition contains protein, glycogen and lipids.  

Proteins end to be ammonia which enters the urea cycle to be secreted as urea. Also, proteins are degraded inti a.a that converted into organic acids.
*follow the pathways of glycogen and lipid as mentioned in the slide.

All will end in Kreb's cycle that produces energy.
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The normal pathway ends by the product c, but if the enzyme that converts b to c is missing, then an alternative pathway will produce d  which is not a normal product that could be toxic or causes storage diseases if accumulated.
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 IEM are usually Autosomal recessive, so consanguinity marriage causes the accumulation of these diseases bcoz of concentrating the gene within the family.
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IEM diseases are classified into:

1. Small molecule disease ( containing Carbohydrate, Protein, Lipid, Nucleic Acids).

2. found within the organelles (Lysosomes, Mitochondria, Peroxisomes, Cytoplasm )

*Read slides 14,15

*the disorders of a.a are autosomal recessive.

*since now, I'm gonna mention the extra notes in each slide.

PHENYLKETONURIA (PKU)
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· caused by the accumulation of Phenyl Alanine (PA)
· deficiency of PA hydroxylase enzyme

· treatment: giving the infant food without PA, so the early diagnosis helps the patient to live normal, by the screening test of the newborn.
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The dietary protein taken contains PA, and a deficiency of PA hydroxylase enzyme, so PA won't be degraded into Tyrosine. PA will be accumulated –mainly in the brain so mental retardation happens. 

Others disorders in the same cycle –related to tyrosine which is important in melanin production- :

1. deficiency in Tyrosinase: tyrosine accumulation, no melanin production, so Albinism will develop.

2. Tyrosinosis : accumulation of the Homogentisic acid, yielding to Alkaptonuria .
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-PAH Deficient : treatable

-Non-PAH Deficient : not treatable –its 2 types.
Slide 19

Diagnostic Criteria

1. by measuring PA in the urine: -Normal: 120 – 360 umol/L

· Mild:  600 – 1200 umol/L                                             

· Classical:  > 1200 umol/L
2. Guthrie Bacterial Inhibition Assay : it's the screening test, done by using certain bacteria dependant on PA. we put this bacteria on a medium empty from PA so it won't grow. Then we put a drop of the patients blood on a disk then it's applied on the medium, now, if the bac grow, he is a PKU patient.

· this test can be used with any metabolit.
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There are around 30 different exons responsible for PKU.  

When the screening test is applied in Jordan, we found there many patients of PKU.

ALKAPTONURIA
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-the patients have fatty black depositions in their ears, face and eyes.
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Deficiency of  homogentisic acid oxidase , so accumulation of alkaptonuria (black in color).
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The patient urine color initially is normal then it converts to black after it's exposed to O2.

** the dr's note about the slide:

 The urine of normal patients (left) and those with alkaptonuria (right). The accumulation of homogentisic acid – an intermediate in the catabolic pathway of the aromatic amino acids phenylalanine and tyrosine - in the urine of alkaptonuria patients is observed on standing (or under alkaline conditions) when its oxidation leads to a brownish black pigment characteristic of the disease. Discolouration of urine on standing is diagnostic of the disorder along with noticing  persistent, painless bluish darkening of the outer ears, nose, and whites of the eyes. Longer term, arthritis and premature degeneration of joints occurs in many patients.
HOMOCYSTINURIA
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Diagnosis : add cyanide nitroprusside to the urine, then it becomes black.
Branched Chain Amino Acids

They are Valine, Leucine, Isoleuchin

- the branching btw these a.a are prevented by (-ketoacid decarboylase enzyme deficiency.
MAPLE SYRUP URINE DISEASE (MSUD)

· the urine smell is like the maple drink.

· The patients die at early ages.
UREA CYCLE DISORDERS
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Finally, proteins will interfere with the production of urea which is Normally excreted, but sometimes a problem might be found after ammonia. When ammonia enters the cycle, there are 5 enzymes to produce urea, all of them are AR except one, x-linked. (refer to the slide to read them)
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· hypoglycemia may be found

· protein-reduced meals.

· BUN (blood urea nitrogen) 

DISORDERS OF Carbon-Hydrate METABOLISM
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*CH is a source of energy

GALACTOSEMIA :- galactose is accumulated and glucose is not produce from it.

                                  - if we want to look for genetic problems, we look for the gene of  galactose1- phosphate uridyl trensferase enzyme in the blood cells. 

Arabs in general have lactose metabolism problems.
GLYCOGEN STORAE DISORDERS 

-mostly found in organs need high amounts of energy.
Lipid Metabolism

· lipids are found in the biological membranes and as hormone precursors.
· Fatty acids (FA) are the main molecules of these lipids.

· 3 types of FA : short, medium and long chains.
Fatty Acid Oxidation Defects
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-The defect mainly from the mitochondrial enzyme acyl-CoA Dehydrogenase
- FA start their synthesis in the cytoplasm then transported to the mitochondria.

-Diagnosis : 1. looking for the enzyme in WBCs
                     2. skin biopsy => tissue culture => looking for the deficient enzyme in the fibroblast.

                     3. DNA test to look for the gene, easier.

                     * this enzyme doesn't circulate in the serum.
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The dr said that we have to know :  1. GM1 Gangliosidosis

                                                          2. GM2 Tay –Sach

                                                          3. Gaucher’s disease

                                                          4. Metachromatic   Leukodystrophy( common in Jordan)

FAMILIAL HYPERCHOLESTERIMIA 

· deficiency in LDL receptors 
· low receptors => can't bind to cholesterol to enter the cell.

· Autosomal dominant.

· The patients die at early age by sudden heart attack and MI.

· The patient has 2 alleles deficient so he will have no receptors, but if he has  one allele deficient he will have 50% of the receptors and will survive longer.
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The abnormality occurs at different stages :

1. at the synthesis : no LDL receptors are synthesized 
2. the receptor can't be transported from ER to the golgi apparatus 

3. the receptor can't bind to the cell membrane

4. the receptors can't bind to the LDL and cluster => no vesicle (endosome) formed to enter the cell.

5. the endosome can't be recycled.

LYSOSOMAL STORAGE DISEASE

-most chemicals and metabolites must go to lysosomes to be degraded by the proteolytic enzymes
- deficiency in one of these enzymes => no degradation of its substance and it will be stored in the lysosomes.

· can be classified into 4 groups : 
1. Glycosaminoglycans (MPS)

2.  Sphingolipids



3.  Glycoproteins



4.  Glycolipids
Tay-Sachs Disease 
- GM2 ganglioside accumulates in the lysosomes => Neurodegeneration

- red spots in the retina
** the dr said that the rest diseases are not important, but I wrote what said in the lec.
Peroxisomal Disorders : - related to mitochondria

· long chain FA accumulation

· e.g Zellweger Syndrome, Cerebro-hepato-renal syndrome
· mental retardation

Optimal Path to Diagnosis

We can look for the enzyme or for the gene

*read slide 57

MANAGEMENT OF IEM

Establish diagnosis : if a disease presents in a certain family, a carrier testing should be done for counseling purposes 
1. Establish diagnosis.

2. Carrier testing.

3. Pedigree analysis, risk counseling.

4. Consideration of Prenatal diagnosis for pregnancies at risk.
MEDICAL

1. Dietary or vitamin therapy.

2. Drug therapy: there is no drug for any of these diseases except if it was replacement therapy –providing the deficient enzyme.
3. BMT: bone marrow transplantation.
4. Avoid known environmental triggers.

5. Surgery : if there is anatomical abnormality.
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