PORPHRYIN METABOLISM
-Planar molecule accessible at both surfaces

Distribution



- heme proteins (hemoglobin, cytochrome)-
Hemoglobin-oxygen transport by RBC

Myoglobin-oxygen uptake by muscles

Cytochromes-electron transfers during detoxification



- related proteins (corrin ring, chlorophyll)

BIOSYNTHESIS:

1. ALA synthase (induced in AIP) 
RDS in heme biosynthesis:  succinyl CoA + glycine ( ALA






explains glycine’s long lifespan in vivo





ALA Synthase regulation – tln blocked by IBP





Iron present ( IBP bound (free IRE( tln can occur





similar strategy for ferritin tln 

**loss of IBP binding can also destabilize transcripts (transferrin)**

regulation: Feedback control


hemin - inhibits heme biosynthesis (ALAS)



-activates globin translation which binds heme

Poryphyrin degradation:



RBC destruction releases lots of heme (purple)



heme ( biliverdin, bilirubin (yellow, HphB)



LIVER:  Conjugated to glucoronic acid to make hydrophilic (soluble)
bilirubin ( bilirupin diglucuoronide ( excreted in bile


2. ALA dehydratase
                           2 ALA—> PBA


3. PBG deaminase (defective: AIP-Acute Intermittent Porphyria)



   PBA( Linear tetrapyrrole

4. Uroporphyrinogen cosynthase, (defective in CEP)


5. Uroporphyrinogen decarboxylase, (defective in PCT)


    Linear tetrapyrolle( Coproporphyrinogen III (fecal)


6. Protoporphyrinogen oxidase (defective in VP)





(Protoporphyrin IX


7. Ferrochelatase (defective in EP)





Fe +2




-(     heme



hemin (Fe+3)

CLINICAL PROBLEMS- heme bios. prob lead to a toxic buildup of intermediates

ACUTE INTERMITTENT PORPHYRIA: -1 (3)


-most common, autosomol dominant, dusky urine


-PBG deaminase activity deficient + ALAS activated ( excess PBA/ALA



-neuropathy, psychosis, abdominal pain



-usually not manifest until after puberty (King George)
PORPHYRIA CUTANEA TARDA (5)


-heterogenous AD disorder in all ethnic groups



-uroporhyrinogen decarboxylase deficiency



extreme photosensitivity (blistering), hyperpigmentation, facial hair


-worsened by alcohol intake (disruption of iron metabolism) 

ERYTHROPOETIC PROTOPORPHYRIA (7)


-autosomal dominant (deficiency of ferrochelatase) 



-photosensitivity (UV activates accumulated toxic products)



-Liver failure, hepatobiliary dysfunction,anemia
JAUNDICE – hyper bilirubinemia


neonatal – increased destruction of fetal RBC’s


      UV light treatment


hepatocellular – reduced bilirubin conjugation ( cannot excrete in bile




  -due to liver diseases (alcoholism)




   -SERUM BILIRUBIN IS UNCONGUGATED (hphb)


obstructive – conjugated bilirubin cannot be excreted due to obstruction 


        -intrahepatic or outflow tract (pancreatic carcinoma)




-SERUM BILIRUBIN IS CONJUGATED (hphL)
NUCLEIC ACID METABOLISM

Pyrmidines:  (1 ring)  C
U
T  


Purines:       (2 rings)
G
A


nucleosides – ribosylated (base + 5Carbon sugar)

nucleotides – phosphorylated (nucleoside + P)
Synthesis-several pathways by  multienzyme pathways  -high activity (good chemo targets)
PURINES



Synthesis
 built UP from ribose (PRPP) = 5 phosphoribosyl 1 pyrophosphate)
1. Replace PO4 by NH2(unstable intermediate (5Pribosylamine)

2. Add more small molecules (glycine, formyl, NH)

3. Ring closure

2nd Ring (carboxylation(NH2 addition(formylation(ring closure (Nucleotide Inosinate (IMP)

AMP (adenylate)=  Add amino group at C6


GMP (guanylate) =Add amino at C2

       *energy needed to make AMP from GTP and vice versa (thus balanced concentrations)*
       *Later steps inhibited by IMP, AMP, and GMP(Fine tuning)



salvage:  base removed and added to new ribose by HGPRT






no HGPRT ( LESCH-NYHAN SYNDROME

Pyrimidines –
Synthesis

-Formation of free base, then attach to PREP
 1. Carbamoyl Phosphate +  Asparatate ( Orate (free base) three enzyme act on same pp chain
 2. Orate attached to PRPP (UMP

 3.Kinases ( UDP/UTP

Cytidine triphosphate (animation of UTP)
Conversion of ribonucleotides to deoxyribonucleotides (no reconversion b/c RNA less stable)
dNTP’s made from NTP’s



ribonucleotide reductase removes 2’ OH



-mediated by by FADH2 and NADPH
Deoxythymidylate (dTMP)

dTMP – from methylation of dUMP



Methyl comes from methylene THF, leaving dihydrofolate




catalayzed by Thymidylate Synthetase

5-FlouroUracil binds this irreversibly



Dihydrofolate needs dihydrofoalte reductase to become THF again



ANTIFOLS – inhibit dihydrofolate reductase ( inhibit DNA synth
Purine Degradation
-deamination to IMP followed by cleavage or ribose phosphate
AD = Adenosine Deaminase

XO=xanthine oxidase


  AD



     XO        
    XO

    AMP   (     IMP  ( Hypoxanthine    (  Xanthine   ( Urate              
-high concentration of uric acid in human plasma gives us longer life expectancies 

-urate production ( antioxidant ( longer life

too much urate ( GOUT (crystallization in joints and renal tissue)



  -diet and genetically increased biosynthesis
treatment:  ALLOPURINOL – purine analog that lowers uric plasma levels
                 * inhibits xanthine oxidase (involved in degradation pathway)

     prophylactic for cancer treatment, since tumor lysis releases a lot of nucleic acids
CLINICAL (Elion and Hitchings won noble for agents to interfere with nuc met path.
1. Cancer Chemotherapy 

    -1. nucleotide analogs or inhibitors of metabolism

    -induce clinical setting like folic acid deficiency (macrocytic anemia glossitis)
5 florouracil

       -pyrimidine analog converted to FdUMP and is a suicide inhibitor for thymidylate synthetase
      Methotrexate (MTX)  also good for psoriasis


-analog of dihydrofolate and binds to dihydrofolate reductase

-inhibits dTMP biosynthesis
  *Increase antitumor effect by giving lethal doses of MTX followd by reduced folate* Why?????
2.  Anitvirals


Acyclovir – GTP competitor in virus infected cells (ex: cold sores) 

· purine analog with non cyclic sugar must be phosp to be active

· DNA viruses encode thymidine kinases

AZT
- inhibits Reverse Transcriptase (anti-HIV)

3.  Lesch Nyhan Syndrome
    - mental retardation, selfdestructive, high uric acid, motor dysfunction

    -HGPRT (hypoxanthine-guanine phosphoribosyl transferase) deficiency on X chrom

                    -salvage pathway of xanithine and guanine (rich in neural tissues)

See slide selection of hybrids????
Monoclonal antibodies


myeloma cells (HGPRT deficient) won’t grow in HAT (antifol containing)


lymphocytes won’t proliferate (but do contain HGPRT)


fusion hybrids will grow in HAT (deficient in HGPRT and TK)

-isolate monoclones which will secree uniform population of immunoglobulin

Adenosine Deaminase (ADA) Deficiency 

cannot degrade purines ( immunodeficiency


marrow transplants can cure this (gene therapy)


bubble boy

