Molecules & Cells IV

Enzymes and Nutrition

Many nutritional factors are associated with the active site of metabolic enzymes and participate directly in the catalytic event
Role of metals in enzymology

1. Bind substrate (i.e. Mg-ATP)

2. Transfer electrons (Cytochrome oxidase)

3. Withdraw electrons (Carbonic anhydrase and Zn)

4. Maintain enzyme conformation

Examples:
· Zinc: Carbonic anhydrase, RNA Polymerase, Alcohol dehydrogenase, Carboxypeptidase, Gustin (taste)
· Copper: Cytochrome oxidase, lysl oxidase, Ferrooxidase, Dopamine oxidase

Vitamin C = ascorbic acid

Almost every pathway requires cofactors (organic molecule or metal)

Cofactor – general term, includes coenzyme

Coenzyme, Prosthetic group = Vitamin B analog

Apoenzyme – enzyme w/out cofactor

The degree to which a metal is required in diet, reflects how many enzymes need it

K, Ca, and Na are not generally needed in enzymes, only in cell membrane physiology

Mg – very important ion

Acrodermititus enteropathia

Wilson’s disease – brownish ring around cornea

Menke’s disease – Cu translocating ATPase

Vitamin B Family (Prosthetic group)

Water Soluble 

· Niacin (nicotinic acid)
· Dehydrogenation

· Taken in as nicotinic acid, converted to nicotinamide

· Then added to make NAD+ and NADP+
· Pellagra: dermatitis, diarrhea, dementia, death

· Very rare, niacin is abundant

· Riboflavin (FMN, FAD)
· Dehydrogenation

· ADP (FAD) is added to ribose or Phosphate (FMN) is added 

· Covalently binds to enzyme

· Riboflavin is abundant, deficiency is rare

· Deficiencies cause mouth sores

· Thiamin (Vitamin B1)

· Works with one-carbon unit (decarboxylation)

· After entering body, reacts with phosphate moiety to allow enzyme binding

· Disease: Bary bary – skin is easily indented 
· Heat-sensitive molecule

· Biotin (Vitamin B7)

· Binds with lysine residues

· Involved in carboxylations (one-carbon unit)

· Deficiency is rare

· Folic Acid 

· Found only in plants

· Several types of one-carbon unit transfers: methyl, methylene, methenyl

· Active form: tetrahydrofolic acid (FH4)

· Deficiency: anemia

· Vitamin B12

· Cobalamine = active form

· Functions

· Hydride shifts

· Methyl transfer

· Deficiency: anemia

· Failure to absorb B12 results in pernicious anemia
· Pyridoxine (P Vitamin)

· Several active forms, most common: pyridoxal phosphate
· Involved in trans-amination reactions (urea cycle)

· Pantothenic Acid

· Involved in synthesizing Acetyl-CoA

· Very important

· Deficiency: burning-feet syndrome

Major Role of Mitochondria
ATP Synthesis

High energy bond synsthesis deltaG = -7.5 kcal/mole

Nucleoside diphosphate kinase: takes ATP and makes GTP, CTP, UTP, or dNTP’s for DNA synthesis

Oxidative Phosphorylation must have:

1. Electron transport

2. Energy conservation (proton gradient)

3. Ion transport (ADP/ATP antiport)

4. Dehydration of ADP and P

Electron transport takes place in the mitochondrial inner membrane
Three membrane complexes

Complex I – FMN and FeS (pumps protons across); will take electrons from NADH
Complex II –coenzyme Q

Complex III  - Cyt b/FeS (pumps protons across); will take electrons from succinate
Complex IV – Cyt aa (pumps protons across); will take electrons from Vitamin C (ascorbate)
Inhibitors and sites of action
· Rotenone ( Complex I

· Antimycin ( Complex III 

· Cyanide ( Complex IV

Mechanism of proton movement across membrane is unknown

Mitochondria is regulated by presence/absence of ADP

P/O (ATP)/O = 3 ATP’s made for any oxidizable substrate added to electron transport chain

ATP Synthesis by Oxidative Phosphorylation

NADH cannot penetrate mitochondrial membrane at .25M sucrose

When lower sucrose concentration, NADH penetrates

Chemical Coupling Hypothesis (wrong): thought that there was a high-energy chemical intermediate that conserved high energy bond

ATP synthase has α, β, and γ subunits that form a motor

Chemiosmotic Hypothesis

· No intermediate high-energy compound

· Ion gradient (proton) drives process

· Oxygen pulse experiment

· Dinitrophenol – uncouples oxidative phosphorylation

General Principles
· Generates electrochemical gradient that drives production of ATP

· Presence of ADP regulated ATP synthase activity

· In one human body, there are more ATP synthase motors than car motors in the world

Most genetic diseases are caused by mutations in complex I

Hormonal Regulation of Blood Glucose Concentration

Basics

Glucose is primary fuel for brain, RBC

Normal blood glucose is 70-120 mg/dL (problems arise for <50 mg/dL ( coma/death)

High blood glucose ( dehydration, wasting of body tissues

Regulation of [glucose] requires coordination of

· Glucose sensing

· Uptake 

· Storage

· Synthesis

Tissues involved in this regulation:

· Adipose tissue

· Striated muscles

· Liver

GLUT4 Transporter – insulin-stimulated found in striated muscle, kidney, fat tissue

Glycolysis – breakdown of 6-C to 3-C (glucose to 2 pyruvate) with net ATP of 4 (aerobic) or 2 lactate with 2 ATP (anaerobic).  Stimulated by insulin; inhibition: epi and glucagon

Glycogenesis – synthesis of glycogen (primarily in kidney and muscle).  Stimulation: insulin
Glycogenolysis – Glycogen catabolism into Glu-6-P units, which can be released into blood by liver and kidney via Glu-6-phosphotase

Gluconeogenesis – synthesis of glucose from lactate, glycerol, pyruvate, amino acids in liver and kidney.  Stimulation: glucagon and epi
Lipogenesis – conversion of glucose into fat in liver, adipose tissue

Lipolysis – breakdown of fat into glucose.  Stimulation: epi

Hormones: glucagon, insulin, epi, glucocorticoids 

4 hr. after meal

Lower insulin/glucagon ratio

Glucagon reverses glycogen storage

Liver glycogen buffers blood [glucose]

Neurons have a glucose transporter with very high affinity for glucose, sucks blood free of glucose

24 hr. after meal

Gluconeogenesis from amino acids

Prolonged starvation
Energy is drawn from fat, not from muscle tissue as much

Diabetes

Type I (juvenile, IDDM): insulin-producing cells of pancreas are destroyed
Type II (non-insulin dependent): insulin is there but it is not “sensed”

Symptoms: dehydration (osmosis), unexpected weight loss, lethargy, blurred vision, glycosylation of proteins (retina, nerve)

Tests:

1. Fasting glucose: <100 is normal; >125 is diabetes

2. Oral glucose tolerance test: measure blood level 2hr after glucose (should come down if normal)

Cortisol

Distinct cell types in pancreas make insulin and glucagon

1. Glucose sensing mechanism

2. Glucose enters β cells of pancreas via GLUT2 and is “trapped” as G6P by hexokinase 

3. G6P is metabolized by glycolysis, producing ATP

4. ATP down-regulated K+ flux, leading to depolarization

5. Ca2+ enters cytoplasm from ER and EC environment 

6. Calcium triggers fusion of insulin-containing vesicles with plasma membrane

Epinephrine and glucagon signal changes in blood glucose via cAMP pathway

cAMP pathway that 

PKA = protein kinase A

Consensus recognition sequence – neighboring amino acids recognized by PKA (or phosphotases) required for phosphorylation of target amino acid S, T, or Y

Amplification is important: sensitivity of regulatory mechanisms

Termination of Hormone Response can be achieved by

1. Decreased secretion of hormone due to falling levels of stimulus

2. Degradation of cAMP

Mechanism of desensitization

1. Signal binds receptor, triggers dissociation of G-complex

2. Receptor binds βARK, which phosphorylates receptor

3. Phosphorylated receptor is active

4. Arrestin enters cell via endocytosis

5. Receptor is dephosphorylated and returned to cell surface

Insulin receptor 

Two kinds of subunits in hetertetramer: α and β

α is EC and contains the insulin-binding domain

β is transmembrane and contains cytoplasmic tyrosine kinase domain

Mechanism is by autophosphorylation, which provides for SH2 binding

Mechanism of getting insulin vesicles to membrane: some parts of mechanism are elucidated ( two signals (PIP3 and TC-10) are both needed
Glycolytic Pathway
Regulatory Mechanisms

· Allostery/reversible inhibition (can be ATP)
· Covalent modification (phosphorylation)

· Substrate availability

Glycoysis

1. Occurs in cytoplasm

2. All organism and all cells

3. Does not require oxygen but is affected by lack of O

4. Perturbed in tumors/pathogens

5. Highly regulated, reciprocally regulated with gluconeogenesis
6. 6-C (glucose) to 2 pyruvate (3-C)

All intermediates in glycolysis are phosphorylated

1. Trap them inside cell

2. P-group transfers also transfer energy

3. Enzymes often bind phosphates (they are a chemical ‘handle’)

2ATP + Glu ( DHAP + GAP

Phosphorylation keeps stuff in cell, provides cell

NAD + GAP + ADP ( Pyruvate + NADH + ATP

Glycolysis Regulation

First regulatory step – Hexokinase 

Liver and pancreas cells have Hexokinase IV (Glucokinase), which has a high KM; this means that it is very sensitive to glucose concentration (important for regulation of blood glucose)

Second regulatory step – PFK-1

Cooperativity ( ATP deactivates it cooperatively, while AMP activates it

Ratio of ATP/AMP and ATP/ADP are more important than [ATP]

AMP is more important regulator than ATP

F2,6P turns on PFK-1, inactivates gluconeogenesis, reverses ATP inhibition

Third regulatory step – Pyruvate kinase is phosphorylated by ATP (turned off); thus less energy produced when there is energy to spare

Activating PK phosphotase 

PK function is regulated by AMP, F-1,6-BP, ATP, Acetyl-CoA

Substrate Availability

GLUT transporters

Insulin causes more GLUT to reach plasma (in muscle) ( more glucose uptake

NAD must be replenished during extended glycolysis
Warburg effect – shift in energy production from oxidative-phosphorylation to Cori cycle even in presence of oxygen (seemingly counterintuitive, happens in cancer)

Shuttle Systems

1. Transfer reducing equivalent in NADH to mitochondrion

2. Generate NAD+ to keep glycolysis running under aerobic conditions

Glycerol 3-phosphate shuttle

Malate-aspartate shuttle

Glycolysis is related to cancer

Glycogen Storage

General features of glycogen storage and glycogenolysis

· Takes place in liver (highest concentration) and skeletal muscle (highest total amount)

· Properties:

· Glycogenin core protein

· Highly hydrated and branched (helps for rapid synthesis/mobility b/c multiple enzymes can act in concert on one glycogen molecule)

· Reactions for synthesis:

· Glu-6-P ( Glu-1-P (Enzyme: phosphoglucomutase)

· Glu-1-P ( UDP-glucose (enzyme : UDP-glucose phosphorylase)

· In: UTP

· Out: pyrophosphate

· UDP-Glu ( glycogen (enzyme: glycogen synthase)
· Reactions for breakdown:

· Glycogen ( Glu-1-P (enzyme: glycogen phosphorylase)

· Debranching enzyme has 4:6 transferase and α-1,6 glucosidase activity)

· Glycogen phophorylase cannot act on offshoots less than 4C’s long

· No water can be in active site (carbocation intermediate)

Regulation

Glycogen phosphorylate

· R/T state

· Phosphorylated = phosphorylase a form (usually in R state, a for active)

· Unphosphorylated = phosphorylase b form

· Allostery also plays a role

· Muscle

· ↑ AMP activates even b form to R state (active)

· ↑ ATP/G-6-P deactivates b form

· Phosphorylase a is always in R state and is unaffected

· Liver

· Unaffected by ATP/AMP ratio (b/c energy charge is always high in liver)

· Phosphorylase a is inactivated (T state) by high [glucose]

Pyruvate Crossroads

Pyruvate can enter a number of different metabolic pathways:

· TCA cycle via conversion to Acetyl-CoA (pyruvate dhydrogenase complex, PDH, energy-deprived conditions)
· Cori cycle with conversion to lactic acid via hydrogenation
· Glucose-alanine cycle via conversion to alanine (transamination reaction)

· Pyruvate carboxylase produces oxaloacetate (energy-rich conditions)

Cori Cycle: Pyruvate conversion to lactate via lactate dehydrogenase (LDH)

· Reaction favors formation of lactate

· Five isoforms of LDH, differ by A/B subunit composition

· A4 Form


· Higher affinity for pyruvate, higher Vmax 
· Skeletal muscle and liver

· Not affected by NADH

· B4 Form

· Lower affinity for pyruvate, lower Vmax 
· Heart

· Inhibited by NADH

Glucose-alanine cycle

· Provides pathway to excrete ammonia (by-product of muscle breakdown)

Pyruvate carboxylation

Requires biotin, ATP

Pyruvate dehydrogenase complex (PDH)

· Gatekeeper to TCA cycle

· Located in mitochondrial matrix

· Carries out oxidative decarboxylation

· Very large

· 3 sub-enzymes: 

· E1: pyruvate dehydrogenase (a decarboxylase)

· E2: transacetylase

· E3: dehydrogenase

· 5 cofactors

· FAD

· NAD

· CoA-SH

· Lipoic Acid

· TPP (Thiamine)

· Regulation

· Product feedback inhibition: NADH, Acetyl-CoA

· Inactivation by phosphorylation

· Down-regulated during fasting

TCA Cycle and Pentose Phosphate Pathway

Important Regulatory Reactions of TCA Cycle are:
· 1st rxn: Oxaloacetate + Acetyl-CoA ( Citrate + CoA-SH (via citrate synthase)

· 3rd rxn: isocitrate + NAD+ ( α-ketoglutarate + NADH + CO2 (via isocitrate dehydrogenase)

· 4th rxn: α-ketoglutarate + CoA-SH + NAD+ ( succinyl-CoA + NADH + CO2 (via KDH)

Gluconeogenesis
General features of gluconeogenesis:

· Synthesis of glucose from non-hexose precursors
· Reciprocally regulated w/ glycolysis (thus avoids futile cycling)

· Requires 6 ATPs
· Happens mostly in liver (80%) but also in kidney (20%)

· Promoting conditions:

· Fasting

· Prolonged exercise

· Diabetes

· Low carb diet

· Primary substrates:

· Pyruvate

· Most amino acids

· Lactate

· Glycerol

· It is NOT JUST REVERSE of GLYCOLYSIS
· 3 key reactions are “bypassed” (reactions 1, 3, and 10 of glycolysis)

· Pyruvate ( Oxaloacetate ( PEP

· F-1,6-BP ( F-6-P + Pi 
· G-6-P ( Glucose + Pi 
· After prolonged fast, gluconeogenesis decreases and ketogenesis kicks in

Sequence of events leading to gluconeogenesis
1. Initial events

a. Decrease in glycogen and blood glucose levels

b. Increase in glucagon/insulin ratio in plasma

c. Increase cAMP in hepatocyte and adipocyte

2. Mobilization of adipose triacylglycerols and muscle protein

a. Adipocyte: increase in cAMP activates lipase leading to increase in [free fatty acid]

b. Muslce: increase in [glucocorticoid] activates muscle proteins, release of amino acids which travel to liver

c. Activation of gluconeogenesis in liver

d. β-oxidation of free fatty acids results in ↑[acetyl-CoA] and ↑[NADH]/[NAD+]

e. [Acetyl-CoA] activates pyruvate carboxylase, deactivates PDH

f. ↑[NADH]/[NAD+] decreases citrate synthase activity

g. Increase in cAMP causes decrease in F-2,6-BP, which increases FBPase-1 activity and a decrease in PFK-1 activity

h. Concentrations of enzymes that catalyze “bypass” reactions increase due to increased transcription: PEPCK, FBPase-1, G-6-phosphotase

β-Oxidation of Fatty Acid
Steps leading to β-oxidation 
1. In adipocyte, TGs (triglycerides) are broken down via hormone-sensitive lipase (HSL) into glycerol and free fatty acids (FFA)

2. FFA’s travel in blood to liver/muscle via serum albumin and easily cross plasma membrane of liver/muscle tissue b/c they are lipid soluble

3. FFAs are converted into fatty acyl-CoAs for import into mitochondrial matrix

4. Fatty acyl-CoAs are moved across outer-membrane via CPT1 (CoA is released while fatty acid binds carnitine)

5. Fatty acyl-carnitine is moved across inner-membrane via CPT2 (carnitine recycled and fatty acid binds CoA-SH)

Regulation of Lipid Mobilization

· Up-regulation:

· Lipolytic hormone (glucagon, epi, nor-epi, ACTH) binds receptor and activate adenyl cyclase via G-protein

· Adenyl cyclase produces cAMP

· cAMP activates PKA

· PKA phosphorylates HSL, thereby activating it

· HSL activity is regulated via feedback inhibition by FFA

· Down-regulation:

· Anti-lipolytic hormone (insulin) binds receptor 

· Phosphodiesterase action “uncyclizes” cAMP

· Phosphotase inactivates HSL

β-Oxidation of 16C FFA

· In: 8 CoA-SH, 7 NAD+, 7 FAD

· Out: 8 Acetyl-CoA, 7 NADH, 7 FADH2, 131 ATP!!

Regulation of β-oxidation
· Malonyl-CoA, which is a byproduct of fat biosynthesis inhibits CPT1 activity, helping to avoid futile cycling of fat synthesis/catabolism

General/Random

· Glycerol release in adipocyte commits mobilization of lipids b/c adipocytes lack glycerol kinase (required for TG synthesis)

· Serum albumin possesses several high-affinity binding sites for FFA

· Perilipin “protects” fat droplet; phosphorylation of perilipin allows HSL action to breakdown TGs 

· FFA of <12C’s can enter mt-matrix w/out carnitine shuttle
· Fasting:

· ↓ Synthesis of fat

· ↓ [malonyl-CoA]

· ↑ β-oxidation

Feeding:

· ↑ synthesis of fat

· ↑ [malonyl-CoA]

· ↓ β-oxidation

Ketogenesis
General overview

· Ketone bodies are used as a “shuttle” to cross the blood-brain barrier when gluconeogenic precursors (specific amino acids, pyruvate, glycerol are not available): fatty acids cannot cross the blood-brain barrier
· Ketone bodies are acetoacetate, acetone, and β-hydroxybutayrate

· Ketone bodies are synthesized in liver mitochondria and metabolized in other tissues (CNS, muscle, etc.) to acetyl-CoA which is fed into TCA cycle.  Liver lacks the enzyme to break down ketone bodies; this is advantageous b/c its purpose is to produce as many ketone bodies as possible for consumption of other tissues

· Ketogenic-promoting conditions:

· Prolonged fasting

· Diabetes 

· High fat diet


Mechanism

1. 2 Acetyl-CoA ( acetoacetyl-CoA + CoA (enzyme: thiolase)

2. Acetoacetyl-CoA + Acetyl-CoA ( HMG-CoA + CoA (enzyme: HMG-CoA synthase)

3. HMG-CoA ( acetoacetate + acetyl-CoA (enzyme: HMG-CoA lyase)

4. acetoacetate ↔ β-hydroxybutayrate
Regulation of Ketogenesis (build up of ketones)

· Mobilization of FFA from adipose tissue to liver (similar to β-oxidation: glucagon stimulates HSL activity; insulin inhibits it)

· Entry of FFA into liver mitochondria via CPT1 (inhibited by malonyl-CoA)

· Change in [Acetyl-CoA]/[CoA] ratio in liver mitochondria

· CoA is a competitive inhibitor of thiolase (w/ respect to acetyl-CoA)

· Increase in acetyl-CoA/CoA increases rate of HMG-CoA cycle

Ketone Body Utilization
· Regulation is primarily by substrate availability
· Level and activity of ketone metabolizing enzymes does not change

· Mechanisms:

· β-hydroxybutayrate is oxidized to acetoacetate

· Acetoacetate is converted to acetoacetyl-CoA

· Thiolase breaks acetoacetyl-CoA into 2 acetyl-CoA’s

Fatty Acid Biosynthesis

Uses of Fatty Acids

· Membranes

· Long-term energy storage (better than glycogen, more compact)

· Signaling molecules

· Protein modification

Tissues in which fatty acid biosynthesis occurs

· Adipose

· Liver

· Mammary

Acetyl-CoA Carboxylase (ACC) Reaction

· Acetyl-CoA + HCO3- + ATP ( Malonyl-CoA 

· Biotin arm helps carboxylation

· Blow off of CO2 in FA Synthase reaction “drives” the process (energy is from original ATP)

· ACC is inactivated by phosphorylation (via cAMP signal from high glucagon)

· Re-activated by insulin-stimulated phosphotase
Basic Reaction:

· Reactants:

· Acetyl-CoA (primer)

· Malonyl-CoA (elongation unit)

· ATP

· NADPH

· Products:

· Fatty acid

· Carbon dioxide

· CoA-SH

· Water

· ADP

· NADP+
· Enzymes/cofactors:

· Acetyl-CoA Carboxylase (plus biotin)

· Fatty Acid Synthase (multiple enzymatic activity/domains)

· ACP domain

· Condensing enzyme domain

Four step process which repeats

1. Acyl transfer from CoA to thiol groups of ACP & condensing enzyme
2. Condensation of acetyl-ACP with malonyl-ACP (blow off CO2)
3. Sequential reductions
4. Transfer of growing acyl chain from ACP to condensing enzyme

Acetyl-CoA Shuttling out of Mitochondria

· Acetyl-CoA cannot cross mitochondrial membrane

· Citrate leaves mitochondria, in cytosol is converted to OAA and acetyl-CoA (enzyme: ATP-citrate lyase)

· OAA is converted to malate (enzyme: malate dehydrogenase)

· Malate is converted to pyruvate, producing NADPH (enzyme: malic enzyme)

· Local regulation:

· Fatty acyl-CoA inhibits citrate transport out of mt, inhibits ACC

· Citrate and acetyl-CoA “forward” stimulate ACC 

Cholesterol Synthesis

 General/Random
· Parabiosis – joined circulation 

· Ob/ob mice are missing leptin (circulating factor)

· Db/db mice have non-functional leptin receptor, but overexpress leptin

· Leptin levels are proportional to concentration of fat in blood

· Leptin curbs appetite via action in hypothalamus

· Cholesterol is taken in diet and synthesized de novo by liver, adrenal glands, testis, ovaries, etc.

Functions of Cholesterol

· Structural component of membranes

· Stabilizes consistent fluidity

· Affects permeability

· Precursor to steroid hormones, vitamin D, bile salts

· Serum lipoprotein
Synthesis (from Acetyl-CoA), isoprene (5C) subunits

1. Acetyl-CoA ( mevalonate (enzyme: HMG CoA-reductase, major regulation point)

2. Mevalonate ( isoprene pyrophosphates (activated isoprenes and primers)
3. isoprene pyrophosphates (( farnesyl PP ( squalene
4. Squalene ((( cholesterol

Important biological molecules made from isoprene pyrophosphates

· Farnesylation molecules (Ras)

· Plant hormones

· Carotenoids

· Vitamins A, D, E, K

· Bile salts, Steroids

· Dolichols

· Coenzyme Q

Steroid derivatives of cholesterol

· Testosterone, estradiol

· Cortisol

· Aldosterone

· Progesterone

Cholesterol synthesis occurs in cytosol and Smooth ER (to stabilize hydrophobicity of cholesterol)

Regulation

· Main regulation of cholesterol synthesis is via feedback inhibition by cholesterol itself: acts on transcription/translation of HMG-CoA reductase
· Mechanism of regulation: 
· Transcription factor (SREBP) is held in ER until [sterol] is low enough to allow proteases to free it 
· Upon cleavage, SREBP is taken by SCAP to nucleus and up-regulates a host of genes involved in cholesterol synthesis by binding SRE (sterol regulation element)
· HMG-CoA reductase/synthase

· Citrate-ATP lyase

Hypercholesteremia revisited

· LDL’s are endocytosed in clathrin-coated pits

· Cholesterol is incorporated into ER, preventing de novo synthesis of cholesterol (SREBP mechanism)
· When mechanism of LDL endocytosis is non-functional, cholesterol is synthesized even when there is sufficient in the blood

· Treatment:

· Diet

· Cholestyramine ( binds bile salts and prevents their reabsorption in gut

· STATIN ( mimics mevalonate, inhibits HMG CoA-reductase

Urea Cycle

Urea Cycle Basics

· Happens only in the liver (only liver has glutaminase enzyme)

· Glutamine is major carrier of nitrogen (glutamate also plays major role)

Disorders

· Arginosuccinase deficiency ( treat w/ excess arginine in diet

· Carbamoyl-P synthase/ornithine transcarbamoylase deficiency ( treat w/ diet of benzoate and phenylacetate

Synthesis of Non-essential amino acids

· Direct transamination

· Pyruvate ( alanine

· α-Ketoglutarate ( glutamate

· Oxaloacetate ( aspartate

· Amidation

· Glutamate ( glutamine

· Aspartate ( asparagine

· Others

· Phe ( Tyr (enzyme: Phe hydroxylase; deficiency = PKU)

· Glu ( Pro (cyclization)

· 3-phosphohydroxypyruvate ( Ser

· Ser ( Gly (loses 1C to tetrahydrofolate)

· Ser/homocysteine ( Cys
Porphyrin Synthesis/Purines and Pyrimidines
General/Overview

· Porphyrins are composed of 4 pyrroles with N-groups collectively chelating a metal ion

· Pyrrole: 4C and 1N ring

· Metal ions used: Mg, Fe, Zn, Ni, Co, Cu, Ag

· Porphyrin synthesis happens in:

· Liver

· Erythroid tissue (reticulocytes, pro-RBC tissue)

Major points

· 8 rxns: 4 in cytosol and 4 in mitochondria

· 1st rxn is regulated; generates γ-ALA 

· 2 ALA molecules condense to form pyrrole

· 4 pyrroles condense to form linear tetrapyrrole

· Cyclization and modification occurs

· Porphyrrin synthesis is a DEDICATED pathway

· Intermediates cannot be siphoned off to another pathway

· If they build up, they can be toxic

Disorders – Porphyrias
· Family of diseases

· Acquired or inherited

· Hepatic of erythropoietic

· Purple or reddish color of tissue/urine

· No porphyria associated with ALAS (probably lethal)

ALA Synthase 1 (in Liver)

· ALA synthase is rate-limiting step

· Short half-life ~1 hr.

· ALAS-1 regulated by [heme]

· Heme inhibits transcription and translation of ALAS-1 gene

· Heme inhibits activity of ALAS-1

· Heme inhibits transfer of ALAS-1 to mitochondria

· Barbituates stimulate ALA synthesis

ALA Synthase 2 (erythroid tissue)

· Rate-limiting

· Short half-life

· Hypoxia, EPO stimulate ALA synthesis

· mRNA of ALAS-2 has iron-responsive element (IRE) 

· Heme sequesters free iron

Heme and Globin synthesis are balanced

· ↑[Heme] ( ↑globin synthesis

· ↓[Heme] ( ↓globin synthesis

· Regulated at transcription level

Nomenclature

· Heme – Fe2+ state

· Hemin – chloride of heme, iron ( Fe3+

· Hematin – hydroxide of heme, iron ( Fe3+

Catabolism

· Occurs primarily in spleen

· Heme porphyrin is catabolized into biliverdin (verde = green) 

· Biliverdin is broken down into bilirubin (red-orange), which is insoluble

· Bilirubin (indirect) is conjugated in liver with glucuronic acid to generate direct bilirubin (more soluble)

· Transferred to intestine (stercobilin) or kidney (urobilin) and can be excreted or reabsorbed

· NADPH is used in degradative pathway

· Defect: jaundice

· Pre-hepatic – too much made

· Hepatic – can’t handle what is made

· Post-hepatic – can’t get rid of it

Purines/Pyrimidines

· Two pathways of synthesis: salvage and de novo
· Salvage
· De novo
To Remember, Purine:

· Purine synthesis: begin with sugar, base is built on sugar

· IMP is a branch point in purine synthesis

· Regulated by feedback inhibition

· IMP is hypoxanthine ribonucleoside is key intermediate

· Anything that affects PRPP levels affects purine biosynthesis

To Remember, Pyrimidine:

· Pyrimidine synthesis begins with building base, followed by addition of sugar

· Feedback inhibition by pyrimidine on CPSII and ATCase

· Purines stimulate pyrimidine synthesis at CPSII and ATCase (balance amount of purine/pyrimidine)

· ATCase is key regulating enzyme

Catabolism

· Bases converted to guanine or hypoxanthine, both are then converted to xanthine

· Guanine/hypoxanthine used in salvage pathway, which recycles these bases

· Excess uric acid exceeds excretion level = gout

Pyrimidine Catabolism

Bases degraded to CO2 and NH3

Free bases not recycled

Salvage pathway recycles nucleosides

Lipoproteins

Lipoproteins
· Hydrophobic non-polar core composed of cholesterol ester and TG

· More hydrophilic surface which helps particle travel through blood

· Apolipoproteins are found on surface

· In order of size (largest to smallest), lipoproteins are:

· Chylomicrons – 

· rich in TG

· Apo-B 

· Transport fat from gut

· VLDL – 

· rich in TG

· Apo-B

· Transport fat from liver

· LDL – 

· Rich in cholesterol

· Apo-B

· Major carrier of cholesterol in blood

· Derived from intravascular metabolism of VLDL

· Increased levels promote plaque formation

· HDL – 

· Rich in cholesterol

· Apo-AI

· More protein content (thus higher density)

· Protects against CHD

Apolipoproteins (apo) – coat surface of lipid droplets in blood (shuttle bus)

· Solubilize lipids

· Release lipoproteins from cells

· Bind cellular receptors (captain of shuttle)

· Regulate lipoprotein metabolism

Three major pathways of lipoprotein

· Exogenous

· Endogenous

· Reverse cholesterol transport
Metabolic Strategies in Cancer
Warburg Effect – shift to Cori cycle (lactate) instead of electron transport chain even in presence of oxygen.  Many cancers exhibit this

Viciousness of tumors is related to how much glycolysis is “preferred” (i.e. how much lactate is produced)

Metabolic characteristics of Cancer:

· Anabolic processes are increased 

· Degradative processes are decreased

· Loss of feedback control

· Gluconeogenesis shuts down

· Fatty acid oxidation shuts down

· Nucleis acid degradation shuts down

· Lactic acid production increases (this might “ward off” immune system)

PET Scan looks at glycolysis to detect cancer by injecting radio-labeled glucose
Hexokinase II
· Prevalent in cancers but uncommon otherwise

· In cancer, HKII has both parts active, whereas normally only one part is active

· Promotes cell growth

· Opposes cell death

· Greatly inhibited by 3-bromopyruvate 

· Doesn’t kill normal cells

· Enters through lactate transporters 

· Attacks HK and ATP synthesis

· Great cancer drug!!
