METABOLISM OF CARBOHYDRATES

Metabolism – biochemical reactions that provide energy and cell growth

Two types of metabolism: 

anabolism – synthesis of more complicated molecules from simple precursors (requires energy input)

catabolism – breakdown of complex molecules to simple molecules (provides energy to the cell)

Carbohydrate molecules – contain potential energy for the cell in the chemical bonds. It is a reduced molecule.

Review oxidation states of C – 

each C-H bond = -1

each C-O bond = +1

Carbohydrates are reduced molecules.

Oxidation releases energy for the cell to use.

All carbohydrates that are eaten eventually are converted to glucose, or to compounds that are metabolized by the same pathway as glucose.

(starch, lactose, sucrose, maltose)

For glucose:

C6H12O6   +    6O2  (     6CO2    +     6H2O     +    2820 kJ   (energy stored in chemical bonds is released when glucose is burned)

In cells this reaction occurs in many steps in a very controlled manner, catalyzed by numerous enzymes. 

II.  Glucose metabolism (catabolism)

C6H12O6   +    6O2  (     6CO2    +     6H2O     +    2820 kJ   (ATP + heat)

III.  Glycolysis (Emden-Meyerhoff pathway)  –   anaerobic pathway , no O  (  pyruvate 

C6  (  2C3 (cytoplasm)

IV.  Citric acid cycle (Krebbs cycle or tricarboxylic acid cycle)   –   aerobic pathway

2C2  (   2CO2 (mitochondria)

V. ETP – electron transport pathway – oxidative phosphorylation (mitochondria)

Released energy is stored in ATP molecules. These molecules store cellular energy needed to power cellular reactions.

ATP   (    ADP    +   P     +   35 kJ/mole (8.4 kcal/mol) (4.184 J = 1 calorie)

(turnover is very high ( estimates are that during strenuous exercise the body makes and uses as much as 1 kg ATP every 2 minutes)

structures of ATP, ADP and AMP

2820 / 35  =  80.6 ATP’s could be synthesized (if 100% energy transfer)

Other important enzyme cofactors are NADH and FADH2 and acetylcoenzyme A

I. NAD+ – nicotinamide adenine dinucleotide (phosphate attached to 2` of adenosine)

oxidation-reduction cofactor derived from niacin – nicotinic acid – pyridine derivative
   NAD+ + H2  (  NADH  +   H+
(oxidation of substrate, reduction of NAD+ accepts electrons from reduced fuel molecules like glucose)

the reverse also happens (NADH is oxidized ( gives up electrons in reductive biosynthesis).

NAD+ + H2CH-OH  (  NADH  +   H+    +    H2C=O

SHOW STRUCTURE OVERHEAD. IDENTIFY FEATURES

· why its called a dinucleotide

· site of reduction

· 2` phosphate position

· NADPH for reductive biosynthesis (phosphate is a tag id this molecule toenzymes

· NADH use for synthesis of ATP

write schematic for NADP+  used in catabolism (oxidises substrates) and NADPH used in anabolism (biosynthesis)

in the ETC(chain):

NADH  +    ½ O2   +   H+     +    3ADP   +   3P       (       NAD+        +     3ATP   +       4H2O       
II. FAD(P) – flavin adenine dinucleotide (phosphate attached to 2` of adenosine)

oxidation-reduction cofactor derived from riboflavin – flavin mononucleotide is like a phosphorylated riboflavin
   FAD + H2  (  FADH2  
(oxidation of substrate, reduction of FAD)

the reverse also happens.

                H   H

                 |     |

FAD + H2C-CH2 ( FADH2 + H2C=CH2
SHOW STRUCTURE OVERHEAD. IDENTIFY FEATURES

· why its called a dinucleotide

· site of reduction

· 2` phosphate position

· FADPH for reductive biosynthesis (phosphate is a tag id this molecule toenzymes

· FADH use for synthesis of ATP

in the ETC(chain):

FADH2    +   ½ O2          +      2ADP       +     2P       (        FAD      +     2ATP       +        3H2O

Both of these must be bound to protein(enzyme) to work..

FAD bond very tightly - called flavoprotein

acetyl coenyzme A

write structure of acetyl co A

mercaptoethylamine – pantothenic acid – phosphorylated (3`) ADP

pantothenic acid – one of the B vitamins

WRITE STRUCTURE IDENTIFY FEATURES

· adenosine diphosphate – 3 -phosphate

· pantothenic acid

· mercaptoethylamine

· acetyl group in acetyl coenzyme A

III.  Glycolysis (Emden-Meyerhoff pathway cytoplasm)  –   anaerobic pathway , no O  (  pyruvate 

C6  (  2C3
10 enzymes involved

Summary:

glucose ( 2pyruvate + 2NADH + 2ATP

Phase 1 – 6 carbon phase (energy using phase – uses up 2 ATP’s)

Step #1:  glucose + + ATP  ( glucose-6-phosphate + ADP

Step#2 glucose-6-phosphate ( frutose-6-phosphate (draw open chain structures showing what happens)
ISOMERIZATION

Step#3 frutose-6-phosphate  + ATP (  fructose-1,6-diphosphate + ADP

Phase 2. – 3 carbon phase (energy generating phase – produces 4 ATP’s and 2 NADH)

Step #4 fructose-1,6-diphosphate (  glyceraldehyde – 3 – phosphate  +  dihydroxy acetone phosphate  (REVERSE ALDOL CONDENSATION - aldolase)

· glyceraldehyde – 3 – phosphate  +  dihydroxy acetone phosphate (  glyceraldehyde – 3 – phosphate  ISOMERIZATON to produce more glyceraldehyde phosphate as it is used up (triose phosphate isomerase)

Step #5 glyceraldehyde – 3 – phosphate + Pi   + NAD+ (    1,3 diphosphoglycerate  +  NADH OXIDATION – REDUCTION – PHOSPHORYLATION  (glyceraldehyde-3-phosphate dehydrogenase) 

Step #6    1,3 diphosphoglycerate + ADP (  3- phosphogycerate + ATP (phosphogylcerate kinase)
Step #7       3- phosphogycerate   ( 2 phosphoglycerate  (ISOMERIZATION - phosphoglyceromutase)

Step #8  2 phosphoglycerate  ( phosphoenolpyruvate (DEHYDRATION REACTION – enolase)

Step #9   phosphoenolpyruvate   +  ADP  ( pyruvate  +  ATP

Pruvate 
(  lactate (anaerobic) – reduced form makes NAD+
(  ethanol + CO2  (anaerobic fermentation) makes NAD+

(mitochondrion)

( acetyl coenzyme A  +  CO2  +    NADH

III. Citric acid cycle – Krebs cycle  - tricarboxylic acid cycle

C2   (   2CO2    +     2NADH     +     GTP     +      FAD    

