Enzymes
Definition:
It is a catalyst

It lowers activation energy

Goes in a reaction and comes out unchanged.

Enzyme Classifications:
Look @ picture in Lippincott

Apoenzyme + Cofator = Holoenzyme

Zymogen is inactive enzyme until certain bonds are cleaved.

Enzymes accelerate reactions by decreasing activation energy and increasing rate but does NOT change equilibrium
Qualities.


High Specificity
Bind only to specific substrate

Regulation


Transcriptional Regulation


Allosteric


Coordinate


Calmodulin


Activation of Zymogen

Active Site 
Region on enzyme that binds to substrate (weak forces)

Modified Shape


Induced Fit



Lock & Key

Factors affecting the rate of reaction

1.
pH

All enzymes function at an optimum pH

2.
Temp.

No optimum temp, but raising temp increase rate of reaction and rate of destruction catalyzing reaction
3.
Enzyme Concentration

4.
Effect of substrate concentration


Sigmoidal




More than one active site

Always look at initial velocity:

1. Substrate can decrease

2. Can be a back reaction

3. pH change

4. Decrease in Activity
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Catalytic mechanisms


Proximity and Orientation


Covalent Catalysis

Temporary covalent bond

Chymotrypsin has a catalytic triad (Ser, His, Asp)  -OH of Ser forms covalent bond



Serine Proteases 


Acid/Base catalysis

Proton is transferred in transition state
Enzyme rely side chain that can accept/donate proton in physio pH (ex:  His)

Metal Ion Catalysis
Some enzymes require metalloenzymes (Liver Alcohol DeHydrogenase (Zinc)

Bond Strain Catalysis

Substrate distortion (substrate induced fit)
Enzyme Kinetics

Enzyme Unit
amt of enzyme needed for 1 micromol of substrate into products in one minute (std conditions)

Katal
mole of substrate consumed or product formed per second

Specific Activity
Enzyme activity / protein concentration (for enzyme purity)

Turnover (kcat)
measure of maximal catalytic activity 


Number of substrate molecules converted into produce per enzyme active site per unit time @ Vmax

Kinetics

First Order
Rate depends on substrate concentration, but at high concentrations, velocity does not increase proportionately ( Zero Order kinetics (approaching Vmax)
Vmax
Enzyme is fully saturated with substrate
Michalis Mentin





Leads to rate determining step (slowest step!)




Vmax is proportional to product formed (higher leads to higher)




Measure of catalytic effectiveness of enzyme

Michaelis constant (Km)




Unique to particular enzyme for particular substrate




Km = ½ Vmax




Decrease in Km means higher affinity, less needed to reach ½ Vmax



High Km = Low Affinity

Curves

Know graphs, not formulas.
Problems



Michaelis Mentin
Impossible to find Vmax (why?)



Lineweaver Burk
took reciprocal of M-M





Y = mx + b






1/V vs 1/S






slope = Km/Vmax






Problem:
Everything gets jumbled up near Y-axis



Hanes-Wolff






[S]/V vs [S]






Slope = 1/Vmax



Eadie Hofstee

V/[S] vs V





Slope = -1/Km

Enzyme Inhibition

Reversible v. Irreversible


Irreversible binds tightly to enzyme by covalent bond



Ex:
Disulfarim
Alcoholism inhibitor ( Blocks 



Suicide Inhibitors (
bind and don’t let go (ex: penicillin)







Allopurinol & xanthine Oxidase


Reversible Inhibitors




Competitive (what does it mean)




Some molecule is competing with the substrate for the enzyme active site





To reverse (what?) ( increase [S]




Ex:
AZT
read about it.




Km will go up (why)





Vmax unchanged




Noncompetitive Inhibition




Inhibitors react with site OTHER than active site




Increase enzyme to overcome





Increasing substrate will not affect Vmax





Km unchanged





Vmax decreases

Clinical Enzymology


Markers must be:



Specificity
Less likelihood of false result


Sensitivity
How easy you can tell the difference

Memorize Table 4!!!

Criteria:
Chest pain, EKG, Biochemical markers


MIs

CK & AST 


Know CK 1, 2, 3

Does not occur in liver, so easy to distinguish for heart

MB2:MB1 > 1.5




Lactate Dehydrogenase (LDH)





Usually LDH 2 > LDH 1 BUT in MI, LDH1 > LDH 2 (1,2 flip)

Myoglobin
Highly sensitive for MI, but lacks specificity because associated with muscle disease and renal failure.  Associated with CA3.

Troponin



Used when someone with MI comes in very late


TnC

Cardiac and skeletal are same



TnT, TnI
Cardiac and skeletal differ (last 4x longer than CPK)





Highly specific





Peaks at 14-18 hours





Remain elevated for 5 – 7 days





Po
