
Extracellular Enzymes Lab 

Biochemistry 
 
ÅAll organisms convert small organic compounds, such as glucose, into 

monomers required for the production of macromolecules; e.g., 

Glucose 

Glucose-6-P 

Pentose-5-P 

Pyruvate 

Acetyl-CoA 

Oxalacetate 

Erythrose-4-P 

etc 

Fatty Acids 

Sugars 

Amino Acids 

Nucleotides 

Lipids 

Glycogen 

Proteins 

RNA 

DNA 

Building Blocks Monomers Macromolecules 



Metabolism 
The synthesis of building block compounds, monomers and macromolecules from glucose 

(and other simple compounds, such as CO2) is conducted by the metabolic reactions of the 

cell, such as the highly abbreviated synthesis of amino acids shown here: 

All of these reactions, of which there are more than 1000, are catalyzed by enzymes. 

Glucose (C6) Pentose (C5) 

Triose (C3) 

Pyruvate (C3) 

AcetylCoA (C2) 

Citrate (C6) 

Oxoglutarate (C5) 

OaA (C4) 

Tetrose (C4) 

Shikimate (C7) 

Glycine (C2) 

Serine (C3) 

Cysteine (C3) 

Phenylalanine (C9) 

Tyrosine (C9) 

Tryptophan (C11) Lysine (C6) 

Alanine (C3) 

Methionine (C5) 

Aspartate (C4) 

Threonine (C4) 

Isoleucine (C6) 

Histidine (C6) 

Valine (C5) 

Leucine (C6) 

Phenylalanine (C9) 

Tyrosine (C9) 

Tryptophan (C11) 

TCA Cycle 

Pentose Phosphate Pathway EMP Pathway 



Amino Acids 



More Complete Metabolic Network 
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Enzymes 
ÅEnzymes are large proteins that all organisms synthesize to catalyze metabolic 

reactions. 

ÅEnzymes are typically highly specific, converting only one substrate to one product. 

ÅAlmost all reactions that occur within the cell, including energy production 

(catabolism) and biosynthesis (anabolism), are catalyzed by enzymes. 

ÅReactions that are thermodynamically unfavorable (i.e., endoergic) require an energy 

source, such as ATP to proceed. 
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AB 

Catalysts 

EA without catalyst 

Reaction: A ­ B 

EA with catalyst 

ÅActivation energy, EA, must be 

supplied to most reactions in 

order for them to proceed. 

ÅA catalyst lowers the activation 

energy, allowing a reaction to 

proceed at lower temperatures. 

ÅCatalysts are neither consumed 

nor produced in the reaction. 

ÅEnzymes are a class of catalysts 

Energy 

released by 

reaction 

Brock: pp. 110-112, Sec. 4.5 



Enzyme Catalysis 
ÅThe sequence of amino acids that comprise enzymes convey a 3D structure that: 

ÅAllows only specific substrates and cofactors to bind with the enzyme 

ÅAligns the substrate with the reaction center of the enzyme 

ÅThe 3D enzyme structure and catalytic activity can be lost by exposing the enzyme to high 

temperatures, salinity, pH, and other extremes. These extremes ñdenatureò the enzyme. 

ÅMany enzymes have a reaction center that contains a metal cofactor, such as Mg, Mo, Cu, 

Fe, etc. 

ÅRegulatory (or allosteric) enzymes are affected by other compounds (modulators) that can 

either inhibit or activate an enzymeôs catalytic properties. 

Mo Mo 

Modulator 

Enzyme Substrate 

Reaction Center 

With modulator, enzyme can bind with 

substrate to produce product 

Without modulator, enzyme can 

not bind with substrate 



Bovine ribonuclease A 

hydrolyzes RNA during digestion  

space-filling model of RNAse A 

with a bound substrate  

ribbon model of the protein 

backbone  

 

substrate binding site  

For molecular structures and imaging see 

http://pdbwiki.org/ 

http://www.umass.edu/microbio/chime/top5.htm 

http://rasmol.org/ 

http://polyview.cchmc.org/polyview3d.html 

http://www.ncbi.nlm.nih.gov/Structure 

particulate 

methane 

monooxygenase  



Reaction Kinetics 

¶Elementary Reactions 

Reaction Order Rxn Rate Units of k 

A ­ B  First V = k[A]  d-1 

A + B ­ C Second V = k[A][B] d-1M-1 

¶Complex Reactions 

Observed:  

  A ­ F 

¶Derive reaction kinetics  
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Need to solve for [D] and [E], etc so that given the 

concentration of A, the overall reaction rate can be 

determined. 

Propose mechanism consisting of 

elementary reactions: 

  A ­ B + C 

  B ­ D 

  C ­ E 

  D + E ­ F 
 



Enzyme Kinetics 

Mechanism 
 

E + S          ES Enzyme binds w/ substrate 

 

 

 

ES          E + P Enzyme releases product 

k1 

k-1 

k2 

S         P 

E 

Kinetic equations 
 

Vo = k2[ES]  Reaction rate. 

 

 

 

 

[ET] = [E] + [ES]; where [ET] is the total amount of enzyme present. 

 

Analytical solution is not possible with above equations; however, 
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Steady state assumption turns out to be good approximation 



Derivation 
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Michaelis-Menten Kinetics 

The four kinetic equations can be solved to give: 
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Maximum reaction rate 

Michaelis-Menten constant, or 

half saturation constant 
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When [S] = KM, Vo = ½VMAX 

Asymptotes 

 

As [S] ­ ¤; Vo ­ VMAX  

 

As [S] ­ 0;  Vo ­  k[S][S]
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Michaelis-Menten versus 1st order kinetics 

First Order Kinetics 
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B Note, for Michaelis-Menten 

kinetics the increase in [B] and 

the decrease in [A] occurs 

linearly while [A] >> KM 

Can use linear increase to measure VMAX 
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Transport across the cell membrane 

ÅThe concentration of substrates outside the cell are usually at low concentration, i.e. nM 

ÅThe concentration of substrates inside the cell are usual at high concentrations, i.e. mM 

ÅConsequently, the cell must actively transport material across the cell membrane. 

ÅSpecial proteins embedded in the cell wall and membrane are responsible for transporting 

material into and out of the cell. 

ÅThese transport systems only operate on relative small molecules, i.e. < 1000 MW 

Inside Cell 

Outside Cell 
Transport 

proteins  

See Brock, pp. 63-67 

Sec. 3.6 



Peptidoglycan Example (E. coli) 

NAG ï N-acetylglucosamine 

NAM ï N-acetylmuramic acid 

 

NAG is also the monomer of chitin 



Possible Lignin Structure 



Diagenetic Reactions 


