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Chapter  6
Enzymes

Spontaneous reactions?

ÁIf reactions are ñdownhillò, why donôt 

they just happen spontaneously?

É because covalent bonds are stable 

Activation energy

ÁBreaking down large molecules 

requires an initial input of energy

Éactivation energy

É large biomolecules are stable

Émust absorb energy to break bonds 

energycellulose CO2 + H2O + heat

Activation energy

Áthe amount of energy needed to 

destabilize the bonds of a molecule

Émoves the reaction over an ñenergy 

hillò

Reducing Activation energy

ÁCatalysts

É reducing the amount of energy to 

start a reaction

Catalysts

ÁSo whatôs a cell to do to reduce 

activation energy?

É get help! é chemical helpé

DG

http://learn.genetics.utah.edu/content/begin/cells/insideacell/
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Enzymes 

ÁBiological catalysts 

É proteins (& RNAðribozymes!) 

É facilitate chemical reactions
Áincrease rate of reaction without being consumed

Áreduce activation energy

Ádonôt change free energy (DG) released or required

É required for most biological reactions

É highly specific
Áthousands of different enzymes in cells

É ócontrolô reactions

Enzymes & substrates
substrate

Áreactant which binds to enzyme

Áenzyme-substrate complex: temporary association

product
Áend result of reaction

Enzymes & substrates

ÁEnzyme + substrates ­ products

É sucrase
Áenzyme breaks 

down sucrose 

Ábinds to sucrose 
and breaks disaccharide                                   
into fructose & glucose

É DNA polymerase
Áenzyme builds DNA

Áadds nucleotides 
to a growing 
DNA strand

Lock and Key model
ÁSimplistic model of enzyme action

É 3-D structure of enzyme 
fits substrate

ÁActive site 

É enzymeôs catalytic center

É pocket or groove on 
surface of globular protein 

É substrate fits into active site

Induced fit model

ÁMore accurate model of enzyme action

É 3-D structure of enzyme fits substrate

É as substrate binds, enzyme changes shape 

leading to a tighter fit 

Áñconformational changeò

Ábring chemical groups in position to catalyze 

reaction

How does it work?

ÁVariety of mechanisms to lower 

activation energy & speed up reaction

É active site orients substrates in correct 

position for reaction

Áenzyme brings substrate closer together

É active site binds substrate & puts stress 

on bonds that must be broken, making 

it easier to separate molecules

É groups near the active site can add a 

chemical charge for re-dox reactions 

F:/AP BIOLOGY/AP PPT Lectures/014--Ch05--Cell Transport/014--Pinocytosis.mpg
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Specificity of enzymes

ÁReaction specific

É each enzyme is substrate-specific

Ádue to fit between active site & substrate

Èsubstrates held in active site by weak 
interactions

Â H bonds

Â ionic bonds

É enzymes named for reaction they catalyze

Ásucrase breaks down sucrose

Áproteases break down proteins

Álipases break down lipids

ÁDNA polymerase builds DNA

Ápepsin breaks down proteins (polypeptides)

Reusable

ÁNot consumed in reaction

É single enzyme molecule can catalyze 

thousands or more reactions per second

É enzymes unaffected by the reaction 

Factors Affecting Enzymes

ÁEnzyme concentration

ÁSubstrate concentration

ÁTemperature 

ÁpH

ÁSalinity

ÁActivators

ÁInhibitors

catalase

[Enzyme]

enzyme concentration
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ÁEffect on rates of enzyme activity

É as ¬enzyme = ¬reaction rate

Ámore enzymes = more frequently 

collide with substrate 

É reaction rate levels off

Ásubstrate becomes limiting factor

Ánot all enzyme molecules can ófindô substrate

[Enzyme] [Substrate]

substrate concentration
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ÁEffect on rates of enzyme activity

É as ¬substrate = ¬reaction rate

Ámore substrate = more frequently 

collide with enzymes

É reaction rate levels off

Áall enzymes have active site engaged

Áenzyme is saturated

Ámaximum rate of reaction 

[Substrate] Temperature 

temperature
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Temperature

ÁEffect on rates of enzyme activity

ÉOptimum T°

Ágreatest number of molecular collisions

Áhuman enzymes = 35°- 40°C (body temp = 37°C)

É Increase beyond optimum T°

Áincreased agitation of molecules disrupts bonds

ÈH, ionic = weak bonds

Ádenaturation = lose 3D shape (3° structure)

ÉDecrease T°

Ámolecules move slower 

Ádecrease collisions

ÁDifferent enzymes functional in different 

organisms

Temperature

How do ectotherms do it?

ISOZYMES!
different enzymes 

with different 

chemical 

compositions and 

physical 

properties, but 

control the same 

reaction.
7
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pH 

ÁEffect on rates of enzyme activity

É pH changes

Áchanges charges (add or remove H+)

Ádisrupt bonds, disrupt 3D shape 

Èaffect 3° structure

Émost human enzymes = pH 6-8

Ádepends on localized conditions

Ápepsin (stomach) = pH 3

Átrypsin (small intestines) = pH 8

Salinity (salt concentration)  

Salt concentration

re
a

c
ti

o
n

 r
a

te

ÁEffect on rates of enzyme activity 

É protein shape (conformation) 

Ádepends on attraction of charged 
amino acids

É salinity changes

Áchange [inorganic ions]

Áchanges charges (add + or ï)

Ádisrupt bonds, disrupt 3D shape 

Èaffect 3° structure

É enzymes intolerant of extreme salinity

ÁDead Sea is called dead for a reason! 

Salinity (salt concentration)  Action of Allosteric Control

ÁInhibitors & activators

É regulatory molecules attach to allosteric 
site (not active site) causing 
conformational (shape) change

É inhibitor keeps enzyme in inactive form

É activator keeps enzyme in active form

Activators
ÁCompounds which help enzymes

ÁProsthetic groups

É non-amino acid groups bound to 
enzymes

Áheme group in hemoglobin

ÁCofactors 

É non-protein, small inorganic
compounds & ions

ÁMg, K, Ca, Zn, Fe, Cu

Ábound in enzyme molecule

ÁCoenzymes

É non-protein, organic molecules 

Ábind temporarily or permanently to
enzyme near active site

É many vitamins

ÁNAD (niacin; B3)

ÁFAD (riboflavin; B2)

ÁCoenzyme A

Mg in
chlorophyll

Fe in
hemoglobin

Cooperativity 

ÁSubstrate acts as an activator

É substrate causes conformational 

change in enzyme

Áinduced fit

É favors binding of substrate at 2nd site

É makes enzyme more active & effective

Áex: hemoglobin

4 polypeptide chains:

Ábind 4 O2;

Á1st O2 binds 

Ámakes it easier for 

other 3 O2 to bind

http://learn.genetics.utah.edu/content/begin/cells/insideacell/
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Inhibitors

ÁRegulation of enzyme activity

É other molecules that affect enzyme activity

ÁSelective inhibition & activation

É competitive inhibition

É noncompetitive inhibition

É irreversible inhibition

É feedback inhibition

Competitive Inhibitor 

ÁEffect

É inhibitor & substrate 
ñcompeteò for active site
Áex: penicillin blocks enzyme 

that bacteria use to build 
cell walls

Áex: disulfiram (Antabuse) to 
overcome alcoholism

É overcome by increasing 
substrate concentration

Ásaturate solution with 
substrate so it out-
competes inhibitor for 
active site on enzyme

Áex: methanol poisoning

Non-Competitive Inhibitor 

ÁEffect

É inhibitor binds to site other than active site
Áallosteric site 

Ácalled allosteric inhibitor
Èex: some anti-cancer drugs

inhibit enzymes involved 
in synthesis of nucleotides 
& therefore in building of 
DNA = stop DNA production, 
stopping abnormal division

Èex: heavy metal poisoning

Èex: cyanide poisoning

Ácauses enzyme to have a                          
conformational shape change

Árenders active site unreceptive

Irreversible Inhibition

ÁInhibitor permanently binds to enzyme

É competitor

Ápermanently binds to active site

É allosteric

Ápermanently changes shape of enzyme 

Áex: nerve gas, sarin, many insecticides 

(malathion, parathioné)

ÈDIPF (diisopropylphosphorofluoridate) is ané

Èacetylecholinesterase inhibitorðdoesnôt  

breakdown the neurotransmitter, acetylcholine, 

which is vital for muscle contraction 

Metabolic Pathways
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ÁChemical reactions of life 

are organized in pathways

É divide chemical reaction 

into many small steps

Áefficiency 

Ácontrol = regulation

Efficiency

ÁGroups of enzymes organized 

É if enzymes are embedded in membrane 

they are arranged sequentially

ÁLink endergonic & exergonic reactions

http://learn.genetics.utah.edu/content/begin/cells/insideacell/
http://learn.genetics.utah.edu/content/begin/cells/insideacell/
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Feedback Inhibition

ÁRegulation & coordination of production

É product is used by next step in pathway

É final product is inhibitor of earlier step

Áallosteric inhibitor of earlier enzyme

Áfeedback inhibition

É no unnecessary accumulation of product
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ÁExample

É synthesis of 

amino acid, 

isoleucine from 

amino acid, 

threonine

Feedback Inhibition

Any Questions??


