
Enzymes	
BIOL	160	

Lab	Module	3	



Enzymes	lower	energy	barriers	

•  Catalyst	

•  Chemical	agent	that	speeds	up	a	

reac=on	without	being	

consumed	by	the	reac=on	

•  Enzyme	

•  Cataly=c	protein	

•  Ex.	Hydrolysis	of	sucrose	by	the	

enzyme	sucrase	

Sucrose (C12H22O11) 

Glucose (C6H12O6) Fructose (C6H12O6) 

Sucrase 



The	Ac7va7on	Energy	Barrier	

•  Every	chemical	reac=on	between	

molecules	involves	bond	breaking	and	

bond	forming	

•  Ac7va7on	energy	(EA),	or	free	energy	

of	ac7va7on	

•  The	ini=al	energy	needed	to	

start	a	chemical	reac=on		

•  OIen	supplied	in	the	form	

of	heat	from	the	

surroundings	
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How	Enzymes	Lower	the	EA	Barrier	

•  Enzymes	catalyze	reac=ons	by	lowering	the	EA	barrier	

•  do	not	affect	the	change	in	free	energy	(∆G)	

•  Instead	hasten	reac=ons	that	would	occur	eventually	
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Substrate	Specificity	of	Enzymes	
•  Substrate		

•  The	reactant	that	an	enzyme	acts	on		

•  The	enzyme	binds	to	its	substrate,	
forming	an	enzyme-substrate	
complex	

•  Ac7ve	site	

•  region	on	the	enzyme	where	the	
substrate	binds	

•  Induced	fit		

•  enzyme-substrate	complex	triggers	
conforma=onal	change	in	enzyme	

•  brings	chemical	groups	of	the	ac=ve	
site	into	posi=ons	that	enhance	their	
ability	to	catalyze	the	reac=on	

•  By	contor=ng	and	stressing	bonds	
in	substrate	
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Catalysis	in	the	Enzyme’s	Ac7ve	Site	
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converted to 
products. 

     Active site can lower EA 
and speed up a reaction. 

     Substrates held in  
active site by weak 
interactions, such as  
hydrogen bonds and 
ionic bonds. 

     Substrates enter active site; enzyme  
changes shape such that its active site 
enfolds the substrates (induced fit). 
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•  The	ac=ve	site	can	lower	an	EA	barrier	
by	

•  Orien=ng	substrates	correctly	

•  Straining	substrate	bonds	

•  Providing	a	favorable	
microenvironment	

•  Covalently	bonding	to	the	
substrate	



Effects	of	Temperature	and	pH	

•  Each	enzyme	has		

•  An	op=mal	temperature	for	
func=on	

•  Taq	polymerase	at	
~78°C	

•  An	op=mal	pH	for	func=on	

•  Pepsinogen/pepsin	at	
pH	2	

•  Not	necessarily	the	same	for	
all	enzymes	
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(a) Optimal temperature for two enzymes 

(b) Optimal pH for two enzymes 

R
at

e 
of

 re
ac

tio
n 

Optimal pH for pepsin 
(stomach enzyme)            

Optimal pH 
for trypsin 
(intestinal 
enzyme) 
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