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Topic	2	Molecular	Biology	
Topic	2.5	Enzymes	
Essen%al	idea:	Enzymes	control	the	metabolism	of	
the	cell	

Understandings:	
•  2.5.U1	Enzymes	have	an	acCve	site	to	which	specific	

substrates	bind.	
•  2.5.U2	Enzyme	catalysis	involve	molecular	moCon	and	the	

collision	of	substrates	with	the	acCve	site.	
•  2.5.U3	Temperature,	pH	and	substrate	concentraCon	affect	

the	rate	of	acCvity	of	enzymes.	
•  2.5.U4	Enzymes	can	be	denatured.	
•  2.5.U5	Immobilized	enzymes	are	widely	used	in	industry.	

ApplicaCons:	
•  2.5.A1	Methods	of	producCon	of	lactose-free	milk	and	its	

advantages	

•  2.5.S1	Design	of	experiments	to	test	the	effect	of	
temperature,	pH	and	substrate	concentraCon	on	the	
acCvity	of	enzymes.	

•  2.5.S2	Experimental	invesCgaCon	of	a	factor	affecCng	
enzyme	acCvity	(PracCcal	3).	

Skills	

I.	AcCve	Sites	and	Enzymes		
A.  Enzymes	have	an	acCve	site	to	which	specific	substrates	

bind.		
1.  Enzymes	are	globular	proteins	that	increase	the	rate	of	

biochemical	reacCon	by	lowering	the	acCvaCon	energy	
threshold	(i.e.	biological	catalyst).	

www.ebi.ac.uk;	PBD;	Astrojan	
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I.	AcCve	Sites	and	Enzymes		
2.  Substrate	–	reactant	in	a	biochemical	reacCon.	
3.  AcCve	site	–	region	on	the	surface	of	an	enzyme	to	

which	substrates	bind	and	which	catalyzes	the	reacCon.	

shmoop.com	

Polar	regions	of	ac.ve	site	provided	by	
the	R	groups	of	amino	acids	a9ract	the	
substrate	to	the	enzyme.	
	

Once	a	substrate	has	
been	locked	into	the	
ac.ve	site,	the	reac.on	
is	catalyzed.	

The	products	are	
released	and	the	
enzyme	is	used	again.	

I.	AcCve	Sites	and	Enzymes		
B.  Enzymes	are	specific	to	their	substrates	

1.  The	Lock-and-Key	Model	
The	substrate	and	acCve	site	match	each	other	in	two	
ways:	
•  Structurally	–	The	3D	structure	of	the	acCve	site	is	

specific	to	the	substrate.	If	it	don’t	fit,	it	won’t	work!	
•  Chemically	–	Substrates	that	are	not	chemically	

a]racted	to	the	acCve	site	won’t	be	able	to	react.	

Pearson	EducaCon;	katysstudynotes.wordpress.com	

I.	AcCve	Sites	and	Enzymes		
2.  The	Induced-Fit	Model	

If	the	lock-and-key	model	were	true,	one	enzyme	would	
catalyze	only	one	reacCon.	In	reality,	some	enzymes	can	
catalyze	mulCple	reacCons.	

Pearson	EducaCon;	katysstudynotes.wordpress.com	

As	the	substrate	approaches	the	
enzyme	it	induces	a	conforma.onal	
change	in	the	ac.ve	site,	it	changes	to	
fit	the	substrate.	

This	stresses	the	substrate,	
reducing	the	ac.va.on	energy	of	
the	reac.on.	

II.	Enzyme	AcCvity	
A.  Enzymes	catalysis	involves	

molecular	moCon	and	the	collision	
of	substrates	with	the	acCve	site	
•  Most	reac.ons	occur	with	the	substrate	

dissolved	in	water	
•  All	molecules	are	in	random	mo.on	(kine.c	

energy	from	the	environment	creates	
molecular	mo.on).	

•  If	not	immobilized,	the	enzyme	will	also	
move	but	more	slowly	

•  The	coming	together	of	a	substrate	
molecule	and	an	ac.ve	site	is	known	as	a	
collision	and	is	due	to	random	movement	

•  Successful	collisions	occur	when	the	
substrate	and	ac.ve	site	to	be	correctly	
aligned	

Kscience.com	
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III.	Types	of	Enzymes	

Bioknowledgy.com	

IV.	Factors	AffecCng	Enzyme	AcCvity	
A.  Temperature,	pH	and	substrate	concentraCon	

affect	the	rate	of	acCvity	of	enzymes.	
1.  The	3	dimensional	conformaCon	of	

proteins	is	stabilized	by	bonds	or	
interacCons	between	R	groups	of	amino	
acids	within	the	molecule.	

2.  Most	of	these	bonds	and	interacCons	are	
relaCvely	weak	and	can	be	easily	broken,	
resulCng	in	a	change	to	the	shape	of	the	
protein	called	denaturaCon.	

3.  A	denatured	protein	will	not	return	to	its	
normal	shape,	the	change	is	permanent.	

4.  Many	soluble	proteins	when	denatured	will	
become	insoluble.	

Natural	Home	Remedies	for	Life;	recipeCps.com		

IV.	Factors	AffecCng	Enzyme	AcCvity	
B.  Temperature	

•  At	low	temperature	there	is	li9le	thermal/
kine.c	energy	for	the	ac.va.on	of	the	
enzyme	catalyzed	reac.on	to	be	successful.	

•  Increasing	temperature	increases	thermal/
kine.c	energy	of	both	the	enzyme	and	
substrate,	resul.ng	a	higher	number	of	
collisions,	and	increased	enzyme	ac.vity.	

•  At	an	op.mal	temperature,	the	rate	of	
enzyme	ac.vity	will	be	at	its	peak.	

•  At	higher	than	op.mal	temperatures,	the	
enzyme	will	have	reduced	stability	due	to	
the	increase	in	thermal/kine.c	energy	
disrup.ng	the	hydrogen	bonds	holding	the	
enzyme	together.	

•  The	enzyme,	par.cularly	the	ac.ve	site,	
loses	its	shape	resul.ng	in	a	loss	of	enzyme	
ac.vity	(denatura.on).	

sachabiochem0001.wordpress.com;	Peasron	EducaCon	

IV.	Factors	AffecCng	Enzyme	AcCvity	
C.  pH	

•  Changing	the	pH	will	alter	the	charge	
of	the	enzyme	which	in	turn	will	alter	
the	solubility	of	the	protein	and	may	
change	the	shape	of	the	enzyme.	

•  Changing	the	shape	of	the	enzyme,	
par.cularly	the	ac.ve	site,	results	in	
a	loss	of	enzyme	ac.vity	
(denatura.on).	

•  All	enzymes	have	an	op.mal	pH	
range.	Outside	this	range,	the	rate	of	
enzyme	ac.vity	will	be	diminished.	

bbc.co.uk	
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IV.	Factors	AffecCng	Enzyme	AcCvity	
D.  ConcentraCon	

•  Increasing	the	substrate	concentra.on	
increases	the	rate	of	reac.on.	

•  At	the	op.mum	concentra.on	of	substrate	
molecules,	all	ac.ve	sites	of	the	enzymes	
are	full	and	working	at	maximum	efficiency.	

•  Any	increase	in	substrate	concentra.on	
beyond	the	op.mum	will	have	no	added	
effect	as	there	will	not	be	any	ac.ve	sites	
free	to	catalyze	reac.ons.	

rsc.org	

V.	Immobilized	Enzymes	
A.  Common	uses	of	enzymes	in	industry	

include:	
•  Detergents	contain	proteases	and	lipases	to	

help	breakdown	protein	and	fat	stains.	
•  Biofuels	are	made	from	enzymes	used	to	

breakdown	the	starch	in	grains.	
•  Tex.les	are	made	with	enzymes	that	help	to	

process	fibers	(e.g.	polishing	cloth)	to	make	it	
appear	more	shiny.	

•  Brewing	naturally	carbonated	and	alcoholic	
beverages	use	enzymes	to	help	clarify	the	
drink	and	for	cleaning.	

•  Medicine	and	Biotechnology	use	enzymes	
widely,	from	to	run	diagnos.c	tests	to	cleaning	
contact	lenses	to	cuPng	DNA	into	fragments.	

•  Food	industry	is	dependent	upon	enzymes	to	
increase	fruit	juice	yield	with	pec.n,	and	
produce	sweeteners	through	conver.ng	
glucose	to	fructose	with	isomerase.	

•  Rennin	is	used	in	cheese	produc.on.	
•  Paper	is	produced	using	enzymes	to	pulp	

wood.		 themoneyroller.com	

V.	Immobilized	Enzymes	
B.  Enzymes	are	immobilized	by	in	industry	by	a]aching	them	

to	a	material	to	restrict	their	movement.	Common	methods	
are:	
1.  AggregaCons	of	enzymes	bonded	together	
2.  A]ached	to	inert	surfaces	like	glass	
3.  Entrapped	in	gels	such	as	alginate	beads	

Bioninja.com.au;	enzymetechnology.blogspot.com	

V.	Immobilized	Enzymes	
C.  Advantages	of	immobilizaCon	are:	

1.  Easy	separaCon	of	enzymes	from	the	products.	
2.  The	endpoint	of	the	reacCon	can	be	be]er	controlled	if	

separaCon	is	easier.	
3.  The	enzymes	can	be	recollected	and	reused.	
4.  Increases	stability	of	the	enzyme	increasing	reacCon	rate	

and	yield.	
5.  More	enzyme	–	substrate	collisions	can	occur.	

Biocatalysts	LTD	


