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Topic	8	Metabolism	
Topic	8.1	Metabolism	
Essen%al	idea:	Metabolic	reac7ons	are	regulated	
in	response	to	the	cell’s	needs.	

Understandings:	
•  8.1.U1	Metabolic	pathways	consist	of	chains	and	cycles	of	

enzyme-catalysed	reac7ons.	
•  8.1.U2	Enzymes	lower	the	ac7va7on	energy	of	the	chemical	

reac7ons	that	they	catalyse.	
•  8.1.U3	Enzyme	inhibitors	can	be	compe77ve	or	non-

compe77ve.	
•  8.1.U4	Metabolic	pathways	can	be	controlled	by	end-

product	inhibi7on.	

Applica7ons:	
•  8.1.A1	End-product	inhibi7on	of	the	pathway	that	converts	

threonine	to	isoleucine.	
•  8.1.A2	Use	of	databases	to	iden7fy	poten7al	new	an7-

malarial	drugs.	

•  8.1.S1	Calcula7ng	and	ploKng	rates	of	reac7on	from	raw	
experimental	results.	

•  8.1.S2	Dis7nguishing	different	types	of	inhibi7on	from	
graphs	at	specified	substrate	concentra7on.	

Skills	

I.	Metabolic	Pathways	
A.  Metabolic	pathways	consist	of	chains	and	cycles	of	enzyme-

catalyzed	reac7ons	
	
Challenge:	
By	changing	just	one	leUer	at	a	7me,	get	from	‘TREAD’	to	
‘BLINK’.	All	intermediates	must	be	real	English	words.	
	
	
TREAD		_______			_______			_______			_______			_______		BLINK	
	
	

Bioknowledgy.net	
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I.	Metabolic	Pathways	
1.  Metabolism:	the	sum	total	of	all	chemical	reac7ons	that	

occur	within	an	organism.	
2.  Metabolic	(biochemical)	pathways:	cycles	or	chains	of	

enzyme	catalyzed	reac7ons.	The	chemical	change	from	
one	molecule	to	another	o1en	does	not	happen	not	in	one	
large	jump,	but	in	a	sequence	of	small	steps.	The	small	
steps	together	form	what	is	called	a	metabolic	pathway.	

	
TREAD		BREAD			BREED			BLEED			BLEND			BLIND		BLINK	
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end	product	
intermediates	

Ini7al	substrate	

I.	Metabolic	Pathways	

McGraw-Hill	

I.	Metabolic	Pathways	

Glycolysis,	a	part	of	
respira=on,	is	an	example	of	a	
metabolic	chain	

The	Calvin	cycle,	a	part	of	photosynthesis,	is	an	
example	of	a	metabolic	cycle	
	

bioninja.com.au	

II.	Enzymes	and	Ac7va7on	Energy	
A.  Enzymes	lower	the	ac7va7on	energy	of	the	chemical	

reac7ons	that	they	catalyze.	
1.  The	reactants	must	absorb	energy	from	the	environment	

in	order	to	reach	an	unstable	transi7on	state,	where	the	
bonds	between	them	can	break	and	reform	as	products.	

2.  The	energy	needed	is	called	ac7va7on	energy	(EA).	
	

metabolismcook.wikispaces.com	

In	an	exergonic	reac=on	the	
reactants	will	lose	energy	
overall	resul=ng	in	products	
with	less	energy	that	are	more	
chemically	stable.	Many	of	
exergonic	reac=ons	can	also	
be	exothermic.	
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II.	Enzymes	and	Ac7va7on	Energy	
3.  Enzymes	lower	ac7va7on	energy,	the	ini7al	input	of	

energy	that	is	required	to	trigger	a	chemical	reac7on.	

Enzymes	benefit	organisms	
by	speeding	up	the	rate	at	
which	reac=ons	occur,	they	
make	them	happen	millions	
of	=mes	faster.	
	

un-catalyzed	reac7on	
	
catalyzed	reac7on	

The	key	effect	enzymes	have	upon	reac7ons	

bioninja.com.au	

II.	Enzymes	and	Ac7va7on	Energy	
B.  How	do	enzymes	lower	the	ac7va7on	energy	of	a	reac7on?	

•  The	substrate	binds	to	the	enzymes’	ac=ve	site	and	the	shape	of	the	ac=ve	
site	is	altered.	

•  The	bonds	in	the	substrate	molecules	are	stressed/become	less	stable	due	
to	change	in	shape	of	the	ac=ve	site.	

•  The	energy	level	of	the	transi=on	state	is	reduced	also	decreasing	the	
ac=va=on	energy	of	the	reac=on.	

•  The	bonds	between	the	substrates	reform	to	make	products.	
•  The	products	to	be	released	from	the	ac=ve	site	because	of	the	lack	of	

chemical	aHrac=on.	
•  The	net	amount	of	energy	released	by	the	reac=on	is	unchanged.		

TimVickers	

III.	Types	of	Enzyme	Inhibitors	
A.  Enzyme	inhibitors	can	be	compe77ve	or	noncompe77ve-	

1.  Inhibitors	are	molecules	that	bind	to	an	enzyme	and	
slow	down	or	stop	the	enzyme’s	func7on.		

classes.midlandstech.edu	

Enzymes	do	not	need	to	convert	substrates	to	products	all	the	=me.	Inhibitors	can	
slow	or	stop	a	reac=on	so	products	do	not	build	up	or	energy	is	not	wasted	making	
unneeded	products.	

III.	Types	of	Enzyme	Inhibitors	
B.  Enzymes	can	be	inhibited	in	several	ways:	

1.  Compe77ve	inhibi7on:	
a.  The	compe77ve	inhibitor	binds	directly	to	

the	ac7ve	site,	blocking	the	substrate	from	
entering	the	ac7ve	site.	

b.  The	higher	the	concentra7on	of	inhibitor,	
the	slower	the	rate	of	reac7on.	This	can	be	
overcome	by	increase	the	amount	of	
substrates.	

i-biology.net	
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III.	Types	of	Enzyme	Inhibitors	
2.  Noncompe77ve	inhibi7on:	

a.  Non-compe77ve	inhibitors	bind	to	an	allosteric	
(other)	site	on	the	enzyme.	

b.  The	ac7ve	site	is	altered	such	that	the	substrate	
cannot	aUach	and	react.	

c.  Increasing	the	concentra7on	of	inhibitor	decreases	
the	rate	of	reac7on.	The	maximum	rate	is	also	
reduced,	even	if	the	substrate	concentra7on	is	
increased.		

i-biology.net	
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III.	Types	of	Enzyme	Inhibitors	
3.  Reversible	inhibitors	are	hydrogen	(weakly)	bonded	to	

the	enzyme	and	can	be	released,	allowing	the	enzyme	to	
func7on	again.	

4.  Irreversible	inhibitors	are	covalently	(permanently)	
bonded	to	the	enzyme	and	cannot	con7nue	to	catalyze	
reac7ons.	

biochemistryisagoodthing.wordpress.com;	Pearson	Educa7on	
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III.	Types	of	Enzyme	Inhibitors	
4.  Dis7nguishing	between	compe77ve	and	non-

compe77ve	inhibi7on		
Features	of	compe%%ve	inhibitors	

When	the	concentra=on	of	substrate	
begins	to	exceed	the	amount	of	
inhibitor,	the	maximum	rate	of	the	
uninhibited	enzyme	can	be	achieved.	
However,	it	takes	a	much	higher	
concentra=on	of	substrate	to	achieve	
this	maximum	rate.	

bioknowledgy.net	

Rate	of	reac7on	is	reduced	

III.	Types	of	Enzyme	Inhibitors	
4.  Dis7nguishing	between	compe77ve	and	non-

compe77ve	inhibi7on		

Features	of	compe%%ve	inhibitors	

bioknowledgy.net	

Features	of	non-compe%%ve	inhibitors	

It	takes	approximately	the	same	
concentra=on	of	enzyme	to	reach	
the	maximum	rate,	but	the	
maximum	rate	is	lower	than	the	
uninhibited	enzyme.	

Rate	of	reac7on	is	reduced	

The	binding	of	the	non-compe==ve	inhibitor	
prevents	some	of	the	enzymes	from	being	able	to	
react	regardless	of	substrate	concentra=on.	

IV.	End-Product	Inhibi7on	
A.  Metabolic	pathways	can	be	controlled	by	end-product	

inhibi7on-	
1.  Many	enzymes	are	regulated	by	the	products	they	

produce,	by	binding	to	an	allosteric	site	on	the	enzyme.	
Isoleucine	is	an	essen2al	amino	acid	(must	be	obtained	
from	food):	
•  Bacteria	synthesize	isoleucine	from	threonine	in	a	series	

of	five	enzyme-catalysed	steps.	
•  As	the	concentra=on	of	isoleucine	increases,	some	of	it	

binds	to	the	allosteric	site	of	threonine	deaminase.	
•  Isoleucine	acts	as	a	non-compe==ve	inhibitor	to	

threonine	deaminase.	
•  The	pathway	is	then	turned	off,	regula=ng	isoleucine	

produc=on.	
•  If	the	concentra=on	of	isoleucine	later	falls	(as	a	result	

of	its	use)	then	the	allosteric	sites	of	threonine	
deaminase	are	emp=ed	and	the	enzymes	recommences	
the	conversion	of	threonine	to	isoleucine	takes	place.	

•  This	is	nega=ve	feedback	inhibi=on.			
Pearson	Educa7on	

IV.	End-Product	Inhibi7on	

McGraw-Hill	


