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The	Role	of	pH	on	Enzyme	Activity:	A	Study	on	Amylase	===================================	Amylase,	an	essential	enzyme	in	the	human	body,	plays	a	vital	role	in	breaking	down	starch	into	maltose	units.	The	optimal	functioning	of	amylase	is	crucial	for	efficient	carbohydrate	digestion	and	metabolism.	In	this	experiment,
students	investigated	how	pH	levels	affect	the	activity	of	amylase.	Several	test	tubes	were	prepared	with	varying	pH	conditions	(2,	7,	and	8)	using	starch,	hydrochloric	acid,	and	sodium	carbonate.	The	presence	of	starch	was	detected	using	iodine,	which	changes	color	depending	on	the	starch's	presence,	allowing	students	to	evaluate	the	enzyme's
effectiveness	under	different	conditions.	The	results	showed	that	the	reaction	at	pH	7.0	occurred	the	fastest,	while	reactions	at	pHs	higher	and	lower	than	7.0	occurred	slower.	This	suggests	that	amylase	has	an	optimal	pH	of	7.0,	beyond	which	the	enzyme's	activity	decreases	significantly.	This	study	highlights	the	importance	of	enzymes	in
maintaining	efficient	metabolic	pathways.	Enzymes,	including	amylase,	catalyze	reactions	by	lowering	activation	energy,	allowing	them	to	proceed	without	being	consumed	in	the	reaction	itself.	The	structure	and	charge	of	molecules,	influenced	by	pH	levels,	play	a	crucial	role	in	enzyme	function.	Amylase	is	not	only	essential	for	human	digestion	but
also	plays	a	vital	role	in	bread	making	and	alcohol	fermentation.	Its	ability	to	break	down	starch	into	simple	sugars	enables	yeast	to	digest	these	substances.	This	study's	findings	underscore	the	significance	of	enzymes	in	everyday	biological	processes.	Overall,	this	experiment	demonstrates	the	importance	of	pH	levels	on	enzyme	activity,	with	amylase
exhibiting	optimal	performance	at	pH	7.0.	The	study	underscores	the	critical	role	enzymes	play	in	maintaining	efficient	metabolism	and	highlights	the	impact	of	pH	levels	on	enzyme	function.The	Importance	of	pH	on	Enzyme	Activity	The	digestion	process	would	grind	to	a	halt	without	starch,	as	it	is	necessary	for	organisms	to	harness	energy	from
consumed	food.	Investigating	how	pH	influences	enzyme	activity	can	provide	insight	into	optimal	amylase	performance.	This	study	aimed	to	determine	the	effect	of	five	different	pH	levels	(5.0,	6.0,	7.0,	8.0,	and	9.0)	on	the	efficiency	of	an	amylase	reaction	with	a	starch	solution.	It	was	hypothesized	that	the	ideal	pH	would	be	7.0,	as	amylase	is
commonly	found	in	the	saliva	of	many	animals,	which	typically	has	a	neutral	pH	around	7.0.	As	a	result,	it	would	make	sense	for	the	enzyme	to	function	optimally	at	this	pH.	If	amylase	was	placed	in	a	7.0	pH	environment,	the	starch	disappearance	rate	should	be	greater	than	that	at	pH	levels	5.0	and	9.0.	Increasing	pH,	up	to	the	optimal	level,
generally	leads	to	faster	reactions,	which	is	why	it	was	also	expected	that	the	reaction	at	pH	6.0	would	occur	more	quickly	than	the	one	at	pH	5.0.	Materials	and	Methods	This	experiment	required	various	chemicals,	including	1%	amylase	solution,	1%	starch	solution,	five	standard	test	tubes,	several	12-well	test	plates,	and	buffer	solutions	with
different	pH	levels.	The	five	test	tubes	were	labeled	from	5	to	9	to	differentiate	the	different	pH	buffers.	A	graduated	pipette	was	used	to	add	5	mL	of	each	buffer	to	the	respective	test	tubes.	Then,	1.5	mL	of	1%	amylase	solution	was	added	to	each	test	tube.	These	test	tubes	were	set	aside	and	several	test	plates	were	filled	with	two	drops	of	I2KI
solution.	A	drop	of	the	resulting	solution	was	added	into	a	compartment	on	the	test	plate	and	recorded	as	time	zero.	A	drop	of	the	solution	was	added	to	a	new	compartment	every	10	seconds	until	the	solution	no	longer	changed	color.	This	process	was	repeated	for	each	buffer	solution,	and	the	experiment	was	terminated	if	the	reaction	appeared	to	be
making	progress	after	7	minutes.	Results	The	reaction	at	pH	5.0	took	approximately	2.11	minutes	to	complete,	while	the	reactions	at	pH	6.0	and	8.0	took	1.51	and	1.57	minutes,	respectively.	The	reaction	at	pH	9.0,	however,	took	a	significantly	longer	time	of	2.16	minutes.	A	significant	amount	of	precipitate	was	observed	in	each	compartment
containing	an	amylase-starch	solution,	regardless	of	the	pH	level.The	effect	of	pH	on	the	activity	of	amylase,	an	enzyme	that	breaks	down	starch	into	maltose,	was	investigated	in	this	experiment.	The	results	showed	that	the	optimal	pH	for	the	enzyme	is	around	7.0,	and	any	pH	above	or	below	this	value	causes	a	decrease	in	reaction	rate.	##	The
graph	of	time	taken	to	break	down	starch	vs	pH	shows	that	at	pH	5	and	9,	the	reaction	rates	are	slower	compared	to	other	pH	levels.	##	Increasing	the	pH	from	5	to	7	increases	the	reaction	rate,	with	the	fastest	rate	seen	at	pH	7.0.	##	However,	if	the	pH	is	too	high	or	too	low,	it	causes	the	enzyme	to	denature,	reducing	its	activity	and	leading	to	a
decrease	in	reaction	rate.	##	The	results	of	this	experiment	support	the	hypothesis	that	there	is	an	optimal	pH	for	amylase	enzyme,	and	deviating	from	this	pH	value	will	result	in	slower	reaction	rates.	##	Amylase	plays	a	vital	role	in	the	human	body	by	breaking	down	starch	into	glucose,	which	is	essential	for	utilizing	carbohydrates	effectively.
=====================================	The	experiment	relies	on	iodine	as	a	chemical	reagent	to	identify	the	presence	of	starch.	A	blue-black	color	indicates	that	starch	is	present,	while	a	brown	color	signifies	complete	digestion.	the	app	has	been	a	game-changer	for	my	confidence	levels,	allowing	me	to	connect	with	others	who
share	similar	struggles	and	feel	more	at	ease.	The	app's	user-friendly	interface	makes	it	easy	to	navigate	and	find	relevant	information,	saving	me	time	and	effort.	I	was	initially	struggling	in	maths,	but	the	app's	helpful	resources	have	made	a	significant	improvement	in	my	grades.	I	must	say	that	I'm	thoroughly	impressed	by	the	app's	features,
particularly	the	quizzes	and	flashcards.	They're	extremely	useful	and	have	helped	me	understand	complex	concepts	better.	The	SchoolGPT	feature	is	also	top-notch,	providing	detailed	explanations	and	examples	that	make	learning	more	engaging.	In	addition	to	its	helpful	resources,	the	app	is	also	very	easy	to	use	and	has	a	well-designed	interface.
I've	found	all	the	information	I	need,	and	it's	been	incredibly	useful	for	my	studies.	Whether	you're	struggling	in	a	particular	subject	or	just	looking	to	improve	your	knowledge,	this	app	is	definitely	worth	checking	out.	I	was	skeptical	at	first,	but	the	app	has	genuinely	helped	me	feel	more	confident	in	my	abilities.	The	fact	that	it's	free	and	not	full	of
fake	reviews	makes	it	all	the	more	impressive.	If	you're	looking	for	an	effective	tool	to	help	you	with	your	studies,	look	no	further	–	this	app	is	a	real	gem.	The	amylase-starch	experiment	involves	measuring	the	rate	at	which	the	enzyme	breaks	down	starch	into	simpler	sugars.	This	is	done	by	observing	the	time	it	takes	for	a	solution	containing	iodine
to	turn	blue-black	when	mixed	with	a	sample	containing	broken-down	starch.	To	carry	out	this	investigation,	students	will	need	to	use	different	buffer	solutions	to	adjust	the	pH	of	the	reaction	mixture.	A	suitable	apparatus	includes	syringes,	test	tubes,	and	dimple	tiles	or	white	tiles	for	observing	the	results.	Students	should	be	aware	that	amylase
solution	is	relatively	harmless	but	can	cause	skin	irritation,	so	gloves	should	be	worn	during	handling.	The	experiment	involves	measuring	the	rate	of	the	enzyme-controlled	reaction	by	calculating	1	÷	time,	which	will	give	the	rate	of	reaction	per	second.	The	procedure	is	simple	and	can	be	completed	by	individuals	if	there	are	enough	dimple	tiles
available.	For	larger	groups,	students	can	work	together	to	complete	the	investigation,	pooling	their	results	for	comparison.	The	teacher	should	ensure	that	all	solutions	used	in	the	experiment	are	handled	safely,	as	iodine	solution	can	cause	eye	irritation.	Amylase	solution	and	iodine	solution	are	both	low-hazard	once	made	up,	but	it	is	essential	to
follow	standard	health	and	safety	guidelines	when	handling	them.	The	teacher	should	also	be	aware	of	any	hazards	associated	with	the	buffer	solutions	being	used.	If	students	choose	to	use	saliva	as	a	source	of	amylase,	they	should	follow	good	hygiene	practices,	including	spitting	into	small	beakers	and	rinsing	their	equipment	properly.	The
experiment	involves	making	fresh	batches	of	starch	suspension	and	buffer	solutions	each	lesson,	as	these	can	degrade	over	time.	Students	should	also	note	that	the	optimum	temperature	for	their	enzyme	may	vary	depending	on	the	supplier's	label.In	the	pipette	back	into	the	test	tube.	H	wait	another	10	seconds.	Then	remove	a	second	drop	of	the
mixture	to	add	to	the	next	drop	of	iodine.	i	repeat	step	h	until	the	iodine	solution	and	the	amylase/buffer/starch	mixture	remain	orange.	j	You	could	prepare	a	control	drop	for	comparison	with	the	test	drops.	What	should	this	contain?	k	Count	how	many	iodine	drops	you	have	used,	each	one	equalling	10	seconds	of	reaction	time.	l	Repeat	the	whole
procedure	with	another	of	the	pH	buffers	to	be	used,	or	pool	the	class	results.	m	Consider	collecting	repeat	data	if	there	is	time.	n	Plot	a	graph	of	time	taken	to	break	down	starch	against	pH,	or	calculate	the	rate	of	reaction	and	plot	rate	against	pH.	===================================	Teaching	notes	This	is	a	straightforward
practical	giving	reliable,	unambiguous	results.	The	main	errors	will	be	in	the	order	of	mixing	the	enzyme/substrate/buffer,	or	a	delay	in	sampling	so	that	the	reaction	time	is	under-estimated	or	rate	is	over-estimated.	Temperature	variation	affects	enzyme	activity,	so	results	collected	on	different	days	are	not	comparable.	Health	and	safety	checked,
September	2008	Downloads	Download	the	student	sheet	Investigating	the	effect	of	pH	on	amylase	activity	(72	KB)	with	questions	and	answers.	Web	links	Royal	Society	of	Chemistry:	Chemistry	for	Biologists:	Enzymes	A	clear	and	thorough	presentation	of	information	about	enzymes	as	chemical	catalysts	and	the	factors	affecting	their	activity.	Amylase
is	an	enzyme	that	digests	starch	(a	polysaccharide	of	glucose)	into	maltose	(a	disaccharide	of	glucose)	The	effect	of	different	pH	levels	on	the	activity	of	amylase	can	be	investigated	Spotting	tile	Measuring	cylinder	Test	Tube	Syringe	Pipette	Stopwatch	Buffer	solutions	Iodine	Starch	solution	Amylase	solution	Add	a	drop	of	iodine	to	each	of	the	wells	of
a	spotting	tile	Use	a	syringe	to	place	2	cm3	of	amylase	into	a	test	tube	Add	1cm3	of	buffer	solution	(at	pH	2)	to	the	test	tube	using	a	syringe	Use	another	test	tube	to	add	2	cm3	of	starch	solution	to	the	amylase	and	buffer	solution,	start	the	stopwatch	whilst	mixing	using	a	pipette	Every	10	seconds,	transfer	a	droplet	of	the	solution	to	a	new	well	of
iodine	solution	(which	should	turn	blue-black)	Repeat	this	transfer	process	every	10	seconds	until	the	iodine	solution	stops	turning	blue-black	(this	means	the	amylase	has	broken	down	all	the	starch)	Record	the	time	taken	for	the	reaction	to	be	completed	Repeat	the	investigation	with	buffers	at	different	pH	values	(ranging	from	pH	3.0	to	pH	7.0)
Investigating	the	effect	of	pH	on	enzyme	activity	Results	and	Analysis	Amylase	is	an	enzyme	which	breaks	down	starch	When	the	iodine	solution	remains	orange-brown,	all	the	starch	has	been	digested	This	investigation	shows:	At	the	optimum	pH,	the	iodine	stopped	turning	blue-black	and	remained	orange-brown	within	the	shortest	amount	of	time
This	is	because	the	enzyme	is	working	at	its	fastest	rate	and	has	digested	all	the	starch	At	higher	or	lower	pH's	(above	or	below	the	optimum)	the	iodine	took	a	longer	time	to	stop	turning	blue-black	or	continued	to	turn	blue-black	for	the	entire	investigation	This	is	because	on	either	side	of	the	optimum	pH,	the	enzymes	are	starting	to	become
denatured	and	as	a	result	are	unable	to	bind	with	the	starch	or	break	it	down	Limitations	The	starch	and	amylase	solutions	that	need	to	be	used	should	be	placed	in	a	water	bath	at	optimum	temperature	before	being	used	A	colorimeter	can	be	used	to	measure	the	progress	of	the	reaction	more	accurately	by	measuring	the	absorbance/transmission	of
light	through	the	coloured	solution	A	control	of	iodine	solution	would	be	used	for	comparison	A	graph	showing	the	optimum	pH	for	an	enzyme	from	a	region	of	the	small	intestine	Applying	CORMS	to	practical	work	When	working	with	practical	investigations,	remember	to	consider	your	CORMS	evaluation	CORMS	Evaluation	In	this	investigation,	your
evaluation	should	look	something	like	this:	C	-	We	are	changing	the	pH	of	the	environment	O	-	This	is	not	relevant	to	this	investigation	as	we	aren't	using	an	organism	R	-	We	will	repeat	the	investigation	several	times	to	ensure	reliability	M1	-	We	will	measure	the	time	taken	for	M2	-	the	iodine	to	stop	turning	black	S	-	We	will	control	the	concentration
and	volume	of	the	amylase,	iodine	and	starch	solution	used	in	the	investigation	When	describing	the	effect	of	pH	on	enzyme	activity,	it	is	important	to	remember	that	any	pH	outside	of	the	optimum	can	lead	to	the	enzyme	becoming	permanently	denatured.


