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Describe	the	enzyme	substrate	complex

large	biological	molecule	that	acts	as	a	biocatalyst	catalyst	redirects	here.	for	the	oo	of	natural	catalysts	in	organic	chemistry,	see	biocatalysis.	glucosidase	enzyme	converts	sugar	maltose	into	two	sugars	of	glucose.	active	residues	of	the	site	in	red	substrate,	maltous	in	black	and	nad	cofactor	in	yellow.	(pdb:	1obb)	part	of	a	series	on	life	chemical
biochemistry	index	history	outline	key	components	biomolecules	enzymes	gene	expression	metabolism	list	biochemist	list	biochemist	glossary	biology	glossary	glossaries	of	chemistry	portal	biochemistry	categoryvte	enzymes	(/ˈuntanza	dimz/)	are	proteins	that	act	as	biological	catalysts	(biochemical	accelerators.)	the	catalysts.	molecules	on	which
enzymes	can	act	are	called	substrates,	and	the	enzyme	converts	substrates	into	different	molecules	known	as	products.	Almost	all	metabolic	processes	in	the	cell	need	enzymatic	catalysis	in	order	to	occur	at	fairly	fast	rates	to	sustain	life.	[1]:8.1	metabolic	pathways	depend	on	enzymes	to	catalyze	individual	steps.	the	study	of	enzymes	is	called
enzymology	and	a	new	field	of	pseudoenzyme	analysis	has	recently	grown,	recognizing	that	during	evolution,	some	enzymes	have	lost	the	ability	to	perform	biological	catalysis,	which	is	often	reflected	in	their	sequences	of	amino	acids	and	unusual	pseudocatalytic	properties.	[2][3]	enzymes	are	known	to	catalyze	more	than	5,000	types	of	biochemical
reaction.	[4]	Other	biocatalysts	are	catalytic	rna	molecules,	called	ribozimi.	the	specificity	of	enzymes	comes	from	their	unique	three-dimensional	structures.	like	all	catalysts,	enzymes	increase	the	reaction	rate	by	lowering	its	activation	energy.	some	enzymes	can	make	their	substrate	conversion	to	the	product	occur	many	millions	of	times	faster.	an
extreme	example	is	the	orotidinedecarboxylase,	which	allows	a	reaction	that	would	otherwise	require	millions	of	years	to	occur	in	milliseconds.	[5][6]	Chemically,	enzymes	are	like	any	catalystThey	are	not	consumed	in	chemical	reactions,	nor	alter	the	balance	of	a	reaction.	Enzymes	differ	from	most	other	catalysts	being	much	more	specific.	Enzyme
activity	can	be	influenced	by	other	molecules:	inhibitors	are	molecules	that	reduce	the	activity	of	enzymes	and	activators	are	molecules	that	increase	the	activity.	Many	medicines	and	therapeutic	poisons	are	enzyme	inhibitors.	The	activity	of	an	enzyme	decreases	considerably	outside	its	optimal	temperature	and	pH,	and	many	enzymes	are
(permanently)	denatured	when	exposed	to	excessive	heat,	losing	their	structure	and	catalytic	properties.	Some	enzymes	are	commercially	used,	for	example,	in	the	synthesis	of	antibiotics.	Some	household	products	use	enzymes	to	accelerate	chemical	reactions:	enzymes	in	biological	washing	powders	break	down	proteins,	starch	or	fat	spots	on
clothes,	and	enzymes	in	meat	tenderness	break	down	proteins	in	smaller	molecules,	making	meat	easier	to	chew.	Etymology	and	history	Eduard	Buchner	Towards	the	end	of	the	seventeenth	and	early	eighteenth	century,	the	digestion	of	meat	for	secretions	of	the	stomach[7]	and	the	conversion	of	starch	to	sugars	for	plant	and	saliva	extracts	were
known	but	the	mechanisms	for	which	these	occurred	had	not	been	identified.	[8]	French	chemist	Anselme	Payen	was	the	first	to	discover	an	enzyme,	diastase,	in	1833.	[9]	A	few	decades	later,	studying	the	fermentation	of	alcohol	sugar	by	yeast,	Louis	Pasteur	concluded	that	this	fermentation	was	caused	by	a	vital	force	contained	in	yeast	cells	called
"ferments",	which	were	believed	to	work	only	within	living	organisms.	He	wrote	that	"alcoholic	fermentation	is	an	act	related	to	the	life	and	organization	of	yeast	cells,	not	with	the	death	or	rotting	of	cells.	"	[10]	In	1877,	the	German	physiologistkühne	(1837-1900)	used	the	term	enzyme	for	the	first	time,	derived	from	Greek	.νζυμον,	leavened	or	"in
yeast,"	to	describe	this	process.	[11]	the	word	enzyme	has	been	oated	later	to	refer	to	non-living	substances	such	as	pepsina,	andword	ferment	was	used	to	refer	to	the	chemical	activity	produced	by	living	organisms.	[12]	Eduard	Buchner	presented	his	first	document	on	the	study	of	yeast	extracts	in	1897.	In	a	series	of	experiments	at	the	University	of
Berlin,	he	found	that	sugar	was	fermented	by	yeast	extracts	even	when	there	were	no	live	yeast	cells	in	the	mixture.	13	He	named	the	enzyme	that	led	to	the	fermentation	of	the	zymase	sucrose.[14]	In	1907	he	received	the	Nobel	Prize	for	Chemistry	for	"his	discovery	of	fermentation	without	a	cell".	Following	the	example	of	Buchner,	enzymes	are
usually	called	according	to	the	reaction	they	perform:	suffix	-ase	is	combined	with	the	substrate	name	(for	example,	lactase	is	the	enzyme	that	craves	lactose)	or	the	type	of	reaction	(for	example,	DNA	polymerase	form	DNA).[15]	The	biochemical	identity	of	enzymes	was	still	unknown	in	the	early	1900s.	Many	scientists	observed	that	enzymatic	activity
was	associated	with	protein,	but	others	(such	as	Nobel	Prize	Richard	Willstätter)	claimed	that	proteins	were	only	carriers	for	real	enzymes	and	proteins	for	themselves	were	incapable	of	catalysis.[16]	In	1926,	James	B.	Sumner	showed	that	the	urethase	enzyme	was	a	pure	and	crystallized	protein;	He	also	did	so	for	the	catalysis	of	the	enzyme	in	1937.
The	conclusion	that	pure	proteins	can	be	enzymes	has	been	definitively	demonstrated	by	John	Howard	Northrop	and	Wendell	Meredith	Stanley,	who	has	worked	on	pepsin	digestive	enzymes	(1930,)	tripptina	and	chymotrypsin.	These	three	scientists	were	awarded	the	Nobel	Prize	for	Chemistry	in	1946.	[17]	The	discovery	that	enzymes	could	be
crystallized	eventually	allowed	them	structures	to	be	solved	by	x-ray	crystallography.	This	was	done	for	the	first	time	for	lysozyme,	an	enzyme	found	in	tears,	saliva	and	egg	whites	that	digest	the	lining	of	some	bacteria;	the	structure	isresolved	by	a	group	led	by	David	Chilton	Phillips	and	published	in	1965.the	effort	to	understand	how	enzymes	work
at	an	atomic	level	of	detail.	[19]	The	classification	and	nomenclature	Enzymes	can	be	classified	according	to	two	main	criteria:	the	likeness	of	the	sequence	of	amino	acids	(and	therefore	the	evolutionary	relationship)	or	enzymatic	activity.	Enzyme	activity.	The	name	of	an	enzyme	is	often	derived	from	its	substrate	or	chemical	reaction	that	catalyzes,
with	the	word	ending	in	-ase.[1]:8.1.3	Examples	are	lactase,	alcohol	disidrogenase	and	DNA	polymerases.	Several	enzymes	that	catalyze	the	same	chemical	reaction	are	called	isozymes.	[1]:10.3	The	International	Union	of	Biochemistry	and	Molecular	Biology	has	developed	a	nomenclature	for	enzymes,	EC	numbers	(for	"Commission	for	Enzymes").
Each	enzyme	is	described	by	"EC"	followed	by	a	sequence	of	four	numbers	representing	the	hierarchy	of	enzymatic	activity	(from	very	general	to	very	specific).	In	other	words,	the	first	issue	broadly	ranks	the	enzyme	based	on	its	mechanism	while	the	other	figures	add	more	and	more	specificity.	[20]	The	higher	level	classification	is:	EC	1,
Oxydoreductase:	catalyze	the	reactions	of	oxidation/reduction	EC	2,	Transfers:	transfer	a	functional	group	(e.g.	a	group	of	methylics	or	phosphates)	EC	3,	Hydrolysis:	catalyze	hydrolysis	of	various	EC	4	bonds,	Liasi:	conceals	various	bonds	by	means	of	other	changes	of	hydrolysis	and	very	nearration	These	sections	are	divided	by	other	features	such	as
substrate,	products	and	chemical	mechanism.	An	enzyme	is	completely	specified	by	four	numerical	denominations.	For	example,	esophagase	(CE	2.7.1.1)	is	a	transferase	(CE	2)	which	adds	a	phosphate	group	(CE	2.7)	to	an	exodus	sugar,	a	molecule	containing	a	group	of	alcohol	(CE	2.7.1).[21]	Sequence	similarity.	CE	categories	do	not	reflect	the
similarity	of	the	sequence.	For	example,	two	rows	of	the	same	EC	number	which	catalyze	exactly	the	same	reaction	cancompletely	different	sequences.	Independentfunction,	enzymes,	like	any	other	protein,	were	classified	by	their	sequence	resemblance	in	numerous	families.	These	families	have	been	documented	in	dozens	of	different	protein	and
protein	databases	such	as	Pfam.[22]	the	enzyme	structure	activity	initially	increases	with	temperature	(Q10	coefficient)	until	the	enzyme	structure	develops	(denature,)	leading	to	an	optimal	reaction	rate	at	an	intermediate	temperature.	see	also:	the	protein	structure	enzymes	are	generally	globular	proteins,	which	act	alone	or	in	larger	complexes.	the
sequence	of	amino	acids	specifies	the	structure	which	in	turn	determines	the	catalytic	activity	of	the	enzyme.	[23]	although	the	structure	determines	the	function,	an	enzymatic	activity	cannot	yet	be	predicted	by	the	structure	alone.	[24]	enzyme	structures	unfold	(denature)	when	heated	or	exposed	to	chemical	denaturation	and	this	break	to	the
structure	typically	causes	a	loss	of	activity.	[25]	Enzyme	denaturation	is	normally	linked	to	temperatures	above	the	normal	level	of	a	species;	Consequently,	enzymes	from	bacteria	living	in	volcanic	environments	such	as	hot	springs	are	appreciated	by	industrial	users	for	their	ability	to	function	at	high	temperatures,	allowing	reactions	catalyzed	by
enzymes	to	be	operated	at	a	very	high	rate.	enzymes	are	usually	much	larger	than	their	substrates.	the	size	ranges	from	only	62	amino	acid	residues,	for	the	monomer	of	4	oxalochrotonate	tautomerases,[26]	to	more	than	2,500	residues	in	the	syntax	of	animal	fatty	acid.	[27]	only	a	small	part	of	their	structure	(about	2-4	amino	acids)	is	directly
involved	in	the	catalysis:	the	catalytic	site.[28]	This	catalytic	site	is	located	near	one	or	more	binding	sites	where	the	waste	orientates	the	substrates.	the	catalytic	site	and	the	binding	site	compose	together	the	active	site	of	the	enzyme.	themajority	of	the	enzymatic	structure	is	used	to	maintain	the	precise	orientation	and	dynamics	of	the	active	site.
[29]	In	some	enzymes,	no	amino	acids	are	directly	involved	in	catalysis;	instead,	instead,the	enzyme	contains	sites	to	bind	and	east	catalytic	cofactors.	[29]	Enzyme	structures	may	also	contain	allosteric	sites	where	the	bond	of	a	small	molecule	causes	a	conformative	change	that	increases	or	decreases	activity.	[30]	There	is	a	small	number	of	biological
catalysts	called	ribozymes,	which	can	again	act	alone	or	in	complex	with	protein.	the	most	common	of	these	is	ribosome	which	is	a	complex	of	proteins	and	catalytic	rna	components.	[1]:2.2	mechanism	organization	of	enzymatic	structure	and	lysozyme	example.	blue	link	sites,	catalytic	site	in	red	substrate	and	peptidoglycan	in	black.	(pdb:	9lyz)
substrate	bond	enzymes	must	bind	their	substrates	before	they	can	catalyze	any	chemical	reaction.	Enzymes	are	usually	very	specific	with	regard	to	substrates	that	bind	and	then	the	catalyzed	chemical	reaction.	the	specificity	is	obtained	by	means	of	complementary-shaped	binding	pockets,	load	and	hydrophilic/hydropobical	characteristics	to	the
substrates.	enzymes	can	therefore	distinguish	between	substrate	molecules	very	similar	to	be	chemoselective,	regioselective	and	stereospecific.	[31]	some	of	the	enzymes	that	show	the	highest	specificity	and	accuracy	are	involved	in	the	copy	and	expression	of	the	genome.	some	of	these	enzymes	have	test	reading	mechanisms.	here,	an	enzyme	like
dna	polimerasi	catalyzes	a	reaction	in	a	first	step	and	then	checks	that	the	product	is	corrected	in	a	second	step.[32]	This	two-step	process	results	in	average	error	rates	of	less	than	1	error	in	100	million	reactions	in	high	fidelity	mammal	polymerases.	[1]:5.3.1	similar	correction	mechanisms	are	also	found	in	RNA	polymerases,[33]	sintetase	of	amino
acid	trna[34]	and	ribosomes.	[35]	On	the	contrary,	some	enzymes	show	the	promiscuity	of	enzymes,	having	wide	specificity	and	acting	on	a	range	of	different	physiologically	relevant	substrates.enzymes	possess	small	side	activities	that	have	arisen	permanently	(i.e.	neutrally)	that	can	be	the	starting	point	for	evolutionary	selectiona	new	function.[36]
[37]	The	enzyme	changes	the	form	induced	by	the	form	on	substrate	bond	to	form	enzyme-substrate	complex.	Hexokinase	has	a	large	fit	induced	movement	that	closes	over	the	triphosphate	substrates	of	adenosine	and	xylosis.	Blue	binding	sites,	substrates	in	black	and	Mg2+	cofactor	in	yellow.	(PDB:	2E2N	,	2E2Q	)	Model	"Lock	and	key"	In	1894	Emil
Fischer	proposed	that	both	the	enzyme	and	the	substrate	have	specific	complementary	geometric	shapes	that	fit	exactly	to	each	other.	[38]	This	is	often	referred	to	as	the	model	"the	lock	and	the	key".	[1]:8.3.2	This	initial	model	explains	the	specificity	of	enzymes,	but	does	not	explain	the	stabilization	of	the	transition	state	that	enzymes	achieve.	In
1958,	Daniel	Koshland	suggested	a	change	in	the	lock	and	key	model:	because	enzymes	are	rather	flexible	structures,	the	active	site	is	continually	remodeled	by	interactions	with	the	substrate	while	the	substrate	interacts	with	the	enzyme.	[40]	Therefore,	the	substrate	does	not	simply	bind	to	a	rigid	active	site;	the	amino	acid	side	chains	that	make	up
the	active	site	are	shaped	in	precise	positions	that	allow	the	enzyme	to	perform	its	catalytic	function.	In	some	cases,	such	as	glycosidasis,	the	substrate	molecule	also	changes	shape	slightly	as	it	enters	the	active	site.	[41]	The	active	site	continues	to	change	until	the	substrate	is	completely	bound,	to	which	the	final	form	and	distribution	of	the	charge
is	determined.	[42]	Induced	fit	can	improve	the	fidelity	of	molecular	recognition	in	the	presence	of	competition	and	noise	through	the	conformation	correction	mechanism.	[43]	Catalisi	See	also:	The	Catalan	and	the	Transition	Status	Theory	Enzymes	can	accelerate	reactions	in	different	ways,	all	of	which	lower	activation	energy	(ΔG‡,	Gibbs	free
energy)[44]	Stabilizingtransition	status:	Creation	of	an	environment	with	a	distribution	of	additional	charge	to	that	of	the	transition	state	to	lower	itsProviding	an	alternative	reaction	path:	It	reacts	temporarily	with	the	substrate,	forming	a	covalent	intermediate	to	provide	a	lower	energy	transition	state[46]	Destabilizing	the	substrate	land	state:
Distorting	substrate(s)	bound	in	their	form	of	transition	state	to	reduce	the	energy	needed	to	achieve	the	transition	state[47]	By	guiding	substrates	into	a	production	arrangement	to	reduce	the	change	of	reaction	entropy[48]	(the	contribution	of	this	mechanism	to	catalysis	is	relatively	small)[49]	Enzymes	can	use	different	mechanisms	at	the	same
time.	For	example,	proteases	such	as	the	test	tube	perform	covalent	catalysis	using	a	catalytic	triad,	stabilize	the	accumulation	of	charge	on	the	transition	states	using	a	hole	of	ion,	complete	hydrolysis	using	a	water-oriented	substrate.	[50]	Dynamic	See	also:	Protein	Dynamics	Enzymes	are	not	rigid	and	static	structures;	Instead	they	have	complex
internal	dynamic	movements	–	that	is,	movements	of	parts	of	the	enzyme	structure	as	residues	of	individual	amino	acids,	groups	of	residues	forming	a	protein	cycle	or	a	secondary	structure	unit,	or	even	an	entire	protein	domain.	These	movements	give	rise	to	a	conformational	set	of	slightly	different	structures	that	interconvert	with	each	other	in
balance.	Several	states	within	this	set	can	be	associated	with	different	aspects	of	the	function	of	an	enzyme.	For	example,	different	conformations	of	enzyme	reductase	dihydrophosate	are	associated	with	substrate	ligature,	catalysis,	cofactor	release	and	catalytic	cycle	release	steps,[51]	consistent	with	catalytic	resonance	theory.	Substrate
presentation	The	substrate	presentation	is	a	process	in	which	the	enzyme	is	seized	away	from	its	substrate.	Enzymes	can	be	seized	to	the	plasma	membrane	away	from	ain	the	nucleus	or	citosol.	Or	within	the	membrane,	an	enzyme	can	be	seized	in	lipid	rafts	away	from	its	substrate	in	the	disordered	region.	When	the	enzyme	is	released	mixes	with
itsAlternatively,	the	enzyme	can	be	seized	near	its	substrate	to	activate	the	enzyme.	For	example,	the	enzyme	can	be	soluble	and	after	activation	bind	to	a	lipid	in	the	plasma	membrane	and	then	act	on	molecules	in	the	plasma	membrane.	Modulation	Alstheric	main	article:	Adjusting	Allosteric	sites	are	pockets	on	the	enzyme,	distinct	from	the	active
site,	which	bind	to	molecules	in	the	cell	environment.	These	molecules	then	cause	a	change	in	the	conformation	or	dynamics	of	the	enzyme	that	is	translated	to	the	active	site	and	then	affects	the	reaction	rate	of	the	enzyme.	[52]	In	this	way,	allosteric	interactions	can	inhibit	or	activate	enzymes.	Allosteric	interactions	with	metabolites	upstream	or
downstream	in	the	metabolic	path	of	an	enzyme	cause	feedback	adjustment,	altering	the	activity	of	the	enzyme	according	to	the	flow	through	the	rest	of	the	path.	[53]	Cofactors	Chemical	structure	for	thiamin	pyrophosphate	and	protein	structure	of	transketolase.	Tyamine	pyrophosphate	cofactor	in	yellow	and	xylulous	substrate	5-phosphate	in	black.
(PDB:	4KXV)	Main	article:	Cofactor	(biochemistry)	Some	enzymes	do	not	need	additional	components	to	show	full	activity.	Others	require	non-protein	molecules	called	cofactors	to	bind	for	activity.	[54]	Cofactors	can	be	either	inorganic	(e.g.,	metal	ions	and	iron-sulfur	clusters)	or	organic	compounds	(e.g.,	flavin	and	heme).	These	cofactors	serve	many
purposes;	for	example,	metal	ions	can	help	stabilize	nucleophilic	species	within	the	active	site.	[55]	Organic	cofactors	can	be	coenzymes,	which	are	released	from	the	active	enzyme	site	during	reaction,	or	prosthetic	groups,	which	are	closely	linked	to	an	enzyme.	Organic	prostheses	can	be	covalently	linked	(e.g.	biotin	in	enzymes	such	as	pyruvate
carboxylasis).	[56]	An	example	of	an	enzyme	thata	cofactor	is	carbon	dioxide,	which	uses	a	zinc	cofactor	tied	as	part	of	its	active	site.	[57]	these	closely	linked	ions	or	molecules[1]:8.1.1	for	example,	flavin	and	heme	cofactors	are	often	involved	in	redox	reactions.	[1]:17	enzymes	that	require	a	cofactor	but	do	not	have	a	limit	are	called	apoenzymes	or
apoproteins.	an	enzyme	along	with	the	cofactor(s)	required	for	the	activity	is	called	a	holoenzyme	(or	haloenzyme.)	the	term	holoenzyme	can	also	be	applied	to	enzymes	containing	more	protein	subunits,	such	as	DNA	polymerases;	here	the	holoen	is	the	complete	complex	containing	all	the	subunits	necessary	for	the	activity.	[1]:8.1.1	coenzymes	are
small	organic	molecules	that	can	be	loosely	or	closely	related	to	an	enzyme.	coenzymes	transport	chemical	groups	from	one	enzyme	to	another.	[58]	examples	include	nadh,	nadph	and	adenosine	triphosphate	(atp.)	some	coenzymes,	such	as	flavin	mononucleotide	(fmn,)	flavin	adenine	dinucleotide	(fad,)	thiamin	pyrophosphate	(tpp,)	and
tetrahydrophosphate	(thf,)	are	derived	from	vitamins.	These	coenzymes	cannot	be	synthesized	by	the	de	novo	body	and	the	strictly	related	compounds	(vitamins)	must	be	acquired	by	the	diet.	chemical	groups	transported	include:	ion	hydride	(H−),	brought	by	nad	or	nadp+	the	phosphate	group,	brought	by	triphosphate	adenosine	the	acetyl	group,
brought	by	coenzyme	to	formyl,	methenyl	or	methyl	groups,	brought	by	folic	acid	and	the	methyl	group,	brought	by	S-adenosylmethionine	substrates[58]	as	the	coenzyme	For	example,	about	1000	enzymes	are	known	to	use	nadh	coenzyme.	[59]	coenzymes	are	usually	continuously	regenerated	and	their	concentrations	maintained	at	a	constant	level
within	the	cell.	for	example,	nadph	is	regenerated	through	the	path	of	the	phosphate	of	the	pentose	andfrom	methionine	adenosyltransferasi.	This	continuous	regeneration	means	that	small	quantitiescan	be	used	very	intensively.	For	example,	the	human	body	is	transformed	into	its	own	weight	into	ATP	every	day.	[60]	Thermodynamics	The	energies	of
the	phases	of	a	chemical	reaction.	Uncatalysed	(held	line),	substrates	need	a	lot	of	activation	energy	to	reach	a	transition	state,	which	then	decays	into	lower	energy	products.	When	the	catalyzed	enzyme	(solid	line),	the	enzyme	binds	substrates	(ES),	then	stabilizes	the	transition	state	(ES‡)	to	reduce	the	activation	energy	needed	to	produce	products
(EP)	that	are	finally	released.	Main	articles:	Activation	energy,	thermodynamic	balance	and	chemical	balance	As	for	all	catalysts,	enzymes	do	not	alter	the	position	of	the	chemical	balance	of	reaction.	In	the	presence	of	an	enzyme,	the	reaction	flows	in	the	same	direction	as	it	would	be	without	the	enzyme,	only	more	quickly.	[1]:	8.2.3	For	example,
carbon	dioxide	catalyzes	its	reaction	in	both	directions	depending	on	the	concentration	of	its	reagents:[61]	CO	2	+	H	2	O	→	carbon	dioxide	H	2	CO	3	{\displaystyle	{\cH	{CO2{}+H2O->[{\text{\carbonic	anhydrase}}]H2CO3}}}	(in	wovens;	high	concentration	of	CO2)	Enzymes	increase	reaction	rates	by	lowering	the	energy	of	the	transition	state.
First,	the	bond	forms	a	low-energy	enzyme	complex	(ES).	Secondly,	the	enzyme	stabilizes	the	transition	state,	which	requires	less	energy	to	be	achieved	than	the	non-catalogue	reaction	(ES‡).	Finally,	the	enzymatic	product	complex	(EP)	dissociates	to	release	products.	[1]:8.3	Enzymes	can	couple	two	or	more	reactions,so	that	a	thermodynamically
favorable	reaction	can	be	used	for	drive	a	thermodynamically	unfavorable	so	that	the	combined	energy	of	the	products	is	less	than	thatFor	example,	atp	hydrolysis	is	often	oata	to	drive	other	chemical	reactions.	[62]	kinetics	a	chemical	reaction	mechanism	with	or	without	enzymatic	catalysis.	the	enzyme	(e)	binds	the	substrate	(s)	to	produce	the
product	(p.)	saturation	curve	for	an	enzymatic	reaction	that	shows	the	relationship	between	the	concentration	of	the	substrate	and	the	reaction	speed.	the	main	article:	Enzyme	kinetics	is	the	investigation	of	how	enzymes	bind	substrates	and	turn	them	into	products.	[63]	the	rate	data	used	in	kinetic	analysis	are	commonly	obtained	by	enzymatic	tests.
in	1913	leonor	michaelis	and	maud	leonora	menten	proposed	a	quantitative	theory	of	enzyme	kinetics,	which	is	called	kinetics	Michaelis-Menten.	[64]	the	main	contribution	of	michaelis	and	menten	was	to	think	of	enzymatic	reactions	in	two	stages.	in	the	first,	the	substrate	is	reversibly	linked	to	the	enzyme,	forming	the	enzyme-substrate	complex.	this
is	sometimes	called	the	Michaelis-Menten	complex	in	their	honor.	the	enzyme	then	catalyzes	the	chemical	step	in	the	reaction	and	releases	the	product.	This	work	was	further	developed	by	g.	e.	b.	s.	haldane,	which	derived	kinetic	equations	which	are	still	widely	used	today.	[65]	enzyme	rates	depend	on	the	solution	conditions	and	the	substrates
concentration.	to	find	the	maximum	speed	of	an	enzyme	reaction,	the	substrate	concentration	is	increased	until	a	constant	rate	of	product	formation	is	seen.	this	is	shown	in	the	saturation	curve	on	the	right.	saturation	happens	because,	as	the	concentration	of	substrates	increases,	more	and	more	of	the	free	enzyme	is	converted	into	the	complex	es
substrato-bound.	at	the	maximum	reaction	rate	(vmax)	of	the	enzyme,	all	active	sites	of	the	enzyme	are	required	to	substrate,	and	the	amount	of	complex	es	is	the	same	as	the	total	amount	of	enzyme.	[1]:8.4	vmax	is	just	one	of	the	different	parametersimportant.	Even	the	amount	of	substrate	needed	to	achieve	a	certain	reaction	speed	is	important.
This	is	given	by	the	constant	Michaelis-Menten	(Km),	whothe	concentration	of	the	substrate	necessary	for	an	enzyme	to	reach	half	of	its	maximum	reaction	speed;	In	general,	each	enzyme	has	a	KM	feature	for	a	substrate.	Another	useful	constant	is	kcat,	also	called	the	number	of	turnover,	which	is	the	number	of	substrate	molecules	managed	by	a	site
active	per	second.	[1]:8.4	The	efficiency	of	an	enzyme	can	be	expressed	in	terms	of	kcat/Km.	This	is	also	called	constant	specificity	and	incorporates	rate	constants	for	all	steps	in	the	reaction	up	to	and	including	the	first	irreversible	step.	Since	the	constant	of	specificity	reflects	both	affinity	and	catalytic	capacity,	it	is	useful	to	compare	different
enzymes	against	each	other,	or	the	same	enzyme	with	different	substrates.	The	theoretical	maximum	for	constant	specificity	is	called	the	diffusion	limit	and	is	about	108	to	109	(M−1	s−1).	At	this	point,	each	collision	of	the	enzyme	with	its	substrate	will	result	in	catalysis,	and	the	rate	of	product	formation	is	not	limited	by	the	reaction	rate	but	by	the
rate	of	diffusion.	Enzymes	with	this	property	are	called	catalytically	perfect	or	perfectly	kinetically.	Examples	of	these	enzymes	are	triose-phosphate	isomerases,	carbon	dioxide,	acetylcholinesterases,	catalase,	fumarase,	β-lactamase	and	superoxide	dismutase.	[1]:8.4.2	The	turnover	of	such	enzymes	can	reach	several	million	reactions	per	second.
[1]:9.2	But	most	enzymes	are	far	from	perfect:	the	average	values	of	k	c	a	t	/	K	m	{\displaystyle	k_{\rm	{cat}}/K_{\rm	{m}}}	and	k	c	a	t	{\displaystyle	k_{\rm	{cat}}}	are	about	10	5	s	−	1	M	−	1	{\displaystyle	10^{5}{\rm	{}{\rm	{M}}^{-1}}	and	10	s	−	1	{\displaystyle	10{\rm	{s}}}{\rm}{\rm	{m}}}{\rm}{\rm}{\rm}{\rm}{\rm	{m}{\rm	{m}{\rm
{m}{\rm}{\rm	{m}{\rm}{\rm}{\rm}{\rm}{\rm}{\rm}{\rm}{\rm}{\rm}{\rm}{\rm}{\rm}{\rm}{\rm}{\rm}{\rm}{\rm}{\rm}{\rm	{m}{\rm}{\rm}{\rm}{\rm}{\rm	[66]	The	kinetic	Michaelis-Menten	is	based	on	the	law	of	mass	action,	which	derives	from	the	hypotheses	of	free	diffusion	and	random	collisions	operated	thermodynamically.	Many
biochemical	or	cell	processes	deviate	significantly	from	thesedue	to	macromolecular	displacement	and	molecular	containmentNewer,	complex	extensions	of	the	model	try	to	correct	for	these	effects.	[68]	Inhibition	Folic	acid	coenzyme	(left)	and	anti-cancer	methyloxate	(right)	are	very	similar	in	the	structure	(the	differences	show	in	green).	As	a	result,
methotrexate	is	a	competitive	inhibitor	of	many	enzymes	that	use	folate.	The	main	article:	enzyme	reaction	rates	can	be	decreased	by	various	types	of	enzyme	inhibitors.	Competitive	Inhibition	Types	A	competitive	and	substrate	inhibitor	cannot	bind	to	the	enzyme	at	the	same	time.	[70]	Competitive	inhibitors	often	resemble	the	real	substrate	of	the
enzyme.	For	example,	the	drug's	methotrexate	is	a	competitive	inhibitor	of	reductase	enzyme	dihydrophosate,	which	catalyses	the	reduction	of	dihydrophosate	to	tetrahydrophosate.	[71]	The	similarity	between	dihydrofolate	structures	and	this	drug	is	shown	in	the	accompanying	figure.	This	type	of	inhibition	can	be	overcome	with	high	substrate
concentration.	In	some	cases,	the	inhibitor	may	bind	to	a	site	other	than	the	usual	substrate	binding	site	and	exercise	an	allosteric	effect	to	change	the	form	of	the	usual	binding	site.	[72]	Non-competitive	An	uncompetitive	inhibitor	binds	to	a	different	site	from	where	the	substrate	binds.	The	substrate	is	still	linked	with	its	usual	affinity	and	therefore
Km	remains	the	same.	However,	the	inhibitor	reduces	the	catalytic	efficiency	of	the	enzyme	so	that	Vmax	is	reduced.	In	contrast	to	competitive	inhibition,	non-competitive	inhibition	cannot	be	overcome	with	a	high	concentration	of	substrates.	An	uncompetitive	inhibitor	cannot	bind	to	the	free	enzyme,	only	to	the	enzyme-substrate	complex;	Therefore,
these	types	of	inhibitors	are	more	effective	at	high	substrate	concentration.	In	the	presence	of	the	inhibitor,	the	enzyme-substrate	complex	is	inactive.[69]:78	This	kind	of	inhibition	is	rare.	[73]	Mixed	A	mixed	inhibitor	binds	to	a	siteand	the	bond	of	the	substrate	and	theIt	affects	each	other.	The	enzyme	function	is	reduced	but	not	eliminated	when	it	is
linked	to	the	inhibitor.	This	type	of	inhibitor	does	not	follow	the	equation	of	Michaelis-Menten[69]:76–78	Irreversible	An	irreversible	inhibitor	permanently	inactivates	the	enzyme,	usually	forming	a	covalent	bond	to	the	protein.[74]	Penicillin[75]	and	aspirin[76]	are	common	drugs	that	act	like	this.	Functions	of	inhibitors	In	many	organisms,	inhibitors
can	act	as	part	of	a	feedback	mechanism.	If	an	enzyme	produces	too	much	of	a	substance	in	the	body,	this	substance	can	act	as	an	enzyme	inhibitor	at	the	beginning	of	the	path	that	produces	it,	causing	the	substance	to	slow	down	or	stop	when	there	is	sufficient	quantity.	This	is	a	form	of	negative	feedback.	Main	metabolic	routes	such	as	citric	acid
cycle	make	use	of	this	mechanism.	[1]:17.2.2	Because	inhibitors	modulate	the	function	of	enzymes	are	often	used	as	drugs.	Many	of	these	drugs	are	reversible	competitive	inhibitors	that	resemble	the	native	substrate	of	the	enzyme,	similar	to	the	methotrexate	above;	Other	well-known	examples	include	statins	used	to	treat	high	cholesterol,[77]	and
protease	inhibitors	used	to	treat	retroviral	infections	such	as	HIV.	[78]	A	common	example	of	an	irreversible	inhibitor	that	is	used	as	a	drug	is	aspirin,	which	inhibits	COX-1	and	COX-2	enzymes	that	produce	prostaglandin	messenger	inflammation.	[76]	Other	enzyme	inhibitors	are	poisons.	For	example,	venom	cyanide	is	an	irreversible	enzyme	inhibitor
that	is	combined	with	copper	and	iron	on	the	active	site	of	the	cytochrome	c	oxidase	enzyme	and	blocks	cellular	respiration.	[79]	Factors	that	affect	the	activity	of	enzymes	Because	enzymes	are	made	up	of	protein,	their	actions	are	sensitive	to	change	in	many	chemical	factors	of	physiology	such	as	pH,	temperature,	substrate	concentration,	etc.	The
followingshows	the	exact	pH	for	various	enzymes.	[80]	Description	of	the	optimum	pH	of	the	enzyme	Pepsina	1.5–1.6	Invertase	with	high	acidity	4.5	Acid	Acid(stomach)	4.0–5.0	Acid	Lipase	(Caber	oil)	4.7	Acid	Lipase	(pancreas)	8.0	Alcalina	amilasi	(malto)	4.6–5.2	Acid	Amilasi	(pancreas)	6.7–7.0	Acid-Neutral	Cellobia	5.0	Acidic	Maltase	6.1–6.8
Acidocycline	6.2	Enzymes	serve	a	wide	range	of	functions	within	living	organisms.	They	are	indispensable	for	signal	transduction	and	cell	regulation,	often	through	kinase	and	phosphate.	[81]	They	also	generate	movement,	with	ATP	hydrolyzing	myosin	to	generate	muscle	contraction,	and	also	carry	the	load	around	the	cell	as	part	of	the	cytoskeleton.
[82]	Other	ATPases	in	the	cell	membrane	are	ion	pumps	involved	in	active	transport.	Enzymes	are	also	involved	in	more	exotic	functions,	such	as	luciferase	that	generates	light	in	fireflies.	[83]	Viruses	may	also	contain	enzymes	to	infect	cells,	such	as	HIV	integrates	and	reverse	transcription,	or	for	viral	release	from	cells,	such	as	neuraminidase
influenza	virus.	[84]	An	important	function	of	enzymes	is	in	the	digestive	systems	of	animals.	Enzymes	such	as	amilani	and	proteases	distinguish	large	molecules	(myde	or	protein,	respectively)	in	smaller	ones,	so	that	they	can	be	absorbed	by	the	intestine.	starch	molecules,	for	example,	are	too	large	to	be	absorbed	by	the	intestine,	but	enzymes
hydrolyze	starch	chains	in	smaller	molecules	such	as	maltose	and	finally	glucose,	which	can	then	be	absorbed.	Several	enzymes	digest	different	food	substances.	In	ruminants,	which	have	herbivorous	diets,	microorganisms	in	the	intestine	produce	another	enzyme,	cellase,	to	break	down	cellulose	walls	of	vegetable	fiber.	[85]	Metabolism	The
metabolic	path	of	glycolisis	frees	energy	by	converting	glucose	into	pyruvate	through	a	number	of	intermediate	metabolites.	Any	changebox)	is	performed	by	a	different	enzyme.	Several	enzymes	can	work	together	in	a	specific	order,	creating	metabolic	pathways.[1]:30.1	In	a	metabolic	process,	an	enzyme	takes	the	product	of	another	enzyme	as	a
substrate.	After	the	catalytic	reaction,	the	product	is	then	transmitted	to	another	enzyme.	Sometimes	more	than	one	enzyme	can	catalyze	the	same	reaction	in	parallel;	this	can	allow	a	more	complex	regulation:	with,	for	example,	a	low	constant	activity	provided	by	an	enzyme	but	a	high	activity	inducible	by	a	second	enzyme.	[86]	Enzymes	determine
which	steps	occur	in	these	ways.	Without	enzymes,	metabolism	would	neither	progress	through	the	same	steps	and	could	not	be	regulated	to	serve	the	needs	of	the	cell.	Most	central	metabolic	pathways	are	regulated	a	few	key	steps,	typically	through	enzymes	whose	activity	involves	ATP	hydrolysis.	Since	this	reaction	releases	so	much	energy,	other
reactions	that	are	thermodynamically	unfavorable	can	be	coupled	to	ATP	hydrolysis,	leading	the	overall	set	of	connected	metabolic	reactions.	[1]:30.1	Activity	control	There	are	five	main	ways	that	enzymatic	activity	is	controlled	in	the	cell.	[1]:30.1.1	Regulation	Enzymes	can	be	activated	or	inhibited	by	other	molecules.	For	example,	the	final	product
of	a	metabolic	process	are	often	inhibitors	for	one	of	the	first	enzymes	of	the	path	(usually	the	first	irreversible	step,	called	committed	step),	thus	adjusting	the	final	product	quantity	made	by	the	paths.	This	regulatory	mechanism	is	called	a	negative	feedback	mechanism,	because	the	quantity	of	the	final	product	is	regulated	by	its	concentration.
[87]:141–48	The	negative	feedback	mechanism	can	effectively	adjust	the	synthesis	rate	of	intermediate	metabolites	according	to	the	needs	of	cells.	This	helps	with	effective	allocation	of	materials	and	energy	economy,	andthe	excess	production	of	final	products.	Like	other	homeostatic	devices,	enzyme	action	control	helps	toa	stable	internal
environment	in	living	organisms.[87]:	141	Post-translational	modification	Examples	of	post-translational	modification	include	phosphorylation,	myristoylation	and	glycosilation.[87]:	149–69	For	example,	in	response	to	insulin,	multiple	enzyme	phosphorylation,	including	glycogen	syntax,	helps	control	glycogen	synthesis	or	degradation	and	allows	the
cell	to	respond	to	changes	in	blood	sugar.[88]	Another	example	of	post-translative	modification	is	the	polypeptide	chain	drainage.	Chymotrypsin,	a	digestive	protease,	is	produced	inactive	form	as	chymotrypsinogen	in	the	pancreas	and	transported	in	this	form	to	the	stomach	where	it	is	activated.	This	prevents	the	enzyme	from	digesting	pancreas	or
other	tissues	before	entering	the	intestine.	This	type	of	inactive	precursor	of	an	enzyme	is	known	as	zymogen[87]:149–53	or	proenzyme.	The	production	of	enzymes	(transscription	and	translation	of	enzymes)	can	be	improved	or	decreased	by	a	cell	in	response	to	changes	in	the	cell	environment.	This	form	of	gene	regulation	is	called	enzymatic
induction.	For	example,	bacteria	can	become	resistant	to	antibiotics	such	as	penicillin	because	enzymes	called	beta-lattama	are	induced	that	hydrolyze	the	crucial	beta-lattam	ring	within	the	penicillin	molecule.	[89]	Another	example	comes	from	enzymes	in	the	liver	called	cytochrome	P450	oxidase,	which	are	important	in	drug	metabolism.	Induction
or	inhibition	of	these	enzymes	can	cause	drug	interaction.	[90]	Enzyme	levels	can	also	be	adjusted	by	changing	the	rate	of	enzyme	degradation.	[1]:30.1.1	The	opposite	of	enzyme	induction	is	the	repression	of	enzymes.	Subcellular	enzymes	can	be	compartmentalized,	with	different	metabolic	pathways	occurring	in	different	cell	compartments.	For
example,	fatty	acids	are	synthesized	by	a	set	of	enzymes	inendoplasmic	reticule	and	Golgi	and	used	by	a	different	set	of	enzymes	as	a	source	of	energy	in	the	mitochondria,	throughMoreover,	the	enzyme	treatment	at	different	compartments	can	change	the	degree	of	protonation	(e.g.,	the	neutral	cytoplasm	and	acid	lisoma)	or	the	oxidative	state	(e.g.,
oxidizing	periplasm	or	cytoplasm	reduces)	which	in	turn	affects	the	activity	of	enzymes.	[92]	Unlike	the	membrane-related	organelle	partition,	the	subcellular	location	of	the	enzyme	can	also	be	altered	through	polymerization	of	enzymes	in	macromolecular	cytoplasmic	filaments.[93][94]	In	multicellular	eukaryotes,	cells	in	different	organs	and	tissues
have	different	gene	expression	patterns	and	therefore	have	different	sets	of	enzymes	(known	as	isozymes)	available	for	metabolic	reactions.	this	provides	a	mechanism	to	regulate	the	overall	metabolism	of	the	body.	For	example,	esophagin,	the	first	enzyme	in	the	path	of	glycolisis,	has	a	specialized	form	called	glucose	expressed	in	the	liver	and
pancreas	which	has	a	less	affinity	for	glucose,	but	is	even	more	sensitive	to	glucose	concentration.[95]	This	enzyme	is	involved	in	the	perception	of	blood	sugar	and	in	the	regulation	of	insulin	production.	[96]	involvement	in	the	disease	in	phenylalanine	hydroxyliasis	over	300	different	mutations	throughout	the	structure	causes	phenylketonuria.
phenylalanine	substrate	and	tetrahydrobiopterine	coenzyme	in	black,	and	fe2+	cofactor	in	yellow.	(pdb:	1kw0)	see	also:	genetic	disorder	since	the	strict	control	of	enzymatic	activity	is	essential	for	homeostasis,	any	malfunction	(change,	overproduction,	underproduction	or	deletion)	of	a	single	critical	enzyme	can	lead	to	a	genetic	disease.	the
malfunction	of	only	one	type	of	enzyme	from	thousands	of	types	present	in	the	human	body	can	be	fatal.	an	example	of	a	fatal	genetic	disease	due	to	enzymatic	insufficiency	is	Tay-Sachs'	disease,	where	patients	do	not	have	enzyme	exosaminidasis.	an	example	of	enzyme	deficiency	ismore	common	type	of	phenylketonuria.	Many	different	amino	acid
mutations	in	the	phenyllanine	hydroxylase	enzyme,	whichthe	first	step	in	the	degradation	of	phenylolin,	causes	the	accumulation	of	phenylol	and	related	products.	Some	mutations	are	found	on	the	active	site,	interrupting	the	link	and	catalysis	directly,	but	many	are	far	from	the	active	site	and	reduce	the	activity	by	destabilizing	the	protein	structure,
or	affecting	the	correct	oligomerization.[99][100]	This	may	lead	to	intellectual	disability	if	the	disease	is	not	treated.	[101]	Another	example	is	the	shortage	of	pseudocholinesterases,	in	which	the	ability	of	the	body	to	break	down	the	foreign	drugs	of	choline	is	compromised.	[102]	The	oral	administration	of	enzymes	can	be	used	to	treat	certain
deficiencies	of	functional	enzymes,	such	as	pancreatic	insufficiency[103]	and	lactose	intolerance.	[104]	Another	way	enzyme	malfunctions	can	cause	disease	from	germ	mutations	in	coding	genes	for	DNA	repair	enzymes.	The	defects	in	these	enzymes	cause	cancer	because	cells	are	less	able	to	repair	mutations	in	their	genome.	This	causes	a	slow
accumulation	of	mutations	and	results	in	tumor	development.	An	example	of	this	hereditary	cancer	syndrome	is	xeroderma	pigmentosum,	which	causes	the	development	of	skin	cancers	in	response	to	the	minimal	exposure	to	ultraviolet	light.	[105]	[106]	Evolution	Similar	to	any	other	protein,	enzymes	change	over	time	through	mutations	and	sequence
divergence.	Given	their	central	role	in	metabolism,	the	evolution	of	enzymes	plays	a	key	role	in	adaptation.	A	fundamental	question	is	therefore	whether	and	how	enzymes	can	change	their	enzymatic	activities	together.	It	is	generally	accepted	that	many	new	enzymatic	activities	have	evolved	through	gene	duplication	and	the	mutation	of	duplicate
copies,	even	if	evolution	can	occur	without	duplication.	An	example	of	an	enzyme	that	has	changed	its	activity	is	the	amino	peptidase	metionil	amino	amino	amino	amino	amino	amino	amino	amino	aminoand	creatine	amidinohydrolase	(creatinase)	which	are	clearly	homologue	but	catalyze	very	different	reactions	(MAP	removes	methionine
aminoterminal	in	new	proteins	while	creatinase	hydrolysis	creatinasemap	is	metal-ion	dependent	while	creatinase	is	not,	so	this	property	has	also	been	lost	over	time.	[107]	small	changes	in	enzymatic	activity	are	extremely	common	among	enzymes.	In	particular,	the	substrate	bond	specificity	(see	above)	can	easily	and	quickly	change	with	individual
amino	acid	changes	in	their	substrate	bond	pockets.	This	is	often	seen	in	the	main	classes	of	enzymes	such	as	kinase.[108]	Artificial	evolution	(in	vitro)	is	now	commonly	oata	to	change	the	enzymatic	activity	or	specificity	for	industrial	applications	(see	below.)	Main	article	industrial	applications:	Industrial	enzymes	are	used	in	the	chemical	industry
and	other	industrial	applications	when	extremely	specific	catalysts	are	required.	enzymes	in	general	are	limited	in	the	number	of	reactions	that	have	evolved	to	catalyze	and	also	by	their	lack	of	stability	in	organic	solvents	and	at	high	temperatures.	As	a	result,	protein	engineering	is	an	active	area	of	research	and	involves	attempts	to	create	new
enzymes	with	new	properties,	both	through	rational	design	and	in	vitro	evolution.	these	efforts	have	begun	to	be	successful,	and	some	enzymes	have	now	been	designed	"from	zero"	to	catalyze	the	reactions	that	do	not	occur	in	nature.[111]	application	enzymes	used	the	biocarburo	cellos	industry	lower	cellulose	in	sugars	that	can	be	fermented	to
produce	cellulose	ethanability.[112]	betaglucanasi	improve	the	filtration	characteristics	of	wort	and	beer.[114]Increase	fermentation	efficiency	by	reducing	diacetil	formation.	[115]	Gastronomy	uses	the	meat	of	Papain	Tenderize	for	cooking.[116]	Rennin	milk	industry	Hydrolyzes	protein	in	cheese	production.[117]	Lipases	produce	Camembert	cheese
and	blue	cheese	such	as	Roquefort.	[118]	Food	processing	Amila	produces	starch	sugars,	such	as	making	high	fructose	corn	syrup.[119]	Protease	Lower	the	protein	level	of	flour,	as	in	the	biscuit.	[120]	The	Trypsina	produces	foods	for	hypoallergenic	children.	[120]	Cellulases,	pectinases	Clarify	fruit	juices.[121]	Molecular	Biology	Nucleases,	DNA
binders	and	polymerases	Use	restriction	digestion	and	polymerization	chain	reaction	to	create	recombinant	DNA.	[1]:6.2	Paper	industry	Xylanases,	emicellulases	and	peroxidase	of	lignine	Remove	lignine	from	the	pulp	of	the	kraft.[122]	Personal	care	Proteases	Remove	proteins	on	contact	lenses	to	prevent	infections.	[123]	The	Amylases	amiferous
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