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anu	​Ã	.)PTA(	otafsofirt	anisoneda	id	amrof	ottos	aigrene	atla	da	otafsof	imagel	erareneg	rep	onegisso'lled	enoizudir	al	atturfs	ehc	eralullec	ossecorp	nu	¨Ã	avitadisso	enoizalirofsof	aL	tricarbossic	(citric	acid)	and	beta-oxidation	of	fatty	acids.	The	reduction	of	NAD+	and	FAD+	FAD+	Nadh	and	Fadh2	rich	in	energy	that	are	transported	to	the
mitochondrio,	providing	high	energy	electrons	to	protein	complexes	in	the	electron	transport	chain.	The	mitochondrio	is	made	up	of	internal	and	external	membranes,	both	composed	of	phospholipid	bins	and	proteins	â	€	â	€	â	€	â	€	integral	membrane	involved	in	the	enzymatic	action	and	molecular	transport.	The	internal	membrane	has	folding
projections	facing	inwards	note	such	as	crystoe	that	significantly	increase	the	surface	of	the	membrane	to	maximize	the	quantity	of	energy	production.	The	protein	complexes	involved	in	the	electron	transport	chain	are	stormed	along	this	membrane.	The	internal	membrane	envelops	the	matrix,	which	hosts	mitochondrial	DNA,	ribosomes	and	a
multitude	of	enzymes	and	metabolites.	The	space	between	the	internal	and	external	membrane	is	known	as	intermembrane	space;	This	is	the	hydrogen	deposition	site	for	protein	complexes	in	the	electron	transport	chain.	The	increase	in	the	concentration	of	hydrogen	ions	(ions	H+)	(and	an	effective	reduction	of	pH)	generates	a	membrane	potential
through	the	internal	mitochondrial	membrane.	[2]	[4]	[5]	[6]	[7]	On	the	research	on	the	secondary	regulation	of	the	electronic	transport	chain	(such	as	the	reversible	phosphorylation	of	the	complexes)	and	the	relationship	between	mitochondrial	function	with	neuroplasty	Through	the	exploration	of	these	topics,	the	relationship	between	mitochondrial
dysfunction	and	neurological	pathology	could	be	clarified.	Solidifying	the	understanding	of	the	secondary	mechanisms	of	the	regulation,	pathogenesis	and	clinical	therapy	of	many	diseases	can	be	better	understood.	The	exergonic	process	of	the	transfer	of	Nadh	electrons	to	oxygen	couples	with	the	endonical	process	of	the	ATP	synthesis.	Therefore,
the	catabolic	reactions	(which	use	ATP)	are	coupled	to	the	anabolic	reaction	of	the	ATP	synthesis.	,inorttele	,inorttele	ilged	otropsart	id	anetac	allad	etareneg	onos	PTA	elocelom	23	-	03	acriC	.eranoiznuf	rep	ortla'l	nu'l	onodeihcir	inoizaer	el	glycolisis	yield	alone	is	only	2	ATP.	ATP	generation	in	oxidative	phosphorylation	is	significantly	greater	than
glycolisis	alone,	due	to	the	efficiency	of	energy	extraction	in	the	electron	transport	chain	(ETC).	The	transfer	of	energy	from	electron	carriers	reduced	to	oxygen	takes	place	through	the	pumping	of	hydrogen	ions	(also	called	proton	or	H+	ion)	in	the	intermembrane	space.	This	process	is	indicated	as	chemosmosis	due	to	the	difference	in	the
concentration	of	H+	ions	between	the	intermembrane	space	and	the	mitochondrial	matrix.	The	electrochemical	gradient	generated	by	the	H+	ions	pumped	in	the	intermembrane	space	is	defined	as	the	force	of	the	‘proton’.	To	exploit	the	proton	drive	force	to	generate	ATP,	ETC	uses	the	final	complex,	ATP	synthase	(complex	V).	The	energy	expelled
from	the	H+	ion	pump	in	the	intermembrane	space	is	equivalent	to	the	energy	generated	by	the	ATP	syntax.	Therefore,	the	first	law	of	thermodynamics	is	maintained.	[1][8][9]	The	process	of	transferring	electrons	from	NADH	to	protein	complexes	and	finally	to	oxygen	is	intricate.	There	are	four	protein	complexes	involved	in	the	transfer	of	electrons
that	work	as	enzymes	in	the	electron	transport	chain	(ETC).	These	enzymes	carry	out	oxidation	and	reduction	reactions,	allowing	the	transfer	of	electrons	from	one	complex	to	another	in	series.	The	complexes	are	named:	Complex	I,	II,	III	and	IV.	The	V	complex	(ATP	synthase)	is	functionally	different,	as	it	facilitates	the	generation	of	ATP	(in	place	of
electron	transfer).	Of	the	four	complexes,	I,	III	and	IV,	all	pump	4	protons	in	the	intermembrane	space.	The	proton	pumping	mechanism	involves	conformative	changes	of	the	protein	complex;	However,	the	exact	mechanism	is	still	a	research	topic.	Each	complex	consists	of	several	molecules,	including	groupsiron-sulfur	(Fe-S),	cytochromes	and
prosthetic	groups	that	all	help	in	the	transfer	of	electrons.	ETC	shuttle	electrons	fromComplex	to	the	next,	using	hydrophilic	electrons	carriers,	such	as	cytochrome	C	(which	can	travel	freely	through	intermembrane	space)	and	hydrophobic,	such	as	the	Coenzyme	Q10	(which	can	spread	through	the	bolled	phospholipidic	of	the	internal	membrane).
Genetic	information	for	the	four	complexes	and	free	electron	vectors	are	housed	in	mitochondrial	DNA	(MDNA)	and	nuclear	DNA.	Coenzyme	Q10	(CO	Q10)	has	a	benzquinone	hydrophobic	structure	that	allows	him	to	travel	freely	through	phospholipidic	mistreated.	The	oxidized	module	is	indicated	as	Ubiquinone	(or	Q).	When	reduced,	co	q10
simultaneously	transports	two	hydrogen	ions	and	a	pair	of	electrons	in	the	form	of	Ubiquinol	(QH2).	Upon	arrival	at	the	next	ETC	protein	complex,	Ubiquinol	once	again	oxidizes	in	Ubiquinone.	Cytochrome	C	is	indicated	as	a	cytochrome	for	its	EME	group	structure.	Cytocromo	C	contains	an	iron	atom	surrounded	by	a	porphyrine	ring.	The	reduction
and	oxidation	of	the	iron	atom	(between	Fe	2+	a	fe	3+	states	of	oxidation)	allow	the	cytochrome	to	transport	individual	electrons	from	one	complex	to	another	in	the	ETC	[10]	[11]	[12]	Complex	I	The	first	complex	(complex	I)	in	the	ETC	is	indicated	as	Nadh	dihydrogenase,	for	its	role	in	Nadh	oxidation	to	Nadh	to	N.	This	complex	has	enzymatic	activity
that	allows	the	transfer	of	a	pair	of	nadh	electrons	to	Ubiquinone	(	Q).	A	pair	of	Nadh	electrons	was	transported	for	the	first	time	to	the	Nadh	dihydenasis	from	Mononucleotide	Flavin	(of	derivation	from	Riboflavin,	or	Vitamin	B2),	a	prosthetic	accompanying	group.	Inside	the	complex,	the	electron	pair	is	transferred	sequential	by	an	iron-solfur	cluster
(FE-S)	to	another,	to	reach	Ubiquinone	in	the	end.	Ubiquinone	is	then	reduced	to	Ubiquinol	and	goes	to	the	complex.	While	the	electrons	pass	from	Nadh	to	Ubiquinone,	the	energy	Released	and	used	by	the	complex	to	pump	4	H+	ions	in	the	intermembrano	space.	The	products	of	the	enzymatic	reaction	include	nad+,	ubiquinol	ubiquinol	form	of	Co
Q10),	and	4	H+	ions	in	the	intermembrane	space.	COMPLEX	II	The	second	complex	(complex	II)	is	referred	to	as	succinate	dehydrogenase,	for	its	role	in	the	oxidation	of	succinate	to	fumarate	in	the	tricarboxylic	acid	cycle	(TCA).	Note	that	this	enzyme	is	involved	in	both	the	ETC	and	the	TCA.	It	is	also	the	point	of	electron	transfer	for	FADH2.	This
enzyme	transfers	electrons	from	FADH2	to	a	ubiquinone	molecule.	This	relatively	small	complex	contains	iron-sulfur	clusters	and	a	bound	cofactor,	flavin	adenine	dinucleotide	(FAD).	Both	structures	shuttle	electrons	from	FADH2	to	ubiquinone.	However,	not	enough	energy	gets	released	in	this	process,	and	thus	no	H+	ions	are	pumped	into	the
intermembrane	space	from	this	complex.	Since	FADH2	bypasses	complex	I	and	enters	complex	II	directly,	it	does	not	contribute	to	the	proton	gradient	as	much	as	NADH	does,	which	explains	why	there	is	a	higher	yield	of	ATP	generated	from	NADH	(about	2.5	ATP	molecules)	as	compared	to	FADH2	(about	1.5	ATP	molecules)Electrons	from	complex	I
and	II	are	shuttled	by	ubiquinone	(in	the	form	of	ubiquinol)	to	complex	III.	COMPLEX	III	The	third	complex	(complex	III)	is	referred	to	as	Cytochrome	c	reductase,	for	its	role	in	reducing	cytochrome	c.	This	complex	consists	of	several	molecules,	including	cytochrome	B	and	many	iron-sulfur	clusters,	all	of	which	are	involved	in	the	shuttling	of	electrons
to	cytochrome	c.	The	enzymatic	action	of	complex	III	involves	the	transfer	of	electrons	from	ubiquinol	to	cytochrome	c	and	subsequent	pumping	of	4	H+	ions	into	the	intermembrane	space.	Although	ubiquinol	can	deliver	two	electrons,	cytochrome	c	can	only	accept	one	electron.	Thus,	Cytochrome	c	reductase	exists	in	a	dimeric	form	to	accommodate
two	cytochrome	c	molecules.	The	process	of	cytochrome	c	reduction	via	complex	III	is	the	Q	cycle.	COMPLEX	IV	The	fourth	complex	(complex	IV)	is	referred	to	as	Cytochrome	c	oxidase,	for	its	role	in	the	oxidation	of	art	onegordi	enoi	etneidarg	nu	id	enoizareneg	al	¨Ã	avitadisso	enoizalirofsof	allen	otlovnioc	elaicurc	ocimihcoib	ossecorp	nU
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ippurg	¹Ãip	ad	atiutitsoc	¨Ã	atacilpmoc	etnematla	alocelom	atseuQ	.C	internal	and	external	membranes	of	the	mitochondria,	also	indicated	as	how	chemiosmotic	gradient.	The	energy	from	this	gradient	(termed	the	proton-motive	force)	is	what	propels	the	production	of	ATP	in	the	mitochondrial	matrix.	Many	molecules	have	been	found	to	disrupt	or
impede	this	process	in	some	way,	resulting	in	both	clinical	and	non-clinical	applications.	Additionally,	dysfunction	of	the	electron	transport	chain	results	in	a	variety	of	diseases,	ranging	from	metabolic	(such	as	mitochondrial	myopathies)	to	neurological	(such	as	bipolar	disorder)	in	nature.	Toxins	and	Drugs	Cyanide	and	carbon	monoxide	are	known	to
irreversibly	bind	to	and	inhibit	protein	complex	cytochrome	c	oxidase	(complex	IV)	of	the	electron	transport	chain,	ceasing	the	production	of	ATP	and	resulting	in	cell	death	(and	death	of	the	entire	organism	at	high	enough	concentrations).	The	sedative	amobarbital,	while	a	potent	GABA	agonist,	also	binds	and	inhibits	NADH	dehydrogenase,	resulting
in	reduced	ATP	production.	Oxidative	Stress	Reactive	oxygen	species	(ROS)	are	a	byproduct	of	the	electron	transport	chain	complexes	that	lead	to	cellular	damage	via	the	production	and	proliferation	of	free	radicals	such	as	peroxides	(H2O2)	and	oxides	(such	as	superoxide).	ROS	generated	from	the	redox	reactions	within	the	four	complexes
contribute	to	cell	membrane	damage	and	cell	senescence.	Mitochondrial	Myopathy	Genetic	mutations	in	mitochondrial	DNA	(such	as	MT-ND1)	can	produce	defective	complex	I	(NADH	dehydrogenase).	This	defect	will	result	in	reduced	production	of	ATP	via	oxidative	phosphorylation.	The	macroscopic	consequences	of	this	mutation	result	in	a
syndrome	known	as	MELAS	(mitochondrial	encephalopathy,	lactic	acidosis,	and	stroke-like	episodes).	MELAS	encephalopathies	and	myopathies	result	in	symptoms	of	severe	weakness,	seizures,	and	several	other	symptoms	that	begin	in	childhood.Another	syndrome	known	as	MERRF	(myoclonic	epilepsy	with	ragged	red	fibers)	involves	the	mutation	of
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