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To	estimate	the	concentration	of	protein	using	Bradford	Method.	The	Bradford	protein	assay	is	a	commonly	used	method	for	estimating	the	concentration	of	proteins	in	a	sample.	Generally,	it	is	based	on	the	binding	of	Coomassie	Brilliant	Blue	(CBB)		dye	to	proteins,	resulting	in	a	shift	its		maximum	absorbance	maximum	from	465	nm	to	595	nm.		The
orginal	maxium	absorbance	of	CBB	is	465	nm	and	if	it	binds	with	the	protein		the	absorbanc	will	be	shifted	to	the	595nm	resulting	in	a	change	in	color	from	brown	to	blue.	The	Solution	of	CBB	is	originally	brown	and	after	linked	with	the	protein	molecule	the	color	will	be	changed	to	blue	color	complex.	The	strong	noncomplex	bond	is	formed	between
carboxyl	groups	of	the	protein	and	dye	by	van	der	Waals	force	and	amino	group	through	electrostatic	interactions.	The	amount	of	protein	in	a	sample	is	determined	spectrophotometrically	by	measuring	the	absorbance	of	the	blue-colored	solution	at	595	nm	and	comparing	it	to	a	standard	curve	generated	using	known	concentrations	of	protein.	Fig:
Estimation	of	protein	by	Bradford	method	Bradford	reagent:	Dissolve	100	mg	Coomassie	Brilliant	Blue	G-250	in	50	ml	95%	ethanol/Methanol,	add	100	ml	85%	(w/v)	phosphoric	acid.	Make	up	to	1	liter	after	the	dye	has	completely	solubilized,	and	filter	through	filter	paper	before	use.	Protein	Standard:	1	mg	BSA/ml.	Test	tubes,	Pipettes,	Colorimeter,
filter	paper,	funnel,	etc.,	Prepare	the	aliquots	of	Pipette	out	0.0,	0.2,	0.4,	0.6,	0.8	and	1	ml	of	working	standard	BSA	into	the	series	of	labeled	test	tubes.		And,	make	up	the	volume	to	1	ml	in	all	the	test	tubes	using	distilled	water.	1	ml	of	the	given	test	sample	in	another	test	tube	and	labelled	as	“Test”	and	1	ml	of	distilled	water	in	another	fresh	tube
and	labeled	as	“blank”.	1	ml	of	freshly	prepared	Bradford	reagent	is	added	to	all	the	test	tubes	including	the	test	tubes	labeled	‘blank’	and	‘test’.		Mix	the	contents	of	the	tubes	uniformly	by	vertexing	/	shaking	the	tubes	and	incubate	at	room	temperature	for	10-	15	mins.		Finally,	the	absorbance	of	the	all-test	tube	is	recorded	at	540	nm	against	blank	in
the	spectrophotometer.	Observation	Table:	Fig:	Estimation	of	protein	by	Bradford	method	(	Observation	Table)	Calculate	the	protein	concentration	of	the	given	test	samples	from	the	standard	curve	using	the	know	concentration	of	BSA	solutions.	A	standard	curve	is	created	by	plotting	the	absorbance	values	of	the	standard	solutions	against	their
corresponding	protein	concentrations.	Finally,	the	resultant	standard	curve	is	used	to	determine	the	protein	concentration	of	the	test	sample	based	on	its	respective	absorbance.	he	concentration	of	the	given	test	solution	can	also	be	calculated	using	the	given	formula:	Bradford	Assay	for	Protein	Eric	Martz	for	Microbiology	542,	Immunology	Lab	The
Bradford	assay	for	protein	is	widely	used	because	of	its	sensitivity,	speed,	convenience,	lack	of	need	for	a	UV-capable	spectrophotometer,	and	adaptability	to	96-well	plates.	The	"Bradford	Reagent"	is	an	acidic	stain	which	turns	blue	when	it	interacts	with	protein.	The	resulting	absorbance	is	best	determined	at	595	nm.	The	reagent	is	typically	sold	as	a
concentrated	stock	at	5-fold	working	strength.	The	protein	standard	or	unknown	must	be	sufficiently	diluted	not	to	interfere	with	the	low	pH	achieved	by	the	acid	in	the	reagent.	Microplate	Bradford	Assay	Reagent	and	protein	are	mixed	in	wells	of	a	flat-bottomed,	96-well	plate,	and	the	absorbance	is	read	at	595	nm	(or	the	closest	available	wavelength
available	on	a	96-well	plate	reader,	which	may	be	570	nm	or	620	nm).	As	with	all	assays,	the	amounts	of	protein	placed	in	the	wells	must	be	within	the	range	where	the	assay	result	is	directly	proportional	to	protein	concentration,	the	"linear	range"	of	the	assay.	In	practice,	the	Bradford	result	is	often	not	quite	linear,	and	so	a	curve	rather	than	a
straight	line	will	better	fit	the	results.	According	to	the	manufacturer,	this	assay	is	ten-fold	more	sensitive	than	absorbance	at	280	nm.	If	we	take	an	absorbance	of	0.1	to	be	the	minimum	reliably	detectable,	A280	can	detect	a	minimum	of	about	75	micrograms/ml.	The	microplate	Bradford	assay	achieves	an	absorbance	of	0.1	at	about	6	micrograms/ml.
Moreover,	the	microplate	Bradford	has	the	advantage	that	large	numbers	of	samples	can	be	read	quickly	without	expensive	UV-capable	cuvettes.	When	full	to	the	brim,	one	well	in	a	96-well	plate	holds	300	microliters;	200	microliters	is	a	comfortable	volume	to	use	per	well.	The	Bradford	reagent	(stain	in	phosphoric	acid	and	a	water/methanol
mixture)	is	designed	to	be	diluted	5-fold	with	protein.	Therefore,	in	each	well	we'll	put	160	microliters	of	protein,	diluted	in	water;	to	this,	we'll	add	40	microliters	of	Bradford	reagent,	thereby	achieving	the	recommended	5-fold	dilution	of	reagent.	Standard	Curve	The	Bradford	assay	is	calibrated	by	using	a	pure	protein	of	known	concentration,	called
the	"standard	protein".	Like	other	protein	assays,	the	result	of	the	Bradford	assay	differs	for	different	proteins.	You	are	aware	that	A280	is	about	twice	as	sensitive	to	IgG	as	to	BSA.	The	Bradford	is	the	reverse:	about	twice	as	sensitive	to	BSA	as	to	IgG.	It	is	best	to	use	the	same	protein	for	the	standard	which	you	wish	to	estimate	in	the	unknown.
However,	it	is	acceptable	to	use	a	different	protein	for	the	standard	provided	you	know	the	correction	factor	for	the	unknown	protein.	By	convention,	proteins	are	diluted	in	distilled	water	for	the	Bradford	assay.	Put	160	microliters	water	in	well	A-1,	which	will	be	taken	to	be	the	blank,	and	subtracted	from	the	absorbances	of	all	other	wells.	Use
standard	protein	at	0.05	mg/ml	(50	micrograms/ml;	dilute	the	standard	provided	to	0.05	mg/ml	if	it	is	more	concentrated).	Perform	triplicate	dilutions	as	follows:	microliters/well	------------------	Standard	@	Assay	Row	Water	0.05	mg/ml	mg/ml**	B	144	16*	C	120	40	D	80	80	E	0	160	*	Use	P20	pipet;	P200	is	suitable	for	30	or	more	microliters.	**	Calculate
this	for	the	160	microliter	volume,	not	the	final	200	microliter	volume.	This	makes	it	easier	to	interpret	your	unknowns.	Add	40	microliters	of	Bradford	reagent	to	each	well,	and	pipet	in	and	out	eight	times	to	mix	well.	When	pipetting,	avoid	making	bubbles	by	keeping	the	pipet	tip	well	below	the	surface.	If	you	start	at	the	blank	and	move	to	the	same
or	higher	concentrations,	you	can	use	the	same	yellow	pipet	tip	for	all	wells.	(If	you	want	to	blow	residual	mixture	out	of	the	tip,	do	so	on	a	tissue,	not	into	the	Bradford	reagent.)	Check	wells	for	bubbles.	If	bubbles	are	present,	use	a	P20	to	add	5	microliters	of	ethanol	to	the	surface	of	the	well	--	this	breaks	bubbles	without	affecting	the	absorbance.
Read	the	absorbances	of	your	wells	at	the	wavelength	available	on	the	reader	closest	to	595	nm.	(The	reagent	manufacturer	recommends	reading	the	assay	5	to	60	minutes	after	mixing.)	Write	the	time	when	you	read	the	plate	on	the	printout	(unless	the	reader	prints	the	time).	Are	the	absorbances	within	an	acceptable	range?	Given	the	absorbance	of
the	blank	(about	0.38;	some	readers	report	this	and	some	don't),	what	is	the	reliable	range	for	the	corrected	absorbances?	If	the	absorbances	are	not	in	the	acceptable	range,	increase	or	decrease	the	concentration	of	the	starting	protein	standard	to	put	the	values	in	the	desired	range,	and	run	the	standard	curve	again.	If	you	run	it	again,	transfer	the
old	blank	to	a	different	well	in	row	A,	and	make	a	new	one	in	well	A1,	so	it	matches	the	new	standard	curve.	Optional:	Once	you	have	results	in	an	acceptable	range,	you	may	wish	to	do	a	more	detailed	standard	curve,	such	as	this	one	in	duplicate:	Row	Water	Standard	mg/ml	A	160	0	B	144	16	C	130	30	D	115	45	E	90	70	F	60	100	G	30	130	H	0	160
Graph	your	results	(absorbance	on	vertical	axis/ordinate/Y	vs.	protein	mg/ml	on	horizontal	axis/abcissa/X).	Optional:	Re-read	your	plate.	Have	the	absorbances	changed	significantly?	How	much	time	elapsed	between	readings?	When	finished	with	your	plate,	dump	it	into	the	sink,	and	rinse	the	wells	several	times	with	distilled	water	(to	remove
protein),	and	then	ethanol	until	all	blue	stain	is	removed.	Rinse	again	with	distilled	water,	and	allow	it	to	dry	with	the	cover	off	for	later	re-use.	Determination	of	Unknowns	(Fractions	from	Sephadex	Column)	The	absorbance	in	the	Bradford	assay	varies	from	run	to	run	depending	on	the	batch	of	reagent	used,	the	time	between	mixing	and	reading,	and
which	reader	is	used.	Therefore	it	is	best	to	run	a	standard	curve	alongside	your	unknowns,	mixing	the	reagent	in	the	standard	wells	at	the	same	time	as	in	your	unknown	wells.	The	total	amount	of	protein	put	into	our	Sephadex	columns	is	roughly	100	milligrams.	This	will	be	distributed	in	about	40	one-ml	fractions.	What	sensitivity	do	we	need?	If	a
fraction	has	less	than	0.5	mg/ml,	we	don't	need	to	know	the	concentration	accurately	since	it	will	not	contribute	enough	to	a	peak	to	be	included	in	a	pool.	The	assay	can	detect	0.005	mg/ml,	so	we'll	dilute	each	fraction	100-fold,	making	0.5	mg/ml	in	the	undiluted	fraction	the	minimum	we	can	reliably	detect.	This	requires	that	we	consume	only	a	tiny
portion	of	each	fraction.	Set	up	a	standard	curve	of	protein	dilutions	in	your	plate.	Plan	a	plate	layout	with	two	wells	per	unknown	fraction.	The	first	well	will	of	each	pair	will	be	used	only	to	make	a	1/10	dilution;	no	Bradford	reagent	will	be	added	to	it.	The	second	well	will	contain	the	1/100	dilution,	to	which	Bradford	reagent	will	be	added.	Into	each
of	the	pairs	of	wells	for	your	unknowns,	put	144	microliters	water.	With	a	P20,	add	16	microliters	of	unknown	to	the	first	well	of	each	pair,	and	with	the	pipet	touching	the	bottom	corner,	pipet	in	and	out	ten	times	to	mix.	Transfer	16	microliters	of	the	1/10	dilution	to	the	second	well	of	the	pair,	and	mix.	Since	the	purpose	of	testing	fractions	is	to
decide	which	fractions	to	pool,	only	rough	accuracy	is	required	at	this	point.	Therefore,	you	can	use	the	same	tip	for	many	unknown	dilutions.	Add	40	microliters	of	Bradford	reagent	to	the	second	well	of	each	pair	(the	1/100	dilution),	and	pipet	in	and	out	8-10	times	to	mix	well.	When	pipetting,	avoid	making	bubbles	by	keeping	the	pipet	tip	well	below
the	surface,	touching	the	bottom	corner.	Check	wells	for	bubbles.	If	bubbles	are	present,	use	a	P20	to	add	5	microliters	of	ethanol	to	the	surface	of	the	well	--	this	breaks	bubbles	without	affecting	the	absorbance.	Read	the	absorbances	of	your	wells	at	the	wavelength	available	on	the	reader	closest	to	595	nm.	(The	reagent	manufacturer	recommends
reading	the	assay	5	to	60	minutes	after	mixing.)	Write	the	time	when	you	read	the	plate	on	the	printout.	Graph	your	standard	curve	(absorbance	on	the	Y	axis	vs.	protein	mg/ml	on	the	X	axis).	Estimate	the	concentrations	of	your	unknowns	from	your	graph.	Graph	these	(mg/ml	on	the	ordinate	vs.	fraction	number	on	the	abcissa).	Since	it	takes	twice	the
concentration	of	IgG	as	BSA	to	give	equal	absorbances	in	the	Bradford	assay,	if	you	used	a	BSA	standard	curve,	correct	the	estimated	unknown	concentrations:	multiply	"BSA"	mg/ml	by	two	to	estimate	IgG	mg/ml.	Decide	which	fractions	to	pool.	Consult	an	instructor	to	verify	your	plan.	Pool	the	fractions,	recording	the	total	volume.	Into	available	wells
in	your	96-well	plate,	make	a	suitable	dilution,	in	triplicate,	of	each	pool.	Make	a	new	standard	curve	series.	Read	the	plate	and	determine	the	IgG	concentration	in	your	pools.	Multiply	the	concentration	times	the	total	volume	to	get	total	mg	IgG	in	each	pool.	When	finished	with	your	plate,	dump	it	into	the	sink,	and	rinse	the	wells	several	times	with
distilled	water	(to	remove	protein),	and	then	ethanol	until	all	blue	stain	is	removed.	Rinse	again	with	distilled	water,	and	allow	it	to	dry	with	the	cover	off	for	later	re-use.	What	deficiency	causes	a	preterm	infant	respiratory	distress	syndrome?	Respiratory	distress	syndrome	(RDS),	formerly	known	as	hyaline	membrane	disease,	is	a	common	problem	in
preterm…	What	is	another	name	for	sweet	potato?	What	is	another	word	for	sweet	potato?	batata	camote	Ipomoea	kumara	yam	What	kingdom	does	sweet	potato	belong…	How	does	college	football	overtime	work?	In	the	first	overtime,	teams	can	go	for	one-point	or	two-point	tries	after	a	touchdown.	That’s	no	different	than…	Can	fireflies	turn	off	their
lights?	The	reaction	occurs	between	a	protein	called	luciferase,	a	pigment	called	luciferin,	and	oxygen.	When	they	combine,	the	firefly…	How	many	lines	of	symmetry	does	a	star	have?	5	lines	Reflective	symmetry	and	“line	of	symmetry”	The	star	below	has	5	lines	of	symmetry,…	Who	inspired	Otto	Lilienthal?	Inspired	by	his	study	of	birdflight,	and	with
the	assistance	of	his	brother	Gustav,	Otto	made	more	than	2,000	well-documented	glider…	How	far	away	should	your	wheels	be	from	the	curb	when	parallel	parking?	18	inches	When	you	park	alongside	a	curb	on	a	level	street,…	Who	invented	Google	Chrome	in	which	year?	The	browser	was	first	publicly	released,	officially	as	a	beta	version,	on
September	2,	2008	for	Windows	XP…	What	are	the	new	food	trends	for	2021?	Lifestyle	Food	Trends	in	2021	Pantry	Meals.	Mental	Health	Cooking.	Veganism	and	Vegetarianism.	“Flexitarian”	Diets.	Carb	Alternatives.…	Why	were	mutual	savings	banks	created?	Unlike	a	credit	union,	however,	the	mutual	savings	bank	operates	to	create	profit	for	its
shareholder	members.	Mutual	savings…	What	are	possible	motivations	for	what	Iago	does?	Iago’s	motives	in	Othello	are	seeking	revenge	on	Othello	and	Cassio	and	seeing	evil	for	evil’s	sake.…	The	Bradford	Assay	is	a	colorimetric	(relying	on	color	change)	protein	quantification	method.	At	the	heart	of	this	assay	is	the	Coomassie	Brilliant	Blue	G-250
dye.	In	its	unbound	form,	this	dye	is	reddish-brown	and	absorbs	light	at	465	nm.	However,	when	it	binds	to	protein,	primarily	through	arginine	and	lysine	residues,	the	dye	undergoes	a	color	change	to	blue	and	its	maximum	absorbance	shifts	to	595	nm.	This	change	in	color	and	absorbance	is	directly	proportional	to	the	protein	concentration,	allowing
for	quantification.	Workflows	requiring	a	Bradford	Assay	Protein	Purification	After	each	purification	step,	it’s	essential	to	determine	the	concentration	of	the	purified	protein	to	assess	the	yield	and	purity.	The	Bradford	Method	provides	a	quick	and	reliable	method	to	quantify	the	protein	in	these	fractions.	It	helps	researchers	decide	which	fractions	to
pool	and	aids	in	determining	the	efficiency	and	success	of	the	purification	process.	Cell	Lysate	Preparation	Before	using	the	lysate	for	downstream	applications,	it’s	crucial	to	know	its	protein	concentration.	This	ensures	that	equal	amounts	of	protein	are	used	across	samples,	allowing	for	consistent	and	comparable	results.	The	Bradford	Assay	is
commonly	used	to	determine	the	total	protein	content	in	these	lysates.	Sample	Preparation	for	SDS-PAGE	For	accurate	results,	it’s	essential	that	each	well	in	an	SDS-PAGE	gel	receives	an	equal	amount	of	protein.	This	ensures	that	when	comparing	bands	across	lanes,	any	differences	observed	are	due	to	the	experimental	conditions	and	not	unequal
loading.	The	Bradford	Assay	is	used	to	adjust	the	protein	concentrations	of	samples	so	that	equal	amounts	of	protein	are	loaded	into	each	well.	Bradford	Assay	Methods	Standard	Curve	Method	This	is	the	most	common	method	and	involves	creating	a	calibration	curve	using	known	concentrations	of	a	standard	protein,	typically	Bovine	Serum	Albumin
(BSA)	or	gamma	globulin.	Procedure:	Prepare	a	series	of	dilutions	of	the	standard	protein	to	cover	the	expected	range	of	protein	concentrations	in	your	samples.	Add	Bradford	reagent	to	each	standard	dilution	and	incubate	for	a	short	period	(usually	5-10	minutes).	Measure	the	absorbance	of	each	standard	at	595	nm	using	a	spectrophotometer.	Plot
the	absorbance	values	against	the	known	protein	concentrations	to	generate	a	standard	curve.	Measure	the	absorbance	of	your	unknown	samples	and	determine	their	protein	concentrations	using	the	standard	curve.	Single-Point	Method	A	quicker	alternative	to	the	standard	curve	method.	It	involves	estimating	the	protein	concentration	of	an
unknown	sample	using	a	single	known	concentration	of	a	standard	protein.	Procedure:	Prepare	a	single	concentration	of	the	standard	protein	that’s	within	the	expected	range	of	your	samples.	Add	Bradford	reagent	to	the	standard	and	your	unknown	samples.	Measure	the	absorbance	of	both	the	standard	and	the	unknown	samples.	Calculate	the
protein	concentration	of	the	unknown	samples	using	the	ratio	of	the	absorbances	and	the	known	concentration	of	the	standard.	Microplate	Method	This	method	adapts	the	Bradford	Assay	for	high-throughput	analysis	using	microplates,	allowing	for	the	simultaneous	measurement	of	multiple	samples.	Procedure:	Pipette	standards	and	unknown
samples	into	the	wells	of	a	microplate.	Add	Bradford	reagent	to	each	well.	Incubate	for	the	required	time.	Use	a	microplate	reader	to	measure	the	absorbance	of	each	well	at	595	nm.	If	using	the	standard	curve	method	in	a	microplate	format,	plot	the	absorbance	values	of	the	standards	against	their	known	concentrations	to	generate	a	calibration
curve.	Determine	the	protein	concentrations	of	the	unknown	samples	using	this	curve.	Benefits	of	Automation	over	Manual	Pipetting	for	a	Bradford	Assay:	Consistency	and	reproducibility:	Automation	reduces	human	error,	leading	to	more	consistent	results.	High-throughput:	Automated	systems	can	handle	multiple	samples	simultaneously,	increasing
efficiency.	Reduced	contamination	risk:	Automation	minimizes	the	chances	of	cross-contamination	between	samples.	Data	logging:	Automated	systems	often	come	with	software	that	logs	data,	making	it	easier	to	track	and	analyze	results.	Bradford,	M.M.	(1976)	A	rapid	and	sensitive	method	for	the	quantitation	of	microgram	quantities	of	protein
utilizing	the	principle	of	protein-dye	binding.	Anal.	Biochem.	72,	248–254.Article		CAS		PubMed		Google	Scholar		Chial,	H.J.,	Thompson,	H.B.,	and	Splittgerber,	A.G.	(1993)	A	spectral	study	of	the	charge	forms	of	Coomassie	Blue	G.	Anal.	Biochem.	209,	258–266.Article		CAS		PubMed		Google	Scholar		Compton,	S.J.	and	Jones,	C.G.	(1985)	Mechanism	of
dye	response	and	interference	in	the	Bradford	protein	assay.	Anal.	Biochem.	151,	369–374.Article		CAS		PubMed		Google	Scholar		Congdon,	R.W.,	Muth,	G.W.,	and	Splittgerber,	A.G.	(1993)	The	binding	interaction	of	Coomassie	Blue	with	proteins.	Anal.	Biochem.	213,	407–413.Article		CAS		PubMed		Google	Scholar		Friendenauer,	S.	and	Berlet,	H.H.
(1989)	Sensitivity	and	variability	of	the	Bradford	protein	assay	in	the	presence	of	detergents.	Anal.	Biochem.	178,	263–268.Article		Google	Scholar		Reade,	S.M.	and	Northcote,	D.H.	(1981)	Minimization	of	variation	in	the	response	to	different	proteins	of	the	Coomassie	Blue	G	dye-binding	assay	for	protein.	Anal.	Biochem.	116,	53–64.Article		Google
Scholar		Stoscheck,	C.M.	(1990)	Increased	uniformity	in	the	response	of	the	Coomassie	Blue	protein	assay	to	different	proteins.	Anal.	Biochem.	184,	111–116.Article		CAS		PubMed		Google	Scholar		Spector,	T.	(1978)	Refinement	of	the	Coomassie	Blue	method	of	protein	quantitation.	A	simple	and	linear	spectrophotometric	assay	for
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