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If	the	mean	generation	time	for	a	given	population	is	known	and	cells	are	reasonably	homogenous	with	respect	to	their	cell	cycle	kinetics,	the	length	of	G1,	S	and	G2	can	be	estimated	by	flow	cytometry.	No	part	of	this	book	may	be	reproduced	by	any	mechanical,	photographic,	or	electronic	process,	or	in	the	form	of	a	phonographic	recording,	nor	it
may	be	stored	in	a	retrieval	system,	transmitted,	or	otherwise	copied	for	public	or	private	use,	without	written	permission	from	the	publisher.	They	shared	the	Nobel	Prize	in	1984	for	Medicine	and	Physiology.	Microwave	radiation	is	even	less	energetic	than	infrared	radiation.	F.	The	length	of	the	column	can	range	from	5	to	100	cm,	but	10	to	20	cm
columns	are	common.	Now-a-days,	nylon	membranes	are	commonly	used.	The	resulting	gel	strip	is	applied	to	an	SDS-polyacrylamide	gel	and	the	proteins	are	separated	into	bands	on	the	basis	of	their	masses	(size).	To	accomplish	this,	the	IEF	gel	is	extruded	from	the	tube	and	placed	lengthwise	on	a	second	polyacrylamide	gel,	this	time	formed	as	a
slab	saturated	with	SDS.	Reasonable	efforts	have	been	made	to	publish	reliable	data	and	information,	but	the	author	and	the	publisher	cannot	assume	responsibility	for	the	validity	of	all	materials	or	for	the	consequences	of	their	use.	A	region	of	DNA	in	which	part	of	the	sequence	is	known.	When	increasing	concentrations	of	antigen	are	added	to	a
series	of	tubes	that	contain	a	constant	concentration	of	antibodies,	variable	amounts	of	precipitate	form.	•	Based	on	the	physical	state	of	the	mobile	and	stationary	phases.	Since	these	cations	are	solvated,	the	bulk	buffer	solution	migrates	with	the	mobile	layer,	causing	the	electroosmotic	flow	of	buffer	solution.	The	loss	of	this	frequency	of	radiation
from	Spectroscopy	53	This	page	intentionally	left	blank.	Labeling	DNA	with	propidium	iodide	(PI)	allows	for	fluorescence	based	analysis	of	cell	cycle.	Suppose,	Earth	is	attacked	by	an	alien	species	and	none	of	the	earthly	weapons	are	working	on	it,	so	someone	would	go	and	pick	up	the	body	parts	of	alien	and	based	on	that	a	new	weapon	specific	for
that	alien	would	be	developed.	Poly	(A)	tails	form	stable	interaction	with	short	chains	of	oligo	(dT)	that	are	attached	to	the	support	matrices.	This	can	be	done	by	introducing	cells	present	in	suspension	to	go	through	an	observation	point	one	at	a	time.	M.	It	yields	high	performance	and	high	speed	compared	with	traditional	column	chromatography
because	the	mobile	phase	is	pumped	with	high	pressure.	SYBR	Green	has,	however,	a	limitation	that	includes	preferential	binding	to	G.C	rich	sequences.	This	process	is	continued	and	at	each	ensuring	step	the	centrifugal	force	as	well	as	the	centrifugal	time	is	increased	to	successively	sediment	the	lighter	components	and	particles.	10.2
Immunoassays	Immunoassays	are	based	on	the	specific	antibody-antigen	reactions.	Table	3.4	Spin	quantum	numbers	and	number	of	spin	states	of	some	common	element	Certain	atomic	nuclei	can	be	considered	as	a	having	‘spin’;	the	term	spin	implies	that	each	nucleus	can	be	considered	as	a	rotating	electrical	charge	and	consequently,	along	with	its
electrical	properties,	it	also	possesses	an	angular	magnetic	momentum.	The	net	charge	of	any	particular	protein	is	the	sum	of	all	of	its	positive	and	negative	charges.	This	results	in	antisera	containing	antibodies	from	different	clones	of	lymphocytes	with	specificities	against	different	epitopes	of	the	antigens.	Electron	microscopes	are	of	two	basic
types:	transmission	electron	microscope	and	scanning	electron	microscope.	If	the	probe	is	non-isotopically	labeled	with	biotin	or	digoxigenin,	the	membrane	may	be	treated	with	chemiluminescent	substrate	to	detect	the	labeled	probe,	and	then	exposed	to	photographic	film.	The	top	of	the	column	contains	the	cathode,	a	tungsten	wire	filament	that	is
heated	to	provide	a	source	of	electrons.	However,	there	are	techniques	and	concepts	that	most	of	us	would	agree	form	a	‘core’	in	biophysics	and	molecular	biology.	Oxford	University	Press,	New	York.	Finally,	I	have	provided	a	concise	list	of	selected	references	(research	papers,	reviews	and	books)	so	that	curious	readers	can	trace	fundamentals	and
ideas	to	their	roots.	Fluidics	system	Filters	Detectors	Lasers	FSC	Lasers	Lens	PMT	(FL-1)	Dichroic	mirror	PMT	(FL-2)	PMT	(FL-3)	PMT	(FL-4)	Filter	Screen	SSC	Detectors	Figure	7.5	Optical	system	of	a	typical	flow	cytometer:	The	optical	system	consists	of	excitation	optics	and	collection	optics.	Jorgenson	JW	(1986),	Electrophoresis.	The	crRNA	of	the
crRNA-Cas	complex	makes	base	pairing	with	the	protospacer	of	the	invading	DNA.	If	the	energy	of	an	incident	photon	corresponds	to	the	energy	gap	between	the	ground	state	of	a	molecule	and	an	excited	state,	the	photon	may	be	absorbed	and	the	molecule	promoted	to	the	higher	energy	excited	state.	Resolution	indicates	how	well	solutes	are
separated.	182	Molecular	Biology	Techniques	This	page	intentionally	left	blank.	Thus,	the	size	of	the	radiolabeled	cDNAs	should	represent	the	distance	from	the	labeled	5’-end	of	the	primer	to	the	5’-end	of	the	mRNA	(i.e.	the	3’-end	of	the	cDNA).	You're	Reading	a	Free	Preview	Pages	166	to	187	are	not	shown	in	this	preview.	Co-IP	is	conducted	in
essentially	the	same	manner	as	an	IP,	122	Immunotechniques	except	that	the	target	antigen	precipitated	by	the	antibody	is	used	to	co-precipitate	its	binding	partner(s)	or	associated	protein	complex	from	the	lysate.	Two	types	of	pumps	are	available	–	constant	pressure	and	constant	volume.	(b)	After	some	time,	solute	B	is	moving	at	a	much	faster	rate
than	A.	Each	microwell	contains	many	copies	of	single-stranded	template	DNA	molecule	to	be	sequenced	and	DNA	polymerase	are	sequentially	flooded	with	a	single	species	of	unmodified	dNTP.	Hames	BD	(1998),	Gel	Electrophoresis	of	Proteins:	A	Practical	Approach,	3rd	ed.	Microscope	made	up	of	more	than	one	glass	lens	in	combination	is	termed
compound	microscope.	If	the	crystal	is	well	ordered,	then	diffraction	will	be	measurable	at	high	angles	or	high	resolution;	and	a	detailed	structure	should	result.	Millions	or	billions	of	DNA	strands	can	be	sequenced	in	parallel,	yielding	substantially	more	throughput	and	minimizing	the	need	for	the	fragment-cloning	methods	that	are	often	used	in
Sanger	sequencing	of	genomes.	A	hydrogen	ion	(proton)	is	released	when	a	nucleotide	is	incorporated	by	DNA	polymerase.	The	cleavage	reactions	in	this	method	have	not	changed	significantly	since	its	initial	development,	although	additional	chemical	cleavage	reactions	have	been	devised.	To	measure	the	DNA	content,	the	cells	have	to	be	stained
with	a	fluorescent	dye	that	binds	to	DNA	in	a	stoichiometric	manner	(the	amount	of	stain	is	directly	proportional	to	the	amount	of	DNA	within	the	cell).	The	advantages	of	HPLC	are	the	result	of	two	major	advances:	1.	Electrophoresis	is	conducted	in	the	first	stage	and	immunoprecipitation	using	antibodies	against	specific	antigens	in	the	second	stage
without	removing	the	antigens	from	the	gel.	The	stationary	phase	may	be	packed	in	a	column,	spread	as	a	layer,	or	distributed	as	a	film,	etc.;	in	these	definitions	chromatographic	bed	is	used	as	a	general	term	to	denote	any	of	the	different	forms	in	which	the	stationary	phase	may	be	used.	Particle	sinks	when	νρ	<	1,	floats	when	νρ	>	1.	The	fluidics
system	consists	of	a	central	channel	through	which	the	sample	is	injected,	enclosed	by	an	outer	sheath	that	contains	faster	flowing	fluid.	Chemical	degradation	method	The	chemical	degradation	method	was	introduced	by	Allan	Maxam	and	Walter	Gilbert	in	year	1977.	Following	shadowing,	a	strengthening	film	of	carbon	evaporates	at	a	normal	(90°)
angle	to	the	surface.	Additional	Coulomb	forces	may	play	Force	a	role	when	the	AFM	tip	is	charged.	An	image	of	a	well,	a	bead	containing	DNA	template,	and	the	underlying	sensor	and	electronics.	Fluorescence	is	an	emission	phenomenon.	Classification	of	chromatographic	methods	Chromatographic	methods	can	be	classified	in	three	fundamental
ways:	•	Based	on	the	shape	of	the	chromatographic	bed.	Immunotechniques	111	Radioimmunoassay	Radioimmunoassay	(RIA)	is	a	technique	for	determining	the	concentration	of	a	particular	antigen	in	a	sample,	based	on	competitive	binding	between	unlabeled	and	radioisotope	labeled	antigen	for	its	specific	antibody.	Enriched	beads	are	primed	for
sequencing	by	annealing	a	sequencing	primer	and	are	deposited	into	the	wells	of	an	Ion	Chip,	a	specialized	silicon	chip	designed	to	detect	pH	changes	within	individual	wells	of	the	sequencer	as	the	reaction	progresses	stepwise.	In	the	procedure,	myeloma	cells	are	engineered	to	be	deficient	in	enzyme	HGPRT.	If	the	number	of	both	the	protons	and
neutrons	in	a	nucleus	are	even	then	there	is	no	overall	spin.	1.	The	distribution	of	cells	in	the	case	illustrated	also	indicates	that	there	are	greater	numbers	of	cells	in	G1	than	in	G2	+	M-phase,	showing	that	G1	is	longer	than	G2	and	M-phase	of	this	population.	It	is	based	on	sequencing	by	synthesis	(SBS)	technology	–	tracking	the	addition	of	labeled
nucleotides	as	the	DNA	chain	is	copied	–	in	a	massively	parallel	fashion.	The	repeating	unit	forming	the	crystal	is	called	the	unit	cell.	Fluorescence	emission	of	light	is	observed	when,	An	absorption	spectrum	is	a	plot	of	the	amount	of	light	absorbed	by	a	sample	versus	the	wavelength	of	the	light.	64	Centrifugation	This	page	intentionally	left	blank.	The
method	is	based	on	the	DNA	polymerase-dependent	synthesis	of	a	complementary	DNA	strand	in	the	presence	of	natural	deoxynucleotides	(dNTPs)	and	dideoxynucleotides	(ddNTPs)	that	serve	as	terminators.	X-ray	crystallography	has	had	an	A	crystal	structure	is	a	unique	arrangement	of	atoms	or	molecules	in	space.	A	crystal	is	built	up	of	many
billions	of	small	identical	units	called	unit	cells.	John	Wiley	and	Sons	Inc.	For	atoms	excited	by	high-temperature,	the	light	emission	is	commonly	called	atomic	emission	(emission	spectroscopy);	and	for	atoms	excited	with	electromagnetic	radiation,	the	light	emission	is	called	atomic	fluorescence	(fluorescence	spectroscopy).	The	regularity	of	the
material	is	responsible	for	the	diffraction	of	the	beams.	In	this	case,	the	numerical	aperture	is,	thus,	increased	by	the	factor	of	n,	the	refractive	index	of	oil.	Production	of	the	sample	in	an	ionized	form	in	the	gas	phase;	2.	In	order	to	detect	the	presence	of	non-agglutinating	antibodies	on	erythrocytes,	one	simply	adds	a	second	antibody	directed	against
the	antibodies	attached	to	their	respective	epitopes	on	erythrocytes.	Immersion	oil	such	as	paraffin	oil,	cedarwood	oil	has	been	placed	at	the	interfaces	between	the	objective	lens	and	the	cover	slip	protecting	the	specimen	(also	between	the	condenser	lens	and	the	underside	of	the	specimen	slide).	Further,	Membrane	Gel	sheets	of	filter	paper	and
paper	tissues	complete	the	setup.	When	an	electrical	potential	is	applied	across	the	tube,	the	charged	molecules	migrate	toward	one	or	the	other	electrode.	These	fluorescent	reporter	molecules	include	dyes	that	bind	to	the	dsDNA	(i.e.	SYBR	Green)	or	sequence	specific	probes.	W.H.	Freeman	and	Company.	The	donor	is	a	fluorophore	that	initially
absorbs	the	energy	and	the	acceptor	is	the	fluorophore	to	which	the	energy	is	subsequently	transferred.	When	an	antigen	has	a	relatively	lower	concentration,	the	equivalent	zone	will	be	formed	a	little	bit	closer	to	the	antigen	well.	Second,	it	can	be	used	to	quantify	the	amount	of	transcript	in	an	in	vitro	transcription	system.	•	Based	on	the
mechanism	of	separation.	In	the	figure,	two	lines	represent	lipid	bilayer	of	cell	membrane.	12.12	DNA	sequencing	The	term	DNA	sequencing	encompasses	biochemical	methods	for	determining	the	order	of	the	nucleotide	bases,	adenine,	guanine,	cytosine	and	thymine,	in	a	DNA	molecule.	Helium,	nitrogen,	argon	and	hydrogen	are	generally	used	as
carrier	gases	depending	upon	the	desired	performance	and	the	detector	being	used.	Four	different	chain-terminating	dideoxyribonucleoside	triphosphates	(ddATP,	ddCTP,	ddGTP	and	ddTTP)	are	used	in	four	separate	DNA	synthesis	reactions	on	copies	of	the	same	single-stranded	DNA	template.	The	dot	is	treated	with	an	alkaline	solution	to	denature
DNA	molecules.	CRISPR	loci	are	transcribed	from	an	upstream	promoter	located	in	the	AT-rich	leader	sequence.	These	atomic	nuclei	have	different	energy	levels	when	placed	in	a	magnetic	field	and	with	the	help	of	nuclear	spin	value,	the	number	of	energy	levels	can	be	determined	by	using	formula	2l	+	1.	Holler	FJ	and	Crouch	SR	(2014),
Fundamentals	of	analytical	chemistry,	9th	ed.	You're	Reading	a	Free	Preview	Pages	140	to	145	are	not	shown	in	this	preview.	The	objective	lens	is	responsible	for	producing	the	magnified	image.	Following	electrophoresis,	the	test	DNA	fragments	are	denatured	in	strong	alkali.	When	an	electric	field	is	imposed,	the	proteins	will	migrate	from	the	IEF
gel	into	the	SDS	slab	gel	and	then	separate	according	to	their	mass.	The	duration	of	M-phase	can	be	calculated	by	multiplying	the	mitotic	index	by	the	mean	generation	time.	These	unit	cells	are	packed	against	each	other	in	three	dimensions.	The	unattached	dNTP	molecules	are	washed	out	before	the	next	cycle	when	a	different	dNTP	species	is
introduced.	Conditions	are	chosen	which	maximize	the	rate	of	hybridization,	compatible	with	a	low	background	of	non-specific	binding	on	the	membrane.	Promoter	Coding	sequence	5'	3'	3'	5'	Transcription	start	site	Transcription	5'	3'	DNA	primer	addition	5'	3'	Elongation	with	reverse	transcriptase	5'	3'	Elongation	of	DNA	strand	continues	until	it
reaches	transcription	start	site	Denature	and	run	on	sequencing	gel	Figure	12.24	A	primer	extension	assay	involves	four	steps:	First,	selection	and	preparation	of	a	labeled	primer	complementary	to	the	RNA	transcript	of	interest.	Pressure	regulators,	gauges,	and	flow	meters	are	required	to	control	the	flow	rate	of	the	gas.	The	basic	technique	is
simple	to	perform,	yet	it	is	robust	enough	to	accommodate	a	wide	range	of	binding	conditions.	The	limit	of	resolution	of	the	unaided	human	eye	is	100	μm.	In	the	direct	test,	anti-immunoglobulins	are	added	to	the	erythrocytes	that	are	suspected	of	having	antibodies	bound	to	antigens	on	their	surfaces.	The	sample	to	be	examined	(called	the	solute	or
analyte)	is	allowed	to	interact	with	two	immiscible	phases	–	a	mobile	phase	and	a	stationary	phase.	In	column	chromatography,	the	stationary	bed	is	within	a	tube.	This	arrangement	allows	measurements	of	electrical	potentials	and	currents	from	the	entire	cell	and	is,	therefore,	called	the	whole-cell	patch	clamp	recording.	3’-end	labeling	Template-
independent	polymerization	of	[α32P]	NTP	to	the	3’	terminus	of	DNA	is	catalyzed	by	calf	thymus	terminal	deoxynucleotidyl	transferase.	Random	incorporation	of	the	Green	A	A	G	T	C	C	A	C	5’	Green	A	G	T	C	C	A	C	5’	Green	been	terminated	at	each	G	T	C	C	A	C	5’	Yellow	successive	position,	each	T	C	C	A	C	5’	Red	C	C	A	C	5’	Blue	C	A	C	5’	Blue	labeled
ddNTPs	produces	a	series	of	DNA	fragments	in	which	chain	growth	has	one	nucleotide	longer	than	the	previous.	Manz	A,	Pamme	N	and	Dimitri	L	(2004),	Bioanalytical	Chemistry,	3rd	ed.	Normal	Normal	Air	Glass	a	b	Glass	Air	Refraction	of	light	at	air-glass	interfaces.	Planar	chromatography	is	also	termed	open-bed	chromatography.	Charge-modified
nylon	has	a	greater	capacity	to	bind	nucleic	acids.	It	is	essential	for	recognition,	cleavage	and	the	distinction	between	self	and	non-self	DNA.	It	is	liquid	chromatographic	technique	i.e.	mobile	phase	is	liquid.	adsorption.	Recovery	of	substances	of	interest	can	be	achieved	by	changing	experimental	conditions	to	favour	desorption.	The	sequential
resolution	of	proteins	by	their	charge	and	mass	can	achieve	excellent	separation	of	cellular	proteins.	Hence,	we	must	also	consider	the	particle’s	buoyancy	due	to	the	displacement	of	the	solvent	molecules	by	the	particle.	In	this	case	the	stream	is	focused	in	a	vibrating	nozzle	and	exits	in	a	Analysis	of	cell	size,	jet	which	is	broken	into	regularly	spaced
droplets.	M13	is	a	filamentous	phage	contains	6.4	kb	single-stranded	circular	DNA.	Their	thoughtful	comments,	suggestions,	and	encouragement	have	been	of	immense	help	to	me	in	writing	this	book.	This	is	achieved	by	spinning	the	vessel	containing	the	fluid	and	particles	about	an	axis	of	rotation	so	that	the	particles	experience	a	centrifugal	force
acting	away	from	the	axis.	uncharged	and	oppositely	charged	droplets.	M13	enters	E.	6.5	Atomic	force	microscopy	(also	scanning	force	microscopy),	does	not	use	lenses	to	form	an	image,	but	instead	uses	a	sharply	pointed	sensor,	or	tip,	at	the	end	of	a	flexible	cantilever	to	scan	and	sense	the	topography	of	a	sample.	Proteins	show	considerable
variation	in	isoelectric	points,	but	pI	values	usually	fall	in	the	range	of	pH	3-12	with	mostly	having	pIs	between	pH	4	to	7.	The	different	vibrational	modes	of	a	molecule	can	therefore	be	identified	by	recognizing	Raman	shifts	(or	‘bands’)	in	the	inelastically	scattered	light	spectrum.	This	affinity	is	largely	due	to	ionic	attractions,	and	the	proteins	can	be
washed	off	the	DNA	by	a	solution	that	contains	a	moderate	concentration	of	salt.	A	biospecific	ligand	that	can	be	attached	to	a	chromatography	matrix	covalently	is	one	of	the	requirements	for	successful	affinity	purification.	Typically,	in	a	population	of	cells	that	are	all	proliferating	rapidly	but	asynchronously,	about	30–40%	will	be	in	S-phase	at	any
instant	and	become	labeled	by	a	brief	pulse	of	BrdU.	The	immune	complex	is	then	captured,	or	precipitated,	on	a	beaded	support.	This	happens	because	the	refractive	index	of	air	is	very	different	from	that	of	glass	and	light	passing	through	a	glass-air	interface	is	refracted	(bent)	to	a	large	degree.	The	stationary	phase	may	be	a	solid,	or	a	liquid
supported	on	a	solid,	or	a	gel.	The	velocity	at	which	the	ion	moves	is	directly	proportional	to	the	electrophoretic	mobility	and	the	magnitude	of	the	electric	field.	Because	this	chain	now	lacks	a	3’	OH	group,	the	addition	of	the	next	nucleotide	is	blocked,	and	the	DNA	chain	terminates	at	that	point.	Variations	of	IP	(e.g.	Co-IP)	are	used	to	study	the
interactions	between	the	primary	antigen	protein	and	other	proteins	or	nucleic	acids	(e.g.	ChIP	or	RIP).	Polynucleotide	kinase	then	performs	a	forward	reaction	and	transfers	a	phosphate	from	ATP	onto	the	target	nucleic	acid.	Therefore,	antibody-producing	B-cells	are	fused	with	B-cell	tumors	called	myelomas.	If	the	stationary	phase	is	solid,	the
technique	is	called	adsorption	chromatography.	Some	dyes	possess	an	intercalative	binding	mode,	such	as	propidium	iodide,	whereas	others	present	an	affinity	for	DNA	A.T	rich	regions	such	as	DAPI	or	G.C	rich	regions	such	as	chromomycin	A3.	This	value	alone,	however,	tells	us	nothing.	This	book	contains	information	obtained	from	authentic	and
highly	regarded	sources.	The	antibody	must	be	bivalent	for	precipitation	reaction	to	occur.	The	short-wavelength	fluorophore	can	now	fluoresce	and	a	signal	will	be	detected	that	is	proportional	to	the	number	of	newly	synthesized	strands.	Cross	section	view	of	a	single	well	that	houses	ion	sphere	particles	with	a	clonal	amplified	DNA	template.	In	this
sequencing	technique,	random	fragments	of	the	genome	to	be	sequenced	are	immobilized	in	a	flow	cell,	and	then	amplified	in	situ,	resulting	in	localized	clusters	of	around	1000	Molecular	Biology	Techniques	185	identical	copies	of	each	fragment.	enormous	impact	on	chemistry	and	biology.	The	simplest	form	of	light	microscope	consists	of	a	single
lens,	a	magnifying	glass.	Electrons	are	accelerated	as	a	fine	beam	by	the	high	voltage	applied	between	the	cathode	and	anode.	Protein	migration	gradually	decelerates	with	running	distance	and	with	decreasing	pore	size	of	the	gradient	gel.	This	introduces	a	difficulty	in	agglutination	of	charged	particles	by	antibodies.	Oligonucleotides	of	random
sequence	will	anneal	to	a	variety	of	homologous	locations	on	a	single-stranded	DNA.	The	separated	species	appeared	as	colored	bands	on	the	column,	which	accounts	for	the	name	he	chose	for	the	method	(Greek	chroma	meaning	‘color’	and	graphein	meaning	‘writing’).	The	components	of	the	mixture	travel	with	different	rates	due	to	differences	in
their	non-covalent	interactions	with	stationary	phase.	Some	thermostable	DNA	polymerase	can	use	RNA	templates	as	substrate.	Fixed	probe	Figure	12.25	166	Molecular	Biology	Techniques	Labeled	target	Hybridization	of	the	target	to	the	probe.	The	Klenow	fragment	is	used	as	this	enzyme	lacks	the	5’–3’	exonuclease	activity	of	DNA	polymerase	I;
and	so	only	fills	in	the	gaps	between	adjacent	primers.	With	the	development	of	DNA	microarray	technology,	however,	scientists	can	now	examine	how	thousands	of	genes	express	and	their	product	interact	at	any	given	time.	Fundamentals	and	Techniques	of	Biophysics	and	Molecular	Biology	Second	edition	Pranav	Kumar	Fundamentals	and
Techniques	of	Biophysics	and	Molecular	Biology	Second	edition	Pranav	Kumar	Former	faculty,	Department	of	Biotechnology	Jamia	Millia	Islamia,	New	Delhi,	India	New	Delhi,	India	Pathfinder	Publication	New	Delhi,	India	Pranav	Kumar	Former	faculty,	Department	of	Biotechnology,	Jamia	Millia	Islamia,	New	Delhi,	India	Fundamentals	and	Techniques
of	Biophysics	and	Molecular	Biology	Second	edition	ISBN:	978-93-80473-15-4	(paperback)	This	book	is	printed	on	acid-free	paper.	Scattering	is	a	physical	process	that	causes	radiation	to	deviate	from	a	straight	trajectory.	Two	types	of	nonradioactive	labeling	are	conducted	–	direct	and	indirect.	Monovalent	Fab	fragments	cannot	form	precipitate	with
antigen.	Then	a	fixed	amount	of	radiolabeled	antigen	is	added	to	the	tube.	This	effect	can	be	seen	in	figure	8.1	when	light	passes	through	two	pinholes	in	a	piece	of	opaque	material	and	then	falls	onto	a	white	surface.	It	is	the	absorption,	emission	or	scattering	of	radiation	by	matter	that	is	used	to	quantitatively	or	qualitatively	study	the	matter	or	a
physical	process.	It	is	a	method	to	separate	molecules	based	on	their	sedimentation	rate	under	centrifugal	field.	The	force	is	measured	in	multiples	of	the	Earth’s	gravitational	force	and	is	known	as	the	relative	centrifugal	field	(RCF)	or	more	commonly,	the	g	force.	General	mechanism	A	simple	analogy	to	understand	the	CRISPR	mechanism	is	to
imagine	the	design	of	a	personalized	weapon.	and	if	they	are	out	of	phase,	their	amplitude	is	reduced	(destructive	interference).	Capillary	zone	electrophoresis,	also	known	as	free	solution	capillary	electrophoresis,	is	the	most	commonly	used	technique.	Table	6.1	Differences	between	light	and	electron	microscopes	78	Microscopy	Feature	Light
microscope	Electron	microscope	(TEM)	Highest	practical	magnification	About	1,000-1,500	Over	100,000	Best	resolution	0.2	μm	0.5	nm	Radiation	source	Visible	light	Electron	beam	Medium	of	travel	Air	High	vacuum	Type	of	lens	Glass	Electromagnet	Source	of	contrast	Differential	light	absorption	Scattering	of	electrons	Specimen	mount	Glass	slide
Metal	grid	(usually	copper)	This	page	intentionally	left	blank.	If	waves	from	two	sources	are	in	same	phase	with	one	another,	their	total	amplitude	is	additive	(constructive	interference);	The	terms	diffraction	and	scattering	are	often	used	interchangeably	and	are	considered	to	be	almost	synonymous.	Once	the	labeling	index	is	determined,	the	duration
of	S-phase	can	be	calculated	by	multiplying	the	labeling	index	by	the	mean	generation	time.	The	relationship	between	the	limit	of	resolution	and	the	wavelength	of	the	illuminating	radiation	hold	true	for	both	–	a	beam	of	light	or	a	beam	of	electrons.	After	the	modification	reactions,	the	separate	samples	are	cleaved	by	specific	chemical,	which	breaks
phosphodiester	bonds	of	nucleotide	whose	base	has	been	modified.	There	have	been	a	number	of	major	advances	in	molecular	biology	in	the	past	few	years.	Pre-crRNA	cleavage	is	carried	out	by	Cas	endoribonuclease,	Cas6.	Antibody	that	is	a	mixture	of	antibody-1	and	antibody-2	is	placed	in	the	central	well.	In	this	mode,	the	pipette	solution	diffuses
into	the	cell.	For	example,	if	through	a	microscope	one	can	see	something	25	times	larger	than	actual	size,	its	magnification	power	is	25x.	These	rays	are	refracted	at	the	coverslip-air	interface	and	only	the	light	rays	closest	to	the	optical	axis	of	the	microscope	have	the	appropriate	angle	to	enter	the	objective	lens.	Condenser	lens	focuses	the	light
from	the	light	source	at	the	specimen.	If	the	wavelength	of	the	light	(λ)	is	known,	one	can	measure	the	angle	α	between	the	original	beam	and	the	first	diffraction	peak	and	then	calculate	the	distance	d	between	the	two	holes	with	the	formula	d=	l	.	Agarose	beads	(also	known	as	agarose	resins	or	slurries)	are	highly-porous	sponge-like	structures	of
varying	shapes	and	sizes	(50	to	150	μm	diameter).	The	mobile	phase	moves	the	sample	through	the	stationary	phase.	In	zone	electrophoresis,	sample	is	constrained	to	move	in	a	solid	support	such	as	filter	paper	(paper	electrophoresis)	or	a	gel	(gel	electrophoresis).	In	HPLC,	increased	flow	rates	are	obtained	by	applying	a	pressure	difference	across
the	column.	The	basic	components	are	a	gradient	controller,	high-pressure	pump,	packed	column,	detector	and	recorder.	E	Amplitude	B	Wavelength	Figure	3.1	Electromagnetic	radiation.	Both	living	and	dead	specimens	are	viewed	with	a	light	microscope.	The	migration	rate	of	a	substance	during	paper	chromatography	is	usually	expressed	as	the
dimensionless	term	Rf	(Relative	front),	which	is	the	ratio	of	the	distance	traveled	by	substance	and	solvent	front.	Illumina	next-generation	sequencing	utilizes	a	fundamentally	different	approach	from	the	classic	Sanger	chain-termination	method.	In	voltage	clamp	mode,	the	potential	inside	the	cell	is	compared	to	a	known	voltage	supplied	by	the
experimenter	and	an	amplifier	is	used	to	supply	whatever	current	is	required	to	keep	the	cell	potential	at	the	specified	voltage.	Similar	to	ELISA,	the	nitrocellulose	membrane	that	contains	the	resolved	proteins	will	be	first	incubated	with	an	unrelated	protein	to	block	nonspecific	protein	binding	sites	on	the	membrane,	and	then	treated	with	a	suitable
primary	antibody	that	is	specific	for	the	protein	of	interest.	34	Spectroscopy	This	page	intentionally	left	blank.	IR	and	Raman	are	the	most	common	vibrational	spectroscopies.	There	are	two	versions	of	the	Coombs	test:	direct	and	indirect	Coombs	test.	The	current	clamp	mode	allows	to	monitor	different	forms	of	cell	activity,	for	example,	action
potentials,	excitatory	and	inhibitory	post-synaptic	potentials	as	well	as	changes	in	membrane	potentials	due	to	activation	of	electrogenic	membrane	transporters.	If	the	dot	of	DNA	contains	a	sequence	similar	to	the	probe,	the	film	will	turn	dark	in	that	area.	As	long	as	the	fluorophore	and	the	quencher	are	close	to	each	other,	fluorescence	is	quenched
and	no	fluorescent	light	is	emitted.	Emission	can	be	induced	by	sources	of	energy	such	as	flames	or	electromagnetic	radiations.	Inelastic	scattering	means	that	the	frequency	of	photons	in	monochromatic	light	changes	upon	interaction	with	a	sample.	10.3	Immunoelectrophoresis	Immunoelectrophoresis	is	an	immunotechnique	that	combined
electrophoresis	and	immunoprecipitation	for	identifying	and	characterizing	antigens	within	complex	mixtures.	The	Human	Genome	Project,	led	by	the	International	Human	Genome	Sequencing	Consortium	and	Celera	Genomics,	was	accomplished	with	firstgeneration	Sanger	sequencing.	1.6	Gas	chromatography	In	gas	chromatography	(GC),	the
mobile	phase	is	a	carrier	gas.	The	number	of	epitopes	on	the	surface	of	an	antigen	is	its	valence.	There	are	some	criteria	that	must	be	satisfied	in	order	for	FRET	to	occur.	Adsorption	chromatography	is	a	type	of	chromatography	in	which	the	separation	of	components	present	in	a	mixture	is	based	on	the	relative	differences	in	adsorption	of
components	to	the	stationary	phase	present	in	the	chromatography	column.	Region	of	spectrum	Types	of	energy	transitions	Ultraviolet	|	visible	Electronic	transition	Infrared	Molecular	vibration	Microwave	Molecular	rotation	Radio	frequencies	Nuclear	spin	(in	case	of	nuclear	magnetic	resonance)	Electronic	spin	(in	case	of	electron	spin	resonance)	3.2
Types	of	spectroscopy	When	radiation	meets	matter,	the	radiation	is	either	scattered,	emitted	or	absorbed.	Once	the	ing	from	the	tip	is	dispersed	into	an	aerosol	of	highly	charged	droplets.	Co-immunoprecipitation	(Co-IP)	helps	determine	whether	two	proteins	interact	or	not	in	physiological	conditions	in	vitro.	HPLC	columns	are	prepared	from
stainless	steel	or	glass-Teflon	tubing.	Once	the	cell	has	finished	S-phase,	it	has	twice	the	amount	S	phase	Cell	cycle	is	the	period	between	successive	divisions	of	a	cell.	The	general	mechanism	of	CRISPR	works	in	three	distinct	phases:	adaptation	(or	acquisition),	expression	and	maturation	(or	biogenesis)	and	interference	(or	targeting).	Degenerate
primers	In	order	to	make	the	PCR	primers,	some	sequence	information	is	required.	The	first	layer	is	referred	to	as	the	fixed	layer	because	it	is	held	tightly	to	the	silanol	groups.	two	energy	levels.	This	page	intentionally	left	blank.	CRISPRs	(Clustered	Regularly	Interspaced	Short	Palindromic	Repeats)	consist	of	highly	conserved	short	repeated
sequences	separated	by	similarly	sized	short	spacers	sequences.	The	beads	with	bound	antibodies	are	then	incubated	with	a	cell	lysate	that	contains	the	target	antigens.	A	C	5’	C	5’	Green	Blue	Molecular	Biology	Techniques	181	Sequencing	enzymes	Naturally	occurring	polymerases	have	features	that	are	often	not	optimal	for	DNA	sequencing.	The
fluorophore	is	now	free	from	quenching	and	its	fluorescence	increases.	The	proteins	separate	as	they	migrate	through	the	pH	gradient	in	response	to	the	applied	voltage.	Taq	polymerase	or	variants	are	the	only	feasible	options.	Most	commonly,	silica	gel	is	used	as	a	stationary	1	Note:	Only	liquid	chromatography	can	be	performed	either	in	columns	or
on	planar	surfaces;	gas	chromatography,	on	the	other	hand,	can	be	performed	only	in	columns.	This	technique	is	based	on	a	very	simple	idea.	This	technology	differs	from	other	sequencing	technologies	in	that	the	system	does	not	require	nucleotide	labeling	and	no	optical	detection	is	involved.	of	DNA	in	each	cell	(4C).	The	greater	the	difference	in
mass	or	density,	the	faster	they	sink.	Light	microscopy	Transmission	electron	microscopy	Light	source	Electron	source	Condenser	lens	Specimen	Objective	lens	Projection	lens	Eyepiece	lens	Figure	6.9	Light	and	electron	microscopy.	There	are	two	variants	of	partition	chromatography	depending	on	the	relative	polarity	of	the	solvent	and	the	stationary
phase.	A/G	A/G	A/G	Ag	A/G	Bead	A/G	A/G	A/G	A/G	The	antibody	would	first	be	coupled	to	the	Protein	A,	G	or	A/G	solid	beads	and	then	incubated	with	an	appropriate	cross-linker.	However,	sedimentation	of	these	particles	can	be	enhanced	by	applying	centrifugal	forces.	It	has	a	higher	resolution	than	gel	filtration	or	sucrose	density	ultracentrifugation
and	can	be	used	for	protein	complexes	from	10	kDa	to	10	MDa.	It	is	a	native	protein	separation	method	that	relies	on	the	anionic	dye	Coomassie	Brilliant	Blue	to	confer	negative	charge.	Acceleration	of	the	ions	in	an	electric	field,	each	ion	emerging	with	a	velocity	proportional	to	its	mass-to-charge	ratio	(m/z);	3.	Type	III	systems	work	in	PAM-
independent	manner.	Eyepieces	usually	magnify	by	10x,	since	an	eyepiece	of	higher	magnification	merely	enlarges	the	image,	with	no	improvement	in	resolution.	This	particular	diagram	shows	a	support	that	has	a	negatively	charged	interior.	Ormerod	MG	(2000),	Flow	Cytometry.	Beer-Lambert	law	When	radiation	falls	on	homogeneous	medium,	a
portion	of	incident	light	is	reflected,	a	portion	is	absorbed	and	the	remainder	is	transmitted.	Agglutination	reactions	are	similar,	in	principle,	to	precipitation	reactions.	You're	Reading	a	Free	Preview	Pages	81	to	93	are	not	shown	in	this	preview.	In	diploid	G1	phase	cell,	the	amount	of	DNA	in	this	phase	is	2C.	after	excitation	by	the	absorption	of	a
photon,	an	electron	returns	from	the	first	excited	state	to	the	ground	state.	In	the	past	decade,	several	next-generation	sequencing	platforms	have	been	developed.	Inverse	PCR	Standard	PCR	is	used	to	amplify	a	segment	of	DNA	that	lies	between	two	inward-pointing	primers.	The	angular	aperture	for	the	best	objective	lenses	is	about	70°.	S-phase:
Replication	of	DNA	occurs	at	this	phase.	A	particle	will	move	through	a	liquid	medium	when	subjected	to	a	centrifugal	force.	Tm	values	for	two	primers	used	together	should	not	differ	by	>5°C	and	the	Tm	of	the	amplification	product	should	not	differ	from	those	of	the	primers	by	>10°C.	Chapter	7	Flow	cytometry	Flow	cytometry	is	a	technique	for
counting,	examining,	and	sorting	microscopic	objects	suspended	in	a	fluid	based	on	their	optical	properties	(scattering	and	fluorescence).	Frictional	coefficient	depends	on	the	size	and	shape	of	the	migrating	molecule	and	the	viscosity	of	the	medium.	Quantitative	Real	Time	PCR	Quantitative	Real	Time	PCR	is	based	on	the	general	principle	of	PCR,
which	is	used	to	amplify	and	simultaneously	quantify	a	target	DNA	molecule.	This	is	called	passive	agglutination.	The	Taq	polymerase	has	a	5’	to	3’	exonuclease	decrease	in	intensity	of	fluorescence.	Terminal	dideoxynucleotidyl	transferase	labels	3’-protruding	ends	more	efficiently	than	blunt	ends.	This	DNA	microarray	was	the	first	type	of	DNA
microarray	technology	developed	(pioneered	by	Patrick	Brown	and	his	colleagues	at	Stanford	University).	104	Patch	clamp	techniques	This	page	intentionally	left	blank.	Light	is	aimed	towards	a	condenser,	through	the	specimen,	through	an	objective	lens,	and	to	the	eye	through	a	second	magnifying	lens,	the	74	Microscopy	This	page	intentionally	left
blank.	In	either	case,	a	diffusional	pathway	is	created	that	allows	quite	effective	dialysis	of	the	cell.	The	absorption	spectrum	is	characteristic	of	a	particular	element	or	compound,	and	does	not	change	with	varying	concentration.	Trends	in	Analytical	Chemistry	22	263–272.	It	is	very	popular	because	it	is	easy,	quick,	versatile	and	very	sensitive.	5’	A	C
G	T	A	A	T	T	C	A	G	G	T	T	Red	Figure	12.37	G	Yellow	C	Blue	G	3’	Sequence	to	be	analyzed	A	Green	Replication	of	the	DNA	template	strand	proceeds	with	a	reaction	mixture	including	the	four	standard	dNTPs	and	all	four	ddNTP,	each	labeled	3’	T	G	C	A	T	T	A	A	G	T	C	C	A	C	5’	G	C	A	T	T	A	A	G	T	C	C	A	C	5’	C	A	T	T	A	A	G	T	C	C	A	C	5’	Red	Yellow	Blue	with
a	different	fluorescent	A	T	T	A	A	G	T	C	C	A	C	5’	dye	(ddATP,	ddCTP,	ddGTP,	T	T	A	A	G	T	C	C	A	C	5’	Red	T	A	A	G	T	C	C	A	C	5’	Red	and	ddATP).	Standard	cell	cycle	of	eukaryotic	cells	is	divided	into	four	phases:	G1	phase:	Cells	prepare	for	DNA	replication	and	the	DNA	content	is	2C.	ATP	sulfurylase	converts	the	PPi	into	ATP	which	serves	as	substrate
for	the	light	producing	enzyme	luciferase.	Flow	cytometry	95	Fluorescence-based	detection	Cells	in	G1	phase	Live	cell	measurement	Hoechst	33342	Binds	to	the	minor	groove	of	doublestranded	DNA.	A	detector	is	then	used	to	detect	the	various	eluting	components.	You're	Reading	a	Free	Preview	Pages	105	to	110	are	not	shown	in	this	preview.	The
nature	of	the	interaction	between	radiation	and	matter	may	include	–	absorption,	emission	or	scattering.	Immunofixation	electrophoresis	The	principle	of	immunofixation	electrophoresis	(IFE)	is	simple.	One	of	the	fundamental	processes	that	drive	capillary	electrophoresis	is	electroosmosis.	Reversed-phase	partition	chromatography:	An	elution
procedure	in	which	the	mobile	phase	is	significantly	more	polar	then	the	stationary	phase.	It	was	developed	by	Tiselius	in	1937.	For	example,	1H	has	the	spin	quantum	number	l	=	1/2	and	has	two	allowed	spin	states	[2(1/2)	+	1	=	2]	for	its	nucleus,	–1/2	and	+1/2.	Capillary	electrophoresis	generally	refers	to	capillary	zone	electrophoresis,	but	this
electrophoretic	techniques	also	include	capillary	gel	electrophoresis,	capillary	isoelectric	focusing	and	other	classes	also.	Beneath	each	microwell	the	Ion-Sensitive	Field	Effect	Transistor	(ISFET)	detects	the	pH	change	and	a	potential	change	is	recorded	as	direct	measurement	of	nucleotide	incorporation	events.	These	myelomas	are	capable	of
dividing	indefinitely	and	are,	therefore,	often	called	immortal	cell	lines.	Its	use	is,	therefore,	confined	to	analytes	that	are	volatile,	but	thermally	stable.	To	perform	PCR,	two	primers	that	bind	specifically	to	the	known	sequence	but	they	are	oriented	in	opposite	directions.	The	DNA	content	is	doubled	by	the	end	of	this	phase	(2C	to	4C).	The	smallest
unit	of	antigen	that	is	capable	of	binding	with	antibodies	is	called	an	antigenic	determinant	(or	epitope).	The	distribution	of	solute	between	mobile	phase	liquid	and	stationary	phase	liquid	in	partition	chromatography	is	described	by	the	same	law	as	the	distribution	of	vapour	between	mobile	phase	gas	and	stationary	liquid	in	gas-liquid
chromatography,	so	that	gas-liquid	chromatography	has	often	been	called	‘gas-liquid	partition	chromatography,’	though	international	convention	no	longer	favours	this	name.	Thus,	all	the	ions	that	flow	when	a	single	ion	channel	opens	must	flow	into	the	pipette.	CRISPR/Cas9	and	targeted	genome	editing	The	CRISPR/Cas	bacterial	immune	system	is
used	as	a	simple,	RNA-guided	platform	for	highly	efficient	and	targeted	genome	editing.	Noncompetitive	immunoassays	directly	measure	antigen-occupied	sites,	while	competitive	assays	are	based	on	the	detection	of	total	and	unoccupied	sites	by	antigen.	DNA	sequencing	gels	tend	to	be	very	long	(100	cm)	to	maximize	the	separation	achieved.	Cell
sorting	Applications	of	flow	cytometry	A	major	application	of	flow	cytometry	is	the	physical	separation	of	sub-populations	of	cells	of	interest	from	a	heterogeneous	population.	On	average,	each	molecule	is	modified	at	only	one	position	along	its	length;	every	base	in	the	DNA	strand	has	an	equal	chance	of	being	modified.	At	a	given	wavelength,	the
measured	absorbance	has	been	shown	to	be	proportional	to	the	molar	concentration	of	the	absorbing	species	and	the	thickness	of	the	sample	the	light	passes	through.	coli	through	the	bacterial	sex	pilus,	a	protein	appendage	that	permits	the	transfer	of	DNA	between	bacteria.	The	1H	and	13C	nuclei	possess	nuclear	spin	and	have	two	different	energy
levels.	Protein	A,	Protein	G	and	Protein	A/G	have	different	affinities	for	antibodies	from	different	species,	as	well	as	different	subclasses	of	immunoglobulin	Gs.	An	inherent	problem	of	using	Protein	A,	G	and	A/G	in	immunoprecipitation	reactions	is	that	the	antibody	is	not	covalently	bound	to	the	antibody	binding	proteins.	High	salt	is	added	to	the
chromatography	buffer	to	stabilize	the	nucleic	acid	duplexes	as	only	a	few	dT-A	base	pairs	are	formed.	Air	has	a	refractive	index	of	1.0003,	very	close	to	that	of	a	vacuum	and	considerably	lower	than	most	liquids,	including	water	(n	=	1.33).	The	charged	droplets	droplets	are	airborne,	the	diminish	in	size	by	solvent	evaporation,	assisted	by	a	flow	of
drying	gas.	I	have	given	equal	importance	to	text	and	illustrations	as	well.	3.	Expression	and	maturation	phase	Once	the	desired	sequence	(i.e.	protospacer)	from	the	invading	DNA	is	integrated	into	the	loci	of	CRISPR,	the	CRISPR	locus	is	transcribed	into	a	pre-CRISPR	RNA	(pre-crRNA).	Maximal	sensitivity	will	be	reached	by	decreasing	the	amount	of
antibody	in	competitive	assays	and	increasing	the	antibody	concentration	in	noncompetitive	assays.	+	Antigen	+	Antibody	No	agglutination	Figure	10.4	Anti-Ig	Agglutination	Indirect	Coombs	test.	T4	polynucleotide	kinase	is	then	used	to	transfer	the	labeled	gamma	phosphate	from	ATP	to	the	5’-end	of	DNA.	A	practical	approach.	The	resulting
electrical	current,	though	small,	can	be	measured	with	an	ultra-sensitive	electronic	amplifier	connected	to	the	pipette.	The	electronmolecule	collision	strips	an	electron	from	the	molecule,	creating	a	cation.	16	Chromatography	Chapter	2	Electrophoresis	Electrophoresis	(Electro	refers	to	the	energy	of	electricity	and	Phoresis,	from	the	Greek	verb
phoros,	means	to	carry	across)	is	a	technique	for	separating	or	resolving	charged	molecules	(such	as	amino	acids,	peptides,	proteins,	nucleotides,	and	nucleic	acids)	in	a	mixture	under	the	influence	of	an	applied	electric	field.	The	immobilized	immune	complexes	are	then	collected	from	the	lysate,	washed	and	eluted	from	the	solid	support	and	analyzed
based	on	the	nature	of	the	target	antigen.	The	difference	between	AFM	and	STM	is	that	AFM	does	not	require	the	sample	to	be	an	electrically	conducting	material.	The	binding	between	the	ligand	and	molecules	of	interest	must	be	reversible	to	allow	the	molecules	to	be	removed	in	an	active	form.	Slot	blot	is	fundamentally	similar	to	dot	blot.	•
Removal	of	non-specifically	bound	molecules.	(B)	In	case	of	a	dry	objective,	light	rays	pass	through	a	specimen	that	is	covered	with	a	cover	slip.	In	the	first	step,	total	cell	proteins	are	passed	through	the	column	containing	a	huge	number	of	different	DNA	sequences.	The	free	DNA	fragments	migrate	rapidly	to	the	bottom	of	the	gel,	while	those
fragments	bound	to	proteins	are	retarded.	Baumgarth	N	and	Roederer	M	(2000),	A	practical	approach	to	multicolor	flow	cytometry	for	immunophenotyping.	Shapiro	HM	(2003),	Practical	Flow	Cytometry,	John	Wiley	and	Sons,	Inc.	Raman	spectroscopy	is	a	form	of	vibrational	spectroscopy.	The	RCF	generated	by	a	rotor	depends	on	the	speed	of	the
rotor	in	revolutions	per	minute	(rpm)	and	the	radius	of	rotation	(i.e.	the	distance	from	the	axis	of	rotation).	Ion	Torrent	sequencing	may	also	be	referred	to	as	Ion	semiconductor	sequencing,	pH-mediated	sequencing,	silicon	sequencing,	or	semiconductor	sequencing.	There	are	various	ways	to	break	the	patch	membrane	to	obtain	access	to	the	cell
interior.	In	the	‘conventional’	whole-cell	technique,	the	membrane	is	disrupted	with	extra	suction	or	with	a	brief,	high-voltage	pulse.	It	simultaneously	measures	and	then	analyzes	multiple	physical	characteristics	of	single	object	(usually	cell)	as	they	flow	in	a	fluid	stream	through	a	beam	of	light.	Colored	light	emission	Wash	Add	fluorescent	dye
tagged	secondary	antibody	Wash	Add	specific	antibody	to	be	measured	Wash	Antigen	coated	well	Figure	10.10	Indirect	or	secondary	immunofluorescence.	Footprinting	assay	allows	us	to	identify	the	sites,	where	protein	binds.	In	this	method	a	double-stranded	oligonucleotide	of	the	correct	sequence	is	chemically	synthesized	and	linked	to	an	insoluble
matrix	such	as	agarose.	Instead,	the	term	ionization	relates	to	the	transfer	to	gas	phase	of	analytes,	while	maintaining	their	charge,	and/or	acquiring	a	charge	from	the	sample	environment,	typically	in	the	form	of	proton.	Important	conclusions	drawn	from	the	equation:	•	The	sedimentation	velocity	of	a	particle	is	proportional	to	its	mass.	In	the	excited
state,	some	energy	is	always	lost	by	non-radiative	processes	(such	as	transitions	between	vibrational	states).	186	Molecular	Biology	Techniques	dNTP	Well	DpH	DNA	template	DQ	Bead	Sensing	layer	Sensor	plate	DV	Bulk	Drain	Source	Silicon	substrate	Figure	12.41	To	column	receiver	Ion	Torrent	technology-	Sensor,	well	and	chip	architecture.	Tswet,
Russian	botanist	(referred	as	the	father	of	chromatography)	is	credited	for	the	development	of	chromatography.	This	breaks	the	linkage	between	the	fluorophore	and	140	quencher.	1.2	Size	exclusion	chromatography	Size	exclusion	chromatography	or	molecular	sieve	chromatography	separates	molecules	on	the	basis	of	size	and	shape.	In	this
technique,	the	DNA	encoding	the	protein	of	interest	is	fused	with	a	gene	encoding	one	of	the	proteins	that	forms	the	viral	coat.	Moving	boundary	or	free	boundary	electrophoresis	is	the	electrophoresis	in	a	free	solution.	At	this	phase,	the	cells	contain	4C	amount	of	DNA.	Massively	parallel	sequencing	technology	facilitates	high-throughput	sequencing,
which	allows	an	entire	genome	to	be	sequenced	in	less	than	one	day.	Finally,	PCR	is	performed	on	the	circular	fragments	of	DNA.	In	competitive	immunoassays,	labeled	and	unlabeled	antigens	are	simultaneously	exposed	to	the	antibody.	Known	sequence	Restriction	site	Restriction	site	{	Digestion	with	restriction	enzyme	Self	ligation	PCR	Short
segment	of	known	sequence	{	{	Figure	12.6	Short	segment	of	known	sequence	Inverse	PCR.	The	tracrRNA	remains	bound	to	the	crRNA	and	the	mature	crRNA–tracrRNA	duplexes	are	complexed	with	Cas9.	The	amount	of	radiolabeled	antigen	is	typically	high	enough	to	saturate	all	of	the	antibody	molecules	attached	to	the	bottom	of	the	tube.	As	in
STM,	moving	the	tip	across	the	surface	produces	a	topographic	map	of	the	surface	with	atomic	resolution.	Eluate	The	mobile	phase	that	exits	the	column	is	termed	the	eluate.	If	that	occurs,	the	remaining	radiation,	when	it	is	passed	through	a	prism,	yields	a	spectrum	with	a	gap	in	it,	called	an	absorption	spectrum.	Both	fields	oscillate	at	the	same
frequency.	A	continuous	flow	of	solvent	carries	a	mixture	of	solutes	A	and	B.	The	samples	to	be	compared	are	loaded	side-by-side	in	small	circular	wells	along	the	edge	of	an	agarose	gel.	If	the	added	dNTP	forms	a	base	pair	with	the	template,	DNA	polymerase	incorporates	it	into	the	growing	DNA	strand	and	pyrophosphate	is	released.	Following	the
fixation	step,	the	membrane	is	placed	in	a	solution	of	labeled	(radioactive	or	non-radioactive)	RNA,	single-stranded	DNA	or	oligodeoxynucleotide	which	is	complementary	in	sequence	to	the	blot	transferred	DNA	band	or	bands	to	be	detected.	The	donor	and	acceptor	molecules	must	be	in	close	proximity	to	one	another	for	FRET	to	occur.	Beads	coated
with	protein	A	or	G	or	A/G	is	added	subsequently	to	target	bound	proteins	in	the	complex.	(B)	In	the	exchange	reaction,	target	DNA	or	RNA	that	has	a	5’	phosphate	is	incubated	with	an	excess	of	ADP.	Because	of	the	small	diameter	of	the	tubing,	there	is	a	large	surface-to-volume	ratio,	which	gives	enhanced	heat	dissipation.	The	nonpolar	molecules
move	faster	than	polar	ones.	The	size	of	the	pores	that	is	formed	in	the	polyacrylamide	gel	will	be	related	to	how	much	N,	N’-methylenebisacrylamide	is	used	versus	acrylamide.	Central	channel	Sheath	fluid	Single	flow	Figure	7.1	Hydrodynamic	focusing	produces	a	single	stream	of	particles.	This	electrophoretic	technique	is	used	for	the	analysis,	but
not	for	the	fractionation	of	complex	mixture.	r	se	La	+	Desorption	Desolvation	and	ionization	Matrix	Analyte	Figure	4.3	Figure	4.2	Electrospray	Schematic	representation	of	MALDI.	Garland	Science	Publishing.	5’-end	labeling	5’-end	labeling	is	performed	by	enzymatic	methods	(T4	polynucleotide	kinase),	by	chemical	modification	of	sensitized
oligonucleotides	with	phosphoramidite,	or	by	combined	methods.	When	the	sample	molecules	collide	with	the	ionized	reagent	gas,	some	of	the	sample	molecules	are	ionized	by	various	mechanisms	like	proton	transfer,	electron	transfer	and	adduct	formation.	Variants	of	the	patch	clamp	method	Whole-cell	patch	clamp	recording	If	the	membrane	patch
within	the	pipette	is	disrupted	by	briefly	applying	strong	suction,	the	interior	of	the	pipette	becomes	continuous	with	the	cytoplasm	of	the	cell.	These	gases	are	available	in	pressurized	tanks.	These	fragments	are	clonally	amplified	on	the	small	beads	by	emulsion	PCR.	Publisher	:	Pathfinder	Publication	Production	editor	:	Ajay	Kumar	Copy	editor	:
Jomesh	Joseph	Illustration	and	layout	:	Pradeep	Verma	Cover	design	:	Pradeep	Verma	Marketing	director	:	Arun	Kumar	Production	coordinator	:	Murari	Kumar	Singh	Printer	:	Ronit	Enterprises,	New	Delhi,	India	Pathf	inder	Publication	A	unit	of	Pathfinder	Academy	Private	Limited,	New	Delhi,	India.	At	this	observation	point,	using	a	specific	light
beam,	we	interrogate	each	cell	and	observe	the	light	responses	electronically.	96	Flow	cytometry	Chapter	8	X-ray	crystallography	X-ray	crystallography	is	a	method	of	determining	the	arrangement	of	atoms	within	a	crystal.	The	incorporated	BrdU	is	then	stained	with	specific	fluorescently	labeled	anti-BrdU	antibodies,	and	the	levels	of	cell-associated
BrdU	measured	using	flow	cytometry.	The	extent	of	electroosmosis,	in	this	case,	will	depend	on	the	pH	of	the	running	buffer,	because	this	will	affect	the	relative	amount	of	the	silanol	groups	that	are	present	in	their	neutral	acid	form	or	charged	conjugate	base	form.	Similarly,	we	can	estimate	the	duration	of	M-phase,	by	measuring	the	mitotic	index
(the	proportion	of	cells	in	mitosis).	PI	stains	the	nucleus	light	to	dark	red	in	color.	This	imparts	sufficient	strength	to	the	replica	so	that	when	it	is	removed	from	the	surface	it	will	not	break.	You're	Reading	a	Free	Preview	Pages	8	to	13	are	not	shown	in	this	preview.	Because	the	radiolabeled	and	the	unlabeled	antigen	bind	to	the	antibody	with	the
same	affinity,	the	higher	the	concentration	of	the	unlabeled	antigen,	the	better	it	can	compete	for	the	binding	sites.	3.7	Raman	spectroscopy	When	light	interacts	with	matter,	the	photons	which	make	up	the	light	may	be	absorbed	or	scattered,	or	may	not	interact	with	the	material	and	may	pass	straight	through	it.	Rosalyn	S.	The	most	prominent
microarrays	with	in	situ	synthesized	probes	are	the	‘GeneChips’	manufactured	by	Affymetrix.	Thus,	if	protein	X	is	immunoprecipitated,	then	protein	Y,	which	stably	associated	with	X,	may	also	precipitate.	But	r	is	not	constant	throughout	a	centrifuge	tube,	so	different	parts	of	the	sample	will	be	subjected	to	different	RCFs.	Usually	the	important	figure
is	the	rmax,	which	is	the	maximum	radial	distance	for	the	rotor.	Flow	cytometers	count	and	evaluate	every	cell	as	it	passes	through	the	laser	beam	and	record	the	level	of	emitted	fluorescence	at	a	number	of	different	wavelengths,	as	well	as	the	amounts	of	forward-	and	side	scattered	light	for	each	cell;	an	attached	computer	stores	all	the	data	for
each	cell.	The	HPLC	can	function	in	several	chromatographic	modes:	adsorption,	partition,	ion	exchange	and	size	exclusion.	This	can	result	from	the	antigen-antibody	ratio	(either	antigen	excess	or	antibody	excess);	or	in	some	cases,	zeta	potential	on	the	erythrocytes	preventing	the	effective	cross-linking	of	the	cells.	If	the	rotor	is	angular	or	a
swingingbucket	type,	then	rmax	corresponds	to	the	bottom	of	the	centrifuge	tube;	if	the	rotor	is	an	upright	one,	then	rmax	gives	the	distance	to	the	outer	wall	of	the	tube.	For	example,	an	RCF	of	500	×g	indicates	that	the	centrifugal	force	applied	is	500	times	greater	than	Earth’s	gravitational	force.	In	thin	layer	chromatography,	the	stationary	phase
is	a	thin	layer	of	silica	gel	or	alumina	on	a	glass,	metal	or	plastic	plate.	Proteins	that	are	coated	with	negatively	charged	SDS	will	move	from	the	negative	side,	the	gel,	to	the	positive	side,	the	nitrocellulose.	The	aqueous	component	of	the	solvent	binds	to	the	cellulose	of	the	paper	and	thereby	forms	a	stationary	phase	with	it.	Furthermore,	binding	of
dye	makes	proteins	also	water-soluble.	•	In	situ	detection.	6.3	Electron	microscope	The	fundamental	principles	of	electron	microscopy	are	similar	to	those	of	light	microscopy	except	one	major	difference	of	using	electromagnetic	lenses,	rather	than	optical	lenses	to	focus	a	high-velocity	electron	beam	instead	of	visible	light.	Depending	on	size	and
geometry	of	the	cell	and	the	patch	pipette,	the	diffusion	can	last	from	several	seconds	to	1-2	minutes.	Beyond	this	point,	the	protocols	converge	and	as	the	end-results	are	one	and	the	same.	The	indirect	test	is	used	to	detect	the	presence	of	antibodies	specific	to	antigens	on	the	erythrocytes	in	the	serum.	If	there	is	another	protein,	the	prey	protein,	for
example,	protein	Y,	binds	to	protein	X	in	vivo,	the	protein	X	–	protein	Y	complex	can	then	be	co-precipitated	together	by	the	antibody.	The	antiserum	forms	a	line	of	identity	with	the	common	epitope	and	a	curved	spur	with	the	unique	epitope.	Another	feature	associated	with	CRISPR	loci	is	the	presence	of	a	conserved	sequence,	called	leader,	located
upstream	of	the	CRISPR	with	respect	to	the	direction	of	transcription.	•	Partial	identity	occurs	when	two	antigens	share	some	epitope	but	one	of	the	other	has	a	unique	epitope.	Curr.	The	cleavage	of	invading	target	DNA	is	carried	out	either	by	the	Cas–crRNA	ribonucleoprotein	complex	itself	(in	type	III-B	system)	or	by	recruiting	a	Cas	nuclease,
probably	Cas6	(in	type	III-A	systems).	Molecular	Biology	Techniques	151	In	the	exchange	reaction,	polynucleotide	kinase	first	transfers	the	phosphate	from	the	5’-end	of	DNA	to	ADP,	forming	ATP	and	leaving	a	dephosphorylated	target.	GC	is	used	to	analyze	volatile	substances	in	the	gas	phase.	The	organic	material	of	the	cell	is	dissolved	away	and
replica	is	washed	and	picked	up	on	a	copper	grid	for	examination.	Thus,	a	mass	spectrometer	has	three	basic	components	of:	the	ionization	source,	the	mass	analyzer	and	the	detector.	It	is	also	used	to	measure	physical	properties	(such	as	molecular	weight,	density	and	shape)	of	molecules.	This	technique	is	used	to	study	how	a	cell	responds	when
electrical	current	enters	in	it.	The	strength	of	the	magnets	is	controlled	by	the	current	provided	them.	Molecular	Biology	Techniques	This	page	intentionally	left	blank.	The	two	phases	are	chosen	so	that	the	components	of	the	sample	distribute	themselves	between	the	mobile	and	stationary	phases	to	varying	degrees.	The	gDNA	is	first	fragmented	into
a	library	of	small	segments	that	can	be	uniformly	and	accurately	sequenced	in	millions	of	parallel	reactions.	The	operation	of	the	mass	spectrometer	involves	the	following	steps:	1.	The	relative	amount	of	unlabeled	or	radiolabeled	antigen	that	binds	to	the	antibody	is	strictly	a	function	of	their	relative	amounts	in	the	tube.	The	patch	clamp	technique
has	been	invented	by	Sakmann	and	Neher	in	the	1976,	for	which	they	received	the	Nobel	Prize	in	Physiology	and	Medicine	in	1991.	Commonly	used	matrix	materials	are	aromatic	compounds	that	contain	carboxylic	acid	functional	groups.	Double-stranded	breaks	(DSBs)	induce	endogenous	DNA	repair	mechanisms.	Y	Y	X	X	Y	Bead	Cell	lysate
containing	the	different	proteins	Figure	10.16	Y	X	Removal	of	unbounded	protein	X	Bead	Incubation	of	cell	lysate	with	antibody	Separation	of	protein-protein	complex	WB/MS	analysis	Co-immunoprecipitation,	a	protocol	approach	to	study	protein-protein	interactions,	mainly	relying	on	the	specificity	of	antigen	and	antibody.	Therefore,	the	risk	of
denaturation	of	detergent-sensitive	proteins	is	minimized	during	BN-PAGE.	Also,	some	of	the	body	parts	will	be	stored	for	future	memory.	This	produces	a	film	2–5	nm	thick	on	the	surface	normal	to	the	angle	of	the	shadow.	In	the	past,	scientists	were	able	to	conduct	these	genetic	analyses	on	a	few	genes	at	once.	This	thymidine	analog	is	used	to
directly	determine	the	percentage	of	S-phase	cells	and	also,	when	used	in	kinetic	studies	it	permits	a	determination	of	the	individual	times	for	the	components	of	the	cell	cycle.	Atomic-force	microscopy	Atomic-Force	Microscopy	(AFM)	is	similar	to	scanning-tunneling	microscopy	in	that	it	can	image	surfaces	at	atomic-scale	resolution.	This	enzyme	is
used	for	the	formation	of	homo	or	heteropolymeric	tail	at	the	3’-end	and	also	for	incorporating	a	single	nucleotide	analog	such	as	[α-32P]	cordycepin-5’-triphosphate.	During	the	separation	process,	a	given	solute	is	distributed	between	the	mobile	and	stationary	phases	according	to	its	partition	coefficient.	Chromatography	15	References	Berg	JM,
Tymoczko	JL	and	Stryer	L	(2007),	Biochemistry,	6th	ed.	During	this	phase,	there	is	a	DNA	content	between	G1	and	G2	phase.	UV	irradiated	covalent-linking	is	based	on	the	formation	of	cross-links	between	the	T-residues	in	the	DNA	and	the	positively	charged	amino	groups	on	the	surface	of	the	nylon	membrane.	In	contrast,	inverse	PCR	(also	known	as
inverted	or	inside-out	PCR)	is	used	to	amplify	unknown	DNA	sequences	that	flank	one	end	of	a	known	DNA	sequence	and	for	which	no	primers	are	available.	Acknowledgements	There	is	an	old	proverb	that	says	that	you	never	really	learn	a	subject	until	you	teach	it.	Thus,	at	pH	values	below	the	pI	of	a	particular	protein,	it	will	migrate	toward	the
cathode	during	electrophoresis.	Hence,	for	X-ray	crystallography,	molecule	must	be	crystallized.	This	technique	was	invented	in	1975	by	E.	The	fluidics	system	transports	cells	in	a	stream	to	the	laser	beam	for	interrogation.	Like	STM,	it	uses	an	atomicallysharp	tip	that	is	brought	very	close	to	the	surface.	Only	the	(+)	strand	is	packaged	into	new	virus
particles.	The	photon	energy	of	this	scattered	light	is	equal	to	that	of	the	incoming	light.	DNA	labeled	at	one	end	is	divided	into	four	aliquots	and	each	is	treated	with	chemicals	that	act	on	specific	bases.	Membrane	is	rinsed	and	subjected	to	autoradiography	which	will	make	visible	only	those	colonies	containing	DNA	that	is	complementary	in
sequence	to	the	probe.	A	strengthening	film	of	carbon	evaporated	at	a	normal	angle	to	the	surface.	This	phenomenon	is	a	consequence	of	the	surface	charge	on	the	wall	of	the	capillary.	Specific	proteins	can	often	be	identified	using	an	immunoblotting	technique	(also	known	as	Western	blotting).	In	this	method,	the	addition	of	a	deoxynucleotide	to	the
end	of	the	growing	strand	is	detectable	because	it	is	accompanied	by	the	release	of	a	flash	of	light.	It	is	also	the	most	effective	way	to	detect	the	physiological	interaction	of	two	proteins	in	complete	cells.	When	air	is	replaced	by	oil	of	the	same	refractive	index	as	glass,	the	light	rays	now	pass	straight	through	the	glass-oil	interface	without	any
deviation	due	to	refraction.	Diffraction	describes	a	specialized	case	of	light	scattering	in	which	an	object	with	regularly	repeating	features	produces	an	orderly	pattern.	The	spacers	have	no	common	features	in	their	sequences.	A	substantial	theoretical	basis	has	been	covered	to	understand	key	experimental	techniques	so	that	students	can	make
appropriate	choices	and	efficient	use	of	techniques.	The	separation	is	based	on	the	differences	in	electrophoretic	mobility,	which	is	directly	proportional	to	the	charge	on	the	molecule,	and	inversely	proportional	to	the	viscosity	of	the	solvent	and	radius	of	the	atom.	Detected	using	anti-BrdU	antibodies.	Lodish	H,	Berk	A,	Kaiser	CA	et	al	(2008),
Molecular	Cell	Biology,	6th	ed.	Due	to	the	degeneracy	of	the	genetic	code,	several	possibilities	will	exist	for	the	sequence	of	DNA	that	corresponds	to	any	particular	polypeptide	sequence.	That	makes	it	much	faster.	Electrostatic	and	van	der	Waals	interactions	between	the	tip	and	the	sample	produce	a	force	that	moves	the	probe	up	and	down	(in	the	z
dimension)	as	it	encounters	ups	and	downs	in	the	sample.	Magnetic	beads	are	solid	and	spherical,	and	antibody	binding	is	limited	to	the	surface	of	each	bead.	Up	or	down	movement	of	the	tip	is,	then,	detected	by	changes	in	the	laser	beam	position.	As	a	result,	the	wavelength	of	the	scattered	photons	can	be	longer	(Stokes	Raman	scattering)	or
shorter	(anti-Stokes	Raman	scattering).	In	this	case,	the	protein	sequence	is	translated	backwards	to	give	the	corresponding	DNA	sequence.	When	a	beam	of	X-ray	strikes	a	crystal,	the	beam	may	be	diffracted.	In	MALDI,	analytes	are	placed	in	a	light-absorbing	solid	matrix.	W.H.	Freeman	and	Company	Miller	JJ	(2005),	Chromatography:	Concepts	and
Contrasts,	2nd	ed.	Chromatography	11	This	page	intentionally	left	blank.	During	the	interference	stage,	the	cleavage	of	invading	target	DNA	is	carried	out	by	recruiting	a	Cas	nuclease,	Cas3.	It	is	the	only	form	of	chromatography	that	does	not	utilize	the	mobile	phase	for	interacting	with	the	analyte.	Imperial	College	Press.	The	antibody	would	then	be
covalently	coupled	to	the	support	and	ready	for	use	in	the	immunoprecipitation.	In	this	fashion,	a	standard	curve	can	be	112	Immunotechniques	This	page	intentionally	left	blank.	This	buffer	helps	to	destabilize	the	double-stranded	structures	and	elute	the	poly	(A)	RNAs	from	the	resin.	SYBR	Green	binds	to	the	minor	groove	of	the	dsDNA	only.
Substances	of	interest	are	consequently	bound	to	the	ligand	while	unbound	substances	are	washed	away.	In	case	of	high	intensity	photons,	it	is	termed	as	MALDI	(matrix-assisted	laser	desorption/ionization).	A	common	means	of	monitoring	the	tip	movement	is	to	use	a	laser	beam	that	is	reflected	or	diffracted	by	the	tip	or	cantilever.	The	stationary
phase	is	either	a	solid	adsorbent	termed	gas-solid	chromatography	(GSC),	or	a	liquid	on	an	inert	support	termed	gas-liquid	chromatography	(GLC).	This	is	known	as	the	Beer-Lambert	law.	HPLC	is	basically	a	highly	improved	form	of	liquid	column	chromatography.	A	transducer,	which	transforms	the	signal	resulting	from	the	interaction	of	the	analyte
with	the	bioreceptor	into	a	measurable	signal.	Freifelder	D	(1982),	Physical	Biochemistry,	2nd	ed.	The	cells	are	treated	with	a	fluorescent	dye	that	stains	DNA	quantitatively.	The	properties	of	the	separation	have	characteristics	resemblance	between	polyacrylamide	gel	electrophoresis	and	high	performance	liquid	chromatography.	Filamentous	phage
M13	is	the	most	popular	choice	for	phage	display.	There	is	little	difference	in	the	quality	of	the	chromatograms	and	the	choice	is	usually	a	matter	of	personal	preference.	decreases	the	size	and	increases	the	charge	density	of	the	droplets.	In	general,	variation	in	the	light	intensity	(contrast)	within	an	image	occurs	because	different	parts	of	the
specimen	absorb	light	to	differing	degrees.	Forward	reaction	5’	PG	T	C	G	G	A	A	T	T	C	C	G	G	A	T	G	A	C	3’	T	OH	G	G	A	T	G	A	C	3’	T	OH	G	G	A	T	G	A	C	3’	T	OH	ADP	Polynucleotide	kinase	ATP	5’	HO	G	T	C	G	G	A	A	T	T	C	C	ATP	Polynucleotide	kinase	ADP	5’	P	G	T	C	G	G	A	A	T	T	C	C	B.	Conversely,	when	light	exits	glass	into	air,	it	bends	away	from	the
normal	line.	As	electrophoretic	gels	are	fragile,	and	the	DNA	in	them	can	diffuse	within	the	gel,	it	is	usual	to	transfer	the	denatured	DNA	fragments	by	blotting	onto	a	durable	nitrocellulose	paper	or	nylon	membrane,	to	which	single-stranded	DNA	binds	readily.	The	number	of	CRISPR	loci,	their	sequences,	and	the	type	of	cas	gene	vary	among	species.
There	are	two	fundamentally	different	types	of	microscopes:	the	light	microscope	and	the	electron	microscope.	The	produced	light	is	detected	as	evidence	of	that	nucleotide	incorporation	has	taken	place.	Berson	developed	the	RIA	method,	and	first	applied	it	to	the	assay	of	human	and	animal	insulins	in	plasma.	This	anti-immunoglobulin	can	now
cross-link	the	erythrocytes	and	result	in	agglutination.	In	expression	profiling,	it	detects	the	presence	and	abundance	of	labeled	nucleic	acids	in	a	biological	sample,	which	will	hybridize	to	the	DNA	on	the	array	via	Watson-Crick	base	pairing,	and	which	can	be	detected	via	the	label.	In	order	to	display	a	peptide	on	the	surface	of	a	bacteriophage,	the
DNA	sequence	encoding	the	peptide	must	be	fused	to	the	gene	for	a	bacteriophage	coat	protein	(either	to	the	pVIII	gene	or	the	pIII	gene).	Protein	cross-linking	can	be	used	to	overcome	the	issue	of	the	antibodies	eluting	with	the	protein	of	interest.	This	test	is	known	as	the	Coombs	test	(Anti-immunoglobulin	test).	Labeled	nucleotides	are	incorporated
into	the	new	DNA	that	is	synthesized.	Classical	immunoelectrophoresis	Classical	immunoelectrophoresis	combines	the	process	of	electrophoresis	as	well	as	double	immunodiffusion.	Second,	hybridization	of	the	primer	complementary	to	a	region	of	the	RNA	under	study.	Scanning	electron	microscope	(SEM)	is	fundamentally	different	from	TEM,
because	it	produces	image	from	electrons	deflected	from	a	specimen’s	outer	surface	(rather	than	electrons	transmitted	through	the	specimen).	3’	5’	5’	3’	dsDNA	Denaturation	and	annealing	with	random	primers	5’	3’	3’	5’	Klenow	fragment,	dNTP	and	labeled	dNTP	5’	3’	Labeled	DNA	3’	5’	Figure	12.13	Labeling	by	random	priming.	When	a	protein
reaches	a	pH	value	that	matches	its	pI,	its	net	electrical	charge	becomes	neutral	and	stops	migrating.	When	such	charged	particles	are	suspended	in	saline	solution,	an	electrical	potential,	termed	the	zeta	potential,	is	created	between	particles,	preventing	them	from	getting	very	close	to	each	other.	a.	Molecular	Biology	Techniques	RT-PCR	RT-PCR
(Reverse	Transcription	PCR)	is	a	method	used	to	amplify,	isolate	or	identify	a	known	sequence	from	a	cellular	or	tissue	RNA.	During	the	transfer,	the	gel	is	at	the	negative	electrode	(cathode)	side	and	the	membrane	at	the	positive	electrode	(anode)	side.	Exonuclease	activities	Polymerases	often	have	3’-exonuclease	‘proofreading’	and/or	5’-
exonuclease	activities	that	remove	RNA	primers	after	DNA	replication.	Therefore,	less	radiolabeled	antigen	will	bind,	which	will	result	in	a	smaller	CPM.	The	optics	system	consists	of	lasers	to	illuminate	the	cells	in	the	sample	stream	and	optical	filters	to	direct	the	resulting	light	signals	to	the	appropriate	detectors.	If	the	antigen	is	bi-	or	polyvalent,	it
can	bind	with	multiple	antibodies.	Usually,	a	single	DNA	microarray	slide/chip	may	contain	thousands	of	spots	each	representing	a	single	gene	and	collectively	the	entire	genome	of	an	organism.	In	this	case,	the	molecules	of	the	substance	are	excited	to	a	virtual	electronic	state	and	immediately	fall	back	to	their	original	state	by	releasing	a	photon.	A
polyacrylamide	gel	consists	of	chains	of	acrylamide	monomers	(CH2=CH–CO–NH2)	crosslinked	with	N,	N’-methylenebisacrylamide	units	(CH2=CH–CO–NH–CH2–NH–CO–CH=CH2),	the	latter	commonly	called	bis.	Electrophoresis	is	of	two	types	–	moving	boundary	electrophoresis	and	zone	electrophoresis.	The	most	commonly	used	cryoprotectant	is
glycerol.	When	light	encounters	molecules	in	the	air,	the	predominant	mode	of	scattering	is	elastic	scattering,	called	Rayleigh	scattering.	Cell	attached	Pulse	of	suction	ruptures	the	membrane	patch	Cytoplasm	is	continuous	with	pipette	interior	Whole-cell	patch	clamp	recording	Figure	9.3	Whole-cell	patch	clamp	recording.	This	technology,	perhaps
the	current	most	versatile	and	low	cost	technology,	has	been	delivered	in	the	form	of	a	personal	genomic	machine	(PGM)	as	a	bench	top	instrument	to	research	and	clinical	laboratories.	This	energy	difference	is	a	function	of	the	strength	of	the	applied	magnetic	field,	B.	I	have	tried	to	present	the	subject	from	a	conceptual	perspective.	It	is	also
measured	at	different	temperatures.	It	can	occur	by	different	mechanisms.	The	fracture	plane	is	not	observed	directly	rather	a	replica	or	cast	is	made	of	the	fractured	surface.	In	constant	electric	field,	the	force	on	charged	molecule	balances	each	other;	QE	=	Vf	so	that	each	charged	molecule	moves	with	a	constant	characteristic	velocity.	–	e	H2O2
Oxidized	Glucose	O2	st	1	Generation	H2O	Reduced	Mediator	Cofactor	Gluconod-lactone	nd	2	Generation	–	e	Oxidized	Reduced	Direct	electron	transfer	–	e	Figure	12.44	rd	3	Generation	The	evolution	from	1st	to	3rd	generation	electrochemical	biosensors.	If	the	stationary	phase	is	a	liquid,	the	sample	is	partitioned	between	the	stationary	and	mobile
liquid	phase.	Indirect	capture	method:	Antibodies	are	added	to	cell	lysates	containing	protein	mixture	and	bind	to	target	proteins.	for	quantitative	separations	of	materials	with	very	small	Rf	values,	which	therefore	require	long	runs,	the	solvent	can	run	off	the	paper.	Chromatography	is	based	on	a	very	simple	principle.	It	is	fabricated	by	either	pen	tip
deposition	(spotted	arrays)	or	inkjet	deposition	(sprayed	arrays).	By	applying	brief	but	strong	suction,	the	cell	membrane	is	ruptured	and	the	pipette	gains	access	to	the	cytoplasm.	It	has	both	intrinsic	reverse	transcriptase	and	thermostable	DNA-dependent	DNA	polymerase	activities.	6.1	Light	microscope	Light	or	optical	microscope	uses	visible	light
as	a	source	of	illumination.	The	production	of	monoclonal	antibodies	was	invented	by	Cesar	Milstein	and	Georges	J.	A	DNA	microarray	(also	commonly	known	as	gene	chip,	DNA	chip,	bioarray	or	gene	array)	is	an	orderly	arrangement	of	thousands	of	identified	genes	fixed	on	a	solid	support,	usually	glass,	silicon	chips	or	nylon	membrane	for	the
purpose	of	expression	profiling,	monitoring	expression	levels	for	thousands	of	genes	simultaneously.	Nonisotopic	labeling	Compared	to	radioactive	labels,	the	use	of	nonradioactive	labels	have	several	advantages:	•	Safety.	Absorption	spectroscopy	can	give	both	qualitative	and	quantitative	information	about	the	sample.	FRET	relies	on	the	distance
dependent	transfer	of	energy	from	the	donor	fluorophore	to	an	acceptor	fluorophore.	Antibody-producing	B-cells	normally	die	after	several	weeks	in	cell	culture	in	vitro.	Molecular	Biology	Techniques	187	This	page	intentionally	left	blank.	Immunotechniques	119	This	page	intentionally	left	blank.	G2	phase:	Replication	of	the	DNA	completes	in	this
phase.	the	specific	lineage	of	When	a	charged	droplet	passes	through	a	high	voltage	electrostatic	field,	between	the	deflec-	cells	through	the	use	of	antibodies	that	detect	tion	plates,	it	is	deflected	and	collected	into	the	corresponding	collection	tube.	By	reducing	the	amount	of	refraction	at	this	point,	more	of	the	light	can	be	directed	to	the	narrow
diameter	lens	of	the	high-power	objective.	Biswas	(Associate	Research	Scientist,	Columbia	University	Medical	Center,	United	States)	Anand	Kumar	(Ph.D	Scholar,	Pasteur	Institute,	Paris,	France)	Arvind	Panday	(Research	Fellow,	Louisiana	State	University,	United	States)	Aditya	Arya	(Post	Doctoral	Fellow,	DRDO,	India)	Deepak	Singh	(DST	Young



Scientist,	JNU,	New	Delhi,	India)	Gaurav	Ahuja	(Post	Doctoral	Fellow,	Institute	for	Genetics,	University	of	Cologne,	Germany)	Lalit	Kumar	(Assistant	Professor,	Department	of	Physics,	Hindu	College,	Delhi	University,	India)	Lekha	Nath	(Research	Fellow,	Research	Center	Borstel,	Germany)	Maryam	Imam	(Post	Doctoral	Fellow,	ICGEB,	New	Delhi,
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134	12.2	Nucleic	acid	hybridization	147	12.3	Labeling	of	nucleic	acids	148	12.4	Blotting	158	12.5	Phage	display	160	12.6	Yeast	two-hybrid	assay	162	12.7	Transcript	analysis	163	12.8	DNA	microarray	165	12.9	Electrophoretic	mobility	shift	assay	168	12.10	Footprinting	assay	169	12.11	Site-directed	mutagenesis	172	12.12	DNA	sequencing	179	12.13
Biosensors	187	12.14	CRISPR/Cas	systems	191	Self	Test	Index	vii	Chapter	1	Chromatography	Chromatography	is	a	physical	method	for	separation	of	compounds.	12.10	Footprinting	assay	Gel	retardation	assay	gives	a	general	indication	about	the	protein	binding	with	a	DNA	fragment.	It	is	this	change	which	is	measured	in	absorption	spectroscopy	by
the	detection	of	the	loss	of	that	energy	of	radiation	from	the	light.	The	newly	synthesized	fragments	are	detected	by	a	label	either	radioactive	or	fluorescent	that	has	been	incorporated	either	into	the	primer	or	into	one	of	the	deoxyribonucleoside	triphosphates	used	to	extend	the	DNA	chain.	The	gas-liquid	chromatography	is	usually	shortened	to	gas
chromatography.	It	includes	a	fused-silica	capillary,	two	electrode	assemblies,	and	two	buffer	reservoirs.	Molecular	Biology	Techniques	179	This	page	intentionally	left	blank.	The	carrier	gas	passes	through	the	sample	injection	port,	column	and	detector	before	finally	being	purged	to	the	outside.	Magnetic	beads,	such	as	Dynabeads,	have	largely
replaced	agarose	beads	as	the	preferred	support	for	immunoprecipitation.	As	the	Taq	polymerase	extends	the	primer	during	the	Quenching	is	the	next	PCR	cycle,	it	will	eventually	bump	into	the	TaqMan	probe.	You're	Reading	a	Free	Preview	Pages	150	to	161	are	not	shown	in	this	preview.	The	membranes	are	processed	and	exposed	to	film.	Principles
of	absorption	spectroscopy	When	electromagnetic	radiation	passes	through	a	material,	a	portion	of	the	electromagnetic	radiation	may	be	absorbed.	4	Chromatography	This	page	intentionally	left	blank.	Since	the	amount	of	DNA	doubles	(2C		4C)	between	G1	and	G2	phases,	the	amount	of	fluorescent	intensity	of	the	cell	population	also	doubles.	Such
inelastic	scattering	is	called	Raman	scattering.	CRISPR	genome	editing	technology	takes	advantage	of	DNA	repair.	A	combination	of	high	pressure	and	adsorbents	of	small	particle	size	leads	to	the	high	resolving	power	and	short	analysis	time	characteristic	of	HPLC.	When	a	magnetic	field	is	applied	to	these	nuclei,	they	can	either	align	themselves
with	it,	which	would	be	the	lowest	energy	state,	or	they	can	align	themselves	against	the	field,	which	is	higher	in	energy.	Successful	PCR	with	these	primers	produces	a	linear	product	in	which	central	unknown	region	remain	flanked	by	two	short	known	sequences.	152	Nonisotopic	labeling	systems	involve	the	use	of	non-radioactive	probes.	rmin	rmax
Axis	of	rotation	Figure	5.2	A	diagram	illustrating	the	variation	of	RCF	with	r,	the	distance	of	the	sedimenting	particles	from	the	axis	of	rotation.	Some	examples	of	types	of	ligands	that	are	usually	used	in	affinity	chromatography	are	listed	in	table	1.3.	Table	1.3	Typical	biological	interactions	used	in	affinity	chromatography	Types	of	ligand	Target
molecules	or	molecules	of	interest	Enzyme	Substrate	analogue,	inhibitor,	cofactor	Antibody	Antigen	Lectin	Polysaccharide,	glycoprotein,	cell	surface	receptor,	cell	Nucleic	acid	Complementary	base	sequence,	nucleic	acid	binding	protein	Hormone	Receptor	Avidin	Biotin	Calmodulin	Calmodulin-binding	molecule	Poly(A)	RNA	containing	poly(U)
sequences	Glutathione	Glutathione-S-transferase	or	GST	fusion	proteins	Proteins	A	and	G	Immunoglobulins	Metal	ions	Poly	(His)	fusion	proteins,	native	proteins	with	histidine	For	example,	the	eukaryotic	mRNA	with	poly	(A)	tail	can	be	separated	from	other	types	of	RNA	molecules	by	oligo	(dT)-cellulose	affinity	chromatography.	Instead	of	a	solvent
being	allowed	to	drip	through	a	column	under	gravity,	it	is	forced	through	under	high	pressures	of	up	to	400	atmospheres.	The	two	laws	governing	the	absorption	of	radiation	are	known	as	Lambert’s	law	and	Beer’s	law.	It	involves	the	transfer	of	nucleic	acids	and/or	proteins	from	a	gel	strip	to	a	specialized,	chemically	reactive	matrix	called	blotting
membrane	(typically	nitrocellulose	or	activated	nylon)	on	which	the	nucleic	acids/proteins	may	become	immobilized	in	a	pattern	similar	to	that	present	in	the	original	gel.	The	topographical	features	of	the	frozen,	fractured	surface	are	thus	converted	into	variations	in	thickness	of	the	deposited	platinum	layer	of	the	replica.	sin	a	97	This	page
intentionally	left	blank.	The	bacterial	genome	may	contain	more	than	one	CRISPR	locus.	Just	as	an	excess	of	antibody	inhibits	precipitation	reactions,	such	excess	can	also	inhibit	agglutination	reactions;	this	inhibition	is	called	the	prozone	effect.	When	X-rays	interact	with	a	single	particle,	it	scatters	the	incident	beam	uniformly	in	all	directions.
Polymerization	of	the	acrylamide	:	bis	solution	is	initiated	by	ammonium	persulfate	and	catalyzed	by	TEMED	(N,	N,	N’,	N’-tetramethylethylenediamine).	It	is	an	alternative	term	used	for	the	mobile	phase.	A	crystal	is	built	up	of	many	billions	of	unit	cells.	This	light-directed	synthesis	has	enabled	the	large-scale	manufacture	of	arrays	containing
hundreds	of	thousands	of	oligonucleotide	probe	sequences	on	glass	slides	or	‘chips,’	less	than	2	cm2	in	size.	Phage	display	and	yeast	two	hybrid	system	are	two	well	known	and	most	useful	methods	for	studying	protein-protein	interactions.	Magnetic	beads	are	also	significantly	smaller	than	agarose	resin	(1	to	4	μm	diameter),	which	collectively
increases	the	surface	area	for	high-capacity	antibody	binding.	Cengage	Learning.	12.8	DNA	microarray	Although	all	of	the	cells	in	the	human	body	contain	identical	genetic	material,	but	the	same	genes	are	not	active	in	every	cell.	Next-generation	sequencing	platforms	perform	massively	parallel	sequencing,	during	which	millions	of	fragments	of	DNA
from	a	single	sample	are	sequenced	in	unison.	When	liquids	or	solids	sample	are	used,	the	chamber	is	heated	to	vaporize	the	sample.	Sequence	of	this	type	tends	to	form	hairpin	structure	and	prevents	the	primer	annealing	to	its	target.	The	solution	in	vial	is	then	pressurized	to	forced	into	the	capillary.	The	equations	that	permit	calculation	of	the	RCF
from	a	known	rpm	and	radius	of	rotation	is:	RCF	=	rw2	g	where,	r	is	the	radius	in	centimeters,	g	is	the	acceleration	due	to	gravity	(cm/sec2)	and	ω	is	the	angular	velocity.	Differential	centrifugation	Differential	centrifugation	separates	particles	based	on	differences	in	sedimentation	rate,	which	reflect	differences	in	sizes	and	densities.	Analytical
Chemistry	58:743A–760A.	Protein	A/G	is	a	recombinant	fusion	protein	that	contain	IgG	binding	domains	of	both	Protein	A	and	Protein	G.	Type	II	systems	work	in	a	tracrRNA	(a	small	trans	noncoding	RNA)	and	PAM	dependent	manner.	It	is	available	in	different	varieties	(4x,	10x,	20x,	40x,	60x,	100x).	Gel	electrophoresis	In	gel	electrophoresis,	gel
serves	as	molecular	sieve.	Column	Injection	port	Detector	Carrier	gas	controller	Data	processor	Gas	cylinder	Figure	1.11	Basic	components	of	a	gas	chromatograph.	Two	primers	are	used	that	face	outwards	from	the	known	DNA	sequence.	In	this	technique,	the	nucleic	acid	molecules	are	not	first	separated	by	electrophoresis.	It	is	the	difference	in
wavelength	or	energy	between	the	excitation	and	emis-	sion	spectra	of	the	same	electronic	transition.	There	are	two	basic	types	of	materials	used	to	make	gels:	agarose	and	polyacrylamide.	The	excitation	optics	consist	of	the	laser	and	lenses	that	are	used	to	shape	and	focus	the	laser	beam.	It	uses	two	antibodies;	the	unlabeled	first	(primary)	antibody
specifically	binds	the	target	molecule,	and	the	secondary	antibody,	which	carries	the	fluorophore,	recognizes	the	primary	antibody	and	binds	to	it.	Eventually,	all	of	the	particles	reach	the	bottom	of	the	tube.	Issues	Mol.	The	Coombs	test	is	based	on	two	important	facts:	1.	The	cells	fall	into	three	categories:	those	that	have	an	unreplicated	complement
of	DNA	and	are	therefore	in	G1,	those	that	have	a	fully	replicated	DNA	(twice	the	G1	DNA	content)	are	in	G2	or	M-phase,	and	those	that	have	an	intermediate	amount	of	DNA	and	are	in	S-phase.	The	Cas9	nuclease	then	introduces	a	double-strand	break	in	the	target	DNA.	The	gel	is	placed	on	a	filter	paper	Paper	tissues	wick	and	a	nitrocellulose	paper
or	nylon	membrane	Filter	paper	placed	on	top.	All	nuclei	with	an	even	mass	number	(total	number	of	protons	and	neutrons	in	the	nucleus)	and	an	even	atomic	number	(number	of	protons	in	the	nucleus)	have	a	nuclear	spin	of	zero.	In	HPLC,	the	increased	resolution,	as	compared	to	classical	column	chromatography,	is	primarily	the	result	of
adsorbents	of	very	small	particle	sizes	and	large	surface	areas.	The	more	the	light,	the	clearer	will	be	the	image.	55	Chemical	ionization	In	chemical	ionization,	the	sample	molecules	are	combined	with	an	ionized	reagent	gas.	Very	energetic	radiations	(such	as	UV	and	X-ray	region	of	the	spectrum)	may	cause	an	electron	to	be	ejected	from	the
molecule	(ionization).	The	antibodies	are	free	to	float	around	the	protein	mixture	and	bind	their	targets.	Multiple	secondary	antibodies	can	bind	a	single	primary	antibody.	6.2	Types	of	light	microscope	Brightfield	microscopy	It	is	the	original	and	most	commonly	used	form	of	microscopy	in	which	the	specimen	is	viewed	by	transmitted	light	from	a
condenser	lens.	Table	3.3	Atomic	number,	number	of	neutrons	and	spin	quantum	number	of	some	elements	Element	1H	12C	13C	14N	15N	16O	Atomic	number	1	6	6	7	7	8	Number	of	neutrons	0	6	7	7	8	8	10	Spin	quantum	number	1	0	1	1	1	0	1	⁄2	⁄2	⁄2	19F	31P	9	15	⁄2	16	⁄2	1	A	nucleus	of	spin	l	has	2l	+	1	allowed	spin	states.	The	fused	silica	capillaries
that	are	typically	used	for	separations	have	ionizable	silanol	groups	in	contact	with	the	buffer	contained	within	the	capillary.	Flow	cytometry	89	This	page	intentionally	left	blank.	The	Ouchterlony	method	also	can	be	used	to	estimate	the	relative	concentration	of	antigens.	T7	Sequenase	is	the	most	processive	of	the	current	catalog	of	sequencing
enzymes,	whereas	the	Klenow	fragment	is	the	least.	Desolvated	ions	are	generated	by	the	desorption	of	analyte	ions	–	and/or	the	formation	of	very	small	droplets	due	to	repetitive	droplet	fission	until	each	droplet	contains,	on	average,	only	one	analyte	ion.	1.1	Adsorption	and	partition	chromatography	Chromatographic	techniques	can	be	classified	into
two	main	categories:	partition	and	adsorption	chromatography	-	depending	on	how	the	solutes	interact	with	the	stationary	phase.	Degenerate	DNA	primers	are	generally	used	if	only	a	protein	sequence	is	available.	An	accurate	method	for	detection	of	cell	cycle	progression	also	uses	the	incorporation	of	thymidine	analog	bromodeoxyuridine	(BrdU)
during	new	DNA	synthesis.	It	involves	picking	up	a	piece	of	invading	DNA	(termed	protospacers)	and	integrating	it	between	two	adjacent	repeats	in	the	CRISPR	locus.	The	TaqMan	probe	binds	to	the	target	sequence	after	the	denaturation	step	that	separates	the	two	DNA	strands.	Nuclease	protection	footprinting	DNase	I	footprinting	assay	is	a
method	of	studying	DNA-protein	interaction	and	identifying	the	DNA	sequence	to	which	a	protein	binds.	This	buoyancy	reduces	the	force	on	the	particle	by	ω	2	r	times	the	mass	of	the	displaced	solvent.	Antibodies	that	produce	such	reactions	are	called	agglutinins.	The	term	ionization	is	misleading	because	most	ionization	processes	do	not	perform	the
ionization	of	molecules	per	se.	Thus,	these	cleavage	reactions	are	carried	out	in	two	stages:	First,	chemical	modification	of	specific	bases,	and	Second,	removal	of	the	modified	base	from	its	sugar,	and	cleavage	of	the	phosphodiester	bonds	5’	and	3’	to	the	modified	base.	The	principle	of	the	co-IP	technique	is	as	follows:	Many	intracellular	protein-
protein	interactions	are	retained	when	cells	are	lysed	under	non-denaturing	conditions.	If	no	dark	spot	appears	on	the	film,	it	can	be	inferred	that	no	DNA	hybridization	has	occurred.	In	ChIP	assays,	proteins	bound	to	DNA	are	temporarily	crosslinked	and	the	DNA	is	sheared	prior	to	cell	lysis.	In	absorption	spectroscopy,	an	electromagnetic	radiation	is
absorbed	by	an	atom	or	molecule,	which	undergoes	a	transition	from	a	lower-energy	state	to	a	higher	energy	or	excited	state.	Pranav	Kumar	v	Reviewers	The	followings,	in	alphabetical	order,	have	reviewed	one	or	more	chapters,	correcting	errors	of	fact	or	interpretation	and	helping	to	ensure	they	have	the	appropriate	balance	and	emphasis.	Spacers
are	unique	sequences	originating	from	viral	or	plasmid	DNA.	Instead,	a	specimen	containing	nucleic	acid	mixture	to	be	detected	is	applied	directly	on	a	membrane	as	a	small	dot.	The	spin	quantum	number	of	a	nucleus	is	determined	by	the	number	of	unpaired	protons	and	neutrons	it	contains.	Northern	blotting	Northern	blotting	or	Northern	blot
hybridization	is	a	variant	of	Southern	blotting	in	which	the	target	nucleic	acid	is	RNA	instead	of	DNA.	The	purpose	of	the	pump	is	to	provide	a	constant,	reproducible	flow	of	solvent	through	the	column.	Under	low	DNA	concentrations,	self-ligation	is	induced	to	give	a	circular	DNA	product.	R	f	=	Distance	traveled	by	substance	Distance	traveled	by
solvent	front	Naturally	the	Rf	can	be	calculated	only	in	those	instances	when	the	solvent	is	not	allowed	to	leave	the	end	of	the	paper	sheet.	These	systems	allow	the	cell	to	recognize	and	distinguish	incoming	‘foreign’	DNA,	from	‘self’	DNA.	Microscopy	73	Oil	immersion	lens	In	most	microscopes,	air	is	present	as	a	medium	through	which	light	rays	pass
between	the	coverslip	protecting	the	sample	and	front	lens	of	the	objective.	In	this	system,	pre-crRNA	processing	involves	the	expression	of	a	tracrRNA,	which	base-pairs	with	the	repeats	in	the	pre-crRNA	transcript.	This	break	can	be	repaired	through	two	pathways—	non-homologous	endjoining	(NHEJ)	or	homology-directed	repair	(HDR).	Glass	DNA
microarrays:	It	involves	the	micro	spotting	of	pre-fabricated	cDNA	fragments	on	a	glass	slide.	The	inverse	PCR	method	involves	a	series	of	restriction	digestion	and	ligation,	resulting	in	a	circular	DNA	that	can	be	primed	for	PCR	from	a	single	section	of	known	sequence.	M-phase:	It	is	the	period	of	actual	division,	corresponding	to	the	visible	mitosis.	•
Immobilization	of	the	ligand	onto	a	support	matrix.	Because	the	Earth’s	gravitational	field	is	weak,	a	solution	containing	particles	of	very	small	masses	usually	remain	suspended	due	to	the	random	thermal	motion.	After	filling	the	capillary	with	buffer,	the	sample	can	be	introduced	by	dipping	the	end	of	the	capillary	into	the	sample	solution.	Free	DNA
fragment	Protein-DNA	complex	Free	DNA	fragment	Protein-DNA	complex	Free	DNA	fragment	Figure	12.27	Gel	mobility	shift	assay.	These	are	arranged	in	alphabetical	order.	Chapter	4	Mass	Spectrometry	A	mass	spectrometry	determines	the	molecular	mass	by	measuring	the	mass-to-charge	ratio	of	ions	in	the	gas	phase.	2.1	Immunoblotting
Separation	of	a	mixture	of	proteins	by	electrophoretic	techniques	usually	results	in	a	complex	pattern	of	protein	bands	or	zones.	Figure	6.13	Replication	of	the	fractured	surface	is	accomplished	by	shadow-casting	the	surface	with	platinum	at	an	oblique	angle	(45°).	it	is	faster	because	gravity	aids	the	flow	and	2.	Often	such	systems	involve
incorporation	of	modified	nucleotides	containing	a	fluorophore,	a	chemical	group	which	can	fluoresce	when	exposed	to	light	of	a	certain	wavelength.	Sedimentation	coefficients	of	biological	macromolecules	are	normally	obtained	in	buffered	solutions	whose	viscosity	and	density	may	differ	from	those	of	water.	Now	in	the	tube,	there	is	competition
between	the	unlabeled	and	radiolabeled	antigen	to	bind	to	the	antibody	binding	sites.	The	difference	in	energy	between	the	incoming	and	scattered	photon	(Raman	shift)	corresponds	to	the	energy	difference	between	vibrational	energy	levels	of	the	molecule.	The	mobile	phase	may	be	gas	or	liquid.	As	less	N,	N’-methylenebisacrylamide	is	used,	larger
pores	are	formed,	but	the	gel	also	becomes	less	rigid.	He	employed	the	technique	to	separate	various	plant	pigments	such	as	chlorophylls	and	xanthophylls	by	passing	solutions	of	these	compounds	through	a	glass	column	packed	with	finely	divided	calcium	carbonate.	ionization:	The	liquid	effluent	containing	the	Electrospray	ionization	analytes	is
electrostatically	During	standard	electrospray	ionization,	the	sample	is	dissolved	in	a	polar,	volatile	solvent	dispersed.	Flow	cytometers	use	the	principle	of	hydrodynamic	focusing	for	presenting	cells	one	at	a	time	to	a	light	source.	Immunoprecipitated	RNAs	can	then	be	identified	by	RT-PCR	and	cDNA	sequencing.	Following	the	incorporation	step,	the
unused	nucleotides	and	DNA	polymerase	molecules	are	washed	away,	a	scan	buffer	is	added	to	the	flow	cell,	and	the	optics	system	scans	each	lane	of	the	flow	cell	by	imaging	units	called	tiles.	Thus,	in	the	right-hand	lane,	there	is	a	band	corresponding	to	free	DNA	and	another	corresponding	to	the	DNA	fragment	in	complex	with	the	protein.	The
relevant	and	desirable	properties	of	sequencing	polymerases	include:	High	processivity	Processivity	is	the	degree	to	which	chain	extension	continues	before	the	enzyme	dissociates	from	a	primer-template	annealing	complex.	These	methods	include:	Electron	ionization	In	electron	ionization,	a	beam	of	high	energy	electrons	strikes	the	molecules.	With
a	short	pulse	of	laser	light,	the	analytes	are	ionized	and	then	desorbed	from	the	matrix	into	the	vacuum	system.	This	dye	is	also	sufficiently	soluble	in	water.	Descending	chromatography	has	two	advantages:	1.	The	chart	displaying	the	time	dependent	change	in	signal	intensity	as	a	result	of	the	separation	is	called	a	chromatogram.	The	most	well
known	use	of	DNA	microarrays	is	for	profiling	mRNA	levels;	however,	DNA	microarrays	have	also	been	used	to	detect	DNA-protein	interactions	(e.g.	transcription	factor-binding	Molecular	Biology	Techniques	165	site	and	transcription	factor),	alternatively	spliced	variants,	the	epigenetic	status	of	the	genome	(such	as	methylation	patterns),	DNA	copy
number	changes	and	sequence	polymorphisms.	The	anionic	dye	binds	to	proteins	because	of	hydrophobic	properties.	The	membrane	is	then	incubated	with	nucleic	acid	labeled	probe	which	hybridize	by	base	pairing	to	complementary	DNA	present	on	the	membrane.	To	automate	the	process,	it	is	desirable	to	acquire	sequence	data	in	real	time	by
detecting	the	DNA	bands	within	the	gel	during	the	electrophoretic	separation.	Watson	JV	(2005),	Flow	Cytometry	Data	Analysis:	Basic	Concepts	and	Statistics,	Cambridge	University	Press.	For	the	chlorine	nucleus,	l	=	3/2	and	there	are	four	allowed	spin	states	[2(3/2)	+	1	=	4]	for	its	nucleus,	–3/2,	–1/2,	+1/2	and	+3/2.	Standard	Watson-Crick	base-
pairing	(i.e.	A-T	and	G-C	for	DNA;	A-U	and	G-C	for	RNA)	between	target	and	probe	is	the	underlining	principle	of	DNA	microarray.	The	STM	measures	not	only	distance	like	the	AFM,	but	also	the	local	density	of	electronic	states.	Subsequently,	through	the	investigation	of	protein	Y,	we	can	confirm	the	protein	X	–	protein	Y	interaction,	or	discover	new
interactors	of	protein	X.	The	thickness	of	the	film	is	directly	related	to	the	slope	of	the	shadowed	surface.	The	agglutination	reactions	can	be	direct	(active)	or	indirect	(passive).	In	noncompetitive	immunoassays,	the	labeled	antibody	detects	the	bound	antigens.	(A)	Very	little	unlabeled	antigen	is	present,	making	radioactivity	of	the	solid	phase	high.
Sample	is	introduced	into	the	sample	injection	port.	All	immunoassays	depend	on	the	measurement	of	fractional	binding	site	occupancy	of	the	antibody	by	analytes	(antigens).	When	light	enters	glass	—	the	medium	with	the	higher	refractive	index—it	bends	toward	a	line	drawn	normal	to	the	surface.	The	frozen	specimen	is	usually	fractured	with	a
liquid-nitrogen-cooled	microtome	blade,	which	often	splits	the	bilayer	into	monolayer	and	exposes	the	interior	of	the	lipid	bilayer	and	its	embedded	proteins.	Nunez	R	(2001),	DNA	measurement	and	cell	cycle	analysis	by	flow	cytometry.	Objective	lens	Objective	lens	Immersion	oil	Air	Immersion	oil	Cover	slip	Mounting	medium	Specimen	Glass	slide
Figure	6.5	Condenser	lens	Condenser	lens	(A)	(B)	(A)	An	oil	immersion	lens	where	immersion	oil	has	been	placed	at	the	interfaces	between	the	objective	front	lens	and	the	specimen	covered	with	a	cover	slip	and	also	between	the	condenser	lens	and	the	underside	of	the	specimen	slide.	This	sedimentation	movement	is	partially	offset	by	the	buoyancy
of	the	particle.	Because	different	charged	molecules	migrate	at	different	rates,	a	number	of	interfaces	or	boundaries	are	formed	between	the	leading	edge	of	each	charged	molecules	and	the	remaining	17	mixture.	In	this	process,	the	proteins	that	can	bind	DNA	are	separated	from	the	remainder	of	the	cellular	proteins.	RNA	bands	can	also	be	blotted
onto	nitrocellulose	paper	under	appropriate	conditions	and	suitable	nylon	membranes.	The	secondary	antibodies	are	conjugated	Electrophoresis	25	This	page	intentionally	left	blank.	The	mixture	is	resolved	by	polyacrylamide	gel	electrophoresis	and	visualized	using	autoradiography.	You're	Reading	a	Free	Preview	Page	73	is	not	shown	in	this	preview.
Each	of	the	four	dideoxynucleotides	carries	a	spectrally	different	fluorophore.	The	spin	state	+1/2	is	of	lower	energy	since	it	is	aligned	with	the	field,	while	the	spin	state	–1/2	is	of	higher	energy	since	it	is	opposed	to	the	applied	field.	In	a	solution,	particles	whose	mass	or	density	is	higher	than	that	of	the	solvent	sink	or	sediment,	and	particles	that	are
lighter	than	it	float	to	the	top.	The	key	to	the	sensitivity	of	AFM	is	in	monitoring	the	movement	of	the	tip.	The	other	commonly	used	stationary	phase	is	alumina	(aluminium	oxide).	In	this	energy	transfer	process,	two	fluorophores	interact	with	each	other	in	which	one	acts	as	donor	and	other	as	acceptor.	To	illustrate	how	next-generation	sequencing
process	works,	consider	a	single	genomic	DNA	(gDNA)	sample.	Angular	velocity	can	be	defined	as	w	=	2p	´	rpm	radians	/	sec	60	2	RCF	=	r	æ	2p	´	rpm	ö	æ	4	´	3.14	´	3.14	ö	2	2	-5	´	÷	=	r	´	(rpm)	´	ç	60	´	60	´	980	÷	=	1.12	´	r	´	(rpm)	´	10	g	çè	60	ø	è	ø	Centrifugation	63	The	force	applied	to	the	samples	varies	according	to	the	size	of	the	centrifuge	as	a
larger	centrifuge	will	have	a	higher	radius	and	a	smaller	centrifuge	will	have	a	shorter	radius.	Purified	DNA	is	synthesized	in	vitro	in	a	mixture	that	contains	single-stranded	molecules	of	the	DNA	to	be	sequenced,	the	enzyme	DNA	polymerase,	a	short	primer	DNA	to	enable	the	polymerase	to	start	DNA	synthesis,	and	the	four	deoxyribonucleoside
triphosphates	(dATP,	dCTP,	dGTP,	dTTP:	A,	C,	G	and	T).	This	generates	a	fragment	of	DNA	containing	the	known	sequence	flanked	by	two	regions	of	unknown	sequence.	Samples	are	applied	under	favourable	conditions	for	their	specific	binding	to	the	ligand.	Ion	Torrent	sequencing	Ion	Torrent	sequencing	does	not	make	use	of	optical	signals.	The	two
types	of	type	III	systems	target	either	dsDNA	(type	III-A	systems)	or	RNA	(type	III-B	systems).	Automated	sequencing	The	standard	chain	termination	sequencing	methodology	employs	radioactive	labels,	and	the	banding	pattern	in	the	polyacrylamide	gel	is	visualized	by	autoradiography.	It	is	also	used	in	clinical	laboratories	to	detect	the	presence	or
absence	of	antigen	in	the	serum.	The	cas	genes	encode	proteins	with	a	variety	of	functions	such	as	nucleases,	helicases	and	polymerases.	These	samples	(antigens)	are	then	electrophoresed	into	the	agarose	gel	where	interaction	between	antigen	and	antibody	takes	place.	This	system	utilizes	a	sequencing	by-synthesis	approach	in	which	all	four
fluorescently	labeled	and	3’-OH	blocked	nucleotides	(reversible	terminators)	are	added	simultaneously	to	the	flow	cell	channels,	along	with	DNA	polymerase,	for	incorporation	into	the	oligo-primed	cluster	fragments.	Due	to	the	short	wavelength	of	electrons,	the	resolving	power	of	the	electron	microscope	is	very	high.	I	would	also	like	to	thank
Prakash	Vardhan	and	Harleen	Kaur	for	invaluable	contribution.	The	two	immiscible	phases	could	be	a	solid	and	a	liquid,	or	a	gas	and	a	liquid	or	a	liquid	and	another	liquid.	Table	3.1	Major	types	of	absorption	spectroscopy	Electromagnetic	radiation	Spectroscopic	type	X-ray	X-ray	absorption	spectroscopy	UV/Vis	UV/Vis	absorption	spectroscopy	IR
Infrared	absorption	spectroscopy	Microwave	Microwave	absorption	spectroscopy	Radio	wave	Electron	spin	resonance	spectroscopy	Nuclear	magnetic	resonance	spectroscopy	Scattering	spectroscopy	Scattering	spectroscopy	measures	certain	physical	properties	by	measuring	the	amount	of	light	that	a	substance	scatters	at	certain	wavelengths.	The
eyepiece	works	in	combination	with	the	objective	lens	to	further	magnify	the	image.	The	cells	analyzed	here	were	stained	with	a	fluorescent	dye	(PI)	that	binds	to	DNA,	so	that	the	amount	of	fluorescence	is	directly	proportional	to	the	amount	of	DNA	in	each	cell.	a	b	c	d	e	Fresh	solvent	Initial	band	(with	A	and	B	solutes)	A	B	A	A	Stationary	phase
suspended	in	solvent	(mobile	phase)	B	Analyte	An	analyte	(or	solute)	is	the	chemical	entity	being	analyzed.	How	does	DNA	microarray	work?	In	this	process,	the	ions	are	generated	in	the	ionization	source	by	inducing	either	the	loss	or	the	gain	of	a	charge	(e.g.	electron	ejection,	protonation	or	deprotonation).	One	advantage	of	using	capillaries	is	that
they	reduce	problems	resulting	from	heating	effects.	•	Efficiency	of	the	labeling	reaction.	Since	the	smaller	the	particle	size,	the	lower	the	flow	rate;	therefore,	it	is	not	feasible	to	use	very	small	gel	beads	in	liquid	column	chromatography	as	low	flow	rates	lead	to	increased	analysis	time.	In	light	microscopy,	oil	immersion	lens	is	used	to	increase	the
resolving	power.	Each	page	is	carefully	laid	out	to	place	related	text,	figures	and	tables	near	one	another,	minimizing	the	need	for	page	turning	while	reading	a	topic.	Type	I	systems	are	the	most	frequent	and	widespread	systems,	which	target	invading	DNA	in	a	Cascade	(CRISPR-associated	complex	for	antiviral	defence)	complex	driven	and
ProtospacerAdjacent	Motif	(PAM)-dependent	manner.	At	this	point,	the	antibodies,	which	are	now	bound	to	their	targets,	will	stick	to	the	beads.	The	principle	of	RIA	involves	competitive	binding	of	radiolabeled	antigen	and	unlabeled	antigen	to	a	high-affinity	antibody.	Köhler	in	1975.	This	method	acts	as	an	atomic	microscope,	using	X-rays	instead	of
visible	light	to	determine	the	three-dimensional	structure	of	crystals.	If	homopolymer	repeats	are	present	in	the	template	sequence,	multiple	dNTP	molecules	will	be	incorporated	in	a	single	cycle.	A	ray	of	light	passing	from	air	to	glass.	Unknown	antigens	are	placed	in	the	outside	wells.	An	oblique,	unidirectional	shadowing	is	carried	out	by
evaporating	a	fine	layer	of	heavy	metal	(such	as	platinum)	onto	the	specimen.	By	reading	off	the	bands	in	order,	starting	at	the	bottom	of	the	gel	and	working	across	all	lanes,	the	DNA	sequence	of	the	newly	synthesized	strand	can	be	determined.	SYBR	Green	monitors	the	total	amount	of	double-stranded	DNA,	but	cannot	distinguish	between	different
sequences.	Lambert’s	law	It	states	that	when	monochromatic	light	passes	through	a	transparent	medium,	the	intensity	of	transmitted	light	decreases	exponentially	as	the	thickness	of	absorbing	material	increases.	At	selected	wavelengths,	however,	the	radiation’s	intensity	is	attenuated	(decrease	in	number	of	photons).	The	mobility	shift	assay	has	a
number	of	strengths.	The	exact	mechanism	of	the	origin	of	ions	in	MALDI	is	still	not	completely	understood.	However,	it	is	possible	to	coat	cell	or	other	insoluble	particle	with	a	soluble	antigen	(e.g.	viral	antigen,	a	polysaccharide	or	a	hapten)	and	use	the	coated	cells	in	an	agglutination	test	for	antibody	to	the	soluble	antigen.	The	restriction	fragments
circularize	to	form	circular	DNA	under	very	low	concentrations	in	presence	of	DNA	ligase.	Absorption	occurs	only	when	the	energy	of	radiation	matches	the	difference	in	energy	between	Spectroscopy	is	the	collective	term	for	a	diverse	group	of	techniques	in	which	the	interactions	of	electromagnetic	radiation	with	a	matter	of	interest	are	studied.	The
sample	injection	port,	column,	and	detector	are	each	held	within	independent	isothermal	ovens	and	various	temperatures	are	maintained	for	each	part	depending	on	the	sample	being	analyzed.	Base	composition	The	GC	content	should	be	between	40	to	60%	with	an	even	distribution	of	all	four	nucleotides.	The	polynucleotide	kinase	utilizes	two	types
of	reactions:	forward	reaction	and	exchange	reaction.	Based	on	the	physical	state	of	the	mobile	and	stationary	phases	Based	on	the	physical	nature	of	mobile	phase,	there	are	two	types	of	chromatography	–	Gas	chromatography	and	liquid	chromatography.	Real	Time	PCR	systems	rely	upon	the	detection	and	quantitation	of	a	fluorescent	reporter,
whose	signal	increases	in	direct	proportion	to	the	amount	of	PCR	product	in	a	reaction.	A	compound	microscope	with	a	single	eyepiece	is	said	to	be	monocular	and	one	with	two	eyepieces	is	said	to	be	binocular.	Third,	extension	from	the	primer	that	is	catalyzed	by	reverse	transcriptase	using	RNA	as	the	template	to	synthesize	a	cDNA	strand.
Chromatography	13	1.5	High	performance	liquid	chromatography	High	performance	liquid	chromatography	(HPLC)	is	a	column	chromatography.	If	the	introduced	dNTP	is	complementary	to	the	leading	template	nucleotide,	it	is	incorporated	into	the	growing	complementary	strand.	Riccardi	C	and	Nicoletti	I	(2006),	Analysis	of	apoptosis	by	propidium
iodide	staining	and	flow	cytometry,	Nature	Protocols	1458-1461.	In	type	I	system,	pre-crRNA	cleavage	is	carried	out	by	Cas	endoribonuclease,	Cas6.	The	type	of	transition	depends	on	the	energy	of	electromagnetic	radiation.	In	normal	phase,	the	stationary	phase	is	polar,	and	the	mobile	phase	is	non-polar.	This	ambiguous	sequence	may	be	used	to
make	degenerate	primers.	The	chemical	treatment	used	for	base	modification	are:	G	only	–	Methylation	of	G	with	dimethyl	sulfate	(DMS)	at	pH	8.0.	A+G	–	Treatment	with	piperidine	formate	at	pH	2.0.	C+T	–	Hydrazine	treatment.	These	remaining	proteins	can	be	eluted	from	the	column	by	solutions	containing	a	very	high	concentration	of	salt.	The
electrical	signal	it	produces	carries	the	necessary	information	about	the	process	under	investigation.	The	agglutination	test	only	works	with	particulate	antigens.	Image	Objective	lens	collects	a	cone	of	light	rays	to	create	an	image	a	Specimen	Figure	6.4	Condenser	lens	focuses	a	cone	of	light	rays	onto	each	point	of	the	specimen	The	angular	aperture
is	the	half-angle	α	of	the	cone	of	light	entering	the	objective	lens	of	the	microscope	from	the	specimen.	As	the	sheath	fluid	moves,	it	creates	a	massive	drag	effect	on	the	narrowing	central	chamber.	to	generate	crRNAs	that	contain	a	spacer	sequence	and	third,	in	the	interference	phase,	processed	crRNAs	associate	with	Cas	nucleases	to	guide	the
ribonucleoprotein	complex	to	the	target	sequence.	Agglutination	reactions	Agglutination	is	the	visible	clumping	of	a	particulate	antigen	when	mixed	with	antibodies	specific	for	the	particulate	antigens.	The	Cas	proteins	in	the	ribonucleoprotein	complex	vary	in	type	I,	type	II	and	type	III	systems.	In	dot	blot,	the	nucleic	acids	are	blotted	as	circular
blots,	whereas	in	slot	blot	they	are	blotted	in	rectangular	slots.	Genetic	engineering	techniques	are	used	to	insert	foreign	DNA	fragments	into	a	suitable	phage	coat	protein	gene.	In	infrared	spectroscopy,	infrared	energy	covering	a	range	of	frequencies	is	directed	onto	the	sample.	The	cas	genes	are	located	close	to	the	CRISPR	loci.	The	substance	to
be	purified	is	specifically	and	reversibly	adsorbed	to	a	ligand	(binding	substance),	immobilized	by	a	covalent	bond	to	a	chromatographic	bed	material	(i.e.	matrix).	(B)	Non-identity:	Two	crossed	lines	represent	two	different	precipitation	reactions.	The	tube	can	now	be	counted	in	a	gamma	counter	to	obtain	a	Counts	Per	Minute	(CPM).	Illumina	(Solexa)
sequencing	This	system	was	initially	developed	in	2007	by	Solexa	and	was	subsequently	acquired	by	Illumina,	Inc.	The	sample	spot	sizes	in	microarray	are	typically	less	than	200	microns	in	diameter	and	the	arrays	usually	contain	thousands	of	spots.	Brown	TA	(2007),	Genomes,	3rd	ed.	12.4	The	membrane	is	treated	with	detergent	to	lyse	the	bacteria
and	alkali	to	denature	their	DNA.	If	two	proteins	bind	the	same	piece	of	DNA,	they	will	reduce	its	mobility	even	further.	To	prevent	the	break-off	point	happening	It	is	a	term	applied	to	the	at	random	distances	from	the	nozzle	and	to	maintain	consistent	droplet	sizes,	the	nozzle	is	technique	of	identifying	vibrated	at	high	frequency.	Holler	FJ,	Crouch	SR
(2014),	Fundamentals	of	analytical	chemistry,	9th	ed.	When	light	enters	a	medium	with	a	different	optical	density,	it	bends	in	a	direction	that	depends	on	the	refractive	indices	of	the	two	media.	In	the	solution,	the	unbound	dye	exhibits	very	little	fluorescence.	An	example	is	the	TaqMan	probe	which	is	oligonucleotide	designed	to	hybridize	to	an
internal	region	of	a	PCR	product.	Two	types	of	nylon	membranes	are	available	commercially:	unmodified	(or	neutral)	nylon	and	charge-modified	nylon	which	carries	amine	groups	and	is,	therefore,	also	known	as	positively	charged	nylon.	The	rates	of	migration	of	the	various	substances	being	separated	are	governed	by	their	relative	solubilities	in	the
polar	stationary	phase	and	the	non-polar	mobile	phase.	2.3	Capillary	electrophoresis	Capillary	electrophoresis	employs	narrow-bore	capillaries	(typically	20-100	μm	in	internal	diameter)	to	perform	high	efficiency	separations	of	both	large	and	small	molecules.	Gel	permeation	chromatography	uses	organic	mobile	solvent	while	gel	filtration
chromatography	uses	aqueous	mobile	solvent	to	separate	and	characterize	molecules.	Both	types	of	nylon	bind	single-	and	double-stranded	nucleic	acids.	Thermostability	Resistance	to	inactivation	or	dissociation	at	high	temperatures	is	the	most	important	factor	in	the	cycle-sequencing	reactions	that	are	the	basis	for	modern	high-throughput
sequencing.	Such	a	seal	with	a	resistance	in	the	102	This	page	intentionally	left	blank.	TEMED	(not	shown)	is	added	to	this	mixture	as	a	reagent	that	stabilizes	the	sulfate	radicals.	phase.	A	high	voltage	of	3	or	4	kV	is	applied	to	the	tip	of	the	capillary.	Biol	3(3):	67-70.	Hence,	the	maximum	value	for	sinα	is	about	0.94.	End-labeling	of	DNA	End	labeling
can	be	performed	at	the	3’-	or	5’-end.	The	ends	of	the	capillary	are	placed	in	the	buffer	reservoirs.	Molecular	Biology	Techniques	191	cas	genes	CRISPR	repeat	spacer	array	Leader	Repeat	Spacer	dsDNA	G	TTTTTG	TA	C	TC	TC	A	A	G	ATTTA	A	G	TA	A	C	TG	TA	C	A	A	C	Figure	12.45	Locus	organization:	CRISPR	loci	consist	of	23	to	47	bp	palindromic
repeat	sequences	(in	red),	separated	by	21	to	72	bp	spacer	sequences.	After	transfer,	the	DNA	fragments	need	to	be	fixed	to	the	membrane	so	that	they	cannot	detach.	Each	unit	cell	may	contain	one	or	more	molecules.	The	products	are	separated	by	size	using	polyacrylamide	gel	electrophoresis	and	the	terminal	ddNTPs	are	used	to	reveal	the	DNA
sequence	of	the	template	strand.	This	removes	the	close	proximity	between	the	fluorophore	and	the	quencher	and	abolishes	quenching.	While	the	pre-immobilized	antibody	approach	is	more	commonly	used	for	IP,	using	free	antibody	to	form	immune	complexes	is	beneficial	if	the	target	protein	is	present	in	low	concentrations,	Immunotechniques	121
the	antibody	has	a	weak	binding	affinity	for	the	antigen	or	the	binding	kinetics	of	the	antibody	to	the	antigen	are	slow.	The	most	widely	accepted	definition	of	a	biosensors	is:	‘a	self-contained	analytical	device	that	incorporates	a	biologically	active	material	in	contact	with	an	appropriate	transducer	for	the	purpose	of	detecting	the	concentration	or
activity	of	chemical	species	in	any	type	of	sample.’	Sample	(analyte)	Enzyme	Calorimetric	Microorganism	Electrochemical	Immunoagent	Chemoreceptor	Tissue	Optical	Signal	Signal	processing	unit	Piezoelectric	Bioreceptor	Transducer	Figure	12.42	Schematic	diagram	showing	the	main	components	of	a	biosensor.	Solvent	front	B	R	Origin	Q	A	P	For	B,
Rf	=	Q/R	For	A,	Rf	=	P/R	Paper	chromatograms	can	be	developed	either	by	ascending	or	descending	solvent	flow.	A	flow	cytometer	is	made	up	of	three	main	systems:	fluidics,	optics,	and	electronics.	The	collection	optics	consist	of	a	collection	lens	to	collect	light	emitted	from	the	particle–laser	beam	interaction	and	a	system	of	optical	mirrors	and
filters	to	route	specified	wavelengths	of	the	collected	light	to	designated	optical	detectors.	After	electrophoresis,	a	trough	is	cut	along	the	side	of	the	gel,	and	antibodies	are	applied	in	the	trough.	1.4	Affinity	chromatography	Affinity	chromatography	is	a	technique	enabling	purification	of	a	biomolecule	with	respect	to	biological	function	or	individual
chemical	structure.	DNA	affinity	chromatography	DNA	affinity	chromatography	facilitates	the	purification	of	sequence-specific	DNA-binding	proteins.	Spectroscopies	are	grouped	into	different	categories	depending	on:	•	the	energies	that	are	involved,	•	type	of	transitions	between	energy	levels	in	a	molecule	by	the	incident	radiation,	•	whether	the
molecules	of	interest	absorb	the	energy	or	emit	it.	The	amount	of	light	absorbed	is	called	the	absorbance.	To	increase	the	numerical	aperture	some	microscope	lenses	are	designed	to	be	used	with	a	layer	of	immersion	oil	between	the	lens	and	the	specimen.	This	alters	the	velocity	of	the	central	fluid	whose	flow	front	becomes	parabolic	with	greatest
velocity	at	its	center	and	zero	velocity	86	This	page	intentionally	left	blank.	It	involves	the	digestion	of	genomic	DNA	with	appropriate	restriction	endonucleases,	intramolecular	ligation	to	circularize	the	DNA	fragments	and	PCR	amplification.	This	method	is	used	to	measure	the	amount	and	size	of	RNAs	transcribed	from	genes	and	to	estimate	their
abundance.	This	is	important	because	the	change	in	conformation	resulting	from	base	pairing	alters	the	electrophoretic	mobility	of	a	single-stranded	molecule.	The	matter	can	be	atoms,	molecules	or	ions.	For	minimum	value	of	numerator,	the	wavelength	should	be	small.	As	a	consequence	of	this	strong	electric	field,	the	sample	emerg-	tively	charged.
A	glass	pipette	with	a	very	small	opening	is	used	to	make	tight	contact	with	a	small	area,	or	patch,	of	cell	membrane.	The	pore	size	of	the	gel	is	determined	by	both	the	total	concentration	of	monomers	(acrylamide	+	bis)	and	the	ratio	of	acrylamide	to	bis.	In	the	current	clamp	mode	of	the	whole	cell	patch	clamp	configuration,	one	electrode	is	used	to
inject	a	known	current,	while	the	other	electrode	is	used	to	sense	the	potential	inside	the	cell.	Eventually	charged	solvent	evaporates,	which	sample	ions,	free	from	solvent,	are	released	from	the	droplets.	SDS	electrophoresis	Isoelectric	focusing	(IEF)	Addition	of	protein	mixture	in	gel	strip	with	immobilized	pH	gradient	4	10	pH	gradient	High	mass
Loading	of	gel	strip	on	second	gel	Separation	in	first	dimension	(by	charge)	Low	mass	Separation	in	second	dimension	(by	size	or	mass)	Figure	2.7	Two-dimensional	gel	electrophoresis.	pathfinderpublication.in	Preface	The	field	of	biophysical	and	molecular	biology	continues	to	be	one	of	the	most	exciting	and	dynamic	areas	of	science.	The	visible
region	of	the	spectrum	extends	approximately	31	This	page	intentionally	left	blank.	This	technique	can	be	used	for	both	analytical	and	preparative	purposes.	The	release	of	hydrogen	ions	results	in	changes	in	the	pH	of	the	solution,	which	is	detected	by	a	detector.	The	primary	condition	is	the	distance	between	the	donor	and	the	acceptor.	Many
protein-protein	associations	that	exist	within	the	cell	remain	intact	when	a	cell	is	lysed	under	nondenaturing	conditions.	This	leads	to	a	corresponding	number	of	released	hydrogen	ions	and	a	proportionally	higher	electronic	signal.	The	substance	first	absorbs	energy	and	then	emits	this	energy	as	light.	CRISPR	activity	requires	the	presence	of	a	set	of
CRISPR-associated	(cas)	genes,	usually	found	adjacent	to	the	CRISPR,	that	code	for	Cas	proteins	essential	to	the	immune	response.	It	increases	the	sedimentation	by	generating	centrifugal	forces	as	great	as	1,000,000	times	the	force	of	gravity.	The	coat	protein	is	expressed	as	a	fusion	protein	on	the	virion	surface	without	disturbing	the	infectivity	of
the	phage.	Mature	crRNA	makes	ribonucleoprotein	complex	with	Cascade.	It	involves	the	use	of	the	centrifugal	force	for	the	sedimentation	of	molecules.	Because	the	interaction	between	the	antibody	and	the	antigen	involves	very	strong	non-covalent	interactions,	the	contents	of	the	tube	can	be	discarded	without	disturbing	the	radiolabeled	antigen
that	are	bound	to	the	antibody	molecules	in	the	bottom	of	the	tube.	The	basic	instrumental	configuration	for	capillary	electrophoresis	is	relatively	simple.	If	one	epitope	is	present,	the	antigen	is	monovalent.	A	quartz	wafer	is	coated	with	a	narrow	layer	of	a	light	sensitive	compound.	5’	5’	Taq	Pol	Probe	5’	5’	Probe	DNA	degraded	by	Taq	pol	Liberated
dye	fluoresces	5’	5’	Figure	12.5	Real-time	PCR	with	TaqMan	probe.	It	is	one	of	the	most	sensitive	techniques	for	detecting	antigen	or	antibody.	You're	Reading	a	Free	Preview	Pages	52	to	66	are	not	shown	in	this	preview.	Immunoprecipitation	reaction	can	be	performed	in	solution	or	in	gel.	From	this	electron	density,	the	mean	positions	of	the	atoms
in	the	crystal	can	be	determined.	Chapter	9	Patch	clamp	techniques	The	introduction	of	the	patch	clamp	technique	has	revolutionized	the	study	of	cellular	physiology	by	providing	a	method	of	observing	the	function	of	individual	ion	channels	in	a	variety	of	cell	types.	The	whole	process	is	explained	in	the	following	figure	1.9.	Step	1	Total	cell	proteins
Column	with	matrix	containing	DNA	of	many	different	sequences	Step	2	DNA	binding	proteins	from	step	1	Column	with	matrix	containing	only,	GGGC	C	C	C	C	C	GGG	Proteins	that	do	not	bind	to	DNA	can	be	eluted	from	the	column	by	passing	solution	containing	low	salt	concentration	Proteins	that	do	bind	to	DNA	can	be	eluted	from	the	column	by
solution	containing	medium	salt	concentration	Figure	1.9	Medium	salt	wash	removes	all	proteins	not	specific	for	GGGC	C	C	C	C	C	GGG	High	salt	wash	elutes	rare	protein	that	specifically	recognizes	GGGC	C	C	C	C	C	GGG	DNA	affinity	chromatography.	•	A	dense	particle	moves	more	rapidly	than	a	less	dense	one	because	the	opposing	buoyant	•	Shape,
too,	is	important	because	it	affects	the	viscous	drag.	You're	Reading	a	Free	Preview	Pages	29	to	31	are	not	shown	in	this	preview.	They	are	produced	by	chemical	synthesis	of	the	oligonucleotides	directly	on	the	coated	quartz	surface	of	the	array.	The	effect	of	the	proteins	binding	on	the	mobility	of	the	DNA	fragment	is	analyzed	by	polyacrylamide-gel
electrophoresis	followed	by	autoradiography.	Once	the	ions	are	formed	in	the	gas	phase,	they	can	be	electrostatically	directed	into	a	mass	analyzer,	separated	according	to	mass,	and	finally	detected.	The	stationary	phase	may	be	solid	or	liquid.	Chapter	10	Immunotechniques	10.1	Immunoprecipitation	reaction	Antigen-antibody	interaction	is	highly
specific	and	occurs	in	a	similar	way	as	a	bimolecular	association	of	an	enzyme	and	a	substrate.	The	mobile	cation	layer	is	pulled	in	the	direction	of	the	negatively	charged	cathode.	This	demand	has	driven	the	development	of	second-generation	sequencing	methods	(or	next-generation	sequencing).	Then	the	antigen	mixture	is	subjected	to
electrophoresis,	which	separates	the	various	components	according	to	their	charge	in	the	electrical	field.	In	similar	fashion,	liquid	chromatography	can	be	sub-grouped	into	liquid-solid	chromatography	and	liquid-liquid	chromatography.	Based	on	the	mechanism	of	separation	The	chromatographic	techniques	use	several	types	of	mechanisms	to
separate	analytes.	Virtual	energy	states	Vibrational	energy	states	Infrared	absorption	Figure	3.18	Rayleigh	scattering	Stokes	Raman	scattering	Anti-stokes	Raman	scattering	Energy	level	diagram	to	explain	Raman	scattering.	The	general	term	agglutinin	is	used	to	describe	antibodies	that	agglutinate	particulate	antigens.	Thomson	Publishing,	USA.	It
is	also	possible	for	the	incident	photons	to	interact	with	the	molecules	in	such	a	way	that	energy	is	either	gained	or	lost	so	that	the	scattered	photons	are	shifted	in	frequency.	Interference	phase	The	crRNA	forms	a	complex	with	Cas	proteins.	Illumina	sequencing	systems	can	deliver	data	output	ranging	from	300	kilobases	up	to	1	terabase	in	a	single
run,	depending	on	instrument	type	and	configuration.	Oxford	University	Press.	Different	types	of	carrier	gases	are	used	in	the	GC.	Molecular	Biology	Techniques	141	This	page	intentionally	left	blank.	A	carbon	layer	is	then	deposited	on	the	top	of	the	metal	layer	to	impart	sufficient	strength	to	the	replica	(backing).	In	case	of	nitrocellulose	paper,
nucleic	acid	immobilization	occurs	non-covalently	after	baking	for	2	hrs	at	80°C.	(A)	In	the	forward	reaction,	polynucleotide	kinase	transfers	the	gamma	phosphate	from	ATP	to	the	5’-end	of	a	polynucleotide	(DNA	or	RNA).	When	voltage	is	applied	to	the	circuit,	one	electrode	becomes	net	positive	and	the	other	net	negative.	Principle	of	centrifugation
Particles	suspended	in	a	solution	are	pulled	downward	by	Earth’s	gravitational	force.	160	pIX	pVI	single	stranded	DNA	M13	phage	pIII	fusion	protein	displayed	in	phage	coat	Foreign	gene	Display	phage	Figure	12.20	Phage	display.	It	is,	therefore,	important	to	know	the	value	of	r	for	the	rotor	being	used.	Number	of	cells	Fixed	cell	measurement
Bromodeoxyuridine	(BrdU)	A	thymidine	analog,	is	incorporated	into	the	genome	during	the	S-phase	of	the	cell	cycle.	The	sequence	can	be	read	directly	as	the	bands	pass	in	front	of	the	detector;	and	either	printed	out	in	a	form	readable	by	eye	or	sent	straight	to	a	computer	for	storage.	Therefore,	the	energy	of	the	emitted	light	is	always	less	than	that
of	the	absorbed	light,	and	the	fluorescence	of	a	chromophore,	thus,	always	occurs	at	greater	wavelengths	than	its	absorption.	Terminal	deoxynucleotidyl	transferase	(TdT)	is	a	template	independent	DNA	polymerase	that	incorporates	dNTPs	to	the	3’-OH	end	of	single	or	double-stranded	DNA	and	RNA	in	an	irreversible	manner.	Most	sequence-specific
DNA-binding	proteins	have	a	weak	(nonspecific)	affinity	for	bulk	DNA	and	are,	therefore,	retained	on	the	column.	Excess	antibodies	are	then	washed	from	the	membrane	and	the	bound	antibody,	which	remains,	is	detected	using	a	secondary	antibody	against	the	first.	Objectives	of	this	type	are	referred	to	as	dry	objectives.	In	planar	chromatography,
the	stationary	phase	is	present	as	or	on	a	plane.	The	objective	has	a	smaller	aperture	and	smaller	focal	length	than	those	of	the	eyepiece	(also	referred	to	as	the	ocular).	Typically,	a	fixed	amount	of	the	antibody	is	attached	to	the	bottom	of	a	tube.	Figure	5.3	Differential	centrifugation	separates	particles	based	on	differences	in	sedimentation	rate,
which	reflect	differences	in	size	and/or	density.	(C)	Partial	identity:	Ag1	and	Ag2	share	some	epitopes.	Based	on	the	mechanism	of	separation,	chromatographic	techniques	can	be	partition,	adsorption,	size	exclusion,	affinity	and	ion	exchange	chromatography.	The	cells	contain	twice	the	amount	of	DNA	(i.e.	4C)	that	are	found	in	G1	(i.e.	2C).	Typical
column	inside	diameters	are	2.1,	3.2	or	4.5	mm	for	analytical	separations	and	up	to	30	mm	for	preparative	applications.	You're	Reading	a	Free	Preview	Pages	192	to	193	are	not	shown	in	this	preview.	A	column	matrix	filled	with	porous	gel	beads,	made	up	of	an	insoluble	and	hydrated	polymer	such	as	polyacrylamide	(Sephacryl	or	BioGel	P)	or	dextran
(Sephadex)	or	agarose	(Sepharose)	acts	as	a	stationary	phase.	Immunoprecipitation	reaction	in	solution	Precipitation	occurs	maximally	only	when	there	are	optimal	proportions	of	the	two	reacting	substances	–	antigen	and	antibody.	82	Microscopy	This	page	intentionally	left	blank.	This	probe	is	designed	to	anneal	to	the	center	of	the	target	DNA.	A
protein	at	its	isoelectric	point	will	not	move	in	an	electric	field.	This	gives	rise	to	three	principal	branches	of	spectroscopy:	Absorption	spectroscopy	Absorption	spectroscopy	studies	radiation	absorbed	at	various	wavelengths.	The	droplets	containing	a	cell	of	interest	Cell	cycle	analysis,	Apoptosis,	Cell	surface	markers	analysis,	are	charged	electrically
(positively	or	negatively).	61	This	page	intentionally	left	blank.	This	has	led	to	the	development	of	protocols	for	single-enzyme	reverse	transcription	and	PCR	amplification.	Placing	a	material	with	a	refractive	index	equal	to	that	of	glass	in	the	airspace	between	cover	slip	and	objective,	more	light	can	be	directed	through	the	objective	which	improves
resolution.	The	negatively-charged	wall	attracts	positively-charged	ions	from	the	buffer,	creating	two	inner	layers	of	cations	(called	diffuse	double	layers)	on	the	capillary	wall.	12.13	Biosensors	A	biosensor	is	a	measuring	device	which	is	used	to	detect	chemical	compounds	by	converting	a	biological	response	into	an	electrical	signal.	When	an	antigen
has	a	relatively	higher	concentration,	the	equivalent	zone	will	be	formed	a	little	bit	away	from	the	antigen	well.	The	process	of	adaptation	is	almost	similar	for	different	classes	of	CRISPR,	but	the	crRNA	biogenesis	and	targeting	varies	among	different	classes.	In	the	second	step,	the	mixture	of	DNA-binding	proteins	is	passed	through	a	column	that
contains	only	DNA	of	a	particular	sequence.	Color	contrast	can	also	arise	from	absorption	when	the	degree	of	absorption	depends	on	the	wavelength	and	varies	from	point-to-point	in	the	specimen.	One	of	the	most	useful	applications	of	light	scattering	spectroscopy	is	Raman	spectroscopy.	The	solvent	soaks	into	the	paper	by	capillary	action	because	of
the	fibrous	nature	of	the	paper.	Hence,	we	standardize	the	sedimentation	coefficient	value	in	standard	conditions	i.e.	pure	water	at	20°C	(denoted	by	s20,w).	O	NH2	+	N	H	N	H	N,	N’-Methylenebisacrylamide	Acrylamide	–	2SO4	CONH2	O	H2	C	O	CONH2	O	2–	S2O8	(Persulfate)	CONH2	CONH2	CONH2	CONH2	NH	CH2	CONH2	Figure	2.1	O	CONH2
NH	Formation	of	a	polyacrylamide	gel.	The	refractive	index	of	water	at	room	temperature	is	1.33,	which	means	that	light	travels	1.33	times	slower	in	water	than	it	does	in	vacuum.	The	antibodies	are	applied	to	the	surface	of	a	gel	after	electrophoresis,	and	at	antigen-antibody	equivalence,	they	form	large	precipitates	with	their	counterparts	in	the	gel.
A	low-salt	buffer	is	used	after	non-polyadenylated	RNAs	have	been	washed	from	the	matrix.	From	the	proportion	of	cells	in	such	a	population	that	are	labeled,	we	can	measure	the	labeling	index.	If	the	probe	is	radioisotope	labeled,	then	the	membrane	is	exposed	to	photographic	film.	Paper	chromatography	is	a	type	of	partition	chromatography.
Alternatively,	if	a	donor	template	with	homology	to	the	targeted	locus	is	supplied,	the	double	strand	break	may	be	repaired	by	the	homology-directed	repair	(HDR)	pathway	allowing	for	precise	replacement	mutations	to	be	made.	For	example,	when	revolving	at	2000	rpm,	a	larger	centrifuge	with	a	longer	radius	length	will	spin	samples	at	a	higher	g
force	than	a	smaller	centrifuge	with	a	shorter	radius	length.	Adaptation	phase	Adaptation	is	the	first	step	in	the	process	of	developing	a	weapon	against	foreign	invading	DNA	(viral	or	plasmid	DNA).	If	the	amount	of	the	precipitate	is	plotted	against	the	amount	of	antigen	added,	a	precipitin	curve,	as	shown	in	the	107	This	page	intentionally	left	blank.
The	probe	is	allowed	to	hybridize	to	its	complementary	single-stranded	target	DNA	sequences	on	the	membrane.	•	The	sedimentation	velocity	depends	also	on	the	density	of	the	solution	(ρ).	After	the	application	of	a	small	amount	of	suction	to	the	back	of	the	pipette,	the	contact	between	pipette	and	membrane	becomes	so	tight	that	no	ions	can	flow
between	the	pipette	and	the	membrane.	Agarose	gels	have	very	large	pore	size	and	are	used	primarily	to	separate	very	large	molecules	with	a	molecular	mass	greater	than	200	kDa.	Agarose	is	a	linear	polysaccharide	made	up	of	the	basic	repeat	unit	agarobiose,	which	comprises	alternating	units	of	galactose	and	3,6-anhydrogalactose.	Incorporation	of
nucleotide	analogs	such	as	dye	terminators	The	ability	to	incorporate	analogs	is	a	critical	factor	for	the	dideoxy	chain-termination	method.	Transfer	buffer	is	drawn	through	the	gel	by	Support	block	capillary	action,	and	the	nucleic	acid	fragments	are	transferred	out	of	the	gel	Filter	paper	wick	Transfer	buffer	and	onto	the	membrane.	If	a
dideoxyribonucleotide	analog	of	one	of	these	nucleotides	is	also	present	in	the	nucleotide	mixture,	it	can	become	incorporated	into	a	growing	DNA	chain.	Size	exclusion	chromatography	includes:	gel	permeation	chromatography	and	gel	filtration	chromatography.	A	ray	light	passing	from	glass	to	air.	Tm	values	Tm	(melting	temperature)	is	the
temperature	at	which	half	of	the	DNA	strands	are	in	double	stranded	state.	Antibody-containing	gel	Precipitin	arcs	(rockets)	pH	8.6	Antigen	wells	Increasing	antigen	concentration	Figure	10.13	Rocket	electrophoresis.	+	+	+	Labeled	antibody	Unlabeled	antigen	Labeled	antigen	(a)	Competitive	immunoassay	Figure	10.5	(b)	Non-competitive
immunoassay	Competitive	and	non-competitive	immunoassays.	In	the	procedure,	the	DNA	fragments	separated	on	an	agarose	gel	are	denatured,	transferred	and	immobilized	onto	a	membrane.	First,	it	is	used	for	mapping	the	5’-end	of	transcripts.	Once	imaging	is	completed,	chemicals	that	affect	cleavage	of	the	fluorescent	labels	and	the	3’-OH
blocking	groups	are	added	to	the	flow	cell,	which	prepares	the	cluster	strands	for	another	round	of	fluorescent	nucleotide	incorporation.	For	example,	absorption	of	a	radiation	in	ultraviolet	and	visible	region	promotes	molecule’s	valence	electrons	to	a	higher-energy	level.	crRNAs	guide	Cas9	proteins	to	target	sequences,	which	are	recognized	through
their	complementarity	to	the	crRNA.	Electrophoresis	29	Capillary	Anode	+	+	–	Source	vial	Cathode	Buffer	Buffer	Sample	vial	Destination	vial	High	voltage	power	supply	Figure	2.12	Diagram	of	capillary	electrophoresis	system.	56	Mass	Spectrometry	+	+	+	–	from	the	droplet	surface	due	to	high	electrical	fields	+	+	+	–	–	+	+	+	+	+	+	+	ES	capillary
Taylor	cone	+	+	+	+	+	+	Solvent	evaporation	+	+	+	+	+	Coulombic	explosion	+	Strong	electric	field	extracts	droplets	from	Taylor	cone	containing	analyte	ions	(	+	)	Solvent	evaporates,	droplets	shrink,	charge	density	increases	+	+	+	+	+	Analyte	ions	This	page	intentionally	left	blank.	The	visibility	of	the	magnified	specimen	depends	on	contrast	and
resolution.	At	pH	values	above	its	pI,	a	protein	will	move	toward	the	anode.	The	centrifugal	force	acting	on	a	solute	particle	of	mass	m,	Centrifugal	force	=	mω	2	r	where,	ω	is	the	angular	velocity	in	radians	per	second,	r	is	the	distance	from	the	center	of	rotation	to	the	particle,	and	ω	2	r	is	the	centrifugal	acceleration.	The	supernatant	obtained	is
carefully	decanted	and	is	again	centrifuged	at	a	higher	centrifugal	force	for	sedimenting	the	next	heavier	entity	in	the	extract.	Such	antibodies	produced	by	a	single	clone	and	directed	against	a	single	epitope.	You're	Reading	a	Free	Preview	Pages	39	to	48	are	not	shown	in	this	preview.	Preparing	this	text	has	provided	me	with	a	wonderful	opportunity
to	share	my	knowledge	with	students.	Again,	most	of	the	ambiguity	is	in	the	third	codon	position.	The	invading	DNAs	are	directionally	integrated,	as	new	CRISPR	spacers,	into	a	CRISPR	array	that	is	separated	by	repeat	sequences,	thus	creating	a	memory	of	the	invading	genetic	elements.	In	the	figure,	a	protein	is	mixed	with	radiolabeled	DNA
containing	a	binding	site	for	that	protein.	For	each	nucleus	with	spin,	the	number	of	allowed	spin	states	–	it	may	adopt	–	is	determined	by	its	nuclear	spin	quantum	number	(l).	IEF	works	by	applying	an	electric	field	to	protein	within	a	pH	gradient.	The	hybridoma	cell	lines	share	the	properties	of	both	fusion	partners.	Formations	of	an	Ag-Ab	lattice
depend	on	the	valency	of	both	antibody	and	antigen.	Chapter	11	FRET	and	FRAP	11.1	FRET	FRET	(Fluorescence	Resonance	Energy	Transfer)	is	a	phenomenon	in	which	an	excited	donor	molecule	transfers	energy	(not	an	electron)	to	an	acceptor	molecule	through	a	non-radiative	process.	Immunoprecipitation	reaction	results	from	the	interaction	of	a
soluble	antibody	with	a	soluble	antigen	to	form	an	insoluble	complex.	mitochondria.	In	the	forward	reaction,	a	hydroxyl	group	is	first	created	by	removing	the	unlabeled	phosphate	residue	from	the	5’-end	of	the	DNA	with	an	alkaline	phosphatase.	The	aromatic	ring	of	the	matrix	acts	as	a	chromophore	for	the	absorption	of	laser	irradiation	leading	to
the	desorption	of	matrix	and	analytes	into	the	gas	phase.	The	unit	cell	is	the	smallest	and	simplest	volume	element	that	is	completely	representative	of	the	whole	crystal.	Separation	of	the	fragments	by	size	produces	a	sequencing	ladder	as	a	series	of	colored	bands.	14	Chromatography	Data	output	Sample	introduction	Gradient	controller	Pump	system
Detector	Column	Figure	1.10	A	schematic	diagram	of	a	typical	high-pressure	liquid	chromatograph.	In	contrast,	HDR	performs	DNA	repair	using	homologous	DNA	as	a	template.	An	example	of	this	is	the	recombinant	form	of	Tth	polymerase	from	Thermus	thermophilus,	which	can	catalyze	high-temperature	reverse	transcription	of	RNA	in	the
presence	of	MnCl2.	The	plane	can	be	a	paper	impregnated	by	a	substance	acting	as	a	stationary	phase	(paper	chromatography,	PC)	or	a	thin	layer	of	a	substance	acting	as	a	stationary	phase	spread	on	a	glass,	metal	or	plastic	plate	(thin	layer	chromatography,	TLC).	Direct	capture	method	An	antigen-specific	antibody	is	pre-immobilized	onto	a	solid
support,	such	as	agarose	or	magnetic	beads.	Compound	microscope	includes	condenser	lens,	the	objective	lens	and	the	eyepiece	lens.	When	a	beam	of	electromagnetic	radiation	passes	through	a	sample;	much	of	the	radiation	passes	through	the	sample	without	a	loss	in	intensity.	This	results	in	the	release	of	the	antibody	and	antigen	complex	during
elution.	A	computer	is	used	to	control	the	process	and	to	collect	and	analyze	data.	When	the	antigen	is	an	integral	part	of	the	surface	of	a	cell	or	other	insoluble	particle,	the	agglutination	reaction	is	referred	to	as	direct	agglutination.	With	such	a	broad	array	of	potential	topics	and	techniques	available,	it	is	difficult	to	select	those	that	students	should
experience	and	master.	pVIII	pVII	pIII	Protein-protein	interaction	Study	of	interaction	between	different	proteins	is	very	useful	as	it	yields	information	about	the	tentative	function	of	a	protein	through	its	interaction	with	well	characterized	protein	with	known	role	or	function.	The	donor	molecule	must	have	an	emission	spectrum	that	overlaps	the
absorption	spectrum	of	the	acceptor	molecule.	Some	atomic	nuclei	also	have	spin.	DNA	not	mixed	with	protein	runs	as	a	single	band	corresponding	to	the	size	of	the	DNA	fragment	(left	lane).	12.5	Phage	display	Phage	display	is	a	molecular	technique	that	allows	expression	of	foreign	polypeptides	or	peptides	on	the	surface	of	phage	particles.	Outside
the	equivalence	concentration,	conditions	known	as	antigen	or	antibody	excess	occur,	which	result	in	the	formation	of	small,	soluble	complexes.	RNA	immunoprecipitation	(RIP)	is	similar	to	ChIP,	except	that	RNA-binding	proteins	are	immunoprecipitated	instead	of	DNA-binding	proteins.	•	Higher	stability	of	probe.	In	silica	gel,	the	silicon	atoms	are
joined	via	oxygen	atoms	in	a	giant	covalent	structure.	C	only	–	Hydrazine	treatment	in	the	presence	of	1.5	M	NaCl.	After	base	modification,	the	volatile	secondary	amine	piperidine	is	used	to	cleave	the	sugarphosphate	chain	of	DNA	at	the	sites	of	base	modifications.	At	an	optimal	antigen-to-antibody	ratio	for	each	antigen	and	its	corresponding
antibodies,	precipitin	lines	form.	The	probe	can	be	synthetic	oligonucleotides,	short	DNA	molecules,	such	as	cDNA	or	PCR	products.	Now	it	is	possible	to	carry	out	the	four	sequencing	reactions	–	A,	C,	G	and	T	–	in	a	single	tube	and	to	load	all	four	families	of	molecules	into	just	one	lane	of	the	polyacrylamide	gel,	because	the	fluorescent	detector	can
discriminate	between	the	different	labels	and	determine	if	each	band	represents	an	A,	C,	G	or	T.	that	many	of	the	anti-immunoglobulins	(e.g.	rabbit	anti-human	Ab)	bind	with	antigenic	determinants	present	on	the	Fc	portion	of	the	antibody	and	leave	the	Fab	portions	free	to	react	with	antigen.	Indirect	labeling	systems	utilize	probes	that	contain	a
hapten	that	will	bind	to	a	secondary	agent	generating	the	detection	signal;	the	probe	itself	does	not	generate	signal.	The	CRISPR	loci	have	highly	diverse	and	hypervariable	spacer	sequences,	even	between	closely	related	strains.	This	generates	highly	charged	droplets,	which	are	normally	posi-	and	pumped	through	a	narrow,	stainless	steel	capillary.
Random	priming	An	alternative	method	for	preparing	uniformly	labeled	DNA	is	by	oligonucleotide-primed	DNA	synthesis	with	hexanucleotides	(or	longer	oligomers)	of	random	sequence.	Skoog	DA,	Holler	FJ	and	Crouch	SR	(2007),	Principles	of	instrumental	analysis,	6th	ed.	The	stationary	phase	(i.e.	sorbent),	which	may	be	a	solid	or	a	liquid	supported
on	a	solid,	does	not	move.	The	two	versions	differ	somewhat	in	the	mechanics	of	the	test,	but	both	are	based	on	the	same	principle.	Cells	in	S	phase	DAPI	Binds	to	the	A.T	rich	regions	of	the	DNA.	This	is	called	partition	chromatography.	For	example,	12C	has	even	numbers	of	protons	and	neutrons:	each	proton	pairs	with	a	proton	of	opposite	sign,	as
does	each	neutron,	giving	a	net	spin	angular	momentum	of	zero	(l	=	0).	Ab	1	Ab	2	Ag	Ag	(A)	Identity	Figure	10.3	1	Ag	Ab	2	Ag	1	Ag	(B)	Non-identity	2	Ag	(C)	Partial	identity	Ouchterlony	double	immunodiffusion	patterns.	In	most	frequently	used	injection	mode,	the	tip	of	capillary	is	dip	into	the	sample	vial.	You're	Reading	a	Free	Preview	Pages	119	to
135	are	not	shown	in	this	preview.	Hybridoma	technology	is	a	method	of	forming	hybrid	cell	lines	(called	hybridomas)	by	fusing	a	specific	antibody-producing	B-cell	with	a	myeloma	cell	(cancerous	B-cell).	Finally,	cleavage	of	the	target	sequence	causes	the	destruction	of	the	invading	DNA	and	therefore	protects	the	bacteria	from	the	viral	infection.
Instead,	they	exploit	the	fact	that	the	incorporation	of	a	dNTP	into	a	growing	DNA	strand	involves	the	formation	of	a	covalent	bond	and	the	release	of	pyrophosphate	and	a	positively	charged	hydrogen	ion.	This	means	that	no	detergent	is	required	in	the	BN	gels	once	Coomassie	dye	bind	protein	surfaces.	High-density	oligonucleotide	microarrays	often
referred	to	as	a	‘chip’	which	involves	in	situ	oligonucleotide	synthesis.	Spin	comes	in	multiples	of	1/2	and	can	be	+	or	–.	This	is	an	example	of	collisional	quenching	which	occurs	when	the	excitedstate	fluorophore	is	deactivated	upon	contact	with	some	other	molecule	in	solution,	which	is	called	the	quencher.	The	efficiency	of	chain	termination	with
each	of	the	dye-labeled	terminators	must	be	similar	to	avoid	low-quality	data	with	uneven	peaks.	It	is	of	two	main	types:	protection	and	interference.	In	this	method,	the	starting	material	is	double-stranded	DNA,	which	is	first	labeled	by	attaching	a	radioactive	phosphorus	group	to	the	5’	end	of	each	strand.	The	question	of	what	to	include	and	what	to
omit	is,	for	today’s	authors,	crucially	important.	In	the	case	of	antigen	excess,	the	postzone	effect	occurs.	The	duplication	of	the	DNA	at	the	time	of	cell	division	occurs	during	the	S-phase.	Interference	patterns	result,	with	dark	regions	where	light	waves	are	out	of	phase	and	bright	regions	where	they	are	in	phase.	It	can	neither	induce	electronic
transition	in	molecules,	nor	can	it	cause	vibrations;	it	can	only	cause	molecules	to	rotate.	Stokes	shift	Emission	Intensity	Absorption	Wavelength	(nm)	Figure	3.3	Stokes	shift.	You're	Reading	a	Free	Preview	Pages	97	to	101	are	not	shown	in	this	preview.	Biological	detection	system,	a	bioreceptor.	After	the	initial	separation	by	electrophoretic	technique
in	a	gel,	the	proteins	are	transferred	(or	blotted)	from	the	gel	to	a	membrane,	usually	nitrocellulose	or	polyvinylidene	difluoride.	Raman	spectroscopy	is	based	on	inelastic	scattering	of	monochromatic	light.	The	principle	of	an	IP	is	very	straightforward	–	an	antibody	(usually	monoclonal)	against	a	specific	target	antigen	forms	an	immune	complex	with
that	target	in	a	sample,	such	as	a	cell	lysate.	activity	that	degrades	the	DNA	strand	of	the	probe.	192	Molecular	Biology	Techniques	This	page	intentionally	left	blank.	The	CRISPR/Cas	system	works	in	a	similar	manner.	To	be	sure	that	the	correct	target	sequence	is	being	amplified,	a	sequence-specific	fluorescent	probe	is	needed.	Nylon	is	a	generic
name	for	any	long-chain	synthetic	polymer	having	recurring	polyamide	(–CONH–)	groups.	As	the	amount	of	N,	N’-methylenebisacrylamide	is	increased,	more	cross-linking	occurs	and	smaller	pores	are	formed	in	the	gel.	(A)	Identity:	The	arc	indicates	that	the	two	antigens	(Ag1	and	Ag2)	are	identical.	Fluidics	system	Flow	cytometer	measures	the
physical	and	chemical	characteristics	of	a	cell.	Hybridomas	are	somatic	cell	hybrids	produced	by	fusing	antibodies	forming	spleen	cells	with	myeloma	cells.	Let	us	consider	a	solution	being	spun	in	a	centrifuge	tube.	Chemical	degradation	method	Chemical	degradation	method	is	based	on	preferential	base	specific	modification	followed	by	chemical
cleavage	to	generate	a	nested	set	of	end-labeled	derivatives.	In	general,	there	are	two	approaches	to	capture	antigen	using	antigen-specific	antibodies	–	the	direct	capture	method	(using	pre-immobilized	antibodies)	and	the	indirect	capture	method	(using	free	antibodies).	This	is	called	Real	Time	PCR	because	it	allows	the	scientist	to	actually	view	the
increase	in	the	amount	of	DNA	as	it	is	amplified.	The	organic	component	of	the	solvent	continues	migrating,	thus	forming	the	mobile	phase.	In	practice,	it	is	the	difference	between	the	excitation	and	emission	maxima.	The	capture	or	collection	of	immunopreciptated	complexes	in	presence	of	magnetic	beads	is	done	with	the	help	of	a	small	micro-
centrifuge	tube	stand	that	is	fitted	with	a	magnet	and	thus	allows	the	precipitation	of	complex	leaving	supernatant	behind.	(a)	The	solvent	carries	the	two	solutes	down	the	column.	Molecular	Biology	Techniques	195	This	page	intentionally	left	blank.	The	operation	of	affinity	chromatography	involves	the	following	steps:	•	Choice	of	an	appropriate
ligand.	This	allows	a	much	better	separation	of	the	components	of	the	mixture.	Based	on	the	shape	of	the	chromatographic	bed	Based	on	the	shape	of	the	chromatographic	bed,	there	are	two	types	of	chromatography	—	planar	chromatography	and	column	chromatography.	the	improvement	of	elution	rates	by	applying	high	pressure	to	the	solvent	flow.
Specimen	Support	A	replica	is	made	of	the	fractured	surface	by	shadowing	it	obliquely	with	platinum	deposition.	The	difference	between	dot	and	slot	blot	procedures	is	in	the	way	that	the	nucleic	acid	mixture	is	blotted	onto	the	membrane.	The	single-stranded	DNA	in	the	virus	particle	[called	the	(+)	strand]	is	replicated	through	an	intermediate
circular	double-stranded	replicative	form	containing	(+)	and	(–)	strands.	The	cleavage	of	invading	target	DNA	is	carried	out	by	the	Cas–crRNA	ribonucleoprotein	complex	itself	(figure	12.48).	Immersion	oil	has	a	higher	refractive	index	than	air	and,	therefore,	allows	the	lens	to	receive	more	of	the	light	transmitted	through	the	specimen.	These	can	be
spotted	onto	a	glass	microscope	slide	or	a	piece	of	nylon	membrane	(low	density	arrays)	or	on	the	surface	of	a	wafer	of	silicon	(high	density	array).	In	this	case,	there	is	no	need	for	the	photon	to	have	an	energy	which	matches	the	difference	between	two	energy	levels	of	the	molecule.	Most	commonly	used	cell	sorting	method	is	the	electrostatic	Cell’s
DNA	quantification,	deflection	of	droplets.	Just	as	a	beam	of	light	rays	can	be	focused	by	a	glass	lens	in	light	microscopes,	a	beam	of	negatively	charged	electrons	can	be	focused	by	electromagnetic	lenses.	However,	it	does	not	reveal	where	a	protein	is	binding	within	a	particular	DNA	fragment.	Next	the	cell	goes	through	G2/M	phase.	Thanks	go	first
and	foremost	to	our	students.	Electromagnetic	spectrum	ranges	from	very	short	wavelengths	(such	as	gamma	rays)	to	very	long	wavelengths	(radio	waves).	The	immortal	cell	lines	that	result	from	the	B	cell-myeloma	fusion	are	hybrid	cell	lines	called	hybridomas.	This	scattering	is	responsible	for	the	blue	color	of	the	sky.	Typically,	all	the	DNA-binding
proteins	will	stick	to	the	column,	mostly	by	nonspecific	interactions.	Spectroscopy	33	Emission	spectrum	When	the	light	emitted	by	a	substance	is	passed	through	a	prism	and	examined	directly	with	a	spectroscope,	the	spectra	obtained	are	referred	to	as	emission	spectrum.	As	time	passes,	the	beads	coated	with	either	Protein	A	or	Protein	G	or	Protein
A/G	are	added	to	the	mixture	of	antibody	and	protein.	Immunoassays	can	be	noncompetitive	and	competitive.	Propidium	Iodide	(PI)	An	intercalating	agent	that	stains	the	cellular	genome	upon	cell	fixation.	In	the	combined	form,	they	are	referred	to	as	Beer-Lambert	law.	Degenerate	primers	are	used	when	partial	sequence	information	is	available,	but
the	complete	sequence	is	unknown.	Agarose	is	usually	used	at	concentrations	between	1%	and	3%.	The	bioreceptor	–	interacts	with	the	specific	analyte	of	interest	to	produce	signal;	the	transducer	–	transforms	the	signal	resulting	from	the	interaction	of	the	analyte	with	the	bioreceptor	into	another	signal	(i.e.	transduces)	that	can	be	more	easily
measured	and	quantified;	and	signal	processing	unit	–	converts	the	signal	into	a	workable	form	(amplified,	processed	and	displayed).	The	corresponding	area	on	the	antibody	molecule	combining	with	the	epitope	is	called	paratope.	It	is	a	highly	distance-dependent	radiationless	energy	transfer	process.	This	method	is	used	to	record	the	electrical
potentials	and	currents	from	the	entire	cell.	It	involves	isolating	a	restriction	fragment	that	contains	the	known	sequence	plus	flanking	sequences.	I	have	tried	to	resist	the	temptation	to	describe	more	and	more	techniques,	adding	detail	but	not	increasing	understanding	of	the	basic	concepts.	Normal-phase	partition	chromatography:	An	elution
procedure	in	which	the	stationary	phase	is	more	polar	than	the	mobile	phase.	There	should	be	no	complementarity	between	the	two	primers.	2	Chromatography	Solvent	flowing	out	Figure	1.1	B	A	Emerges	Emerges	The	figure	shows	separation	of	solutes	A	and	B	present	in	a	mixture	by	chromatography.	Based	on	the	geometry	involved,	this
arrangement	usually	is	called	the	cell-attached	patch	clamp	recording.	If	a	particular	nucleus	is	composed	of	p	protons	and	n	neutrons,	its	total	mass	is	p	+	n,	its	total	charge	is	+p	and	its	total	spin	will	be	a	vector	combination	of	p	+	n	spins	each	of	magnitude	1/2.	The	first	dimension	in	a	2-D	gel	electrophoresis	experi-	ment	involves	the	separation	of
proteins	according	to	their	isoelectric	point	(pI)	by	isoelectric	focusing	(IEF).	In	general,	arrays	are	described	as	macroarrays	or	microarrays,	the	difference	being	the	size	of	the	sample	spots.	Raman	scattering	is	associated	with	normal	modes	that	produce	a	change	in	the	polarisability	of	the	molecule,	while	IR	absorptions	are	observed	for	vibrational
modes	that	change	the	dipole	moment	of	the	molecule.	Analytical	Chemistry	62:324R–356R.	Antigen	is	electrophoresed	into	gel	containing	antibody.	Particles	which	are	large	or	dense	sediment	rapidly,	those	that	are	intermediate	in	size	or	density	sediment	less	rapidly,	and	the	smallest	or	least	dense	particles	sediment	very	slowly.	The	matrix	with
the	oligonucleotide	attached	is	then	used	to	construct	a	column	that	selectively	binds	proteins	that	recognize	the	particular	DNA	sequence.	Instead	of	a	solvent	(mobile	phase)	being	allowed	to	drip	through	a	column	under	gravity,	it	is	forced	through	under	high	pressure.	In	the	process	of	separation	of	sub-cellular	components,	the	preparation	of
broken	cells	is	poured	into	a	centrifuge	tube	and	is	initially	centrifuged	at	low	centrifugal	force	long	enough	to	completely	sediment	the	largest	and	heaviest	sub-cellular	component.	Current	clamp	records	the	membrane	potential	by	injecting	current	pulse	into	the	cell	and	measuring	potential	changes	in	response	to	it.	the	development	of	stationary
supports	with	very	small	particle	sizes	and	large	surface	areas	and	2.	In	preparing	this	book,	I	have	relied	heavily	on	and	benefited	greatly	from	the	advice	and	constructive	criticism	of	numerous	colleagues.	The	SI	unit	of	electrophoretic	mobility	is	m2	s–1	V–1.	This	approach	is	not	well	suited	to	automation.	These	are	again	eluted	by	solutions	of
moderate	salt	concentration,	leaving	in	the	column	only	those	proteins	that	bind	specifically	and,	therefore,	very	tightly	to	the	particular	DNA	sequence.	•	Binding	of	the	molecules	of	interest	with	the	ligand.	Several	methods	are	used	for	converting	the	sample	to	ions.	18	Electrophoresis	This	page	intentionally	left	blank.	(d)	Finally,	solute	B	emerges
first,	while	solute	A	finally	emerges	in	(e).	Isoelectric	focusing	is	an	electrophoretic	method	in	which	proteins	are	separated	on	the	basis	of	their	pIs.	It	makes	use	of	the	property	of	proteins	that	their	net	charges	are	determined	by	the	pH	of	their	local	environments.	Eventually,	the	resulting	cross-linked	complex	becomes	so	large	that	it	falls	out	of
solution	as	a	precipitate.	The	chain-termination	method	(also	commonly	referred	to	as	Sanger	or	dideoxy	sequencing	method),	published	in	1977,	has	remained	the	most	commonly	First	generation	sequencing	technologies	include	sequencing	by	synthesis	developed	by	Sanger	and	sequencing	by	cleavage	pioneered	by	Maxam	and	Gilbert.	In	DNA



microarray,	a	large	number	of	DNA	probes,	each	one	with	a	different	sequence,	are	immobilized	at	defined	positions	on	a	solid	surface	(such	as	glass,	silicon	chips	or	nylon	membrane).	The	migration	of	the	charged	molecule	in	the	electric	field	is	generally	expressed	in	terms	of	electrophoretic	mobility	(μ),	which	is	the	ratio	of	the	migration	rate	of	an
ion	to	the	applied	electric	field:	μ=	V	Q	=	E	f	So	according	to	the	equation,	if	two	molecules	have	the	same	mass	and	shape,	the	one	with	the	greater	net	charge	will	move	faster	towards	an	electrode.	Immersion	oils	improve	resolution	by	performing	same	function.	Mass	analyzer	Ionization	source	Figure	4.1	Detector	Components	of	a	mass
spectrometer.	24	Electrophoresis	By	this	method,	proteins	are	separated	according	to	their	size	and	shape	in	a	polyacrylamide	gel.	Direct	labeling	strategies	utilize	probes	that	are	directly	conjugated	to	a	dye	or	an	enzyme,	which	generates	the	detection	signal.	The	outer,	called	the	mobile	layer,	is	farther	from	the	silanol	groups.	Direct	capture
method	Indirect	capture	method	Pre-immobilized	approach	Free-antibody	approach	Bead	Bead	Bead	coated	with	protein	A	or	G	or	A/G	Ab	z	y	Immobilization	of	Ab	on	solid	surface	Bead	Binding	with	bead	x	z	Cell	lysate	containing	the	target	antigen	(protein)	Cell	lysate	containing	the	target	antigen	(protein)	Bead	Bead	z	Wash	(Removal	of	unbound
proteins)	Wash	(Removal	of	unbound	proteins)	Elution	Elution	Analyze	precipitated	antigen	by	SDS-PAGE	gel	Figure	10.15	z	z	y	x	Analyze	precipitated	antigen	by	SDS-PAGE	gel	Direct	capture	method:	The	beads	bound	to	antibodies	are	added	to	the	protein	mixture	present	in	cell	lysates	and	the	target	proteins	are	captured	by	the	beads	through
antibodies,	or	simply	immunoprecipitated.	If	the	air	is	present	between	the	cover	slip	and	the	objective	lens,	light	is	refracted,	scattered	and	effectively	lost.	Macroarrays	contain	sample	spot	sizes	of	about	300	microns	or	larger.	For	example,	if	human	IgG	antibodies	are	attached	to	their	respective	epitopes	on	erythrocytes,	then	the	addition	of	rabbit
antibodies	to	human	IgG	will	result	in	their	binding	with	the	Fc	portions	of	the	human	antibodies	bound	to	the	erythrocytes	by	their	Fab	portions.	This	helps	to	eliminate	both	convection	currents	and	zone	broadening	owing	to	increased	diffusion	caused	by	heating.	The	antibodies	and	the	separated	antigen	mixture	diffuse	in	the	agar.	It	was	a	pleasure
to	work	with	many	other	dedicated	and	creative	people	of	Pathfinder	Publication	during	the	production	of	this	book,	especially	Pradeep	Verma.	5’-end	labeling	is	usually	performed	using	polynucleotide	kinase	(kinase	end-labeling).	Reversed	phase	HPLC	is	the	most	commonly	used	forms	of	HPLC.	Because	negatively	charged	protein	surfaces	repel
each	other,	the	tendency	of	proteins	to	aggregate	is	considerably	reduced.	116	Immunotechniques	This	page	intentionally	left	blank.	Similarly,	a	distinctive	feature	of	the	early	stages	of	apoptosis	is	the	activation	of	caspase	enzymes,	which	participate	in	the	cleavage	of	protein	substrates	and	in	the	subsequent	disassembly	of	the	cell.	The	function	of
the	urea	is	to	prevent	DNA	secondary	structure	due	to	intrachain	base	pairing,	which	affects	electrophoretic	mobility.	Micropipette	Tight	contact	between	pipette	and	membrane	Mild	suction	Cell	Cell-attached	patch	clamp	recording	Figure	9.1	Cell-attached	patch	clamp.	The	double	strand	break	repair	by	NHEJ	may	result	in	small	insertions	or
deletions	that	can	inactivate	the	target	gene.	Southern	blotting	Southern	blotting	(or	Southern	blot	hybridizations)	immobilizes	and	detects	target	DNA	fragments	onto	a	membrane	that	have	been	size-fractionated	by	gel	electrophoresis.	Blue	Native	PAGE	Blue	native	polyacrylamide	gel	electrophoresis	(BN-PAGE)	is	a	technique	that	allows	separation
of	proteins	present	in	multiprotein	complexes	in	a	native	conformation	with	a	higher	resolution.	Proteins	that	have	been	separated	on	an	IEF	gel	can	then	be	separated	in	a	second	dimension	based	on	their	size	or	mass.	References	Alberts	B	et	al	(2008),	Molecular	Biology	of	the	Cell,	5th	ed.	The	proton	is	then	detected	by	the	sensing	layer	due	to	the
change	of	pH,	therefore	translating	the	chemical	signal	to	a	digital	input.	The	deflection	antigens	or	markers	on	the	of	the	droplet	is	towards	the	oppositely	charged	plate,	so	that	this	droplet	is	separated	from	cell.	The	newly	identified	strings	of	bases,	called	reads,	are	then	reassembled	using	a	known	reference	genome	as	a	scaffold	(resequencing),	or
in	the	absence	of	a	reference	genome	(de	novo	sequencing).	They	can	cause	vibrations	in	molecules.	I	Probe	Tunneling	of	electrons	through	vacuum	or	air	Sample	Tunneling	current	Distance	Figure	6.11	When	the	distance	between	conductive	tip	and	conductive	sample	is	lowered	to	a	few	Å,	electrons	can	traverse	the	gap	with	some	transmission
probability.	In	this	technique,	antigen	mixture	is	placed	in	a	well	cut	in	the	center	of	an	agar	gel.	The	strands	are	then	separated	by	electrophoresis	under	denaturing	conditions,	and	analyzed	separately.	Therefore,	they	are	called	high-density	oligonucleotide	arrays.	Chapter	6	Microscopy	Microscopy	is	a	technique	for	making	very	small	things	visible
to	the	unaided	eye.	Most	commonly	used	fluorophores	for	direct	labeling	are	fluorescein,	a	pale	green	fluorescent	dye	and	rhodamine,	a	red	fluorescent	dye.	The	effect	of	electromagnetic	radiation	on	interaction	with	matter	depends	on	energy	associated	with	the	radiation.	Electrophoresis	is	used	for	separation	of	antigens	on	the	basis	of	charge	and
double	immunodiffusion	for	the	purpose	of	their	identification.	In	this	technique,	BrdU	is	incorporated	into	newly	synthesized	DNA	in	cells	entering	and	progressing	through	the	S-phase	of	the	cell	cycle.	In	order	to	calibrate	the	measurements,	known	amounts	of	unlabeled	antigen	are	added	to	the	tubes	that	contain	the	same	fixed	amount	of	antibody
attached	to	the	bottom,	and	in	addition,	the	same	fixed	amount	of	radiolabeled	antigen	in	the	tube.	In	this	way,	each	protein	in	a	sample	becomes	focused	according	to	its	pI.	This	fluorescence	is	substantially	enhanced	when	the	dye	is	bound	to	dsDNA.	Similarly,	the	antigen	must	be	either	bivalent	or	polyvalent.	This	method	was	first	described	by
George	Smith	in	1985.	The	particles	of	the	solid	stationary	phase	or	support	coated	with	a	liquid	stationary	phase	may	fill	the	whole	inside	volume	of	the	tube	(packed	column)	or	be	concentrated	on	or	along	the	inside	tube	wall	leaving	an	open,	unrestricted	path	for	the	mobile	phase	in	the	middle	part	of	the	tube	(open-tubular	column).	The	electronics
system	converts	the	detected	light	signals	into	electronic	signals	that	can	be	processed	by	the	computer.	110	Immunotechniques	good	agglutinin.	This	technique	is	based	on	X-ray	diffraction,	a	nondestructive	technique.	The	power	of	a	lens	is	described	with	a	number	followed	by	the	letter	‘x’.	These	antibodies	are	produced	from	clone	of	single
lymphocyte	directed	against	a	single	antigenic	determinant	or	epitope.	The	hydrogen	ion	that	is	released	during	the	reaction	changes	the	pH	of	the	solution.	Passage	of	the	ions	into	a	field-free	region;	Detection	of	the	times	of	arrival	of	the	ions,	the	time-of-flight	indicating	the	mass-tocharge	ratio	of	the	ions.	The	reaction	of	these	two	agents	is	begun
by	adding	ammonium	persulfate,	where	persulfate	forms	sulfate	radicals	that	cause	the	acrylamide	and	N,	N’-methylenebisacrylamide	to	combine.	Agarose	is	a	natural	colloid	extracted	from	seaweed.	This	process	is	called	cell	sorting	or	Fluorescence	Cell	sorting,	Activated	Cell	Sorting	(FACS).	In	this	reaction,	acrylamide	is	used	as	the	monomer	and
N,	N’-methylenebisacrylamide	is	used	as	a	cross-linking	agent.	Co-immunoprecipitation	Variations	of	IP	are	also	used	to	study	the	interactions	of	the	primary	antigen	protein	with	other	proteins	(Co-IP)	or	nucleic	acids	(ChIP	and	RIP).	The	most	significant	feature	of	this	book	is	its	clear,	up-to-date	and	accurate	explanations	of	mechanisms,	rather	than
the	mere	description	of	facts	and	events.	Making	the	replica	involves	two	steps,	shadowing	and	backing.	This	book	is	a	team	effort,	and	producing	it	would	be	impossible	without	the	outstanding	people	of	Pathfinder	Publication.	Indirect	capture	method	Free,	unbound	antibodies	that	are	specific	for	a	particular	protein	(i.e.	antigen)	are	added	directly
to	the	cell	lysate	containing	mixture	of	proteins.	To	separate	the	different	charged	molecules	present	in	a	mixture,	the	sample	(dissolved	in	a	buffer	solution	that	serves	as	electrolyte	and	maintains	the	desired	pH)	is	placed	in	glass	tube	connected	to	electrodes.	Electron	microscopes	consist	largely	of	a	tall,	hollow	cylindrical	column	through	which	the
electron	beam	passes.	The	use	of	small,	amine	reactive	homobifunctional	protein	cross-linkers,	such	as	disuccinimidyl	suberate	(DSS)	and	Bissulfosuccinimidyl	suberate	(BS3),	are	used	to	covalently	attach	the	antibody	to	the	Protein	A,	Protein	G	and	Protein	A/G.	There	are	three	main	parts	of	a	biosensor:	1.	dCTP	dATP	Polymerase	Polymerase
Template	Primer	TG	A	A	A	3’	5’	PPi	5’	Sulfurylase	ATP	Template	Primer	3’	5’	TG	A	A	AC	PPi	5’	Sulfurylase	ATP	Luciferase	hn	Figure	12.40	Luciferase	hn	Schematic	representation	of	the	pyrosequencing	enzyme	system.	Cells	are	frozen	and	immobilize	at	the	temperature	of	liquid	nitrogen	(–196°C)	in	the	presence	of	a	cryoprotectant	(antifreeze)	to
prevent	distortion	from	ice	crystal	formation.	+	(A)	Solid	phase	antibody	Solid	phase	antibody	Labeled	and	unlabeled	antigen	Count	Wash	Count	Specific	binding	+	(B)	Figure	10.6	Labeled	and	unlabeled	antigen	Wash	Specific	binding	(lower	radioactivity)	Principle	of	RIA.	Coombs	test	When	antibodies	bind	to	erythrocytes,	they	do	not	always	result	in
agglutination.	Si	Si	Si	Si	Anode	+	Si	Si	Si	Si	Si	Si	Si	Si	Si	Si	–	Electroosmotic	flow	Cathode	Mobile	layer	Fixed	layer	Si	Figure	2.11	Si	Si	Si	Si	Si	Si	Si	Si	Si	Si	Si	Si	Si	The	production	and	effects	of	electroosmosis.	3rd	ed.	The	fluorescence	intensity	of	the	stained	cells	at	certain	wavelengths	will	therefore	correlate	with	the	amount	of	DNA	they	contain.
One	of	the	important	applications	of	flow	cytometry	is	the	measurement	of	DNA	content	in	cells.	Agarose	gels	are	used	for	the	electrophoresis	of	both	proteins	and	nucleic	acids.	The	one	facing	the	object	is	called	the	objective	and	the	one	close	to	the	eye	is	called	the	eyepiece.	Chains	terminated	with	A	are,	therefore,	labeled	with	one	fluorophore,
chains	terminated	with	C	are	labeled	with	a	second	fluorophore,	and	so	on.	A	centrifuge	does	the	same	thing.	In	this	situation,	the	limit	of	resolution	for	a	glass	lens	in	air	is	roughly	300	nm.	Most	antigens,	however,	have	more	than	one	copy	of	the	same	epitope	and	are	termed	polyvalent.	Hence,	an	insoluble	antibody-antigen	complex	formation	occurs
within	a	narrow	concentration	range	known	as	the	zone	of	equivalence.	It	is	a	widely	used	method	for	isolation	of	proteins	and	other	biomolecules	from	cell	or	tissue	lysates	for	the	purpose	of	subsequent	detection	by	western	blotting	and	other	assay	techniques.	This	process	of	attenuation	is	called	absorption.	10.5	Immunoprecipitation
Immunoprecipitation	(IP)	is	the	small-scale	affinity	purification	of	antigens	using	a	specific	antibody.	A	representation	of	electromagnetic	radiation	with	the	electric	field	(E)	and	the	magnetic	field	(B)	at	right	angles	to	the	direction	of	the	wave	movement.	Dorsey	JG,	Foley	JP,	Cooper	WT,	Barford	RA	and	Barth	HG	(1990),	Liquid	chromatography:
theory	and	methodology.	The	mean	generation	time	of	cells	in	a	population	can	be	calculated	from	the	change	in	cell	number	with	incubation	time,	using	the	formula:	N	=	N0	×	2T/mgt	where,	N	is	the	final	cell	number,	N0	is	the	initial	cell	number,	T	is	the	elapsed	time	and	mgt	is	the	mean	generation	time.	The	CRISPR	immune	system	works	through
the	cooperation	of	many	diverse	Cas	proteins.	These	are	determined	by	the	ionizable	acidic	and	basic	side	chains	of	the	constituent	amino	acids	and	prosthetic	groups	of	the	protein.	4.	A	representation	of	electromagnetic	radiation	with	electric	field	(E)	and	the	magnetic	field	(B)	–	at	right	angle	to	the	direction	of	the	wave	–	is	depicted	in	the	figure
3.1.	The	electric	and	magnetic	fields	in	an	electromagnetic	wave	oscillate	along	directions	perpendicular	to	the	propagation	direction	of	the	wave.	Chromatin	immunoprecipitation	and	RNA	immunoprecipitation	Chromatin	immunoprecipitation	(ChIP)	assays	are	performed	to	identify	regions	of	the	genome	with	which	DNA-binding	proteins,	such	as
transcription	factors	and	histones,	associate.	Proteins	are	separated	according	to	the	size	in	acrylamide	gradient	gels.	70	This	page	intentionally	left	blank.	Charged	molecules	in	an	electric	field	move	or	migrate,	at	a	speed	determined	by	their	charge	to	mass	ratio.	Mature	crRNA	makes	ribonucleoprotein	complex	with	Csm	in	type	III-A	systems	and
Cmr	in	type	III-B	systems.	It	also	allows	us	to	use	very	small	size	particles	as	column	packing	material	which	gives	a	much	greater	surface	area	for	interactions	between	the	stationary	phase	and	the	molecules	flowing	past	it.	The	difference	between	the	absorption	(excitation)	and	emission	wavelengths	is	called	the	Stokes	shift.	The	distance	from	the
starting	well	to	the	front	of	the	rocket	shaped	arc	is	related	to	antigen	concentration.	Electrostatic	charging	actually	occurs	at	a	precise	moment	called	the	‘break-off	point’,	which	describes	the	instant	the	droplet	containing	Immunophenotyping	the	particle	of	interest	separates	from	the	stream.	Binding	a	large	number	of	dye	molecules	imposes	a	net
negative	charge	on	the	proteins	that	causes	even	basic	proteins	to	migrate	to	the	anode	at	pH	7.5	during	BN-PAGE.	It	permits	high	resolution	recording	of	the	ionic	currents	flowing	through	a	cell’s	plasma	membrane.	30	Electrophoresis	Chapter	3	Spectroscopy	Spectroscopy	is	the	study	of	the	interaction	between	electromagnetic	radiation	and
matter.	The	nuclear	spin	(l)	can	have	various	values	such	as	0,	1/2,	1,	3/2.	On	the	other	hand,	monoclonal	antibodies	(mAb)	are	monospecific	antibodies.	In	order	to	form	the	cell-attached	mode,	a	pipette	tip	is	placed	on	the	surface	of	the	cell,	forming	a	low	resistance	contact	(seal)	with	its	membrane.	Antibodies	that	aggregate	soluble	antigens	are
called	precipitins.	It	is	based	on	the	absorption	of	electromagnetic	radiation	in	the	radio-frequency	region.	The	whole-cell	configuration	also	allows	diffusional	exchange	between	the	pipette	and	the	cytoplasm,	producing	a	convenient	way	to	inject	substances	into	the	interior	of	a	‘patched’	cell.	The	mobile	phase	may	be	a	liquid	(liquid	chromatography)
or	a	gas	(gas	chromatography).	Berg	JM,	Tymoczko	JL	and	Stryer	L	(2007),	Biochemistry,	6th	ed.	Finally,	the	dot-blot	membrane	is	allowed	to	hybridize	with	a	labeled	probe.	b.	2.	5’	PG	T	C	G	G	A	A	T	T	C	C	G	G	A	T	G	A	C	3’	T	OH	C	C	G	G	A	T	G	A	C	3’	T	OH	G	G	A	T	G	A	C	3’	T	OH	Alkaline	phosphatase	5’	HO	G	T	C	G	G	A	A	T	T	ATP	Polynucleotide	kinase
ADP	5’	P	G	T	C	G	G	A	A	T	T	C	C	A.	The	topology	of	the	surface	is	converted	into	variations	in	the	thickness	of	the	shadow	and	finally	into	variations	in	electron	density	recorded	on	photographic	film.	Southern.	10.4	Monoclonal	antibodies	and	Hybridoma	technology	Antibodies	produced	ordinarily	by	infection	or	immunization	are	polyclonal	because
natural	antigens	have	multiple	epitopes,	each	of	which	generates	clones	of	lymphocytes.	The	PCR	reaction	is	preceded	by	a	reaction	using	reverse	transcriptase	to	convert	RNA	to	cDNA.	Cells	spend	most	of	time	in	the	G0/G1	phase.	The	mobile-phase	gas	in	GC	is	called	the	carrier	gas.	When	Taq	polymerase	elongates	the	second	complementary	strand
during	PCR,	its	5’	to	3’	exonuclease	activity	cuts	the	probe	into	single	nucleotides.	Ionization	process	A	sample	molecule	studied	by	mass	spectrometer	must	be	converted	to	gas	phase-charged	particles	by	the	ionization	process	before	they	can	be	analyzed	and	detected.	Exchange	reaction	Figure	12.14	5’-end	labeling.	Labeled	antigen	competes	with
unlabeled	antigen	for	a	limited	number	of	binding	sites	on	solid-phase	antibody.	The	immunoprecipitates	remaining	in	the	gel	can	be	then	directly	stained	or	identified	by	other	techniques	such	as	by	means	of	fluorescein,	enzyme,	or	radiolabeled	primary	or	secondary	antibodies.	Thus,	for	the	best	resolution,	specimen	is	illuminated	with	blue	light	of
450	nm.	A	dye	that	binds	to	total	DNA,	such	as	7-aminoactinomycin	D	(7-AAD),	is	often	used	in	conjunction	with	immunofluorescent	BrdU	staining.	This	represents	the	conditions	under	which	antigen-antibody	complexes	are	formed	that	are	sufficiently	large	to	be	precipitated.	A	signal	processing	system,	which	converts	the	signal	into	a	workable	form.
In	this	technique,	an	RNA	extract	is	electrophoresed	in	an	agarose	gel,	using	a	denaturing	buffer	to	ensure	that	the	RNAs	do	not	form	inter	or	intra	molecular	base	pairs.	Pyrosequencing	method	The	pyrosequencing	method	was	developed	by	Mostafa	Ronaghi	and	Pal	Nyrén	at	the	Royal	Institute	of	Technology	in	Stockholm	in	1996.	The	size	of	CRISPR
repeats	and	spacers	varies	between	23	to	47	bp	and	21	to	72	bp,	respectively.	However,	the	way	in	which	radiation	is	employed	in	infrared	and	Raman	spectroscopies	is	different.	The	bait	protein,	for	example,	protein	X,	can	be	captured	by	its	specific	antibody	stabilized	to	agarose	beads.	This	technology	allows	very	high	spot	densities.	Cells	in	G2	and
M	phases	0	1	2	Relative	amount	of	DNA	per	cell	Figure	7.12	Relationship	between	the	cell	cycle	and	the	DNA	histogram.	When	a	molecule	absorbs	infrared	radiation,	on	the	other	hand,	one	of	its	chemical	bonds	experiences	a	change	in	vibrational	energy.	Using	radioisotopelabeled	nucleic	acids,	the	assay	is	highly	sensitive,	allowing	assays	to	be
performed	with	small	protein	and	nucleic	acid	concentrations	and	small	sample	volumes.	During	elution	least	polar	analyte	(solute)	is	eluted	first	and	the	most	polar	last.	The	first	step	in	this	approach	includes	library	construction	which	involves	DNA	fragmentation	and	adapter	ligation.	Types	of	DNA	microarrays	DNA	microarrays	can	be	classified
into	two	broad	categories	depending	on	whether	they	are	manufactured	using	presynthesized	DNA	sequences	or	in	situ	synthesis	methods.	3.1	Electromagnetic	radiation	Electromagnetic	radiation	is	a	form	of	energy	and	has	both	electrical	and	magnetic	characteristics.	Proteins	carry	positive,	negative	or	zero	net	electrical	charge,	depending	on	the
pH	of	their	surroundings.	Three	CRISPR/Cas	systems	(type	I,	type	II	and	type	III)	use	distinct	molecular	mechanisms	to	achieve	nucleic	acid	recognition	and	cleavage.	Relative	centrifugal	field	Particles	suspended	in	a	fluid	move,	under	the	influence	of	gravity,	towards	the	bottom	of	a	vessel	at	a	rate	that	depends,	in	general,	on	their	size	and	density.
All	chromatographic	methods	involve	passing	a	mobile	phase	through	a	stationary	(immobile)	phase.	Since	completion	of	the	first	human	genome	sequence,	demand	for	cheaper	and	faster	sequencing	methods	has	increased	greatly.	The	absence	of	the	PAM	sequence	at	the	CRISPR	locus	in	the	host	genome	protects	it	from	self-cleavage.	Proteins	are
positively	charged	in	solutions	at	pH	values	below	their	pI	and	negatively	charged	above	their	isoelectric	points.	Since	the	internal	volume	of	the	recording	pipette	is	much	larger	than	that	of	the	cell,	the	pipette	solution	will	completely	substitute	the	intracellular	solution.	Variant	of	IP	DNA	Protein	Co-IP	Figure	10.17	RNA	Protein	Protein	Protein	ChIP
RIP	There	are	different	types	of	immunoprecipitation.	Similar	to	this,	a	bacterium,	when	attacked	by	bacteriophage,	is	not	aware	of	any	defence	mechanism.	First,	the	DNA	is	cut	with	a	restriction	enzyme	that	does	not	cut	within	the	region	of	known	sequence.	Finally,	crRNA-directed	cleavage	of	invading	DNA	occurs	by	Cas	proteins	at	protospacer,	a
site	complementary	to	the	crRNA	spacer	sequence.	Polynucleotide	kinase	first	transfers	the	phosphate	from	the	nucleic	acid	onto	an	ADP,	forming	ATP	and	leaving	a	dephosphorylated	target.	Fluorescent	dideoxynucleotides	are	the	basis	of	automated	sequencing.	compact	particle	is	smaller	than	that	of	an	extended	particle	of	the	same	mass.	The
change	in	the	energy	of	the	scattered	photon	corresponds	exactly	to	the	photon	energy.	After	the	hybridization,	reaction	has	been	carried	out,	the	membrane	is	then	washed	extensively	to	remove	non-specifically	bound	probe.	These	separations	are	facilitated	by	the	use	of	high	voltages,	which	may	generate	an	electroosmotic	and	electrophoretic	flow
of	buffer	solutions	and	ionic	species,	respectively,	within	the	capillary.	An	instrument	used	to	make	the	small	things	visible	to	the	naked	(unaided)	eye	is	called	a	microscope.	When	the	basic	groups	outnumber	the	acidic	groups	in	a	protein,	the	pI	will	be	high	with	the	protein	classified	as	basic.	The	capillary	surface	in	contact	with	a	buffer	solution	is
electrically	charged.	Whenever	wave	phenomena	occur	in	nature,	interaction	between	waves	can	occur.	Primer	extension	analysis	has	two	main	applications.	Eluent	An	eluent	is	a	solvent	used	to	carry	the	components	of	a	mixture	through	a	stationary	phase.	Desorption	ionization	In	desorption	ionization,	the	sample	to	be	analyzed	is	dissolved	in	a
matrix	and	placed	in	the	path	of	high	energy	beam	of	ions	or	high	intensity	photons.	This	textbook	has	the	primary	goal	to	teach	students	about	theoretical	principles	and	applications	of	the	key	biophysical	and	molecular	methods	used	in	biochemistry	and	molecular	biology.	Slight	suction	applied	to	the	upper	end	of	the	pipette	results	in	formation	of	a
tight	seal.	Brightness	contrast	arises	from	different	degrees	of	absorption	at	different	points	in	the	specimen.	A	degenerate	primer	is	a	mixture	of	primers,	all	of	similar	sequence	but	with	variations	at	one	or	more	positions.	Protons,	electrons	and	neutrons	possess	a	property	called	spin.	If	the	internal	order	of	the	crystal	is	poor,	then	the	X-rays	will
not	be	diffracted	to	high	angles	or	high	resolution	and	the	data	will	not	yield	a	detailed	structure.	In	the	mixture	with	the	protein,	a	proportion	of	the	DNA	molecules	(but	not	all	of	them	at	the	concentrations	used)	binds	the	DNA	molecule.	Blotting	Blotting	describes	the	immobilization	of	sample	nucleic	acids/proteins	onto	a	solid	support.	The
antibodies	have	not	been	attached	to	a	solid	support	yet.	Over	the	past	few	decades,	the	spectacular	progress	in	this	field	has	occurred	due	to	the	conceptual	synthesis	of	ideas	from	biology,	physics,	chemistry,	mathematics,	statistics	and	computer	science.	The	TaqMan	probe	has	three	elements:	a	short-wavelength	fluorophore	on	one	end,	a	sequence
that	is	specific	for	the	target	DNA,	and	a	quencher	at	the	other	end.	Elution	It	is	a	process	in	which	solutes	are	washed	through	a	stationary	phase	by	the	movement	of	a	mobile	phase.	In	this	system,	air	is	replaced	by	transparent	oil	(termed	immersion	oil)	of	high	refractive	index	(very	similar	to	refractive	index	of	glass).	There	are	several	variants	of
immunoelectrophoresis	like	classical	immunoelectrophoresis,	crossed	immunoelectrophoresis,	rocket	immunoelectrophoresis	and	immunofixation	electrophoresis.	An	array	is	an	orderly	arrangement	of	samples.	ing	on	their	size	and	shape.	In	this	case,	most	polar	solutes	elute	first	and	least	polar	elute	last.	Chain	termination	method	Chain	termination
method	relies	on	the	use	of	dideoxyribonucleoside	triphosphates	(ddNTP),	derivatives	of	the	normal	deoxyribonucleoside	triphosphates	that	lack	the	3’	hydroxyl	group.	If	the	air	were	not	removed,	electrons	would	be	prematurely	scattered	by	collision	with	air	molecules.	I	am	particularly	grateful	to	Ajay	Kumar	for	his	enthusiastic	editing	of	the
complete	manuscript.	The	most	commonly	used	type	of	electron	microscope	is	called	the	transmission	electron	microscope	(TEM),	because	it	forms	an	image	from	electrons	that	are	transmitted	through	the	specimen	being	examined.	Although	the	chapters	of	this	book	can	be	read	independently	of	one	another,	they	are	arranged	in	a	logical	sequence.
The	tip	will	feel	a	chemical	attraction	or	repulsion	and	will	move	up	or	down	on	its	supporting	cantilever.	Addition	of	probe	Bacterial	colonies	are	transferred	from	the	surface	of	an	agar	culture	plate	onto	nylon	membrane.	These	sequences	are	used	as	recognition	elements	and	by	adding	new	spacers	new	matching	viral	or	plasmid	genomes	are
recognized	and	destroyed.	Next-generation	sequencing	refers	to	non-Sanger-based	high-throughput	DNA	sequencing	technologies.	Air	is	pumped	out	of	the	column,	producing	a	vacuum	through	which	the	electrons	travel.	GeneChips	are	produced	in	a	unique	photolithographic	process	in	combination	with	chemical	reactions	developed	for
combinatorial	chemistry.	The	full	set	of	aligned	reads	reveals	the	entire	sequence	of	each	chromosome	in	the	gDNA	sample.	Since	the	refractive	index	of	immersion	oil	is	about	1.5,	the	maximum	numerical	aperture	for	an	oil	immersion	lens	is	about	1.5	×	0.94	=	1.4.	Thus,	the	limit	of	resolution	for	a	microscope	that	uses	visible	light	is	roughly	300	nm
in	air	and	200	nm	with	an	oil	immersion	lens.	In	paper	chromatography,	the	end	of	the	paper	is	dipped	into	a	solvent	mixture	consisting	of	aqueous	and	organic	components.	Bioreceptor	may	be	an	enzyme,	an	antibody	or	similar	binding	molecule,	a	living	cell	or	organelles.	Copyright	©	2018	by	Pathfinder	Publication,	all	rights	reserved.	Then	enzyme
performs	a	forward	reaction	and	transfers	a	labeled	gamma	phosphate	from	ATP	onto	the	target	DNA.	The	binding	between	antigens	(Ag)	and	antibodies	(Ab)	involve	weak	and	reversible	non-covalent	interactions	consist	mainly	of	van	der	Waals	forces,	electrostatic	forces,	H-bonding	and	hydrophobic	forces.	The	probe	will	form	a	band	on	the	film	at	a
position	corresponding	to	the	complementary	sequence	on	the	membrane.	Centrifugation	utilizes	centrifugal	forces	which	are	greater	than	the	Earth’s	gravitational	force	to	increase	the	sedimentation	rate	of	particles.	J	Immunol	Methods	243:77-97.	The	DNA	synthesis	reaction	is	randomly	terminated	whenever	a	ddNTP	is	added	to	the	growing
oligonucleotide	chain,	resulting	in	truncated	products	of	varying	lengths	with	an	appropriate	ddNTP	at	their	3’-terminus.	By	using	two	crRNAs,	larger	deletions	can	be	generated,	and	if	sites	on	two	different	chromosomes	are	targeted,	NHEJ	can	result	in	chromosomal	translocations	and	inversion.	The	interior	wall	of	this	fused-silica	gel	capillary	has
silanol	groups	at	its	surface,	which	can	act	as	weak	acids	and	form	a	conjugate	base	with	a	negative	charge.	Coimmunoprecipitation	is	most	commonly	used	to	test	whether	two	proteins	of	interest	are	associated	in	vivo.	It	differs	from	IR	spectroscopy	in	that	information	is	derived	from	light	scattering	whereas	in	IR	spectroscopy	information	is
obtained	from	an	absorption	process.	Chang	R	(2005),	Physical	Chemistry	for	the	Biosciences,	University	Science	Books.	126	Donor	excitation	Donor	emission	Donor	excitation	Cyan	Violet	Donor	(CFP)	CFP	Yellow	Acceptor	(YFP)	A	B	r>10	nm	Acceptor	emission	Violet	YFP	FRET	CFP	A	B	YFP	r3bp	in	length	should	not	be	present.	An	objective	lens
specially	designed	to	be	used	in	this	way	is	termed	as	an	oil	immersion	objective.	Once	annealed,	they	serve	as	primers	for	DNA	synthesis	by	DNA	polymerases.	In	FRET,	a	donor	fluorophore	is	excited	by	incident	light,	and	if	an	acceptor	is	in	close	proximity,	the	excitedstate	energy	from	the	donor	can	be	transferred.	High-density	microarrays	may
have	up	to	106	spots	in	a	1–2	cm2	area.	Solid	matrix	strongly	absorbs	the	laser	radiation	and	acts	as	a	receptacle	for	energy	deposition.	Direct	nonisotopic	labeling,	where	a	nucleotide	which	contains	the	label	that	will	be	detected	is	incorporated.	The	energy	of	the	scattered	radiation	is	less	than	the	incident	radiation	for	the	Stokes	line	and	the
energy	of	the	scattered	radiation	is	more	than	the	incident	radiation	for	the	anti-Stokes	line.	3.5	Nuclear	magnetic	resonance	Nuclear	magnetic	resonance	(NMR)	is	a	spectroscopic	technique	that	involves	change	in	nuclear	spin	energy	in	the	presence	of	external	magnetic	field.	•	Less	time	taken	to	detect	the	signal.	This	centrifugation	process	is	used
mainly	for	the	separation	of	sub-cellular	components.	The	four	main	advantages	of	nextgeneration	sequencing	over	classical	Sanger	sequencing	are:	•	speed	•	cost	•	sample	size	•	accuracy	used	DNA	sequencing	technique	to	date.	Fourth,	analysis	of	the	extended	cDNA	products	on	denaturing	polyacrylamide	gels	and	autoradiography.	The	process	is
nonradiative	(not	mediated	by	a	photon)	and	is	achieved	through	dipoledipole	interactions.	Upon	washing,	unbound	antibodies	and	other	proteins	are	removed	from	the	gel,	leaving	only	the	immunoprecipitates	which	are	too	large	and	insoluble	to	be	washed	out	from	the	pores.	After	washing	away	the	contaminants,	the	coupled	ligand	must	retain	its
specific	binding	affinity	for	the	molecules	of	interest.	The	figure	highlights	modifications	in	the	biosensor	layout	with	each	generation	using	glucose	sensors	as	an	example.	The	target	proteins	are	immunoprecipitated	along	with	the	crosslinked	nucleotide	sequences,	and	DNA	is	then	removed	and	identified	by	PCR,	sequenced,	applied	to	microarrays
or	analyzed	in	some	other	way.	Radiations	in	the	infrared	region	of	the	spectrum	have	much	less	energy	than	radiations	in	the	visible	or	UV	regions	of	the	electromagnetic	spectrum.	The	resulting	duplexes	are	cleaved	in	the	repeat	sequences	by	RNase	III	in	a	Cas9-dependent	reaction.	44	Spectroscopy	Element	1H	1	2H	1	12	C	6	13	C	6	Spin	quantum
number	1	1	0	Number	of	spin	states	2	3	0	⁄2	14	N	7	16	O	8	17	O	8	1	1	0	5	1	2	3	0	6	2	⁄2	Due	to	spin,	nuclei	of	certain	isotopes	of	some	elements	(1H,	⁄2	13C,	19F)	19	F	9	⁄2	behave	like	minute	magnets.	s20,w	=	sexp	1	-	vr20,w	hexp	1	-	vrexp	h20,w	where,	s20,w	is	the	sedimentation	coefficient	of	the	molecule	in	pure	water	at	20°C,	sexp	is	the
experimentally	measured	sedimentation	coefficient	of	the	molecule,	ηexp	is	the	viscosity	of	the	solvent	at	the	experimental	temperature	T	(°C),	η20,w	is	the	viscosity	of	water	at	20°C,	ρ20,w	is	the	density	of	water	at	20°C,	Relative	centrifugal	fields	are	used	because	different	centrifuge	rotors	have	different	geometries	and	the	appropriate	rpm	with
one	rotor	may	not	be	correct	if	a	different	rotor	is	used.	This	allows	one	to	determine	the	transcription	initiation	site.	NHEJ	often	leads	to	insertions	or	deletions	of	nucleotides	(termed	indels)	at	the	site	of	repair.	(B)	More	unlabeled	antigen	is	present,	and	the	radioactivity	of	the	solid	phase	is	reduced	in	proportion	to	the	amount	of	unlabeled	antigen
bound.	In	GLC,	the	analyte	is	partitioned	between	a	gaseous	mobile	phase	and	a	liquid	phase	immobilized	on	the	surface	of	an	inert	solid	packing	or	on	the	walls	of	a	capillary	tube.	Because	primers	are	present	at	high	concentration	in	PCR,	even	small	complementarity	between	them	lead	to	hybrid	formation.	The	light	microscope	creates	a	magnified
image	of	specimen	which	is	based	on	the	principles	of	transmission,	absorption,	diffraction	and	refraction	of	light	waves.	A	matrix	is	used	to	protect	the	analytes	from	being	destroyed	by	direct	laser	beam.	From	the	angles	and	intensities	of	these	diffracted	beams,	a	three-dimensional	picture	of	the	density	of	electrons	within	the	crystal	can	be	derived.
Amount	of	PI	fluorescent	intensity	is	correlated	to	the	amount	of	DNA	within	each	cell.	Actually,	some	of	these	modes	appear	to	cause	separation	in	combination.	However,	it	is	also	possible	for	the	photon	to	interact	with	the	molecule	and	scatter	from	it.	The	International	Union	of	Pure	and	Applied	Chemistry	(IUPAC)	has	defined	chromatography	as:
A	method,	used	primarily	for	separation	of	the	components	of	a	sample,	in	which	the	components	are	distributed	between	two	phases,	one	of	which	is	stationary	while	the	other	moves.	If	the	areas	of	inter-	est	lie	outside	the	known	region,	inverse	PCR	can	be	used	to	amplify	the	flanking	region.	PCR	amplification	gives	linear	products.	Next-generation
sequencing	technologies	Nucleic	acid	sequencing	is	a	method	for	determining	the	exact	order	of	nucleotides	present	in	a	given	DNA	or	RNA	molecule.	Light	Refractive	index	The	refractive	index	of	a	medium	measures	the	extent	of	interaction	between	electromagnetic	radiation	and	the	medium	through	which	it	passes.	Garfin	DE	(2003),	Two-
Dimensional	Gel	Electrophoresis:	An	Overview.	In	this	method,	the	separation	occurs	due	to	the	differential	sedimentation	rates	of	the	sub-cellular	organelles	because	of	the	differences	in	their	sizes	and	densities.	The	stronger	the	applied	magnetic	field,	the	greater	the	energy	difference	between	the	possible	spin	states.	The	protection	footprinting
consists	of	identifying	the	sites	of	protection	from	–	cleavage	of	phosphodiester	bonds	or	modification	of	nucleotide	–	of	the	DNA	by	its	interaction	with	the	protein,	whereas	the	interference	footprinting	identifies	the	DNA	sites	essential	to	the	interaction	by	the	fact	that	their	modification	inhibits	protein	binding.	Light	has	certain	properties	that	is	best
described	by	considering	wave	nature.	When	the	antigen	is	an	erythrocyte,	the	term	hemagglutination	is	used.	In	reversed	phase,	the	stationary	phase	is	non-polar,	and	the	mobile	phase	is	polar.	GSC	is	based	on	a	solid	stationary	phase	in	which	retention	of	analytes	occurs	because	of	physical	Gas-liquid	chromatography	is	a	direct	extension	of	liquid-
liquid	partition	chromatography,	since	the	vapour	in	the	carrier	gas	is	exactly	analogous	to	the	solute	in	the	mobile	liquid	phase.	But	I	have	covered	selected	topics	that	provide	the	basic	principles	for	understanding	the	structure	and	functional	relationships	of	molecular	biology.	The	methodologies	for	DNA	sequencing	are	as	follows:	Chain
termination	method	The	enzymatic	chain	termination	method	(also	dideoxy	method)	was	developed	by	Frederick	Sanger	and	coworkers	in	year	1977.	The	PAM	is	a	short	sequence	motif	located	adjacent	to	the	protospacer	on	the	invading	DNA.	If	the	number	of	acidic	groups	in	a	protein	exceeds	the	number	of	basic	groups,	the	pI	of	that	protein	will	be
at	a	low	pH	value	and	the	protein	is	classified	as	being	acidic.	It	measures	the	ability	of	a	protein	to	protect	a	Molecular	Biology	Techniques	169	This	page	intentionally	left	blank.	All	antibodies	can	theoretically	agglutinate	particulate	antigens;	but	IgM,	due	to	its	high	valence,	is	a	particularly	Zeta	potential	The	surfaces	of	certain	particulate	antigens
may	possess	an	electrical	charge,	as,	for	example,	the	net	negative	charge	on	the	surface	of	red	blood	cells	caused	by	the	presence	of	sialic	acid.	that	antibodies	of	one	species	(e.g.	human)	are	immunogenic	when	injected	into	another	species	(e.g.	rabbit)	and	lead	to	the	production	of	antibodies	against	the	antibodies,	and	2.	The	target	protein	is
specifically	immunoprecipitated	from	the	cell	extracts,	and	the	immunoprecipitates	are	fractionated	by	SDS-PAGE.	In	this	method,	the	sequence	of	a	dsDNA	molecule	is	determined	by	treatment	with	chemicals	that	cut	the	molecule	at	specific	nucleotide	positions.	The	parameters	used	to	describe	a	HPLC	column	refer	to	the	nature,	type	and	size	of	its
packing	material	and	the	dimensions	of	the	column	used.	These	rabbit	antibodies	not	only	bind	with	the	human	antibodies	that	are	bound	to	the	erythrocyte	but	also,	by	doing	so,	form	cross-links.	Carrier	gas	must	be	dry,	free	of	oxygen	and	chemically	inert.	In	each	lane,	the	bands	represent	fragments	that	have	terminated	at	a	given	nucleotide,	but	at
different	positions	in	the	DNA.	158	Molecular	Biology	Techniques	Weight	Figure	12.19	Blotting	Glass	plate	apparatus.	Because	the	light	travels	through	the	specimen,	this	instrument	can	also	be	called	a	transmission	light	microscope.	You're	Reading	a	Free	Preview	Pages	17	to	21	are	not	shown	in	this	preview.	To	determine	the	complete	sequence	of
a	DNA	fragment,	the	double-stranded	DNA	is	first	separated	into	its	single	strands	and	one	of	the	strands	is	used	as	the	template	for	sequencing.	Cell	cycle	study	G2	phase	In	addition	to	surface	immunophenotyping	and	cytoplasmic	characterization,	flow	cytometry	M	phase	is	also	used	in	cell	cycle	analysis.	Microarray	technology	evolved	from
Southern	blotting,	whereby	fragmented	DNA	is	attached	to	a	substrate	and	then	probed	with	a	known	gene	or	fragment.	Studying	which	genes	are	active	and	which	are	inactive	in	different	cell	types	helps	scientists	to	understand	both	how	these	cells	function	normally	and	how	they	are	affected	when	various	genes	do	not	perform	properly.
Chromatography	represents	a	separation	technique;	whereas	a	chromatograph	is	a	system	for	performing	chromatography.	About	the	cover:	Visualizing	intermediate	filaments	and	the	Golgi	complex	in	bovine	pulmonary	artery	endothelial	cells	with	immunofluorescence.	Further	based	on	the	physical	nature	of	stationary	phase,	there	are	two
subgroups	of	gas	chromatography	–	gas–solid	chromatography	and	gas–liquid	chromatography.	The	valence	determines	the	number	of	antibody	molecules	that	can	combine	with	the	antigen	at	one	time.	Chapter	5	Centrifugation	Centrifugation	is	a	process	used	to	separate	or	concentrate	materials	suspended	in	a	liquid	medium.	Table	12.2	Properties
of	materials	used	for	blotting	of	nucleic	acids:	Materials	Binding	capability	Nitrocellulose	ssDNA,	RNA	Nylon	(Neutral)	ssDNA,	dsDNA,	RNA	Positively	charged	nylon	ssDNA,	dsDNA,	RNA	Activated	papers	(DBM	and	DPT)	ssDNA,	RNA	DBM–diazobenzyloxymethyl,	DPT–Diazophenylthioether	Molecular	Biology	Techniques	159	Dot	blot	assay	In	a	dot
blot	assay,	a	specified	volume	of	nucleic	acid	mixture	is	spotted	onto	a	small	area	of	a	nylon	membrane.	Individual	proteins	must	stop	almost	completely	when	they	approach	their	size-dependent	specific	pore-size	limit.	Hence,	a	small	Cas	protein	picks	the	part	of	DNA	of	phage	and	bring	it	close	to	the	CRISPR	loci,	where	it	is	integrated	into	the
CRISPR	site.	Absorption	occurs	where	the	frequency	of	the	incident	radiation	matches	that	of	a	vibration;	so	that	the	molecule	is	promoted	to	a	vibrational	excited	state.	The	individual	DNA	fragments	become	immobilized	on	the	membrane	at	positions	which	are	a	faithful	record	of	the	size	separation	achieved	by	gel	electrophoresis.	Air	and	glass,	for
example,	have	refractive	indices	of	1.00	and	1.51,	respectively.	NHEJ	is	a	process	by	which	the	cell	can	repair	stand	breaks	without	the	need	for	a	homologous	template.	This	technique	requires	an	antibody	against	the	test	protein.	Molecular	Biology	Techniques	135	This	page	intentionally	left	blank.	Unfused	lymphocytes	die	after	a	short	period	of
culture,	which	results	in	a	pure	preparation	of	hybridomas.	The	antibodies	are	immobilized	on	solid	phase	substrate	such	as	microscopic	agarose	and	superparamagnetic	microbeads.	ρexp	is	the	density	of	the	solvent	at	given	temperature	T	(°C)	and	ν	is	the	partial	specific	volume	of	the	molecule.	After	electrophoresis,	the	gel	is	blotted	onto	a	reactive
DBM	(diazobenzyloxymethyl)	paper,	and	hybridized	with	a	labeled	probe.	When	the	pipette	is	in	closest	proximity	to	the	cell	membrane,	mild	suction	is	applied	to	gain	a	tight	seal	between	the	pipette	and	the	membrane.	I	hope	that	this	text	book	will	prove	useful	both	to	teachers	and	students.	A	crRNA	(CRISPR	RNA)	is	synthesized	from	that	loci
which	along	with	other	proteins	then	recognize	the	complementary	sequence	present	in	the	invading	DNA	of	phage	and	degrade	it.	Emission	spectroscopy	Atoms	or	molecules	that	are	excited	to	high	energy	levels	can	decay	to	lower	levels	by	emitting	radiation.	A	pair	of	molecules	that	interact	in	such	a	manner	that	FRET	occurs	is	often	referred	to	as
a	donor-acceptor	pair.	The	antigens	share	no	common	epitopes.	The	antibodies	produced	by	the	hybridoma	are	all	of	a	single	specificity	and	are	therefore	monoclonal	antibodies.	12.14	CRISPR/Cas	systems	CRISPR/Cas	systems	are	highly	diverse	adaptive	microbial	immune	systems	used	by	most	archaea	(~90%)	and	many	eubacteria	(~40%)	to	protect
themselves	from	invading	viruses	and	plasmids.	According	to	the	laws	of	electrostatics,	an	ion	with	charge	‘Q’	in	an	electric	field	of	strength	‘E’	will	experience	an	electric	force,	Felectrical	Felectrical	=	Q.E	The	resulting	migration	of	the	charged	molecule	through	the	solution	is	opposed	by	a	frictional	force	Ffrictional	=	V.f	where,	V	is	the	rate	of
migration	of	charged	molecule	and	f	is	its	frictional	coefficient.	Pads	Gel	Filter	paper	Cathode	Anode	Support	Transfer	grid	membrane	Figure	2.8	Schematic	diagram	showing	the	position	of	the	gel,	transfer	membrane	and	direction	of	protein	in	relation	to	the	electrode	position.	Since	this	labeled	nucleic	acid	is	used	to	detect	and	locate	the
complementary	sequence,	it	is	called	the	probe.	This	provides	signal	amplification	by	increasing	the	number	of	fluorophore	molecules	per	antigen.	The	frictional	coefficient	of	a	force	is	smaller	for	a	dense	particle.	A	good	way	to	understand	X-ray	diffraction	is	to	draw	an	analogy	with	visible	light.	Immunotechniques	123	This	page	intentionally	left
blank.	Nucleic	acid	binds	covalently	with	nylon	membrane	after	UV	irradiation	for	5	minutes.	will	coincide	with	the	5’-end	of	the	mRNA.	Figure	6.12	When	a	small	tip	approaches	a	surface,	van	der	Waals	interaction	Sharp	AFM	tip	Sample	it	experiences	the	van	der	Waals	force	which	is	attractive	at	a	distance	of	a	few	Å,	but	repulsive	at	very	short
distances.	•	Elution	of	the	molecules	of	interest	in	a	purified	form.	Measurement	of	the	total	amount	of	radiation	will	give	information	about	the	number	of	absorbing	or	emitting	atoms	or	molecules	and	is	called	quantitative	spectroscopy.	After	fusion	of	lymphocytes	with	HGPRT-negative	myeloma	cells,	aminopterin-containing	medium,	supplemented
with	hypoxanthine	and	thymidine	to	ensure	an	adequate	supply	of	substrates	for	the	salvage	pathway	(HAT	medium)	is	added,	which	kills	myeloma	cells	but	allows	hybridomas	to	survive	as	they	inherit	HGPRT	from	the	lymphocyte	parent.	We	now	know	that	you	learn	a	subject	even	better	when	you	write	about	it.	Within	a	cell,	double-stranded	breaks
in	DNA	can	be	repaired	by	nonhomologous	end	joining	(NHEJ)	or	homologydirected	repair	(HDR).	The	refractive	index	of	air	is	about	1.0,	so	for	a	lens	designed	for	use	in	air,	the	maximum	numerical	aperture	is	about	0.94.	A	study	of	the	radiation	absorbed	or	emitted	by	an	atom	or	a	molecule	will	give	information	about	its	identity	and	this	technique
is	known	as	qualitative	spectroscopy.	The	cluster	strands	are	extended	by	one	nucleotide.	Ankur	Roy	(Associate	Research	Scientist,	Columbia	University	Medical	Center,	United	States)	Anup	K.	If	centrifugation	is	used	for	separation	of	one	type	of	material	from	others;	it	is	termed	as	preparative	centrifugation;	whereas	if	it	is	used	for	measurement	of
physical	properties	of	macromolecules	then	termed	as	analytical	centrifugation.	In	case	of	nylon	membrane	either	it	is	baking	for	1	hour	at	70°C	or	UV	irradiation	at	254	nm.	If	the	introduced	dNTP	is	not	complementary	there	is	no	incorporation	and	no	biochemical	reaction.	However,	when	X-rays	interact	with	a	solid	material,	the	scattered	beams
can	add	together	in	a	few	directions	and	reinforce	each	other	to	yield	diffraction.	Scan	length	Microscopy	81	6.6	Freeze-fracture	electron	microscopy	Freeze-fracture	electron	microscopy	technique	is	used	to	visualize	the	features	of	cell	membranes.	This	value	represents	the	total	count,	and	represents	a	situation	when	all	of	the	antibody	binding	sites
are	occupied	by	the	radiolabeled	antigen.	The	precrRNA	is	then	processed	into	mature	crRNAs,	each	containing	a	transcribed	spacer	sequence	joined	to	the	partial	repeat	sequence.	In	all	forms	of	chromatography,	a	measure	of	column	efficiency	is	resolution.	Phage	display	involved	the	use	of	filamentous	phages	such	as	fd,	f1,	M13,	where	the	foreign
gene	was	incorporated	into	a	gene	specifying	a	minor	coat	protein.	In	whole-cell	measurements,	the	researcher	can	choose	between	two	configurations:	the	voltageclamp	mode	in	which	the	voltage	is	kept	constant	and	current	is	recorded,	or	the	currentclamp	mode	in	which	the	current	is	kept	constant	and	changes	in	the	membrane	potential	can	be
observed.	Yalow	and	Solomon	A.	Because	neither	activity	is	desirable	for	sequencing,	variants	of	the	polymerases	should	be	used	that	lack	these	activities	(e.g.	thermal	sequenase).	Any	atomic	nucleus	that	possesses	either	odd	mass	number,	odd	atomic	number	or	both	has	a	spin	value.
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