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TOPIC	1:	DNA	Preparation



10-100µm

Genoma humano:
3,289,000,000 nucelotidi

LA	CELLULA	EUCARIOTE

• Dimensioni: circa dieci volte piu’ grandi delle cellule procariotiche (10-100 μm)

• La membrana plasmatica racchiude il materiale cellulare, lo separa dall’ambiente e regola il passaggio di sostanze cellula/esterno

• Compartimentazione interna: all’interno della membrana si trova il citoplasma, l’insieme del contenuto cellulare, comprendente 
il citosol (soluzione acquosa di piccole e grandi molecole) ed una serie di organuli, compartimenti funzionalmente specializzati 
delimitati da membrana o comunque strutturalmente separati (Apparato di Goghi; Mitocondrio; Reticilo endoplasmatico)

DNADNA

RNA
RNA

RNA



Nucleosome:
8	histone	proteins
2	giri di DNA	(146	nt)	

La	cromatinaè la	forma
in	cui	gli acidi nucleici si
trovano nella cellula.
Funzione:
- impacchettamento del	DNA
-rafforzare il DNA	per	permettere
la	mitosi
- preveniredanni al	DNA
-controllare la	replicazionedel	DNA	
e	l'espressione(attivita)	del	gene
Interazione DNA	- proteine:	forte

1.	DNA	GENOMICA	+	PROTEINE	ASSOCIATE	=	Cromatina
EUCARIOTI



DNA	mitocondriale		dell’uomo:
- 1000	– 2000	mitocondri	per	cell
- 16569	paia	di	basi	e	37	geni	(codificano	per	13	polipeptidi	sintetizzati	dal	ribosoma	mitocondriale)
- 22	tRNA e	2	rRNA),	coinvolti	nella	produzione	di	proteine	necessarie	alla	respirazione	cellulare.
- La	presenza	di	mitocondri	dà	un	vantaggio	energetico	alle	cellule	eucariote	da	3	a	4	ordini	di	grandezza	in	
più

2.	DNA	MITOCONDRIALE
EUCARIOTI



Le	cellule	procariotiche (da	pro,	prima	e	
karyon,	nucleo)	sono	prive	di	un	nucleo
racchiuso	da	una	membrana.

Gli	organismi	unicellulari	costituiti	da	
cellule	procariotiche,	i	procarioti,	 sono	
classificati	in	due	domini:

•Archaea (archei);
•Bacteria (batteri).

PROCARIOTI



Il	materiale	genetico,	il	DNA,	e’	 		organizzato	in	un	singolo	cromosoma	circolare
localizzato	nell’area	nucleare	o	nucleoide.

DNA	genomico

Ribosomes =	RNA

PROCARIOTI
1.	DNA	GENOMICO	PROCARIOTI

Microscopia	elettronica



PROCARIOTI
2.	DNA	EXTRACROMOSOMICO	=	PLASMIDI	NAURALI

I	plasmidi	hanno	origine	di	replicazione	e	possono	essere	presenti	in	molte	copie	in	un	batterio.	

Plasmidi	modificati servono	in	laboratorio	come	veicoli,	chiamati	anche	vettori,	per	amplificare	le	
molecole	di	DNA	(in	batteri)	per	scopi	di	ricerca	e	biotecnologici	=	DNA	ricombinante

In	aggiunta	al	DNA	principale	i	batteri	possono	contenere	piccole	
molecole	di	DNA	circolare,	dette	plasmidi,	che	codificano	per	
enzimi	catabolici,	per	la	resistenza	ad	antibiotici	o	legati	a	

meccanismi	per	lo	scambio	di	materiale	genetico	tra	organismi.
Replicazione	autonomo,	numero	di	copie	è	controllato



DNA	RICOMBINANTE

DNA	ricombinante si	riferisce	 a	molecole	di	DNA	create	artificialmente	combinando	
materiale	genetico	proveniente	da	fonti	diverse.	Questo	processo	viene	solitamente	

effettuato	 in	laboratorio	tramite	tecniche	come	la	clonazione	molecolare.

Un	tecnica	che	permette	di	

- ottenere	brevi	segmenti	di	DNA	clonati	in	plasmidi,	amplificali	in	batteri	e	di	studiarne	la	
sequenza	nucleotidica

- di	introdurre	mutazioni	nel		DNA	e	di	studiarne	gli	effetti	in	cellule

- sintesi	artificiale	di	nuovi	geni

- studiare	la	funzione	di	una	proteina/gene

- di	trasferire	segmenti	di	DNA	nel	genoma	di	altre	cellule

- creazione	di	vettori	per	la	produzione	di	proteine	ricombianti (ricerca,	medicina,	
biotecnologie)

Molecular Cloning

DNA	#1
DNA	#2



Use	plasmids to	clone	a	DNA	sequence of	interest

Plasmids a	vehicles to	stabilize and	amplify a	DNA	sequence of	interest in	bacteria
(plasmid +	additional DNA	sequene =	recombiant DNA)

Amplify the	recombinant DNA	in	bacteriausing the	bacteria’s high	fidelity	
DNA	polimerase

Transfer	recombinant DNA	(plasmid)	into bacteria (E.	coli)

Prepare plasmidDNA	and	use	plasmidDNA	for	further purposes (research
or	biotec…)

Clonazione
molecolare



A	General	Strategy to	study or	use	recomobinant DNA

Introduce
into	a	model	system	
and	investigate	the	

function	of	a	gene	in	
development	and	

disease
(example	vector	
encoding	GFP		

inserted	into	cells	
(top)	or	mice	

(transgenic,	bottom)

Plasmid encodingGFP	inserted into genomicDNA Use	plasmids to	produce	proteinsof	interes (for	example a	
growth hormon)

Gfp:	green	
fluorescent
protein

(GOI:	 	human	 growth hormon)

Bacteria amplify the	plasmid containing
GOI	à use	 for	 high	expression of	 GOI	



Preparation	of	nucleic	acids

1.	Plasmid	DNA
2.	Genomic	DNA	from	cells	(mammals)
3.	RNA	preparation	(mammals)



Preparation	of	nucleic	acids

1.	Plasmid	DNA
2.	Genomic	DNA	from	cells	(mammals)
3.	RNA	preparation	(mammals)



Plasmids engineered for	the	use	in	the	laboratory

Laboratory plasmids are	«recombinant DNA»	by	
themselfes (segments are	derived from	different
sources:	bacteria,	phages…):

- ColE1	origin:	obtained from	a	natural plasmid
- Resistance to	amplicilin:	obtained from	natural

plasmid
- f1-/+	origin:	obtained from	f1	phage (allows

single	stranded DNA	production	and	packaging)
- LacZ: beta	galactosidase (from	bacteria encoded

also by	mammals,	yeast,	and	funghi)
- MCS:multiple	 cloning site,	synthetic DNA	

enriched with	sites for	cleavage by	
endonucleases (to	insert genes of	interest)

- Diversi	siti	di	restrizione	VECTOR	MAP
PLASMID	MAP



What makes a	good plasmid for	cloning (generating
recombinant DNA)??

Plasmids engineered for	the	use	in	the	laboratory

HOW	ARE	PLASMIDS	TRANSFERRED	INTO	
BACTERIA	IN	THE	LAB?

HOW	ARE	PLASMIDS	AMPLIFIED	IN	
BACTERIA?

HOW	ARE	PLASMIDS	PURIFIED	FROM	
BACTERIA?

Inserts	of	interest	can	be	cloned	onto	the	MCS	of	the	plasmid

Example:	pBluescript:	Ampicilin



BACTERIA	ARE	USD	AS	TOOLS	TO	AMPLIFY	PLASMIDS	
THAT	CONTAIN	A	CLONED	SEQEUNCE	OF	INTEREST:

1.	PLASMID	PREPARATION

Q1:	HOW	ARE	PLASMIDS	TRANSFERRED	INTO	
BACTERIA	IN	THE	LAB?

Q2:	HOW	ARE	PLASMIDS	AMPLIFIED	IN	
BACTERIA?

Q3:	HOW	ARE	PLASMIDS	PLASMIDS	PURIFIED	
FROM	BACTERIA?
(COURSE)



TRANSFORMATION:	 TRANSFER	OF	PLASMID	INTO	BACTERIA	- METHOD	1:

Preparationof	
CHEMO	-

COMPETENT	
BACTERIA

TRANSFORMATION

Treatment	with	CaCl2 (cloruro	di	calcio)	and	cold environment makes bacteria competent for	DNA	uptake
=	CHEMOCOMPETENT	BACTERIA	- metodo	del	CaCl2	
(Can	be	stored at –80°C	for	years (normally >100	aliquots are	prepared)

Compent bacteria are	put	on	ice until bacteria are	thawn;	add plasmid/vector;
induce	heat shock	(42°C)	to	destabilize membrane	DNA	can	enter the	bacteria;

add liquid media	to	allow bacteria to	recover;	plate on	media	plate containing amplicilin (37°C)

37°C

https://www.youtube.com/watch?v=lr2s8zpVKtg

50mM

- Cell	surfaceof	bacteria has negative	charge
- CaCl2 is bivalent (Ca2+)	and	bridges between cell surface and	

negative	chargeof	DNA
- Repulsive	charges neutralized – DNA	stabilized around bacteria
- Production	of	membrane	proteins thatbind DNA

Trasformazione batterica

Add recovery
medium	(SOC)	
and	plate on	
LB+Amp



H2O	and	cold environment makes membrane	permeable without killing the	cells
=	ELECTROCOMPETENT	BACTERIA
(Can	be	stored at –80°C	for	years (normally >100	aliquots are	prepared))

Compent bacteria are	put	on	ice until bacteria are	thawn;	add plasmid;	induce	electroshock;	electric
field destabilizs membrane	DNA	can	enter the	bacteria;

add liquid media	to	allow bacteria to	recover;	plate immediately on	media	plate containing amplicilin

Thaw on	ice

add medium

TRAN
SFO

RM
ATIO

N

on	ice

Recover at RT37°C

TRANSFORMATION:	 TRANSFER	OF	PLASMID	INTO	BACTERIA	- METHOD	2:

Preparationof	
ELECTRO	-

COMPETENT	
BACTERIA



Ampicilin

PLATING	OF	TRANSFORMED	BACTERIA	AND	SELECTION

Bacteria after transformation
(mix	of	transformed and	non-transformed bacteria)

Agar	plate
(with	antibiotics – Ampliclin)

37°C
overnight



Transformation Efficiency (TE) is: TE = Colonies (CFU)/µg of 
transformed DNA

CALCULATION	OF	TRANSFORMATION	 EFFICIENCYCALCULATION	OF	TRANSFORMATION	 EFFICIENCY

95	colonies
0,01µg

1000µl	
10µl

x

1000 µl:	SOC	+	cells975µl	SOC25µl	transformed
cells

Plate 10 µl

STEP	1 STEP	2

1 µl	DNA	(10ng/µl)
=10ng

=0,010µg

= 950000	CFU/µg
(9,5x105	CFU/µg)

CFU: colony forming units

STEP	0
Transformation of	

chemocompetent bacteria
with	1 µl	DNA	with	

concentration of	(10ng/µl)



Transformation Efficiency (TE) is: TE = Colonies/µg

CALCULATION	OF	TRANSFORMATION	 EFFICIENCYCALCULATION	OF	TRANSFORMATION	 EFFICIENCY

95	colonies

1	colonia

95	colonies
0,01µg

1000µl	
10µl

x = 950000	CFU/µg
(9,5x105	CFU/µg)

1	colonia
0,01µg

1000µl	
10µl

x = 10000	CFU/µg
(1x104CFU/µg)

950	colonies
0,01µg

1000µl	
10µl

x = 95000000	CFU/µg
(9,5x106	CFU/µg)

950	colonies



Transformation Efficiency (TE) is: TE = Colonies/µg transformed 
DNA

CALCULATION	OF	TRANSFORMATION	 EFFICIENCYCALCULATION	OF	TRANSFORMATION	 EFFICIENCY

95	colonies
0,01µg

1000µl	
10µl

x

1000 µl:	SOC	+	cells
975µl	SOC25µl	transformed

cells

Plate 10 µl

STEP	1 STEP	3

1 µl	DNA	(10ng/µl)
=10ng

=0,010µg

= 95000000	CFU/µg
(9,5x107	CFU/µg)

990µl	SOC25µl	transformed
cells in	1000 µl

STEP	2

Take	10µl

1000µl	
10µl

x

Commercial electrocompetent competent bacteria: ca 1 x 1010 cfu/µg

ADDITIONAL	DILLUTION

Commercial chemocompetent bacteria: ca 1 x 108 cfu/µg



AMPLIFACTION	OF	PLASMID	HOSTING	BACTERIA

In	general:	
Pick singlewhite colonywith	sterile	pipette	tip

=	proliferation from	a	single	bacteria forms a	
colony =	clonal population of	cells (genetically
identical)

Plasmid is maintained by	the	application of	
antibiotics to	the	agar	

oriC recruits replicationmachinery.	Laboratory
plasmids carrymodified origins of	replication to	
obtain high	copy	numbers (ca.	500	copies/cell)

(the	antibiotics resistancegene	in	the	plasmidensures
maintenanceof	plasmid in	cells)

0 3 9 15 hrs

Shaker
Incubatore

LAB	COURSE



Supernatant

Pellet

2.	Discard supernatant (medium)	and	use	pellet of	bacteria
for	plasmid preparation

Next day:	

1.	after overnight	culture,	harvest bacteriaby	centrifugation – PELLET	OF	BACTERIA

AMPLIFACTION	OF	PLASMID	HOSTING	BACTERIA

Diverse	volumespossible:
2	ml	bacterial culture	(mini	prep)
20-50	ml	bacterial culture	(midi	prep)
100	-200	ml	bacerial culture	(maxi	prep)
…chooseappropriate	centrifuge

Pellet	of	
bacteria	
containing	
plasmid	DNA

LAB	COURSE



PURIFICATION	OF	PLASMID	– ALKALINE	LYSIS

Alkaline lysis –most common	method

LAB	COURSE

Genomic DNA
(very long)

Ribosomes

Microscopia	elettronica

DNA	plasmid (small)

RNA			Protein

- Bacteria are lysed in basic solution (idrossido di Sodio; 
NaOH, pH 12-13) and SDS

- Chromosomal DNA: precipitate
- Proteins: precipitate
- RNA: hydrolyzed (low pH) 
- Plasmid DNA: remains stable (for reasonable time)
- Isolation of plasmid DNA from slurry of lyzed cells

- Precipitation
- Silica column

Sodium Dodecylsulfate (SDS; dodecilsolfato di sodio) is used in laboratory as a 
component of buffer for cell lysis, cell lysis during DNA and protein extraction.
SDS is an anionicdetergentapplied to protein samples to, disrupt protein complexes to 
linearize proteins and to impart a negative charge to linearized proteins, soluabilizes
membranes.



2. Add lysis buffer (containsNaOH, SDS)
à LYSIS OF BACTERIA (integrity of all cell
structures destroyed)
Note: Alkaline liquid: mix of NaOH and
SDS if plasmid DNA is too long in solution
with high pH: Hydolysis

3. The lysate is neutralized by the addition
of acidic potassium acetate/acetato di
potassio (neutralization buffer); The high
salt concentration causes Sodium dodecyl
sulfate to precipitate, and the denatured
proteins, chromosomal DNA, and cellular
debris become trapped in salt–detergent
complexes.
Plasmid DNA, being smaller and covalently
closed, renatures correctly and remains in
solution in the supernatant

3. Centrifugation an high speed (ca. 13.000
rpm); cell debries and genomic DNA pellet;
small DNA molecules (plasmid remain in
supernatant)

PURIFICATION	OF	PLASMID	DNA	WITH	RESIN	(COLUMN)

Alkaline lysis with	columns

Resin in column is positivley charged:
Binds negativecharge of plasmid DNA
backbone

Option	A:	Silica resin

Option	B:	DEAE	resin

4. Apply supernatant to resin that traps
plasmid DNA (Silica, DEAE)
At high salt conditons at low pH (6,5),
phosphosugar backbonebinds silica resin

irregular tridimensional frameworkof	
alternating siliconand	oxygen atoms (SiO2)
with	nanometer-scale	voids and	pores

Resuspend	 pellet	 in	
resuspension	 buffer

«Mini» prep:2mlof overnight culture
Removed, spinned and supernatant
removed.

1. Bacteria pellet resuspended in buffer that
does not kill cells (resuspensionbuffer)

5. Wash contaminants from column
(washin buffer)

LAB	COURSE

Protonated
amine	 group

gruppo	amminico	protonato



The	use	of	columns results in	very pure	plasmid DNA	also
frequently called:	“sequence grade	plasmide	DNA”

DNA	is pure	enough for	all downstream	applications that
involve	enzymes

6.	Elution of	DNA	at low salt conidtions and	at increasedpH (7,0)	
– competes interaction resin– plasmidDNA

PURIFICATION	OF	PLASMID	AND	CONTROL	DIGEST	(COLUMN)

https://www.youtube.com/watch?app=desktop&v
=We9_Ul8XQ6E



Alternative	plasmid preparation without columns (via	precipitation)

5.	put	supernatant in	new	tube
- addNaCl (final 0,5M	NaCl)
- add Isopropanol
- put	at -20°C	for	1	hour
- centrifuge
- plasmid DNA	will preciptate (=	DNA	pellet)

Plasimid is notvery clean;	sufficent
for	digestionwith	restriction
enzyemes;	notusable for	DNA	
sequencing
“not sequencing grade”

Alternative	methodwithout columns

à Much cheaper;	you can	test	many colonies
for	correctness of	plasmid (after«building»	
recombinant DNA)

à Fast
à Low purity
à Note	usefull for	downstream	applications

with	delicate	enzymes (notsequencing
grade)

1.Resuspend	pellet	
in	resuspension	buffer

2.	Add	lysis	buffer

3.	Add	
renaturalization
buffer
4.	centrifugation	(pellet	cell	
debries,	proteins,	
membranes,	genomic	DNA,	
etc)

- plasmid DNA	will preciptate (=	DNA	pellet)
- Remove supernatant
- Wash	pelletwith	70%	EtOH
- Remove EtOH (70%),	let air-dry
- Resuspend in	H2O/buffer



Preparation	of	nucleic	acids

1.	Plasmid	DNA
2.	Genomic	DNA	from	cells	(mammals)
3.	RNA	preparation	(mammals)



2.	PREPARATION	 OF	GENOMIC	DNA	(mammals)

The isolation method of choice is dependent upon:	

The source of the DNA:	
cells,	tissue,	bacteria,	virus	etc.;	

The final application:	
PCR,	restriction,	sequencing,	binding	studies,	 library	
construction	etc.;	

The type of DNA:	
genomic	vs	plasmid	(size)



• Many	applications	require	purified	DNA.

• Purity	and	amount	of	DNA	required	(and	process	used)	depends	on	intended	application

• Example	applications:

Ø Tissue	typing	for	organ	transplant
Ø Preparation	of	DNA	from	genetically	modified	organisms
Ø Preparation	of	DNA	from	patient	(diseased/normal	tissue)	to	study	mutations
ØDetection	of	pathogens
ØHuman	identity	testing	(paternity)
ØGenetic	research	(mutations	of	inherited	disease)
ØMaterial	for	the	amplification	of	region	of	research	interest	(by	PCR)

Why	to	prepare	genomic	DNA?



Solid	tissue	(i.e.	mouse	organ)	

Homogenise,	chemically	or	mechanically
a)	Ultrasould vibration (Vibrazioni	ultrasoniche)
b)	Homogenization (Omogeneizzatore)	
c)	Freeze/thaw (Congelamento/Scongelamento)
(note	difference:	Alkaline lysis for	bacterial plasmids)

Single	cell	suspension	 (bacteria,	cells	in	cell	culture	or	blood)

a)	Cell	wall	rupture	
Bacteria	(Gram-)	– lysozyme	or	SDS,	NaOH (pH	alto)	
Yeast/fungi	 - zymolase

b)	Cell	membrane	rupture	
- Detergents:	SDS,	sarcosine,	triton	X-100,	CTAB	Proteinases;	 	Proteinase	K,	Pronase E	
- Chelators	- EDTA
- Guanidine	thiocyanate/chloride,	urea	

Sources	for	the	isolation	of	Genomic	DNA

Lysate

Lysate

Lysate

Processing	of	biologoical material prior to	DNA	prification



General	steps	in	DNA	Isolation	from	lysates	

1. Genomic DNA	from	cell lysates
- SDS/Proteinase K	(Organic method)
- Silica columns
- Alkalinemethod
- Automatedmethod

- Alkaline lysis methodwith	or	without silica columns

2.	Plasmid DNA

3.	Bacteriophage DNA	

- PEG/Salt	precipitationmethod



General	steps	in	DNA	Isolation	

1. Genomic DNA

- SDS/Proteinase K	(Organic method)
- Silica columns
- Alkalinemethod
- Automatedmethod

- Alkaline/SDS	method
- Silica columnmethod

2.	Plasmid DNA

3.	Bacteriophage DNA	

- PEG/Salt	precipitationmethod



• Lyse	cells	(or	tissues)	in	buffer	with	SDS/PK	/(DTT)		(laboratory	 typically:	500	ul)
• SDS	(sodium	dodecyl	sulfate)	=	detergent	(solubilizes	cell	membrane,	proteins)	
• PK	=	proteinase	K	(proteinasi K)	proteins)	
• DTT	=	reducing	agent	- breaks	disulfide	bonds	in	folded	proteins
• 65°C,	agitation,	1	hour	- over-night	(depending	on	amount	of	DNA)	to	degrade	

proteins
• At	65°C	over-night	most	RNA	is	degraded	(alternatively	add	RNase	to	lysis	

buffer	and	incubate	for	1	hour	before	adding	PK))

• Separation	of	hydrophobic	and	hydorphilic components:	add	equal	volume	of	
phenol		(500	ul);	mix

• Protein	fragments	and	lipids	attracted	to	hydrophobic	phase	(phenol)
• Nucleic	acids	attracted	to	water
• à separates	aqueous	phase	(DNA,	RNA)	from	organic	phase	(lipids,	proteins)

SDS:	Sodium dodecyl sulfate

Step	1:	DNA	preparation:Open	cells,	digest	proteins,	extraction	of	genomic	DNA
Step	2:	Precipitation	of	DNA	à concentrate	DNA

DNA	Preparation	from	cell	lysates
“The	organic	method”



Add phenol

Aqueous phase contains DNA
(+RNA)	and	rests of	phenol
and	rests from	interphase

Phenol extraction

Phenol:
is a	strong	denaturant of	the	protein;	
denatured proteins,	with	hydrophobic
groupsexposed,	become soluble in	the	
phenolic phase or	precipitate	at the	
phenol-water	interphase.	Lipids from	
membranse dissolve	in	phenol.

PHENOL	IS	HIGHLY	TOXIC	–WORK	IN	
FUME	HOOD	WITH	PROTECTION	GLASSES

Fase acquosa (RNA,	DNA)

Interfaccia (Proteinedenaturate)

Fase fenolica (Proteine solubile,	lipidi)

protein

denat.

DNA	Preparation	from	cell	lysates
“The	organic	method”

Step	1:	DNA	preparation:	Open	cells,	digest	proteins,	extraction	of	genomic	DNA



•Elimination	of	rests	of	proteins,	lipids,	phenol	from	aqueous	phase:	

add	equal	volume	(500	ul)	of	PCI;	mix

à PCI:	mix	of	Phenole,	Chloroform,	 Isoamylacohol

Step	1:	DNA	preparation:Open	cells,	digest	proteins,	extraction	of	genomic	DNA

DNA	Preparation	from	cell	lysates
“The	organic	method”

DNA	and	
Residual	contaminants:	
proteins,	lipids,
phenol	from	aqueous	phase



DNA	and	contaminant
interphaseand	phenol

add
phenol:chloroform:Isoa

myl alcohol (PCI)	
(24:23:1)

Trasfer aqueousephase
in	new	tube

repeat

Mix	and	centrifuge
Purified DNA	in	

large	amountof	aqueouse
solution (ca.	500ul)

without proteins,	without
lipids

NOTE:	DNA	at relative	low
concentration,	still small	

contamination with	organic
solvents can	be	present (PCI)

PCI	extraction (2x)

Cloroform:
- completes protein denaturation
- removes lipids
- its high	density it facilitates the	separation of	the	aqueousphase (containing the	

deproteinized DNA)	from	the	organic one (phenolic)	stabilizing the	interface between
the	two phases.

Isoamyl alcohol:
- Reduces the	foamthat formsduring the	course

extraction.

PHENOL, CHLOROFORM ARE HIGHLY 
TOXIC – WORK IN FUME HOOD WITH 

PROTECTION GLASSES

protein

denat.

Step	1:	DNA	preparation:Open	cells,	digest	proteins,	extraction	of	genomic	DNA

DNA	Preparation	from	cell	lysates
“The	organic	method”



•Creating	a	condition	 that	renders	DNA	insoluble	 (precipitation)	!!!!

•Generate	a	DNA	pellet	in	tube	by	centrifugation

•Wash	pellet	to	remove	contaminants	 (salts	and	contaminants	 from	extraction)

•Dissolve	in	aqueous	buffer

Step	1:	DNA	preparation:Open	cells,	digest	proteins,	extraction	of	genomic	DNA,
Step	2:	Precipitation	of	DNA	à to	concentrate	DNA

DNA	Preparation	from	cell	lysates
“The	organic	method”



DNA	Precipitation

1. Precipitation:
DNA	is rendered insolableà precipitates and	can	be	isolated à Precipitate	is	dissolved	in	storage	buffer

Practical exmple:
500	ul DNA	solution
1.	Add+	55,5	ul 3M	Na-Acetate	
(	final conc.	0,3M;	vol.	totale	555,5ul)
2.	Add+	555.5	ul Isopropanol
3.	Place in	freezer	at -20°C	for	1	hour	(DNA	
precipitates)
4.	Centrifuge 13.000rpm	30	minutes	at 4°C

3	options to	set	set	up	of	DNA	precipitation
using high	salt conditions in	alcohol
1.	Na-Acetate:	0,3M	final conc
+	1x	volume	Isopropanol

2.	Na-Acetate:	0,3M	final conc
+	3x	volume	Ethanol

3.	NaCl:	0,5M	final conc
+1x	volume	Isopropanol

4.	NaCl:	0,5M	final conc
+3x	volume	Ethanol

centrifugation
at min.	8000g	at 4°C

DNA
pellet

DNA-precipitate	in	suspension
(cloudy	appearance)

+	Salt
+	Isopropanol	or	EtOH
àDNA	precipitate	forms

Step	1:	DNA	preparation:Open	cells,	digest	proteins,	extraction	of	genomic	DNA,
Step	2:	Precipitation	of	DNA	à to	concentrate	DNA

DNA	pellet:
- DNA
- Residual	

contaminants	
(salt,	eventually	
traces	of	PCI)NaCl:	cloruro	di	sodio

NaAc:	acetato	di	sodio



The role of salt in the protcol is to neutralize the charges on the sugar-phosphate
backbone. This reders DNA/RNA insolubile and leads to precipitation

1. Additionof sodium acetate or NaCl: In acquous solution,ionic bonds of salt
breaks up into Na+ and [CH3COO]– or Cl-.  

2. H2O has a high dielectric constant, and shields Na+ ions. Na+ is not captured
by PO3

– in the DNA backbone. DNA stays in solution PO3
-

3. Ethanol/Isopropanol are polar, small sized alcohols thatare solubile in water.  
They have a much lower dielectricconstant. Mixing of water with EtOHor 
Isopropanol reduces the dielectric constant in the environment. 

4. Reduced dielectric constant enables Na+ to interactwith the PO3
-. This shields

its charge and makes the nucleic acid less hydrophilic, thus causing it to drop
out of the solution

Coulomb's	 law,	or	Coulomb's	 inverse-square	 law,	is	an	experimental	 law	of	 physics	 that	quantifies	 the	amount	 of	
force	 between	 two	stationary,	 electrically	 charged	 particles.	 The	electric	 force	 between	 charged	 bodies	 at	rest	is	
conventionally	 called	 electrostatic	 force	 or	Coulomb	 force.

PO3
-

PO3
-

PO3
-PO3

-

PO3
-

PO3
-

CH3COO-

CH3COO-

CH3COO- EtOH
Isopropanol

CH3COO-

CH3COO-

CH3COO-

CH3COO-

DNA	Precipitation
Step	1:	DNA	preparation:Open	cells,	digest	proteins,	extraction	of	genomic	DNA,
Step	2:	Precipitation	of	DNA	à to	concentrate	DNA

Costante	dielettrica	– dieletric constant

https://www.youtube.c
om/watch?v=MFvdrMg
CnFA



DNA	Precipitation

1. Precipitation:
DNA	is rendered insolableà precipitates and	can	be	isolated à Precipitate	is	dissolved	in	storage	buffer

centrifugation
at min.	8000g	at 4°C

DNA
pellet

DNA-precipitate	in	suspension
(cloudy	appearance)

+	Salt
+	Isopropanol	
or	EtOH
àDNA	
precipitate	
forms

Step	1:	DNA	preparation:Open	cells,	digest	proteins,	extraction	of	genomic	DNA,
Step	2:	Precipitation	of	DNA	à to	concentrate	DNA

DNA	pellet:
- DNA
- Residual	

contaminants	
(salt,	eventually	
traces	of	PCI)



2.	Washing of	with	70%	Ethanol

DNA	Precipitation

- Remove supernatant (mix	of	salt,	buffer	and	alcohol)	from	top	of	pellet
- Carefully add 70%	Ethanol (in	H2O)	on	top	of	pellet
(now residual salt from	precipitation will be	dissolved in	H2O)
- Pellet does not dissolve;	remains visible
- Centrifuge for	10	seconds to	force	pellet to	bottom	of	tube
- Remove carefully supernatant
- Let pellet air	dry	at room	temperature	for	5-10	minutes	to	allow the	evaporation of	EtOH
- Dissolve	pellet in	storagebuffer		(TE	buffer	=	10mM	TrisHCl,	pH 7,2;	1mM	EDTA)

Why:	70%	Ethanol disolves salt (NaCl or	Na-Acetate)	that can	co-precipitate	during
centrifugation.

Contaminating salt in	the	DNA	preparation can	have negative	effect on	enzymatic reactions uisng
the	preparedDNA!!!!	

PRECIPITATION	METHOD	IS	APPLICABLE	TO	ALL	TYPES	OF	NUCLEIC	ACIDS	(RNA,	genomic DNA,	
plasmid DNA)	

DNA	Precipitation

Step	1:	DNA	preparation:Open	cells,	digest	proteins,	extraction	of	genomic	DNA,
Step	2:	Precipitation	of	DNA	à to	concentrate	DNA



Buffer
• DNA,	RNA	and	oligonucleotide	 are	storage	in	1xTE	solution	(1	mM EDTA,	
Tris-HCl,	pH	7.2):	pH	should	always	be	<7,5	(otherwise	risk	of	alkaline	
hydrolysis)	

Temperature:	
•Everyday	use:	+4°C	(generic	samples)
•Storage	for	long	time:	-20°C	or	-80°C;	(long	term	storage,	valuable	samples)
•A	precipitate	 in 70%	ethanol	can	be	stored	at	+4°C	almost	 indefinitely,	
without	loosing	DNA/RNA	integrity	

DNA	storage	



Note:	Organic method is not limited to	de-novo	DNA	preparation;
also for	DNA	purifucaton purposes after enzymatic reactions

- To	remove proteins from	DNA
- You have cut DNA	with	the	restirectionenzyme EcoRI
- Now you want to	purify DNA
- Make Phenol,	PCI	extraction (to	remove restrictionenzyme,	stays in	hydrophobic

phase)
- DNA	precipitation (Buffer	component	remains in	acqueous supernatant)
- 70%	EtOH wash
- dissolve	DNA	in	strorage buffer

- To	change buffer	of	DNA	solution
You have used DNA	for	an	enzymatic reactionusing a	definedbuffer;	for	another
enzymatic reaction you needa	different buffer	
Purify DNA:
- Phenol,	PCI	extraction (to	remove enzyme;	stays in	hydrophobic phase)
- DNA	precipitation (buffer	component	remains in	acqueous supernatant)
- 70%	EtOH wash
- dissolve	DNA	in	new	buffer
- Start	second enzymatic reaction



General	steps	in	DNA	Isolation	

1. Genomic DNA
- SDS/Proteinase K	(Organic method)
- Affinitymethod using Silica columns
- Alkalinemethod
- Automatedmethod

- Alkaline/SDS	method
- Silica columnmethod

2.	Plasmid DNA

3.	Bacteriophage DNA	

- PEG/Salt	precipitationmethod



New	DNA	purification	methods	are	based	on	purification	of	DNA	from	crude	cell	lysates	
(see	earlier)		by	selective	binding	 to	a	support	material.	

Support	Materials
• Silica
• Anion-exchange	resin
Advantages
• Speed	and	convenience
• No	organic	solvents
• Amenable	to	automation
• Amenable	miniaturization
Disadvantage
• DNA	fragmentation
• Low	yield

DNA	preparation using silica columns

For	example:	https://www.qiagen.com/it/resources/resourcedetail?id=62a200d6-faf4-469b-b50f-2b59cf738962&lang=en

Xenotransplantation, Volume: 28, Issue: 1, First published: 15 September 2020, DOI: (10.1111/xen .12643) 

Precipitationof	
DNA	to	get	DNA	
pellet
(after	extraction	
DNA	is	in	big	
volume;	precipitate	
to	get	high	
contcentration)

NO	Precipitation	of	
DNA	–elution	from	
column	in	small	
volume



Main steps in genomic DNA preparation:

1. Cell lysis in buffer containing high concentration
of SDS and high concentration of EDTA (binds
bivalent ions such as Mg2+)

2. Passage on an insoluble resin (silica resins) that
specifically binds DNA in the presence of salts (see
column concept in mini prep)

3. Wash resin using specialized washing buffers (pH)
to remove contaminants (proteins, etc…)

Note: same principal like in mini-prep for plasmids, however genomic DNA is eliminatedin mini prep… 
(why: in mini prep alkaline lysis causes the precipitation of genomic DNA, but not plasmid DNA)

DNA	preparation using silica columns

centrifuge vacuum

4. Elute bound DNA with elution buffer (that also serves as
storage buffer)

Typically, all components come in a kit



Xenotransplantation, Volume: 28, Issue: 1, First published: 15 September 2020, DOI: (10.1111/xen .12643) 

Precipitationof	DNA	to	get	DNA	
pellet
(after	extraction	DNA	is	in	big	
volume;	precipitate	to	get	high	
contcentration)
Low	cost
Risk	of	contamination	with	organic	
substances
Not	suitable	for	NGS

NO	Precipitation	of	DNA	–elution	
from	column	in	small	volume
High	purity	à sequencing		grade
Cost	intensive

Comparison column method and	organic method



Preparation	of	nucleic	acids

1.	Plasmid	DNA
2.	Genomic	DNA	from	cells	(mammals)
3.	RNA	preparation	(mammals)



TOPIC	1:	DNA	and	RNA	Preparation



3.	Isolation of	RNA

•Messenger	RNA	(mRNA):	1-5%
Serves	as	a	template	for	protein	synthesis

•	Ribosomal	RNA	(rRNA):	>80%
Structural	component	of	ribosomes

•	Transfer	RNA	(tRNA):	10-15%
Translates	mRNA	information	into	the	
appropriate	amino	acid

•	other	small	RNAs:	miRNAs,	siRNAs,	snoRNAs,	
snRNAs,	etc…

Total	RNA	contains:

RNA:	10-30	pg per	cell	(vertebrate)
DNA:	6	pg per	cell	 (vertebrate)

Human	body:	ca.	37.2	trillion cells



RNA	is a	molecule that is easily degraded by	high	pH or	ribonucleases (RNases).	RNases are	highly
abundant in	the	environment – also in	the	 laboratory!

RNases do	not require enzymatic cofactor,	resitant to	high	temperatures,	abundantly present

ALWAYS	WHEN	WORKING	WITH	RNA:
…. reduce	risk of	contamination with	RNases:

- Be	careful not to	introduce	exogenous RNases (wear gloves,	work	on	cleaned surface or	fume
hood).

- Use	only solutions and	materials that are	sterile	or	treated with	DEPC	(diethylpyrocarbonate;	
TOXIC!!))	and	autoclaved– binds covalently to	histidine,	 lysine,	cystein and	tyrosin - protein
inactivation.	Alternatively,	RNase	free	solutions can	be	bought from	lab-reagent suppliers.

- Store the	RNA	samples on	ice during their handling.
- When not used,	store RNA	preparations at -80°C	or	as precipitate	(4°C	or	-20°C)
- Use	dedicated materials (test	tubes,	tips,	filters,	etc.)	and	solutions for	RNA	prep
- Clean working surface

RNA	is unstable:

RNase Inhibitors:
- add proteins that act RNAse inhbitors to	reactions involving RNA
- Treat solutions when possible with	DEPC+autoclave



•Total	RNA	from	biological	 samples
– Organic	extraction
– Affinity	purification

•	mRNA	from	total	RNA
– Oligo(dT)	resins

RNA	purification techniques



Organic extraction of total	RNA

Note:	NO	Proteinase K	digest;	chromatin precipitatesat interphase
Guanidiniumthiocyanate ideal to	lyse cells and	virus	particles in	RNA	and	DNA	extractions,	where its function,	in	addition to	its lysing action,	is to	
prevent activity of	RNase enzymesand	DNase enzymesby	denaturing them.	These enzymeswould otherwisedamage the	extract.

- Apply specialized,	commercial	available reagents for	RNA	preparation:	Trizol – Trireagent)
=	solution of	guanidinium	thiocyanate-phenol-chloroform
- Reagent lyses cells (if tissue:	homogenize in	Trizol/Trireagent)

Option	1:	Collect cells as pellet (for	example Helacells cultivated in	plates)

Option	2:	Collect tissue pieces (for	examplemouse	liver)
- Apply reagent for	RNA	preparation:	Trizol – Trireagent)	and	mechanically dissociate	tissue
- Reagent lyses cells
- Add chloroform - mix Organic	reagent	

for	RNA	
preparation

Same	procedure	
like	for	genomic	
DNA

(interfaccia)



https://www.youtube.com/watch?v=RmPsLoIPRwc

MOVIE



Advantages
• Versatile - compatible with a variety of sample types
• Scalable - can process small and large samples
• Established and proven technology
• Inexpensive

Disadvantages
• Organic solvents
• Not high-throughput
• RNA may contain contaminating genomic DNA

Organic extraction of total	RNA

DNase treatment	– Phenol extraction – precipitation
DNase treatment	– purification via	resin



•Total	RNA	from	biological	 samples
– Organic	extraction
– Affinity	purification

•	mRNA	from	total	RNA
– Oligo(dT)	resins

RNA	purification techniques



Affinity purification of total	RNA

(silica	resin)

Wash	immobilized	RNA.

(alternatively,	as	specialized	elution	buffer	
can	be	used)
RNA	can	be	stored	at	-80°C	(or	
alternatively	precipitated	and	stored	in	
70%	EtOH	at	4°C	or	-20°C)

RNA	purification techniques

Typically, all components come in a kit



Advantages

• Eliminates need for organic solvents
• Compatible with a variety of sample types (tissue, tissue culture cells, white blood cells, 
plant cells, bacteria, yeast, etc.)
• DNase treatment eliminates contaminating genomic DNA
• Excellent RNA purity and integrity

Affinity purification of total	RNA



•Total	RNA	from	biological	 samples
– Organic	extraction
– Affinity	purification

•	mRNA	from	total	RNA
– Oligo(dT)	resins

RNA	purification techniques



RNA	purification	 techniques

…how	to	purify	an	RNA	species	from	total	RNA	



RNA	purification	 techniques

Selective	preparation	of	polyadenylated	transcripts
Transcripts	produced	by	RNA	Pol	II	are	polyadenylated

- mRNA	(coding	RNAs)
- lncRNA	(long	non-coding	RNAs)

First,	the	cleavage	and	polyadenylation	specificity	factor	(CPSF)	and	cleavage	
stimulation	factor	(CstF)	protein	complexes	begin	to	bind	at	carboxy-terminal	
domain	(CTD)	of	RNA	polymerase	II	(RNAP	II).	When	RNAP	II	progresses	
through	the	polyadenylation	signal	(PAS)	and	CstF is	transferred	to	the	new	
mRNA	precursor,	CPSF	will	bind	to	the	PAS,	and	CstFwill	bind	downstream	of	
PAS.	Meanwhile,	CFImcomplex	binds	to	20–30	ntupstream	of	PAS,	and	Pcf11(a	
subunit	of	CFIIm)	binds	to	the	CTD	of	RNAP	II.	Then	CPSF	and	CstF initiate	
cleavage approximately	35	ntafter	the	PAS.	Immediately	the	polyadenylation	
polymerase	(PAP)	begins	to	synthesize	poly(A)	tails.	Almost	at	the	same	time,	
the	polyadenylation	binding	protein	in	the	nucleus	(PABPN1)	binds	to	the	
newly-formed	poly(A)	sequence.	CPSF	begins	to	dissociate,	while	PAP	continues	
to	catalyze polyadenylation	and	synthesize	poly(A)	tails.	PABPN1	will	be	a	
molecular	scale	defining	when	polyadenylation	stops.	Then	PAP	began	to	
dissociate,	and	PABPN1	continued	to	maintain	the	binding	state



RNA	purification	 techniques

Selective	preparation	of	polyadenylated	transcripts

cellulose,
metal	beads,
…

cellulose,
metal	beads,
…

Transcripts	produced	by	RNA	Pol	II	are	polyadenylated	

- mRNA	(coding	RNAs)
- lncRNA	(long	non-coding	RNAs)

Allow	to	pair	polyA RNA	to	
oligo	dT	coupled	beads

Obtain	beads	with	paired	RNA	
(mRNA,	lncRNA)
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mRNA	purification

Total	RNA	preparation is
passed through a	column
consisting of	a	coated polymer
with	oligo (dT).

Only polyadenylated mRNA will hybridize
with oligo (dT), while other species
will be eliminated by washing
with low concentration pads
saline.

The final eluate will be made up of
mixture of all mRNA species
present in the cell at the time
extraction.



Buffer
• 1xTE	solution	(1	mM EDTA,	Tris-HCl,	pH	6.5):	pH	should	always	be	<7	(high	risk	of	alkaline	hydrolysis)	
– no	DEPC	treatment	possible	 (DEPC	destroys	Tris)
• RNase	free	water	or	DEPC	treated	water;	check	pH	of	water:	6.5	- 7.0

Temperature:	
•Always	-80°C	when	aqueous	solution
•As	precipitate	in 70%	ethanol,	DNA/RNA	can	be	stored	at	4°C	or	-20°C	almost	 indefinitely,	without	
loosing	 integity

RNA	storage:



CRITICAL	PARAMETERS	OF	DNA	AND	RNA	PREPARATIONS

1.	Quantity (Concentration)
2.	Purity

3.	Integrity



CRITICAL	PARAMETERS	OF	DNA	AND	RNA	PREPARATIONS

1.	Quantity (Concentration)
2.	Purity

3.	Integrity



UV

- Transmittance:	the	amountof	light	that passes
completely through the	sample

Absorbance:	measurement	of	light	that	is	
absorbed	by	the	sample

Detector

Monochromator:
Selects	precise	wavelenght

1.	Quantification of	DNA	and	RNA	concentration

Optical density (OD) = Log (Intensity of incident light / Intensity of Transmitted light)

OD depends on type of molecule, wavelength and concentration

Spectrophotometer



Heterocyclic rings of	nucleic acids in	DNA	
show	maximum	absorbtion at 260	nm	

Concentration measurments using Spectrophotometers

Low Absorbtion value:	low nucleic concentration
High	Absorbtion value:	high	nucleic concentration

Note	RNA	has a	higher absorbion 260	ratio due	presence
of	uracil compared to	thymine in	DNA

Uracil	(U)



Heterocyclic rings of	nucleic acid	show	maximum	absorbtionat 260	nm	

- Spectophotometermeasures absorbance (A):	measurement of	light	that is absorbed by	the	sample

Concentration measurments using Spectrophotometers

- Molecules have specific exctinction coefficients (ε). For	nucleic acid	concentrationmeasurments,		ε, at 260	
nm	wavelength is used.

- Beer’s	Law	converts	absorbance	(A)	to	
concentration	and	path	length	(I) A =	ε x	c x	I

(ε) dsDNA:		0.020	(μg/ml)−1 cm−1

à at 50μg/ml	absorbtion (260nm)	measured:	A=1

(ε) ssDNA:	0.027	(μg/ml)−1 cm−1,
à at 33	μg/ml	absorbtion (260nm)	measured:	A=1	

(ε) RNA:	0.025	(μg/ml) −1 cm−1	

à at 40μg/ml	absorbtion (260nm)	measured:	A=1	

C =	A 1
ε I( )

C =
1

0,02 ∗ 1 cm( )1 =	50μg/ml

C =
1

0,027 ∗ 1 cm( )1 =	33μg/ml

C =
1

0,025 ∗ 1 cm( )1 =	40μg/ml



(ε) dsDNA:		0.020	(μg/ml)−1 cm−1

à at 50μg/ml	absorbtion (260nm)	measured:	A=1	

(ε) ssDNA:	0.027	(μg/ml)−1 cm−1,
à at 33	μg/ml	absorbtion (260nm)	measured:	A=1	

(ε) RNA:	0.025	(μg/ml) −1 cm−1	

à at 40μg/ml	absorbtion (260nm)	measured:	A=1	

c	(µg/ml)	=	A	x	50 x	dilution	 factor

c	(µg/ml)	=	A	x	40 x	dilution	 factor

c	(µg/ml)	=	A	x	33 x	dilution	 factor

(ε) dsDNA:		0.020	(μg/ml)−1 cm−1

à at 50μg/ml	absorbtion (260nm)	measured:	A=1

(ε) ssDNA:	0.027	(μg/ml)−1 cm−1,
à at 33	μg/ml	absorbtion (260nm)	measured:	A=1	

(ε) RNA:	0.025	(μg/ml) −1 cm−1	

à at 40μg/ml	absorbtion (260nm)	measured:	A=1	

C =
1

0,02 ∗ 1 cm( )1 =	50ug/ml

C =
1

0,027 ∗ 1 cm( )1 =	33ug/ml

C =
1

0,025 ∗ 1 cm( )1 =	40ug/ml

Concentration measurments using Spectrophotometers

Practical	 aspects	from	the	laboratory
1.	Nucleic	samples	are	diluted	before	measuring	the	concentration	(typically	1:100	or	1:50)

2.	Pathlength (I)	in	photometer	 is	typically	1cm



Heterocyclic rings of	nucleic acid	show	maximum	absorbtionat 260	nm	

Typical situation	in	the	laboratory:	Plasmid Mini	prep done
Now determine the	concentrationof	DNA	in	the	prep:
Note:	concentration depends on	copy	number,	number of	bacteria,	efficacy of	preparation

c	(µg/ml)	=	A	x	50 x	dilution	 factor

Concentration measurments using Spectrophotometers

1000	(µg/ml)	=	0,200	x	50 x	100

Take	3	ul of	mini	prep (total volume	30µl)	and	dillute 100	fold (3	µ	l	mini	prep +	297 µ	l	water)

Transfere dilluted DNA	prep into cuvette

Measure OD	at 260nm	=	“A260”

RESULT	A260:	A	=	0,200

DNA	concentration	is:	1000	(µg/ml)	=	1	µg/µl

Total	amount	of	DNA	(30µl) in	mini	prep:	30µg



Heterocyclic rings of	nucleic acid	show	maximum	absorbtion
at 260	nm	

Typical situation	in	the	laboratory:	RNA	prep done;	now determine the	concentrationof	RNA

c	(µg/ml)	=	A	x	40 x	dilution	 factor

Concentration measurments using Spectrophotometers

800	(µg/ml)	=	0,200	40 x	100

Take	3	ul of	RNA	prep (total volume	60 µl)	and	dillute 100	fold (3	µ	l	RNA	prep +	297 µl	water)

Transfere dilluted DNA	prep into cuvette

Measure OD	at 260nm	=	“A260”

Absorbtionat 260	nm:	A	=	0,200

DNA	concentration	is:	800	(µg/ml)	=	0,8	µg/µl
Total	amount	of	RNA	:	48µg



Heterocyclic rings of	nucleic acid	show	maximum	absorbtion
at 260	nm	

Typical situation	in	the	laboratory:	determinationof	the	concentrationof	primers (ssDNA)

c	(µg/ml)	=	A	x	33 x	dilution	 factor

Concentration measurments using Spectrophotometers

990	(µg/ml)	=	0,300	x	33 x	100

20	µl of	primers in	buffer,	concentration not known.

Dillute 1:100	and	transfer	dilluted DNA	prep into cuvette

Measure OD	at 260nm	=	“A260”

Absorbtionat 260	nm:	A	=	0,300

DNA	concentration	is:	990	(µg/ml)	=	0,99	µg/µl
Total	amount	of	DNA	:	19,8	µg



CRITICAL	PARAMETERS	OF	DNA	AND	RNA	PREPARATIONS

1.	Quantity (Concentration)
2.	Purity

3.	Integrity
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Maximum	absorbance:

Molecule of	interest:
RNA,	DNA:	max A	at 260	nm

Contaminats:
1.	Protein:	A280nm
2.	Organic compounds
/salt/carbohydrates:	A230	nm260nm

280nm

Perfect	nucleic acid	
preparation

2.	Determination of	DNA	and	RNA	purity
Measuring absorbance (A)	using a	SPECTROPHOTOMETER	at different wave lengths
à Measure absorbance of	DNA/RNApreparation =	concentration

230nm



Maximum	absorbance:

Molecule of	interest:
RNA,	DNA:	260	nm

Contaminats (inprecise
purification)
1.	Protein:	A280	nm

2.	Organic compounds
/salt/carbohydrates:	A230	nm

Determination of	DNA	and	RNA	purity
Measuring absorbance (A)	using a	SPECTROPHOTOMETER	at different wave lengths
à Measure absorbance of	DNA/RNApreparation =	concentration



Molecule of	interest:	RNA,	DNA:	260	nm
Contaminats (inprecise purification)

Protein:	280	nm

Determination of	DNA	and	RNA	purity
Measuring absorbance (A)	using a	SPECTROPHOTOMETER	at different wave lengths
à Measure absorbance of	DNA/RNApreparation at 230nm,	260nm,	280nm

PROTEIN	CONTAMINATION	in	nucleic acid	preparation

Use	ratio	A260/A280	as inidcator
for	protein contamination

A	max.

A	low



Maximum	absorbance:

Molecule of	interest:	RNA,	DNA:	260	nm

Contamination with	protein:	absobtion
relavant at 280	nm

Determination of	DNA	and	RNA	purity
Measuring absorbance (A)	using a	SPECTROPHOTOMETER	at different wave lengths
à Measure absorbance of	DNA/RNApreparation at 230nm,	260nm,	280nm

PROTEIN	CONTAMINATION	in	nucleic acid	preparation

100%	DNA

100%	protein

30%	DNA
70%	protein

Calculate:	ratio		A260nm/A280nm

Ratio		A260nm/A280nm	high:	low/no	protein	contamination
Ratio		A260nm/A280nm	low:	protein	contamination



Maximum	absorbance:

Molecule of	interest:
RNA,	DNA:	260	nm

Contaminats (inprecise
purification)
1.	Protein:	A280	nm

2.	Organic compounds
/salt/carbohydrates:	A230	nm

Determination of	DNA	and	RNA	purity
Measuring absorbance (A)	using a	SPECTROPHOTOMETER	at different wave lengths
à Measure absorbance of	DNA/RNApreparation =	concentration



Determination of	DNA	and	RNA	purity

Organic compounds /salt/carbohydrates contamination in	nucleic acid	preparation

Measuring absorbance (A)	using a	SPECTROPHOTOMETER	at different wave lengths
à Measure absorbance of	DNA/RNApreparation at 230nm,	260nm,	280nm

Maximum	absorbance:

Molecule of	interest:	RNA,	DNA:	260	nm

Contamination with	organic compounds
/salt/carbohydrates:	absorbtion relevant
at A230	nm

100%	DNA	=	«0%»	Phenol

1%	phenol

DNA	max.	ADNA	low A

Ratio		A260nm/A230nm	high:	low/no	contamination
Ratio		A260nm/A230nm	low:	contamination

Calculate:	ratio		A260nm/A230nm



http://cshprotocols.cshlp.org/content/2007/11/pdb.ip47.full

- ratio		A260/A280	à PROTEIN	CONTAMINATION

- ratio	A260/A230	àORGANIC	COMPOUND,	SALT,	CARBOHYDRATE	CONTAMINATION

Ratio	A260/A280 =	quantificationof	protein contamination
For	DNA		preparations:	ideal A260/A280	ratio:	1.6-1.8		
Example DNA:	A260=0.234;	A280=0,137:	ratio	=1,7	à OK
Example DNA:	A260=0.198;	A280=0,142:	ratio	=1,4	à NO

For	RNA	preparations:	ideal A260/A280	ratio:	1.8-2.0
Il	ratio	is out	of	range :	contamination with	proteins
Example RNA:	A260=0.234;	A280=0,119:	ratio	=1,96	à OK	
Example RNA:	A260=0.201;	A280=0,119:	ratio	=1,69	à NO

Ratio	A260/A230 =	quantificationof	contamination with	carbohydrates and	phenol (solvents)	
For	RNA	and	DNA:	ratio	must	be	ca.	2.0	- 2.2
if ratio	is too low (high	absorbtion at 230nm)	contamination with	solvent/carbohydrate
Example:	A260=0.234;	A230=0,111:	ratio	=2,1	à OK
Example:	A260=0.234;	A230=0,200:	ratio	=1,17	à NO

3.	Determination of	DNA	and	RNA	purity



CRITICAL	PARAMETERS	OF	DNA	AND	RNA	PREPARATIONS

1.	Quantity (Concentration)
2.	Purity

3.	Integrity



Agarose gel:	Agaroseis a	heteropolysaccharide,	generally extracted from	certain red seaweed.	It is a	linear	polymermade	up	of	
the	repeating unit of	agarobiose,	which is a	disaccharide made	up	of	D-galactose and	3,6-anhydro-L-galactopyranose.	Agaroseis
one of	the	two principal components of	agar,	and	is purified from	agar	by	removing agar's other component,	agaropectin.
Agarose poweder is mixed with	buffer,	boiled and	poored into a	tray,	inserting a	«comb»	creates slots (pozzetti)	for	loading
DNA/RNA	samples.	DNA/RNA	stains are	added to	the	gel	or	directly into the	RNA/DNA	sample

Easiest method:	Gel	electrophoresis
3.	DNA	/	RNA	Integrity

Exposire of	gel	to	UV	light:
DNA	stain	absorbs	UV	light	and	emits	light	in	the	
visible	nm	range;	take	a	picture

(Ethidium	Bromide:	classic	DNA	stain,	however	
carcinogen;	substituted	by	safer	dyes

- Stain	directly	in	DNA/RNA	sample

- Stain	in	agarose	gel,	running	through	
the	gel,	nucleic	acids	are	saturated	
with	the	dye	present	in	gel



https://www.youtube.com/watch?v=wXiiTW3pflM

Gel	preparation

Gel	run

https://youtu.be/U2-5ukpKg_Q



Movie:	agarose	gel	electrophoresis

https://www.youtube.com/watch?v=vq759wKCCUQ

Why are there so many bubbles? H2 and O2. Once the 
electric current is applied, the anode and cathode are 
involved in redox reactions that remove electrons
from water molecules in the running buffer, resulting
in gas formation.
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Gel	di	agarosio,	le	bande	di	DNA	sono	state	messe	 in	evidenza	introducendo	nel	gel	etidio bromuro
una	sostanza	che	si	inserisce	 tra	le	basi	del	DNA	diventando	fuorescente.	

Easiest method:	Gel	electrophoresis

Mix	of	DNA	
fragments

of	known	size
(commercial	
product)

different	genomic	DNA	preparation	
from	different	patients

Degraded
genomic DNA

Intact genomic DNA	(runs
very slowly)

3.	DNA	Integrity

2
2,5

4
5
8
10

Kilobases
(kb)

Low	yield
position	of	slot1 2 3 4 5 6 7 8 9Prep	# 10 11

Low	yield



Determination of	RNA	integrity
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Degraded RNA

DNA 
comtamination

rRNA 28S
rRNA 18S

5S rRNA, tRNA,  and other small 
RNAs

Attenzione: Se si è purificato mRNA, esso appare come una scia

Total RNA	preparations

1

totalRNA with good 
integrity

1 2 3 4 5 6 7 8 9Prep	#



Determination of	RNA	integrity – poly A	RNA	(mRNA)

polyA RNA	(mRNAs)

Lane	1+2	Patient 1	blood cells used to	
prepare RNA
Lane	1:	total RNA	(5µg)
Lane	2:	poly A	RNA	fractionprepared from	
total RNA	(5µg)
à smear!	(scia)– normal pattern	for	poly A	

RNA	(no	degradation!!)

à Lane	3+4	Patient 1	blood cells used to	
prepare RNA

Lane	3:	total RNA
Lane	4:	poly A	RNA	fractionprepared from	
total RNA
à smear!	(scia)– normal pattern	for	poly A	
RNA	(no	degradation!!)

28S

18S


