
Tecniche CROMATOGRAFICHE – parte seconda



M.C. Bonaccorsi di Patti, R. Contestabile, M.L. Di Salvo, Metodologie biochimiche - Seconda edizione, Zanichelli editore 2019 3

M.C. Bonaccorsi di Patti, R. Contestabile, M.L. Di Salvo, Metodologie biochimiche - Seconda edizione, Zanichelli editore 2019 11

Effetto del diverso KD sulla separazione

KD = [fase stazionaria]/[fase mobile]? ?
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Cromatografia per gel filtrazione

Fase stazionaria : granuli di gel
Fase mobile: solventi acquosi
Uso comune: separazione di proteine o acidi nucleici
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La	cromatogra*ia	di	esclusione	molecolare	o	Gel	*iltrazione	può	essere	
utilizzato	per:

Puri%icazione	di	DNA	o	proteine

Modi%ica	del	tampone

Separazione	di	molecola	in	gruppi	

Allontanare	contaminanti	a	basso	peso	molecolare	(per	es.	sali)

Allontanare	prodotti,	cofattori	o	inibitori	dagli	enzimi
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VR=V0+K0Vi

K0 è una costante di distribuzione 
(0÷1) che esprime la frazione del 
volume dei pori (Vi) accessibile alle 
molecole di una determinata 
sostanza.

Ricavando K0 dalla precedente equazione si ottiene:

K0=                =
VR-V0

Vi

V’R
Vi

La costante K0 può dunque essere 
misurata in base al tracciato 
cromatografico! 

Vi=Vt-V0Poiché:
K0=

VR-V0

Vt-V0

D??
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TABLE 5.1 Adsorbents Useful in Biochemical Applications

Adsorbing Materials Uses

Alumina Small organics, lipids

Silica gel Amino acids, lipids, carbohydrates

Fluorisil (magnesium silicate) Neutral lipids

Calcium phosphate (hydroxyapatite) Proteins, polynucleotides, nucleic acids

Cellulose Proteins

TABLE 5.2 Mesh Sizes of Adsorbents and Typical Applications

Mesh Sizes Applications

20Ð50 Crude preparative work, very high flow rate

50Ð100 Preparative applications, high flow rate

100Ð200 Analytical separations, medium flow rate

200Ð400 High-resolution analytical separations, low flow rate

and adsorbing material taken up by the column. The volume taken up by the liq-
uid phase in the column is the void volume . The elution volume is the amount of
solvent required to remove a particular analyte from the column. This is analo-
gous to values in planar chromatography.

In adsorption chromatography, solute molecules take part in specific interac-
tions with the stationary phase. Herein lies the great versatility of adsorption
chromatography. Many varieties of adsorbing materials are available, so a specific
sorbent can be chosen that will effectively separate a mixture. There is still an
element of trial and error in the selection of an effective stationary phase. However,
experiences of many investigators are recorded in the literature and are of great
help in choosing the proper system. Table 5.1 lists the most common stationary
phases employed in adsorption column chromatography.

Adsorbing materials come in various forms and sizes. The most suitable
forms are dry powders or a slurry form of the material in an aqueous buffer or
organic solvent. Alumina, silica gel, and fluorisil do not normally need special pre-
treatment. The size of particles in an adsorbing material is defined by mesh size.
This refers to a standard sieve through which the particles can pass. A 100-mesh
sieve has 100 small openings per square inch. Adsorbing material with high mesh
size (400 and greater) is extremely fine and is most useful for very high resolution
chromatography. Table 5.2 lists standard mesh sizes and their most appropriate
applications. For most biochemical applications, 100 to 200 mesh size is suitable.

Operation of a Chromatographic Column

A typical column setup is shown in Figure 5.4. The heart of the system is, of
course, the column of adsorbent. In general, the longer the column, the better the
resolution of components. However, a compromise must be made because flow

Rf
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Tipi di matrici utilizzate Tipi di matrici utilizzate 

!"#$%&'%(!"#$%&'%( E’ un polisaccaride derivante da particolari alghe rosse cosituito da residui alternati di 
D-galattoso e 3,6-anidro-L-galattoso. Disponibile commercialmente come Sepharose, Sepharose CL
(cross-linking con 2,3-dibromopropanolo), Superose, Bio-Gel A.                    Limiti di esclusione 10-
40000 kD.

)*++,+%&#(()*++,+%&#((Polimero di unita’ glucosidiche unito da legami β-1,4. Tramite epicloridrina vengono 
ottenuti i legami crociati essenziali per l’ utilizzo come matrice in cromatografia, il numero dei quali 
determina la dimensione dei pori.

-*&.$#/%(-*&.$#/%( E’ un polimero di residui di glucosio uniti da legami β-1,6 prodotto dal batterio 
Leuconostoc mesenteroides.  E’ presente in commercio con il nome di Sephadex. La porosita’ dei gel 
a base di destrano e’ controllata dalla massa molecolare del destrano usato e dall’ introduzione di 
legami crociati ottenuti con epicloridrina. Limiti di esclusione 0.7-800 kD.                                                    
Il cosiddetto Sephacryl e’ destrano con legami crociati ottenuti con N,N’-metilene bisacrilamide. Limiti 
di esclusione 1-8000 kD. Il Superdex e’ un gel composito costituito da destrano covalentemente 
legato ad agarosio.

0%+'#1$'+#2'3*0%+'#1$'+#2'3* E’ un polimero di acrilamide e N,N’-metilenbisacrilamide (quest’ultimo 
determina la formazione di legami crociati). E’ disponibile in commercio come Bio-GelP, con limiti di 
esclusione tra 0.2 e 400 kD.

0%+'&.'$*/*0%+'&.'$*/* E’ un polimero di stirene legato con divinilbenzene.

4'+'1*4'+'1* E’ un polimero prodotto a partire dall’ acido ortosilicico. I molti gruppi silanolo (Si-OH) 
rendono la matrice altamente idrofilica. Il loro eccesso puo’ essere eliminato derivatizzando con 
triclorometilsilano.
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F.S. solida fissa 
F.M. liquida o gassosa

Il soluto pu˜ venire adsorbito sulla 
superficie delle particelle solide

La fase stazionaria è un solido in La fase stazionaria è un solido in 
polvere steso su un supporto; sulla polvere steso su un supporto; sulla 
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deboli (reversibili!) con le molecole deboli (reversibili!) con le molecole 
della miscela da separare. Si parla della miscela da separare. Si parla 
quindi di cromatografia di quindi di cromatografia di 
adsorbimento, che può essere gasadsorbimento, che può essere gas--
solido o liquidosolido o liquido--solido a seconda solido a seconda 
della natura della fase mobiledella natura della fase mobile

La cromatografia di adsorbimento è La cromatografia di adsorbimento è 
utilizzata per separare sostanze neutre utilizzata per separare sostanze neutre 
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o inorganicao inorganica

:211"#52$4%.&+&4#*4&#-%"321&#5&#,%);"3)#0($('"$$(3('
+<4#$)55)3)#5,"8&1&%4#14-"'&#*48)1&#=%4;4%5&8&1&>?#
+)3#14#')14+)14#*411"#'&5+41"#*"#54$"%"%4@#

:&#$"%1"#A2&3*&#*&#+%)'",)-%".&"#*&#
"*5)%8&'43,)6#+<4#$2)B4554%4#-"5C5)1&*)#)#
1&A2&*)C5)1&*)#"#54+)3*"#*411"#3",2%"#*411"#("54#
')8&14

D#5&,&#*&#"*5)%8&'43,)#$)55)3)#4554%4#)++2$",&#
*"11E&#4&2$&)#*"11E"2"#($"!

56'7897:;<;'=5>'?5=;>;>5'@AB5:AB5':A8'
=AB;>7<;6'97C5>?5



Cromatogra(ia	a	scambio	ionico

Tale	metodo	permette	di	separare	le	molecole	sulla	base	della	carica	
netta	super(iciale

! carica	totale
! densità	di	carica	
! distribuzione	della	loro	carica.

I	gruppi	che	contribuiscono	alla	formazione	della	carica	netta	di	una	
molecola,	hanno	diversi	valori	di	pKa dipendenti	dalla	loro	struttura	e	dal	
microambiente	in	cui	si	trovano.	

La	loro	carica	è	strettamente	dipendente	dal	pH

La	cromatogra(ia	a	scambio	ionico	si	avvantaggia	del	fatto che	il	
rapporto	esistente	tra	la	carica	netta	e	il	pH	per	una	speci(ica	proteina	E’	
UNICO.
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stronger the interaction. Neutral analytes or those with a charge identical to
that of the resin show little or no affinity for the stationary phase and move with
the eluting buffer. The bound analytes can be released by eluting the column
with a buffer of increased ionic strength or pH (stage 4). An increase in buffer
ionic strength releases bound analytes by displacement. Increasing the buffer pH
decreases the strength of the interaction by reducing the charge on the analyte or
on the resin (stage 5).

The following sections will focus on the properties of ion-exchange resins,
selection of experimental conditions, and applications of ion-exchange
chromatography.

Ion-Exchange Resins

Ion exchangers are made up of two partsÑan insoluble, three-dimensional
matrix and chemically bonded charged groups within and on the surface of the
matrix. The resins are prepared from a variety of materials, including poly-
styrene, acrylic resins, polysaccharides (dextrans), agarose, and celluloses. An
ion exchanger is classified as cationic or anionic depending on whether it ex-
changes cations or anions. A resin that has negatively charged functional
groups exchanges positive ions and is a cation exchanger. Each type of
exchanger is also classified as strong or weak according to the ionizing
strength of the functional group. An exchanger with a quaternary amino group
is, therefore, a strongly basic anion exchanger , whereas primary or secondary
aromatic or aliphatic amino groups would lead to a weakly basic anion
exchanger. A strongly acidic cation exchanger contains the sulfonic acid
group. Table 5.3 lists the common ion exchangers according to each of these
classifications.

The ability of an ion exchanger to adsorb counterions is defined quanti-
tatively by capacity. The total capacity of an ion exchanger is the quantity of
charged and potentially charged groups per unit weight of dry exchanger. It is
usually expressed as milliequivalents of ionizable groups per milligram of dry
weight, and it can be experimentally determined by titration. The capacity of
an ion exchanger is a function of the porosity of the resin. The resin matrix
contains covalent cross-linking that creates a Òmolecular sieve.Ó Ionized func-
tional groups within the matrix are not readily accessible to large molecules
that cannot fit into the pores. Only surface charges would be available to these

1¢ 2

1 2 3 4 5

FIGURE 5.5 Illustration of the principles of ion-exchange chromatography. See text for explanation.
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!"#$"%&'" posso	essere	porose	o	non	porose
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! 4isicamente	stabili
! Chimicamente	resistenti	
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stringenti	di	lavaggio	
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! Modi4icabili	per	essere	
speci4iche
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FIGURE 5.6 The
effect of pH on the
net charge of a
protein.

charge will bind to a cationic exchanger and vice versa. However, many biomol-
ecules have more than one type of ionizing group and may have both negatively
and positively charged groups (they are amphoteric). The net charge on such
molecules depends on pH. At the isoelectric point, the substance has no net
charge and would not bind to any type of ion exchanger.

In principle, amphoteric molecules should bind to both anionic and
cationic exchangers. However, when one is dealing with large biomolecules, the
pH range of stability must also be evaluated. The range of stability refers to
the pH range in which the biomolecule is not denatured. Figure 5.6 shows how
the net charge of a hypothetical protein changes as a function of pH. Below the
isoelectric point the molecule has a net positive charge and would be
bound to a cation exchanger. Above the isoelectric point, the net charge is nega-
tive, and the protein would bind to an anion exchanger. Superimposed on this
graph is the pH range of stability for the hypothetical protein. Because it is stable
in the range of pH 7.0–10.0, the ion exchanger of choice is an anionic exchanger. In
most cases, the isoelectric point of the protein is not known. The type of ion
exchanger must be chosen by trial and error as follows. Small samples of the pro-
tein mixture in buffer are equilibrated for 10 to 15 minutes in separate test tubes,
one with each type of ion exchanger. The tubes are then centrifuged or let stand
to sediment the ion exchanger. Check each supernatant for the presence of the
desired analyte ( for nucleic acids, for proteins, catalytic activity for en-
zymes, etc.). If a supernatant has a relatively low level of added protein, that ion
exchanger would be suitable for use. This simple test can also be extended to

A280A260

1pHI2,
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molecules for exchange. The purely synthetic resins (polystyrene and acrylic)
have cross-linking ranging from 2 to 16%, with 8% being the best for general
purposes.

With so many different experimental options and resin properties to consider,
it is difficult to select the proper conditions for a particular separation. The next sec-
tion will outline the choices and offer guidelines for proper experimental design.

Selection of the Ion Exchanger

Before a proper choice of ion exchanger can be made, the nature of the molecules
to be separated must be considered. For relatively small, stable molecules (amino
acids, lipids, nucleotides, carbohydrates, pigments, etc.) the synthetic resins
based on polystyrene are most effective. They have relatively high capacity for
small molecules because the extensive cross-linking still allows access to the inte-
rior of the resin beads. For separations of peptides, proteins, nucleic acids, poly-
saccharides, and other large biomolecules, one must consider the use of fibrous
cellulosic ion exchangers and low-percent cross-linked dextran or acrylic ex-
changers. The immobilized functional groups in these resins are readily available
for exchange even to larger molecules.

The choice of ion exchanger has now been narrowed considerably. The next
decision is whether to use a cationic or anionic exchanger. If the analyte has only
one type of charged group, the choice is simple. A molecule that has a positive

TABLE 5.3 Ion-Exchange Resins

Name Functional Group Matrix Class

Anion Exchangers

AG 1 Tetramethylammonium Polystyrene Strong

AG 3 Tertiary amine Polystyrene Weak

DEAE-Sephacel Diethylaminoethyl Sephacel Weak

PEI-cellulose Polyethyleneimine Cellulose Weak

DEAE-Sephadex Diethylaminoethyl Dextran Weak

QAE-Sephadex Diethyl-(2-hydroxyl-propyl)-aminoethyl Dextran Strong

DEAE-Sepharose Diethylaminoethyl Agarose Weak

Cation Exchangers

AG 50 Sulfonic acid Polystyrene Strong

Bio-Rex 70 Carboxylic acid Acrylic Weak

CM-Sephacel Carboxymethyl Sephacel Weak

P-Cellulose Phosphate Cellulose Intermediate

CM-Sephadex Carboxymethyl Dextran Weak

SP-Sephadex Sulfopropyl Dextran Strong

CM-Sepharose Carboxymethyl Agarose Weak

SP-Sepharose Sulfonic acid Agarose Strong
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L’optimum	di	selettività	si	ottiene	normalmente	a	valori	di	pH per	i	quali	
sia	massima	la	differenza	tra	le	curve	di	titolazione	67899*/:0)1*,,0:0+.8)
*+);8:*;8)+0<<8=)e	utilizzando	uno	scambiatore	di	ioni	con	una	carica	
opposta	alla	carica	della	proteina	a	quel	particolare	pH
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Nella	fase	inversa	
Fase	stazionaria:	apolare	
Fase	mobile:	più	polare	!"#$%&'()*"#+()%#,%&-."#/-))%#+-00"%.(#1%.2-#
(&3()*(4

Cosa	viene	eluito	per	primo?	
Gli	analiti polari	eluiscono	per	primi.	
L’eluizione	può	richiedere	un	gradiente	con	proporzioni	crescenti	di	solvente	a	
bassa	polarità.	

Nella	fase	diretta
Fase	stazionaria:		polare
Fase	mobile:	solvente	organico	o	miscela	meno	polare	!"#$%&'()*"#,"5#
,%&-."#/-))%#+-00"%.(#1%.2-#(&3()*(4

Adatta	per	separare	analiti con	scarsa	solubilità	in	solventi	acquosi.

Cosa	viene	eluito	per	primo?	
Gli	analiti meno	polari





I gruppi legati alla silice che pi• frequentemente vengono utilizzati
sono:
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ELUIZIONE  pu˜ essere ISOCRATICA 

ELUIZIONE  pu˜ essere in GRADIENTE
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EFFETTI DELLA FORZA DEL SOLVENTE SULLA SEPARAZIONE



HPLC	(high	pressure	liquid	chromatography)
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Processo	più	rapido	*,#5+)*+((+#,%/:+#0.#&((+%+)+#$%#*,22.&)#
%$*+)&#0.#5.,((.#(+&)./.#.-#/:+#1$&-#0.)+#$%,#migliore	risoluzione.	

=&%&#)./:.+'(+#5)+''.&%.#0.#5&*5,22.&#0.#0.1+)'+#centinaia	di	
atmosfere

Tipologia sulla base di…
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La risoluzione, R, • una misura quantitativa della La risoluzione, R, • una misura quantitativa della 
capacitˆ di separare due analiti.capacitˆ di separare due analiti.
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!"#"$$%&'%(&)*+,("-*.")(*/*

!"#"$$%&0-'*,,*.%
– contengono un supporto solido inerte, finemente 
suddiviso (comunemente basato su terra di 
diatomee), ricoperto di fase stazionaria liquida

!"#"$$%&,*'0##*(0
– WCOT (Wall Coated Open Tubular), strato so?le 
di fase liquida (1 μm) depositato sulla superficie
– SCOT (Support Coated Open Tubular), strato 
poroso creato sulle pareC della colonna per 
traDamento o deposizione chimica
– PLOT (Porous Layer Open Tubular), strato poroso 
polimerico o inorganico che funge da fase 
stazionaria per una cromatografia di adsorbimento



!"##$%#&'"(

!"#$%"&'()*)"'%%'+'"!,-./!
0-112!"'"3.!4!"&5"!637.-88-

Solamente il 23% delle sostanze pu˜ essere separato per GC
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