
tipologie	di	cromatografia	di	adsorbimento	
La	prima	forma	di	cromatografia:		
Alcuni	materiali	solidi,	“adsorbenti”,	trattengono	le	molecole	sulla	loro	superficie.	

F.S. solida fissa 
F.M. liquida o gassosa

Il soluto può 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 
superficie dei granuli si trovano siti superficie dei granuli si trovano siti 
attivi che possono stabilire legami attivi che possono stabilire legami 
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 
polari o non polari, di natura organica polari o non polari, di natura organica 
o inorganicao inorganica

Sulla	superficie	dei	granuli	si	trovano	siti	attivi	
che	possono	stabilire	legami	deboli	(reversibili!)	
con	le	molecole	della	miscela	da	separare.		
	
	
Si	parla	quindi	di	cromatografia	di	
adsorbimento,	che	può	essere	gas-	solido	o	
liquido-solido	a	seconda	della	natura	della	fase	
mobile	
	
I	siti	di	adsorbimento	possono	essere	occupati	
dall’eluente	o	dall’analita.	
	

E’	INDICATA	PER	SEPARARE	MOLECOLE	CON	
POLARITA’	DIVERSE	



Cromatografia	a	scambio	ionico	

Tale	metodo	permette	di	separare	le	molecole	sulla	base	della	carica	
netta	superficiale	
	
•  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	cromatografia	a	scambio	ionico	si	avvantaggia	del	fatto	che	il	
rapporto	esistente	tra	la	carica	netta	e	il	pH	per	una	specifica	proteina	
E’	UNICO.	



•	alta	capacità	(quantità	di	gruppi	carichi	o	
potenzialmente	carichi	presenti	per	unità	di	peso	di	
resina	secca	mEq	di	gruppi	ionizzabili/mg	di	resina	
•	alto	potere	di	risoluzione	
•	condizioni	di	separazione	“non	aggressive”	
•	versatile:	ampio	spettro	di	applicazioni	
•	capacità	di	concentrazione	dell’analita	
•	costi	contenuti	



Fase	mobile:		
	
soluzione	contenente	ioni	in	grado	di	competere	con	gli	ioni	presenti	nel	campione	
	
NaCl	è	il	piu	usato	in	assoluto	
	
..ma	non	sempre	risulta	la	scelta	migliore	
	
La	scelta	è	basata:		
sulla	specificità	con	cui	scambia	sulla	resina	
sulla	sua	concentrazione		
dal	flusso	della	fase	mobile	
	
IMPORTANTE	
	
De-gasare	la	fase	mobile:	la	CO2	da	origine	a	acido	carbonico		
	
L’eluizione	può	essere	ISOCRATICA	O	A	GRADIENTE	
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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





Una	proteina	che	non	ha	carica	netta	ad	un	pH	equivalente	al	proprio	
punti	isoelettrico	(pI)	non	interagirà	con	un	mezzo	carico….	
	
….ma	ad	un	pH	superiore	al	proprio	pI,	la	proteina	legherà	un	mezzo	
carico	positivamente	o	ad	uno	scambiatore	di	anioni.	
	
….ma	ad	un	pH	inferiore	al	proprio	pI,	la	proteina	legherà	un	mezzo	
carico	negativamente	o	scambiatore	di	cationi	
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Fig. 3. Principles of an anion exchange separation.

Equilibration

Time/Volume

Absorption

Time/Volume

Absorption

Time/Volume

Absorption

Time/Volume

Absorption

Time/Volume

Absorption

Time/Volume

Absorption

IEX medium equilibrated with
start buffer.

Oppositely-charged proteins
bind to ionic groups of the
IEX medium, becoming
concentrated on the column.
Uncharged proteins, or those
with the same charge as the
ionic groups, elute during or
just after sample application.

Increasing ionic strength
(using a gradient) displaces
bound proteins as ions in the
buffer compete for binding sites.

Further increases in ionic
strength displace proteins that
are more highly charged (more
tightly bound)

Final high ionic strength wash
removes any ionically bound
proteins before re-equilibration

Sample application

Elution 1

Elution 2

Elution 3

Wash

Matrix Low ionic
strength
buffer

Positively
charged
ionic groups

Negatively
charged
proteins

Neutral or
positively
charged
proteins

13

Fig. 3. Principles of an anion exchange separation.

Equilibration

Time/Volume

Absorption

Time/Volume

Absorption

Time/Volume

Absorption

Time/Volume

Absorption

Time/Volume

Absorption

Time/Volume

Absorption

IEX medium equilibrated with
start buffer.

Oppositely-charged proteins
bind to ionic groups of the
IEX medium, becoming
concentrated on the column.
Uncharged proteins, or those
with the same charge as the
ionic groups, elute during or
just after sample application.

Increasing ionic strength
(using a gradient) displaces
bound proteins as ions in the
buffer compete for binding sites.

Further increases in ionic
strength displace proteins that
are more highly charged (more
tightly bound)

Final high ionic strength wash
removes any ionically bound
proteins before re-equilibration

Sample application

Elution 1

Elution 2

Elution 3

Wash

Matrix Low ionic
strength
buffer

Positively
charged
ionic groups

Negatively
charged
proteins

Neutral or
positively
charged
proteins



SELETTIVITA’	in	funzione	del	pH:	
	
L’optimum	di	selettività	si	ottiene	normalmente	a	valori	di	pH	per	i	quali	
sia	massima	la	differenza	tra	le	curve	di	titolazione	(maggiore	differenza	
in	carica	netta)	e	utilizzando	uno	scambiatore	di	ioni	con	una	carica	
opposta	alla	carica	della	proteina	a	quel	particolare	pH	
	

Talvolta	la	curva	di	titolazione	di	una	proteina	non	è	
totalmente	predittiva	sul	comportamento	della	proteina:	il	pI	
è	dato	dalla	carica	netta	totale,	la	cromatografia	a	scambio	
ionico	è	basata	solo	sulla	presenza	della	carica	netta	
superficiale!!!	
	



..altre	tipologia	di	cromatografia	di	adsorbimento	
La	prima	forma	di	cromatografia:		
Alcuni	materiali	solidi,	“adsorbenti”,	trattengono	le	molecole	sulla	loro	superficie.	

F.S. solida fissa 
F.M. liquida o gassosa

Il soluto può 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 
superficie dei granuli si trovano siti superficie dei granuli si trovano siti 
attivi che possono stabilire legami attivi che possono stabilire legami 
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 
polari o non polari, di natura organica polari o non polari, di natura organica 
o inorganicao inorganica

Sulla	superficie	dei	granuli	si	trovano	siti	attivi	
che	possono	stabilire	legami	deboli	(reversibili!)	
con	le	molecole	della	miscela	da	separare.		
	
	
Si	parla	quindi	di	cromatografia	di	
adsorbimento,	che	può	essere	gas-	solido	o	
liquido-solido	a	seconda	della	natura	della	fase	
mobile	
	
I	siti	di	adsorbimento	possono	essere	occupati	
dall’eluente	o	dall’analita.	
	

E’	INDICATA	PER	SEPARARE	MOLECOLE	CON	
POLARITA’	DIVERSE	



Un	tipico	adsorbente	è	la	silice	

Leggermente	acida,	può	
interagire	con	gruppi	polari	
dell’analita	o	dell’eluente.	
	
	
	
Le	proprietà	di	separazione	
dipendono	dalla	
disposizione	dei	gruppi	di	
silanolo	

Altre	resine	utilizzate	sono	l’allumina	(Al2O3),	e	il	carbone	



Nella	fase	inversa		
Fase	stazionaria:	apolare		
Fase	mobile:	più	polare	(i	solventi	meno	polari	hanno	maggiore	forza	
eluente)	
	
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	(i	solventi	più	
polari	hanno	maggiore	forza	eluente)	
	
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 più frequentemente vengono utilizzati 
sono: 
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A FASE DIRETTA 

POLARITA’ 

Sostituenti	utilizzati	per	modificare	la	fase	stazionaria	



ELUIZIONE  può essere ISOCRATICA  

ELUIZIONE  può essere in GRADIENTE 
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EFFETTI DELLA FORZA DEL SOLVENTE SULLA SEPARAZIONE 



Cromatografia	di	affinità	

Tale	tecnica	permette	di	separare	proteine	sulla	base	di	un	legame	
reversibile	tra	una	proteina	e	uno	specifico	ligando	agganciato	alla	
matrice	cromatografica.	
	

E’	caratterizzata	da	alta	selettività,	alta	risoluzione	e	alta	capacità	
permettendo	la	purificazione	e	la	concentraione	di	proteine	anche	di	100	
volte	

E’	l’unica	tecnica	che	permette	la	purificazione	di	biomolecole	sulla	
base	della	loro	funzione	biologica	o	sulla	sua	struttura	chimica		
	

Le	interazioni	tra	proteina	e	ligando	sono	di	natura	elettrostatica,	
interazioni	idrofobiche,	forze	di	van	der	Waals	o	ponti	idrogeno.	
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the desired macromolecule, M, is allowed to percolate. There are many types
of molecules in the mixture, especially if it is a crude cell extract, but only
macromolecules that recognize and bind to immobilized L are retarded in
their movement through the column. After the nonbinding molecules have
washed through the column, the desired macromolecules are eluted by gentle
disruption of the L:M complex. Study Figure 5.17 for an illustration of affinity
chromatography.

Affinity chromatography can be applied to the isolation and purification of
virtually all biological macromolecules. It has been used to purify nucleic acids,
enzymes, transport proteins, antibodies, hormone-receptor proteins, drug-binding
proteins, neurotransmitter proteins, and many others.

Successful application of affinity chromatography requires careful design
of experimental conditions. The essential components, which are outlined in the
following subsections, are: (1) creation and preparation of a stationary matrix
with immobilized ligand, and (2) design of column development and eluting
conditions.

Chromatographic Media

Selection of the matrix used to immobilize a ligand requires consideration of
several properties. The stationary supports used in gel-exclusion chromatog-
raphy are found to be quite suitable for affinity chromatography because:
(1) they are physically and chemically stable under most experimental condi-
tions, (2) they are relatively free of nonspecific adsorption effects, (3) they
have satisfactory flow characteristics, (4) they are available with very large
pore sizes, and (5) they have reactive functional groups to which an appropri-
ate ligand may be attached.

Four types of media possess most of these desirable characteristics: agarose,
polyvinyl, polyacrylamide, and controlled-porosity glass (CPG) beads. Highly
porous agarose beads such as Sepharose 4B (Amersham-Pharmacia-LKB-Hoefer)
and Bio-Gel A-150 (Bio-Rad Laboratories) have virtually all of these characteris-
tics and are the most widely used matrices. Polyacrylamide gels such as Bio-Gel
P-300 (Bio-Rad) display many of the recommended features; however, their
porosity is not especially high.

B + A, C, D B : A + C, D

+ B B

1. Attach ligand B to gel:

2. Pack modified gel into column and adsorb sample containing a mixture
    of components A, C, and D: 

Gel Modified gel

B : A + Y B : Y + A

3. Dissociate complex with Y and elute A:
     

FIGURE 5.17
Purification of a
macromolecule,
A, by affinity
chromatography.
Ligand B, which has
a specific affinity
for A, is immobilized
on the gel. Y
represents an
eluting agent that
causes dissociation
of A.



Per	eluire	la	molecole	di	interesse,	l’interazione	può	essere	
interrotta	:	
	
-	Utilizzando	un	ligando	competitivo	
-	Modificando	il	pH		
-	Modificando	la	forza	ionica	o	la	polarità	
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Chapter 1
Affinity chromatography in brief
Affinity chromatography separates proteins on the basis of a reversible interaction between
a protein (or group of proteins) and a specific ligand coupled to a chromatography matrix.
The technique is ideal for a capture or intermediate step in a purification protocol and can be
used whenever a suitable ligand is available for the protein(s) of interest. With high selectivity,
hence high resolution, and high capacity for the protein(s) of interest, purification levels in
the order of several thousand-fold with high recovery of active material are achievable.
Target protein(s) is collected in a purified, concentrated form.

Biological interactions between ligand and target molecule can be a result of electrostatic or
hydrophobic interactions, van der Waals' forces and/or hydrogen bonding. To elute the target
molecule from the affinity medium the interaction can be reversed, either specifically using
a competitive ligand, or non-specifically, by changing the pH, ionic strength or polarity.

In a single step, affinity purification can offer immense time-saving over less selective multi-
step procedures. The concentrating effect enables large volumes to be processed. Target
molecules can be purified from complex biological mixtures, native forms can be separated
from denatured forms of the same substance and small amounts of biological material can
be purified from high levels of contaminating substances.

For an even higher degree of purity, or when there is no suitable ligand for affinity purification,
an efficient multi-step process must be developed using the purification strategy of Capture,
Intermediate Purification and Polishing (CIPP). When applying this strategy affinity chroma-
tography offers an ideal capture or intermediate step in any purification protocol and can
be used whenever a suitable ligand is available for the protein of interest.

Successful affinity purification requires a biospecific ligand that can be covalently attached
to a chromatography matrix. The coupled ligand must retain its specific binding affinity for
the target molecules and, after washing away unbound material, the binding between the
ligand and target molecule must be reversible to allow the target molecules to be removed
in an active form. Any component can be used as a ligand to purify its respective binding
partner. Some typical biological interactions, frequently used in affinity chromatography,
are listed below:

• Enzyme ! substrate analogue, inhibitor, cofactor.

• Antibody ! antigen, virus, cell.

• Lectin ! polysaccharide, glycoprotein, cell surface receptor, cell.

• Nucleic acid ! complementary base sequence, histones, nucleic acid polymerase,
nucleic acid binding protein.

• Hormone, vitamin ! receptor, carrier protein.

• Glutathione ! glutathione-S-transferase or GST fusion proteins.

• Metal ions ! Poly (His) fusion proteins, native proteins with histidine, cysteine and/or
tryptophan residues on their surfaces.
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The high selectivity of affinity chromatography enables many separations to be achieved in
one simple step, including, for example, common operations such as the purification of
monoclonal antibodies or fusion proteins. A wide variety of prepacked columns, ready to
use media, and pre-activated media for ligand coupling through different functional groups,
makes affinity chromatography readily available for a broad range of applications.

To save time, the HiTrap™ column range (Table 1) is excellent for routine laboratory scale
applications in which the risk of cross-contamination between samples must be eliminated,
for purification from crude samples or for fast method development before scaling up
purification. HiTrap columns can be operated with a syringe, a peristaltic pump or any
ÄKTA™design chromatography system. Several HiTrap columns can be connected in series
to increase purification capacity and all columns are supplied with detailed protocols for use.

Table 1. HiTrap and HiPrep™ affinity columns for laboratory scale purification.

Application HiTrap and HiPrep columns

Isolation of human immunoglobulins

IgG, fragments and subclasses HiTrap rProtein A FF, 1 ml and 5 ml

IgG, fragments and subclasses HiTrap Protein A HP, 1 ml and 5 ml

IgG, fragments and subclasses including human IgG3 HiTrap Protein G HP, 1 ml and 5 ml
strong affinity for monoclonal mouse IgG1 and rat IgG MAbTrap™ Kit

Avian IgY from egg yolk HiTrap IgY Purification HP, 5 ml

Mouse and human IgM HiTrap IgM Purification HP, 1 ml

Purification of fusion proteins

(His)6 fusion proteins HisTrap™ Kit
HiTrap Chelating HP, 1 ml and 5 ml

GST fusion proteins GSTrap™ FF, 1 ml and 5 ml
GSTPrep™ FF 16/10, 20 ml

Other Group Specific Media

Albumin and nucleotide-requiring enzymes HiTrap Blue HP, 1 ml and 5 ml

Proteins and peptides with exposed His, Cys or Trp HiTrap Chelating HP, 1 ml and 5 ml

Biotinylated substances HiTrap Streptavidin HP, 1 ml

DNA binding proteins and coagulation factors HiTrap Heparin HP, 1 ml and 5 ml
HiPrep 16/10 Heparin FF, 20 ml

Trypsin-like serine proteases including Factor Xa, thrombin and trypsin HiTrap Benzamidine FF (high sub),
1 ml and 5 ml

Matrix for preparation of affinity media. Coupling via primary amines HiTrap NHS-activated HP, 1 ml and 5 ml
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Table 2. Relative binding strengths of protein A and protein G to various immunoglobulins. No binding: –,
relative strength of binding: +, ++, +++, ++++.

Protein A Protein G
Species Subclass binding binding

Human IgA variable –
IgD – –
IgE
IgG1 ++++ ++++
IgG2 ++++ ++++
IgG3 – ++++
IgG4 ++++ ++++
IgM* variable –

Avian egg yolk IgY** – –
Cow ++ ++++
Dog ++ +
Goat – ++
Guinea pig IgG1 ++++ ++

IgG2 ++++ ++
Hamster + ++
Horse ++ ++++
Koala – +
Llama – +
Monkey (rhesus) ++++ ++++
Mouse IgG1 + ++++

IgG2a ++++ ++++
IgG2b +++ +++
IgG3 ++ +++
IgM* variable –

Pig +++ +++
Rabbit no distinction ++++ +++
Rat IgG1 – +

IgG2a – ++++
IgG2b – ++
IgG3 + ++

Sheep +/– ++

* Purify using HiTrap IgM Purification HP columns.
** Purify using HiTrap IgY Purification HP columns.

Single step purification based on Fc region specificity will co-purify host IgG and may even
bind trace amounts of serum proteins. To avoid trace amounts of contaminating IgG, consider
alternative techniques such as immunospecific affinity (using anti-host IgG antibodies as
the ligand to remove host IgG or target specific antigen to avoid binding host IgG), ion
exchange or hydrophobic interaction chromatography (see Chapter 6).

Both protein A and a recombinant protein A are available, with similar specificities for
the Fc region of IgG. The recombinant protein A has been engineered to include a C-terminal
cysteine that enables a single-point coupling to Sepharose. Single point coupling often results
in an enhanced binding capacity.

Genetically engineered antibodies and antibody fragments can have altered biological
properties and also altered properties to facilitate their purification. For example, tags can
be introduced into target molecules for which no affinity media were previously available
thus creating a fusion protein that can be effectively purified by affinity chromatography.
Details for the purification of tagged proteins are covered in the section Recombinant
Fusion Proteins on page 42 of this handbook. For information on the purification of
recombinant proteins in general, refer to The Recombinant Protein Handbook: Protein
Amplification and Simple Purification and the GST Fusion System Handbook from
Amersham Biosciences.



 
Affinity Chromatography 
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Once the cysteine residue is introduced, the protein can be immobilized using a cysteine 
specific coupling reagent such as N-Ǆ-maleimidobutyryl-oxysuccimide ester. 

 
Fig. 8. Potential immobilization problems which can affect affinity ligand activity by a) 
multi-site attachment, (b) improper orientation, and (c) steric hindrance. 

Affinity ligands can be covalently immobilized, adsorbed onto a surface via nonspecific or 
biospecific interactions, entrapped within a pore, or coordinated with a metal ion as in 
metal-ion affinity chromatography (IMAC). Each of these methods has advantages and 
disadvantages and is briefly discussed below. 

Covalent immobilization is one of the most common ways of attaching an affinity ligand to 
a solid support material. There is a wide range of coupling chemistries available when 
considering covalent immobilization methods. Amine, sulfhydryl, hydroxyl, aldehyde, and 
carboxyl groups have been used to link affinity ligands onto support materials. More 
information about these specific reactions can be found in reference (Kim & Hage, 2006). 
Although covalent attachment methods are more selective than other immobilization 
methods, they generally require more steps and chemical reagents. While this may lead to a 
greater initial cost of preparation, the stability of these supports typically is greater and the 
support does not need to be periodically regenerated with additional affinity ligands as is 
typically the case when using adsorption techniques. As a result, covalent immobilization 
may be more economical in the long-term for the immobilization of costly affinity ligands. 
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Elution volume, ml

Inefficient binding
target elutes during
binding and elution

5 10 15 200 25

A280

Efficient binding
target elutes in
a single peak

Elution volume, ml

A280

5 10 15 200 25

a) b)

If several functional groups are available, couple the ligand via the group least likely to be
involved in the specific affinity interaction. A range of pre-activated matrices for attachment
of the ligand through different functional groups is available (see Table 7).

Spacer arms
The binding site of a target protein is often located deep within the molecule and an affinity
medium prepared by coupling small ligands, such as enzyme cofactors, directly to Sepharose
may exhibit low binding capacity due to steric interference i.e. the ligand is unable to access
the binding site of the target molecule, as shown in Figure 56a. In these circumstances a
"spacer arm" is interposed between the matrix and the ligand to facilitate effective binding.
Spacer arms must be designed to maximize binding, but to avoid non-specific binding
effects. Figure 56 shows the improvement that can be seen in a purification as the spacer
arm creates a more effective environment for binding.

Fig. 56. Using spacer arms. a) Ligand attached directly to the matrix. b) Ligand attached to the matrix via a spacer arm.

The length of the spacer arm is critical. If it is too short, the arm is ineffective and the
ligand fails to bind substances in the sample. If it is too long, proteins may bind non-
specifically to the spacer arm and reduce the selectivity of the separation.

As a general rule, use spacer arms when coupling molecules Mr < 1 000. Spacer arms are
not generally needed for larger molecules. Table 7 shows the pre-activated media with
different types of spacers arms that are available from Amersham Biosciences.
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Couple a ligand through the least critical region of the ligand to minimize interference with
the normal binding reaction. For example, an enzyme inhibitor containing amino groups
can be attached to a matrix through its amino groups, provided that the specific binding
activity with the enzyme is retained. However, if the amino groups are involved in the
binding reaction, an alternative, non-essential, functional group must be used.

Avoid using a functional group that is close to a binding site or that plays a role in the
interaction between the ligand and target molecule.

If a suitable functional group does not exist, consider derivatizing the ligand to add a
functional group.
Table 8.

Chemical group Length of Structure of spacer arm Product
on ligand spacer arm

Proteins, peptides, amino acids

amino 10-atom HiTrap NHS-activated HP
NHS-activated Sepharose 4 Fast Flow

None – CNBr-activated Sepharose 4B
CNBr-activated Sepharose 4 Fast Flow

10-atom ECH Sepharose 4B

carboxyl 11-atom EAH Sepharose 4B

thiol 4-atom Thiopropyl Sepharose 6B

10-atom Activated Thiol Sepharose 4B

12-atom Epoxy-activated Sepharose 6B

Sugars

hydroxyl 12-atom Epoxy-activated Sepharose 6B

amino 10-atom HiTrap NHS-activated HP

10-atom ECH Sepharose 4B

12-atom Epoxy-activated Sepharose 6B

carboxyl 11-atom EAH Sepharose 4B

Polynucleotides

amino None CNBr-activated Sepharose 4B
CNBr-activated Sepharose 4 Fast Flow

mercurated base 4-atom Thiopropyl Sepharose 6B

Coenzymes, cofactors, antibiotics, steroids

amino, carboxyl, use matrix with spacer arm
thiol or hydroxyl (see above)
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sepharose to create an affinity column. See Figure 6. This dye is capable of removing over 
90% of albumin in the sample (Travis et al, 1976).  

6.6 Lectin affinity chromatography 

Lectin affinity chromatography is one of the most powerful techniques for studying 
glycosylation as a protein post translational modification (Hirabayashi et al, 2002; Spiro, 
2002). Lectins are carbohydrate binding proteins that contain two or more carbohydrate 
binding sites and can be classified into five groups according to their specificity to the 
monosaccharide. They exhibit the highest affinity for: mannose, galactose/N-
acetylgalactosamine, N-acetylglucosamine, fucose, and N-acetylneuraminic acid (Sharon, 
1998). In this affinity technique, protein is bound to an immobilized lectin through its sugar 
moeities (N-linked or O-linked). Once the glycosylated protein is bound to the affinity 
support, the unbound contaminants are washed away, and the purifed protein eluted. 

Currently, many lectins are commercially available in an immobilized form. Among them, 
Concanavaline A (Con A) Sepharose and wheat germ agglutinin (WGA) are the most 
popular for glycoprotein purification. As shown in Table 3, several different types of lectin 
may be used in affinity chromatography. 

Acronym, 
Organism and 

source 

Metal ions 
required 

Sugar 
specificity

Elution 
conditions Useful for binding 

Con A (Canavalia 
ensiformis; jack bean 
seeds) 

Ca2+, Mn2+ 
ǂ-Man > ǂ-
Glc 

0.1–0.5 M ǂ-
MeMan 

High-Man, hybrid, and 
biantennary N-linked chains 

LCA or LCH (Lens 
culinarus; lentil 
seeds) 

Ca2+, Mn2+ 
ǂ-Man > ǂ-
Glc 

0.1–0.5 M ǂ-
MeMan 

Bi- and triantennary N-linked 
chains with Fuc ǂ1-6 in core 
region 

PSA (Pisum 
sativum;peas) 

Ca2+, Mn2+ ǂ-Man 
0.1–0.5 M ǂ-
MeMan 

Similar to LCA/LCH 

WGA (Triticum 
vulgaris; wheat 
germ) 

Ca2+, Mn2+ ß-GlcNAc 
0.1–0.5 M 
GlcNAc 

GlcNAc- and Sia- terminated 
chains, or clusters of O-GlcNAc; 
succinylated form selectively 
binds GlcNAc>Sia 

HPA (Helix 
promatia; albumin 
gland of edible 
snail) 

- ǂ-GalNAc 
0.1–0.5 M 
GalNAc 

Proteins with terminal ǂ-
GalNAc or GalNAcǂ-O-Ser/Thr 
(Tn antigen) 

UEA-I (Ulex 
europaeus; furze 
gorse seeds) 

- ǂ-L-Fuc 

0.1–0.5 M L-
Fuc or 
methyl-ǂ-L-
Fuc 

Sugar chains with terminal ǂ-
Fuc, especially in ǂ1-2 linkage, 
but much less with ǂ1-3 or ǂ1-6 
linkages 

LBA (Phaseolus 
lunatus; lima bean) 

Mn2+, Ca2+ 
Terminal ǂ-
GalNAc 

0.1–0.5 M 
GalNAc 

Proteins with blood group A 
structure GalNAcǂ1-3(Fucǂ1-
2)Gal– 

Table 3. Some examples of lectins used for glycoprotein purification modified from current 
protocols in protein science. 
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Lectine	usate	per	la	purificazione	di	glicoproteine	

..applicazioni	



HPLC	(high	pressure	liquid	chromatography)	

E’	uno	strumento	analitico	derivato	dalla	cromatografia	classica	e	si	
basa	sugli	stessi	principi.	
	
La	forza	che	permette	all’eluente	di	scorrere	nella	colonna,	è	
rappresentata	dalla	pressione	che	è	applicata	da	una	pompa	in	testa	
alla	colonna	e	che	forza	la	fase	mobile	a	scorrere	all’interno	della	fase	
stazionaria	
	
Processo	più	rapido	ma	permette	anche	di	ottenere	un	maggior	
numero	di	piatti	teorici	il	che	vuol	dire	una	migliore	risoluzione.		
	
Sono	richieste	pressioni	di	pompaggio	di	diverse	centinaia	di	
atmosfere	

Tipologia	sulla	base	di…	



Tali	caratteristiche	sono	espresse	dall’equazione	di	van	Deemter:	
	
Da	indicazione	del	rapporto	tra	altezza	del	piatto	teorico		(HEPT)	e	velocità	di	
flusso	
	
HEPT=	A	+	B/u	+	Cu	
	

A	=	diffusione	legata	all’impaccamento	della	colonna	
B	=	dispersione	delle	molecole	eluite	lungo	il	percorso		
C	=	resistenza	al	trasferimento	dell’analita	dalla	fase	mobile	alla	
stazionariaResistance	to	mass	transfer	coefficient	of	the	analyte	between	
mobile	and	stationary	phase	[s]	
u	=	velocità	lineare	di	flusso	



•  Con	una	colonna	di	25	cm,	ID	4	mm	e	fase	
stazionaria	di	5μm,	per	ottenere	un	flusso	di	
n-esano	di	1mL/min	è	necessaria	una	
pressione	in	ingresso	di	70	atm	

	
•  Ma	esistono	colonne	di	3	cm	con	ID>1mm	e	
con	granulometria	di	3	μm.	



	
Lunghezza:	10-30	cm		
Diametri	interni:	2-5	mm	
Impaccamenti	di	particelle:	3-10	μm		
	
	
N:	40	000-60	000	piatti	teorici	per	metro	
	
	
	
Lunghezza:	3-7,5	cm		
Diametri	interni:	1-4,6	mm		
Impaccamenti	di	particelle:	3-5	μm		
	
	
N:	fino	100	000	piatti	teorici	per	metro		
	
	





CARATTERISTICHE	DEI	RILEVATORI	

•  Sensibilità	adeguata	al	problema	
•  Buona	stabilità	e	riproducibilità	
•  Risposta	lineare	al	soluto,	possibilmente	per	parecchi	ordini	

di	grandezza	
•  	Tempi	di	risposta	rapidi	
•  Risposta	verso	tutti	i	soluti,	oppure	risposta	selettiva	verso	

una	o	più	classi	di	soluti	



Rivelatore 	 LOD (ng) Selettività 	 Utilizzabile in 
gradiente? 	

Assorbimento UV 	 0.1-1 selettivo 	 SI 	

Indice di 
rifrazione 	 100-1000 generale 	 NO 	

Fluorescenza 	 0.001-0.01 selettivo 	 SI 	

Elettrochimico 	 0.01-1 selettivo 	 NO 	

Conduttimetrico 	 0.5-1 selettivo 	 NO 	

Assorbimento IR 	 1000 	 selettivo 	 SI 	

Spettrometro di 
massa 	 0.0001-1 generale 	 SI 	



•	Gas-liquido	
–	supporto	inerte	solido	
–	liquido	non	volatile,	legato	covalentemente		
–	meccanismo	di	ripartizione	
–	moltissime	applicazioni		
	
•	Gas-solido		
–		fasi	stazionarie	di	silice,	allumina	o	carbone		
–		meccanismo	di	adsorbimento		
–		adatta	per	la	separazione	di	gas	permanenti	(H2,	He,	Ar,	
O2,	N2,	CO)	o	idrocarburi	a	basso	punto	di	ebollizione		
	

GAS	CROMATOGRAFIA	



Colonne	per	gascromatografia	
	
	
Colonne	impaccate	
–	contengono	un	supporto	solido	inerte,	finemente	
suddiviso	(comunemente	basato	su	terra	di	
diatomee),	ricoperto	di	fase	stazionaria	liquida	
	
	
	
	
	
Colonne	capillari	
–	WCOT	(Wall	Coated	Open	Tubular),	strato	sottile	
di	fase	liquida	(1	μm)	depositato	sulla	superficie	
–	SCOT	(Support	Coated	Open	Tubular),	strato	
poroso	creato	sulle	pareti	della	colonna	per	
trattamento	o	deposizione	chimica	
–	PLOT	(Porous	Layer	Open	Tubular),	strato	poroso	
polimerico	o	inorganico	che	funge	da	fase	
stazionaria	per	una	cromatografia	di	adsorbimento	



CARRIER	GAS	

I	gas	devono	essere	INERTI	
SECCHI	e	PRIVI	di	IMPUREZZE	

Solamente	il	23%	delle	sostanze	puo	essere	separato	per	GC	



•	a	conducibilità	termica	(TCD)	
•	a	ionizzazione	di	fiamma	(FID)	
•	a	cattura	di	elettroni	(ECD)	
•	a	conducibilità	elettrolitica	(ELCD)	
•	amperometrico	per	lo	zolfo	(ASD)	
•	termoionico	(TID	o	NPD)	
•	fotometrico	a	fiamma	(FPD)	
•	a	fotoionizzazione	(PID)	
•	ad	emissione	atomica	(AED)	
•	a	chemiluminescenza	
•	spettrometria	di	massa	(MS)	

				

		

		

Rilevatori	per	GC	

La	selezione	è	basata	su:	
	
•	natura	chimica	degli	analiti	
		
•	potenziali	interferenze	
	
•	limite	di	rivelabilità	
richiesto	(LOD)	
	
•	disponibilità	e/o	costo	


