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Basic principles of chromatography

Chromatography is a set of laboratory techniques for the separation of
analyte, i.e. a mixture of compounds/particles present in gases or in liquids.

Chromatography is a physical method of separation that is based on the
distribution of components between two phases, stationary phase and the

mobile phase moving in a definite direction.

Stationary phase is usually a solid substance (often called sorbent) or a liquid
film immobilized by adsorption on a solid support matrix.

Mobile phase is a liquid or gas moving through a stationary phase

Chromatography techniques allows separation of multicomponent
mixtures, identification of components and their quantification.




Classification of chromatography techniques

By aggregation state:

gas chromatography
gas-liquid chromatography
gas-solid phase chromatography

liquid chromatography
liquid-liquid chromatography
liquid-solid phase chromatography
liquid-gel chromatography



Classification of chromatography techniques

By interaction mechanism between sorbent and analyte:

Distribution chromatography (PacipeaeanTeabpHas xpomaTorpadus) separates
molecules according to their solubility in the stationary phase (gas-liquid
chromatography) or according to their solubility in both mobile and stationary phases.
CranmoHapHas hasza XUMAYIECKH CBA3aHA C OCHOBOM/ cyocrparom. [ToABmkHas dasza —
’KIAKOCTD AU Ia3. PasaeAeHIE 32 CUET PASAUYNN B IIOAAPHOCTH BEIIIECTB.

YacTHBEIA cAy9Ial - 0OpaméHHO-da3Has XpomaTorpadus.

Size-exclusion chromatography (reab-puabTpaIia UAU S9KCKAFO3UOHHAA
xpomarorpadpusa) separates molecules according to their size (or more accurately
according to their hydrodynamic diameter or hydrodynamic volume). Bermmectsa
PA3AEAAIOTCSA IO PA3MEPY 32 CUET UX PA3HOU CIIOCOOHOCTU IIPOHUKATH B ITIOPHI
HEITOABIDKHOI pa3pl. CrarmonapHas dpaza HHEPTHA U C PA3ACAAECMBIMU BEIIIECTBAMU HE
B3aMMOAEUCTBYET.



Classification of chromatography techniques

By interaction mechanism between sorbent and analyte:

Ion exchange chromatography (MMornooOMeHHasA xpomarorpadua, pa3HOBHAHOCTB
MOHHOU XpoMaTorpadum) uses an ion exchange mechanism to separate analytes based
on their respective charges. Pazaeasier mpaktinaecku AFOOBIE 3APAKEHHBIE MOACKYABL,
BKAFOYAs OCAKH, HYKACOTHABL 1 AMHHOKHCAOTHL. HacTO 9TO IIEPBHIN TAIl OYUCTKA
OEAKOB.

Adsorbtion chromatography (AacopOimmoHHas xpoMaTorpadusa) pasaeAseT
COECAMHEHH 32 CUET UX PA3ANIHOM CIIOCOOHOCTH COPOHPOBAThCA ((DU3MCOPOIHUA HAN
XEMHICOPOIINA) B ACCOPOUPOBATHCA Ha IOBEPXHOCTH AACOPOEHTA C Pa3BUTOM
IIOBEPXHOCTBIO, HAIIPUMEP, CHAHKATEAS.

Affinity chromatography (Adduaaaa xpomarorpadus) is based on selective non-
covalent interaction between an analyte and specific molecules. Harpumep,
BBICOKOCITEITI(DIYHBIE B3AMMOACHCTBISA AaHTUTEHA U AaHTUTEAA, PEPMEHTA U CyOCTPaTa,
pELIEIITOPA U AUTAHAQ, OEAKA I HYKACHHOBOM KHUCAOTHI.



Classification of chromatography techniques

ITo Tumy cyGecrpara/OCHOBSBI:

Column chromatography - the stationary bed is within a tube

The particles of the solid stationary phase or the support coated with a liquid
stationary phase may fill the whole volume of the tube (packed column)

or be concentrated on or along the inside tube wall leaving a free channel for the
mobile phase along the axis of the tube (open tubular column).

Planar chromatography is a separation technique in which the stationary phase
is present as a plane or applied on a plane.

The plane can be a paper, serving as such or impregnated by a substance as the
stationary bed (paper chromatography)

or a layer of solid particles spread on a support such as a glass plate (thin-layer
chromatography).



Glossary for liguid chromatography

Term

Mobile phase or carrier

Stationary phase or adsorbent

Eluent

Eluate

Elution

Analyte

Definition
solvent moving through the column/plane

substrate

substance that stays fixed inside the
column/on the surface of plane substrate

fluid entering the column/plane substrate

fluid exiting the column (that is collected in
flasks)

the process of washing out a compound
through a column (plane substrate) using a
suitable solvent

mixture whose individual components have to
be separated and analyzed




Classification of chromatography techniques

Special techniques:

Reversed-phase chromatography is any liquid chromatography procedure in
which the mobile phase 1s significantly more polar than the stationary phase.
(in normal-phase liquid chromatography, the mobile phase 1s significantly less
polar than the stationary phase).

Two-dimensional chromatography - when one chromatographic mode is
insufficient to separate all compounds

In planar chromatography - The sample is spotted at one corner of a square
plate, developed, air-dried, then rotated by 90° and usually redeveloped in a
second solvent system.

In column chromatography - a series of unresolved peaks eluted from the first
column is directed onto a second column with different physico-chemical
properties.
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Liquid column chromatography
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Typical flow path for a chromatography system.




Size exclusion chromatography (SEC)/T'eAb-puabTpanius uan 3KCKAFO3MOHHA
xpomarTorpadpus
SEC allows separation of substances with differences in molecular size, under mild

conditions.

The technique can be used for protein purification or for group separation where the
sample is separated in two major groups.

Group separation is mainly used for desalting and buffer exchange of samples.

Sample components are eluted isocratically (single buffer, no gradient). Separation can be
performed within a broad pH, ionic strength, and temperature range.
The medium accepts a variety of additives: cofactor, protein stabilizers, detergents, urea, and

guanidine hydrochloride.
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Large molecule that Salt or other low-molecular-weight
cannot enter the pores of substances that can use the entire
chromatography beads pore volume of the beads

Target protein that can use a fraction of the pore volume of the beads




Ion exchange chromatography (IEX)

IEX separates proteins with differences in surface charge to give high-resolution
separation with high sample-loading capacity. The separation 1s based on the reversible
interaction between a charged protein and an oppositely charged medium.

Target proteins are concentrated during binding and collected in a purified, concentrated
form. IEX media can be used at high flow rates because binding kinetics for IEX are
fast, and rigid chromatography particles can be used.
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Ion exchange chromatography (IEX)

Proteins bind as they are loaded onto a column at low ionic strength. The conditions are
then altered so that bound substances are desorbed differentially. Elution 1s usually
performed by increasing salt concentration or changing pH in a gradient, or stepwise.
The most common salt is NaCl, but other salts can also be used to modulate separation,
for example, salts containing K*, Ca*", Mg**, CH3COO™, SO,*, I, or Bt~ ions. The
buffer used can also impact separation. lons that bind to the protein might change its
behavior in IEX.
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Hydrophobic interaction chromatography (HIC)

HIC separates proteins with differences in hydrophobicity. The method is well-
suited for the capture or intermediate step in a purification protocol.
Separation 1s based on the reversible interaction between a protein and the
hydrophobic surface of a chromatography medium.

This interaction is enhanced by high 1onic-strength buftfer.
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Hydrophobic interaction chromatography (HIC)
Many sample components bind a HIC column in high ionic-strength solution,
typically 1 to 2 M ammonium sulfate or 3 M NaCl. Conditions are then altered

so that the bound substances are eluted differentially.

Elution is usually performed by decreasing the salt concentration.
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Reversed phase chromatography (RPC)

RPC separates proteins and peptides on the basis of hydrophobicity.

RPC is a high-resolution method, requiring the use of organic solvents.

RPC is excellent, particularly for small target proteins that are less commonly
denatured by organic solvents.

Sample components bind as they are loaded onto the column. Conditions are then
altered so that the bound substances are eluted differentially.

Due to the nature of the reversed-phase matrices, binding is usually very strong.
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Chromatofocusing (CF)

CF separates proteins according to differences in their isoelectric point (pl). Itis a
powerful method and can resolve very small differences in pI (down to 0.02 pH
units) and thus separate very similar proteins. However, the capacity of the method
is low; CF should preferably be used for partially pure samples.

A pH gradient is generated on the column as buffer and medium interact. The
medium is a weak anion exchanger, and the buffer 1s a polyampholyte elution buffer
containing a mixture of polymeric buffering species that buffers a broad pH range.

Proteins with different pI values migrate at different rates down the column as the
pH gradient develops, continually binding and dissociating while being focused into
narrow bands and finally eluted.

CF 1s useful for high-resolution analytical separations and in preparative purification
it IEX or other methods do not give a satisfactory purification.



Affinity chromatography

Affinity chromatography is a method of separating biochemical mixture
based on a highly specific interaction between antigen and antibody, enzyme
and substrate, receptor and ligand, or protein and nucleic acid.

The high selectivity of affinity chromatography is caused by allowing the
desired molecule to interact with the stationary phase and be bound within the
column in order to be separated from the undesired material which will not
interact and elute first.

The desired molecules are let go in the presence of the eluting solvent (of
higher salt concentration). This process creates a competitive interaction with
the immobilized stationary molecules and the desired molecules are released in

highly purified form.

Molecules bound to affinity sorbent can be eluted by changing salt
concentrations, pH, pl, charge and ionic strength directly or through a gradient
to resolve the particles of interest.

Affinity chromatography 1s an excellent choice for the first step in purifying a
protein or nucleic acid from a crude mixture.



Typical Biological Interaction Used in Affinity Chromatography

Types of Ligand Target Molecule

Enzymes Substrate analogue
Antibody Antigen

Lectin Polysaccharide

Nucleic acid Complementary base sequence
Hormone Receptor

Avidin Biotin

Calmodulin Calmodulin binding molecule
Poly-A RNA contating poly (U) sequence

Glutathione GST fusion protein
Proteins A and G Immunoglobulins

Metal ions Poly fusion protein




Batch and column setups

Add mixture 1o column -
Discard flow through

Add wash 10 column
Discard flow through

Add clunon butfer to column
Retam Flow through

Column chromatography

It works usually at a normal pressure

Batch treatment:

Add the initial mixture to the solid phase in a
vessel and mix,

Separate the solid phase, remove the liquid
phase by centrifugation,

Wash and centrifuge,

Add the elution buffer, re-centrifuge and
removing the elute.




Immobilized metal ion affinity chromatography 1s based on the specific
coordinate covalent bond of some molecules or molecular groups to metals.

Immobilized metal ions, such as cobalt, nickel, copper bind histidine containing

proteins or peptides.

Elution of bound proteins is performed using a gradient of imidazole from 100 to

500 mM or by step elution. Gradient elution often gives two peaks, an early peak
corresponding to naturally binding proteins in the lysate and a later peak corresponding to
the histidine-tagged protein, which has higher affinity for the medium.

Recombinant DNA technology 1s used His-tag sequence
into the relevant gene.

Immobilized metal ions, such as iron, zinc or gallium —
bind phosphorylated proteins or peptides.
Methods used to elute the protein of interest include

changing the pH, or adding a competitive molecule

A chromatography column containing
nickel-agarose beads used for
purification of proteins with histidine
tags
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High-performance liquid chromatography (HPLC; formerly
referred to as high-pressure liquid chromatography) is a technique
in analytical chemistry used to separate, identify, and quantify each
component in a mixture.

It relies on pumps to pass a pressurized liquid solvent containing the sample mixture
through a column filled with a solid adsorbent material. Each component in the
sample interacts slightly differently with the adsorbent material, causing different
flow rates for the different components and leading to the separation of the
components as they flow out of the column.

Many different types of columns are available, filled with adsorbents varying in
particle size, and in the nature of their surface ("surface chemistry"). The use of
smaller particle size packing materials requires the use of higher operational pressure
and typically improves chromatographic resolution (the degree of peak separation
between consecutive analytes emerging from the column). Sorbent particles may be
hydrophobic or polar in nature.
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