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. Property . ) ) Current  Developmental
Technique . Capacity Resolution  Yield Cost .
exploited status potential

Precipitation solubility, charge high very low  medium low advanced low
Centrifugation density medium  low high medium advanced low
Extraction

org./aqu. solubility high low high low advanced medium

aqu./aqu. solubility high low high medinm medium  high
Membrane size medium  low high medium medium  high
Chromatography

lig./liq. solubility low medium medium medium medium  low

ion exchange charge low medium medium medium advanced high

size exclusion size medium  medium medium medium advanced high

hydrophobic hydrophobicity low medium medium medium medium  high

interaction

affinity bio-affinity low very high low high medium  very high
Electrophoresis  charge, size low high high medium advanced high
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Settling Wet Milling Extraction Chromatography  Crystallization
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Filtration Ultrasonication  Filtration adsorption Spray-drying

High Pressure Precipitation hydrophobic Ultratiltration
Homogenization Ultrafiltration size exclusion
Sorption affinity
Electrophoresis
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a PURUFICATION OF AN EXTRACELLULAR PROTEIM
DISRUPTION

Organelle Isolation
¢

-— Disruption/Solubilisation

CLARIFICATION
Centrifugation/flocculation or Liquid 2-phase partitioning

4
Liquid 2-phase partitioning

PRECIPIATION
R . Ammonium sulphate
Primary separation /
techniques PRECIPITATION
organic solvent
Chromatography ION EXCHANGE HYDROPHOBIC INTERACTION  JON-EXCHANGE
techniques i f/ ¥
// L AFFINITY \fee left-hand side

METAL CHELATE COVALENT HYDROPHOBIC
INTERACTION

\

b PURUFICATION OF AN EXTRACELLULAR PROTEIM

ION EXCHANGE CHROMATOFOCUSSING

OTPER ABSORPTION
METHODS

EL PERMEATION

CLARIFICATION
Centrifugation/flocculation/microfiltration or Liquid 2-phase partitioning
CONCENTRATION PRECIPITATION
Ultrafiltration Ammonium sulphate

Primary separation

techniques
Chromatography ION EXCHANGE HYDROPHOBIC INTERACTION
techniques
Lectin affinity
T 3
f AFFINITY See a
ION-EXCHANGE l BUFFER ?XCHANGE
voooTTT— HYDROPHOBIC
See a GEL PERMEATION IONEXC- | INTERACTION ~ COVALENT
CHROMATOFOCUSSING ME ’Ai CHEL
GEl. PERMEATION
¢ PURIFICATION OF MMEMBRANE PROTEINS
SOLUBILISATION
(Mon-ionic or Zwitterionic detergents or organic sclvents)
Primary separation CLARIFICATION
techniques Centrifugation
Chromatography technique ION EXCHANGE Lectin affinity ——— ngand affinity
AFFINITY ION- EXLHAN%\
OTHER ABSORPTION OTHER ABSORPTION
METHODS(e.g. COVALENT) METHODS

‘\.

GEL PERMEATION
a8 3. AEEE - AdA 2HE3)
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Separation Method Basis of Separation Application

lon Exchange lonic Charge Proteins

Gel Filtration Size Desalting, Large
Molecules

Affinity Chromatography

Specific Binding Antibodies, Antigens

CHROMATOGRAPHY Reverse Phase Hydrophobicity Peptides
Hydrophobic Hydrophobicity Proteins
Interaction
Chromatofocusing Isoelectric Point Proteins
Adsorption Surface Interactions Proteins
Molecular sieve Size Proteins
Electrophoresis
ELECTROKINETIC Isoelectric Focusing Isoelectric Point Proteins
PROCESSES Moving Boundary Electric Mobility Proteins
Continuous Flow Electric Mobility Proteins
Electrophoresis
Microfiltration Size Cell Removal
MEMBRANE Ultrafiltration Size Concentration
PROCESSES Electrodialysis Tonic Charge Desalting
Dialysis Size Buffer Exchange,

Desalting
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E 3. o] 7pH Auopeigts) shygs 2 B4

Mehtod

Effect

Distribution

Gel permeation

Adsorption(Normal phase)

[one-exchange

Chromatofocusing

Charge-transfer

Reversed phase

Ion suppression

Ionization control
lon-pair
Non-aqueous

Affinity
Biosorption
Hydrophobic Interaction
Dye-ligand

Metal chelate

Covalent(chemisorption)

Differential solubility in unmixed liquid phases

Size exclusion with differential retention according to adsorbent pore
size

Non-specific adsorption, e.g., polarity differential between relatively non-po-
lar solute and solvent on a polar stationary phase

Electrostatic interaction with surface modified by quarternary aminoethyl
(QAE). diethylaminoethyl(DEAE), sulfopropyl(SP), and carboxymethyl
(CM) surface groups

Separates according to isoelectric point

Electron donor/acceptor interaction

Stationary phase coated to give non-polar, hydrophobic surface. Retention
is proportional to hydrophobic reactions between solute and surface.
Common packings include octadecylsilyls(C 18 or ODS), dodecylsilyl(C
22), or smaller carbon chains. Retention is roughly proportional to the
length of the bonded carbon chain

Acids(phosphoric, sulfuric, perchloric) or bases (ammonia or ammonium
carbonate) suppress ionization and resulting diffuse peaks of weak bases
and acids in neutral slvent

Buffered mobile phase controls pH to control degree of solute ionization
for precise control of elution

To separate organic ions, and ion of opposite charge is added, so target
species is eluted as one member of the ion-pair

Non-soluble targets may combine with solvents such as acetone, acetonitrile,
dimethyl sulfoxide, dichloromethane, methanol, and tetrahydrofuran

Chemical reaction specific to target species

Site recognition(e.g., monoclonal antibody. protein A)

Contacts between non-polar regions in aqueous solutions. Similar to rever-
sed phase method, but under milder process conditions

Specitic  binding of macromolecules to triazine and triphenylmethane
dyes

Matrix-bound chelate complexes with target molecule by exchanging low-
molecular-weight metal-bound ligands

Disulfide bonding reversible under mild conditions

Sotirce ; P. Mohr. K. Pommerening. 1986. Affinity Chromatography. Marcol Dakkor, New York. C.K. Lim.
1986. “Introduction.” in HPLC of Small Molecules, CK. Lim, ed IRL Press Oxfor and Washington. D.C.
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B 4 zazviEzels] FA HLEQ od8k(16)

Effects of Process Parmeters on Resolution and Throughput

Parameter Resolution Throughput
varies with varies with
Column length(L)* L 1/L
Column radius(r)** Some effect r’
Temperature(T) Positive effect T
Viscosity () Negative effect /7
Sample volume(V) V-V imunmd A%
Flow rate(]) W -Joptimunrd J

Bench-level purifications tend to be optimized only for resolution, while pilot and production scale purifica-

tions must also maximize throughput.

*For gel filtration and isocratic elutions, column length is a critical factor. For gradient elution in adsorption

chromatography, however, resolution is relatively independent of column length.

**Wall effects on resolution are pronounced in short-radius columns, and decrease as column length increa-

Ses.

B 5 9EY 7w

UPSTREAM DOWNSTREAM
NAME MIXTURE MIXTURE DRIVING FORCE = PERMEANT REJECTED SPECIES
Beemeation Gas Gas i SRR
Pervaporation Liquid Solution Gas Concentration or Gas

Dialysis Liquid Solution

Liquid Selution

Liguid solution

Electrodialysis Liquid solution

Filtration

Reverse Osmosis  Liquid Solution Liquid Solution

(Hyperfiltration)

Ultrafiltration Liquid Solution Liguid Solution

Microfiltration Liquid Suspension  Liquid Solution

Particle Filtration ~ Liquid Suspension  Liquid Suspension

Partial Pressure

Concentration Microsolutes

Electrical Ions
Potential
Pressure and Solvent Microsolutes

Concentration

Pressure and Microsolutes Microsolutes
Concentration
Pressure and Colloidal

Particles

Microsolutes
Concentration

Calloidal
Particles

Pressure and Macroscopic

Concentration Particles
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E 6. Eel7se oAb

BPC Bond Phase Chromatography

CE Capillary Electrophoresis

CZE Capillary Zone Electrophoresis

FFE Forced(Free) Filow Electrophoresis

FPLC Fast Protein Liquid Chromatography

FSCE Free Solution Capillary Electrophore-
sis

GIFC Gel Filtration Chromatography

GPC Gel Permeation Chromatography

HIC Hydrophobic Interaction Chromatog-
raphy

HPCE High Performance Capillary Electro-
phoresis

HPLC High Performance Liquid Chromatog-
raphy

IEC Ion Exchange Chromatography

IEF Iso Electric Focusing

IPC Ion Pair Chromatography

LLC Liquid Liquid Chromatography

LPLC Low Pressure Liquid Chromatogra-
phy

LSC Liquid Solid Chromatography

MPLC Medium Pressure Liquid Chromatog-
raphy

MZE Multiphasic Zone Electrophoresis

PAGE PolyAcrylamide Gel Electrophoresis

PC Paper Chromatography

PIEF Recycling IsoElectric Focusing

RPC Reverse Phase Chromatography

SCFC SuperCritical Fluid Chromatography

SDS-PAGE Sodium Dodecyl Sulphate-PAGE

SEC Size Exclusion Chromatography

TLC Thin Layer Chromatography
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