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Property Technique
Size Gel filtration (GF), also called size exclusion
Chargs lzn exchangs chramatography (1EX)
Hydraphobic ity Hydrophabic interaction chromatography (HIC)
Reversed phase chromatography (RPC)

Biorecognition (ligand specificity} Affinity chromatography (&2)

S

i

Gel filtration Hydrophobic interaction  lon exchange Affinity Reversed phase

Fig. 1. Separation principles in chromatography purification.
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Buffer

Absorbance £ . 5
A g °
< 2 £ 2 E
5. Large molecules leave the column first followed fi 5 P '; & =
by smaller molecules in order of their size. The £ % 35 ¥
entire separation process takes place as one total = E EZ E [
column volume (equivalent to the volume of the a E £2 3 £
packed bed) of buffer passes through the gel N A \
filtration medium. 1 /;\ M A N /\ /\
T g %
- Vs -
- Vt-V, -

Fig. 3. Process of gel filtration.



Figure 5.1

A scanning electron micrograph of a porous agarose gel (magnification:
»x50000).



!

Ve 0

'

i .

Figure 71. The volumes comprising the total volume ofa molecular exclusion column.
V:1s the total column volume, V. is the volume ofthe water immobilised within the gel
beads. V, is the volume ofthe mobile water between the gel beads. V, is the volume ofthe
gel polymer strands and V, is the elution volume of a solute. Depending upon the size of
the solute, V. may vary between V,and V,+ V..



TB005: Size Exclusion Mechanism

Keywords
GPC, Thaoey, Size Exclusion Mechanism
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Sample > [
applied

Porous
beads >
packed

into a
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Figure 5.2

. Small molecules can occupy
all the volume of the column (V)
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'..?-— Porous bead
II Large molecules can only
occupy the space in the

“Large column around the beads (V)

proteins

elute first
Fraction
collector

A schematic representation of size exclusion chromatography.
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Coiumn: Superdax™ 200 HR 1030 [V, 24 mi)
Sampis. M, Conc. (mgmil
Thyragkabulin 562000 3
Fzmitin 240000 07
g5 150000 3
Transerrin 81000 3
Cwalburmin 43000 3
Mysghatin 17 £00 2
Witamin BLZ 1358 05
pion: 15.2 mgmi

WiumEes:

1) 25 pl{0.1% % V)

2) 250 pi (1% x V)

3) 1000 pl (4.2% X V)
Buiter: 0.05 M sodlum phosphate, 0.15 M NaCl, pH 7.0
Fiow: 1.0 mumin (76.4 cmih)

Fig. 7. Influence of sample volume on resolution.

TB019: Overloading Effects

Keywords
GPC, Theory, Overloading Effects Columns:
Sample:
Solution viscosity is dependent upon molecular weightand  Eluent:
concentration. At high sample concentrations increased  Flow Rate:
solution viscosity can cause significant band broadening  Inj Vol:
due to viscous streaming or viscous fingering on the trailing  Detector:
side of the solute band. Calibrants:
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This technical bulletin demonstrates how the resolutionof  Sample: Polystyrene standard 480

oligomers improves as flow rate is reduced. However, the  Column: PLgel 5um 100A, 300x7.5mm
run time is obviously increased as a result. Eluent: THF
Detector: R
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Sample:
Column:
Eluent:

Flow Rate:

Conc:
Detector:

Polystyrene Standard 480
PLgel 5um 100A, 300x7.5mm
THF

1.0ml/min

0.1%

RI

AT T

Ini 20ul

=

Ini 200ul

TB230: Effect of Particle Size on the
Separation of Oligomers

Keywords
GPC, RI, PLgel, Oligomer Resolution, THF

As predicted by the Van Deemter equation, as the particle
size of a column is decreased, so the resolution improves.
The operating pressure will increase as the particle size
of the packing is reduced.

10pm

Sample:
Column:
Eluent:
Flow Rate:
Detector:

Polystyrene standard 480
PLgel 100A, 300x7.5mm
THF

1.0ml/min

RI
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Concentration

(]

Elution lume

Fig. 13. Elution diagrams obrained when haemoglobin {bBlue) and MaCl {red ) were separated. Expenmental conditions
were identical cxcept that the viscositcs werm altered by the addition of increazing amountz of dextran. A detericration
of the separation bacomes apparent. (A lower flow rate will nor improve the separation.
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Satisfactory separation
Well resolved, symmetrical peaks.

Poor resolution

Review factors affecting resolution (see page 13},

including media selection, particle size, sample
volume: column volume and flow rate.

Leading peaks

Asymmetric peaks: sample elutes before void
volume indicates channelling in column bed.
Leading peaks can also be due to overpackin
of column (packed at too high pressure or flo
rate). Column may need to be repacked.

Tailing peaks

Asymmetric peaks: sample application uneve
Check top of column if possible. Ensure mediu
is evenly packed and that sample is applied wit
out disturbing the packed bed. Tailing peaks
can also be due to underpacking of column
{packed at too low pressure or flow rate).

Late elution

Peaks seen after one column volume of bufter
has passed through the column. Always include
a wash step between runs to ensure removal of
laee eluting molecules.

Molecules may be binding non-specifically to
gel filtration medium. If the interaction is ionic
In nature, increasing the concentration of sodium
chloride (up to 150 mM) may help. If the inter-
action is hydrophobic in nature, reducing sale
concentration, increasing pH or adding a
detergent or organic solvent may help.
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Cofmn: Supendex 200 HR 10030 [V 24 mi)

Sampis: M, canc. {mgmi}
Triyrogletulin E49 000 3
Ferrin 440000 07
igG 150 000 3
Trarekmin 81000 3
valbumin 43 000 3
Wynglobin 17 B00 Z
VHamin B12 1355 05

Total sampie

conceniration: 15.2 mgml

BLiTEr: 0005 M zodium phosphata, 015 M Macl, pH 7.0

Flons 1) 0.25 mémin {12.1 cm/h)

21 1.0 mifmin (76.4 crmh)

1

P 26 pl, 0.25 mlimin (1% crh) 2 . 26 pl, 1.0 ml'min {78 cm'hl
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Fig. 14a. Influence of flow rate on resolution.
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Superdex

Superdex Peptide
Superdex 75

Superdex 200

Superdex 30 prep grade
Superdex 75 prep grade
Superdex 200 prep prade
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|

Kl'

1.00
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Fig. 10. Defining fractionation range and exclusion limit from a selectivity curve.



Hocwutenn 11 renbGuiibTpanun
Sephacryl

Sephacryl 5-100 HR
Sephacryl 5-200 HR
Sephacryl 5-300 HR
Sephacryl 5-300 HR
Sephacryl 5-500 HR

Sephacryl 5-1000 SF
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Common Problems in Gel Permeation Chromategraphy, Possible Causes,
and Their Remedies*

Problem

Poor peak resoluiion

Poor sample recovery

Capacity
Elutizn profile net

repeaducible

Lovay column flowy rate

Cause

Short column
High flerar rate
Larp= sample volume

Larpe “dead space™

Pee column packing

Incoened Fracticaation rangs and
grade of marix

Sample may b precipitaied dos 1o
very ko ar sxcessive sk
concertration in the buffer

PFrotein adsorbed 1o the mairix

Protealysis

Harsh elution conditians, which can
remove essential cofacars or can
dissociale protein subunits,
resulting in a partial loss of activity

Buffer composition may bave
dhanged since the pesvicus
sxperiment

Some components of the sampls may
harve changed or precipiated duricsg
slorage

Column cutlet may be partially
chossd

Samgle pescipitaie on top of the gel-
bed

Salt depeosit inside ubing,
ohstructing foar rane

Gl matriz compressed dos o
exosssive pressurs

Air bubhles in the wbing resisting
flow

Leaky whing

Remedy

Usz loag column

Use low Boas raie

Eeep sample velums below 5% of =
the column bad volume

Reduee the lengih of the inbe
betwesn end of the column and
fraction zollectar

Check column packing with blug
dexiran

Uss a mairix with comsci
Eractionation range and grads

Chedk the solubility of the protein

Include deterpent or carbohydrale (in
casz of 4 Jertin} in the baffer. Reduce
ioniz strength of the boffer

Include proteass inhibdars inelutica
buffer

Try mild conditicas

Usz fresh bufer

Try other storage conditicns

Check the column zutlst and rscpen

Scrape the surface of the gelbed and
remove the precipiinbe. To obtain
even gel-bad surface, aspirate the
top 1 —2 cm of matix and pnily
apply cato the columa. Allow o
s=lile the gel before continuing with
the elution.

Changs the mbing

Repack column

Dizgivs buffer and matriz before
packing

Check tubing aod replace, if
necessay



1.5 Column: Hiload™ 1660 Supardex 200 prep grade
Buffar: 50 mM NaPCy,, .1 M MaCl, pH 7.2
Sample: Solution of transferrin (M, 81 G001 and
[8G M, 160 0000 by equal welght
Wi
e 107 Samplﬂ‘
E‘ concentration: B mg/ml
E Flow: 1 ml/min (20 cm/h)
'@ 0.5
G T T T T 1
] 1 2 a 4 A

Sample wolume (% of column volume)

Fig. 8a. Influence of sample volume on the resolition of transferrin and IgG on prepacked HiLoad 1660 Superdex 200
prep grade.

HiPrep™ 16450
16 Columns:  HiPrep 16/60 Sephacryl™ S-100 HR
144 HiFrep 16/60 Sephacryl -200 HR
HiFrep 16/60 Sephacryl S-200 HE
12 ._5:33.______. @ Buifer: 50 mM MNaPQ,, 0.15 M NaCl,
& 104 0.02% MaMz, pH 7.0
. b= Sample: Cwalbumin
2 e- ﬂ-ﬂk_—f—j Fiow: 0.65 mlimin (20 cm/h)
& Proteln load: B mg
- 5-100
4...
2 —
0 T T T T T T T T T 1
0 1 z 3 4 ]
Sampla voluma, ml

Fig. 8b. Influence of sample volume on the resolution of ovalbumin and Igl on different prepacked columns of HiPrep
1&/60 Sephacryl High Resolution.



Y W o e Gy N~ NS UI MRS W W W . W -—J -ewe w e el d ek 4 Wl S W W B BB T RS RN e = uurrﬁ;;u - TR A dh T e A AT W Sl (W - ol Y

lectivity, as shown for Superdex in Figure 9. The curve has been obrained by plotting a

artition coefficient K, against the log of the molecular weight for a set of standard proteir
ee Chapter 3 Gel filtration in theory for calculation of K_ ).

K av
1.00 -
—— Superdex peptide
0.75 -
—— Superdex 75
—— Superdex 200
— — — — Superdex 30 prep grade
Bk - — = — Superdex 75 prep grade
— — — — Superdex 200 prep grade
0.25 —
| |
| | | | I
o = ) < < )
— & & o & o
— O o o < Log M,
= L] [ ] o



