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Fig. 18. Considerations when selecting a suitable IEX medium.
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Equilibration

Matrix & Low ionic Absorption
™ strength
e buffer
Positively - IEX medium equilibrated with
start buffer,
charged L
jonic groups - -
® —
. TimeMolume

Sample application

) QOppositely-charged proteins
Neativel ® o Absorption bind to lonic groups of the
hgaed ¥ IEX medium, becoming
Charg: Ll concentrated on the column.
proteins Uncharged proteins, or those
with the same charge as the
- ionic groups, elute during or
Meutral or L] just after sample application.
positively ‘ f — -
charged . TimeMolume
proteins )

Elution 1
;5 Absorption
4 . Increasing ionic strength
{using a gradient) displaces
bound proteins as ions in the
buffer compete for binding sites.
TimeMNalume.
Elution 2
Absorption
Further increases in ionic
1 strength displace proteins that
are more highly charged {more
tightly bound)
TimeNalume
Elution 3
Absorption
'I'imeNqum:
Wash
Absorption
Final high ionic strength wash
remaoves any ionically bound
proteins before re-equilibration

TimeNolume

Fig. 3. Principles of an anicn exchange separation.
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high salt wash

Lu sCv
elution
elution of of target
unbound  unwanted  mglecule
molecules  matarial
elute s
- sample 5Cv .
3 injection tightly bound
=z wolume molecules
= elute
5CV
equilibration reequilibration  Fig. 10b. Typical IEX separation
510 CV J U using step clution (25-30 column
o] 5-10CY volumes).
Column volumes [CV]
high salt wash elutes
contaminants 5-10 CV
1M
target molecules
elute in
2 sample wash through
= injection
= volume
\ Fig. 10d. Contaminant removal:
equilibration /\ reequilibration  target protein(s) clute in the wash
s-locv el through, contaminants bind to
i) the column.
Column volumes [CV]
sample .
equilibration —= injection —= grladt!ent ——» wash — re=quilibration
volume elution
high salt wash
1M

[MNaC1]

unbound molecules elute
before gradient begins

g

tightly bound
molecules

elute in high
salt wash

Fig. 10a.

5-10CV

Column volumes [CV]

TEX separation using linear gradient
elution (25—45 column volumes).

Typical high resolution
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Minl @™ {column 4.6 % 50 mm¥
Sample: Pancraatin
Gradient elution
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Dk

|
10pm |

1 ' |
|__,r‘)l' ﬂ..-l‘»l""\l'-h-'ll-/-....l‘.'n

Mono Q™ (column & x 50 mm)
Sample: Pancraatin
Gradient elution

L
1

15 pm Sample: Pancraatin

Gradient alution

. ‘ RESOURCE™ @, 1 ml

I A L»-."L.'JH.,-'»'!L' |

Pied

SOURCE™ 306 (XK 16 x 50 mm)
Sample: Pancraatin
Gradient elution

30 pm |

Ion Increases

1
IL.v"-,,J L.-'r"“'l I\-Jﬂ'm A

| G Sepharose™ HP (XK16 x 50 mm}
Mpm [} Sample- Pancreatin

M I| o I Gradient eluticn
A LM Wi -

L

Sasealoaul azis 3
Resolut

(3 Sepharose FF (XK1E x 50 mm}
| Sample: Pancraatin

| Gradient elution

90 pm |
I V\Jﬁ"u‘ﬂah N -_ll I,

|| 0 Sapharose XL

||Lr Sample:  Recombinant o-amylase

o Pilot scale: Gradient elution begins
'\J l.1L after 20 1

= T 3 o= =

90 pm

Fig. 7. The influence of paracle size and selectivity on final resclution.

Modern IEX media use either polymer or agarose-based matrices to fulfil not only the
requirements for high binding capacity, chemical and physical stability, but to generate media with
suitable particle sizes for a range of applications (Table 1).

MiniBeads is a matrix made from polystyrene, with divinyl benzene as cross-linker, to produce highly
spherical (monodispersed), very small (3 um), non-porous particles that facilitate micropreparative or
analytical separations when extremely high resolution is more important than high binding capacity or high
flow rates.

Table 1. Ion exchange matrices.

Form Mean particle size
MiniBeads™ Paolystyrene/divinyl benzene 3 um
MonoBeads™ Polystyrene/divinyl benzene 10 pm
SOURCE 15 Polystyrene/divinyl benzene 15 um
SOURCE 30 Palystyrene/divinyl benzene 30 pm
Sepharose High Performance Agarose 6% 34 um
Sepharose Fast Flow Agarose 6% 90 pm
Sepharose 4 Fast Flow Agarose 4% S0 pm
Sepharose XL Agarose 6%, dextran chains coupled to agarose 90 pm
Sepharose Big Beads Agarose 6% 200 pm
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Resolution

Functional groups The functional groups substituted onto a chromatographic matrix (Table 2)
determine the charge of an IEX medium i.e. a positively-charged anion exchanger or a
negatively-charged cation exchanger.



Table 2. Functional groups used on 1on exchangers.

Anion exchangers Functional group

Quaternary ammonium () strong -0-CH,N*(CH3) 5

Diethylaminoethyl (DEAE)™ weak -0-CH,CH.N"HICH.CH.)
Diethylaminopropyl (ANX)* weak -0-CH,CHOHCH N HICH.CH2)5
Cation exchangers Functional group

Sulfopropyl (SP) strong -0-CH-CHOHCH-OCH-CH-CH-S04
Methyl sulfonate (3) strong -0-CH,CHOHCH,OCH.CHOHCH.50
Carboxymethyl (CM) weak -0-CH,C00

* The active end of the charged group is the same for DEAE and ANX. The difference between them is in the length
of the carbon chain of the charged group. DEAE has a diethyvlaminoethyl-group bound to the agarose. ANX bas a
diethylaminopropyl-group attached which prevents the formation of quaternary groups, giving a different selectivity
compared to DEAE.

Purification options

Ag

Fig. 27. Mini Q and Mini S™ media arc available prepacked in T ricorn™ (4.6/50 PE) and Precision (PC 3.2/3) columns.

Product, column volume Binding capacity Maximum Recommended Working Maximum operating
per column flow working flow  pH back pressure **
range*  (MPa/psi)
1 MPa=10 bar

Strong anion exchangers

Mini @ PC 3.2/3, 0.24 mI*** 1.44 mg (o-amylase, I mifmin  0.1-1.0mlmin 3-11 10/1450
M, 49 000)
1.44 mg (trypsin
inhibitor, M. 20 100)

Mini Q 4.6/50 PE, 0.8 ml 4.8 mg (c-amylase, 2mlmin  0.5-2.0 mlmin 3-11 18/2600
M, 49 000)
4.8 mg (trypsin
inhibitor, M, 20 100)

Strong cation exchangers

Mini 5 PC 3.2/3, 0.24 mI*** 1.2 mg {ribonuclease, 1mlmin  0.1-1.0ml/min 3-11 10/1450
M, 13 700)
1.2 mg (lysozyme,
M, 14 300)

Mini S 4.6/50 PE, 0.8 ml 4 mg (ribonuclease, 2mbmin  0.5-2.0mbmin 3-11 18/2600
M, 13 700)
4 mg (lysozyme,
M, 14 300)
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Purification examples

Fast separations at high resolution

Column: Mini & 4.6/50 PE Aza0 nm % Elution buffer
Sample: a-chymatrypsinogen A (25 pg/ml)
ribonuclease A (75 pg/ml)
lysozyme (25 pg/ml) 100
Sample 0.0030 +
volume: 200 pl
Start buffer: 20 mM sodium acetate, pH 5.0
Elution buffer: 20 mM sodium acetate, 0.4 M NaCl, 0.0020 -
pH5.0
Flow: 0.83 mlfmin
Gradient: 0-100% elution buffer in 12 CV 0.0010
0.0000 _.-l\--lI \--\,JlAJ = L.—r—‘— O_D
0.0 5.0 10.0 15.0 Time (min)
Fig. 28. Scparation of a protein mixture on Mini § 4.6/50.
Purity check
Cofumn: Mini Q 4 &80 PE
Starf buffer: 10 mM MaOH
Elution buffer: 10 mM NaOH, 2 M NaCl
Flow: 1.0 mlfmin
Conductivity Conductivity
Azg0 nm Biotinylated mSicm A z60 nm mSicm
Z20-mer ]
\ ] o
] - __‘_____-)"'-_-
40.01 — 40.0- _— |
— L o0 — 50.0
_— J_,.-’"'
Crurda
20.09 synthesis 20.07 After
mixture ‘l purification
n uﬂ‘f '\
| \
0.0 P 0.04—— . u_»/J W
T T T D'D T T T D'D
20.0 30.0 400 ml 20,0 300 40,0 ml

Fig. 30. Purity check of 5'-biotinylated synthetic oligonucleotide 20-mer on Mini QQ 4.6/50 PE before and after
purification on a RESOURCE RPC column.

L=V

Correct preparation of samples and buffers and application of a high salt wash (1 M NaCl) at the end of
each separation should keep most columns in good condition. However, reduced performance, a slow flow
rate, increasing back pressure or complete blockage are all indications that the medium needs to be cleaned
using more stringent procedures in order to remove contaminants.

BERERITAYE FMEEDA

1. Wash with 2 column volumes of 2 M NaCl at 0.2 ml/min.

2. Wash with 4 column volumes of 1 M NaOH at 0.2 ml/min.

3. Wash with 2 column volumes of 2 M NaCl at 0.2 ml/min.

4. Rinse with at least 2 column volumes of distilled water at 0.2 ml/min until the UV-baseline and elutent
pH are stable.

5. Wash with at least 4 column volumes of start buffer or storage buffer at 0.2 ml/min until pH and
conductivity values have reached the required values.

{LEREM

For daily use, MiniBeads are stable in all common aqueous buffers in the range pH 3-11 and in the
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presence of additives such as denaturing agents (8 M urea or 6 M guanidine hydrochloride), non-ionic or
ionic detergents and up to 30% acetonitrile in aqueous buffers. Note that aqueous solutions of urea,
ethylene glycol and similar compounds will increase the back-pressure due to increased viscosity.
MiniBeads can be used with organic solutions such as dimethylsulfoxide, dimethylformamide or formic
acid, but the separation properties of the media will change. Avoid anionic detergents with Mini Q. Avoid
cationic detergents with Mini S. Avoid oxidizing agents.

ATk

For column storage, wash with 4 column volumes of distilled water followed by 4 column volumes of 20%
ethanol. Degas the ethanol/water mixture thoroughly and apply at a low flow rate to avoid over-pressuring
the column. Store at room temperature or, for long periods, store at +4° C to +8° C. Whenever possible, use
the storage and shipping device if supplied by the manufacturer. Ensure that the column is sealed well to
avoid drying out. Do not freeze.

Product Functional group pH stability* Mean particle size

Mini Q -CHN*(CH,), Long term: 3-11 3 pm {monosized)
Short term: 1-14

Mini S -CH-504 Long term: 3-11 3 pm (monosized)

Short term: 1-14

Purification options

ete
- -

Fig. 34. MonoBcads (Q and S) arc available prepacked in T ricorn PE (PEEK) and Tricorn GL (glass) columns.
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Product, column volume Binding capacity Recommended Maximum Working Maximum operating

per column working flow flow pH back pressure **
range*  (MPa'psi)
1 MPa=10 bar

Strong anion exchangers

Mono & 550 GL, 1 ml 25 mg (thyroglobulin, 0.5-2.0mlmin - 3mlmin  2-12 4/580
M, 658 000
65 mg (HSA, M, 68 000)
20 mg (a-lactalbumin,
M, 14 300

Mono & 4.6/100 PE, 1.7 ml 40 mg (thyroglobulin, 0.5-320mlmin 3mlfmin 2-12 4/580
M, 659 000
110 mg (HSA, M, 68 000}
140 mg (e-lactalbumin,
M, 14 300)

Mono @ 107100 GL, 8 ml 200 mg (thyroglobulin, 20-6.0mlimin 10 m¥min 2-12 4/580
M, 659 000
520 mg (HSA, M, 68 000}
&40 mg (-lactalbumin,
M, 14 300)

Mono @ HR 1&/10, 20 ml 500 mg (thyroglobulin, up to 10 mbfmin 10 m¥min  2-12 3/435
M, 650 000
1300 mg (HSA, M, 58 000}
1600 mg (ee-lactalbumin,
M, 14 300)

Strong cation exchangers

Mono 5 550 GL, 1 mi 75 mg (human 1gG, 0.5-3.0mlimin 3 mkmin  2-12 4/580
M, 160 000
75 mg {ribonuclease,
M, 13 700

Mono 5 4.6/100 PE, 1.7 ml 130 mg (human IgG, 0.5-2.0mlmin  3mlmin  2-12 4/580
M, 160 000
130 mg (nbonuclease,
M, 13 700

Mono 5 107100 GL, 8 mi 600 mg (human IgG, 20-60mlimin 10 m¥min 2-12 4/580
M, 160 000
600 mg (nbonuclease,
M, 13 700

Mono 5 HR 1&/10, 20 ml 1500 mg (human IgG, up to 10 mlfmin 10 m¥min  2-12 3/435
M, 160 000
1500 mg (rbonuclease,
M, 13 700)

Purification examples
Two step purification using complementary selectivities
Calumin: Mono Q HR 55 Colwmi: Mono 5 HR &%
Sampie: 500 ml of T. reesei crude cellulases Sampie: Peak 3 from Manao Q HR /5
in buffer start buffer, 2.5 mg Start buffer: 20 mM acetate, pH 3.6

Start buffer: 20 mM Tris-HCI, pH 7.6 Eltion buffer: 20 mM acetate, 0.2 M NaCl, pH 3.6

Elution buffer: 20 mM Tris-HCI, 0.5 M MaCl, pH 7.6 Flow: 1.0 mifmin

Flaw: 1.0 mlfmin Gradient:  0-100% elution buffer (26 CV)

Gradient: 0% elution buffer {4 CV), 0-40% elution buffar

21 CW}, 40-100% elution buffer (15 CV)
Fl?sc- nm A?B:'l nm
b5 0.5

L~

Iy =
L-('_' d(":"’ll L‘“U'\._J__._A L\‘

¢ llﬂ ZID Tlrne{rniﬁ'ul-

"\_.(\_r'h‘.__‘J'

N

0

10 20
Time {min}

Fig. 35. Purification of cellulose on Mono @ and Mono 5 HR 373 columns (now available as Mono @ 5/50 GL and
Meono S 5/50 GL).
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Column: Mono Q@ 250 GL

Sample: conalbumin (3.0 mgml), e-lactalbumin (4 mg/ml), STI (2.5 mgiml)
Sample loack 200 pl

Start buffer: 20 mM Tris, pH 7.0

Elufion buffer: 20 mM Tris, 0.5 M MaCl, pH 7.0

Flow: 1.0 ml‘min
Gradient: 0-100% elution buffer in 20 CY
Azao nm % Elution buffer Azao nm %o Elution buffer
=100 100
150 150+
Injection # 1 Injection # 4001
1004 100+ ‘ ||
50 50+ ‘ ||
i
_ S L UMW L
071 T T T T o T T T T

0.0 5.0 10.0 15.0 200 ml 0.0 5.0 10.0 15.0 20,0 ml

Fig. 37. Chromarograms illustrating run to run reproducibilicy for Mono (@ 5/50 GL (Tricorn). Buns 1, 1000 and 2000
are shown.

Product Functional group pH stability* Mean particle size

Mono G -CHaMN™(CH4ly Long term: 2-12 10 pm (monosized)
Short term: 2-14

Mono 5 -CHo50, Long term: 2-12 10 pm (monosized)

Short term: 2-14

{EERE M

For daily use, MonoBeads are stable in all common, aqueous buffers in the range pH 2-12, and in the
presence of additives such as denaturing agents (8 M urea or 6 M guanidine hydrochloride), non-ionic or
ionic detergents and up to 20% acetonitrile in aqueous buffers. Note that aqueous solutions of urea,
ethylene glycol and similar compounds will increase the back-pressure due to increased viscosity.
MonoBeads can be used with organic solutions such as dimethylsulfoxide, dimethylformamide or formic
acid, but the separation properties of the media will change. Avoid anionic detergents with Mono Q. Avoid
cationic detergents with Mono S. Avoid oxidizing agents.

Rk

For column storage, wash with 5 column volumes of distilled water followed by 5 column volumes of 20%
ethanol. Degas the ethanol/water mixture thoroughly and apply at a low flow rate to avoid over-pressuring
the column. Store at room temperature or, for long periods, store at +4° C to +8° C. Ensure that the column
is sealed well to avoid drying out. Whenever possible, use the storage and shipping device if supplied by
the manufacturer. Do not freeze.
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SOURCE: purification at high throughput with high resolution and easy scale-up

Purification options

Fig. 40. SOURCE is available in media packs and prepacked in Tricorn or RESOURCE columns.

Purification examples

Fast, high resolution separations

Coluimn: RESOURCE G 1 ml Azsonm
Rampie: pancreatin & mg'ml
Eampie
volume: 200 pl
Start buffer: 20 mM bis-Tris-propane, pH 7.5 014 | % Elution buffer
Elution buffer: 20 mM bis-Tris-propane, 0.5 M NaCl, pH 7.5 100
Flow: 5.6 ml'min, 1200 cmih
Gradient: 0-80% elution buffer in 20 CV
0.05+
.|
o] 1.0 20 3.0 Time imin)
Fig. 41. Separation of pancreatin on RESOURCE (), 1 ml within 3 minutes.
Columi: RESOURCES 1 ml AzB0rm
Sample: =nake venom, 4 mgml | |
Bample
volume: 100 pl
Start buffer: 20 mM sodium phosphate, pH 6.8 | | % Elution buffar
Elwtion buffar: 20 mM sodium phosphate, 0.4 M NaCl, pHE628  pos | =100

Flow: 1 mlfmin, 180 cm'h
Gradiant: 0-100% elution buffer in 20 CV

——

o I
0.00 2.00 4.00 Time [min}

Fig. 41, Separation of snake venom on RESOURCE 5, 1 ml within 4 minutes.
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Product, column volume Binding capacity Recommended Maximum Working  Maximum
per column or working flow™  flow™ pH operating
per ml medium range*™  back

pressure ***
(MPa/psi)
1 MPa=10 bar

Strong anion exchangers

RESOURCEQ 1 m 45 mg 1.0-10mlimin  10mlfmin  2-12 1.5/220
(BSA, M, 67 DOD)

RESOURCE Q & m 270 mg 1.0&0 mimin &0 mlfmin ~ 2-12 0.6/87
(BSA, M, 67 000}

SOURCE 150 4. &/100 PE, 1.7 ml 75 mg 0.5-25mlmin 5 mkmin 2-12 44580
(BSA, M, 67 0000

SOURCE 154G 45 mgfmil 150900 cm/m  1B00 cmh  2-12 0.5/72
(BSA, M 67 D0DD)

SOURCE 204G 40 mgfml 300-1000cmh 2000 cmh 2-12 0.5/72
(BSA, M, 67 000}

Strong cation exchangers

RESOURCES 1 m B0 mg 1.0-10mlimin  10mlfmin  2-13 5220
{lysozyme, M, 14 5000

RESOURCE S & m 480 mg 1.0-50mlimin -~ &0 mifmin ~ 2-13 0.6/87
{lysozyme, M, 14 500)

SOURCE 155 4.6/100 PE, 1.7 ml 140 mg 0.5-25mlmin 5 mkmin 2-13 44580
{lysozyme, M, 14 500)

SOURCE 155 B0 mg/mil 150900 cm/m 1800 cmh  2-13 0572
(lysozyme, M, 14 500)

SOURCE 205 20 mg/mi 300-1000 cm/h 2000 cmh 2-13 0572
{lysozyme, M, 14 500)

Product Functional group pH stability* Mean particle size

SOURCE 150 -CHoM™ICH4), Long term: 2-12 15 pm (monosized)
Short term: 1-14

SOURCE 30Q -CHoM*(CH3l; Long term: 2-12 30 ym (monosized)
Short term: 1-14

SOURCE 155 -CH550; Long term: 2-13 15 ym (monosized)
Short term: 1-14

SOURCE 203 -CHL50, Long term: 2-13 30 pm (monosized)
Short term: 1-14

BB

Correct preparation of samples and buffers and application of a high salt wash (1 M NaCl) at the end of
each separation should keep most columns in good condition. However, reduced performance, a slow flow
rate, increasing back pressure or complete blockage are all indications that the medium needs to be cleaned
using more stringent procedures in order to remove contaminants. It is recommended to reverse the
direction of flow during column cleaning so that contaminatants do not need to pass through the entire
length of the column. The number of column volumes and time required for each cleaning step may vary
according to the degree of contamination. If the cleaning procedure to remove common contaminants does
not restore column performance, change the top filter (when possible) before trying alternative cleaning
methods. Care should be taken when changing a filter as this may affect the column packing and interfere
with performance.

BEREE TS AR EDA

1. Wash with at least 2 column volumes of 2 M NaCl at 0.2 ml/min (SOURCE 15 4.6/100 PE), 1 ml/min
(RESOURCE 1 ml), 6 ml/min (RESOURCE 6 ml) or 40 cm/h with a contact time of 1-2 h for SOURCE
packed in larger columns.

2. Wash with at least 4 column volumes of 1 M NaOH (same flow as in step 1).

3. Wash with at least 2 column volumes of 2 M NaCl (same flow as in step 1).

4. Rinse with at least 2 column volumes of distilled water (same flow as in step 1) until the UV-baseline
and the eluent pH are stable.

5. Wash with at least 4 column volumes of start buffer or storage buffer (same flow as in step 1) until eluent
pH and conductivity have reached the required values.

{LEREM

For daily use, SOURCE media are stable in all common, aqueous buffers pH 2-12, denaturing agents (8 M
urea, 6 M guanidine hydrochloride), 75% acetic acid, 1 M NaOH, 1 M HCI, 70% ethanol, 30% acetonitrile
and with additives such as non-ionic detergents. Avoid cationic detergents with SOURCE S. Avoid anionic
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detergents with SOURCE Q. Avoid oxidizing agents.

Fyek

For column storage, wash with 5 column volumes of distilled water followed by 5 column volumes of 20%
ethanol. Include 0.2 M sodium acetate in the 20% ethanol solution for SOURCE S. Degas the ethanol/water
mixture thoroughly and apply at a low flow rate to avoid over-pressuring the column. Store at room
temperature or, for long periods, store at +4° C to +8° C. Ensure that the column is sealed well to avoid
drying out. Whenever possible, use the storage and shipping device if supplied by the manufacturer. Store
unused media at +4° C +30° C in 20% ethanol. Do not freeze.

Agarose Structure of agarose gel
HO 0
CH,0H
0
o
o 0 HO
D-galactose 3-6 anhydro
L-galactose

Fig. 55. Partial structure of agarosc.
Purification options

Fast media selection and method development

- TR

Fig. 49. Q and § Sepharose High Performance media are available prepacked in HiT rap and HiLoad columns or in

Fig. 16. IEX Sclection Kit. media packs.

Product Binding capacity Recommended Maximum Working Maximum o perating
per column or working flow™  flow™ pH back pressure ***
per ml medium range** (MPa/psi)

1 MPa=10 bar

Strong anion exchangers

HiTrap @ HPF, 1 mi 50 mg upto 1 mmin - 4mbfmin  2-12 0.3/43
(HSA, M, 68 000}

HiTrap @ HP, 5 mi 250 mg upto 5 mimin - 20 mi'min  2-12 0.3/43
(HSA, M, 6B 000}

Hiload 1&/10 Q Sepharose <1200 mg upto 5 mfmin ~ 5mlimin  2-12 0.3/43

High Performance, 20 mi (BSA, M, &7 000)

Hiload 26/10 Q Sepharose <3000 mg upto 13 mifmin 13 mlifmin  2-12 0.3/43

High Performance, 53 mi (BSA, M, &7 000}

Q0 Sepharose 70 mg/ml 30-150 cméh 150cmmh  2-12 0572

High Performance (HSA, M, 68 000}

Strong cation exchangers

HiTrap 3P HP, 1 mi 55 mg (ribonuclease, uptel mmin 4mbfmin 4-13 0.3/43
M, 13 700)

HiTrap 5P HF, 5 mi 275 mg iribonuclease, wptobmlimin 20 mimin  4-13 0.3/43
M, 13 700)

Hiload 1&/10 5P Sepharose <1000 mg (nbonuclease, upto5mifmin . 5mlfmin - 4-13 0.3/43
High Performance, 20 mi M, 13 700)

Hiload 2&/10 5P Sepharose <3000 mg {rbonuclease, upto 13 mbmin 13 mlimin  4-13 0.3/43
High Parformance, 53 mi M. 13 700

5P Sapharose E& mg/ml {ribonuclease, 30-150 cm/h 150 cm/h  4-13 0.5/72
High Parformance M, 13 700)
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Sepharose Fast Flow (FF): purification with good resolution and easy scale-up

Purification options

Fig. 56. Scpharose Fast Flow media, with a range of selectivities, are available prepacked in HiT
columns and in media packs.

2.0 100 9
° ]
I £\ 05sMNacl '
15 ¥ il
E i \ 1
= ] 1
2 ] b 60 O
o ! \
; 1.0 1 : \| -
g i \ b0 2
£ ! \ 2
205 ¢ ! Z
5 i & ° 20 2
2 / bad” M g
< \"ﬁb o
0.0 Sy v v . o =2
0 50 100 150 200 250
elution volume (mL)

Figure 2. Anion exchange chromatography of the enzyme from Vogesella
sp. 7307-1 ona Q FF column (1.6 x 10 cm) pre-equilibrated with 25 mM Tris
buffer (pH 7.5) at a flow rate of 0.5 mL/min. The enzyme was eluted with 25
mM tris buffer (pH 7.5) and the same buffer containing 0.5 M NaCl. Fractions
of 3 mL were collected and assayed for protein content and protease activity.

rap and HiPrep

Columins:

Rampie:

Bampie
volume:

Start buffer:
Elution buffar:
Flow:
Gradient:

a) HiTrap ANK Sepharose 4 Fast Flow Azazam I Canductivity
{high sub) 1 ml 2l \ )
b} HiTrap QXL 1 ml apg | Frm s I|r|I 0 .-",/ mSicm
c) HiTrap Q Sepharose Fast Flow 1 ml 7 5:;::‘ et Pl | o i
d} HiTrap DEAE Sepharose Fast Flow 1 mil II‘III ||| | | \ |
0.4 mg conalbumin (pl=6.31, | L !
0.8 mg e-lactoglobulin (pi=5.8), | UI J‘ \ | | 40,0
1.2 mg soya bean trypsin inhibitor {pl=4.5) 250 A ! ’
dizsolved in 2 mi start buffer L Ir! ——f—
2ml bl
20 mM Tris-HCI pH 7.4 200 HiTrap O EL. 1ml
20 mM Triz-HCI, 0.5 M NaCl pH 7.4 7 La0.0
1 ml'min {150 cmh}
0% elution buffer (25 CV), 0-B0% elution buffer !
{40 CV) [
Wash: 5 mil start buffer 150+
Elution: 40 ml, linear gradient, cl
0-BD % elution buffar in e R 200
im
f\
100
P, B
d)
Hitap oeat F10.0
50 ?.::mri Fom, I_ IIH |l|| |I
1
II"II |I
/| \ llllll
i / . f
G_F__/ — L oo
00 100 200 300 400 00 ml

5-18




Product Binding capacity Recommended Maximum Working Maximum
per column or working flow*  flow* pH operating
per ml medium range** back
pressure ***
(MPa/psi)
1 MPa=10 bar

Strong anion exchangers

HiTrap Q@ FF, 1 ml 3 mg (thyroglobulin, upto 1 mlfmin 4 mlfmin  2-12 0.3/43
M. 669 000)
120 mg (H3A,
M, 68 000)
110 mg (o-lactalbumin,
M, 14 300)

HiTrap Q FF, 5 ml 15 mg (thyroglobulin, up to 5 mlfmin 20 mlfmin  2-12 0.3/43
M, 669 000)
600 mg (HSA,
M, 68 000)
550 mg (o-lactalbumin,
M, 14 300)

HiPrep 1&/10 Q FF, 20 ml 60 mg (thyroglobulin, 2-10 mlfmin 10 mlfmin 2-12 0.15/22
M, 669 000)
2400 mg (HSA,
M, 68 000)
2200 mg (e-lactalbumin,
M, 14 300)

( Sepharose Fast Flow 3 mg/ml (thyroglobulin,  50-400 cm/h 750 cmh  2-12 0.3/43
M, 669 000)
120 mg/ml (HSA,
M, 68 000)
110 mg/ml, {o—lactalbumin,
M, 14 300)

Strong cation exchangers

HiTrap SP FF, 1 ml 50 mg (bovine COHb, upto l mfmin 4 mbmin  4-13 0.3/43
M, 69 000
50 mg (human lgG,
M, 160 000)
70 mg (ribonuclease A,
M, 13 700)

HiTrap SP FF, 5 ml 250 mg (bovine COHb, upto 5 mfmin 20 mlifmin  4-13 0.3/43
M, 69 000)
250 mg (human lgG,
M, 160 000)
350 mg (ribonuclease A,
M, 13 700)

HiPrep 16/10 SP FF, 20 ml 1000 mg {bovine COHb, 2-10 ml/min 10 ml/min  4-13 0.15/22
M, 69 000)
1000 mg {human lgG,
M, 160 000)
1400 mg {ribonuclzase A,
M, 13 700)

5P Sepharose Fast Flow 50 mg/ml (bovine COHb, 50-400 cm/h 750 cm/h 4-13 0.3/43
M, 69 000)
50 mg/ml (human lgG,
M, 160 000)
70 mg/ml {ribonuclease A,
M, 13 700

Weak anion exchangers

HiTrap DEAE FF, 1 ml 100 mg (o-lactalbumin, upto 1 mifmin 4 mlfmin 2-9 0.3/43
M, 14 200)
110 mg (HSA,
M, 68 000)
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Product Binding capacity Recommended Maximum Working Maximum

per column or working flow*  flow* pH operating
per ml medium range** back
pressure ***
(MPa/psi)
1 MPa=10 bar
HiTrap DEAE FF, 5 ml 50O mg (ce-lactalbumin, upto S mlmin 20 mlfmin 2-9 0.3/43
M, 14 300)
550 mg (HSA,
M, 68 000)
HiPrep 16/10 DEAE FF, 20 ml 2000 mg (e—lactalbumin, 2-10 ml/min 10 mlfmin  2-9 0.15/22
M. 14 300)
2200 mg (HSA,
M, 68 000)
DEAE Sepharose Fast Flow 100 mg/ml 50-400 cm/h 50cmh 29 0.3/43
(et—lactalbumin,
M, 14 300)
110 mg/ml (HSA,
M, 68 000)
HiTrap AMX FF (high subl, 1 ml 43 mg (BSA, upto 1l mmin 4 mlmin 29 0.3/43
M. &7 000)

5 mg (thyroglobulin,
M, 669 000)

HiTrap ANX FF (high sub), 5 ml 215 mg (BSA, up to 5 mfmin 20 mlfmin  2-9 0.3/43
M_&7 000)
25: mg (thyroglobulin,
M, 669 000)
HiPrep 16/10 ANX FF 860 mg (BSA, 2-10 ml/min 10 mlmin  2-9 0.15/22
(high sub), 20 ml M, 67 000)

100 mg (thyroglobulin,
M, 669 000)

ANX Sepharose 4 43 mg/ml (BSA, 50-300 cm/h A0 emh 29 0.1/14

Fast Flow (high sub) M, &7 000)
5 mg/ml (thyroglobulin,
M, 669 000)

Weak cation exchangers

HiTrap CM FF, 1 ml 50 mg (ribonuclease A, upto 1 mifmin 4 miimin 6-10 0.3/43
M, 13 700)

HiTrap CM FF, & ml 250 mg (ribonuclease A, upto 5 mbfmin 20 mifmin - 6-10 0.3/43
M, 13 700}

HiPrep 16/10 CM FF, 20 ml 1000 mg (ribonuclease A, 2-10 ml/min 10 mlimin  &-10 0.15/22
M, 13 700)

CM Sepharose Fast Flow 50 mg/ml medium 50-400 cm/h 750 cmh 6-10 0.3/43
(ribonuclease A,
M, 13 700)

{EEREM

For daily use, Sepharose Fast Flow media are stable in all common, aqueous buffers, 1 M NaOH,
denaturing agents (8 M urea, 6 M guanidine hydrochloride), with additives such as non-ionic detergents,
70% ethanol, 1 M acetic acid and 30% isopropanol. Sepharose Fast Flow can be used with organic solvents
such as dimethylsulfoxide, dimethylformamide, tetrahydrofuran, acetone, chloroform, dichloromethane,
dichloroethane and dichloroethane/pyridine (50:50) as well as polar solvents and aqueous/organic
isolutions. The water in the medium can be exchanged by the alternative solvent with very little effect on
the pore size of the matrix. Avoid cationic detergents with SP or CM Sepharose Fast Flow. Avoid anionic
detergents with Q, DEAE or ANX Sepharose Fast Flow. Avoid oxidizing agents.

iy 1

For column storage, wash with 2 column volumes of distilled water followed by 2 column volumes of 20%
ethanol. Include 0.2 M sodium acetate in the 20% ethanol solution for SP Sepharose Fast Flow. Degas the
ethanol/water mixture thoroughly and apply at a low flow rate to avoid over-pressuring the column. Store at
room temperature or, for long periods, store at +4° C to +8° C. Ensure that the column is sealed well to
avoid drying out. Whenever possible, use the storage and shipping device if supplied by the manufacturer.
Store unused media at +4° C to +30° C in 20% ethanol. Do not freeze. To avoid formation of air bubbles in
a packed column, ensure that column and buffers are at the same temperature when preparing for a run.
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Azanim

Sample: 1. Conalbumin, 2 mg/ml 2
2. a-lactalbumin, 4 mg/ml
3. Soy trypsin inhibitor, & mg/ml a) HiTrap @ FF 1 ml 'pl \

Sample volume: 1 CV {column volume)
a) 1 ml, b} 5 ml, c) 20 ml

Start buffer: 50 mM Tris-HCI, pH 7.3

Elution buffer: 50 mM Tris-HCI, 0.5 M NaCl, pH 7.3 10.04
Gradient: 0-100% elution buffer in 20 CV

a) 20 ml, b) 100 ml, c) 400 ml ~
Flow: 150 cmvh (1 mlimin using HiTrap 1 ml, 5.0+

5 mbl/min using HiTrap & ml and
HiPrep 16/10 columns)

0.0

0 50 10,0 150 200 250 300 ml

Azan im Aza0 im
2 2
25.0- : cad o .
b) HiTrap G FF & mi 25.0 ¢) HiPrep 16/10 G FF 20 ml

20.04 20.0
15.01 15.0 ~§||
10.04 10.01 / \

50 | \ 5.0 J \

- |
0.0 4= A 0.0 J=—= AN
T T T T T T T T T T T T
0 20 40 60 B8O 100 120 140 ml 0 100 200 300 400 500 ml

Fig. 59. 5-fold and 20-fold scale-up using prepacked Q) Scpharose Fast Flow columns.

Column: HiTrap SP HF, 1 ml Caolumn: HiTrap 5P HP, 5 ml
Sample: Concanavalin A, ribonuclease A, Sample: Concanavalin A, ribonuclease A,
e-chymotrypsinogen A, lysozyme, o-chymotrypsinogen A, lysozyme,
4 mg protein'ml (3:3:1:1) in start buffer 4 mg protein/ml {3:3:1:1) in start buffer
Sample volume: 0.25 ml, 25% of column volume Sample volume: 1.25m, 25% of column volume
Flow: 0.5 mlmin {75 cm/h) Flow: 2.5 m¥min {75 cm/h)
Start buffer: 50 mM MES, pH 6.0 Start buffer: 50 mM MES, pH 6.0
Efution buffer: 50 mM MES, 1.0 M NaCl, pH 6.0 Efution buffer: 50 mM MES, 1.0 M NaCl, pH 6.0
Gradient: 0-43% elution buffer over 1O ml {10 CV) Gradient: 0—43% elution buffer aver 50 ml {10 CV)
e
Azan nm Azao rm Conductivity

0144 4 014y e

0.12 0129

a.104 0,10+

0.08 0.08+ y

|
0,06 0.06+ |
0.04 0041 4 } |
[
0,024 A 0.024 ‘|
RIS RTANEY . v UL

EIEER

Correct preparation of samples and buffers and application of a high salt wash (1 M NaCl) at the end of
each separation should keep most columns in good condition. However, reduced performance, a slow flow
rate, increasing back pressure or complete blockage are all indications that the medium needs to be cleaned
using more stringent procedures in order to remove contaminants. It is recommended to reverse the
direction of flow during column cleaning so that contaminants do not need to pass through the entire length
of the column. The number of column volumes and time required for each cleaning step may vary
according to the degree of contamination. If the cleaning procedure to remove common contaminants does
not restore column performance, change the top filter (when possible) before trying alternative cleaning
methods. Care should be taken when changing a filter as this may affect the column packing and interfere
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with performance.

BERERTIYE HRVREA

1. Wash with at least 2 column volumes of 2 M NaCl at 1 ml/min (HiTrap 1 ml), 5 ml/min (HiTrap 5 ml), 5
ml/min (HiPrep 20 ml) or at 40 cm/h with a contact time of 1-2 hours for Sepharose Fast Flow packed
in larger columns.

2. Wash with at least 4 column volumes of 1 M NaOH (same flow as step 1).

3. Wash with at least 2 column volumes of 2 M NaCl (same flow as step 1).

4. Rinse with at least 2 column volumes of distilled water (same flow as step 1) until the UV-baseline and
the eluent pH are stable.

5. Wash with at least 4 column volumes of start buffer or storage buffer (same flow as step 1) until eluent
pH and conductivity have reached the required values.

RT3 R BE R4 R o7

» sulfopropyl (SP), carboxymethyl (CM), quaternary amino (Q) or diethylaminoethyl (DEAE) groups
coupled to highly cross-linked 6% agarose via chemically stable ether bonds.

» diethylaminopropyl (ANX) group coupled to highly cross-linked 4% agarose via chemically stable ether
bonds.

Product Functional group PH stability* Mean particle size
3 Sepharose -CHoN'(CHa)5 Long term: 2-12 90 pm
Fast Flow Short term: 1-14

SP Sepharose -CH5CH2CH5504 Long term: 4-13 90 pm
Fast Flow Short term: 3-14

DEAE Sepharose -0-CH-CHOHCH:N"HICH-CH3)s Long term: 2-13 90 pm
ast Flow Short term: 1-14

ANX Sepharose 4 -OCH-CHOHCHoOCHZCHOHCH-N'H(CH-CH5):  Long term: 3-13 S0 pm
Fast Flow Short term: 2-14

CM Sepharose -0-CH,CO0 Long term: 4-13 G0 pm

Fast Flow Short term: 2-14

= 3.2 SEMTERITE
PEFRS 25 M Resin / Polystyrene Glycan / Cellulose (= X)

= Dowex-1 + - +
B %J strong Dowex-2 R EQ'EEEE'% “NR;
< :5 Weak ;“j?"" NHR, DEAE-X  -OCH,CH,NHR,
= § Stong Dowex-50 SO;  Phospho-X PO
2 8
S :5 Weak IRC-150 CO0  CM-X CH,CO0

X = Sephadex, Sepharose, Sephacel or cellulose

ANL&pee B At fs B b7k

HY 100 vefsiEFAc#tsifiahn 1.5 A7+ 4% NaOH ¢ 60-120 534
& NaOH 2 » DL RO 7KK EZ A A

1.5 2 F 5%H HCI %t 60-120 4388 (REEERE—f% Ky 37%)

& HCI # > DL RO /KA Z A A

e TR S S A RO 7K KEE S 1E 75 F

R R SRR R A2 T A

o kPR

1. DA 15 f5881E 5% HCI J5¢ 60-120 47§
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GSH(glutathlone » BREEH RS b EA

fic#d 6000 ppm GSH 5 mL LUK pH 3 ~ 4 ~ 5 &K 10 =TT

GSH 6000 ppm HY 0.5mL +42#& & (pH 3 ~ 4 ~ 5) ImL 15 2000ppm GSH

+0.3 v E b 5T A Hakst s (Amberlite IR120) 57 GSH (2000 ppm)Hr > 150rpm FE% 2 /\EF
5000 rpm HiELs 2 3o REE Rl EIFR S GSH &

AT HIFSEE SR AR T (ATHE pH N &It GSH

¥IRaH R A 0 0.3 T iEf5 T SHuEHE

[S3: RIS b

1. HY{ 100 sefepEAc#aisfsin 1.5 A FHY 5% HCI % 60-120 38

2. B HCI#H » DLRO KKGE R AEA

3. 1.5\ FF 4%HY NaOH % 60-120 474% w o
4

5

o0 s W

# NaOH it » b RO ACK & il

= GSH STD

BETASHARS BE I A RO 7K » KA TP R 74 1
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BB R R

Centrifugation and filtration are standard laboratory techniques for sample clarification and are used
routinely when handling small samples. It is highly recommended to centrifuge and filter any sample
immediately before chromatographic purification.

RO
Centrifugation removes lipids and particulate matter, such as cell debris. If the sample is still not clear after
centrifugation, use filter paper or a 5 um filter as a first step and one of the filters below as a second step
filter.

+ For small sample volumes or proteins that adsorb to filters, centrifuge at 10 000 g for 15 minutes.

+ For cell lysates, centrifuge at 40 000-50 000 g for 30 minutes.
- Serum samples can be filtered through glass wool after centrifugation to remove any remaining lipids.

Filtration removes particulate matter. Membrane filters that give the least amount of nonspecific
binding of proteins are composed of cellulose acetate or PVDF.

For sample preparation before chromatography, select a filter pore size in relation to the

bead size of the chromatographic medium.

MowbdE

Nominal pore size of filter Particle size of chromatographic medium
1 pm 90 pm and upwards
0.45 pm 30 or 34 pm
0.22 pm 3, 10, 15 pm or when extra clean samples or sterile filtration is required

R AR B RS B 5E S HARAE pH R

1. Start buffers: set up a series of buffers with pH values in the range 4-8 (SP, CM) or 5-9 (Q, DEAE, ANX)
and with 0.5-1 pH unit intervals between each buffer. See Appendix 2 for recommended buffers.

2. Elution buffers: set up a second series of buffers with the same pH values, but including 1 M NaCl.

3. Equilibrate the column (s) with 5 ml start buffer at 1 ml/min. Wash with 5 ml elution buffer.

4. Re-equilibrate with 5-10 ml start buffer.

5. Adjust the sample to the pH of the start buffer and apply a known amount of the sample at 1
ml/min.Collect eluate.

6. Wash with at least 5 ml of start buffer or until no material appears in eluent. Collect eluate.
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7. Elute bound material with elution buffer (3—5 ml is usually sufficient, but other volumes may be required
dependent on the exact experimental conditions). Collect eluate.

8. Analyze all eluates (for example by an activity assay) and determine purity and the amount bound to the
column.

9. Perform steps 3-8 for the next buffer pH.

10. Select medium and pH: the most suitable pH should allow the protein(s) of interest to bind, but should
be as close to their point of release as possible.

BT IR BRI H

1. Using the selected medium, start buffer and pH from the previous protocol, set up a series of elution
buffers at the same pH, but vary the salt concentration from 0-0.5 M with intervals of 0.05-0.1 M salt
between each buffer.

2. Repeat steps 3-8 from the previous protocol for each salt concentration.

3. Determine the maximum ionic strength which permits binding of the protein(s) of interest and the
minimum ionic strength required for complete elution.

i b

1. If gradient making equipment is available, determine the steepest gradient that gives acceptable
resolution at the selected pH. Begin with a gradient of 10 column volumes over an ionic strength range
based on the maximum and minimum values determined when screening. Alternatively, begin with a
gradient of 0-50% elution buffer that contains 1 M NaCl and a gradient volume of 10-20 column
volumes.

2. Determine the highest flow rate that maintains resolution and minimizes separation time. Check
recommended flow rates for the specific medium.

3. Determine the maximum sample load that can be applied while maintaining satisfactory resolution. In
general, loading 20-30% of the total binding capacity of the column gives optimal resolution with
gradient elution. Sample loads can often be increased if resolution is satisfactory or when using a step
elution.

BT IR BT B RS
This section covers detailed aspects of each step in an IEX separation, together with practical hints and
tips to improve resolution and overall performance. In practice a separation can be summarized as follows:

1. Equilibrate column with 5-10 column volumes of start buffer or until the baseline, eluent pH and
conductivity are stable.

2. Adjust the sample to the chosen starting pH and ionic strength and apply to the column.

3. Wash with 5-10 column volumes of start buffer or until the baseline, eluent pH and conductivity are
stable i.e. when all unbound material has washed through the column.

4. Begin elution using a gradient volume of 10-20 column volumes with an increasing ionic strength up to
0.5 M NaCl (50%B). Alternatively (if gradient-making equipment is not available) elute bound proteins
with 5 column volumes of start buffer + NaCl at chosen ionic strength. Repeat at higher ionic strengths
until the target protein(s) has been eluted.

5. Wash with 5 column volumes of 1 M NaCl (100%B) to elute any remaining ionically bound material.

6. Re-equilibrate with 5-10 column volumes of start buffer or until eluent pH and conductivity reach the
required values

For samples with unknown charge properties, try the following:
—anion exchange (Q, DEAE or ANX) start buffer: pH 8.0
elution buffer: start buffer including 1 M NacCl, pH 8.0
— cation exchange (S, SP, CM) start buffer: pH 6.0
elution buffer: start buffer including 1 M NacCl, pH 6.0
--When using a weak exchanger, work within the pH values given below to minimize
variations in performance: DEAE: pH2-9 ANX:pH2-9 CM:pH6-10

IEX media for capture steps should offer high speed and high capacity.

1. Sepharose Fast Flow (90 um particle size) — good resolution for crude mixtures at any scale using flows
up to 300 cm/h and offering a wide range of selectivities.

2. Sepharose XL (90 um particle size) — high capacity, good resolution for capture of selected proteins at
laboratory and process scale using flows up to 300 cm/h.

3. Sepharose Big Beads (200 um particle size) — for viscous samples that preclude the use of IEX media
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with smaller particle size, using flows up to 300 cm/h, or for fast separations of very large sample
volumes when resolution is of less importance, using flows up to 1000 cm/h.

Use a technique with a selectivity that is complementary to that used in the capture step. IEX media for
intermediate purification should offer high capacity and high resolution with a range of complementary
selectivities:

1. Sepharose High Performance (34 um particle size) — high resolution using flows up to 150 cm/h.

2. SOURCE 15 (15 um particle size) — high throughput, high resolution for laboratory or large-scale
applications using flows up to 1800 cm/h.

3. SOURCE 30 (30 um particle size) — an alternative to SOURCE 15 for large-scale applications when
flows up to 2000 cm/h can be used.

4. Sepharose Fast Flow (90 um particle size) — fast separations, good resolution using flows up to 300 cm/h,
broad range of selectivities. If only milligram quantities are required and the intermediate purification
step will not be scaled-up, use MonoBeads or MiniBeads according to the capacity required.

IEX media for polishing steps should offer highest resolution:

1. MiniBeads (3 um particle size) — polishing at microscale when highest resolution is essential.

2. MonoBeads (10 um particle size) — polishing at laboratory scale when highest resolution is essential and
a higher capacity than MiniBeads is required.

3. SOURCE 15 (15 um particle size) — rapid, high resolution polishing for laboratory or large scale
applications using flows up to 1800 cm/h.

4. SOURCE 30 (30 um particle size) — an alternative to SOURCE 15 for large scale applications when
flows up to 2000 cm/h can be used.

feBE AT anion exchange chromatography & ARV ER

pH interval Substance Conc. (mM) Counter-ion pKa (25 °C)'  d(pKa)/dT (°C)
4353 MN-Methylpiperazine 20 Cr 475 -0.015
4858 Piperazine 20 ClI"or HCOO" £33 -0.015
5565 L-Histidine 20 cr 6.04
6.0-7. bis-Tris 20 Cr 6.48 -0.017
6.2-7.2: 8696 bis-Tris propane 20 cr 6.65;9.10
7383 Triethanolamine 20 ClI" or CH;COOF 1.7 -0.020
7686 Tris 20 cr 2.07 -0.028
8.0-9.0 MN-Methyldiethanolamine 20 5042' 852 -0.028
8.0-9.0 MN-Methyldiethanolamine 50 ClI" or CHzCOO 852 -0.028
8494 Diethanolamine 20atpH 8.4 cr 8388 -0.025
H0 atpH 8.8
8494 Propane 1,3-Diamino 20 I 888 -0.031
9.0-10.0 Ethanclamine 20 Cr 9.50 -0.029
9.2-10.2 Piperazine 20 Cr 973 -0.026
10.0-11.0 Propane 1,3-Diamino 20 CI 10.55 -0.026
106-116 Piperidine 20 Cr 11.12 -0.031

IR EHT anion exchange chromatography & FARV&EER
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pH interval Substance Conc. (mM) Counter-ion pKa (25 °C)'  d(pKa)dT (°C)

1.4-24 Maleic acid 20 Ma* 192
2.6-3.6 Methyl malonic acid 20 MNa™or Li" 3.07
26-3.6 Citric acid 20 Ma* 3.13 -0.0024
3343 Lactic acid 50 Na* 3.86
3.3-4.3 Formic acid 50 Ma™ or Li* 37 +0.0002
3.7-4.7;:5.1-6.1 Succinic acid 50 Na* 421;564 -0.0018
4353 Acetic acid 50 MNa™ or Li" 4,75 +0.0002
£.2-6.2 Methyl malonic acid RO Ma*aor Li* .76
5666 MES 50 Ma”or Li b.27 -0.0110
6.7-7.7 Phosphate 50 Ma* 7.20 -0.0028
7.0-8.0 HEPES 50 Ma”or Li 7.56 -0.0140
7882 BICINE 50 Ma* 2.33 -0.0180
BRTIEE AT (MPa)Hyi

Pressure units may be expressed in megaPascals, bar or pounds per square inch and can be
converted as follows: 1MPa = 10 bar = 145 psi

LMER 2K linear flow (cm/hour) BE—RE7#E volumetric flow rates (ml/min)#y & &

It is convenient when comparing results for columns of different sizes to express flow as linear flow
(cm/hour). However, flow is usually measured in volumetric flow rate (ml/min). To convert between linear
flow and volumetric flow rate use one of the formulae below.

From linear flow (cm/hour) to volumetric flow rate (ml/min)

Volumetric flow rate (ml/min) = column cross sectional area (cm2) x Linear flow (cm/h)/60

(Y/60) X[ ( T x d?)/4]
where
Y = linear flow in cm/h d = column inner diameter in cm
Example 1:

What is the volumetric flow rate in an XK 16/70 column (i.d. 1.6 cm) when the linear flow is 150 cm/hour?
Y = linear flow = 150 cm/h d = inner diameter of the column = 1.6 cm

\Volumetric flow rate (ml/min) =(150 x m x 1.6 x 1.6)/( 60 x 4)=5.03

From volumetric flow rate (ml/min) to linear flow (cm/hour)

Linear flow (cm/h)= [Volumetric flow rate (ml/min) x 60]/ [column cross sectional area (cm2)]

=(Z x 60 x4)/( 7 x d?)
where
Z = volumetric flow rate in ml/min d = column inner diameter in cm
Example 2:
What is the linear flow in an HR 5/5 column (i.d. 0.5 cm) when the volumetric flow rate is 1 ml/min?
Z =\Volumetric flow rate = 1 ml/min d = column inner diameter = 0.5 cm

Linear flow (cm/h) = 1 x 60 x4/ (r x 0.5 x 0.5)= 305.6

From ml/min to using a syringe
1 ml/min = approximately 30 drops/min on a HiTrap 1 ml column
5 ml/min = approximately 120 drops/min on a HiTrap 5 ml column

CHASL=WI <7l 0EIp g w7
Many proteins are easily resolubilized in a small amount of the buffer to be used in the next
chromatographic step. However, a denaturing agent may be required for less soluble proteins. Specific
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conditions will depend upon the specific protein. These agents must always be removed to allow complete
refolding of the protein and to maximize recovery of mass and activity. A chromatographic step often
removes a denaturant during purification. Table 17 gives examples of common denaturing agents.

Table 17.
Denaturing agent Typical conditions Removal/comment
for use
Urea 2ZMEM Remove using Sephadex G-25.
Guanidine hydrochloride AM-EM Remove using Sephadex G-25 or during IEX.
Triton X-100 2% Remove using Sephadex G-25 or during 1EX.
Sarcosyl 1.5% Remove using Sephadex G-25 or during 1EX.
M-octyl glucoside 2% Remove using Sephadex G-25 or during [EX.
Sodium dodecyl sulphate 0.1%-0.5% Exchange for non-ionic detergent during first chromato-
graphic step, avoid anion exchange chromatography.
Alkaline pH =pH9, NaOH May need to adjust pH during chromatography to

maintain solubility.

Table 6. Troubleshooting.

Situation

Cause

Remedy

Reduced or no flow
through the column.

Outlet closed or pumps
not working.

Open outlet. Check pumps for signs of leakage
(if using a peristaltic pump, check tubing also).

Blocked filter, end-piece,
adaptor or tubing.

Remove and clean or replace if possible.
Always filter samples and buffer before use.

Lipoproteins or protein
aggregates have precipitated.

Remaove lipoproteins and aggregates during sample
preparation, (see Appendix 1).
Follow cleaning procedures, Appendix 10.

Protein precipitation
in the column.

Modify buffer, pH and/or salt conditions during the
run to maintain stability.
Follow cleaning procedures, Appendix 10.

Protein precipitation in the column
caused by removal of stabilizing
agents during separation.

Modify eluent to maintain stability.

Microbial growth has occurred
in the column.

Store in the presence of 20% ethanol to prevent
microbial growth when not in use.

Always filter buffers.

Follow cleaning procedures, Appendix 10.

Peak of interest is poorly
resolved from other
major peaks.

Sample applied incorrectly.

Check bed surface and top filter for possible
contamination.

Large mixing spaces at top
of or after column.

Adjust top adaptor to surface of medium if
necessary. Reduce all post-column volumes.

Incorrect buffer pH
and/or ionic strength.

Check pH and ionic strength to ensure that column
was re-equilibrated after previous run.
Check conditions required. Prepare new solutions.

Sub-optimal elution conditions
e.g. incorrect pH, gradient too
steap, flow rate too high.

Alter elution conditions: alter pH, use shallower
gradient, reduce flow rate (listed in priority order).

Sample is too viscous.

Dilute with buffer. Maintain protein concentration
below 50 mg/mil.
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Column is poorly packed.

Check column efficiency (see Appendix 3).
Repack if needed. Use prepacked columns.

Column overloaded.

Decrease sample load.

Lipoproteins or protein

ageregates have precipitated.

Remove lipoproteins and aggregates during sample
preparation (see Appendix 1).

Precipitation of proteins
in the column.

Modify buffer, pH and/or salt conditions during the
run to maintain stability.

Microbial growth has
occurred in the column.

Store in the presence of 20% ethanol to prevent
microbial growth. Always filter buffers.
Follow cleaning procedures, Appendix 10.

Proteins do not bind
or elute as expected.

Proteins or lipids have
precipitated on the column
or column filter.

Clean the column and exchange or clean the filter.
Check pH and salt stability of sample.

Sample not filtered properly.

Clean the column, filter the sample and repeat.

Sample has changed
during storage.

Prepare fresh samples.

Protein may be unstable or
inactive in the elution buffer

Determine the pH and salt stability of the protein.

Colurnn equilibration
incomplete.

Repeat or prolong the equilibration step until
conductivity and pH are constant.

Incorrect buffer pH
andfor ionic strength.

Check conditions required. Prepare new solutions.

Proteins are forming
ageregates and binding
strongly to the medium.

|Use urea or zwitterions, betaine up to 10%,
taurine up to 4%.

Sample or buffer conditions

are different from previous runs.

Check sample and buffer conditions.

Microbial growth has
occurred in the column.

Store in the presence of 20% ethanol to prevent
microbial growth when not in use. Always filter
buffers. Follow cleaning procedures, Appendix 10.
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Situation

Cause

Remedy

Protein elutes later
than expected or
not at all.

Incorrect buffer pH.

Check pH meter calibration. Use a buffer pH closer
to the pl of the protein.

lonic strength too low.

Increase salt concentration in elution buffer.

lonic interactions between
protein and matrix.

Maintain ionic strength of buffers above 0.05 M.

Hydrophobic interactions
between protein and matrix.

Reduce salt concentration to minimize hydrophobic
interaction. Increase pH. Add suitable detergent or
organic solvent, e.g. 5% isopropanaol.

Protein elutes earlier
than expected
(during the wash phase).

lonic strength of sample
or buffer is too high.

Decrease ionic strength of sample or buffer.

Incorrect pH conditions.

Increase pH (anion exchanger).
Decrease pH (cation exchanger).

Column equilibration
incomplete.

Repeat or prolong the equilibration step until
conductivity and pH are constant

Leading or very rounded
peaks in chromatogram.

Channeling in the column.

Repack column using a thinner slurry of medium.
Check column packing (see Appendix 3).

Colurnn overloaded.

Decrease sample load and repeat.

Column contaminated.

Clean using recormmended procedures.

Peaks are tailing.

Incorrect start buffer
conditions, sample is
not binding to column.

Adjust pH. Check salt concentration in start buffer.

Sample too viscous.

Dilute in application buffer.

Column packing too loose.

Check column efficiency (see Appendix 3).
Repack using a higher flow rate.
Use prepacked columns.

Peaks have a
leading edge.

Column packing compressed.

Check column efficiency (see Appendix 3).
Repack using a lower flow rate.
Use prepacked columns.

Medium/beads
appears in eluent.

Column packing compressed.

Check column efficiency (see Appendix 3).
Repack using a slower flow rate.
Use prepacked columns.

Bed support end piece
is loose or broken.

Replace or tighten.

Column operated at
too high pressure.

Do not exceed recommended operating pressure for
medium or column.

Medium has been damaged
during column packing.

Do not use magnetic stirrers when equilibrating
loose medium

Low recovery of activity, but
normal recovery of protein.

Protein may be unstable or
inactive in the buffer.

Determing the pH and salt stability of the protein.

Enzyme separated from
co-factor or similar.

Test by pooling aliquots from the fractions and
repeating the assay.

Protein yield lower
than expected.

Protein may have been
degraded by proteases.

Add protease inhibitors to the sample and buffers to
prevent proteolytic digestion.

Run sample through a medium such as
Benzamidine 4 Fast Flow (high sub) to remove
trypsin-like serine proteases.

Adsorption to filter during
sample preparation.

Use another type of filter

Sample precipitates.

Check pH and salt conditions, adjust to improve
sample solubility.

Hydrophobic proteins.

Add denaturing agents, polarity reducing agents or
detergents. Add 10% ethylene glycol to running
buffer to prevent hydrophobic interactions.

Mon-specific adsorption.

Reduce salt concentration to minimize hydrophobic
interaction. Add suitable detergent or organic solvent
e.g. 5% isopropanol. If necessary, add 10% sthylene
glycal to running buffer to prevent hydrophobic
interactions.
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Situation

Cause

Remedy

Peaks too small.

Sample absorbs poorly
at chosen wavelength.

If appropriate, check absorbance range on monitor.
If satisfactory, use a different wavelength, e.g. 214 nm
instead of 280 nm.

Different assay conditions
have been used before and
after the chromatographic step.

Use same assay conditions for all assays.

Excessive band broadening.

Check column packing. Repack if necessary.

More sample is
recovered than
expected.

Protein co-eluting with
other substances.

Optimize conditions to improve resolution.
Check buffer conditions used for assay before and
after the run. Check selection of medium.

More activity is recovered
than was applied to
the column.

Different assay conditions
have been used before and
after the chromatography step.

Use same assay conditions for all assays.

Removal of inhibitors
during separation.

Back pressure increases
during a run or during
SUCCEeSSIVE runs.

Bed compressed.

If possible repack the column or use a new column.
Check sample preparation.

Microbial growth.

Store in the presence of 20% ethanol to prevent
microbial growth. Always filter buffers.
Follow cleaning procedures, Appendix 10.

Turbid sample.

Improve sample preparation (see Appendix 1).
Improve sample solubility: add betaine

(max. 10% wiv at 25°C), taurine (max. 4% wiv at
25°C, below pH 8.5) or glycerol {1-2 %),

For hydrophobic samples, add ethylene glycol, ursa,
detergents or organic solvents.

Precipitation of protein in
the column filter and/or
at the top of the bed.

Clean using recommended methods. If possible,
exchange or clean filter or use a new column.
Include any additives that were used for initial
sample solubilization in the nunning buffer.

Incorrect pH is causing
precipitation.

Calibrate pH meter, prepare new solutions
and try again.
Change pH.

Precipitation of lipoproteins
at increased ionic strength.

Lipoproteins may be removad prior to chromatography
by the addition of 10% dextran sulfate (final 0.2%)
and 1 M calcium chloride (final 0.5 M).

Air bubbles in the bed.

Buffers not properly degassed.

Degas buffers thoroughly.

Column packed or stored
at cool temperature and
then warmed up.

Rermove small bubbles by passing degassed buffer
through the column. Take special care if buffers are
used after storage in a fridge or cold-room. Do not
allow column to warm up due to sunshine or heating
system. Repack column, if possible (see Appendix 3).

Cracks in the bed.

Large air leak in column.

Check all connections for leaks.
Repack the column if possible (see Appendix 3).

Megative peaks at
solvent front.

Refractive index effects.

Exchange the sample into start buffer.

Unexpected peaks
in chromatogram.

Buffer impurities.

Clean the buffer by running it through a precolumn.
Use high quality reagents.

Peaks appear on
gradients.

Incomplete elution of
pravious sample.

Wash the column according to recommended
blank methods.

Spikes in chromatogram.

Air bubble trapped in
UV monitor flow cell.

Always use degassed buffers.

UV baseling rises
with gradient.

Micelle formation as salt
concentration changes.

Work below or above the critical micelle concentration
of any detergents being used or change the gradient
50 that the increase in UV absorption does not occur
while the samples are eluting.

Buffer impurities.

Use high quality reagents.

*Polar organic solvents such as methanol, ethanol, isopropancl and acetonitrile can be used at concentrations from
0-20%, but remember that some proteins may irreversibly lose their biological activity in the presence of organic
solvents. Check sample and buffer solubility buffer pH and chemical stability of the medium before running a column.
Note that back pressure may increase when working with organic solutions.

5-30



