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PRINCIPLES AND PRACTICE OF
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EXPERIMENTAL DESIGN

Gather Information

Select Column and Operating Conditions
Perform Initial Experiment

Optimize Separation Conditions

Isolate Required Mass

Assess Results and Plan Next Step
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INFORMATION USED TO PLAN EXPERIMENTS

1. Specific Protein or Biological Activity
= Assay Procedure
s Solubility
= Stability
= Size
s Isoelectric Point
= Experience and Literature
2. Starting Material and Extraction
3. Amount Required
4. Degree of Purity Required




MODES OF PROTEIN CHROMATOGRAPHY

s lon Exchange

n Gel Filtration

s Hydrophobic interaction
a Reversed Phase

n Affinity

ADVANTAGES OF ION EXCHANGE

» Applicable to Virtually All Proteins

= Generally Excellent Recovery of Biological Activity

Very High Resolving Power Based on Subtle Charge Differences
Works Well with Large Volumes of Dilute Samples

Highest Mass Capacity

Numerous Options for Improving Separation
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COLUMN SELECTION

Anion or Cation Exchanger

Strong or Weak Exchanger
Functional Group

Supporting Material and Particle Size
Physical Dimensions

Capacity and Economics




GUIDELINES FOR ION EXCHANGE
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ION EXCHANGE PACKING MATERIALS

ANION CATION
TRON QUATERNARY AMINES  SULFONIC ACID
SULFOPROPYL
WEAK DEAE CARBOXYMETHYL

MODERN PACKING MATERIALS FOR ION EXCHANGE

s Familiar Chemistries on Small, Uniform Particles: 5 - 40 p
s Reduced Band Broadening
- Better Separation
- Better Sensitivity
= Faster Separations
s Easier to Predictably Control Separation
- Use of Instrument
- Complete Chemical Equilibrium
- Rapid Physical Equilibrium




SELECTION OF PARTICLE SIZE

a Larger Particles
- Easy to Pack in Large Volume Columns For High Capacity
- Can Be Used at Higher Flow Rates or Linear Velocities
- More Economical
- Often Preferred for Early Purification Steps
s Smaller Particles
- Generally Better Resolution
- Generally Smaller Peak Volume

FACTORS IN DEFINING COLUMN DIMENSIONS

s Mass Capacity Is Proportional to Column Volume
s Peak Volume s Proportional to Column Volume
» Operating Conditions Adjusted to Column Dimensions
- Flow Rate Proportional to Cross-Sectional Area
- Gradient Duration as a Constant Number of
Column Volumes

STEPS IN DEFINING COLUMN DIMENSIONS

s Establish Separation Conditions on Small Column

» Define the Mass Capacity of the Small Volume Column
by Injecting Progressively Larger Samples Until the
Separation is No Longer Useful

s Transfer Conditions to a Proportionately Larger Volume
Column for the Required Mass Load
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. SELECTING CONDITIONS FOR FIRST RUN

s Use pH 0.5-1.0 Units from Isoelectric Point if Known
s Select Buffer, Often 20mM, with pK Near Desired pH

- With Anion Exchange, Use Cationic Buffer, e.g., Tris
L - With Cation Exchange, Use Anionic Buffer, e.g., Phosphate
s Equilibrate with 5-10 Column Volumes of Initial Buffer
! = Inject Sufficient Sample to Detect in Specific Activity Assay;
Proteins Will Usually Elute in about 1ml from a 3-8ml Column
Run Linear Gradient to 1000mM NaCl Over 10 Column Volumes

EVALUATE SEPARATION

= Monitor Protein Profile by Absorbance at 280nm; Enhanced
Sensitivity may be obtained at Lower Wavelengths, e.g.,
. 220nm for Tris or 214nm for Phosphate
s Monitor Specific Activity with Defined Assay
s Assess Heterogeneity of Active Fractions with Alternative
Separation Technique

IMPROVING THE PURIFICATION

s Change to a Different Column Using the Same Separation Mode,
e.g., Supporting Material, Functional Group, Brand, etc.

s Change to a Different Separation Mode

» Adjust Operating Conditions to Obtain Best Resolution and
Recovery from the Column Chemistry in Use




IMPROVING PROTEIN SEPARATIONS

M

ELUTE LATER [ RETENTION, K’ ]

CHANGF THE RECLATIVE RETENTIONS [ SELECTIVITY, (&)

MAKE THE PEAKS NARROWER ( SHARPER )
REDUCE DILUTION DURING THE SEPARATION
[ EFFICIENCY, NJ]

OPTIMIZING GRADIENT SLOPE

s Determine lonic Strength that Elutes the Protein of Interest

- Measure Conductivity or Estimate from System Volume
» Program Steep Initial Gradient Segment to 5mM less than
Elution Point
Program Shallow Segment, 25mM/ col.vol., around Elution Point
Program Steep Final Segment to 500-1000mM NaCl to Regenerate
m Evaluate Separation and Repeat as Necessary

EVALUATION OF GRADIENT CONDITIONS
COLUMN: Protein-Pak™ DEAE 8HR, 10mm X 100mm
GRADIENT: 0 - 200mM NaCl in 20mM Tris-HCI, pH 7.5
FLOW: 1.5ml/min

DURATION: TIME COLUMN VOLUMES SLOPE (mM/Col. Vol.)

10 2 100
20 4 50
40 8 25
80 16 12.5




EFFECT OF GRADIENT DURATION ON RETENTION
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COMPARISON OF 2 AND 16 COLUMN VOLUME GRADIENTS
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COMPARISON OF 2 AND 16 COLUMN VOLUME GRADIENTS
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EFFECT OF GRADIENT DURATION ON PEAK VOLUME
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NET CHARGE OF A PROTEIN AS A FUNCTION OF pH
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SELECTION OF pH FOR OPTIMUM SELECTIVITY
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EFFECT OF THREE-DIMENSIONAL STRUCTURE ON SELECTIVITY

RETENTION AS A FUNCTION OF BUFFER pH
CONDITIONS FOR ANION EXCHANGE

COLUMN: Protein-Pak™ DEAE 8HR, 10 X 100mm

FLOW: 1.5ml/min

GRADIENT: 0 - 200mM NacCl, 8 Column Volumes

BUFFER: 20mM Tris-HCI
pH7.0/pH75/pH8.0/pHS.0

EFFECT OF BUFFER pH ON PROTEIN RETENTION
ANION EXCHANGE
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Retention Time (Min)

EFFECT OF BUFFER pH ON PROTEIN RETENTION

ANION EXCHANGE
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EFFECT OF BUFFER pH ON PROTEIN RETENTION
CONDITIONS FOR CATION EXCHANGE

COLUMN: Protein-Pak™ SP 8HR, 10mm X 100mm

FLOW: 1.5ml/min

GRADIENT: 0 - 300mM NaCl, 8 Column Volumes ‘

BUFFER: 20mM Sodium Phosphate
pH6.0/pH6.5/pH7.0/pH7.5/pH8.0

EFFECT OF BUFFER pH ON PROTEIN RETENTION

CATION EXCHANGE
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EFFECT OF BUFFER pH ON PROTEIN RETENTION
CATION EXCHANGE
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EFFECT OF BUFFER ON PROTEIN RETENTION

COLUMN: Protein-Pak™ SP 8HR, 10mm X 100mm

FLOW: 1.5ml/min

GRADIENT: 0 - 300mM NacCl, 8 Column Volumes
BUFFERS: 20mM Sodium Phosphate, pH 5.5

20mM Sodium Acet

ate, pH 5.5

EFFECT OF BUFFER ON PROTEIN RETENTION
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EFFECT OF COUNTERION ON PROTEIN RETENTION

COLUMN: Protein-Pak™ DEAE 8HR, 10mm X 100mm
FLOW: 1.5ml/min

BUFFER: 20mM Tris-HCI, pH 7.5
GRADIENT: 0-200mM Sodium Chloride, 8 Column Volumes
0-200mM Sodium Acetate, 8 Column Volumes

EFFECT OF COUNTERION ON PROTEIN RETENTION
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EFFECT OF TEMPERATURE ON PROTEIN RETENTION

COLUMN: Protein-Pak™ DEAE 5PW, 7.5mm X 75mm

FLOW: 1.0ml/min

BUFFER: 20mM Tris-HCI, pH 7.5

GRADIENT: 0-200mM Sodium Chloride, 9 Column Volumes
Hold 200mM Sodium Chloride, 5 Column Volumes
200-800mM Sodium Chloride, Step
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EFFECT OF TEMPERATURE ON PROTEIN RETENTION
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CONTROL OF ION EXCHANGE SEPARATIONS

= Retention Is Optimized by Adjustment of lonic Strength

s Selectivity Is Most Conveniently Optimized with pH

s Changing Buffer and Counterion May Improve Selectivity

s Methods May Require Adjustment If The Temperature Is Changed

SUGGESTED EXPERIMENTAL APPROACH
FOR PROTEIN ION EXCHANGE

= Select Buffer pH to Minimize Retention

a Equilibrate Column with 5-10 Column Volumes of Initial Buffer

= Inject Aliquot of Sample and Elute with a Gradient to 1000mM
Sodium Chloride Over 5-10 Column Volumes

m Assay Fractions for Specific Activity

» Change pH 0.5 Units, Equilibrate, and Repeat

a Adjust Gradient Duration and End Points

a Final Conditions Based on Such Factors as Recovery,

Specific Activity, and Sample Volume




WATERS AUTO-BLEND™ METHOD
FOR OPTIMIZING PROTEIN SEPARATIONS

Basic Buffer and recovery
Gradient Curve Shapes

A Acidic Buffer
Precise combination of stock butters -
to automatically produce the desired pH Pracise generation of linear
(Curve 6) or non-linear gradients
for opumal sample resolution

Salt Solution

7 8 %910

Precise addition of stock salt solution
when required 10 effect the //
Time

. Starnt Ena
Milli-Q water —— | Segment Segment

E= B>

AUTO-BLEND™ TABLES FOR TRIS AND PHOSPHATE

Auto-Blend™ Table for Tns Butier Sysiem

o A0 1M Tos-HC!
B- 0 1M Tns Base
L1
as
LTS
75
70
L3
(13
s
0 2 ‘. [ 8 e 12 (X} 6 AL 22
Parts A where Parts A + Pants B = 20
Auto-Blend™ Tabie lor Phosphate Buter System
95
b A 0 1MNaH2POS
‘0 B. 0 1M Na2HPO4
75
& 70
65
6C
58
50
s
o 2 6 10 12 14 a5 18 29

<« 6
Parts A where Pans A « Paas B . 20

MOUSE LIVER EXTRACT

SEPARATION OF LACTATE Thve Flow %A %8 %G %D Curve
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MOUSE LIVER EXTRACT
SEPARATION OF LACTATE

DEHYDROGENASE, pH 7.7
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MOUSE LIVER EXTRACT
SEPARATION OF LACTATE
DEHYDROGENASE, pH 8.4
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MOUSE LIVER EXTRACT
SEPARATION OF LACTATE
DEHYDROGENASE, pH 8.6
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SEPARATION OF ASCITES FLUID
CONDITIONS OPTIMIZED FOR IgG

albumin

2.00+ initial Separation
Lma Eloy %4 4B %0 %0
Intial 10 6 14 0 80 20mM TusClpH8S5
30 1.0 19 1 30 S50 20mM Trs/CipH 7.0
with 0.3M NaCl
1.504 40 10 19 1 30 %0
2
-
E?
§E 1.00+
x
transferrin Monoclonal IgA
o.w-w
ooof —
0.00 1.00 2.00 3.00 4.00
x 10! minutes
SEPARATION OF ASCITES FLUID
CONDITIONS OPTIMIZED FOR IgA
Monoclonsi IgA
Optimized Separation
Ima [3- %A %8 X *W
il 10 6 14 0 80 20mMTis/ClpHBS
3.00 10 10 12 8 15 65 20mM Tris/Cl pH 8.0
with 0.15M NaCl
20 10 19 1 50 30 20mM Tris/Cl pH 7.0
with 0.SM NaCl
a 30 10 19 1 % 3B
o
E $ 2.00-
S«
&5
” albumin
1.00- transterrin

v — —————
0.00 1.00 2.00 3.00 4.00
x 10! minutes

SUMMARY OF ION EXCHANGE

= Small Particle Packings and Appropriate Instrumentation Increase
Control of the Separation Process

s Gradient Slope Is a Compromise Between Resolution and
Peak Volume |

= lon Exchange Chromatography Is Optimized by Adjusting pH
and lonic Strength

= Auto-Blend™ Method Facilitates Purification

= lon Exchange Chromatography Can Be Effectively Used at an Early

Stage in the Purification Process




Woaters Chromatography Division
Millipore Corporation

34 Maple Street

Milford, MA Q1757
508-478-2000

Woaters

Dwviston of MILLIPORE

U.S.A. Sales Offices

New England Waters Chromalograshy
Divisien / Millipore Corporaton/ 34 Maple
Steet / Milford, MA G757/ Tel. 508-478-2000
Chicago Waters Chromatography Divisior

1555 Mittel Boulevard / Waood Dale, IL

60191/ Tel 708:766-6060

New Jersey Waters Chromotography Division
35 Aupor: Park/ Sute 23C/ Morristown, NJ
07960/ Tel 201-285-1404

North Carolina Waters Chrometography
Dwision/ 117 Edirburgh Drive/ Suite 206
Cary, NC 27511/ Tel. 919-469-250i

San Francisco Walers Chromatography Divr-
sion ¢/o Millipore Corporation/ 448 Grandview
Drve/ South San Francisco, CA 94080

Tel 2159529200

Southwest Waters Chromatography Division
2626 South loop West / Suite 170
Housion, TX 77054/ Tel 713-665-7310

Washington Waters Chromatogrophy Division
3702 Pender Drive/ Fairlax, VA 22030
Tel 1-800-5260771

International Offices

Australia Millipore Austral.a Pry. itd 7/ Woters
Chromatography Divisior:/ locked Bag 18

87-89 Mars Road/ lane Cove, N SW 2066

lel Inwats (008) 222-111 / In Sydney Aiea

102) 428-73337/ Telex 25934 FAX [02) 4270611
Austric Millipore Ges m b ./ H etzinger
Haups'rasse “45/ A-1130 Wien

Tel [0222) 82 89 26/ Telex 131464 Milliv A

Belgium and Luxembourg Millipore-N V

Waters Chromatography Division/ Raketstricat

60 / Rue de lo fusée 60/ 1130 Bruxeles-Brussels
Tel 102) 242 1740/ Telex 22798 milwat b

Brazil Miil.pore 'adustia e Comercio lida
Weters Chromategraphy Sivision/ Rua Prot
Campos de Oliverrc, 430/ CEP 0467 5-Caixa
Posia’ 190657 Soo Paulo/ Te! {011) 5487011
Telex 111) 25078

Canada Waters Ch:omatography Div:sion
3688 Nashua Drive / Mississauga / Ontano
LAV-IMS / Tel 4166770580

Tollfree 1-800-268-4881 7 [AX 416678 0882

Denmark Millipore A/S/ Waters
Chromatography Division/ Roski'deve| 342
2630 Tastup/ Tel (42157 88 1

Telex 33544

Finland Millipore Oy/ Werers Chromarography
Dvision / Ruuxenku:a 1/ 02320 Espoo

Tet 90-801 Q0 /// lelex 122123 mi'por sf
France Millipore S A / Waiers Chromategraphy
Dvision/ Boue Posicle 307/ 78054 Sa'mt
Quentin/ Yve'ines Cédex/ Tel (1) 30 45 70 00
Telex 698 371 F

India Waeers Instruments { ndia) Pvt lid

Ist fleor Shankar House / 1 Rajmakal Vilos Exin
Mekhi Circle / Bangalore 560 080

Tel (812) 349203/ Telex 8452028 SWPLIN
ltaly Mill pore S p A/ Waiers Chromatog:ophy
Divsion/ Via A Grandi, 21723

20090 Vimodrone Mian/ Tel (02} 25078
Telefax 102) 2650324/ Telex 312284 MISPA
Haly Millivore S p A / Wale's Ch-omatography
Division/ Via D. Sensota 100

0C144 Roma RM/ “el [06. 57 33 600 {5 lnec r.a)
Telextax 106) 5985735

Italy Mihipore S o A/ Walers Chicmatography

Diwvsion/ Piazzale S Croce
42:35123 Padova / el 1049) 8803720

~

Auto-Fend, M Q. Prolein Pos end Warers aie kodemarks of M lpce Corporcnor
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Japan Nikon Millipore Ud / Waters
Chremratography Division/ No. 5 Ko'ke Bldg
3-12, Kita Shincgowa 1-chome / Shinagawa-Ku, __

Tokyo 140/ Tel 81:3471-/191

Telex 781023241061

Mexico Millipore S A de C V. / Waters
Chiomatography Division/ Avenida Ingenieros
Militares 857 Mexico 11230 D.F.

Tel 5769688/ Telex 1777 442

The Netherlands Mill:pore B.V / Waters
Chromatography Civision/ Peamingweg 33
Postbus 166/ 4870 AD Eitenleur (N.B )

Tel {0 16 08) 22000/ Telex 54 840 mitwa nl

Norway Miliipore AB/ Waiers Chromatogiephy
Division/ Enebakkveien 133/ 0680 Osio 6

Tel (02} 67 82 53

Peoples Republic of China (Beijing) Ninon
Weiers Service Center Rm. 638, X.yuan Hotel
Erigou Xiiiao, Beijing

Tel. 8022018/ Telex 22685

Peoples Republic of China Mill:pore Chinc Lid
Waters Chiomatography Division

Sute 36 & A 15/F/ Tower 3/ 33 Canton Road
Tair Sha Tsui/ Kowioon/ Hong Kong

Tel. 852:3-7351616 / Telex 780-33140 NMIHK X
lelefax 852-3-735-4005

Puerto Rico Millipcre Corporcrion Puerto Rice
Branch / Waters Chvomaltogiophy Division
KM 77/ Sicie Road 1727 Cidra, Puerlo
Rico 00639/ Tel 809-747-8444

Telex 385 72 76

Spain Millipore Ibésica S A / Waters
Chromatograony Division/ Avda de’ Lleno
Caslelicno, i3/ 28034 Madad

Tel (91} 729 03 00/ Telex 23545 mill e

Spain Miliipare lbérca S.A./ Welers
Chiomatogrophy Division/ Enterzo 28

08015 Baicelona/ Tel 193] 325 9616

Telex 50524 wus e .
Sweden Millipore A8/ Waters Ch-omatography
Disicr/ Box 233/ Langebergsgeran 30

471 723 Vasto Niownda /7 Tel {031} 28 98 60
Teiex 21064 milipor s

Sweden Millinore AB/ Wate's Chromatogicphy
Dwision/ Gichemsvagen 15

172 46 Sundbyberg/ Tel {08) 98 89 60
Switzerland Miioore AG/ Steinackerstrasse 11
8302 Kloten/ Tel 4.-18'-4' 363/ Telex 56067

The United Kingdom and Ireland Millipore

U < Jirred/ Waters Chromatogranhy Division
The Boulevard 7/ Ascot Rood

Croxley Green, Watford

Helordshize WDI 8YW

Tel 44923 816375

“cex 851-24191 MILLIPOR G

USSR, Middle Easl, Eastern Europe and Africa
Mi"pore Ges m.b.h / Hieizinger Houostiasse
245/ A1130 Wier/ Tel 10222) 82 89 26
Teex 131464 M A

West Germany Mi1 pore GmbH/ Walets
Chromategraphy Division/ Hauprsiasse 87
6236 Eschboin/ Tel C6196-494-0

Telex 4072704 mil d

For all other countries: Waters Chiomcrography
Swision/ Milipore Corporaton/ 34 Map'e Sucel
Millod, MA 01757/ USA/ Tel. 508-478-2000
Telex 74166




