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Appendix 9 
Storage of biological samples

The advice given here is of a general nature and cannot be applied to every biological sample. 
Always consider the properties of the specific sample and its intended use before following any 
of these recommendations.

General recommendations
		  Add stabilizing agents when necessary. Stabilizing agents are often required for storage 

of purified proteins.

		  Serum, culture supernatants, and ascites should be kept frozen at -20°C or -70°C, in small 
aliquots.

		  Avoid repeated freeze/thawing or freeze drying/redissolving that may reduce biological 
activity.

		  Avoid conditions close to stability limits, in terms of for example pH or salt 
concentrations, reducing or chelating agents.

		  Keep refrigerated at 4°C in a closed vessel to minimize bacterial growth and protease 
activity. For prolonged storage at 4°C (more than 24 h), add a preserving agent (e.g., 
merthiolate 0.01%).

		  Sodium azide can interfere with coupling methods, and some biological assays, and can 
be a health hazard. It can be removed by using a desalting column (see Chapter 5).

Common storage conditions for purified proteins
		  Store as a precipitate in a high concentration of ammonium sulfate, for example 4.0 M.

		  Freeze in 50% glycerol, especially suitable for enzymes.

		  Avoid using preserving agents if the product is to be used for a biological assay. 
Preserving agents should not be added if in vivo experiments are to be performed. Store 
samples in small aliquots and keep frozen.

		  Sterile filter to prolong storage time.

		  Add stabilizing agents, for example, glycerol (5% to 20%), serum albumin (10 mg/ml), 
ligand (concentration is selected based on concentration of active protein) to maintain 
biological activity. Remember that any additive will reduce the purity of the protein and 
may need to be removed at a later stage.

		  Avoid repeated freeze/thawing or freeze drying/redissolving that may reduce biological 
activity.

		  Certain proteins, including some mouse antibodies of the IgG3 subclass, should not 
be stored at 4°C as they precipitate at this temperature (cryoproteins). Store at room 
temperature in the presence of a preserving agent
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Appendix 10 
Molecular weight estimation and molecular 
weight distribution analysis

Unlike electrophoretic techniques, gel filtration provides a means of determining the molecular 
weight or size (Stokes radius) of native or denatured proteins under a wide variety of conditions 
of pH, ionic strength and temperature, free from the constraints imposed by the charge state of 
the molecules. In order to understand and follow the procedures outlined, it is important to have 
read Chapter 7, Gel filtration in theory.

For molecular weight determination, several theoretical models have been proposed to describe 
the behavior of solutes during gel filtration. Most models assume that the partition of solute molecules 
between the particles and surrounding liquid is an entirely steric effect. However, in practice a 
homologous series of compounds demonstrate a sigmodial relationship between their various 
elution volume parameters and the logarithm of their molecular weights. Thus molecular weight 
determination by gel filtration can be made by comparing an elution volume parameter, such as  
K

av of the substance of interest, with the values obtained for several known calibration standards.

A calibration curve is prepared by measuring the elution volumes of several standards, calculating 
their corresponding Kav values (or similar parameter), and plotting their Kav values versus the 
logarithm of their molecular weight. The molecular weight of an unknown substance can be 
determined from the calibration curve once its Kav value is calculated from its measured elution 
volume. Various elution parameters, such as Ve, Ve/Vo, Kd, and Kav have been used in the literature 
for the preparation of calibration curves but the use of Kav is recommended since: 1) it is less 
sensitive to errors which may be introduced as a result of variations in column preparation and 
column dimensions, 2) it does not require the unreliable determination of the internal volume (Vi) 
as is required with Kd.

For good estimation of molecular weight, the calibration standards must have the same relationship 
between molecular weight and molecular size as the substance of interest. Calibration Kits from 
GE Healthcare provide well-characterized, globular protein standards for protein molecular weight  
estimation. The Low Molecular Weight (LMW) Gel Filtration Calibration Kit contains five individually 
lyophilized proteins with molecular weights in the range 6500 to 75 000 and Blue Dextran 2000 
(see Table A10.1). The High Molecular Weight (HMW) Gel Filtration Calibration Kit contains five 
individually lyophilized proteins with molecular weights in the range 43 000 to 669 000 and Blue 
Dextran 2000 (see Table A10.2). Blue Dextran 2000 determines the void fraction in the column.

These well-defined protein standards show excellent behavior in gel filtration and enable simple, 
reliable calibration of gel filtration columns. 

Table A10.1. Characteristics of Gel Filtration Calibration Kit LMW

Protein (weight per vial) Molecular weight (Mr) Source

Aprotinin (10 mg) 6500 Bovine lung

Ribonuclease A (50 mg) 13 700 Bovine pancreas

Carbonic anhydrase (15 mg) 29 000 Bovine erythrocytes

Ovalbumin (50 mg) 43 000 Hen egg

Conalbumin (50 mg) 75 000 Chicken egg white

Blue dextran 2000 (50 mg) 2 000 000
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Table A10.2. Characteristics of Gel Filtration Calibration HMW

Protein (weight per vial) Molecular weight (Mr) Source

Ovalbumin (50 mg) 43 000 Hen egg

Conalbumin (50 mg) 75 000 Chicken egg white

Aldolase1 (50 mg) 158 000 Rabbit muscle

Ferritin1 (15 mg) 440 000 Horse spleen

Thyroglobulin (50 mg) 669 000 Bovine thyroid

Blue dextran 2000 (50 mg) 2 000 000

1	 These proteins are supplied mixed with sucrose or mannitol to maintain stability and aid their solubility.

Typical calibration results from chromatographic runs and calculated calibration curves using 
prepacked Superdex columns are shown in Figures A10.1 and A10.2.

The method used for Figures A10.1 and A10.2:

Sample:	 Proteins from Gel Filtration Calibration Kits LMW and HMW:
	 aprotinin (Apr), RNase A (R), carbonic anhydrase (CA), ovalbumin (O), conalbumin (C),  
	 aldolase (Ald), ferritin (F) and thyroglobulin (T)
Sample vol.: 	 Figures A10.1 and A10.2	 100 μl
Buffer:	 50 mM phosphate buffer, 150 mM NaCl, pH 7.2
Flow rate:	 Figure A10.1	 0.5 ml/min
	 Figure A10.2	 0.6 ml/min
Detection:	 280 nm
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Fig A10.1. Chromatographic separation and calibration curve for the standard proteins on Superdex 200 10/300 GL column.
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Fig A10.2. Chromatographic separation and calibration curve for the standard proteins on Superdex 75 10/300 GL column.
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Many of the parameters important for a successful molecular weight determination are the 
same as for any high resolution fractionation:

		  Use a medium with the correct fractionation range for the molecules of interest. The 
expected molecular weight values should fall in the linear part of the selectivity curve 
(see gel filtration media fractionation guide Chapter 1 page 16).

		  Use a prepacked column whenever possible. Homemade columns must be packed very 
carefully (see Appendix 1).

		  Use freshly prepared calibration standards, selected so that the expected molecular 
weight values are covered by the entire calibration range. Always filter Blue Dextran 
before use. Apply samples in a volume less than 2% of the total column volume.

		  Use the same buffer for the separation of calibrants and sample, for example 50 
mM sodium phosphate, 0.15 M NaCl at pH 7. Use the recommended flow rate for the 
prepacked column or medium selected.

		  If the molecular weight is unknown, use a medium with a wide fractionation range such 
as Sephacryl HR. This is also recommended for molecular weight distribution analysis 
and for polymeric materials such as dextrans and polyethylene glycols.

		  Performing a molecular weight determination in the presence of urea, guanidine 
hydrochloride or SDS transforms polypeptides and proteins to a random coil 
configuration and so reduces structural differences. Differences will be seen in the 
resulting molecular weight values when compared to values acquired under non-
denaturing conditions.

Deviation from a Kav:log Mr calibration curve may occur if the molecule of interest does not have 
the same molecular shape as the standards.

Performing a molecular weight determination

1.	 If using a self-packed column, prepare a fresh, filtered solution of Blue Dextran 2000 (1.0 mg/ml) 
in the running buffer. Apply Blue Dextran to the column, using a volume <2% of the total 
column volume (Vt) to determine the void volume (Vo), and to check the column packing.

2.	 Dissolve the selected calibration references in the running buffer (at concentrations 
recommended by the manufacturer). Allow a few minutes for dissolution, stirring gently. 
Do not heat or mix vigorously. If necessary, filter the calibration solution.

3.	 Apply the calibration solution to the column, in a volume <2% of the total column volume (Vt).

4.	 Determine the elution volumes (Ve) for the standards by measuring the volume of the 
eluent from the point of application to the centre of the elution peak.

5.	 Calculate the Kav values for the standards and prepare a calibration curve of Kav versus 
the logarithm of their molecular weights, as follows:

			 
Kav =

  Ve – Vo

	   Vt – Vo

		  where Ve = elution volume for the protein
		 Vo = column void volume = elution volume for Blue Dextran 2000
		 Vt = total bed volume

		 Use a computer to plot the Kav value for each protein standard against the corresponding 
logarithmic molecular weight and use Excel to calculate the regression line. 
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6.	 Apply the sample in a volume <2% of the total column volume (Vt) and determine the 
elution volume (Ve) of the molecule of interest.

7.	 Calculate the corresponding Kav for the component of interest and determine its 
molecular weight from the calibration curve.

		  A calibrated column can be used for extended periods as long as the column is kept in 
good condition and not allowed to dry out, eliminating the need to set up a separate 
experiment for each determination.
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Related literature

Purification Code no.

Antibody Purification Handbook 18-1037-46

Strategies for Protein Purification 28-9833-31

Recombinant Protein Handbook, Principles and Methods 18-1142-75

Purifying Challenging Proteins, Principles and Methods 28-9095-31

Affinity Chromatography Handbook: Principles and Methods 18-1022-29

Ion Exchange Chromatography Handbook: Principles and Methods 18-1114-21

Hydrophobic Interaction and Reversed Phase Chromatography  
Handbook, Principles and Methods 

11-0012-69

Sample preparation for analysis of proteins, peptides and carbohydrates, Selection guide 18-1128-62

Gel Filtration columns and media, Selection guide and product profile 18-1124-19

Solutions for antibody purification, Selection Guide 28-9351-97

Ion Exchange columns and media, Selection Guide 18-1127-31

Affinity chromatography columns and media, Selection Guide 18-1121-86

HiTrap-convenient protein purification, Column Guide 18-1129-81

ÄKTA Protein purification by design 28-4026-97

Prepacked chromatography columns for ÄKTA design systems, Selection guide 28-9317-78

Column Packing - The Movie, CD 18-1165-33

Pure simplicity for tagged proteins, Brochure 28-9353-64

Years of experience in every column, Brochure 28-9090-94

Protein Analysis

www.gelifesciences.com/proteinanalysis_techsupport
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Ordering information

High-resolution chromatography

Column Quantity Code no.

High-resolution fractionation

Superdex

Superdex Peptide PC 3.2/30 1 × 2.4 ml column 17-1458-01

Superdex 75 PC 3.2/30  1 × 2.4 ml column 17-0771-01

Superdex 200 PC 3.2/30  1 × 2.4 ml column 17-1089-01

Superdex Peptide 10/300 GL 1 × 24 ml column 17-5176-01

Superdex 75 10/300 GL 1 × 24 ml column 17-5174-01

Superdex 200 10/300 GL 1 × 24 ml column 17-5175-01

Superdex 200 5/150 GL 1 × 3 ml column 28-9065-61

Superdex 75 5/150 GL 1 × 3 ml column 28-9205-04

HiLoad 16/60 Superdex 30 prep grade  1 × 120 ml column 17-1139-01

HiLoad 26/60 Superdex 30 prep grade 1 × 320 ml column 17-1140-01

HiLoad 16/60 Superdex 75 prep grade 1 × 120 ml column 17-1068-01

HiLoad 26/60 Superdex 75 prep grade 1 × 320 ml column 17-1070-01

HiLoad 16/60 Superdex 200 prep grade  1 × 120 ml column 17-1069-01

HiLoad 26/60 Superdex 200 prep grade 1 × 320 ml column 17-1071-01

Superdex 30 prep grade 150 ml 17-0905-01

Superdex 75 prep grade 150 ml 17-1044-01

Superdex 200 prep grade 150 ml 17-1043-01

Superose

Superose 6 PC 3.2/30 1 × 2.4 ml column 17-0673-01

Superose 12 PC 3.2/30 1 × 2.4 ml column 17-0674-01

Superose 6 10/300 GL 1 × 24 ml column 17-5172-01

Superose 12 10/300 GL 1 × 24 ml column 17-5173-01

Superose 6 prep grade 125 ml 17-0489-01

Superose 12 prep grade 125 ml 17-0536-01

Sephacryl

HiPrep 16/60 Sephacryl S-100 HR 1 × 120 ml column 17-1165-01

HiPrep 26/60 Sephacryl S-100 HR 1 × 320 ml column 17-1194-01

HiPrep 16/60 Sephacryl S-200 HR  1 × 120 ml column 17-1166-01

HiPrep 26/60 Sephacryl S-200 HR 1 × 320 ml column 17-1195-01

HiPrep 16/60 Sephacryl S-300 HR 1 × 120 ml column 17-1167-01

HiPrep 26/60 Sephacryl S-300 HR 1 × 320 ml column 17-1196-01

HiPrep 16/60 Sephacryl S-400 HR 1 × 120 ml column 28-9356-04

HiPrep 26/60 Sephacryl S-400 HR 1 × 320 ml column 28-9356-05

HiPrep 16/60 Sephacryl S-500 HR 1 × 120 ml column 28-9356-06

HiPrep 26/60 Sephacryl S-500 HR 1 × 320 ml column 28-9356-07

Sephacryl S-100 HR  150 ml 17-0612-10

Sephacryl S-100 HR  750 ml 17-0612-01

Sephacryl S-200 HR  150 ml 17-0584-10
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Column Quantity Code no.

Sephacryl S-200 HR 750 ml 17-0584-01

Sephacryl S-300 HR 150 ml 17-0599-10

Sephacryl S-300 HR 750 ml 17-0599-01

Sephacryl S-400 HR 150 ml 17-0609-10

Sephacryl S-400 HR 750 ml 17-0609-01

Sephacryl S-500 HR 150 ml 17-0613-10

Sephacryl S-500 HR 750 ml 17-0613-01

Sephacryl S-1000 SF 750 ml 17-0476-01

Desalting and group separations
HiTrap Desalting 5 × 5 ml columns 17-1408-01

HiPrep 26/10 Desalting 1 × 53 ml column 17-5087-01

HiPrep 26/10 Desalting 4 × 53 ml column 17-5087-02

PD-10 Desalting Column  30 gravity-fed columns 17-0851-01

Empty PD-10 Desalting Column  50 gravity-fed empty columns 17-0435-01

PD Spin Trap G-25 50 columns 28-9180-04

PD MultiTrap G-25 4 × 96-well plates 28-9180-06

PD MiniTrap G-25 50 columns 28-9180-07

PD MidiTrap G-25 50 columns 28-9180-08

PD MiniTrap G-10 50 columns 28-9180-10

MiniSpin Adapter 10 28-9232-43

MidiSpin Adapter 10 28-9232-44

PD-10 Spin Adapter 10 28-9232-45

Collection plate 500 µl V-bottom 5 × 96-well plates 28-4039-43

LabMate PD-10 Buffer Reservoir 10 18-3216-03

Sephadex G-10 100 g 17-0010-01

Sephadex G-10  500 g 17-0010-02

Sephadex G-25 Coarse 100 g 17-0034-01

Sephadex G-25 Coarse  500 g 17-0034-02

Sephadex G-25 Fine  100 g 17-0032-01

Sephadex G-25 Fine 500 g 17-0032-02

Sephadex G-25 Medium  100 g 17-0033-01

Sephadex G-25 Medium  500 g 17-0033-02

Sephadex G-25 Superfine  100 g 17-0031-01

Sephadex G-50 Fine  100 g 17-0042-01

Sephadex G-50 Fine 500 g 17-0042-02

Separation in organic solvents

Sephadex LH-20  25 g 17-0090-10

Sephadex LH-20 100 g 17-0090-01

Sephadex LH-20  500 g 17-0090-02

Calibration Kits

Gel Filtration Calibration Kit LMW 1 28-4038-41

Gel Filtration Calibration Kit HMW 1 28-4038-42
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Column Quantity Code no.

Empty columns
XK columns

XK 16/20 column 1 18-8773-01

XK 16/40 column  1 18-8774-01

XK 16/70 column 1 18-8775-01

XK 16/100 column  1 18-8776-01

XK 26/20 column 1 18-1000-72

XK 26/40 column 1 18-8768-01

XK 26/70 column 1 18-8769-01

XK 26/100 column  1 18-8770-01

XK 50/20 column  1 18-1000-71

XK 50/30 column  1 18-8751-01

XK 50/60 column  1 18-8752-01

XK 50/100 column 1 18-8753-01

Tricorn columns

Tricorn 10/100 1 28-4065-15

Tricorn 10/150 1 28-4064-16

Tricorn 10/200 1 28-4064-17

Tricorn 10/300 1 28-4064-18

Tricorn 10/600 1 28-4064-19

HiScale columns

HiScale 16/20 1 28-9644-41

HiScale 16/40 1 28-9644-24

HiScale 26/20 1 28-9645-14

HiScale 26/40 1 28-9645-13

HiScale 50/20 1 28-9644-45

HiScale 50/40 1 28-9644-44

Solvent resistant columns

SR 25/45 column 1 19-0879-01

SR 25/100 column 1 19-0880-01

Accessories and spare parts
Packing Connector XK 16  1 18-1153-44

Packing Connector XK 26  1 18-1153-45

Packing equipment 10/100 (Tricorn) 1 18-1153-25

Packing Connector 10-10 1 18-1153-23

More details and products can be found on www.gelifesciences.com/protein-purification  
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