Anmatbl (7273)495-231
AHrapck (3955)60-70-56
ApxaHrenbck (8182)63-90-72
AcTpaxaHb (8512)99-46-04
BapHayn (3852)73-04-60
Benropopn (4722)40-23-64
BnaroseweHck (4162)22-76-07
BpsHck (4832)59-03-52
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Bnapumup (4922) 49-43-18
Bonrorpap (844)278-03-48
Bonoraa (8172)26-41-59
BopoHex (473)204-51-73
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WxeBck (3412)26-03-58
MBaHoBO (4932)77-34-06
WpkyTek (395)279-98-46
KasaHb (843)206-01-48
Kanununrpap (4012)72-03-81
Kanyra (4842)92-23-67
KemepoBo (3842)65-04-62
KupoB (8332)68-02-04
KonomHa (4966)23-41-49
Koctpoma (4942)77-07-48
KpacHopap (861)203-40-90
KpacHosipck (391)204-63-61
Kypck (4712)77-13-04
KypraH (3522)50-90-47
Nuneuk (4742)52-20-81

Kuprusua (996)312-96-26-47

Marnutoropck (3519)55-03-13
MockBa (495)268-04-70
MypmaHck (8152)59-64-93
Ha6epexHble YenHbl (8552)20-53-41
HwxHuin HoBropop (831)429-08-12
HoBoky3Heuk (3843)20-46-81
Hosbpbek (3496)41-32-12
HoBocubupck (383)227-86-73
Hosbpbck (3496)41-32-12

OmMmck (3812)21-46-40

Open (4862)44-53-42

OpeHbypr (3532)37-68-04

MeHsa (8412)22-31-16
MeTpo3aBoack (8142)55-98-37
MckoB (8112)59-10-37

Poccua (495)268-04-70
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Mepmb (342)205-81-47
PocToB-Ha-[loHy (863)308-18-15
Psasanb (4912)46-61-64
Camapa (846)206-03-16
CapaHck (8342)22-96-24
CaHkT-MeTepbypr (812)309-46-40
CapartoB (845)249-38-78
CeBactononb (8692)22-31-93
Cumdpepononb (3652)67-13-56
CMmoneHck (4812)29-41-54
Coumn (862)225-72-31
CrtaBpononb (8652)20-65-13
CbIKTbIBKap (8212)25-95-17
CypryTt (3462)77-98-35
Tam6oB (4752)50-40-97

KasaxcraH (772)734-952-31

KonoHkun TSKgel n aHanutuyeckue
cTaHpapTbl ana 6enka SEC

Columns and Analytical Standards for
Protein SEC

PROTEIN SIZE-EXCLUSION CHROMATOGRAPHY FOR
MOLECULAR MASS DETERMINATION

Aqueous size-exclusion chromatography (SEC) is well established for protein
characterization. The technique has been used for quality control of biologics since
the early days of recombinant protein development for pharmaceutical purposes,
and method improvements have evolved. Today, (U)HPLC columns developed for

specific separation tasks and ready-to-use standards facilitate method development

and increase robustness of SEC methods.

TBepb (4822)63-31-35
TonbaTK (8482)63-91-07
Tomck (3822)98-41-53
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Analytical size-exclusion chromatography can be used whenever a sample contains
molecules that need to be separated and characterized based on size. The
technique uses highly porous particles that are packed into a chromatography
column. Depending on the size of a molecule in a sample, it may have access to all
pores, limited access to some pores or no pore access. Based on this partitioning
principle, the largest molecules elute first followed by sample components of
progressively smaller sizes. Once a sample has been separated successfully, the
sample molecules’ sizes can be determined using two basic detection methods.
Static light scattering offers the opportunity for molecular mass determinations.
Molecular masses are calculated of a light scattering signal and a refractive index
signal and are independent of the hydration shell thickness of the molecules. The
downside of this approach is the equipment cost and a comparably high
vulnerability of the light scattering detector to background noise disturbance.
Although light scattering has been established successfully for many applications,
sometimes the more classical approach of molecular size determination
outperforms static light scattering.

SIZE-EXCLUSION CHROMATOGRAPHY CALIBRATION
CURVE

To produce a protein SEC calibration curve, a calibration mix consisting of various
molecules of known size was injected onto the same column as used for the
sample. The retention time of each component was obtained from the calibration
chromatogram and plotted against the logarithmic molecular mass. Calibration
curves were produced for three U(HPLC) columns that were developed for the
analysis of immunoglobulin G (Figure 1). TSKgel® SuperSW mAb HTP was
developed for easy method transfer from HPLC to fast UHPLC analysis,

TSKgel® SuperSW mAb HR provides superior resolution for fragments, monomers,
and aggregates in one run, and TSKgel® UltraSW Aggregate covers higher
molecular weights and separates antibody dimers and higher aggregates best.
Please find an up-to-date product list and ordering information at sigma-
aldrich.com/tsk.
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Figure 1. Calibration curves of TSKgel® SuperSW mAb HTP 4.6 mm ID x 15 cm L,
TSKgel® SuperSW mAb HR, TSKgel® UltraSW Aggregate and TSKgel®
G3000SWxI, both 7.8 mm ID x 30 cm L.

Mobile Phase: 0.2 M sodium phosphate buffer, pH 6.7 and 0.05% sodium azide.
Calibrating proteins: thyroglobulin (640 kDa), y-globulin (155 kDa), albumin (47
kDa), ribonuclease A (13.7 kDa) and p-aminobenzoic acid (0.14 kDa), all contained
in the Protein Standard Mix 15-600 kDa. Injection volume: 10 uL. Flow rate: 0.35
mL/min (4.6 mm ID) or 1 mL/min (7.8 mm ID). Detection: UV @280 nm

The calibration curves show a linear correlation between the retention time and a
certain range of molecular masses. This range of molecular masses is called the
linear calibration range of a column and acts as the optimal working range for a
separation. If a sample does not elute in this frame, the sample will usually require a
SEC column with either smaller or larger pores. Also, proper column and eluent
choice ensures that secondary interactions that may change the retention time are
avoided.

READY-TO-USE CALIBRATION STANDARD FOR PROTEIN
SEC

A calibration mixture should contain molecules that are similar to the analyzed
sample molecules. Size-exclusion chromatography separates molecules according
to their hydrodynamic size, which is dependent on the hydration shell thickness.
The degree of molecular hydration in a given solvent is determined by molecular
characteristics, such as the polarity. Often, polyethylene glycols are used as
standards, because of their monodispersity. The molecules used for calibration
should resemble just one molecular mass per peak. Also, polyethylene glycols are
guite stable and can be stored at room temperature for years. Unfortunately, for
protein analysis, polyethylene glycols have limited usefulness due to their much
thicker hydration shell. For the molecular mass determination of proteins in SEC,
proteins should serve as a calibration standard. Consequently, calibration standard
handling becomes more elaborate, as typically protein-related problems such as
protein degradation will emerge. Calibration mixtures based on proteins have
limited shelf life, which means that either tiny amounts of standard need to be
prepared, or large quantities of the calibration mix will be wasted. Overall, the
preparation can be time-consuming. To avoid preparing standards, use ready-to-
use standards.

The Protein Standard Mix for SEC offers full coverage of the molecular weight
range from 15 kDa to 600 kDa. This qualifies it for the molecular mass
determination of most proteins. The protein mix comes in 2 mL tubes that contain
lyophilized protein powder and all necessary buffer ions. Simply add water and
inject the calibration standard. This makes quick and easy column calibrations with
a freshly prepared standard possible. When SEC is applied in the QC analysis of
biopharmaceuticals the main purpose is quantification of sample components, and
not determination of the molecular weights. For these types of SEC analysis, the
injection of a protein standard solution is often used for system suitability tests. The
protein standard is a convenient tool to facilitate the preparation of system suitability
samples.

Column Calibration

When calibrating a column, it is important to apply the same conditions as used for
analysis. Changing buffer systems changes the retention time considerably. For
instance, arginine is a frequently-used additive for monoclonal antibody (mAb)
aggregate analysis. It prevents secondary interactions of hydrophobic mAb



aggregates and the stationary phase [1, 2 and 3] and shortens the retention time in
SEC, which might also be due to a slightly altered hydration shell. Figure

2 illustrates the effect of an addition of 200 mM arginine to the liquid phase in SEC
of an aggregated mAb sample.
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Figure 2. Monoclonal antibody sample on TSKgel® UltraSW Aggregate with 0.1 M
sodium-phosphate buffer containing 0.2 M arginine in the mobile phase (red). After
10 injections, the mobile phase was switched to sodium-phosphate buffer with 0.2
M sodium sulfate (gray). For both mobile phases, injection #10 is shown. Column:
TSKgel® UltraSW Aggregate. Flow: 1 mL/min. Injection volume: 20 uL. Injected
mass: 100 pg. Detection: UV @ 280 nm.

Retention shifts, such as for the arginine additive, would lead to miscalculating the
molecular masses, if the calculation referred to a calibration standard separation
that does not use arginine in the eluent. Similar effects have been observed for the
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Figure 3.Protein Standard Mix 15-600 kDa on TSKgel® SuperSW mAb HR 7.8 mm
ID x 30 cm L. Injection volumes are varied from 5 to 100 pyL. The standard was
prepared in different concentrations: 1X, 2X and 5X. Eluent: 200 mM sodium
phosphate buffer, pH 6.7 and 200 mM sodium sulfate. Flow: 1 mL/min. Detection:
UV @280 nm.

These results show the importance of a proper injection volume and concentration.
Only then can reliable molecular masses be calculated. Moreover, permanently
overloading the column may lead to early column deterioration. This is also true for
the samples. The required amount of sample for a sufficient significant signal needs
to be balanced against reduced column life time due to overloading. In general, 7.8
mm ID x 30 cm L columns achieve the best results and higher lifetimes when
injecting 20 yL samples from 1 to 5 mg/mL.

Molecular mass determination using SEC can be an analysis with good accuracy
and reproducibility. However, some basic methodical parameters need to be
considered. Ready-to-use calibration standards allow removal of potential error
sources, such as weighing low protein amounts. Easy handling and properly
concentrated standards ensure the proper amount for column calibration or system
suitability testing is injected.



change from phosphate buffer to HEPES (data not shown). Besides the applied
liquid phase, the calibration standard concentration and injection volume are crucial
for correct retention times and subsequent molecular mass calculation. Overloading
SEC columns causes resolution loss and may lead to shifted retention times.
Exemplary injection volumes and standard concentrations were injected onto
TSKgel® SuperSW mAb HR. Sigma-Aldrich’s Protein Standard Mix was dissolved in
200 uL, 500 pL and 1000 pL water. Clearly, the highly concentrated calibration

sample is not properly resolved. The effect is the most significant for the largest

injection volume of 100 uL(Figure 3).

Cat. No.

69385

822854

822855

822856

Anmatbl (7273)495-231
AHrapck (3955)60-70-56
ApxaHrenbck (8182)63-90-72
AcTpaxaHb (8512)99-46-04
BapHayn (3852)73-04-60
Benropop (4722)40-23-64
BnaroBelueHck (4162)22-76-07
BpsaHck (4832)59-03-52
BnapuBocTok (423)249-28-31
BnapaukaBka3s (8672)28-90-48
Bnagumup (4922) 49-43-18
Bonrorpap (844)278-03-48
Bonorga (8172)26-41-59
BopoHex (473)204-51-73
EkaTepuHbypr (343)384-55-89

Description

Protein Standard Mix 15 — 600 kDa

TSKgel® SuperSW mAb HR 4 uM (7.8 x 300 mm)

TSKgel® SuperSW mAb HTP 4 uM (4.6 x 150 mm)

TSKgel® UltraSW Aggregate 3 uM (7.8 x 300 mm)

WxeBck (3412)26-03-58
WBaHoBo (4932)77-34-06
WUpkyTck (395)279-98-46
KasaHb (843)206-01-48
Kanununrpap (4012)72-03-81
Kanyra (4842)92-23-67
KemepoBo (3842)65-04-62
KupoB (8332)68-02-04
KonomHa (4966)23-41-49
KocTtpoma (4942)77-07-48
KpacHopap (861)203-40-90
KpacHosipck (391)204-63-61
Kypck (4712)77-13-04
KypraH (3522)50-90-47
Nuneuk (4742)52-20-81

Kuprusua (996)312-96-26-47

Marnutoropck (3519)55-03-13
MockBa (495)268-04-70
MypmaHck (8152)59-64-93
HaGepexHble YenHbl (8552)20-53-41
HwxHuin Hoeropog (831)429-08-12
HoBoky3Heuk (3843)20-46-81
Hosbpbck (3496)41-32-12
HoBocubupck (383)227-86-73
Hosbpbcek (3496)41-32-12

Omck (3812)21-46-40

Open (4862)44-53-42

OpeHbypr (3532)37-68-04

Mensa (8412)22-31-16
MeTpo3aBoack (8142)55-98-37
MckoB (8112)59-10-37

Poccua (495)268-04-70
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Mepmb (342)205-81-47
PocTtoB-Ha-floHy (863)308-18-15
PasaHb (4912)46-61-64
Camapa (846)206-03-16
CapaHck (8342)22-96-24
CaHkT-MeTepbypr (812)309-46-40
CapartoB (845)249-38-78
CeBactononb (8692)22-31-93
Cumdcpepononb (3652)67-13-56
CmoneHck (4812)29-41-54
Coun (862)225-72-31
CraBpononb (8652)20-65-13
CbIKTbIBKap (8212)25-95-17
Cypryt (3462)77-98-35

Tamb6oB (4752)50-40-97

KasaxcraH (772)734-952-31

Package Size

30 mg, 6x30
mg

lea

1ea

lea

TBepb (4822)63-31-35
TonbATK (8482)63-91-07
Tomck (3822)98-41-53
Tyna (4872)33-79-87
TiomeHb (3452)66-21-18
Ynan-Yna (3012)59-97-51
YnbaHoBCcK (8422)24-23-59
Ydba (347)229-48-12
XabapoBck (4212)92-98-04
Yebokcapbl (8352)28-53-07
YensabuHck (351)202-03-61
Yepenosey, (8202)49-02-64
Yura (3022)38-34-83
SAKyTCK (4112)23-90-97
fApocnaenb (4852)69-52-93
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