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Introduction

Size exclusion chromatography (SEC) is a non-adsorptive separation
that fractionates analytes based upon hydrodynamic volume. Because
it is non-denaturing, it is the most common method for determination
of protein aggregate in a sample. For protein therapeutics, quantita-
tion of aggregate is a critical quality attribute (CQA) since aggregate
can have lower efficacy and potentially be immunogenic.

Ideally, aggregate analysis by SEC is done in the protein formulation
buffer. However, it is critical that an SEC separation be completely
“entropic”- that is, reducing or eliminating electrostatic and hydro-
phobic interactions that might occur between the protein and the
functionalized SEC silica column. Buffer formulations for the protein
therapeutic, depending on ionic strength and composition, might not
have optimal chromatography.

This is especially true with monoclonal antibodies (mAbs), which are
the most common protein therapeutic platform, with approximately
70 mAbs predicted to be in the global market by 2020." mAb charac-
terization is complicated by the varied physicochemical properties of
these complex, 150 kD proteins- isoelectric points vary, typically 7-9.
Relative hydrophobic index also is variable and can be unpredictable
based upon many factors like buffer formulation and protein concen-
tration.?

For some mAbs, a formulation like 1X Phosphate Buffered Saline might
be an acceptable mobile phase. However, recent work by Goyon and
colleagues showed the effects of sodium and potassium additives in
SEC, and how salt concentration, as well as buffer type and concen-
tration, can affect separation and aggregate recovery significantly.®

With advances in chromatography, sub-2 pm are becoming the com-
mon not only in small molecule, but large molecule as well. SEC is
no exception, as throughput demands and characterization needs
increase. mAb aggregate is often at very low levels (<0.1 % by peak
area compared to monomer) and fragment separation is also a meth-
od requirement. In these instances, the high efficiency, sub-2 pm SEC
column can increase sensitivity of the method and improve separation
of closely eluting fragments. This is of course, provided optimal mo-
bile phase conditions are used.

In this technical note, two monoclonal antibodies are analyzed using
sub-2 pym SEC columns using optimized mobile phase conditions.
Modulation of the salt in the mobile phase showed improvements in
peak shape and recovery.
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Materials and Methods

Reagents and Chemicals

Monoclonal antibodies samples were graciously gifted from a cus-
tomer. Potassium Chloride and Potassium Phosphate (monobasic
and dibasic) were purchased from Sigma Aldrich (St. Louis, MO,
USA). Mobile phase was filtered using a 0.2 pm Phenex™ Nylon Fil-
tration Membrane and samples were filtered with a 0.45 pm Phenex
Syringe Filter.

Experimental Conditions

HPLC Conditions

HPLC was performed using Yarra™ 1.8 um SEC-X300 run on an
Agilent® 1100 equipped with a UV-Vis Detector. Because minimiz-
ing system dwell volume is critical for high performance with sub-
2 pym SEC columns, it is important to note that the system used
was equipped with a 2 pyL micro flow cell (G1315-60024) and was
plumbed with 0.005” ID PEEK tubing.

Preliminary mobile phase conditions started with the standard Unit-
ed States Pharmacopeia method of 0.2 M KH,PO, 250 mM KCl, pH
6.2. However, peak shape was considerably better using 50 mM
KH,PO, at pH 6.8 (data not shown). From there, KCI amounts were
varied as indicated in Table 1.

Column: Yarra 1.8 ym SEC-X300
Dimensions: 300 x 4.6 mm
Part No.: 00H-4745-E0-SS
Mobile Phase: 50 mM KH,PO,, pH 6.8
KCl (as indicated)
Flow Rate: 0.3mL/min
Detection: UV-Vis @ 280 nm
Temperature: Ambient
LC System: Agilent 1100

Figure 1:
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Table 1. Figure 3.
mADb 1, Results mADb 2, SEC Profile
Salt Concentration Retention Peak Peak
(mM KCI) Time (t) Width Symmetry
0 9.46 0.445 0.215
50 9.47 0.4374 0.223
150 9.02 0.1665 0.764
200 9.10 0.1557 0.788
250 9.15 0.1594 0.785
300 9.52 0.3069 0.193
Figure 2. 300 mM
mADb 2, SEC Profiles e ™, T . e e
250 mM
300 mM KCI
200 mM
PR
250 mM KCl
200 mM KCI jk
150 mM KClI jk
Table 2.

mADb 2, Results

50 mM KCI Salt Concentration Retention Peak Peak
(mM KCI) Time (1) Width Symmetry

% 0 9.63 0.1472 0.661

S 50 9.60 0.1718 0.78

0 mMKCI ) g 150 9.77 0.1753 0.785
200 9.82 0.1767 0.788
2 4 5 6 10 12 14 16 18 min 250 9.91 0.1822 0.778
300 9.96 0.1745 0.784
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Results and Discussion

The results from mAb 1 clearly show how modulation of salt can
affect peak shape. In Figure 1, we can see increases in salt con-
centration affect peak shape and chromatography. With no potas-
sium chloride, peak shape is unacceptable. It isn’t until 150 mM
potassium chloride are peak symmetries within a reasonable value
of 0.764. However, with the addition of more potassium chloride
past 200 mM, there is a decrease in performance, with 300 mM
showing even worse peak shape than no salt. This can be attribut-
ed to the addition of more chloride causing a “salting out” effect.
That is, the mAb is now more hydrophobic, leading to secondary
interactions with the stationary phase, causing the peak tailing.
For mAb 1,200 mM gives the superior peak shape.

mAb 2 is an example of a more well-behaved mAb. That is, even
with no potassium chloride in the mobile phase, peak shapes look
reasonably good. The addition of even 50 mM potassium chloride
gives peak symmetry of 0.78, with incremental improvements with
each subsequent increase in potassium chloride concentration. In
Figure 2, we do a see a small increase in retention time from 50
mM to 300 mM, indicating slight hydrophobic retention, but not to
the determinant of overall peak shape.

In this case, it is more prudent to then look visually at chroma-
tography. Figure 3 shows an overlay with a zoomed in view of
monomer and separation of pre-peak and high molecular weight
aggregate. In this instance, there is an improvement between sep-
aration of pre-peak and monomer.

Ordering Information

Yarra™ 1.8um SEC Stainless Steel Columns (mm)
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Conclusion

When developing a method for aggregate analysis of mAb’s by SEC, it
is critical to optimize mobile phase conditions to prevent non-specific
secondary interactions. Here, the effect of salt is investigated for two
different biosimilar mAb’s. The first mAb required a moderate amount
of salt for acceptable peak shape. The second mAb performed well
even with no salt. However, increases in salt showed incremental im-
provements in peak shape.

Ideally, buffer and salt concentration are optimized, based upon the
requirements for the method. However, when there is a need for a
platform method- a general method used to evaluate several different
mAb’s- a good starting point for method development would be 50
mM KH,PO, 250 mM KClI, pH 6.8.
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Yarra 1.8uym SEC Bio-Inert Columns (mm)

SecurityGuard™ ULTRA
Analytical Analytical Cartridges***
150 x 4.6 300 x 4.6
Yarra 1.8 ym SEC-X150 00F-4631-E0-SS 00H-4631-E0-SS
Yarra 1.8 ym SEC-X300 00F-4743-E0-SS 00H-4743-E0-SS
***SecurityGuard ULTRA cartridges require holder, Part No.: AJ0-9000 For Stainless Steel Only

Analytical Analytical
Phases 150 x 4.6 300 x 4.6
Yarra 1.8 ym SEC-X150 00F-4631-E0 00H-4631-E0
Yarra 1.8 um SEC-X300 00F-4743-E0 00H-4743-E0
. . 4 mm Diameter 15 mm Diameter 25 - 28 mm Diameter
™

Phenex™ Syringe Filters for < 2 mL sample volumes for 2 - 10 mL sample volumes for 10 — 100 mL sample volumes

Membrane Type/Size o
- i
= NY AF3-3207-12 100/pk AF0-2207-12 100/pk AF0-1207-12 100/pk -
] (Nylon) AF3-3207-52 500/pk | AF0-2207-52 500/pk | AFO-1207-52 500/pk

NY AF3-3107-12 100/pk AF0-2107-12 100/pk AF0-1107-12 100/pk

(Nylon) AF3-3107-52 500/pk | AF0-2107-52 500/pk | AFO-1107-52 500/pk
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Mexico
01-800-844-5226

1 001-310-328-7768
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United Kingdom
+44 (0)1625-501367

1 +44 (0)1625-501796
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USA
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All other countries
Corporate Office USA [@]

: +1 (310) 212-0555
- +1 (310) 328-7768
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Phenomenex products are available worldwide. For the distributor in your country,
contact Phenomenex USA, International Department at international@phenomenex.com
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If Phenomenex products in this technical note do not
provide at least an equivalent separation as compared to
a competing product of the same phase and dimensions,
return the product with comparative data within 45 days
for a FULL REFUND.

Terms and Conditions
Subject to Phenomenex Standard Terms and Conditions, which may be viewed at
http://www.phenomenex.com/TermsAndConditions.

Trademarks
Yarra, SecurityGuard, and Phenex are trademarks of Phenomenex. Agilent is a registered
trademark of Agilent Technologies, Inc.

Disclaimer
Dimensions and chromatographic conditions are the same for all columns unless other-
wise noted. Comparative separations may not be representative of all applications.

FOR RESEARCH USE ONLY. Not for use in diagnostic procedures.
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