
In order to demonstrate the need to consider mobile phase

optimization the chromatograms obtained from a biosimilar of

trastuzumab were compared at the extremes of the range of mobile

phase conditions investigated. Figure 5 shows the zoomed in region

of the baseline indicating a clear difference in resolution of

aggregates from monomer peak and also between monomer and

later eluting fragment peak.

Figure 5 Close Up of Chromatogram of Biosimilar of Trastuzumab

Under Extremes of Mobile Phase Conditions

Following calibration of the DLS detector using a 10mg/mL solution of

BSA the Bio SEC software was used to further analyse the data

obtained for the biosimilar Trastuzumab run under 150mM sodium

phosphate conditions (seen above to give greater resolution).

Initially the focus was on the monomer peak (Figure 6) and the

baseline regions were selected along with a significant portion of the

monomer peak itself. The light scattering analysis software was used

to determine the absolute molecular weight of the monomer peak.

Figure 6 Selected Regions for Light Scattering Data Analysis of

Biosimilar Trastuzumab

Figure 7 Light Scattering Distribution Analysis (analysis of data in

region identified in Figure 6)

The molecular weight determined for the monomer peak is given as

152,410 Da. Other regions of the chromatogram were further

analysed in Figure 8.

Figure 8 Light Scattering Results (including aggregates and

fragment regions)

Ensuring robust method development may often be overlooked

in techniques such as Size Exclusion Chromatography. It is

extremely useful to understand the impact that certain changes

to mobile phase composition or analysis run conditions may

have on the analysis results. Variation in retention time may

result from changes in temperature, modest changes in pH or

buffer concentration.

Exploiting the quaternary gradient features of an 1260 Infinity

Bio-inert LC system operating in isocratic mode through a

unique software feature called Buffer Advisor, it is possible to

create a series of mobile phase conditions that may be

generated from four stock solutions (Table 1).

Table 1 Twenty Mobile Phase Compositions to Explore

Method Robustness by SEC with Buffer Advisor

Some proteins are more sensitive to changes in mobile phase

composition as can be seen in the differences in retention time

observed for Bovine Serum Albumin (Figure 4a), however other

proteins appear to be more resilient, including the monoclonal

antibody mouse anti-IL8 seen in Figures 4b and 4c with no

noticeable change in either retention time or aggregation

profile..

Figure 4a Effect of Buffer Composition on BSA

Figure 4b 4c Effect of Buffer Composition on mAb mouse anti-

IL8

Although in the examples shown above, the mobile phase

conditions do not appear to have had an appreciable effect on

the resolution of the separation, this is not always the case and

Figure 5 explores this further.
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Size Exclusion Chromatography is the method of choice for

quantification of aggregates in Biotherapeutic samples using a

UV detector for determining concentration. However the

addition of a light scattering detector capable of both dynamic

and static light scattering measurements provides additional

benefits. Static light scattering allows the determination of

absolute molecular weight, whilst dynamic light scattering can

provide hydrodynamic radius information.

The light scattering (LS) detector itself is considerably more

sensitive towards higher molecular weight species and so is not

suitable for quantification but the ability to determine absolute

molecular weight enables peaks to be identified more easily

regardless of elution time.

Globular proteins are compact in size relative to the wavelength

of incident light and therefore show predominantly Rayleigh

scattering (Figure 1). Performing a single calibration of the

HPLC instrument equipped with an LS detector enables all of

the instrument constants to be determined. Knowing the

concentration of the sample being analysed or its extinction

coefficient enables the determination of the absolute molecular

weight from static (instantaneous) light scattering

measurements.

Figure 1 Static Light Scattering Mechanism and Simplified

Equations (derived from Debye-Zimm equation)

The fluctuation of the light scattering signal due to Brownian

motion may be captured in dynamic light scattering (DLS)

mode and the hydrodynamic radius can then be calculated,

offering insights into molecular size and potentially

conformation (Figure 2).

Figure 2 Dynamic Light Scattering and Stokes-Einstein

Equation

In this poster the effect of mobile phase conditions on elution

time of some standard proteins and monoclonal antibodies is

investigated using an Agilent Infinity II LC Bio-inert system

combined with an Agilent 1260 Infinity Bio-inert Multiple

Detector Suite featuring dual angle static light scattering and

DLS detection.

LS detectors are often considered to be difficult to work with

due to excessive baseline noise, often attributed to columns

shedding particulate matter or through poor mobile phase

preparation techniques. Here we also describe the use of new

Agilent AdvanceBio SEC columns that overcome many of these

issues. By preparing fresh mobile phase and using vacuum

filtration (0.22µm membrane filters), AdvanceBio SEC columns

show remarkably quick equilibration times often allowing data to

be collected within just three or four column volumes (Figure 3).

Figure 3 Rapid Baseline Equilibration of AdvanceBio SEC

Columns With Light Scattering Detection

SEC Chromatography
Instrument: Agilent 1260 Infinity Bio-inert  LC

with Agilent 1260 Infinity Bio MDS detector with DLS

Column: AdvanceBio SEC 300Å

7.8 x 300 mm ,2.7 µm (p/n PL1180-5301)

Mobile phase A: Water

Mobile phase B: 0.5 M NaCl

Mobile phase C: 0.25 M Na2HPO4

Mobile phase D: 0.25 M NaH2PO4

Gradient: Defined using Buffer Advisor software; see figures

Flow rate: 0.8 mL/min

Column temp: 25 °C

Sample: See figures 

Injection: 25 µL

Detection: UV 280 nm and LS 15° & 90°

Results and Discussion
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It is extremely unusual to be able to combine the use of

quaternary mixtures of mobile phase together with a light

scattering detector as baseline noise can be dramatically

increased, however the data shown here indicates the

feasibility of exploiting these features for both method

development and characterization.

For research use only.

Not for use in diagnostic procedures.

Buffer Advisor Settings % A % B % C % D Mobile Phase

150mM Phosphate, 0mM NaCl, pH 7.0 40.0 0.0 21.1 38.9 A = Water

140mM Phosphate, 10mM NaCl, pH 7.0 42.0 2.0 19.6 36.4 B = 500mM NaCl

130mM Phosphate, 20mM NaCl, pH 7.0 44.0 4.0 18.2 33.8 C = 250mM NaH2PO4

120mM Phosphate, 30mM NaCl, pH 7.0 46.0 6.0 16.7 31.3 D = 250mM Na2HPO4

110mM Phosphate, 40mM NaCl, pH 7.0 48.0 8.0 15.3 28.7

100mM Phosphate, 50mM NaCl, pH 7.0 50.0 10.0 13.9 26.1

90mM Phosphate, 60mM NaCl, pH 7.0 52.0 12.0 12.5 23.5

80mM Phosphate, 70mM NaCl, pH 7.0 54.0 14.0 11.1 20.9

70mM Phosphate, 80mM NaCl, pH 7.0 56.0 16.0 9.7 18.3

60mM Phosphate, 90mM NaCl, pH 7.0 58.0 18.0 8.3 15.7

50mM Phosphate, 100mM NaCl, pH 7.0 60.0 20.0 7.0 13.0

40mM Phosphate, 110mM NaCl, pH 7.0 62.0 22.0 5.6 10.4

30mM Phosphate, 120mM NaCl, pH 7.0 64.0 24.0 4.2 7.8

20mM Phosphate, 130mM NaCl, pH 7.0 66.0 26.0 2.8 5.2

10mM Phosphate, 140mM NaCl, pH 7.0 68.0 28.0 1.4 2.6

150mM Phosphate, 0mM NaCl, pH 7.0

110mM Phosphate, 40mM NaCl, pH 7.0

70mM Phosphate, 80mM NaCl, pH 7.0

20mM Phosphate, 130mM NaCl, pH 7.0

150mM Phosphate, 0mM NaCl, pH 7.0

110mM Phosphate, 40mM NaCl, pH 7.0

70mM Phosphate, 80mM NaCl, pH 7.0

20mM Phosphate, 130mM NaCl, pH 7.0

cb

a

150mM Phosphate, 0mM NaCl, pH 7.0

10mM Phosphate, 140mM NaCl, pH 7.0
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Dynamic light scattering is 

used to measure the 

intensity fluctuation from 

the particles which are in 

Brownian motion. 

Φ Particle diameter

λ Wavelength of incident light

K Instrument constant

c Concentration

M Molecular Weight

dn/dc Specific refractive index increment

ε Extinction coefficient

Rh Hydrodynamic radius

T Temperature

η Viscosity

D Translational diffusion coefficient 

(from correlation function)

Initial Baseline

UV 280nm

LS 90°

Traces
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LS 90°


