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M easurement of Average Aggregate Density by Sedimentation and Brownian
Motion Analysis

Richard E. Cavicchj Jason Kin§? and Dean C. Rippte

!Bioprocess Measurements Group

National Institute of Standards and Technologytiigasburg, MD 20899
“now with XSOLIS, 301 Plus Park Blvd. Nashville, BN217 Suite 411

ABSTRACT

The spatially averaged density of protein aggregistan important parameter that can be
used to relate size distributions measured by gdhal methods, to characterize protein
particles, and perhaps to estimate the amountadéjorin aggregate form in a sample. We
obtained a series of images of protein aggregai@biéng Brownian diffusion while
settling under the influence of gravity in a seatagillary. The aggregates were formed by
stir-stressing a monoclonal antibody (NISTmAD). ¢mgrocessing yielded particle tracks,
which were then examined to determine settlingaigland hydrodynamic diameter down
to 1 um based on mean square displacement (MSD)sesdMeasurements on
polystyrene calibration microspheres ranging ie $iem 1pum to 5pum showed that the
MSD diameter had improved accuracy over the diantsgved from imaged particle area,
suggesting a future method for correcting sizerithistions based on imaging. Stokes’ law
was used to estimate the density of each parttoleas found that the aggregates were
highly porous with density decreasing from 1.08thgj/to 1.028 g/crhas the size

increased from 1.3[dm to 4.9um.
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INTRODUCTION

The use of orthogonal methods to characterizeigigedsstribution of protein aggregates in
biopharmaceuticals is useful to cover broader Isinges with increased confidence.
However, it can be difficult to reconcile resultgt@ned through different measurement
methods, which—based on their respective calilbmadiod operational protocols—may
provide seemingly conflicting results. The sp#fiaveraged density is a key parameter
for comparing size distributions obtained by theoreance mass method, particle tracking,
flow image analysis, or light obscuration. Extmagtparticle diameter from a resonance
mass measurement requires knowledge of the padcisity. Optical methods also
depend on patrticle density in an indirect manndaigher particle density corresponds to a
higher optical scattering or image contrast, whiicturn can affect the particle diameter
measurement. The density of protein aggregat@sasimportant for estimating the
amount of aggregated protein in a sample.

The density of a protein (as a molecule or purestsuize) has long been considered a
parameter that is—to a good approximation—indepenakthe protein type, and is
commonly used in the analysis of X-ray structuradieom protein crystals. A protein
density of 1.35 g/crhis a commonly accepted value based on early sedtien and
compressiblity measurements over a variety of different protéir@illin and Matthew’
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