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Introduction

Analytical ultracentrifugation (AUC) is a cornerstone
technique for characterizing macromolecules, providing
fundamental information on their size, shape and interactions
in solution. This paper highlights how the Optima AUC
Analytical Ultracentrifuge distinguishes itself—with high
wavelength repeatability, multiwavelength capabilities,
reasonable throughput, and integrated optical systems—
empowering researchers to achieve more precise, reliable,
and comprehensive insights into complex biological systems.

AUC benefits

+ AUC analyzes the whole sample, not only individual
particles, enabling characterization of samples
to confirm homogeneity or to characterize their
heterogeneity (aggregation content, associations,
self-associations and more).

« AUC is a first-principle method, so no standards are
required, and a typical AUC result is automatically
confirmed by thermodynamics.

*  Multiwavelength AUC enables simultaneous
characterization with multiwavelength optics
supporting the identification and confirmation of heterogeneous structures, accessing
information about the cargo of vectors, lipid nanoparticles (LNPs) and more.

+ High-resolution Rayleigh Interference optics enables characterization of large complexes, high
concentration samples, and the detection of particles that do not absorb light.

+ AUC has only a few buffer restrictions, enabling the characterization of the particles in their
normal environment, and also makes the technique a perfect instrument for formulation studies.

* A true in-solution technique, AUC enables you to characterize particles of interest while they float
free in solution, without any matrix material or adsorption to surfaces.
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Precision wavelength monitoring and multiwavelength analysis

The Optima AUC instrument has a wavelength repeatability of +0.5 nm. This is crucial for ensuring
accuracy and consistency of experimental results, particularly when examining low-concentration
proteins around 230 nm. In this region, optical density (OD) can change steeply, meaning even

a variance 2 nm in wavelength can impact the derived results and concentration determination
(Hoffmann et al. 2018).

Complementing this, the instrument provides multiwavelength (MW) capabilities, which are critical for
many applications (Henrickson et al. 2022; Henrickson et al. 2021; Johnson et al. 2018; Ahmed et al.
2022; Maruno et al. 2023) including:

* Protein-nucleic acid interactions

* Heterogeneous complex formations

* Ligand binding

* Stoichiometry

* Characterization of nanoparticles and conjugates
Up to 20 wavelengths can be monitored in a single experiment, enabling researchers to monitor
different components simultaneously, to see if—and at what ratio—their analytes interact, or to resolve

different analytes with overlapping spectra in solution, providing a more complete picture of sample
interaction, composition, and behavior (Figure 1).

In a study by Horne (Horne et al. 2021), researchers used MW AUC to understand the interaction
between their protein (NanR) and DNA, from which they learned that a NanR timer of dimers (6 total
proteins) binds to their DNA (Figure 2), helping them to understand more about the overall mechanism
of action.
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Figure 1. 3D multiwavelength AUC results of AAV particles. Different spectral species were detected at 95 S, where there’s a spectral
signal from both proteins and nucleic acids (full AAVs), and at 60 S, where only a protein signal is observed (empty AAVS).
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Figure 2. Sedimentation coefficient distributions of the NanR (blue) and the (GGTATA)3-repeat DNA operator (black) controls, measured
individually at 280 and 260nm, respectively. b-e Deconvoluted sedimentation coefficient distributions resulting from the titration of
NanR into (GGTATA)3-repeat DNA (0.5uM): 0.5uM NanR (b), 1.5uM NanR (), 3.0uM NanR (d), and 5.0uM NanR (e). A shift in the
sedimentation coefficient is observed with increasing NanR concentration, consistent with hetero-complex formation. The molar ratio of
the integrated peaks (shaded in gray) and the oligomeric state of each hetero-complex is shown. The presence of excess protein free of
any co-migrating DNA in (e) indicates that hetero-complex formation has reached saturation. All plots are presented as g(s) distributions
with the molar concentration for each interacting partner (protein and DNA) plotted on the y-axis. Hydrodynamic parameters are in
Supplementary Table 5.

Improving throughput requirements

Efficiency and speed are increasingly important in modern research laboratories. The Optima AUC
instrument enables users to measure up to 14 samples in parallel, increasing the comparability of results.
It was built to collect UV/Vis intensity data from both channels of an AUC cell' (Figure 3), and for these
experiments, the counterbalance can also be replaced by a sample cell. The collected intensity data can
be analyzed using both SEDFIT and UltraScan (Li et al. 2025; Demeler 2024).

'When loading two samples with a large difference in concentration, the higher-concentration sample should be placed in the sample
channel/right-side sector.

Figure 3. AUC cell housing (side and top-down views). Samples can be loaded into both channels when measuring in intensity mode with
the UV/Vis optical system.
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Recent research has also shown that AUC experiments can provide high-resolution results in as little

as 45 minutes (Kokona et al. 2025; Yarawsky et al. 2025; Larson et al. 2024; Berkowitz et al. 2024).
This is possible because the Optima AUC instrument can collect a UV/vis scan every 20 seconds and
an interference scan every 5 seconds. In addition to allowing for the potential to shorten experimental
times, this rapid data acquisition is valuable when measuring fast-sedimenting species, multiple cells

in a single experiment, multiwavelength experiments, and high-speed AUC experiments to ensure that
enough scans are collected for high-resolution analysis (Figure 4). (Larson et al. 2024; Berkowitz et al.
2024; Yarawsky et al. 2025; Kokona et al. 2025).
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Figure 4. These images highlight the improved scanning rate of the Optima AUC instrument compared to the legacy instrument, the
Proteomelab XL-I. Faster scanning rates enable collection of more scans during the experiment, which is especially important when
measuring quickly sedimenting species and when measuring multiple AUC cells simultaneously.

Along with a fast scanning rate, the Optima AUC instrument also features a high signal-to-noise ratio
and an optical resolution of 10 um. These factors enable researchers to obtain more accurate, reliable
and interpretable data. A strong signal relative to background noise ensures that measured changes are
truly representative of the sample and not artifacts of the measurement system. Furthermore, the

10 um radial resolution capability enables fine distinctions in sedimentation profiles, allowing for detailed
analysis of subtle changes in molecular species. All of this is possible while conducting your experiments
across a temperature range from 4°C to 40°C, offering researchers the flexibility to investigate their
systems under various physiological and experimental conditions.
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Robust optics and operational control

Beyond its analytical capabilities, the Optima AUC instrument addresses practical aspects of instrument
maintenance and data integrity. For ease of use and durability, all optical components are contained
within the instrument, eliminating the need for manual handling of optical systems (Figure 5). This
integrated design significantly reduces the possibility of damage and costly repairs to the optical
systems, ensuring long-term instrument reliability and uptime.
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Figure 5. The UV/Vis and Rayleigh Interference optical system is contained within the Optima AUC instrument, outside of the chamber.
To use the optics, users simply turn the black knob on the top to spin the optics into the chamber over the rotor.

Additionally, the Optima AUC instrument also features a turbomolecular pump, which quickly achieves a
high vacuum and provides operational/experimental advantages over oil-diffusion pumps, contributing
to faster, cleaner and more reliable AUC. It maintains an oil-free environment within the centrifuge
chamber, thereby protecting all optical components.

The remote monitoring and control features provide researchers with the flexibility to oversee
experiments and set up experimental methods from a distance. This capability enhances workflow
efficiency, enabling scientists to manage their time more effectively and conduct experiments outside
of direct laboratory hours, contributing to overall lab productivity.

In summary

The Optima AUC is a state-of-the-art instrument that offers multiwavelength capabilities, reasonable
throughput, and reduced experimental time requirements. It also features highly repeatable wavelength
selection, robust integrated optics, a high signal-to-noise ratio, and high radial resolution, collectively
ensuring the acquisition of superior quality data. These features make the Optima AUC instrument

an indispensable tool for fundamental and applied research in macromolecular science, empowering
scientists to push the boundaries of their understanding of complex biological systems.

Note: Third-party analysis software, including UltraScan and SEDFIT, have not been validated by Beckman
Coulter for use with the Optima AUC Analytical Ultracentrifuge. Beckman Coulter does not endorse any
third-party analyses software. Any warranty and/or performance guarantee that may be applicable, or
are provided by Beckman Coulter, Inc. for its analytical ultracentrifuge, do not apply to any third-party
software.
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