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Abstract

Proteomics has entered an era of unprecedented analytical sensitivity, driven by advances in high resolution mass technology
and computational pipelines. However, the world of proteomics or protein analysis remains constrained by a persistent and
under addressed bottleneck: sample preparation variability. Unlike sequencing based omics, where library preparation has
achieved increasing standardization, proteomics workflows remain highly sensitive to upstream processing conditions,
particularly in heterogeneous and clinically relevant samples such as formalin fixed paraffin embedded (FFPE) tissues.

In this report, we discuss how controlled acoustic energy-based sample processing such as Adaptive Focused Acoustics
(AFA) Technology, can enable a critical step toward transforming proteomics into a reproducible, scalable, and clinically

translatable discipline. This white paper explains how precise control of mechanical energy enables consistent protein
extraction, efficient purification, and improved digestion efficiency — all while reducing bias across diverse sample types. We
further propose that standardized sample preparation platforms, and not incremental improvements in instrumentation, are
the defining factor in advancing the next phase of proteomics innovation.

Introduction

The Hidden Bottleneck in Proteomics

Proteomics has achieved remarkable gains in sensitivity, throughput, and depth of coverage over the past decade using the
combined technology of liquid chromatography (LC) coupled to mass spectrometry (MS)." Modern workflows enabled by
high resolution accurate mass spec technology can ensure the ability to quantify thousands of proteins across complex
biological systems. Such abilities enable a wide array of applications ranging from biomarker discovery to systems biology
and drug development. However, unlike genomics, where standardized workflows for DNA extraction and library preparation
have reduced variability, proteomics remains fundamentally constrained by inconsistent sample preparation.? Each of the
steps in protein extraction, solubilization, purification, and digestion introduce significant variability, often exceeding that of
downstream analytical platforms.2 These limitations in sample preparation are particularly pronounced in:

« Formalin Fixed Paraffin Embedded (FFPE) samples, where crosslinking complicates protein recovery*
* Low-input clinical samples, where yield and loss are critical
* Heterogeneous tissues, where disruption or homogenization efficiency varies spatially

 Different cell types, where lysis efficiency can vary depending on the number of cells and cell types
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As a result, proteomics studies frequently suffer from:

* Insufficient and inaccurate data due to:
- Limited protein detection sensitivity
- Insufficient peptide depth
- Missed cleavages that negatively impact data quality
- Inadequate post-translational modification (PTM) information
* Reduced reproducibility, reliability, and robustness, from inefficient sample preparation

* Bias against low abundance or membrane proteins

These challenges highlight a central paradox. While proteomics has achieved analytical precision, the upstream sample
preparation workflows that feed it remain largely unstandardized.

The Case for Controlled and Comprehensive Sample Preparation: From Chemical to Physical Control

Sample preparation for traditional proteomics workflows rely heavily on starting with chemical lysis. Sometimes, depending
on the sample type, it is combined with mechanical disruption techniques such as probe sonication or bead beating. However,
these approaches are inherently variable:

* Probe sonication introduces localized heating and cavitation artifacts®

* Bead beating produces inconsistent mechanical forces across samples®

+ Manual workflows amplify operator-dependent variability

In contrast, Adaptive Focused Acoustics (AFA) Technology introduces a fundamentally different paradigm by ensuring precise,
controlled, tunable delivery of acoustic energy under controlled temperature conditions (Figure 1). In doing so, the approach
enables:

+ Uniform energy distribution
« Controlled matrix disruption

* Reproducible sample processing without thermal degradation

( \

Uniform Pressure I_. Isothermal Processing
—— T — f—

Distribution

Even Energy Distribution

Adaptive Focused Acoustics Consistent Temperature

Tunable Power

Low @ High

Adjustable Acoustic Energy

Figure 1. Critical benefits of AFA Technology: i) ability to distribute pressure equally; i) maintaining
controlled temperature condition for every sample; iii) ability to tune power based on sample
requirements.
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AFA Technology and the Standardization of Proteomics Workflows

Protein Extraction from Challenging Matrices

Efficient and unbiased protein extraction is a prerequisite for deep proteome coverage. Studies have shown that incomplete
homogenization (lysis, disruption) disproportionately affects membrane and structural proteins, leading to systematic bias.”

On the other hand, AFA Technology enables clear benefits for matrices that are typically considered challenging in the world of
proteomics:

» FFPE: Active deparaffinization and efficient disruption of crosslinked FFPE tissues — from scrolls® to laser capture
micro-dissected (LCM) samples®
- Fresh Frozen (FF) Tissues: Efficient homogenization of a wide array of amounts of FF tissues™

+ Cells: Efficient lysis, extraction, purification, and digestion across a wide range of mammalian cell inputs — from very
low cell numbers, to millions™

Across all matrix types, AFA Technology also enables enhanced buffer penetration and improved recovery of otherwise
inaccessible protein fractions, facilitating faster purification and digestion without compromising data quality.

Compared to traditional sample preparation methods, it generates robust, reliable, and fast sample preparation workflows
(Figure 2) for every protein type, ultimately resulting in better proteomic profiles with high reproducibility.
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Figure 2. A comprehensive three-step sample preparation workflow for protein analysis. This workflow can be applied
across all matrices, protein types, and starting amounts.
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Improving Efficiency — From Purification to Digestion

AFA Technology can significantly enhance purification efficiency by delivering highly controlled acoustic energy under
controlled temperature conditions. Following protein extraction, (Figure 2), the approach promotes efficient solubilization and
uniform mixing, improving protein accessibility while reducing insoluble debris and contaminant carryover. Critically, it also
supports key pre-digestion chemistry steps such as disulfide bond (S-S) reduction and cysteine (Cys) alkylation by enabling
rapid, homogeneous reagent distribution and consistent reaction conditions which, in turn, ensures faster completion of

the reaction, while reducing variability. Integrated with bead-based purification strategies for targeted protein depletion or
enrichment, AFA Technology maximizes interaction between proteins and beads (magnetic or functionalization added to the
bead surface), enhancing specificity, reducing nonspecific binding, and improving recovery of target analytes. Together, these
effects yield cleaner, more consistent protein samples with improved processing efficiency and reproducibility, ultimately
strengthening the reliability and depth of downstream proteomic analysis (Figure 3). The entire purification step can either be
conducted manually or in an automated environment depending on the sample type and throughput requirement.’ 3
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Figure 3. Schematic of protein purification including depletion/enrichment using magnetic beads.

In bottom-up proteomics, or peptide mapping or signature peptide quantitation experiments, inaccurate and irreproducible
digestion remains a major source of analytical error, often leading to incomplete proteolysis, increased missed cleavages, and
inconsistent peptide generation across samples.™ These issues are typically driven by poor enzyme accessibility, suboptimal
mixing, local concentration gradients, and temperature fluctuations, which ultimately result in biased peptide representation,
reduced sequence coverage, and compromised quantitative accuracy. Variability in digestion efficiency can also introduce
significant batch effects, undermining reproducibility in large scale studies. In contrast, AFA-accelerated digestion (Figure 4)
overcomes these limitations by delivering controlled low power acoustic energy in a continuous scanning mode that ensures
uniform mixing, consistent enzyme-to-substrate interaction, and tightly regulated and controlled temperature conditions.
This results in rapid, highly reproducible digestion with improved proteolytic efficiency, generating greater peptide depth

and sequence coverage without any additional missed cleavages.® The outcome is a more consistent and reliable peptide
population, enabling higher confidence in protein identification and quantitation across samples and studies — from bottom-
up proteomic assays to routine quantitative assays (which typically monitor a signature peptide of the target protein or
proteins).
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Figure 4. Comparison of protein digestion using the traditional approach (right) to that of AFA-enabled
digestion (left), which offers speed, reliability, reproducibility, and robustness.

Reproducibility as a Key Metric

Sample Variance

Sample preparation is widely recognized as the largest contributor to technical variance in bottom-up proteomics, often
surpassing the variability introduced by LC-MS/MS acquisition and data processing. While advancements in mass
spectrometry have significantly increased sensitivity and speed, the laborious nature of sample preparation, including multiple
manual liquid transfers and timed reactions inherent to sample preparation, often limit the reproducibility and accuracy

of quantitative measurements. As discussed above, several factors contribute to the proteomic data variance: i) protein
extraction/lysis efficiency (which varies significantly between matrix types); ii) enzymatic digestion that requires a cautious
approach (several factors such as trypsin-to-substrate ratio, buffer composition, and digestion times can have a strong impact
on the efficiency of peptide generation); iii) contaminants such as salts, detergents, or other interfering agents can impact
peptide separation by causing unwarranted ion suppression (especially with LC-MS/MS)."®

Improving Reproducibility
To minimize the impact of sample preparation on overall workflow variability, the field is moving towards:

« Comprehensive Workflows: Fast, simplified, one-plate workflows that can reduce the number of processing steps,
thereby minimizing technical noise.

- Early Quality Control: Monitoring the consistency of sample preparation using quality control metrics (e.g., protein
concentration, enzyme ratio optimization, peptide yield assessments) is essential for controlling data quality
before MS analysis.

+ Automation: Implementing automated platforms, such as 384-well plate systems, which significantly reduces the
human error while enhancing inter- and intra-plate reproducibility.
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AFA-enabled Comprehensive Sample Prep Workflows — One Solution for Every Proteomic Assay

AFA-enabled comprehensive sample preparation workflows are designed to deliver end-to-end reproducibility across
proteomics applications by tightly controlling every critical variable in the workflow. The precise, tunable acoustic energy
under controlled temperature conditions and appropriate, optimized workflows help eliminate variability and ensure consistent
sample processing for every sample, regardless of protein type, input sample amount, and matrix complexity. Covaris’
comprehensive sample preparation workflow ensures highly consistent reaction kinetics during every step starting with
extraction, and continuing to reduction, alkylation, purification, and digestion. In an automated environment, the workflow
ensures reproducible outcomes while offering a scalable, high-throughput process. High protein coverage,® consistent peptide
yield,® reduced technical variation, and highly reproducible protein identification and quantitation follow directly from this level
of process control.

Cell-based Proteomics

Cell-based proteomic assays offer a powerful window into cellular function, enabling direct measurement of protein
expression, signaling dynamics, and post-translational modifications in biologically relevant systems.’® By working with intact
cells (cultured cell lines, primary cells, or organoids), researchers can capture context-specific biology that is often lost in
bulk tissue analysis. This makes cell-based proteomics indispensable for drug discovery, functional genomics, and precision
medicine applications, where understanding protein-level responses to perturbations is critical.

Achieving these outcomes, however, depends on overcoming a persistent challenge: in cell-based proteomics, sample
preparation remains the most variable and technically demanding step in the workflow. Efficient and reproducible cell lysis
must balance completeness with preservation of protein integrity and PTMs. Downstream steps—including reduction,
alkylation, and cleanup—must remove interfering substances (lipids, nucleic acids, salts) without introducing losses or bias.
The complexity increases further when dealing with heterogeneous cell populations, low cell counts, or sensitive signaling
states, where even minor inconsistencies can distort biological interpretation.

Additionally, scalability can be a significant constraint, particularly as studies include hundreds or thousands of samples.

The above-mentioned challenges for sample preparation of cells are further magnified by the inherent complexity of the
cellular proteome, which spans a wide dynamic range and includes membrane proteins, protein complexes, and transient
modifications.” Ensuring compatibility with diverse downstream detection platforms, from LC-MS for discovery proteomics to
antibody based assays for targeted measurements can potentially add another layer of technical demand. As a result, robust,
standardized, and detection-technology-agnostic sample preparation workflows are increasingly recognized as foundational to
reliable proteomic outcomes.

Looking ahead, the field is rapidly advancing toward single-cell proteomics, where the goal is to resolve protein expression at
the level of individual cells.’ This shift introduces unprecedented sensitivity requirements and places extreme pressure on
sample preparation workflows to minimize losses, contamination, and variability. While innovations in microfluidics, ultra-low-
volume processing, and advanced mass spectrometry are driving progress in this space, much work has to be accomplished
at the sample preparation level, primarily in the lysis and digestion stages. In this regard, Covaris’ truPREP® Protein 12x8 Strip
Kit — Mammalian Cells (Lysis, Extraction, Digestion) and associated workflow imparts the ability to offer fast, reliable, and

reproducible workflows for extraction, purification, and digestion of proteins from a wide range of cells (Figure 5).
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Figure 5. Comparison of the performance of Covaris’ cell lysis kit with traditional approaches.

As depicted in Figure 5, Covaris’ cell lysis kit offers several significant benefits, which can also be further understood from
Figure 6. The workflow ensures a comprehensive coverage of a number of cells, from 1,000 up to 500,000 - essentially
offering flexibility and scalability in every experimental design. Developed with the Protein Aggregation Capture (PAC)
workflow, this kit is designed to address the future of cell-based proteomics. The future of single cell proteomics is expected

to be defined by workflows that are not only scalable and automatable but also capable of delivering consistent, high-quality

data from ever-smaller inputs; ultimately unlocking a deeper, more precise understanding of cellular heterogeneity and disease

biology.
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Figure 6. Workflow of cell lysis kit showing every step of the workflow starting with harvesting of cells followed by cell lysis,

Fresh Frozen (FF) Tissue-based Proteomics
Fresh frozen tissue proteomics is critically important for capturing the true biological state of a sample, preserving native
protein structures, PTMs, and signaling dynamics that are often lost or altered in other preservation methods.?® However,
sample preparation of FF tissues is one of the most critical yet challenging steps in the workflow, often limiting the accuracy,

depth, and reproducibility of downstream analysis.?' The inherent heterogeneity of tissues, variable cellular composition,

and the presence of structurally complex and membrane-rich regions make efficient and uniform protein extraction difficult.

Incomplete lysis, inconsistent homogenization, and co-extraction of interfering biomolecules can introduce significant

variability, while traditional mechanical or chemical methods often lack the control needed to preserve protein integrity and

post-translational modifications.
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Covaris AFA-based workflows for FF tissues directly address the above-mentioned challenges by enabling highly-controlled
and reproducible tissue disruption and protein extraction across diverse tissue types (Figure 7).
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Figure 7. 7-step workflow from tissue homogenization to protein digestion for FF tissues in microtube-130 with bead snap caps
(PN 500798).

The entire FF tissue workflow was optimized with a dedicated consumable, microTUBE-130 with Bead Snap-Cap
(Figure 8), which can be used in a 96-well plate format and offers clear homogenization for a wide range of FF tissue input
amounts (Figure 8).
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Figure 8. Picture of microTUBE-130 with Bead Snap-Cap (left) and efficient homogenization (right) of
mouse liver tissues (1-15 mg) using the same consumable.

There is evidence of efficient homogenization followed by protein extraction from a host of different FF tissue types for
lower inputs.’> AFA-enabled homogenization of FF tissues from pig heart, mouse liver, and mouse kidney were found to be
highly reproducible, also resulting in consistent peptide depth with very low variability. Another study reported development
of a robust workflow with both FFPE and FF tissues using a robust, reliable workflow starting with efficient homogenization
enabled by AFA Technology.?

Reliable, reproducible, and rapid sample preparation for FF tissues yields a standardized, automation-ready workflow with
consistent protein and peptide inputs, enabling deeper proteome coverage and reliable performance across LC-MS, antibody-
based assays, and other detection platforms.
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FFPE Proteomics: A Stress Test for Workflow Robustness

FFPE samples represent one of the most valuable yet challenging resources in translational research.z Extraction of protein
from tissues embedded in paraffin block involves i) efficient deparaffinization; ii) tissue homogenization; jii) extraction. Each
of these steps are critical to ensure maximum protein yield and coverage that are necessary for robust, reliable analysis.
Formalin fixation induces significant changes, such as protein crosslinking, chemical modifications, and reduced solubility®.
In dealing with such samples, conventional workflows often result in low protein recovery, high variability, and incomplete
proteome representation.

AFA Technology is the only method that can offer active and fast deparaffinization of FFPE samples without damaging the
embedded tissue integrity. AFA-based FFPE workflows for protein analysis have demonstrated improved protein yield® 9 122325
coverage and downstream peptide depth, especially unique peptide IDs (Figure 9).
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Figure 9. A comprehensive, and fast sample preparation workflow for FFPE samples enabled by AFA Technology. This one-plate
workflow allows maximum recovery of proteins, resulting in exceptional protein coverage and peptide depth.

Covaris’ AFA-enabled sample preparation workflow supports high-throughput proteomic analysis of FFPE tissues, including
dissected samples or 10 pm scrolls, in a 96-well plate format capable of processing up to 96 samples simultaneously. Haines
et al. applied this workflow, building on their prior work to demonstrate significant enhancement in protein coverage, notably
including critical phosphoproteins, a valuable source of PTM information, whose recovery from FFPE tissue is typically
compromised by formalin-induced crosslinking.?

The workflow enabled identification of 8,000—10,000 unique proteins per sample with median CVs below 20%. Applied to
lung adenocarcinoma FFPE blocks using the Orbitrap™ Astral™ with 24-minute gradients, the workflow identified 11,000
fully localized phosphosites alongside up to 10,000 unique proteins, achieving deep proteome coverage and quantitative
robustness comparable to tandem mass tag-based methods, demonstrating that biologically relevant phosphoproteomic
results can be derived from clinically sourced FFPE tumor samples.

Similarly, Adachi, Y et al. reported robust proteomic profiles obtained from a wide number of FFPE samples, some of which
were more than 30 years old.?® FFPE samples of hepatocellular carcinoma (HCC) and adjacent non-tumor liver (NTL) tissues
from 19 HCC patients from 1988-1992 were evaluated in which the AFA-enabled workflows offered efficient protein extraction
combined with SP3 cleanup and data-independent acquisition (DIA). The workflow identified and quantified approximately
7,000 proteins, with excellent reproducibility, where proteomic profiles clearly distinguished between HCC and NTL tissues,
and identified 630 differentially expressed proteins (467 upregulated in HCC, 163 upregulated in NTL). Pathway analysis
revealed expected biological differences: HCC showed enrichment in proliferation/genomic maintenance pathways (e.g.,
ribosome biogenesis, DNA replication), while NTL showed enrichment in metabolic pathways (e.g., cytochrome P450),
consistent with known biology and validated by COSMIC database. This validated Covaris workflow unlocks the potential

of these historically invaluable specimens for powerful retrospective studies, contributing to a clear and comprehensive
understanding of cancer such as HCC.
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Reproducibility and Reliability in LCM-FFPE Samples

Pujari, G. et al. reported® that for LCM samples, not only did they see an equivalent performance in the number of proteins but
the AFA-enabled workflow reduced their total processing time from 20 hours to 3 hours, without compromising data quality. In
this study, four replicates were processed under different conditions (Figure 10). All samples were first collected in tubes and
then manually transferred to the 96-well plates for AFA processing. After digestion, the samples were cleaned and analyzed by
mass spectrometry. Protein and peptide identification numbers, reproducibility, and processing time were compared across all

workflows.
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Figure 10. Comparison of sample preparation workflows for LCM-FFPE tissue processing.
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Protein and peptide numbers in AFA-accelerated workflows were comparable to standard workflow with the mass
spectrometry results showing that both AFA-accelerated methods are similar to the standard tube-based method in terms of
protein and peptide identification numbers (Figure 11).
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Figure 11. Both AFA-accelerated methods yielded protein and peptide numbers comparable to the standard
method. Using SP3 did not add significant benefits.
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The workflow is compatible with the full range of LC-MS/MS platforms, from high-resolution accurate mass instruments for
total proteome discovery to triple quadrupole systems for sensitive targeted quantitative analysis.
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Multi-Organ Proteomics: All in the Same Plate

Multi-organ proteomics presents significant sample preparation challenges due to the inherent biological diversity across
tissues, ranging from from highly vascularized organs like liver, to dense, fibrous structures such as heart or tumor tissue.
Each organ differs in cellular composition, protein abundance, lipid content, and extracellular matrix complexity, requiring
tailored lysis and extraction conditions that are difficult to standardize. Variability in sample preservation methods (e.g., fresh
frozen vs. FFPE) further complicates protein recovery and integrity. Additionally, inconsistent homogenization, inefficient
protein solubilization, and incomplete removal of contaminants can introduce bias, reduce reproducibility, and limit proteome
depth. As multi-organ studies scale, the need for robust, uniform, and automatable workflows becomes critical to ensure
cross-tissue comparability and high-quality downstream mass spectrometry data.?

AFA-enabled sample preparation is critical for multi-organ proteomics because it delivers a single, standardized workflow
capable of handling the diverse physical and biochemical properties of different tissues. These workflows ensure efficient
and reproducible tissue disruption, protein extraction, and homogenization across soft, fibrous, and lipid-rich organs alike—
minimizing variability introduced during sample prep. This consistency ensures comparable protein recovery and digestion
efficiency across organs, which is essential for accurate cross-tissue analysis.?” 28

The last few years have witnessed several publications highlighting the value of robust sample preparation leading to high
quality multi-organ proteomics data. Xiong et al. applied AFA-assisted proteolysis as part of a high-throughput sample
preparation workflow to enable rapid and comprehensive analysis of complex proteomes across large sample sets, advancing
the potential of systems biology research. In this study, a high-throughput MS-based proteomics method was integrated into
narrow-window data-independent acquisition (nDIA) with short-gradient micro-flow chromatography, enabling profiling of
>240 samples per day. This approach identified 6,201 and 7,466 human proteins with 1- and 2-min gradients, respectively, and
analyzed 507 samples composed of 13 different tissues from mice treated with the enzyme-drug L-asparaginase (ASNase) or
its glutaminase-free Q591 mutant, generating a quantitative profile of 11,472 proteins following drug treatment. In summary,
the integration of AFA Technology to optimize this high-throughput proteomics method accelerates systems-level analysis of a
preclinical model to generate biological insights and clinically actionable hypotheses.?”

On a completely different application perspective, Hendricks et al. reported development of a comprehensive proteomics
workflow for biofluids, cells, and tissues. AFA Technology was used for cells and tissue lysis to ensure robust and reproducible
sample preparation in a high-throughput manner, and the whole workflow was automated with the detergent-compatible
single-pot, solid-phase-enhanced sample Preparation (SP3) method for protein digestion. The synergy of these advanced
methodologies facilitated a robust and high-throughput approach for cell and tissue analysis, an important consideration in
translational research.™

Toward Scalable and Automated Proteomics

As proteomics studies expand in scale and complexity — drawing from large clinical cohorts, multi-site collaborations,

and high-throughput biomarker discovery programs, the need for scalable, automated sample preparation workflows
becomes increasingly critical to ensure efficiency and reproducibility. Recent examples highlight the value of automating
sample preparation workflows for proteomics assays to minimize or eliminate data inaccuracies resulting from manual
operation and handling.’>?° The future of proteomics lies in the ability to scale-up, which includes population level studies,
clinical diagnostics, and drug discovery pipelines. However, scaling proteomics requires automation-ready workflows with
standardized inputs and reduced hands-on time. Current sample preparation workflows can be fragmented between different
approaches and technology, which makes them difficult to automate seamlessly, not only for higher throughput, but also
to ensure reproducibility, reliability, and robustness of the methods.* Therefore, a robust and reliable proteomics sample
preparation workflow delivering equal efficiency in both manual or automated modes would benefit every laboratory — from
small-scale operations to those processing hundreds of samples daily.
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AFA Technology transforms traditionally variable, labor-intensive sample preparation into a controlled, reproducible, and
automation-ready workflow that integrates seamlessly with modern liquid handling platforms. Spanning protein extraction
across any biological matrix through reduction, alkylation, bead-based purification, and accelerated digestion, the workflow
reduces manual intervention and ensures uniform processing to support parallel preparation of dozens to hundreds of
samples in a 96-well plate format with consistent, predictable performance. The result is a robust, end-to-end sample
preparation solution that scales with study demands while safeguarding the reproducibility and data quality required for
confident mass spectrometry analysis and large-scale biomarker discovery.

Multiomics Convergence: A Unified Sample Preparation Paradigm?®’

Multiomics sample preparation is often constrained by fragmented workflows, inconsistent processing methods across
analyte types, and limited sample availability, especially when working with precious clinical specimens like FFPE tissue or
small volume blood samples.? %2 These typical sample preparation challenges can introduce variability between genomic,
transcriptomic, and proteomic datasets, complicating data integration and reducing confidence in biological insights.
Additionally, the lack of standardized, automatable workflows creates bottlenecks in scaling studies and maintaining
reproducibility across large cohorts.

AFA Technology addresses the above-mentioned challenges by providing a unified, highly controlled approach that aligns
analyte workflows seamlessly. Because acoustic energy delivery is precisely tunable, AFA Technology can be optimized
independently for each analyte class. This enables the sequential extraction of proteins, nucleic acids, and metabolites from
the same sample without compromising the integrity of any downstream analysis. As an example, a concurrent metabolomics
and proteomics workflow was recently published highlighting the benefit of using AFA Technology for rapid extraction and
removal of metabolites followed by processing the same sample for proteomic assays (Figure 12).%5
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Figure 12. Multi-dimensional application of AFA across all forms of omics that
can either be facilitated from the same sample or on separate parts of a sample.
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The ability to start from a consistent point followed by harmonized multiomics analysis of a given sample enables laboratories
(especially those focused on precision medicine or translational research studies) to generate matched datasets with minimal
or no variability, which are typically introduced during preparation. When combined with automation, these robust workflows
can support a scalable, end-to-end multiomics solution that improves data concordance, reduces workflow complexity, and
accelerates the discovery of integrated biological insights.

Sample Preparation — Agnostic of End Detection Technology

Historically, proteomics innovation has focused on instrumentation (primarily mass spectrometers) with additional focus

on data analysis algorithms. Sample preparation is often overlooked, yet itcontinues to be one of the most significant
challenges in protein analysis. Inconsistent extraction, inefficient purification, and variable processing conditions introduce
irreproducibility that no analytical platform can recover from. Covaris’ AFA-enabled protein analysis sample preparation
workflows directly address this critical weakness by delivering a detection-technology-agnostic, highly-controlled, and
reproducible upstream process. With reproducible, reliable and efficient workflows, AFA Technology ensures isolation of clean
and consistent proteins and peptides that integrate seamlessly with any downstream technology, from high-resolution LC-MS
for deep proteomic profiling, to antibody-based assays like ELISA for targeted quantification, or other emerging analytical
platforms. Laboratories gain a standardized, automation-ready workflow that removes upstream variability, preserves sample
integrity, and ensures the full performance of any detection technology is realized — future-proofing proteomics strategies
while maximizing data quality and return on investment.

Conclusion

Proteomics stands at an inflection point. While analytical technologies have matured, sample preparation remains the
dominant source of variability and inefficiency. The ability to establish a robust, reliable, consistent sample preparation
workflow is further challenged by a proliferation of approaches for every step — starting from homogenization or extraction of
proteins to purification to digestion. Amid this complexity, AFA Technology has emerged as a transformative solution, enabling
rapid, reproducible sample preparation for proteomics regardless of sample type, input amount, analytical objective, and user
expertise.

As proteomics continues to advance toward large-scale multiomics and clinically actionable applications, AFA-enabled
workflows are uniquely positioned to meet these demands by introducing:

* Precision energy control
* Reproducible processing conditions across any sample type
+ Expedited workflows that ensure high quality data while supporting increased productivity and profitability

« Compatibility with automation and high-throughput

By reframing sample preparation as a controlled, standardized process rather than an artisanal step, proteomics can now
achieve clinical-grade reproducibility, large-scale deployment, and true multiomics integration.
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