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Objective:
Based on the high-throughput ultraplex proteomics platform Proteonano™, we aim to achieve rapid
and robust workflow for large-cohort proteomics studies.

I.Challenges in large-cohort proteom- 1.4 Biomarker validation and reproducibility:
ics studies - Validation: verify key results using independent methods to

. _ . ensure their reliability and reproducibility.
Generally, conducting large-cohort proteomics studies
o » Technical replicates: include technical replicates in your exper-
needs to process hundreds to thousands of clinical samples
) . i imental design to evaluate data consistency and credibility.
over dozens of experimental batches in a few months. This

causes many pratical issues, including: . L . . .
1.5 Biological interpretation and functional analysis:

. L - Biological significance: connect proteomics data to bio-
1.1 Sample preparation and handling issues:
) ) . . . logical functions and disease mechanisms, and conduct
= Sample quality: differences in sample origin and quality
o ) detailed functional and pathway analyses.
can affect the accuracy and reproducibility of protein
_ = Candidate protein identification: identify and validate can-
detection.
. . . . . didate proteins or biomarkers with biological relevance.
+ Consistency in sample processing: it's essential to ensure

that all samples are processed in the same protocol (e.g.,
1.6 Biomarker discovery and translation:
extraction, purification) to avoid systematic biases.
Translating multiplexed protein biomarker panels into clini-

. . cal use often need customized assay development. Main-
1.2 Methodology selection and validation:
) taining consistency between the discovery and translation
» Choose the proper detection platform: select the mass
. . . phases is essential.
spec or non-mass spec proteomics platform is crucial.

= Assay development: ensure that the chosen technology is
Furthermore, to handle these challenges effectivley, a team
effective for the sample types and experimental design
_ of experienced researchers, reliable technical platforms,
and provides accurate, reliable data.
and robust experimental quality control measures are

. . . essential to ensure robust and fast workflows for large
1.3 Data analysis and interpretation:
. . cohort plasma proteomics studies.
« Data preprocessing: efficiently handle and manage large

volumes of raw data, including preprocessing, standard- "Robust and fast workflows are indispensable for
successfully implementing large-cohort clinical

ization, and normalization. . -
plasma proteomics studies",

» Bioinformatics analysis: translate proteomics matrix data }
Professor Matthias Mann,

into biological insights, such as protein biomarker identi- Max-Planck Institute of Biochemistry,

X . P . . Proteomics and Signal Transduction
fication and quantification, pathway analysis. T R
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Il. Proteonano™ Ultraplex Proteomics Platform

The Proteonano™ Ultraplex Proteomics Platform, devel-
oped by Nanomics Biotechnology, is a highly automated
and standardized system. It consists of the Proteonano™
Kit, Nanomics G1 workstation, and Al-powered proteomics

analysis software, specifically addressing the bottlenecks in

Nanomation™ G1
High-throughput Automated Sample preparation

4 Nanomics

< Nanomics

Proteonano™ Discover Panel
Unbiased Protein Enrichment Kit

Proteonano™

Plasma Proteome Enrich Kit

detecting low-abundance proteins in mass spectrome-
try-based proteomics. Proteonano™ Kit series is composed
of Al-designed polypeptides to selectively bind and enrich
low abundant proteins in biofluid samples with picogram

sensitivity and peptide-level specificity.

Nanostation™
Al enabled data analysis

Proteonano™ Focus Panel
Targeted Protein Enrichment Kit

Figure 1: Proteonano™ Ultraplex Proteomics Platform
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Proteonano™ quality control system (QCS)

In large cohort proteomics experiments with mass spec,
subgroups of protein measurements with quantitatively
different behaviors (i.e. batch effect) oftentimes hinders the
downstream bioinformatic analysis. To address this issue,
Nanomics' s Proteonano™ Ultraplex proteomics platform
features a built-in quality control system (QCS), enabling
comprehensive monitoring at the individual sample level.

Here’s how it works:

Step 1: Incubation controls
Proteonano™ Plasma Enrich Kit reagents are incubated

with pooled human plasma samples (QC1 and QC2) to
selectively bind low-abundance proteins. During this step,
we monitor the protein intensities across multiple experi-
mental batches by measuring the median coefficient of
variation (%CV), which is to ensure the robustness of pro-

tein enrichment process driven by nano-bio interactions.

Protein enrichment by nano-bio interaction
Affinity motif functionalized nanoparticles selectiviey
capture low abundant proteins in biological samples.
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Peptide sequencing by mass analyzer
Tens of thousands of peptides are weighted and
sequenced by high-resolution LC MS/MS.
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Step 2: Detection controls

Next, we conduct quality control on the peptides (QC3)
enriched and purified from healthy human plasma using the
Proteonano™ Plasma Kit. Since mass spectromenters per-
form variably over different manufacturers, conditions, and
laboratory configurations, we monitor LC-MS/MS stability by
assessing the reproducibility of peptide intensity across con-
secutive injections, thereby minimizing systematic differences

due to instrument variability.

Step 3: Data controls

In this step, peptides are sequenced, assembled into pro-
teins, and quantified using artificial intelligence algorithms.
We also implement missing value imputation and normaliza-
tion operations with widely accepted algorithms to assess
and correct systematic variations across batches, ensuring

consistent and reliable results.

Protein identifcation by Al algorithms
Proteins are identified and quantified by Al algorithms

with peptide-level resolution.
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Step 1: Incubation controls

Step 2: Detection controls
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Figure 2: Proteonano™ platform built-in QC system
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2.1 Incubation controls

For a standard 96-well plate experiment, we recommend
using six quality control (QC) samples to monitor the entire

platform’s workflow, as shown in Figure 3. These include:

QC 1: QC1 is made up of pooled healthy human plasma
samples to monitor the protein enrichment process (Step 1:
Incubation controls) and correct potential inter-plate varia-
tions. Typically, three replicates of QC1 are included in each

fully loaded 96-well plate.

QC 2: QC2 is also pooled healthy human plasma but
remains untreated by the Proteonano™ Plasma Kit (i.e.,
neat plasma). It is used to monitor the steps of reduction,
alkylation, enzymatic digestion, desalting, and lyophiliza-

tion. Usually, one QC2 sample is included per 96-well plate.

QC 3: QC3is a lyophilized peptide mix derived from
pooled healthy human plasma that has undergone enrich-
ment, reduction, alkylation, enzymatic digestion, and
desalting. QC3 is used to monitor the performance of the
LC-MS/MS instrument. When the LC-MS/MS meets baseline
conditions, QC3 is injected three consecutive times to
assess stability. QC3 sample is run after every 16-24 real

samples to ensure consistent system performance.

1 2 3 4 5 6 7 8 9 10 11 12
A qct_t
B
o]
D Qc1_2
E
E Qc3_1
G Qc3_2
H Qc1_3 ac2
Figure 3: Recommended sample quality control solution
iRT

We add a standardized amount of iRT reagent (Biognosys)
to each sample for calibrating and optimizing peptide
quantification signals. This reagent includes 11 synthetic
peptides that don't exist in nature, allowing us to monitor
retention time, stability, and sensitivity under different chro-
matographic conditions. This aids in retention time calibra-

tion during database searches.
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Since large cohort samples are often processed in multiple
batches sampling, preprocessing, and analysis, adding a
consistent amount of iRT to each sample provides a reliable

reference for correcting batch effects across the entire project.

2.2 Detection controls

LC-MS/MS status check prior experiments

To evaluate the overall performance of the LC-MS/MS, we
use QC 3 samples. These samples undergo the same proce-
dures as the actual experimental samples, focusing on
assessing the performance of the LC-MS/MS. Typically, a QC 3
sample is run every 10-20 LC-MS/MS runs. The quality control

workflow for LC-MS/MS experiments is shown in Figure 4.

Maintenance
Instruments

—_—

<

Run QC3

A

No

Yes
QC3 three times
continuously
No ‘
l Yes

Run QC1 & QC2

Re-sample pre-

processing

No
Run real
samples
No

Yes

Statistical

analysis of
bioinformatics

Figure 4: LC-MS/MS status check prior experiments
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2.3 Data analysis controls TERMINOLOGY

Batch effect correction The primary methods for diagnosing batch effects in proteom-
ics data are [2] :

« Principal Component Analysis (PCA) identifies the main directions
possible to conduct experiments with tens of thousands of of variation (principal components) in the data. Projecting data onto
these principal component axes allows for a visual assessment of
sample similarity. By color-coding samples based on technical or
ability over subgroups, known as "batch effects" Batch effects biological factors, PCA helps identify what drives sample proximity.
PCA is useful for examining clustering driven by biological or techni-
cal factors and for evaluating replicate similarity.

The development of high-throughput proteomics has made it

samples. But this scale inevitably introduces technical vari-

can arise from differences in sample preparation, data acqui-

sition conditions, and variations in technicians, reagent quali-

Hierarchical Clustering is an algorithm that groups similar samples
into a tree structure called a dendrogra m. By coloring the dendro-
detect genuine biological signals. gram according to technical and biological factors, you can easily
see the reasons behind sample similarities. Hierarchical clustering is
often used with heatmaps, which translate quantitative values into
The Proteonano™ platform features an integrated data colors, making it easier to identify patterns in the data.

ty, and various instruments. These factors reduce the ability to

analysis workflow that ensures consistency of QC samples
Y y Q P If similarity between samples is no longer influenced by technical

across multiple batches. It achieves a median interplate %CV factors, batch effects are considered corrected. In this case, neither
PCA nor hierarchical clustering will show batch-specific clustering, and
correlations among samples within the same batch will not be stron-
ger than correlations among samples from different batches.

of below 20% and an median intraplate %CV of below 15%.

Data Normalization |—>| Batch Effect Correction |——> Statistical Analysis

lll. Case study: use the Proteonano™ platform to conduct a cohort with 540 plasma samples

Here’ s an example of how to quickly and robustly conduct a proteomics cohort study using the Proteonano™ platform with a
cohort of 540 plasma samples. Following the experimental design from section 2.1, each 96-well plate is considered one
batch. Each batch includes 3 QC1 samples, 1 QC2 sample, and 2 QC3 samples, with the remaining 90 wells used for the cohort
samples. A total of 6 batches are required. The stability of the experiment is assessed by the reproducibility of the QC1 results.
Intra-plate CV is calculated using the three QC1 samples in each batch, while inter-plate CV is derived from the 18 QC1 sam-

ples across all 6 batches.

3.1 Experimental design and sample configuration

1 2 3 4 5 6 7 8 9 10 11 12
A QC1_151.08 S1_16 S1_24 S1_32 S1.40 S1.47 S1.55 S1_63 S1_71 S1_78 S1_86
B 1,01 S1.09 S1_17 S1_25 $1.33 S1_41 S1_48 S1.56 S1_64 S1_72 S1_79 S1_86

C 5102 S1_10 S1_18 S1_26 S1_34 S1_42 S1.49 S1_57 S1_65S1_73 S1_80 S1_88

Plate 1

D $1.03 S1_11 S1_11981_27 $1_35 QC1_2 S1.50 S1_58 S1_66 S1_74 S1_81 S1.89

E S1.04 S1_12 S1_20 S1_28 S1_36 S1_43 S1_51 S1_59 S1_67 S1_75 S1_82 S1.90
Total samples: 540
F  $1.05 S1_13 S1_21 S1.29 S1_37 S1_44 S1.52 S1.60 S1_68 S1_76 S1_83 /QC3_1
Plate 2 Plate design: each 96-well plate
G S1.06 S1_14 S1_22 S1_30 S1_38 S1_45 S1_53 S1_61 S1_69 S1_77 S1_84 QC3_2
is used for one batch
H $1_07 S1_15 $1.23 S1_31 S1_39 S1_46 S1_54 81 62 S1.70 QC1_3 S1.85 QC2
Total Plates: 6 plates

Plates L
1 2 3 4 5 6 7 8 9 10 11 12
Per plate setup:
A QC1_1S6_08 S6_16 S6_24 S6_32 S6_40 S6_47 S6_55 S6_63 S6_71 S6_78 S6_86 3 QC‘I SEIm les
Plate 4 P
B S6.01 5609 S6_17 S6_25 S6_33 S6_41 S6_48 S6_56 S6_64 S6_72 S6_79 S6_86
1 QC2 sample
C  $6.02 S6_10 S6_18 S6_26 S6_34 S6_42 S6_49 S6_57 S6_65 S6_73 S6_80 S6_88
2 QC3 samples
D $6.03 S6_11 S6_119S6_27 S6_35 QC1_2 S6_50 S6_58 S6_66 S6_74 S6_81 S6_89
Plate 5 4 444 P OWVWwWwWeS 90 cohort samples per plate
E S6.04 S6_12 S6_20 S6_28 S6_36 S6_43 S6_51 S6_59 S6_67 S6_75 S6_82 S6_90
F  $6.05 S6_13 S6_21 S6_29 S6_37 S6_44 S6_52 S6_60 S6_68 S6_76 S6_83 QC3_1
Plate 6 G S6.06 S6_14 S6_22 S6_30 S6_38 S6_45 S6_53 S6_61 S6_69 S6_77 S6_84 QC3_2

H  $6_07 S6_15 S6_23 S6_31 S6_39 S6_46 S6_54 S6_62 S6_70 QC1_3 S6_85 QC2

Figure 5: Experiment design and QC pLan
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3.2 Stability of protein identification and inter-batch correlation for QC samples
We assessed the stability of protein enrichment using QC1 samples across 6 batches (a total of 18 QC1 samples). As shown in
Figure 6, the median CV for protein quantity between batches is below 10%, and the median CV for protein intensity quantifi-

cation is below 15%. This demonstrates the stability of protein enrichment across different batches in the project.
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Figure 6: PGs identified for QC1 samples across 6 batches

We also assessed the pairwise correlations of the 18 QC1 samples throughout the project to ensure that Pearson correlation

coefficients exceed 90% both between and within batches.

Sample

Figure 7: Pearson correlation across 18 QC1 samples from 6 batches
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3.3 Batch normalization and batch effect correction

The intensity distribution of QC samples before normalization is shown in Figure 8.
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Figure 8: Protein intensity distribution before normalization

gaooooo

Plate_1(QC-1
Plate_2(QC-1
Plate_3(QC-1
Plate_4(QC-1
Plate_5(QC-1

)
)
)
)
)
Plate_6(QC-1)

Nanomics

The Next-Gen Proteomics Company

Variance-stabilizing normalization (VSN) was applied to the raw data, as shown in Figure 9. After processing, the median

sample intensities become more consistent.
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Figure 9: Protein intensity distribution after VSN
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Batch correction was performed using ComBat[5], and the corrected median sample intensities are shown in Figure 10.

Normalized Intensity After Batch Correction
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Figure 10: Protein intensity distribution after VSN and batch correction
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3.4 PCA and clustering analysis

We conducted PCA (Figure 11) and clustering analysis (Fig-
ure 13) to evaluate sample similarity. The results revealed
that QC1 samples from the same batch clustered together,

while samples from different batches were distinctly sepa-

rated.
PCA Before Batch Correction
PC1:27.62% , PC2: 17.50%
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Principal Component 1 - 27.62%

batch.

Plate_1(QC-1)
Plate_2(QC-1)
Plate_3(QC-1)
Plate_4(QC-1)
Plate_5(QC-1)
Plate_6(QC-1)

Batch correction

—>

Figure 11: PCA distribution before batch correction
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Figure 13: Sample clustering heatmap before batch correction
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PCA After Batch Correction
PC1: 18.86% , PC2: 10.76%
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Figure 12: PCA distribution after batch correction
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After applying batch correction with ComBat [5], the PCA
(Figure 12) and clustering analysis (Figure 14) showed
significant improvement, with reduced separation between

different batches and better clustering within the same
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Figure 14: Sample clustering heatmap after batch correction
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TERMINOLOGY

Coefficient of Variation (CV)
The coefficient of variation (CV) is a standardized metric used to assess variability in proteomics data. It is defined as the ratio of the standard deviation to the
mean and usually expressed as a percentage. CV helps compare the variability of protein expression levels. In proteomics experiments, CV is commonly used to

evaluate variability both between batches and within a batch.

Inter-plate CV
Inter-plate CV is a measure used to assess variability between different experimental batches. It evaluates consistency across replicate experiments performed in

separate batches. The calculation of inter-plate CV is as follows:

o
Inter-plate CV = (M) x 100%
Hoverall

Here, Obetween plates represents the standard deviation between different batches, while HMoverall is the Toverall mean across all batches.

Intra-plate CV
Intra-plate CV is used to assess variation within the same experimental batch. It helps evaluate consistency across repeated experiments within a single batch.

The calculation method for intra-plate CV is as follows:

Pt
Intra-plate CV = Zuithinplate ) . 100%
Mwithin plate

Here, Owithin plate is the standard deviation within the same batch, while Mwithin plate is the mean within the same batch.

3.5 Protein intensity CV values
The distributions of intra-plate and inter-plate CVs for protein intensity across the various QC samples are shown in Figures 15

and 16, respectively. The CV values are calculated as described earlier. After normalization, the median intra-plate CV for the
six batches of QC1 samples is less than 10%.

100 ~

80 +---}----F-------p-- - -

60 +---}----F-------p---F -

CV(%)

40

20 +

L] T T T T T
Intra-plate 1 Intra-plate 2 Intra-plate 3 Intra-plate 4 Intra-plate 5 Intra-plate 6

Figure 15: The Intra-plate CV for the six batches

After normalization, the median inter-plate CV for the six batches of QC1 samples is below 15%.
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Figure 16: The Inter-plate CV for the six batches
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