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Multi-Attribute Method
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Multi-Attribute Analysis vs Multi-Attribute Method

1. Deep knowledge of product under investigation 

2. Tight control of analytical tools and sample preparation steps

3. Real-time, GxP compliant, reporting of selected PQAs

4. Confident detection of changes
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MAM Workflow @ NIBRT

Hypersil GOLD™ Peptide
Thermo Scientific™ 
Ardia™ Platform

iMAM

Carillo et al. EJPB, 2022
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New challenges in Biopharma

1.  Bringing bioanalysis into early-stage

2.  New modalities

3.  Sustainability goals (EU REACH Regulation)
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MAM in Early-Stage 

Analytics are the bottleneck to accelerate drug and 
process development
• Long analysis
• Low high-throughput
• High sample demand

Points of concern to scale-down
• Dynamic range
• Sample loss
• Instrumentation
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Exploring Dynamic range

Manuscript in preparation

Lisa Strasser
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MAM to assist clone selection

Based on data available in the lab, 
we investigated feasibility and 
transferability of MAM for IgG 

sample amounts produced by and 
high producing and low producing 
cell line cultured in 96-well plates.

Starting material was calculated 
based on specific productivity and 

cell densities at day 3 and day 5.

Manuscript in preparation
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MAM to assist clone selection

Manuscript in preparation
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MAM to assist clone selection

Manuscript in preparation

NPD was also explored spiking different amounts of PRTC mix. All 15 peptides were detected 
down to 0.5 fmol (in a 25 ng injection) by lowering intensity threshold for the non-targeted 

MS search.
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Antisense Oligonucleotide Therapeutics

Antisense oligonucleotide 
(ASO) therapy uses short, 
synthetic strands of 
modified DNA-like 
molecules to target and 
alter messenger RNA 
(mRNA), thereby changing 
protein production to 
treat diseases

Adapted by Jun Jo et al. Int. J. Mol. Sci, 2023
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Antisense Oligonucleotide Therapeutics

n

n+1

n-1

n-2

• Synthesis imperfections (n-1, n-2, n-x, n+1, n+2)

• Sequence verification with modifications

• PO impurity from PS modification – Could be any of the positions

• Deamidation

• Oxidation

• Depurination

• Protection impurities
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ASO Therapeutics
Silvia 

Millán-Martín

Felipe 
Guapo Melo

Ken Cook

Ulrik Mistarz

IP-RP-MS/MS analysis using HFIP and PA using DNAPac RP column and Orbitrap Exploris 480 

JPBA, 2025
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ASO Therapeutics

Deconvolution with Sliding Window allows to process Full MS data to obtain accurate 
quantitation of impurities with up to 0.1% abundance even for non-fully resolved peaks. 

JPBA, 2025
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ASO Therapeutics: Compliant reporting
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ASO Therapeutics: Compliant reporting
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Peptide Therapeutics: GLP-1 agonists

• GLP-1 receptor agonist 
therapeutic peptides 
have emerged to become 
some the world’s largest 
selling drugs.

• Samples of GLP-1 
peptides from different 
vendors analyzed by 
LC-MS using simple linear 
gradients of water and 
acetonitrile containing 
formic acid.

Semaglutide

Liraglutide

Drug Discovery Today 28, 103464 (2023)
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MAM workflow for GLP-1 agonists
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Peptides are separated with LC and detected with MS
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MAM workflow for GLP-1 agonists

Characterization Impurity Monitoring & New Peak Detection

Reporting

STEP 1:

Product characterization with MS/MS

• Unambiguous sequence confirmation

• Identification of amino acid modifications 

and sequence truncations

• STEP 2:

• Generation of target list in target 

workbook format

STEP 3:

Monitoring of known modifications

• Quantitative assessment

• STEP 4:

New Peak Detection

• Assessment for 

unkwnown/unanticipated species
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MAM workflow for GLP-1 agonists
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Peptide characterization with EThcD

The predominant detected charge 
states for semaglutide are z=+4 and 
z=+3. Fragmentation using EThcD 
provides fragment ions supporting 
complete bond cleavages across the 
peptide supporting full sequence 
confirmation.

EThcD MS/MS spectrum
m/z 1028.7836, z=+4

EThcD MS/MS spectrum
m/z 1371.3745, z=+3
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Simplified report output using targeted 
peptide workbook for data processing

MAM workflow for GLP-1 agonists
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MS Quantitation XIC traces

x10 zoomed for small impurities

MAM workflow for GLP-1 agonists
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Conclusions
• MAM potential goes beyond QC environment and can facilitate 

biotherapeutics production for the whole life cycle.

• New modalities and sustainability goals are bringing new analytical 
challenges, but improved instruments and workflow robustness can 
accelerate method transfer in routine analysis to improve drug safety at 
any production scale and stage.

• MAM approach has huge potential for analysts with little MS expertise 
even outside industrial settings (regulatory agencies, law enforcement).
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