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What is MAM?

• MAM = Multi-Attribute Method
• The name came from the MS in QC project at Amgen.

• MAM consists of 2 components.
• Attribute Analytics (Monitoring)
• New Peak Detection

• The main goal of implementing MAM is to replace classic QC release 
assays.

• We do not want to add assays to QC.
• MAM is now being applied for large molecule and cell-based 

therapies.



Single attribute testing used to ensure product quality

1. CE-SDS

2. CEX/cIEF

3. Glycan Map

4. ID ELISA

5. HCP ELISA

6. pA ELISA

7. Color

8. Clarity

9. Osmolality

10. pH

11. SEC

12. A280

13. qPCR

14. Endotoxins

15. Bioburden

16. Bioassay



Mass Spec based Multi-Attribute Method (MAM)

Attribute Current Method PAC and Release

Clips rCE-SDS

Multi-Attribute 
Method

Charge Variants CEX-HPLC

Glycans Glycan Map

Identity Immunoassay

Process Impurities HCP-ELISA,
Prot-A-ELISA



The Evolution of MAM

2012



Workflow for MAM (Trypsin)

MAM White Paper—Rogers, R.S. et. al. AAPS. 2017 Nov 30;20(1):7
30 min Tryptic digest—Ren, D. et. al. Anal Biochem. 2009 Sep 1;392(1):12-21
MAM—Rogers, R. S. et. al. mAbs 2015 Sep 3;7(5):881-90
Monitor disulfides with Pinpoint—Zhang, Y. Journal of Chrom. B. 2015 Aug 1;997:30-7



Attribute Analytics Results



Workflow for MAM (Trypsin)

MAM White Paper—Rogers, R.S. et. al. AAPS. 2017 Nov 30;20(1):7
30 min Tryptic digest—Ren, D. et. al. Anal Biochem. 2009 Sep 1;392(1):12-21
MAM—Rogers, R. S. et. al. mAbs 2015 Sep 3;7(5):881-90
Monitor disulfides with Pinpoint—Zhang, Y. Journal of Chrom. B. 2015 Aug 1;997:30-7



Live Demo for creating an 
attribute workbook



Targeted Peptide Workbook

• Set the targeted workbook parameters
• Confirm group assignments



Comparison to conventional assays - Glycans

MAM—Rogers, R. S. et. al. mAbs 2015 Sep 3;7(5):881-90



MAM provides site specific glycosylation
The HILIC glycan assay only provides a global snapshot of glycosylation

1

2

3

4

5

Abbreviated list of 
glycans on each siteMAM

HILIC

Fc-Fusion Molecule

N1 N2 N3 N4 N5
A2S2F NG A2S1G1 A1S1 A2G1F
A2S1G1F A2S1G1F M5 A1G0 A2G0F
Gn A2S2F A1S1M4 M3 A2G2F
A3S3F A2G2F A1S1M5 M4 A2G0
A3S2G1F A3S2G1F A1S1 M5 A2G1
GnF A3S3F A2S1G1F A2S1G1 A2S1G1F
A2S1Sg1F A3S1G2F A2G2 A1G1 A2G2
A2G2F A2S1G1 A2S2 A2S1G1F A1G1F
A3S1G2F A2S1G0F A1G1M5 M6 A1G0F
A2S1G0F A2G1F A1G1M4 A1G1M4 A1G1
NG A1G1F A2S1 A2S2 NG
A1S1F A1S1M5F A1G1 A2G1 A1S1F
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Comparison to conventional assays - Deamidation

MAM—Rogers, R. S. et. al. mAbs 2015 Sep 3;7(5):881-90



Attribute Analytics: Co-formulated mAbs

Patel A, et al. J Pharm Sci. 2018;107(12):3032-3046



Comparison to conventional assays - Clips

MAM—Rogers, R. S. et. al. mAbs 2015 Sep 3;7(5):881-90



New Peak Detection can identify clips

Mab1 Formulation 1
-80C
25C
40C

Mab1 Formulation 2
-80C
25C
40C

Reduced CE of Mab1 in different formulations

HCHC LCLC



Comparison of Clips Detected by rCE vs MAM

Formulation 1 Formulation 2 Formulation 1 Formulation 2

The MAM enables the identification of the site of clipping



Same Data file - Different software algorithms

Pay attention to parameters used for relative quantification



Attributes that can be monitored with the MAM

• Deamidation

• Glycation

• Glycosylation

• Oxidation

• Signal sequence

• Clips

• Unusual Glycosylation

• C-term K

• HCP and pA

• Mutations

• NGHC

• Isomerization

• Pyro-Glu



Mass Spec based new peak detection

• Essential for releasing biotherapeutics from QC
• Automated new peak detection is more sensitive than current purity tests 

employed by QC
• Incredibly powerful tool for detecting new critical quality attributes (revealed 

during stability assessment)
• Use of filters limits false positives



MAM: New Peak Detection



MAM: New Peak Detection



MAM: New Peak Detection



Live Demo for NPD



NPD Workflow

Set the reference file

Set the intensity threshold

Set the fold change



Ref vs Spike

NPD detected 15 of 15 peptides 
• 4 peptides were visible in the base peak chromatogram
• 6 peptides co-eluted with the IgG1 peptides 
• 5 peptides below base peak threshold when visually inspected
• 0 false positives
• 0 false negatives
• NPD can detect peaks that co-elute or are below the visible base peak threshold.

Ref

Spike



Ref vs pH Stress

Ref

pH Stress

N289 Deamidation



Compliant software package for QC



Chromeleon 7.2 Attribute Report

Both samples pass oxidation specification!



Non-Targeted MS Processing

Reference

No New Peaks!



The Evolution of MAM

2012 2015

Amgen summitted MAM data to FDA for the first time in 2015



MAM is used at all stages of Process Development
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Molecular Design
mAb1 mAb2 mAb3

PTM 
(in 
silico)

PTM 
(MAM 
>= 1%)

MAM 
Range %

PTM 
(in 
silico)

PTM 
(MAM 
>= 1%)

MAM 
Range %

PTM 
(in 
silico)

PTM 
(MAM 
>= 1%)

MAM 
Range %

Deamidation 1 0 0.85% 2 3
0% -

19.78% 0 0 0.00%

Glycation 0 0
0.05% -

0.33% 0 0 0.00% 0 0 0.00%

Isomerization 3 0 0% - 0.22% 2 0 0% - 0.39% 4 1 0% - 1.7%

Met Oxidation 1 1 1.14% 0 1
0.58% -

1.7% 1 0 0.00%

N-Link 
Glycosylation 1 1 88.70% 0 0 0.00% 1 0 0.00%

Trp Oxidation 5 0 0% - 0.61% 2 0 0.00% 4 0 0.00%

Total 11 2 6 4 10 1

Combinatorial 
Variants 2047 3 63 15 1023 1

Combinatorial 
Variants less 
Oxidation 31 1 15 7 31 1

Illustration of in silico predicted 
versus MAM-determined PTMs 
for three different antibodies, 
showing the disparity between 
them and number of variant 
design differences.

Connell-Crowley, L. et. al., (2020). Chapter 9: Leveraging the Multi-attribute Method (MAM) to Improve Biotherapeutic Development. 
Development of Biopharmaceutical Drug-Device Products. AAPS Advances in the Pharmaceutical Sciences Series, vol 35. Springer, Cham. https://doi.org/10.1007/978-3-030-31415-6_9



MAM and molecular optimization

Table 1: Color Scheme Used for Antibody Region Coloring. 

Region/Feature Color  
Light Chain SILVER  
Heavy Chain DIM_GRAY  
LC-CDR1 DODGER_BLUE  
LC-CDR2 MEDIUM_PURPLE  
LC-CDR3 CYAN  
HC-CDR1 BLUE  
HC-CDR2 DARK_ORCHID  
HC-CDR3 DARK_CYAN  
CL LIGHT_SLATE_GRAY  
CH1 DARK_SLATE_GRAY  
Hinge GRAY  
CH2 LIGHT_GRAY  
CH3 LIGHT_STEEL_BLUE  
Post-CH3 SLATE_GRAY  

 
Table 2: Color Scheme Used for Hot Spot Coloring. 

Hot Spot Color  
Non-Standard Cys YELLOW  
Potential N-linked glycosylation 
site 

LIGHT_SALMON  

Covariance Site RED  
Potential Isomerization Site (CDR) FUCHSIA  
Potential Deamidation Site (CDR) LIGHT_GREEN  
Potential Trp Oxidation Site (CDR3) FIREBRICK  
Humanization GREEN  
Tier 3 Hot Spots CHOCOLATE  

 
Table 3: ABHAND Residue Coloring by Type. 

Type Residues Color  
Acidic DE RED  
Basic KRH BLUE  
Hydrophobic ALIMCVP GREEN  
Aromatic FWY VIOLET  
Neutral 
Polar 

NQSTBZ GOLD  

Deletion G*X BLACK  
 

LC HC

Slide courtesy of Randy Ketchem



MAM and molecular optimization

LC HC



MAM is used at all stages of Process Development
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Upstream monitoring

• Amino acids
• Glucose
• Lactate
• Ammonia
• pH
• Cell density
• Viability
• others



Upstream
Variation in glycan profile of 
Fc-A produced from 
different CHO host cell lines.  
Individual lines represent 
glycans from different pools.  
Afuco is % afucosylated 
glycan; % SA is percent sialic 
acid; %HM is percent total 
high mannose.  This Fc-
fusion has 4 glycsosylation 
sites with site 4 present on 
the Fc portion of the 
molecule.   Sample were 
taken on day 8 (D8) and day 
10 (D10).

Connell-Crowley, L. et. al., (2020). Chapter 9: Leveraging the Multi-attribute Method (MAM) to Improve Biotherapeutic Development. 
Development of Biopharmaceutical Drug-Device Products. AAPS Advances in the Pharmaceutical Sciences Series, vol 35. Springer, Cham. https://doi.org/10.1007/978-3-030-31415-6_9



Upstream
Impact of pH on Fc-B 
glycans.  The innovator 
molecule is compared to Fc-
B biosimilar run in 
bioreactors run at different 
pH and a previous process 
(TS6). % sialic acid is NANA; 
%B-gal is % exposed beta-
galactose; % Mannose is % 
of all high mannose species; 
% Afuco is % afucosylated 
species.

Connell-Crowley, L. et. al., (2020). Chapter 9: Leveraging the Multi-attribute Method (MAM) to Improve Biotherapeutic Development. 
Development of Biopharmaceutical Drug-Device Products. AAPS Advances in the Pharmaceutical Sciences Series, vol 35. Springer, Cham. https://doi.org/10.1007/978-3-030-31415-6_9



Upstream
• Sequence Variant and Posttranslational Modification Analysis During Cell 

Line Selection via High-Throughput Peptide Mapping.
• Xu CF, Wang Y, Bryngelson P, Sosic Z, Zang L.
• Adv Exp Med Biol. 2019;1140:225-236. 
• Selection of high-producing lead and backup cell lines with high-fidelity primary structure is a major goal of cell line 

development of protein therapeutics. Conventional techniques for sequence variant analysis, such as mass spectrometry (MS) 
and next-generation sequencing (NGS) have limitations on the sample number and turnaround time, thus often are only 
applied at the final stages of development, where an undesired lead or backup clone could cause a significant delay in project 
timeline. Here we presented a high-throughput (HT) peptide mapping workflow which can be applied at early stages of cell line 
selection for testing of a batch of 30-40 clones within 2-week turnaround while reporting valuable information on sequence 
variants and posttranslational modifications (PTMs). The successful application of this workflow was demonstrated for two 
mAb programs. Multiple clones were removed from a total of 33 mAb-1 clones using various criteria: nine clones contained at 
least one >1% upregulated unknown peptide ions, 11 clones contained at least eight >0.1% upregulated unknowns, and six 
clones contained upregulated critical PTMs. For mAb-2, light chain (LC) sequence extension of approximately 30 amino acids 
were detected in 6 out of 36 clones at levels up to 11%. Besides, a Q to H mutation at ~30% was detected in the heavy chain 
(HC) of a single clone. Q to H mutation has mass change of 9.00 Da and failed to be detected by intact mass analysis. Rapid 
PTM quantitation also facilitated the selection of clones with desirable quality attributes, such as N-glycan profile. Hence, we
demonstrated a risk-reducing strategy where abnormal clones could be detected at earlier stages of cell line selection, which 
should result in reduced and more predictable timeline of cell line development.



Cell line selection workflow



Parameters for SVA and Variable Mass Shifts



Glycans-Optimize to match RS



Sequence Variant Analysis

SV can be:
• Amino Acid Misincorporations
• DNA mutations

SV mitigations
• Remove clones that have mutations
• Optimize media to control misincorporations



Confirm SV with Multiple Enzymes

Levitsky, L. I. et. al. J. Proteome Res. 2022, 21, 6, 1438–1448



MAM is used at all stages of Process Development
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Downstream Purification

Major goals are to remove process related impurities and enrich the desired product profile



Evaluating Galectin-3 Removal by Different Chromatography Steps Using MAM

Levels of galectin-3 observed in a Protein 
A chromatography wash screen

Levels of galectin-3 and HCP observed in NaCl 
gradient elution fractions for a CEX 
chromatography step

Connell-Crowley, L. et. al., (2020). Chapter 9: Leveraging the Multi-attribute Method (MAM) to Improve Biotherapeutic Development. 
Development of Biopharmaceutical Drug-Device Products. AAPS Advances in the Pharmaceutical Sciences Series, vol 35. Springer, Cham. https://doi.org/10.1007/978-3-030-31415-6_9



MAM for Continuous Process Monitoring



MAM is used at all stages of Process Development
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How can the Analytical team handle the new sample submissions?



Sample Prep Automation

Sitasuwan P. et. al. MAbs. 2021 Jan-Dec;13(1):1978131. doi: 10.1080/19420862.2021.1978131. 
PMID: 34586946; PMCID: PMC8489909.



Increase throughput with a dual column UPLC system

Dual column UPLC

Analytical Pump

Wash and 
Re-equilibration pump

Saw tooth gradient reduces/eliminates carryover



Multi-Enzyme MAM ensures complete coverage of a molecule

Trypsin

rAspN

Trypsin/rAspN

• The Multi-Enzyme MAM 
can increase the 
coverage of CQAs in a 
single injection.

• The Multi-Enzyme MAM 
saves 3 hours in 
instrument time.

• The Multi-Enzyme MAM 
can yield 100% 
sequence confirmation.



Using MAM for Cell and Gene Therapies

Lentiviral Vector for in vivo CAR-T



Composition and Mechanism of Action of VivoVec

MDF=Multi-Domain Fusion 

VivoVec surface engineering 
enables efficient T cell activation 
and transduction in vivo

MDF protein targets T cells

Cocal reduces potential for 
immunogenicity (relative to VSV-
G)



Single attribute testing used to ensure product quality

1. CAR expression

2. p24 expression

3. MDF expression

4. Cocal expression

5. RACR expression

6. HCP ELISA

7. Sanger Sequencing

8. Color

9. Clarity

10. Osmolality

11. pH

12. Sterility

13. Endotoxin

14. Mycoplasma

15. RCL

16. Adventitious virus

17. DNA based Process Impurities



Single attribute testing used to ensure product quality

1. CAR expression

2. p24 expression

3. MDF expression

4. Cocal expression

5. RACR expression

6. HCP ELISA

7. Sanger Sequencing

8. Color

9. Clarity

10. Osmolality

11. pH

12. Sterility

13. Endotoxin

14. Mycoplasma

15. RCL

16. Adventitious virus

17. DNA based Process Impurities



CONFIDENTIAL

Current State: Quantification of MDF, Cocal, and p24

qCIA method for 
Cocal and MDF
(Degly needed)

ELLA immuno-binding
method for p24

3 Methods for 4 Attributes
HCP ELISA for host cell 
proteins



CONFIDENTIAL

Workflow for Gene Therapy MAM

Digest

Heavy Peptides
Calibration Curve

LC-MS/MS
Search
Algorithm

Absolute quant
• p24
• Cocal
• MDF
Calibration Curve
based quant
• HCP

1 Method for 4 Attributes



The Evolution of MAM

2012 2015 2015-2016 2016



MAM Consortium

• The purpose of the consortium is to enable the BioPharma community 
to implement a robust mass spec based method for biotherapeutic 
characterization and release of biotherapeutics from QC.

• A goal of the MAM consortium is to reduce the number assays required 
for QC release.

• We have used the NISTmAb to evaluate similarity between companies 
and vendors (focusing on new peak detection). The round robin is led by 
Trina Mouchahoir.

• The MAM Consortium has members from companies spanning 
government agencies, biopharma, mass spec vendors, software vendors, 
reagent vendors, and CDMOs.



Round Robin New Peak Detection Study

Mouchahoir, T. et. al. J. Am. Soc. Mass Spectrom. 2021, 32, 4, 913–928



MAM Consortium Round Robin New Peak 
Detection Study
• Evaluate interlaboratory reproducibility of MAM

• Understand qualitative and quantitative capabilities of the platform

• Establish performance metrics

• Assess the state-of-the-industry regarding MAM



MAM Consortium Round Robin New Peak 
Detection Study Sample Kit



MAM Consortium Round Robin New Peak 
Detection Study Protocol
• Samples analyzed using same:
 Column
 Gradient
 Injection sequence

• LC and MS instruments vary with each participant
• Participants use preferred data analysis software and platforms
• Returned data regarding System Suitability Peptide Mix
• Reported data regarding identification and quantification of:
 Pre-defined peptides and quality attributes (reference digest)
 New, missing or changed peaks (reference vs sample)

• Datasets are anonymized



Preliminary Numbers

• 28 sets of processed data

• 16 sets of raw data





Similar RTs between labs because the same column and gradient were used







Wide range in relative abundance between labs











Now for the NPDRR results!



15 peaks were expected







No new peaks were expected









Ensure major peaks are identified





Potential false negatives



Summary
• The MAM is precise and can track attribute trends similar to conventional 

assays.
• The MAM can directly monitor attributes (Man5, c-terminal K, NGHC, 

deamidation, and Iso D).
• Automated new peak detection using the MAM is more sensitive and robust 

than the conventional purity assays.
• Automated new peak detection can identify new modifications.
• Multi-Enzyme MAM can save 3 hours per molecule and achieve complete 

coverage of a molecule.
• The MAM can be used for molecular optimization, PAC and real-time release of 

biotherapeutics.
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