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Antibody-Drug Conjugates (ADCs)
Design

T-DM1 (Genentech) Components:

• Antibody

- Targeted recognition

- Abundant target expression & 
internalization

• Drug

- Highly potent

- Verified mechanism of action 
(microtubule inhibition, DNA 
damage)

• Linker

- Stable in plasma

- Labile upon internalization to 
release drug
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Antibody-Drug Conjugates (ADCs)
Targeted therapy
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Rationale for Antibody-Drug Conjugates (ADCs)

• Some small molecule drugs have high systemic toxicity, e.g. 

chemotherapy drugs used for cancer treatment

• Antibodies can target particular cells (e.g. antigen positive 

tumor cells) quite selectively

• Covalently linking antibodies to small molecule drugs can 

target the drug and reduce systemic toxicity

• Drug-to-Antibody Ratio (DAR) is one of the key attributes to 

be characterized
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Heterogeneities in ADCs from Conjugation
Dependent on conjugation chemistry

2
4

6
8

Typ DAR=2Av DAR=3-8
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Heterogeneity in ADCs
Complexity

T-DM1 (Genentech)

• Heterogeneity in ADC

- More complex than mAbs alone

- Dependent on linker & payload 

stability (hydrolysis, degradation, 

etc.)

- Dependent on the conjugation 

chemistry

ADC

mAb
Drug

Pyro-

glutamate

Deamidation

Oxidation

Fragmentation

Glycosylation

(G0, G1, G2)

Truncation

(Lys 0, 1, 2)

Disulfide

shuffling
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Conjugation Adds Heterogeneity

DAR1 DAR2 DAR3 DAR4 DAR6DAR5 DAR7 DAR8
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Key Quality Attributes & Methods for ADC

Quality attributes Assays

Identity Intact Mass, Peptide Mapping, 

Sequence

mAb + ADC

Size heterogeneity (aggregates) SDS-PAGE, SEC, MALS, MS mAb + ADC

Charge heterogeneity IEF, CEX mAb + ADC

PTMs LC/MS/MS mAb + ADC

Drug load (DAR) UV, HIC, HPLC, MS ADC

Drug load distribution HIC, MS ADC

Residual drug ELISA, HPLC ADC

Potency (for drug) Cytotoxicity ADC

Potency (for mAb) Antigen binding ELISA mAb + ADC
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Agilent DAR Characterization Workflow

ADC

LC/MS
DAR 

Calculation
Report

ADC Sample Prep

• Reduction

• Deglycosylation

LC/MS
DAR 

Calculation
Report

ADC purification 

from serum
LC/MS

DAR 

Calculation
Report

ADC Sample Prep

• Digestion

• Clean up

LC/MS/MS
Payload 

Mapping
Report
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Conjugation Adds Heterogeneity

DAR1 DAR2 DAR3 DAR4 DAR6DAR5 DAR7 DAR8
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Introducing the MassHunter ADC DAR Calculator

Automatic calculation of DAR value

• Intuitive peak integration

• Built-in support for intact and reduced ADCs

• Easy analysis of different types of ADC molecules (Lys-

linked, Cys-linked and site-specific ADCs)

• Flexible control to define peaks of interest

• Dedicated ADC DAR report in PDF and MS Word 
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Intact ADC DAR Calculation

calculated DAR

DAR peak list shows 

all components and 

% area for each 

species
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Dedicated ADC DAR Report
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Agilent DAR Characterization Workflow

ADC

LC/MS
DAR 

Calculation
Report

ADC Sample Prep

• Reduction

• Deglycosylation

LC/MS
DAR 

Calculation
Report

ADC purification 

from serum
LC/MS

DAR 

Calculation
Report

ADC Sample Prep

• Digestion

• Clean up

LC/MS/MS
Payload 

Mapping
Report
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AssayMAP Technology Components

Microchromatography 

Cartridges
Quantitative binding & elution

Protein purification

• PA-W (protein A)

• PG-W (protein G)

• SA-W (streptavidin)

Reversed-phase cleanup: 

• C18 (peptide)

• RP-S (peptide)

• RP-W (denatured mAbs)

Peptide Fractionation:

• SCX

• RP-S

• C18

Phosphopeptide enrichment:

• TiO2

• Fe(III)-NTAPositive Displacement Pipetting
Syringes interface directly with cartridges and 

enable precise, controlled liquid flow through 

cartridges with no air bubbles to disrupt binding

Simple User Interface
Uses customer language - not 

automation language

• Affinity (protein) Purification

• In-Solution Digestion

• Peptide Cleanup (desalting)

• Protein Cleanup (desalting)

• Phosphopeptide Enrichment

• IMAC Cartridge Customization

• Fractionation

• Sample Normalization

• Liquid handling utilities

Target Customer

Automated workflows designed for analytical research chemists
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Workflow Library
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Automated Workflow for Deglycosylation & Reduction 
in DAR Characterization
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Sample Preparation: Using AssayMAP for DAR Calculation

Deglycosylation Reduction
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Deglycosylated ADC 

For Research Use Only.  Not for 

use in diagnostic procedures.



Reduced ADC DAR Calculation

heavy chain

light chain
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Deglycosylated and Reduced ADC Analysis

Reduced Deglycosylated and Reduced
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DAR Report
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Reproducibility of DAR Results with AssayMAP
Enabled Sample Preparation
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ADC DAR Determination Workflow for Serum Samples

Sample Preparation LC/MS
DAR 

Calculation

SA-

W

SA-

W
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Pure ADC Analysis and DAR Value

DAR=3.5

TIC Extracted Spectra Deconvoluted Spectra

Sample DAR
Percentage of Each DAR Species (%)

DAR 0 DAR 1 DAR 2 DAR 3 DAR 4 DAR 5 DAR 6 DAR 7

Directly Injected

(n=4)
3.50±0.02 2.11±0.75 9.9±1.08 17.35±0.33 22.82±1.69 19.88±1.81 15.35±0.47 7.97±0.93 4.65±0.77
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Purified ADC from Serum and DAR Value

DAR=3.5

TIC Extracted Spectra Deconvoluted Spectra

Sample DAR

Percentage of Each DAR Species (%)

DAR 0 DAR 1 DAR 2 DAR 3 DAR 4 DAR 5 DAR 6 DAR 7 

Affinity Purified

20 µg/mL in Rat Serum

(n=4)

3.49±0.02
2.4±0.68 9.45±1.05 17.32±0.25 23.32±1.45 20.17±1.63 14.97±0.59 7.58±0.69 4.8±0.88
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Reproducibility of Affinity Purified T-DM1 at 6 Different 
Loading Amounts 

AF-1000 ng; ~80ng on column. 

AF-500 ng; ~40ng on column.

AF-250 ng; ~20ng on column.

AF-125 ng; ~10ng on column

AF-62.5 ng; ~5ng on column

AF-31.25 ng; ~2.5ng on column.

AF: Affinity purified 
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Affinity Purified T-DM1 at 6 Different Loading Amounts

DAR=3.

5 DAR=3.5

AF-1000 ng; ~80ng on column. 

DAR=3.5

AF-500 ng; ~40ng on column.

DAR=3.5

AF-250 ng; ~20ng on column.

AF-125 ng; ~10ng on column

AF-62.5 ng; ~5ng on column

AF-31.25 ng; ~2.5ng on column.

DAR=3.5

DAR=3.5

DAR=3.4
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Percentage of ADC for Each Drug Load 
Analyzed at Different Concentrations
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Sample Preparation LC/MS BioConfirm

ADC Peptide Mapping Workflow Using AssayMAP
Bravo and LC/MS/MS
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A

B

T-DM1

Herceptin

20X

T-DM1

Herceptin

EIC: 547.22

Identification of Conjugated Peptides
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Using BioConfirm Qualitative Comparison to Compare 
Sample and Reference One-to-One

Table

MS spectra

MS/MS spectraChromatograms

Common 

features
Reference Sample

R

S

R

S

SR

mirror
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Heavy Chain

DIQMTQSPSSLSASVGDRVTITCRASQDVNTAVAWYQQKPGKAPKLLIYSASFLYSGVPSRFSGS

RSGTDFTLTISSLQPEDFATYYCQQHYTTPPTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTAS

VVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACE

VTHQGLSSPVTKSFNRGEC

Identified sequenceK: Confirmed drug conjugation site --- 29  (Light-9; Heavy 20)

K: Potential drug conjugation site --- 5    (Heavy 5)

K: Unconjugated site identified --- 10  (Light—4; Heavy 6)

Total --- 44 (Light-13; Heavy31)

EVQLVESGGGLVQPGGSLRLSCAASGFNIKDTYIHWVRQAPGKGLEWVARIYPTNGYTRYADS

VKGRFTISADTSKNTAYLQMNSLRAEDTAVYYCSRWGGDGFYAMDYWGQGTLVTVSSASTKG

PSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVV

TVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTL

MISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWL

NGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAV

EWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSL

SLSPG

Sequence Coverage and Conjugation Sites Identification 

Light Chain
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No. Chain Seq Loc Sequence Modifications Mass

Diff 

(Bio,ppm)

MS/MS 

Count

1 Light 25-45 ASQDVNTAVAWYQQKPGKAPK 1*Drug(+956.36444)A41 3242.5245 -4.82 1

2 Light 43-61 APKLLIYSASFLYSGVPSR 1*Drug(+956.36444)A44 3024.4894 -3.55 1

3 Light 104-108 VEIKR 1*Drug(+956.36444)A106 1599.7626 -2.24 3

4 Light 109-142 TVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPR 1*Drug(+956.36444); 1*Alkylation (iodoacetamide)(+57.021464)A125A133 4680.2396 -4.69 2

5 Light 143-149 EAKVQWK 1*Drug(+956.36444)A144 1843.8448 -3.31 1

6 Light 150-183 VDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSK 1*Drug(+956.36444)A168 4575.0418 -5.4 1

7 Light 184-190 ADYEKHK 1*Drug(+956.36444)A187 1845.7912 -1.44 2

8 Light 189-207 HKVYACEVTHQGLSSPVTK 1*Alkylation (iodoacetamide)(+57.021464); 1*Drug(+956.36444)A193A189 3096.4260 -3.87 1

9 Light 191-211 VYACEVTHQGLSSPVTKSFNR 1*Alkylation (iodoacetamide)(+57.021464); 1*Drug(+956.36444)A193A206 3335.5169 -3.51 1

10 Heavy 20-38 LSCAASGFNIKDTYIHWVR 1*Alkylation (iodoacetamide)(+57.021464); 1*Drug(+956.36444)B22B30 3193.4581 -3.59 1

11 Heavy 39-50 QAPGKGLEWVAR 1*Drug(+956.36444)B43 2267.0663 -3.37 1

12 Heavy 60-67 YADSVKGR 1*Drug(+956.36444)B65 1850.814 -3.43 2

13 Heavy 99-136 WGGDGFYAMDYWGQGTLVTVSSASTKGPSVFPLAPSSK 1*Drug(+956.36444)B124 4907.1999 -2.29 1

14 Heavy 125-136 GPSVFPLAPSSK 1*Drug(+956.36444)B136 2142.0028 -0.46 3

15 Heavy 125-150 GPSVFPLAPSSKSTSGGTAALGCLVK 1*Alkylation (iodoacetamide)(+57.021464); 1*Drug(+956.36444)B147B136 3444.6523 -3.41 1

16 Heavy 151-213

DYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQT

YICNVNHKPSNTK 1*Alkylation (iodoacetamide)(+57.021464); 1*Drug(+956.36444)B203B208 7668.634 -4.9 6

17 Heavy 214-217 VDKK 1*Drug(+956.36444)B216 1444.6554 -3.4 1

18 Heavy 214-221 VDKKVEPK 1*Drug(+956.36444)(B216orB217orB221) 1897.9142 -2.56 1

19 Heavy 217-221 KVEPK 1*Drug(+956.36444)B217 1555.7243 -2.83 1

20 Heavy 222-251 SCDKTHTCPPCPAPELLGGPSVFLFPPKPK

3*Alkylation (iodoacetamide)(+57.021464); 

1*Drug(+956.36444)B232B229B223B225 4289.9795 -4.61 3

21 Heavy 226-251 THTCPPCPAPELLGGPSVFLFPPKPK

2*Alkylatio (iodoacetamide)(+57.021464); 

1*Drug(+956.36444)B232B229B249 3799.799 -4.19 2

22 Heavy 226-258 THTCPPCPAPELLGGPSVFLFPPKPKDTLMISR

2*Alkylation (iodoacetamide)(+57.021464); 

1*Drug(+956.36444)B232B229(B249orB251) 4616.2141 -3.68 2

23 Heavy 259-291 TPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK 1*Alkylation (iodoacetamide)(+57.021464); 1*Drug(+956.36444)B264B291 4753.1541 -3.07 3

24 Heavy 278-295 FNWYVDGVEVHNAKTKPR 1*Drug(+956.36444)(B291orB293) 3115.441 -4.72 1

25 Heavy 292-295 TKPR 1*Drug(+956.36444)B293 1456.6701 -0.95 1

26 Heavy 305-323 VVSVLTVLHQDWLNGKEYK 1*Drug(+956.36444)B314B320 3183.5605 -1.27 2

27 Heavy 305-325 VVSVLTVLHQDWLNGKEYKCK

1*Alkylation (iodoacetamide)(+57.021464); 

1*Drug(+956.36444)B324(B320orB323orB325) 3471.6801 -2.89 3

28 Heavy 321-325 EYKCK 1*Alkylation (iodoacetamide)(+57.021464); 1*Drug(+956.36444)B324B323 1682.6981 -2.05 1

29 Heavy 324-329 CKVSNK 1*Alkylation (iodoacetamide)(+57.021464); 1*Drug(+956.36444)B324B325 1690.7356 -1.99 1

30 Heavy 326-337 VSNKALPAPIEK 1*Drug(+956.36444)B329 2222.0921 -2.98 1

31 Heavy 330-341 ALPAPIEKTISK 1*Drug(+956.36444)B337 2223.111 -3.67 3

32 Heavy 342-347 AKGQPR 1*Drug(+956.36444)B343 1611.7385 -1.53 1

33 Heavy 348-373 EPQVYTLPPSREEMTKNQVSLTCLVK

1*Alkylation (iodoacetamide)(+57.021464); 

1*Drug(+956.36444)B370(B363orB373) 4002.899 0.75 1

34 Heavy 374-412 GFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSK 1*Drug(+956.36444)B395 5354.3867 -1.08 1

35 Heavy 413-419 LTVDKSR 1*Drug(+956.36444)B417 1773.8267 -1.98 1

Conjugated Peptides Identification
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Reproducibility of Peptide Mapping Workflow

GPSVFPLAPSSK[+956.36]

STSGGTAALGCLVK

A B

VEIK[+956.36]R C

CV= 6.84%

CV= 8.30%

CV= 8.72%

CV= 7.65%

22
9

4

<10%

10%-
20%
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Summary

Determining ADC DAR is an important aspect of ADC 

characterization

• Workflow can be enabled in various ways

• New DAR calculator makes obtaining DAR value easy and 

straight forward

• Sample preparation can be streamlined and automated 

using the AssayMAP Bravo platform for reproducibility and 

scalability

• Localization of conjugation sites can be achieved by 

digesting the protein and analyzing by LC/MS/MS
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Thank you for your attention!
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To learn more about Agilent’s Biopharma Solutions, follow us on LinkedIn at 

www.agilent.com/biopharmalinkedin

http://www.agilent.com/biopharmalinkedin

