
Supplemental information 

 

HDX-MS for epitope characterization of a therapeutic antibody 

candidate on the calcium-binding protein annexin-A1 

Marius Gramlich1, Henry C. W. Hays2, Scott Crichton2, Philipp D. Kaiser1, 

Anne Heine1, Nicole Schneiderhan-Marra1, Ulrich Rothbauer1,3, Dieter 

Stoll1,4, Sandra Maier1, Anne Zeck1 

1NMI, Natural and Medical Sciences Institute at the University of Tuebingen, Markwiesenstr. 55, 

72770 Reutlingen, Germany; 2MedAnnex Ltd,1 Lochrin Square, Fountainbridge, Edinburgh EH3 9QA, 

Scotland; 3Pharmaceutical Biotechnology, Eberhard Karls University Tuebingen, Geschwister-Scholl-

Platz, 72074 Tuebingen; 4University of Applied Sciences Albstadt-Sigmaringen, Anton-Guentherstr. 

51, 72488 Sigmaringen, Germany; 

  



Table S1: Comparison  of different parameters between the in-solution and the bead based 

digest.  

Characteristic parameters 
In solution 

digest 
Bead based digest  

Identified ANXA1 peptides  220 228 

Sequence coverage ANXA1 100 % 100 % 

Ab Sequence coverage LC/HC 100% / 57% 100% / 62% 

Identified LC/HC peptides 65 / 70 84 / 88 

Interfering Ab and ANXA1 peptides 2 3 

Sequence coverage pepsin 44% 74% 

Identified pepsin peptides 26 79 

Interfering pepsin and ANXA1 peptides - - 

Peptides followed for HDX 180 (81.8%) 207 (90.8%) 

 

Table S2: HDX-MS Summary  

Table HDX summary In solution digest Bead based digest  

State ANXA1 & ANXA1 bound by Ab ANXA1 & ANXA1 bound by Ab 

HDX reaction details 
10 mM HEPES pH 7.4, 1 mM CaCl

2
 , 

20 °C, 90% D
2
O 

10 mM HEPES pH 7.4, 1 mM CaCl
2
 , 

20 °C, 90% D
2
O 

Time points 30s, 300s, 3000s, 30000s, 86400s, 300s, 3000s 

Av. back exchange (Synthetic 

peptides) 
29% 24 % 

Digest conditions 10 min on-Ice, 1:1 pepsin:ANXA1 

molar ratio 
1 min on-Ice, 20 µl pepsin beads 

Number of Peptides /Sequence 

coverage 
180 / 100% 207 / 100 % 

Average peptide length / 

average redundancy  
21 (Std. Dev. 12) / 11 15 (Std. Dev. 9) / 9.1 

Technical replicates 

(triplicate)  

min 2 of 3 peptides per time point, in 

both states   

min 2 of 3 peptides per time point, in 

both states   

Determined ΔHX threshold for 

each time point 
0.64 Da 0.25 Da 

Significant differences in 

HDX  

Students t-distribution on 95%  

confidence level 

Students t-distribution on 95%  

confideñnce level 

 



Table S3: List of the used systemic peptides for back exchange determination. * marks a 

carbamidomethylated cysteine.  

#No Sequence Length 
Retention time  

[min] 

1 LTIEELK 7 16.3 

2 FNNYQVR 7 7.9 

3 MSDSVILR 8 14.5 

4 SEC*HVDFFR 9 17.3 

5 TVAAFGGEK 9 5.1 

6 IVVLC*GQEAVK 11 14.8 

7 LQDEIDAALPNK 12 15.8 

8 GTTLITNLSSVLK 13 20.4 

9 AAATEDATPAALEK 14 11.4 

10 ISIIPQDPILFPGSLR 16 21 

11 EQLDSLVC*LESAILEVLR 18 23.4 

12 LSDRPQLPYLEAFILETFR 19 22.7 

13 AMDSFPGPPTHWLFGHALEIQK 22 20.6 

14 GDFVAVFPPMIHNDPEVFDAPK 22 20.5 

15 VYGPVFTLYFGSKPTVVVHGYEAVK 25 20.7 

 

 

Figure S1: High resolution deconvoluted ESI QTOF MS spectrum of recombinant ANXA1 

(A) and deglycosylated anti-ANXA1 antibody (B) in positive mode. The experimental mass 

of the molecules confirmed the theoretical mass and identity of both molecules. Integrity was 

good with no degradation or contamination as displayed in the inset of (A). The antibody 

showed 14% glycation (B). 

 



 

 

Figure S2: ANXA1 deuteration kinetics of the bead-based digest. Relative deuterium uptake 

of peptic peptides of ANXA1 numbered from N- to C-terminus over time. 

  



 

 

Figure S3: Epitope mapping of anti-ANXA1 by HDX mass spectrometry of the bead-based 

digest. (a) Differential deuterium uptake of ANXA1 alone and in complex with the anti-

ANXA1. Partially overlapping peptic peptides are numbered from the N- to the C-terminus. 

High confidence identification by mass, retention time and charge was applied using a peptide 

library. (b) Heat map of anti-ANXA1 antibody epitope regions narrowed down after 

combining the data from all overlapping peptides and time points. 

 

Figure S4: Mass spectra of an epitope peptide showing the isotope distribution of the control 

(lower panel), ANXA1 in complex with antibody (middle panel) and alone after 24 h HDX 

(top panel). 



 

 

Figure S5: Relative solvent accessibility surface area (SASA) of porcine ANXA1 PDBe: 

1MCX. Total SASA of each residue was calculated using PyMOL. The exposure of the 

residue X was then normalized to the accessibility of a GxG peptides [Miller S, Janin J, Lesk 

AM, Chothia C. Interior and Surface of Monomeric Proteins. J. Mol. Biol. 1987 196, 641-

656]. The first 42 residues are not resolved in crystal structure. Amino acid numbers are 

adapted to the sequence used within this experiments. 

 

 

 

 

 







































Figure S6: All peptide uptake plots of the in-solution digest. used in this publication of the 

unbound state shown in red and the bound state shown in blue. Time points marked with a 

star show significant differences (p<0.05) between both states determined by students t-test. 

The Y-Axis scaled to 100% possible exchange of each peptide and the error bars are based on 

the 95% confidence level.  

 













































Figure S7: All peptide uptake plots of the bead based digest. used in this publication of the 

unbound state shown in red and the bound state shown in blue. Time points marked with a 

star show significant differences (p<0.05) between both states determined by students t-test. 

The Y-Axis scaled to 100% possible exchange of each peptide and the error bars are based on 

the 95% confidence level.  

 


