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Table 1:  Summarizing the literature. Papers reporting HDX-MS based epitope mapping were retrieved by using SCOPUS and PUBMED 

databases with the search query “Epitope Mapping + Mass Spectrometry + Hydrogen Deuterium Exchange”.  Whenever an epitope 

type is not mentioned, the assignment is based on protection profiles observed in HDX-MS of peptides. Longer peptides and protection 

in multiple regions are considered as a signature of a conformational epitope. $Protease (O) and protease (C) indicate offline digestion 

and immobilized column digestion, respectively. *U and G indicate urea and guanidinium hydrochloride, respectively. #C and L indicate 

conformational and linear epitopes, respectively. We apologize to authors whose work was unintentionally overlooked in our 

literature searches. 
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References 

TCEP Denat* 

1 IL-6 184 100% 

Infrared 
multiphoton 
dissociation 
(IRMPD) 

- - MH166 IgG1 C EIC analysis (Yamada et al., 2002) 

2 Thrombin 294 50% Pepsin (O) - - mAb  C EIC analysis (Baerga-Ortiz et al., 2002) 

3 IL-1β 150 100% Pepsin (O) - - Hu007 IgG1 C EIC analysis (Lu et al., 2005) 

4 Cytochrome C 104 100% Pepsin (C) - - E8 IgG1 C Custom (Coales et al., 2009) 

5 
Extracellular domain 
of human FasL protein 

148 100% Pepsin (O) - - LA296 IgG4 C EIC analysis (Obungu et al., 2009) 

6 IL17 152 100% Pepsin (C) 1M 2M U CAT-2200 IgG1 C EIC analysis (Gerhardt et al., 2009) 

7 rAna o 2 457 100% 
Pepsin,  
Fungal type 
XIII (O) 

0.2M 8M U 
1F5 
 

2B5 

IgG 
IgG 

L 
 

C 
Custom (Zhang et al., 2011) 

8 
Cytocrome C, 
IL-13, 
IL17 

104, 
113, 
152 

100% Pepsin (C) 1M 
2M U 
1.6M G 

E8, 
CNTO607 
CAT-2200 

All IgG1 
C 
C 
C 

Custom (Pandit et al., 2012) 

9 
Factor Hbinding 
protein (fHbp) 

256 100% Pepsin (C) -  12C1 IgG2b C DynamX (Malito et al., 2013) 

10 rAna o 2 457 100% 
Fungal type 
XIII (O) 

0.2M 8M U pAb 
Polyclonal 
IgG 

C Custom (Zhang et al., 2013) 



11 
Almond Prunin 
(Pru du 6) 

540 100% 
Fungal type 
XIII (O) 

0.2M 8M U 4C10 IgG C Custom (Willison et al., 2013) 

12 Coagulation factor VIII 731 95% Pepsin (C) 1.35M - KM33 IgG C DynamX (Bloem et al., 2013) 

13 
Coagulation factor VIII 
C2 domain 

162 86% Pepsin (O) -  

BO2C11 
I109 
3E6 
G99 

IgG4 
IgG1 
IgG2 
IgG2 

C 
C 
C 
C 

HX-Express (Sevy et al., 2013) 

14 
TNFα (tumour 
necrosis factor α) 

157 100% Pepsin (C) 1M 2M U AZD9773 Polyclonal C Custom (Abbott et al., 2013) 

15 
Cp149.3CA from 
hepatitis B virus 

149 100% Pepsin (C) - 4M G 
E1 
3120 

Fabs 
C 
C 

DynamX (Bereszczak et al., 2013) 

16 
Factor H binding 
protein (fHbp) 

263 100% Pepsin (C) -  17C1 
30G4 

IgG1 
IgG1 

C 
C 

HX-Express (Faleri et al., 2014) 

17 VP6f 322 100% Pepsin (C) -  RV6-25  Fab C DXMS (Aiyegbo et al., 2014) 

18 FtGroEL 541 100% Pepsin (C) -  

Ab53,  
Ab64  
N200  
N30 

All IgG2a 
 

L 
L 
C 
L 

DXMS (Lu et al., 2014) 

19 
Vaccinia virus (VACV) 
L1 

181 100% Pepsin (C) 0.1M 1.4M G M12B9 IgG2a C HDExaminer (Kaever et al., 2014) 

20 
Neisseria adhesin A 
(NAD) 3 (24-170) 

147  Pepsin (C) - 4M G 33E8 Fab C DynamX (Malito et al., 2014) 

21 PD-L1 240 95%  0.2M 0.4M G 
Anti-PD-
L1  

Fab C HDExaminer (Hao et al., 2015) 

22 Ana o 1 512 100% 
Fungal type 
XIII (O) 

0.2M 8M U 2G4 - C Custom (Guan et al., 2015) 

23 MDTCS domains 690 100% 
Pepsin and 
Fungal XIII 
(O) parallel 

0.09M 2M G scVs - C EXMS (Casina et al., 2015) 

24 Human CD1d 335 >90% Pepsin (C) 1M 2M U NIB.2 IgG4 C Not defined (Nambiar et al., 2015) 

25 
Duffy-binding–like 
(DBLb3_D4) 

484 79% 

Pepsin and 
nepenthesin
-1 
(C) 

0.8M  24E9 IgG1 C HDExaminer (Lennartz et al., 2015) 

26 
Neisseria meningitidis 
adhesin A 
NadA 

350 98% Pepsin (C) - - 9F11 IgG2b C DynamX (Cariccio et al., 2016) 



27 
Neisseria meningitidis 
adhesin A 
NadA 

350 98% Pepsin (C) - - 6e3 IgG1 C DynamX (Bertoldi et al., 2016) 

28 
Plasmodium vivax 
Duffy binding protein 
pvDBP 

525 100% Pepsin (C) - - 
2D10 
2H2 
2C6 

IgG1, 
IgG1   
IgG2b 

C 
HDX 
workbench 

(Chen et al., 2016) 

29 
Neisserial Heparin 
Binding Antigen 
(NHBA) 

600 70% Pepsin (C) - - 31E10/E7 IgG2a C DynamX (Domina et al., 2016) 

30 
Anganese Transporter 
MntC 

291 100% Pepsin (C) - - 
305-72-5, 
305-78-7, 
305-101-8 

All IgG 
C 
C 
C 

DXMS (Gribenko et al., 2016) 

31 
Human cystatin C 
(hCC) 

120 93% Pepsin (C) 0.5M 3.3M U 
Cys10, 
Cys28 

IgG3 
IgG1 

C HDExaminer (Prądzińska et al., 2016) 

32 
Pneumococcal 
adhesin component 
(RrgA) 

893 79%  0.2M 4M G 11B9/61  C DynamX (Amerighi et al., 2016) 

33 CD73   Pepsin (C) -  MEDI9447 
Fab 

IgG C DynamX (Geoghegan et al., 2016) 

34 Human IL-13 110 98% Pepsin (C) 0.5M 4M G 

Polyclonal 
antibodies 
(3 different 
serum 
samples) 

IgG  Custom (Yang et al., 2016) 

35 
Junctional adhesion 
molecule-A (JAM-A) 

224 95% Pepsin (C) 0.1M 2M G 
hz6F4 
F11 
J10.4 

IgG4 
  

C 
C 
L 

DynamX (Terral et al., 2017) 

36 Human Myoglobin 154 100% Pepsin (O) - - ab19607 IgG1 C Custom (Deng et al., 2017) 

37 Human IL-23 p19 170 97% Pepsin (C) 0.5M 1.5M G 
bAb3, 
7B7-Fab 

 C 
C 

DynamX (Li et al., 2017a) 

38 
Human IL-6R alpha 
extracellular region 

338  Pepsin (C) 0.5M 4M G 
adnectin1, 
adnectin2 

- 
L 
L 

DynamX (Li et al., 2017b) 

39 Intact DENV particles   Pepsin (C) 0.25M 1.5M G 2D22  C DynamX (Lim et al., 2017) 

40 
Ricin toxin A subunit 
(RTA) (RiVax 

267 100% Pepsin (C) - - 
JNM-C12, 
JNM-D1, 
V1B11 

 VH 
domain 
(VHH) 

C 
C 
C 

HDExaminer (Vance et al., 2017) 

41 Tau 441 75% Pepsin (C) 0.5M 4M G 
tau12, 
tau46 

IgG1 
IgG1 

L 
L 

DynamX (Huang et al., 2018a) 



42 
Ricin toxin A subunit 
(RTA) (RiVax 

267 100% Pepsin (C) - - 

PB10, 
R70, 
WECB2, 
SylH7, 
PA1, 
PH12, 
TB12, 
IB2, 
GD12, 
JD4 

IgG2b 
 
 
 
Rest all 
IgG1 
 
  

L 
L 
L 
C 
L 
C 
C 
C 
L 
L 

HDExaminer (Toth IV et al., 2017) 

43 JEV E-DIII 102 100% Pepsin (C) 0.5M 4M G 

JEV-31 
JEV-106 
JEV-128 
JEV-131 
JEV-143 

All IgG2c  

C 
C 
C 
C 
C 

HDX 
Workbench 

(Fernandez et al., 2018) 

44 
TL1A, a tumor 
necrosis factor 

253 80% Pepsin (C) 0.4M 4M G mAb1 IgG4 C DynamX (Huang et al., 2018b) 

45 Glypican-3 (GPC3) 535 87% Pepsin (C) 0.4M 4M G 
mAb3.4, 
mAb1C2, 
SOMAmer 

Aptamer C DynamX (Duo et al., 2018) 

46 
Birch pollen allergen 
Bet v 1 

159 94% 

pepsin or 

type XIII 

protease (O) 

  5B4, 
6H4 

IgG1 C HX-Express (Brier et al., 2018) 

47 IL-23R 373 100% Pepsin (C) 0.32M - 

Macrocycli
c 
Dodecape
ptide 
Ligands 

Macrocycli
c 
compound 

C  (Sayago et al., 2018) 

48 
Pollen allergen 
protein, birch Bet v1 

159 100% Pepsin (C) 0.2M 6M G 

mAb1 
mAb2 
mAb3 
mAb4 

IgG 
C & 
L 

DynamX (Zhang et al., 2018) 

49 rFel d 1.mmh 199 - - - - 
REGN1908 
REGN1909 

IgG4 
C 
L 

- (Orengo et al., 2018) 

50 Diphtheria toxin (DTx) 527 
90.70
% 

Pepsin and 
fungal XIII 
dual enzyme 
(C) 

0.5M 7.5M G 
mAb 
2−25, 
mAb 2−18 

 C DynamX (Zhu et al., 2019) 



51 
Hemagglutinin 
proteins of 
Infuenza A 

522 >84% Pepsin (C) 0.5M 4M G 

Fab-
CR6261, 
SD38, 
SD84, P3 

IgG1 
sdAb 
Cyclic 
peptide 

C DynamX (Puchades et al., 2019) 

52 PTH1R ECD  99% Pepsin (C) 
0.062
M 

3.4M G 

ECD-
single 
chain Fv 
with 
human Fc 
fragment 
(scFvhFc) 

 C DynamX (Sarkar et al., 2019) 

53 
Recombinant SEB 
vaccine (STEBVax) 

  Pepsin (C) 0.5M 4M G GC132a IgG C HDExaminer (Chen et al., 2019) 

54 

Major 
histocompatibility 
complex class I chain-
related A and B 

315 92% Pepsin (C) 1M 8M U 

mAb.2, 
mAb.39, 
mAb.40, 
mAb.36 

All IgG1 C DynamX (Huang et al., 2020a) 

55 
Extracellular domain 
of mature PD-L1 

290  Pepsin (C) - 3M U 
r22C3, 
r28-8 

IgG C DynamX (Lawson et al., 2020) 

56 VEGF 121 80% Pepsin (C) EC*  mAb  C DynamX (Comamala et al., 2020) 

57 VEGF 165  Pepsin 
beads 

-  Avastin, 
ApoBev 

IgG1 C MS studio (Brown et al., 2020) 

58 
Programmed cell 
death-1 (PD-1) 

167 85% Pepsin (C) 0.4M 4M G Nivolumab IgG4 C DynamX (Zhang et al., 2020) 

59 

Human cluster of 
differentiation 3 (CD3) 
and B-cell maturation 
antigen (BCMA). 

174 
and 
80 

98%, 
84% 

Pepsin (C) 0.4M 4M G BsAb 
Bispecific 
antibody 

C DynamX (Huang et al., 2020b) 

60 RBD-SARS-CoV2 223 84% 
Pepsin and 
Fungal XII 
(C) 

0.5 M 4 M U 

REGN10987 
REGN10934 
REGN10989 
REGN10977 
REGN10933 
REGN10954 
REGN10986 
REGN10964 
REGN10984 

All IgG 
All 
C 

HDExaminer (Hansen et al., 2020) 



61 ZIKV-DIII 108 95% Pepsin (C) 0.5M 4M G 

ZV2 
ZV47 
ZV48 
ZV54 
ZV67 
ZV68 

All IgG2c 

C 
C 
C 
C 
C 
C 

HDX 
workbench 

(Adhikari et al., 2021) 

62 
Human carbonic 
anhydrase (hCAIX), 

255 82% Pepsin (C) 0.5M 0.5M G 
m9B6, 
m4A2, 
c2C7 

IgG 
C & 
L 

MS Studio (Sheff et al., 2021b) 

63 
SARS-CoV-2 HexaPro 
spike 

1250 56.3% Pepsin (C) 0.2 M 8M U 3A3 IgG C DynamX (Huang et al., 2021b) 

64 
DENV Envelope 
protein 

395 61% Pepsin (C) - 2.5M G 1C19 IgG C DynamX (Fibriansah et al., 2021) 

65 Annexin-A1 (ANXA1) 180 100% 
offline 
solution and 
beads both 

0.4M 0.8M G 
anti-
ANXA1 

IgG C HDExaminer (Gramlich et al., 2021) 

66 
C- terminal H chain 
(HC) BoNT/A1 

458 85% Pepsin (C) - 4M U TA12  C DynamX (Brier et al., 2021) 

67 laforin 329 100% Pepsin (C)  0.08M 
G 

Nb40 
Nb41 
Nb50 
Nb57 
Nb72 
Nb73 

Nanobodi
es 

C HDExaminer (Simmons et al., 2021) 

68 mFcNKG2A-CD9 462  Pepsin (C) 0.4M 4M G 
Fab1 
Fab2 

 C DynamX (Huang et al., 2021a) 

69 
Neisserial adhesin A 
(NadA) 

350 89% Pepsin (C) -  1C6, 
7F11 

IgG 
IgG 

C DynamX (Grauslund et al., 2021) 

70 
Factor H-binding 
protein (fHbp) 

258 99% Pepsin (C) - 4M G 
Polyclo. 
Abs 

IgG C DynamX (Ständer et al., 2021) 

71 Ectodomain of IGF1R 900 47% Pepsin (C) 0.25M 2M G VHH-IR5 sdAb L MS Studio (Sheff et al., 2021a) 

72 
Powassan virus 
Envelope protein 
(POWV-E) 

397 100% 
Pepsin and 
Fungal type 
XIII (C) 

0.5M 4M G 
POWV-4, 
POWV-63 

IgG2c C HDExaminer (VanBlargan et al., 2021) 

73 
Eastern Equine 
Encephalitis Virus 
(EEEV E) 

415  
Pepsin and 
Fungal type 
XIII (C) 

1M 4M G DC2.112 IgG C HDExaminer (Kim et al., 2021) 

74 
Sema domain of c-Met 
(SD c-Met) 

489 >82% 
Pepsin chip, 
PNGase 
chip 

EC*  mAb  C DynamX (Comamala et al., 2021) 



75 pertactin (PRN). 597 88% Pepsin (C) 0.5 M 7.5M G 

1-16 
3–4,  
3–16,  
3-3,  
3–21,  
3–5, 

- 

L 
C 
C 
L 
C 
C 

DynamX (Zhu et al., 2022) 

76 
Bacillus anthracis 
Protective Agent (PA) 

735 >90% 
Fungal type 
XIII (O) 

- 
50% 
ACN, 
1% FA 

p1C03 
p6C0 
p1A06 
p6C01 

All IgG 

C 
C 
C 
C 

Custom (Fang et al., 2022) 

77 
Yellow Fever Virus 
Envelope protein 

415 95% 
Pepsin and 
Fungal type 
XIII (C) 

0.5M 4M G YFV-136  C HDExaminer (Doyle et al., 2022) 

78 
Panton-Valentine 
Leukocidin (LukSF-
PV) and α-hemolysin 

292 
and 
294 

100% 
Pepsin (C) 
and Fungal 
type XIII (O) 

0.2M 4M G 

SA02, 
SA131, 
SA185, 
H5 

IgG C HDExaminer (Kailasan et al., 2022) 

79 
C-Reactive protein 
(CRP) 

206 >84% Pepsin (C) 0.5M 6M G 

KAAb1, 
KAAb2, 
KSAb1, 
KBAb 
mAb 
KSAb2 

polyclonal 
antibodies 
IgG 

 DynamX (Sun et al., 2022) 

80 
Signal-regulating 
protein alpha (SIRPα) 

320 86% Pepsin (O) 0.1M 2M G nanobody  C HDExaminer (Gramlich et al., 2022) 

81 
Ubiquitous surface 
protein A2 (UspA2) 

480 97% Pepsin (C) 0.8M 
7M U 
and 
0.4M G 

FHUSPA2
/10 

IgG2a C DynamX 
(Donnarumma et al., 
2022) 

82 SARS-CoV RBD 591 76% 
Pepsin and 
Fungal Type 
XIII (C) 

- - B9-scFv - C DynamX (Burke et al., 2022) 

83 S1-RBD and ACE2   Pepsin (C) 0.3M 3M G 
mAbs 127, 
mAbs 150 

   (Lai et al., 2022) 



84 

outer surface protein 
A  (OspA) from B. 
burgdorferi 

273 100 Pepsin (C) - - 

221-11 
221-20 
857-2 
227-1 
272-2 
212-2 
212-55 
319-28 
219-44 
319-33 
LA-2 
3-24 

IgG1 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

HDExaminer (Haque et al., 2022) 

85 

Ectodomain of insulin-
like growth factor-1 
receptor (eIGF1R) 

913 93% 
Pepsin (C) 
Nepen-I(C) 

- - 

SdAb 
(VHH-
IR4/5) 

- C HDExaminer (Sheff et al., 2022) 

86 

Outer surface protein 
A  (OspA) from B. 
burgdorferi 

273 100% Pepsin (C) - - 
212-55 
3-24 

IgG1 
C 
C 

HDExaminer (Haque et al., 2023) 

87 
Cardiac troponin I 
(cTnI) 

206 91% Pepsin (C) 0.1 M 4M U 

R195 
S13 
F12 
D1 
D2 
pAb1  
pAb1 
 

mAbs and 
pAbs 

 L DynamX (Song et al., 2023) 
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