
Supplementary material 

Table S1. Correspondence between the IMGT unique numbering for C-DOMAIN, the IMGT exon numbering, the EU and Kabat numberings: Human IGHG [1,2] https://www.imgt.org/IMGTSci-
entificChart/Numbering/Hu_IGHGnber.html. 

 

Table S2. IMGT nomenclature (alphanumeric order) of engineered variants involved in effector properties (ADCC, ADCP, CDC), half-life and structure of therapeutical monoclonal antibodies. 

 
Type 

Species IMGT engi-
neered Fc 
variant name  
 

IMGT engineered 
variant definition 

IMGT amino acid 
changes on IGHG CH 
domain (Eu number-
ing between paren-
theses) 

Amino acid 
changes with 
the Eu posi-
tions 

Motif identifiable in gene and do-
main with positions according to 
the IMGT unique numbering and 
with Eu positions between paren-
theses 

1. Property and func-
tion 

2. Property and func-
tion 

3. Property and 
function 
/3D 

1 Homsap G1v1 CH2 
P1.4 

CH2 
E1.4>P (233) 

 
E233P 

IGHG1 CH2 
1.6-3 (231-239)  
APELLGGPS >  
APPLLGGPS 

ADCC reduction. 
Prevents FcγRI bind-
ing [3] 

  

1 Homsap G1v2 CH2 
V1.3 

CH2 
L1.3>V (234) 

 
L234V 

IGHG1 CH2 
1.6-3 (231-239)  
APELLGGPS >  
APEVLGGPS 

ADCC reduction. De-
creases FcγRI binding 
[3] 

  

1 Homsap G1v3 CH2  
A1.2 

CH2 
L1.2>A (235) 

 
L235A 

IGHG1 CH2 
1.6-3 (231-239)  
APELLGGPS >  
APELAGGPS 

ADCC reduction. 
Prevents FcγRI bind-
ing [3] 

  

6 Homsap G1v4 CH2 
A114 

CH2 
P114>A (329) 

 
P329A 

IGHG1 CH2 
FG 105-117 (322-332) 
KVSNKA..LPAPI > 
KVSNKA..LAAPI 

ADCC reduction. 
Reduces FcγR bind-
ing [4] 

CDC reduction. 
Reduces C1q binding 
[4] 

 

1, 4 Homsap G1v5 CH2  
W109 

CH2 
K109>W (326) 

 
K326W 

IGHG1 CH2 FG 105-117 (322-332) 
KVSNKA..LPAPI > 
KVSNWA..LPAPI 

ADCC reduction [5] CDC enhancement. 
Increases C1q binding 
[5] 

 

2 Homsap G1v6 CH2 
A85.4,  
A118,  
A119 

CH2 
S85.4>A (298), 
E118>A (333),  
K119>A (334) 

 
S298A, 
E333A, 
K334A 

IGHG1 CH2 
84.1-85.1 (294-301) 
EQYNSTYR > 
EQYNATYR 
FG 105-117,118,119  
(322-334)  
KVSNKA..LPAPIEK > 
KVSNKA..LPAPIAA 

ADCC enhancement. 
Increases FcγRIIIa 
binding [6] 

  



2 Homsap G1v7 CH2 
D3,  
E117 

CH2 
S3>D (239),  
I117>E (332) 

 
S239D, I332E 
DE 

IGHG1 CH2 
1.6-3 (231-239)  
APELLGGPS >  
APELLGGPD 
FG 105-117 (322-332) 
KVSNKA..LPAPI > 
KVSNKA..LPAPE 

ADCC enhancement. 
Increases FcγRIIIA 
binding [7]. 

  

2, 5 Homsap G1v8 CH2 
D3,  
L115,  
E117 

CH2 
S3>D (239),  
A115>L (330),  
I117>E (332) 

 
S239D,  
A330L, I332E 
DLE, 3M 

IGHG1 CH2 
1.6-3 (231-239)  
APELLGGPS >  
APELLGGPD  
FG 105-117 (322-332) 
KVSNKA..LPAPI > 
KVSNKA..LPLPE 

ADCC enhancement. 
Increases FcRIIIA 
binding [7] 
Decreases FcγRIIB 
binding [7] 

CDC reduction. Ab-
lates CDC [7] 

3D [8] 

2 Homsap G1v9 CH2 
L7,  
P83,  
L85.2,  
I88. 
 
 
CH3 
L83 

CH2 
F7>L (243),  
R83>P (292),  
Y85.2>L (300), 
V88>I (305). 
 
 
CH3  
P83>L (396) 

 
F243L, 
R292P, 
Y300L, 
V305I. 
 
 
 
P396L 
LPLIL 

IGHG1 CH2 
6-10 (242-246) 
LFPPK >  
LLPPK 
83-88 (292-305) 
REEQYNSTYRVVSV > 
PEEQYNSTLRVVSI 
CH3 83-84.4 (396-401) 
PVLDSD > 
LVLDSD 

ADCC enhancement. 
100% increase. [9] 

  

2 Homsap G1v10 CH2 
Y1.3, 
Q1.2, 
W1.1, 
M3, 
D30, 
E34, 
A85.4 

CH2 
L1.3>Y (234),  
L1.2>Q (235),  
G1.1>W (236),  
S3>M (239),  
H30>D (268),  
D34>E (270),  
S85.4>A (298) 

 
L234Y, 
L235Q, 
G236W, 
S239M, 
H268D, 
D270E, 
S298A 

IGHG1 CH2  
1.6-3 (231-239)  
APELLGGPS >  
APEYQWGPM 
27-31,34 (265-270)  
DVSHED >  
DVSDEE 
84.1-85.1 (294-301) 
EQYNSTYR > 
EQYNATYR 

ADCC enhancement. 
Increases FcγIIIA 
binding [10] >2000-
fold (F158), >1000-fold 
(V158) in the associa-
tion of G1v10  and 
G1v11 [10] 

  



2 Homsap G1v11 CH2 
E34,  
D109,  
M115,  
E119 

CH2 
D34>E (270),  
K109>D (326), 
A115>M (330)  
K119>E (334) 

 
D270E, 
K326D, 
A330M, 
K334E 

IGHG1 CH2  
27-31,34 (265-270)  
DVSHED >  
DVSHEE 
FG 105-117,118,119 (322-334) 
KVSNKA..LPAPIEK > 
KVSNDA..LPMPIEE 

ADCC enhancement. 
Increases FcγIIIA 
binding [10] >2000-
fold (F158), >1000-fold 
(V158) in the associa-
tion of G1v10  and 
G1v11 [10] 

  

3 Homsap G1v12 CH2 
A1.1,  
D3,  
L115,  
E117  

CH2 
G1.1>A (236),  
S3>D (239),  
A115>L (330),  
I117>E (332) 

 
G236A, 
S239D, 
A330L, 
I332E 
GASDALIE 

IGHG1 CH2 
1.6-3 (231-239)  
APELLGGPS >  
APELLAGPD 
FG 105-117 (322-332) 
KVSNKA..LPAPI > 
KVSNKA..LPLPE 

ADCC 
enhancement. 
Increases FcγRIIIA 
binding [11]. 

ADCP enhancement. 
NK cell activation. 
Increases FcγRIIA 
binding [11] 

5d4q, 
5d6d 

3 Homsap G1v13 CH2  
A1.1,  
D3, 
E117 

CH2 
G1.1>A (236), 
S3>D (239), 
I117>E (332) 

 
G236A, 
S239D, 
I332E 
GASDIE, 
ADE 

IGHG1 CH2 
1.6-3 (231-239)  
APELLGGPS >  
APELLAGPD 
FG 105-117 (322-332) 
KVSNKA..LPAPI > 
KVSNKA..LPAPE 

ADCC enhancement. 
Increases FcγIIIA 
binding [12]. 

ADCP enhancement. 
NK cell activation. 
Increases FcγRIIA 
binding (70>fold). 
Increases 
FcγRIIA/FcγRIIB 
binding ratio (15-fold) 
[12] 

 

6 Homsap G1v14 CH2 
A1.3,  
A1.2 

CH2 
L1.3>A (234),  
L1.2>A (235) 

 
L234A, 
L235A 
LALA 

IGHG1 CH2 
1.6-3 (231-239)  
APELLGGPS >  
APEAAGGPS 

ADCC reduction. 
Reduces FcγR bind-
ing [13,14]. 

CDC reduction. 
Reduces C1q binding 
[13,14] 

 

6 Homsap G1v14-1 CH2 
A1.3,  
A1.2,  
A1 

CH2  
L1.3>A (234),  
L1.2>A (235),  
G1>A (237) 

 
L234A, 
L235A, 
G237A 

IGHG1 CH2 
1.6-3 (231-239)  
APELLGGPS >  
APEAAGAPS 

ADCC reduction. Re-
duces FcγR binding. 

CDC reduction. Re-
duces C1q binding. 

Combines Homsap 
G1v14 and G1 CH2 
A1. 



6 Homsap G1v14-4 CH2 
A1.3,  
A1.2, 
A114 

CH2 
L1.3>A (234),  
L1.2>A (235,  
P114>A (329) 

 
L234A, 
L235A, 
P329A 
 

IGHG1 CH2  
1.6-3 (231-239)  
APELLGGPS >  
APEAAGGPS 
FG 105-117 (322-332) 
KVSNKA..LPAPI > 
KVSNKA..LAAPI 

ADCC reduction. Re-
duces FcγR binding. 

CDC reduction. Re-
duces C1q binding. 

Combines Homsap 
G1v14 and Gv4.(G1 
CH2 A114). 

6 Homsap G1v14-48 CH2  
A1.3,  
A1.2,  
R113  

CH2  
L1.3>A (234),  
L1.2>A (235),  
L113>R (328) 

 
L234A, 
L235A, 
L328R 

IGHG1 CH2  
1.6-3 (231-239)  
APELLGGPS >  
APEAAGGPS 
FG 105-117 (322-332) 
KVSNKA..LPAPI > 
KVSNKA..RPAPI 

ADCC reduction. Re-
duces FcγR binding. 

CDC reduction. Re-
duces C1q binding. 

Combines Homsap 
G1v14 and 
G1v48.(G1 CH2 
R113). 

6 Homsap G1v14-49 CH2  
A1.3,  
A1.2,  
G114  

CH2  
L1.3>A (234),  
L1.2>A (235), 
P114>G (329) 
 

 
L234A, 
L235A, 
P329G 
LALAPG 

IGHG1 CH2  
1.6-3 (231-239)  
APELLGGPS >  
APEAAGGPS 
FG 105-117 (322-332) 
KVSNKA..LPAPI > 
KVSNKA..LGAPI 

ADCC reduction. Re-
duces FcγR binding 
[15].  

CDC reduction. Re-
duces C1q binding 
[15]. 

Combines Homsap 
G1v14 and G1v49 
(G1 CH2 G114). 

6 Homsap G1v14-67 CH2 
A1.3,  
A1.2,  
S27 

CH2  
L1.3>A (234),  
L1.2>A (235), 
D27>S (265) 

 
L234A, 
L235A, 
D265S 

IGHG1 CH2  
1.6-3 (231-239)  
APELLGGPS >  
APEAAGGPS 
23-31 (261-269) 
CVVVDVSHE > 
CVVVSVSHE 

ADCC reduction. Re-
duces FcγR binding 
[15]. 

CDC reduction. Re-
duces C1q binding 
[15]. 

Combines Homsap 
G1v14 and G1v67 
(G1 CH2 S27). 

4 Homsap G1v15 CH2 
S118 

CH2 
E118>S (333) 

 
E333S 

IGHG1 CH2 
FG 105-117,118 (322-333) 
KVSNKA..LPAPIE > 
KVSNKA..LPAPIS 

CDC enhancement. 
Increases C1q binding 
[5]. 

  



4 Homsap G1v16 CH2 
W109,  
S118 

CH2 
K109>W (326), 
E118>S (333) 

 
K326W, 
E333S 

IGHG1 CH2  
FG 105-117,118 (322-333) 
KVSNKA..LPAPIE > 
KVSNWA..LPAPIS 

CDC enhancement. 
Increases C1q binding 
[5]. 

  

4 Homsap G1v17 CH2  
E29,  
F30,  
T107 

CH2 
S29>E (267),  
H30>F (268),  
S107>T (324) 

 
S267E,  
H268F, 
S324T 
EFT 

IGHG1 CH2 
27-31 (265-269)  
DVSHE >  
DVEFE 
FG 105-117 (322-332) 
KVSNKA..LPAPI > 
KVTNKA..LPAPI 

CDC enhancement 
Increases C1q binding 
[16]. 

  

4 Homsap G1v18 CH3 
R1, 
G109, 
Y120 
 

CH3 
E1>R (345), 
E109>G (430), 
S120>Y (440) 
 

 
E345R, 
E430G, 
S440Y 

IGHG1 CH3 
1.4-2 (341-346) 
GQPREP > 
GQPRRP 
105-110 (426-431) 
SVMHEA > 
SVMHGA 
118-125 (438-445) 
QKSLSLSP > 
QKYLSLSP 

CDC enhancement. 
Increases C1q binding 
[17]. The triple mu-
tant IgG1-005-RGY 
(IGHG1v18) form 
IgG1 hexamers [17]. 

Favors IgG1 hexamer-
ization. 

 

5 Homsap G1v19 CH2 
A34 

CH2 
D34>A (270) 

 
D270A 

IGHG1 CH2  
34-41 (270-277) 
DPEVKFNW >  
APEVKFNW 

CDC reduction. Re-
duces C1q binding [4] 

  

5 Homsap G1v20 CH2 
A105  

CH2 
K105>A (322) 

 
K322A 

IGHG1 CH2 
FG 105-117 (322-332) 
KVSNKA..LPAPI > 
AVSNKA..LPAPI 

CDC reduction. Re-
duces C1q binding 
[4,14]. 

  

9 Homsap G1v21 CH2 
Y15.1,  
T16,  
E18  

CH2 
M15.1>Y (252),  
S16>T (254),  
T18>E (256)  

 
M252Y, 
S254T, 
T256E 
YTE 

IGHG1 CH2 
13-18 (249-256) 
DTLMISRT >  
DTLYITRE 
 

Half-life increase  
Enhances FCGRT 
binding at pH 6.0 
[18,19] (1). 

  

9 Homsap G1v22 CH2 CH2  IGHG1 CH2 Half-life increase    



Y15.1,  
T16,  
E18.  
CH3 
K113,  
F114,  
H116 

M15.1>Y (252) 
S16>T (254) 
T18>E (256). 
CH3 
H113>K (433) 
N114>F (434) 
Y116>H (436) 

M252Y 
S254T 
T256E 
 
H433K 
N434F 
Y436H 

13-18 (249-256)  
DTLMISRT >  
DTLYITRE 
CH3 
FG 105-117 (426-437)  
SVMHEA.LHNHYT >  
SVMHEA.LKFHHT 

Enhances FCGRT 
binding at pH 6.0 [19] 

6 Homsap G1v23 CH2 
E1.2 
 

CH2 
L1.2>E (235) 
 

 
L235E 

IGHG1 CH2 
1.6-3 (231-239)  
APELLGGPS >  
APELEGGPS 

ADCC reduction. 
Reduces FcγR bind-
ing [20] 

CDC reduction. 
Reduces C1q binding 
[20] 

 

9 Homsap G1v24 CH3 
L107,  
S114 

CH3 
M107>L (428), 
N114>S (434) 

 
M428L, 
N434S 

GHG1 CH3 
FG 105-117 (426-437)  
SVMHEA.LHNHYT > 
SVLHEA.LHSHYT 

Half-life increase  
Enhances FCGRT 
binding at pH 6.0 (11-
fold increase in affin-
ity) [21] (2). 

  

7 Homsap G1v25 CH2 
E29,  
F113 

CH2 
S29>E (267), L113>F 
(328) 

 
S267E, 
L328F 

IGHG1 CH2 
27-31 (265-269)  
DVSHE >  
DVEHE 
FG 105-117 (322-332) 
KVSNKA..LPAPI > 
KVSNKA..FPAPI 

Increases FcγRIIB 
binding (400-fold) [22] 
Inhibits by down-
stream ITIM signaling 
in B cells [23] 

  

14 Homsap G1v26 CH3 
Y22 

CH3 
T22>Y (366)  

 
T366Y 

IGHG1 CH3 
20-26 (364-370) 
SLTCLVK >  
SLYCLVK 

Knob of knobs-into-holes G1v26 knob/G1v31 
hole interactions between the CH3 of the two 
different gamma1 chains [24] 

 

16 Homsap G1v27 CH2 
C3 

CH2 
S3>C (329) 

 
S239C 

IGHG1 CH2 
1.6-4 (231-240)  
APELLGGPSV >  
APELLGGPCV 

Site-specific drug attachment engineered cyste-
ine 

 

16 Homsap G1v28 CH2 
C(3^4) 

CH2 
(3^4)C(239^240) 

 
C(239^240) 

IGHG1 CH2 
1.6-4 (231-240) 
APELLGGPSV >  
APELLGGPSCV 

Site-specific drug attachment engineered cyste-
ine 

 

8 Homsap G1v29 CH2 
A84.4 

CH2  
N84.4>A (297)  

 
N297A 

IGHG1 CH2  
83-86 
REEQYNSTYRVV >  
REEQYASTYRVV 

ADCC reduction. Re-
duces FcγR binding 
[25]. 

Owing to the absence 
of N-glycosylation at 
CH2 84.4 (297). 

 



8 Homsap G1v30 CH2 
G84.4 

CH2 
N84.4>G (297) 

 
N297G 

IGHG1 CH2  
83-86 
REEQYNSTYRVV >  
REEQYGSTYRVV 

ADCC reduction. Re-
duces FcγR binding 
[25]. 

Owing to the absence 
of N-glycosylation at 
CH2 84.4 (297). 

 

14 Homsap G1v31 CH3 
T86 

CH3 
Y86>T (407)  

 
Y407T 

IGHG1 CH3 
85.4-89 (404-410) 
GSFFLYSKL >  
GSFFLTSKL 

Hole of knobs-into-holes G1v26 knob/G1v31 
hole interactions between the CH3 of the two 
different gamma1 chains [24]  
(G1v26 knob/G1v31 hole). 

 

14 Homsap G1v32 CH3 
W22 

CH3 
T22>W (366) 

 
T366W 

IGHG1 CH3 
20-26 (364-370) 
SLTCLVK >  
SLWCLVK 

Knob of knobs-into-holes G1v32 knob/G1v33 
hole interactions between the CH3 of the two 
different gamma1 chains. 

 

14 Homsap G1v33 CH3 
S22,  
A24,  
V86 

CH3 
T22>S (366),  
L24>A (368),  
Y86>V (407) 

 
T366S,  
L368A,  
Y407V 

IGHG1 CH3 
20-26 (364-370) 
SLTCLVK >  
SLSCAVK 
85.4-89 (404-410) 
GSFFLYSKL >  
GSFFLVSKL 

Hole of knobs-into-holes G1v32 knob/G1v33 
hole interactions between the CH3 of the two 
different gamma1 chains. 

 

13 Homsap G1v34 CH3 
G109 

CH3 
E109>G (430) 

 
E430G 

IGHG1 CH3 
FG 105-117 (426-437)  
SVMHEA.LHNHYT > 
SVMHGA.LHNHYT 

Favors IgG1 hexamerisation by increased inter-
molecular Fc-Fc interactions after antigen bind-
ing on the cell surface. 

 

4 Homsap G1v35 CH2 
E29 

CH2 
S29>E (267) 

 
S267E 
SE 

IGHG1 CH2  
27-31 (265-269)  
DVSHE >  
DVEHE 

CDC enhancement. 
Increases C1q binding 
[16] 

Binds to FCGRT and 
FcγRIIB, 
but not to other FcγR 
in a mouse model [26] 

 

8 Homsap G1v36 CH2 
Q84.4 

CH2 
N84.4>Q (297) 

 
N297Q 

IGHG1 CH2 
83-86 
REEQYNSTYRVV > 
REEQYQSTYRVV 

ADCC reduction. Re-
duces FcγR binding 

Owing to the absence 
of N-glycosylation at 
CH2 84.4 (297). 

 

15 Homsap G1v37 h 
S5  

h 
C5>S (220) 

 
C220S 

IGHG1 h 
1-15 (216-230) 
EPKSCDKTHTCPPCP >  
EPKSSDKTHTCPPCP 

No disulfide bridge 
inter H-L 

  



6 Homsap G1v38 CH2 
S108,  
F113 

CH2 
N108>S (325),  
L113>F (328) 

 
N325S, L328F 

IGHG1 CH2 
FG 105-117 (322-332) 
KVSNKA..LPAPI > 
KVSSKA..FPAPI 

ADCC reduction. 
Abrogates FcγRIII 
binding, increases 
FcγRII binding, re-
tains FcγRI high affin-
ity binding [27]  

CDC reduction. 
Abrogates C1q bind-
ing. 

 

6 Homsap G1v39 CH2 
F1.3,  
E1.2,  
S116 

CH2 
L1.3>F (234),  
L1.2>E (235),  
P116>S (331) 

 
L234F, 
L235E, 
P331S 
FES, TM 

IGHG1 CH2 
1.6-3 (231-239)  
APELLGGPS >  
APEFEGGPS 
FG 105-117 (322-332) 
KVSNKA..LPAPI > 
KVSNKA..LPASI 

ADCC reduction. 
Reduces FcγR effector 
properties [28] 

CDC reduction. 
Reduces C1q binding 
[20] 

3D  
3c2s 

6 Homsap G1v40 CH2 
A1.3, 
A1.2, 
S116 

CH2 
L1.3>A (234),  
L1.2>A (235), 
P116>S (331) 

 
L234A, 
L235A, 
P331S 

IGHG1 CH2 
1.6-3 (231-239)  
APELLGGPS >  
APEAAGGPS 
FG 105-117 (322-332) 
KVSNKA..LPAPI > 
KVSNKA..LPASI 
 

ADCC reduction. 
Reduces FcγR bind-
ing. 

CDC reduction. Re-
duces C1q binding. 

 

6 Homsap G1v41 CH2 
F1.3,  
E1.2 

CH2 
L1.3>F (234),  
L1.2>E (235) 
FE 

 
L234F, L235E 

IGHG1 CH2 
1.6-3 (231-239)  
APELLGGPS >  
APEFEGGPS 

ADCC reduction.  
Reduces FcγR bind-
ing [28] 

CDC reduction. Re-
duces C1q binding 
[20] 

 

9 Homsap G1v42 CH2 
Q14, 
CH3  
L107 

CH2 
T14>Q (250) 
CH3 
M107>L (428) 

 
T250Q 
 
M428L 

IGHG1 CH2 
13-18 (249-256)  
DTLMISRT >  
DQLMISRT 
CH3 
FG 105-117 (426-437)  
SVMHEA.LHNHYT >  
SVLHEA.LHNHYT > 

Half-life increase  
Enhances FCGRT binding at pH 6.0 [19] 

 

6 Homsap G1v43 CH2 
A1.3,  
E1.2,  
A1  

CH2 
L1.3>A (234),  
L1.2>E (235),  
G1>A (237) 

 
L234A, 
L235E, 
G237A 

IGHG1 CH2  
1.6-3 (231-239)  
APELLGGPS >  
APEAEGAPS 

ADCC reduction. Re-
duces FcγR binding. 

CDC reduction. Re-
duces C1q binding. 

 

16 Homsap G1v44 CH3 
C122 

CH3 
S122>C (442) 

 
S442C 

IGHG1 CH3 
118-125 (438-445) 

Conjugation site-specific engineered cysteine  



QKSLSLSP >  
QKSLCLSP 

3 Homsap G1v45 CH2  
A1.1,  
L115,  
E117 

CH2 
G1.1>A (236),  
A115>L (330),  
I117>E (332) 

 
G236A, 
A330L, 
I332E 
GAALIE 

IGHG1 CH2 
1.6-3 (231-239) 
APELLGGPS >  
APELLAGPS 
FG 105-117 (322-332) 
KVSNKA..LPAPI > 
KVSNKA..LPLPE 

ADCC enhancement. 
Increases FcγIIIA 
binding. 

ADCP enhancement. 
NK cell activation. 

 

9 Homsap G1v46 CH3 
K113,  
F114 

CH3  
H113>K (433), 
N114>F (434) 

 
H433K, 
N434F 

IGHG1 CH3 
FG 105-117 (426-437)  
SVMHEA.LHNHYT >  
SVMHEA.LKFHYT 

Half-life increase  
Enhances FCGRT 
binding at pH 6.0. 

 

1 Homsap G1v47 CH2 
delG1.1 

CH2 
G1.1>del (236) 

 
G236del 

IGHG1 CH2 
1.6-3 (231-239)  
APELLGGPS >  
APELL - GPS 

ADCC reduction. 
Eliminates binding to 
FcγRI, FcγRIIA, 
FcγRIIIA [29]. 

  

6 Homsap G1v48 CH2 
R113  

CH2 
L113>R (328) 

 
L328R 

IGHG1 CH2 
FG 105-117 (322-332) 
KVSNKA..LPAPI > 
KVSNKA..RPAPI 

ADCC reduction. Re-
duces FcγR binding. 

CDC reduction. Re-
duces C1q binding. 

 

6 Homsap G1v49 CH2 
G114  

CH2 
P114>G (329) 
 

 
P329G 

IGHG1 CH2  
FG 105-117 (322-332) 
KVSNKA..LPAPI > 
KVSNKA..LGAPI 

ADCC reduction. Re-
duces FcγR binding 
[15]. 

CDC reduction. Re-
duces C1q binding 
[15]. 

 

1 Homsap G1v50 CH2 
P1.4,  
V1.3,  
A1.2,  
delG1.1 

CH2  
E1.4>P (233),  
L1.3>V (234),  
L1.2>A (235), 
G1.1>del (236) 

 
E233P, 
L234V, 
L235A, 
G236del 

IGHG1 CH2  
1.6-3 (231-239)  
APELLGGPS >  
APPVA-GPS 

ADCC reduction. 
Decreases FcgammaR 
binding (G2-like motif 
combines Homsap 
G1v1, v2, v3 and v47]. 

  

6 Homsap G1v51 CH2 
K29 

CH2 
S29>K (267) 

 
S267K 

IGHG1 CH2 
27-31 (265-269)  
DVSHE >  
DVKHE 

ADCC reduction. Re-
duces FcγR binding. 

CDC reduction. Re-
duces C1q binding. 

 



1 Homsap G1v52 CH2 
R1.1, 
R113 

 
G1.1>R (236) 
L113>R (328) 

 
G236R, 
L328R 
GRLR 

IGHG1 CH2  
1.6-3 (231-239)  
APELLGGPS >  
APELLRGPS 
IGHG1 CH2  
FG 105-117 (322-332) 
KVSNKA..LPAPI > 
KVSNKA..RPAPI 

ADCC reduction. Ab-
rogates FcgammaR 
binding. 

  

6 Homsap G1v53 CH2 
F1.3, 
Q1.2, 
Q105 
 

CH2 
L1.3>F (234) 
L1.2>Q (235)  
K105> Q (322) 
 

 
L234F, 
L235Q, 
K322Q, 
FQQ 

IGHG1 CH2 
1.6-3 (231-239)  
APELLGGPS >  
APEFQGGPS 
FG 105-117 (322-332) 
KVSNKA..LPAPI > 
QVSNKA..LPAPI 

ADCC reduction. Re-
duces FcγR binding. 

CDC reduction. Re-
duces C1q binding. 

 

11 Homsap G1v54 CH2 
C83,  
C85 

CH2 
R83>C (292),  
V85>C (302) 

 
R292C,  
V302C 

IGHG1 CH2 
83-86 
REEQYNSTYRVV >  
CEEQYASTYRCV (v29) 
CEEQYGSTYRCV (v30) 
CEEQYQSTYRCV (v36) 

Stabilizes CH2 in the 
absence of N84.4 (297) 
glycosylation (e.g. 
with G1v29, G1v30 or 
G1v36).  

  

11, 8 Homsap G1v54-29 CH2  
C83,  
A84.4,  
C85 

CH2  
R83>C (292), 
N84.4>A(297) 
V85>C (302) 

 
R292C,  
N297A 
V302C 

IGHG1 CH2 
83-86 (292-303) 
REEQYNSTYRVV > 
CEEQYASTYRCV 

Stabilizes CH2 in the 
absence of N84.4 (297) 
glycosylation 
(Gv1-54). 

ADCC reduction. Re-
duces FcγR binding 
[25] (G1v29). 

Combines Homsap 
G1v54 and G1v29. 

11, 8 Homsap G1v54-30 CH2  
C83,  
G84.4,  
C85 

CH2  
R83>C (292), 
N84.4>G (297) 
V85>C (302) 

 
R292C,  
N297G 
V302C 

IGHG1 CH2 
83-86 (292-303) 
REEQYNSTYRVV > 
CEEQYGSTYRCV  

Stabilizes CH2 in the 
absence of N84.4 (297) 
glycosylation 
(G1v54) 

ADCC reduction. Re-
duces FcγR binding 
[25] (Gv1-30). 

Combines Homsap 
G1v54 and G1v30. 

11, 8 Homsap G1v54-36 CH2  
C83,  
Q84.4,  
C85 

CH2  
R83>C (292), 
N84.4>Q (297) 
V85>C (302) 

 
R292C,  
N297Q 
V302C 

IGHG1 CH2 
83-86 (292-303) 
REEQYNSTYRVV > 
CEEQYQSTYRCV 

Stabilizes CH2 in the 
absence of N84.4 (297) 
glycosylation 
(G1v54). 

ADCC reduction. Re-
duces FcγR binding 
[25] (Gv1-36).  

Combines Homsap 
G1v54 and G1v36. 

16 Homsap G1v55 CH3 
C123 

CH3  
L123>C (443) 

 
L443C 

IGHG1 CH3  
118-125 (438-445) 
QKSLSLSP > 
QKSLSCSP 

Conjugation site-spe-
cific engineered cyste-
ine 

  

16 Homsap G1v56 CH2 
F85.2 
CH3 
F85.2 

CH2 
Y85.2>F (pAMF) 
CH3  
F85.2>F (pAMF) 

 
Y300F 
 
F404F 

IGHG1 CH2  
84.1-85.1 (294-301) 
EQYNSTYR > 
EQYNSTFR 
CH3  
84.1-85.1 (398-405) 

Modified phenylala-
nine for conjugation 
(produced in Esche-
richia coli, non glyco-
sylated) 

  



LDSDGSFF 
LDSDGSFF 

17 Homsap G1v57 CH1 
E26,  
E119 

CH1 
K26>E (147),  
K119>E (213) 

 
K147E,  
K213E 

IGHG1 CH1 
23-26 (144-147) 
CLVK >  
CLVE 
118-121 (212-215) 
DKKV >  
DEKV 

Enhances, with KCv57, the hetero pairing H-L 
of bispecific antibodies 

 

17 Homsap KCv57 IGKC 
R12,  
K13 

IGKC  
E12>R,  
Q13>K 

 
E123R,  
Q124K 

IGKC 
10-15 (121-126) 
SDEQLK >  
SDRKLK 

Enhances, with G1v57, the hetero pairing H-L 
of bispecific antibodies 

 

17 Homsap G1v58 CH1 
C5,  
h 
V5 

CH1 
F5>C (126),  
h 
C5>V (220) 

 
F126C,  
 
C220V 

IGHG1 CH1 
1.4-15 (118-136) 
ASTKGPSVFPLAPSSKSTS > 
ASTKGPSVCPLAPSSKSTS  
IGHG1 h 
1-15 (216-230) 
EPKSCDKTHTCPPCP >  
EPKSVDKTHTCPPCP 

Alternative interchain cysteine mutations to en-
hance, with LC2v58, the heteropairing H-L of 
bispecific antibodies 

 

17 Homsap LC2v58 LC2 
C10,  
V126 

IGLC 
S10>C (121),  
C126>V (214) 

 
S121C, 
C214V 

IGLC2  
1.5-15 (107A-126) 
GQPKAAPSVTLFPPSSEELQ >  
GQPKAAPSVTLFPPCSEELQ 
IGLC2  
118-127 (206-215) 
EKTVAPTECS >  
EKTVAPTEVS 

Alternative interchain cysteine mutations to en-
hance, with G1v58, the heteropairing H-L of 
bispecific antibodies 

 

6 Homsap G1v59 CH2 
S1.3 
T1.2 
R1.1 

CH2 
L1.3>S (234) 
L1.2>T (235) 
G1.1>R (236) 

 
L234S 
L235T 
G236R 

IGHG1 CH2  
1.6-3 (231-239)  
APELLGGPS > APESTRGPS 

ADCC undetectable. 
Abrogates FcγR bind-
ing [30]. 

CDC undetectable. 
Abrogates C1q bind-
ing [30]. 

 

6 Homsap G1v60 CH2 
S115,  
S116 

CH2 
A115>S (330) 
P116>S (331) 

 
A330S 
P331S 

FG 105-117 (322-332) 
KVSNKA..LPAPI > 
QVSNKA..LPSSI 

ADCC reduction. Re-
duces FcγR binding 

CDC reduction. Re-
duces C1q binding. 

 



15 Homsap G1v61 h 
S11 

h 
C11>S (226) 

 
C226S 

IGHG1 h 
1-15 (216-230) 
EPKSCDKTHTCPPCP >  
EPKSCDKTHTSPPCP 

No disulfide bridge 
inter H-H h 11. 

 . 

15 Homsap G1v62 h 
S14 

h 
C14>S (229) 

 
C229S 

IGHG1 h 
1-15 (216-230) 
EPKSCDKTHTCPPCP >  
EPKSCDKTHTCPPSP 

No disulfide bridge 
inter H-H h 14. 

  

6 Homsap G1v63 CH2 
S2 

CH2 
P2>S 

P238S IGHG1 CH2  
1.6-3 (231-239)  
APELLGGPS >  
APELLGGSS 

ADCC reduction. Re-
duces FcγR binding. 

CDC reduction. Re-
duces C1q binding. 

 

16 Homsap G1v64 CH2 
C36 

CH2  
E36>C 

 
E272C 

IGHG1 CH2 
34-41 (270-277) 
DPEVKFNW >  
DPCVKFNW 

Conjugation site-spe-
cific engineered cyste-
ine 

  

6 Homsap G1v65 CH2 
delE1.4, 
delL1.3, 
delL1.2 

CH2 
E1.4>del, 
L1.3>del, 
L1.2>del 

 
E233del, 
L234del, 
L235del 

IGHG1 CH2  
1.6-3 (231-239)  
APELLGGPS >  
AP- - - GGPS 

ADCC reduction. Re-
duces FcγR binding. 

CDC reduction. Re-
duces C1q binding. 

 

1 Homsap G1v66 CH2 
A27 

CH2 
D27>A 

 
D265A 

IGHG1 CH2 
23-31 (261-269) 
CVVVDVSHE > 
CVVVAVSHE 

ADCC reduction. Re-
duces FcγR binding. 

  

1 Homsap G1v67 CH2 
S27 

CH2 
D27>S 

 
D265S 

IGHG1 CH2 
23-31 (261-269) 
CVVVDVSHE > 
CVVVSVSHE 

ADCC reduction. Re-
duces FcγR binding. 

  

14 Homsap G1v68 CH3 
V6,  
L22,  
L79,  
W81 

CH3 
T6>V (350) 
T22>L (366) 
K79>L (392) 
T81>W (394) 

 
T350V 
T366L 
K392L 
T394W 

IGHG1 CH3 
3-9 (347-353) 
QVYTLPP >  
QVYVLPP 
20-26 (364-370) 
SLTCLVK >  
SLLCLVK 
77-83 (390-396) 
NYKTTPP >  
NYLTWPP 

Enhances, with 
G1v69, the heteropair-
ing H-H of bispecific 
antibodies  

  



14 Homsap G1v69 CH3 
V6, 
Y7, 
A85.1, 
V86 

CH3 
T6>V (350) 
L7>Y (351) 
F85.1>A (405) 
Y86>V (407) 

 
T350V 
L351Y 
F405A 
Y407V 

IGHG1 CH3 
3-9 (347-353) 
QVYTLPP >  
QVYVYPP 
IGHG1 CH3 
85.4-89 (404-410) 
GSFFLYSKL > 
 GSFALVSKL 

Enhances, with 
G1v68, the heteropair-
ing H-H of bispecific 
antibodies 

  

6 Homsap G1v70 h 
S5, 
S11, 
S14, 
CH2 
S2 

h 
C5>S (220), 
C11>S (226) 
C14>S (229) 
CH2 
P2>S 

 
C220S 
C226S 
C229S 
 
P238S 

IGHG1 h 
1-15 (216-230) 
EPKSCDKTHTCPPCP >  
EPKSSDKTHTSPPSP 
IGHG1 CH2  
1.6-3 (231-239)  
APELLGGPS >  
APELLGGSS 

ADCC reduction. Re-
duces FcγR binding. 

 CDC reduction. Re-
duces C1q binding. 

Combines G1v63 
with G1v37 (no  H-
L), G1v61 (no H-H 
h11)  and G1v62 (no 
H-H h14). 

6, 9 Homsap G1v53, 
G1v21 

CH2 
F1.3, 
Q1.2, 
Q105 
Y15.1,  
T16,  
E18  

CH2 
L1.3>F (234), 
L1.2>Q (235), 
K105> Q (322) 
M15.1>Y (252), 
S16>T (254),  
T18>E (256)  

 
L234F, 
L235Q, 
K322Q, 
M252Y, 
S254T, 
T256E 
FQQ-YTE 
 

IGHG1 CH2 
1.6-3 (231-239)  
APELLGGPS >  
APEFQGGPS 
15-18 (251-256)  
LMI.SRT >  
LYITRE 
FG 105-117 (322-332) 
KVSNKA..LPAPI > 
QVSNKA..LPAPI 

ADCC reduction. Re-
duces FcγR binding 
[31] (G1v53). 

CDC reduction. Re-
duces C1q binding 
[31] (G1v53). 

Half-life increase  
Enhances FCGRT 
binding at pH 6.0 
[32] [19] (G1v21).. 

4 Homsap G1G3v1 CH2 
Q38, 
K40, 
F85.2 

CH2 
K38>Q (274), 
N40>K (276), 
Y85.2>F (300) 

 
K274Q, 
N276K, 
Y300F 
chimere 
G1-G3 
(1) 

IGHG1 CH2 
34-41 (270-277) 
DPEVKFNW >  
DPEVQFKW 
84.1-85.1 (294-301) 
EQYNSTYR > 
EQYNSTFR 

CDC enhancement. 
Increases C1q binding 
[33]. 

  

2 Homsap G2v1 CH2 
L1.3,  
L1.2,  
G1.1 

CH2 
V1.2>LL (234,235) 
A1.1>G (236) 

 
V235LL, 
A236G 

IGHG2 CH2  
1.6-3 (231-239)  
AP.PVAGPS > 
APPLLGGPS 

ADCC enhancement. 
Confers FcγRI bind-
ing (WT does not 
show any binding ca-
pacity) [3] 

  



6 Homsap G2v2 CH2 
Q30,  
L92,  
S115,  
S116 

CH2 
H30>Q (268),  
V92>L (309),  
A115>S (330),  
P116>S (331) 

 
H268Q, 
V309L, 
A330S, 
P331S 
IgG2m4  

IGHG2 CH2  
27-38 (265-274) 
DVSHEDPEVQ >  
DVSQEDPEVQ 
89-96 (306-313) 
LTVVHQDW >  
LTVLHQDW 
FG 105-117 (322-332) 
KVSNKG..LPAPI >  
KVSNKA..LPSSI 

ADCC reduction. Re-
duces FcγR binding 
[34] 

CDC reduction. Re-
duces C1q binding 
[34] 

 

6 Homsap G2v3 CH2  
A1.2,  
A1,  
S2,  
A30,  
L92,  
S115,  
S116 

CH2 
V1.2>A (235),  
G1>A (237),  
P2>S (238),  
H30>A (268),  
V92>L (309), 
A115>S (330),  
P116>S (331) 

 
V235A, 
G237A, 
P238S, 
H268A, 
V309L, 
A330S, 
P331S 
G2sigma 

IGHG2 CH2 
1.6-3 (231-239) 
AP.PVAGPS > 
AP.PAAASS 
27-38 (265-274) 
DVSHEDPEVQ > 
DVSAEDPEVQ 
89-96 (306-313) 
LTVVHQDW >  
LTVLHQDW 
FG 105-117 (322-332) 
KVSNKG..LPAPI >  
KVSNKA..LPSSI 

ADCC reduction. Re-
duces FcγR binding 
[28]. Undetectable 
ADCC andV1 ADCP 
[28] 

CDC reduction. Re-
duces C1q binding 
[28]. Undetectable 
CDC [28] 

 

9 Homsap G2v4 CH2 
Q14 

CH2 
T14>Q (250) 

 
T250Q 

IGHG2 CH2 
13-18 (249-256)  
DTLMISRT >  
DQLMISRT 

Half-life increase  
Enhances FCGRT binding at pH 6.0 [35] 

 

9 Homsap G2v5 CH3  
L107 

CH3 
M107>L (428) 

 
M428L 

IGHG2 CH3 
FG 105-117 (426-437) 
SVMHEA.LHNHYT > 
SVLHEA.LHNHYT 

Half-life increase  
Enhances FCGRT binding at pH 6.0 [35] 

 

9 Homsap G2v6 CH2 
Q14, 
CH3  
L107 

CH2 
T14>Q (250) 
CH3 
M107>L (428) 

 
T250Q 
 
M428L 

IGHG2 CH2 
13-18 (249-256)  
DTLMISRT >  
DQLMISRT 
CH3 
FG 105-117 (426-437) 
SVMHEA.LHNHYT > 
SVLHEA.LHNHYT 

Half-life increase  
Enhances FCGRT binding at pH 6.0 [35] 

 



19, 
6 

Homsap G2v7 CH2 
Y85.2, 
L92, 
A339 

CH2 
F85.2>Y (300) 
V92>L (309) 
T339>A (339) 

 
F300Y 
V309L 
T339A 

IGHG2 CH2 
85.4- 92 (300-309) 
STFRVVSVLTVV >  
STYRVVSVLTVL 
118-125 (333-340) 
EKTISKTK >  
EKTISKAK 

Reduces acid-induced 
aggregation [36] 

Low ADCC Low 
FcγR binding [36] 

Low CDC 
Low C1q binding 
[36] 

9 Homsap G2v8-1 CH2  
A93 

CH2 
H93>A (310) 

 
H310A 

IGHG2 CH2 
89-96 (306-313) 
LTVVHQDW >  
LTVVAQDW 

Abrogates FCGRT binding at pH 6.0 (G2v8 for 
any amino acid replacement of H93 except 
cystein) [37]. Number 1 of G2v8-1 is for A.  

 

6 Homsap G2G4v1 
(1) 

CH2 
E1.4>del 
P1.3, 
V1.2, 
A1.1 

CH2  
E1.4>del (233), 
F1.3>P (234), 
L1.2>V (235), 
G1.1>A (236) 

 
E233del, 
F234P, 
L235V, 
G236A 

IGHG4 CH2 
1.6-3 (231-239)  
APEFLGGPS >  
AP.PVAGPS  

ADCC reduction. Re-
duces FcγR binding 
[38] 

CDC reduction. Re-
duces C1q binding 
[38] 

 

9 Homsap G3v1 CH3 
H115 

CH3 
R115>H (435) 

 
R435H 

IGHG3 CH3 
FG 105-117 (426-437) 
SVMHEA.LHNRFT > 
SVMHEA.LHNHFT  

Half-life increase  
Extends half-life [39] 

 

2 Homsap G4v1 CH2 
L1.3 

CH2 
F1.3>L (234) 

 
F234L 

IGHG4 CH2 
1.6-3 (231-239)  
APEFLGGPS > 
APELLGGPS 

ADCC enhancement. 
Increases FcγRI affin-
ity [3]. 

  

4 Homsap G4v2 CH2  
P116 

CH2 
S116>P (331) 

 
S331P 

IGHG4 CH2 
FG 105-117 (322-332) 
KVSNKG..LPSSI > 
KVSNKG..LPSPI 

CDC enhancement 
[40] 
(G1-, G2-, G3-like). 

  

6 Homsap G4v3 CH2 
E1.2 

CH2 
L1.2>E (235) 

 
L235E 
LE 

IGHG4 CH2 
1.6-3 (231-239)  
APEFLGGPS >  
APEFEGGPS 

ADCC reduction. Re-
duces FcγR binding 
[20] 

CDC reduction. Re-
duces C1q binding 
[20] 

 



6 Homsap G4v3-49 CH2 
E1.2 
G114 

CH2 
L1.2>E (235)  
P114>G (329) 
 

 
L235E 
P329G 
LEPG 

IGHG4 CH2  
1.6-3 (231-239)  
APEFLGGPS >  
APEFEGGPS 
FG 105-117 (322-332) 
KVSNKG..LPSSI > 
KVSNKG..LGSSI 

ADCC reduction. Re-
duces FcγR binding 
[15]. 

CDC reduction. Re-
duces C1q binding 
[15]. 

Combines G4v3 (G4 
CH2 E1.2) and 
G4v49.(G4 CH2 
G114). 

6 Homsap G4v4 CH2  
A1.3,  
A1.2 

CH2  
F1.3>A (234),  
L1.2>A (235)  

 
F234A 
L235A 
FALA 

IGHG4 CH2  
1.6-3 (231-239)  
APEFLGGPS >  
APEAAGGPS 

ADCC reduction. Re-
duces FcγR binding 
[13] 

CDC reduction. Re-
duces C1q binding 
[13] 

 

12 Homsap G4v5 
 

h 
P10  

h 
S10>P (228) 

 
S228P 

IGHG4 h 
1-12 (216-230) 
ESKYGPPCPSCP >  
ESKYGPPCPPCP 
(G1-like) 

Prevents in vivo and in vitro IgG4 half-IG ex-
change [41] 

 

12 Homsap G4v6 CH3 
K88 

CH3 
R88>K 

 
R409K 

IGHG1 CH3 
85.4-89 (404-410) 
GSFFLYSRL >  
GSFFLYSKL  

Reduces IgG4 half-IG exchange [42]. IGHG4 
CH3 K88 is an allelic polymorphism present in 
Homsap IGHG4*03 (CH3 codon 69) [43]. 

 

6 Homsap G4v7 CH2 
delE1.4 
P1.3,  
V1.2,  
A1.1, - 

CH2 
E1.4>del (233) 
F1.3>P (234),  
L1.2>V (235),  
G1.1>A (236),  

 
E233del, 
F234P, 
L235V, 
G236A 

IGHG4 CH2  
1.6-3 (231-239)  
APEFLGGPS> 
AP-PVAGPS 
(G2-like) 

ADCC reduction. Re-
duces FcγR binding. 

CDC reduction. Re-
duces C1q binding. 
 

 

10 Homsap G4v8 CH3 
R115,  
F116,  
P125 

CH3 
H115>R (435),  
Y116>F (436),  
L125>P (445) 

 
H435R, 
Y436F,  
L445P 

IGHG4 CH3- 
FG 105-117 (426-437)  
SVMHEA.LHNHYT >  
SVMHEA.LHNRFT 
118-125 (438-445) 
QKSLSLSL > 
QKSLSLSP 

Abrogates  binding to Protein A 
 

 

18 Homsap G4v10 CH3 
L85.1,  
K88 

CH3 
F85.1>L (405),  
R88>K (409) 

 
F405L,  
R409K 

IGHG1 CH3  
85.4-92 (402-413) 
GSFFLYSRLTVD > 
GSFLLYSKLTVD 

Control of half-IG exchange of bispecific IgG4  

9 Homsap G4v21 CH2 
Y15.1,  
T16,  

CH2  
M15.1>Y (252),  
S16>T (254),  

 
M252Y, 
S254T, 

IGHG4 CH2  
13-18 (249-256)  
DTLMISRT >  

Half-life increase  
Enhances FCGRT binding at pH 6.0 [19]. 

 



E18  T18>E (256) T256E 
YTE 

DTLYITRE 

9 Homsap G4v22 CH2 
T16,  
P91,  
CH3  
A114 

CH2 
S16>T (254), 
V91>P (308) 
CH3 
N114>A (434) 

 
S254T 
V308P 
 
N434A 

IGHG4 CH2  
13-18 (249-256)  
DTLMISRT >  
DTLMITRT 
89-96 (306-313) 
LTVLHQDW > 
LTPLHQDW  
CH3 
FG 105-117 (426-437) 
SVMHEA.LHNHYT > 
SVMHEA.LHAHYT 

Half-life increase  
Enhances FCGRT binding at pH 6.0 [44] 

 

9 Homsap G4v24 CH3 
L107 
S114 

CH3 
M107>L (428) 
N114>S (434) 

 
M428L, 
N434S 

CH3 
FG 105-117 (426-437) 
SVMHEA.LHNHYT > 
SVLHEA.LHSHYT 

Half-life increase  
Enhances FCGRT binding at pH 6.0.  

 

8 Homsap G4v36  CH2 
Q84.4 

CH2 
N84.4>Q (297) 

 
N297Q 

IGHG4 CH2  
83-86 
REEQFNSTYRVV > 
REEQFQSTYRVV 

ADCC reduction. Re-
duces FcγR binding 

Owing to the absence 
of N-glycosylation at 
CH2 84.4 (297). 

 

6 Homsap G4v49 CH2 
G114  

CH2  
P114>G (329) 
 

 
P329G 

IGHG4 CH2  
FG 105-117 (322-332) 
KVSNKG..LPSSI > 
KVSNKG..LGSSI 

ADCC reduction. Re-
duces FcγR binding 
[15]. 

CDC reduction. Re-
duces C1q binding 
[15]. 

 

6, 
12 

Homsap G4v3 
G4v5 
 

h 
P10,  
CH2 
E1.2 
 

h 
S10>P (228) 
CH2 
L1.2>E (235)  
 

 
S228P, 
 
L235E 
SPLE 

IGHG4 h 
1-12 (216-230) 
ESKYGPPCPSCP  
ESKYGPPCPPCP  
CH2  
1.6-3 (231-239)  
APEFLGGPS >  
APEFEGGPS 

ADCC reduction. Re-
duces FcγR binding 
[20] (G4v3). 

CDC reduction. Re-
duces C1q binding 
[20] (G4v3). 

Prevents in vivo and 
in vitro IgG4 half-IG 
exchange  
[41] (G4v5). 

6, 
12 

Homsap G4v3-49 
G4v5 

h 
P10,  
CH2 
E1.2 
G114 

h 
S10>P (228) 
CH2 
L1.2>E (235)  
P114>G (329) 
 

 
S228P, 
 
L235E 
P329G 
SPLEPG 

IGHG4 h 
1-12 (216-230) 
ESKYGPPCPSCP  
ESKYGPPCPPCP  
CH2 
1.6-3 (231-239)  
APEFLGGPS >  

ADCC reduction. Re-
duces FcγR binding 
[15] (G4v3-49).  

CDC reduction. Re-
duces C1q binding 
[15] (G4v3-49). 

Prevents in vivo and 
in vitro IgG4 half-IG 
exchange [41] 
(G4v5). 



APEFEGGPS 
FG 105-117 (322-332) 
KVSNKG..LPSSI > 
KVSNKA..LGSSI 

6, 
12 

Homsap G4v4 
G4v5 

h 
P10,  
CH2  
A1.3,  
A1.2 

h 
S10>P (228) 
CH2 
F1.3>A (234) 
L1.2>A (235) 

 
S228P, 
 
F234A, 
L235A 
IgG4 ProA-
laAla 

IGHG4 h 
1-12 (216-230) 
ESKYGPPCPSCP  
ESKYGPPCPPCP  
CH2  
1.6-3 (231-239) 
APEFLGGPS > 
APEAAGGPS 

ADCC reduction. Re-
duces FcγR binding 
[28] (G4v4). 

CDC reduction. Re-
duces C1q binding 
[13] (G4v4) 

Prevents in vivo and 
in vitro IgG4 half-IG 
exchange  
[41] (G4v5). 

6 Canlupfam G2v1 CH2 
A1.3,  
A1.2,  
A1 

CH2 
M1.3>A (234),  
L1.2>A (235),  
G1>A (237).  

 
M234A 
L235A 
G237A 

IGHG2 CH2  
1.6-3 (231-239)  
APEMLGGPS >  
APEAAGAPS 

ADCC reduction. Re-
duces FcγR binding  

CDC reduction. Re-
duces C1q binding 

 

6 Canlupfam G2v2 CH2 
A1.3,  
A1.2,  
G114 

CH2 
M1.3>A (234),  
L1.2>A (235) 
P114>G (329) 

 
M234A 
L235A 
P329G 

IGHG2 CH2  
1.6-3 (231-239)  
APEMLGGPS >  
APEAAGGPS 
IGHG1 CH2  
FG 105-117 (322-332) 
KVNNKA..LPSPI > 
KVNNKA..LGSPI 

ADCC reduction. Re-
duces FcγR binding 

CDC reduction. Re-
duces C1q binding 

 

8 Canlupfam G2v29 CH2 
A84.4 

CH2 
N84.4>A (297)  

 
N297A 

IGHG1 CH2  
83-86 
REEQFNGTYRVV > 
REEQFAGTYRVV 

ADCC reduction. Re-
duces FcγR binding 

  

2 Musmus G2Bv1 CH2  
L1.2 

CH2 
E1.2>L (235) 

 
E235L 

IGHG2B CH2 
1.6-3 (231-239)  
APNLEGGPS > 
APNLLGGPS 

ADCC enhancement. 
Increases FcγRI affin-
ity [45] 

  

5 Musmus G2Bv2 CH2 
A101 

CH2 
E101>A (318) 

 
E318A 
 

IGHG2B CH2 
317-327 
KEFKCKVNNKD > 
KAFKCKVNNKD 

CDC reduction. Re-
duces C1q binding 
[46].  

  



5 Musmus G2Bv3 CH2 
A103 

CH2 
K103>A (320) 

 
K320A 
 

IGHG2B CH2 
317-327 
KEFKCKVNNKD > 
KEFACKVNNKD 

CDC reduction. Re-
duces C1q binding 
[46] 

  

5 Musmus G2Bv4 CH2 
A105 

CH2 
K105>A (322) 

 
K322A 
 

IGHG2B CH2 
317-327 
KEFKCKVNNKD > 
KEFKCAVNNKD 

CDC reduction. Re-
duces C1q binding 
[46] 

  

Engineered amino acid changes are in bold in the IMGT variants (red before the change, green after the change. The motif is in yellow and shown before and after the AA change(s). Amino acids 
of the motifs at additional positions in the IMGT unique numbering for C-domain [47] (by comparison to the V-domain IMGT unique numbering [48]) are underlined. Alias variant names found 
in the literature are written in blue in column 4 ‘Amino Acid Changes with the Eu Positions’. The background color indicates a reduction (pink color) or an enhancement (green color) of the 
involved effector ‘Property and Function’. For other ‘Property and Function’, background colors refer to structure (yellow), half-life (pale blue color) or protein A (pale orange). 
 
IMGT nomenclature, Eu positions and IMGT motif of engineered Fc variants involved in:  
The property and function type is indicated by a number from 1 to 19 with references to the separate tables per type of the manuscript. 
1. antibody-dependent cellular cytotoxicity (ADCC) reductio (Table 5).  
2. antibody-dependent cellular cytotoxicity (ADCC) enhancement (Table 6).  
3. antibody-dependent cellular cytotoxicity (ADCC) and antibody-dependent cellular phagocytosis (ADCP) enhancement (Table 7). 
4. complement-dependent cytotoxicity (CDC) enhancement (Table 8). 
5. complement-dependent cytotoxicity (CDC) reduction (Table 9). 
6. antibody-dependent cellular cytotoxicity (ADCC) and complement-dependent cytotoxicity (CDC) reduction (Table 10). 
7. B cell inhibition by coengagement of antigen and FcγR on same cell (Table 11). 
8. knock out CH2 84.4 glycosylation (Table 12). 
9. half-life increase or decrease (Table 13). 
10. abrogation of binding to Protein A (Table 14). 
11. formation of additional bridge stabilizing CH2 in the absence of N84.4 (Eu 297) glycosylation (Table 15). 
12. prevention of IgG4 half-IG exchange (Table 16). 
13. hexamerisation (Table 17). 
14. knobs-into-holes and enhancement of heteropairing H-H of bispecific antibodies (Table 18).  
15. suppression of inter H-L and/or inter H-H disulfide bridges (Table 19). 
16. site-specific drug attachment (Table 20). 
17. enhancement of hetero pairing (Table 21).  
18. control of half-IG exchange of bispecific IgG4.(Table 22). 
19. reducing acid-induced aggregation (Table 23). 
 
Amino acids: Amino acids are shown in the one-letter abbreviation [49]. Underlined amino acids in the ‘Motif’ column correspond to additional positions in the IMGT unique 
numbering for C-domain [47,50–52] 



 
Species: 
Homsap: Homo sapiens 
Canlupfam: Canis lupus familiaris 
Musmus: Mus musculus 
 

IMGT engineered Fc variant name  
G1v1: immunoglobulin gamma 1 heavy chain constant region engineered variant 1 
Homsap  
G2v1: immunoglobulin gamma 2 heavy chain constant region engineered variant 1 
G3v1: : immunoglobulin gamma 3 heavy chain constant region engineered variant 1 
G4v1: : immunoglobulin gamma 4 heavy chain constant region engineered variant 1 
KCv: immunoglobulin kappa light chain constant region engineered variant 
LCv: immunoglobulin lambda light chain constant region engineered variant 
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