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Chromosome 14 - heavy chain locus

VH1 CHJH 1-6VH2L1 L2 VH3 VH(65)L3  L DH 1-25

Chromosome 2 - k light chain locus
CKVK1 VK2L1 L2 VK3 VK(40)L3  L JK 1-5

Chromosome 22 - λ light chain locus
CλVλ1 Vλ2L1 L2 Vλ(30)L Jλ

GERMLINE CONFIGURATION OF IMMUNOGLOBULIN GENES



Chromosome 14 - heavy chain locus
VH1 CHJH 1-6VH2L1 L2 VH3 VH(65)L3  L DH 1-25
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Chromosome 2 - k light chain locus
CKVK1 VK2L1 L2 VK3 VK(40)L3  L JK 1-5

Chromosome 22 - λ light chain locus
CλVλ1 Vλ2L1 L2 Vλ(30)L Jλ

REARRANGEMENT

genome DNA

rearranged DNA

mRNA



IMMUNOGLOBULIN LIKE-FOLD

GREEK-KEY FOLD



IMMUNOGLOBULIN G

IgG1 IgG2 IgG3 IgG4



SCOP CLASSIFICATION

CLASS All beta proteins

FOLD Immunoglobuline - like  β - sandwich

SUPERFAMILY  Immunoglobulin

FAMILY
V set domains
C1 set domains
 C2 set domains



● beta-sheet
● alpha-helix
● helix
● turn
● coil

SECONDARY STRUCTURE

1IGY
Mus musculus
3,2 Å



V Region  

TOPOLOGY

C Region



HYDROGEN BONDS HYDROGEN BONDS



GLYCINE AND PROLINE

Glycine
Proline



HYDROPHOBICHYDROPHILIC

HYDROPHOBIC AND HYDROPHILIC RESIDUES

1IGY
Mus musculus
3,2 Å

repeal waterenergetically 
advantageous



DISULPHIDE BRIDGES

1IGY
Mus musculus
3,2 Å

Cysteine (CYS)

Cys

Cys

Cys

Cys



DISULPHIDE BRIDGES → INTRA-CHAIN

x12



DISULPHIDE BRIDGES → HEAVY AND LIGHT CHAIN



DISULPHIDE BRIDGES → HINGE

Links CH1 and CH2 by S-S bonds



IgG1 IgG2 IgG3 IgG4

DISULPHIDE BRIDGES → HINGE



CONSTANT REGION



Chain AChain B

●

3AVE
Homo sapiens
2,00 Å

GLYCOSYLATION

Glycosilations●

GLYCOSYLATION FUNCTIONS
- FcgR recognition
- Antibody dependent cellular cytotoxicity (ADCC)
- Complement dependent cytotoxicity



GLYCOSYLATION

ASN-297
CH2

CH3



Asn-297

Fucose
GlcNAc
Mannosa
Galactose
Sialic acid

GLYCOSYLATION



Type I receptors

Type II receptors
CH2

CH3

IgG RECEPTORS

FcγR
Cq1

FcRn
Protein A



Chain B Chain A

FcγRI
D1

D3

D2

4X4M
Homo sapiens
3,48 Å

FcγR I



● Fc chain A - FcγRI 

Chain B Chain A

FcγRI

D1
D3

D2



Chain B Chain A

FcγRID1

D3

D2

● Fc chain B - FcγRI 



Chain B Chain A

FcγRI

D1
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D2

mannose
● Fc - FcγRI FG loop



CH2

CH3 3AVE - IgG1  2Å
4HAF - IgG2    2,04Å   

6D58 - IgG3  2,39Å 

4C55 - IgG4  2,35Å   

IgG SUBTYPES



IgG SUBTYPES
IgG4
IgG2
IgG1
IgG30,57

0,78
0,86

RMSD

Aspartate - 265
Glutamate - 269 and 294



IgG SUBTYPES
IgG4
IgG2
IgG1
IgG30,57

0,78
0,86

RMSD



CH2A CH2B

CH3A CH3B

3ave (WT)→ 28.647 Å
6cjx (LALA)→ 34.844 Å
6cjc (LALA)→ 35.276 Å

distance between
LEU 242 CB (CH2A) and 

LEU 242 CB (CH2B)

LALA MUTANTS

6cjx & 6cjc →  RMS 0.44 
3ave & 6cjx 6cjc →RMS 1.45

LEU to ALA mutations at 
positions 234 & 235 (HINGE)



3HKF (Mus musculus) 2.50 Å
3AVE (Homo sapiens)  2.00 Å
6D4E (Macaca mulatta) 2.80 Å

CH2

CH3

IgG1 AMONG SPECIES



IgG1 AMONG SPECIES

Mus musculus
Homo sapiens

Macaca mulatta

RMSD

0,99
2,23



● DISULPHIDE BRIDGES 



● ASPARAGINE



VARIABLE REGION
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COMPLEMENTARITY-DETERMINING REGIONS (CDR)



LIGHT CHAIN canonical structure

L1
LAMBDA (λ) 1λ, 2λ, 3aλ, 3bλ, 4λ

KAPPA (k) 1k, 2k, 3ak, 3bk, 4k

L2 1

L3
LAMBDA (λ) 1aλ, 1bλ, 1λc, 2λ

KAPPA (k) 1k, 2k, 3k, 4k, 5k

CANONICAL STRUCTURES

HEAVY CHAIN canonical structure

H1 1, 2, 3

H2 1, 2a, 2b, 2c, 3a, 3b, 3c, 4

H3 -

Chothia classification

L1 L2 L3 H1 H2 H3



LIGHT CHAIN (LAMBDA)LIGHT CHAIN (LAMBDA)

LIGHT CHAIN canonical structure

L1
LAMBDA (λ) 1λ, 2λ, 3aλ, 3bλ, 4λ

KAPPA (k) 1k, 2k, 3ak, 3bk, 4k

L2 1

L3
LAMBDA (λ) 1aλ, 1bλ, 1λc, 2λ

KAPPA (k) 1k, 2k, 3k, 4k, 5k

L1 L2 L3



L1 -  λ3

1gig

1mfa

1ind



1hil
kappa

2fb4
lambda

L2



2rhe
7fab

L3 -  λ2L3 -  λ2



LIGHT CHAIN (KAPPA)

LIGHT CHAIN canonical structure

L1
LAMBDA (λ) 1λ, 2λ, 3aλ, 3bλ, 4λ

KAPPA (k) 1k, 2k, 3ak, 3bk, 4k

L2 1

L3
LAMBDA (λ) 1aλ, 1bλ, 1λc, 2λ

KAPPA (k) 1k, 2k, 3k, 4k, 5k

L1 L2 L3



1tet
2cgr

1tet 2cgr

L1 -  κ4



1fgv

1fgv
1igm
1fvc 1igm

1fvc

L3 - κ1L3 -  κ1



H1 H1 H1

HEAVY CHAIN

HEAVY CHAIN canonical structure

H1 1, 2, 3

H2 1, 2a, 2b, 2c, 3a, 3b, 3c, 4

H3 -



1fgv1gig1ind

H1 -  1



1fvc
1fgv
1mfa

1fvc
1mfa

1fgv

H2 - 2a



ANTIBODY-ANTIGEN INTERACTION

Reversible noncovalent interaction forces
● Electrostatic forces
● Hydrogen bonds
● Van der Waals forces
● Hydrophobic forces

 Fab  →  CDR  → hotspot hypothesis
↓ residues determine the binding energy



CR3022 
Neutralizing Ab - SARS patient

RBD 
of the SARS-CoV-2 spike 

Crystal structure of SARS-CoV-2 receptor binding domain 
in complex with human antibody CR3022 - 3.08 Å

isolated from SARS patient (IgG)



SPIKE
Structure of the SARS-CoV-2 spike glycoprotein 

(closed state) 2.80 Å

N C

>6VXX_1
MGILPSPGMPALLSLVSLLSVLLMGCVAETGTQCVNLTTRTQLPPAYTNSFT
RGVYYPDKVFRSSVLHSTQDLFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLP
FNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCN
DPFLGVYYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGNFKNL
REFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTL
LALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCAL
DPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNAT
RFASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYA
DSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNY
NYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTN
GVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVNFNFNGLTGTGVLT
ESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVSVITPGTNTS
NQVAVLYQDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEHVN
NSYECDIPIGAGICASYQTQTNSPSGAGSVASQSIIAYTMSLGAENSVAYSN
NSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDSTECSNLLLQYGSFCT
QLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPS
KRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNGLTVLPPLL
TDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQMAYRFNGIGVTQNVLY
ENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVVNQNAQALNTLVKQLSSN
FGAISSVLNDILSRLDPPEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRAS
ANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHVTYVPAQEK
NFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITTDNTFVSGN
CDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVV
NIQKEIDRLNEVAKNLNESLIDLQELGKYEQYIKGSGRENLYFQGGGGSGYI

PEAPRDGQAYVRKDGEWVLLSTFLGHHHHHHHH 

NTD RBD SD1 SD2 FP HR1 HR2 TM IC
333    572

highly conserved epitope



LYS 378
ASP 54

GLU 56

HEAVY CHAIN (VH)

 RBD

hydrogen bonds → stabilize



TYR 380

TRP 33ILE 98

HEAVY CHAIN (VH)

 RBD

amphipathic residue



ILE 30

PHE 374

PHE 377

TYR 369

HEAVY CHAIN (VH)

 RBD

amphipathic
residue



LIGHT CHAIN (VL)

THR 430

SER 23F

 RBD

flexible side chain → plastic region



LIGHT CHAIN (VL)

TRP 50

LEU 390

VAL 382

PHE 515

 RBD



CONCLUSIONS



- Immunoglobulins are essential for antigen recognition and immune response
- The basic immunoglobulin fold is a greek key motif beta sandwich
- Disulfide bridges are important for the maintenance of the Ig structure
- Glycosylations at ASN-297 play an essential role in structure integrity and Fc receptor recognition. 
- Mutations at the hinge region (LALA mutants) lead to widening of the Fc opening.
- There are different subtypes of IgG, all of them with similar Fc regions
- The Fc region of IgG1 is conserved among the species analyzed
- Fab interacts with the antigen through hypervariable regions  (CDRs), which conform the antigen 

binding site
- There are conserved CDR structures which are called canonical structures.
- RBD is a highly conserved epitope from Spike that interacts with the Immunoglobulin G

WE CONCLUDE THAT…



PEM QUESTIONS



1. Which is the main fold of immunoglobulins? 

a. Jelly roll

b. Greek key sandwich

c. TIM barrel 

d. Rossman fold

e. beta-barrel

2. In which immunoglobulin domain do IgG1 LALA mutants have the mutations?

a. CDR1 

b. CDR2

c. CDR3

d. Fc region

e. Hinge region

3. How many canonical structures have L2 (CDR2 of light chain) domain?

a. 0

b. 1

c. 2

d. 3

e. 4



4. Mark the wrong answer about complementary determining regions (CDRs):

a) There are CDR in both the light and heavy chains.

b) Canonical structures refer to a limited number of conformations of the CDRs

c) They are involved in binding of antigens

d) They are part of the variable region of immunoglobulins

e) There are only 2 CDRs for each, the light and heavy chain.

5. Related to the hydrophobicity of  immunoglobulins, indicate the true sentences:

1) The hydrophobic residues are mostly inside, as they repel water. 

2) Hydrophilic residues on the surfaces contact with water as it is energetically advantageous

3) Hydrophobicity decreases along with distance from the center of the domain

4) Light-chain IgG domains are found not to contain regular hydrophobic cores

a. 1,2,3

b. 1,3

c. 2,4

d. 4

e. 1,2,3,4



6. The variable chains in immunoglobulins are essential for the recognition of the antigens. Its acronym CDR comes from te words:

a. Committee in Defense of the Republic

b. Complementarity-determining region

c. Complex-determining region

d. Canonical-detecting receptor

e. Common dual region

7. Mark the wrong answer related to the antigen-antibody interaction:

a) RBD is an epitope from Spike (SARS CoV-2) that interacts with the Immunoglobulin G

b) Some of the interactions that stabilize the structure are hydrogen bonds

c) The antigen interacts with both the heavy and the light chain

d) The binding Ab-Ag is based on reversible covalent interaction forces.

e) It is based on electrostatic forces, Van der Waals, hydrogen bonds and hydrophobic forces.

8. Mark the correct answer about immunoglobulin structure

a) The hinge region is the same length in all IgG subtypes (IgG1, IgG2, IgG3 and IgG4) and all the Ig isotypes (IgG, IgM, IgE, IgD 

and IgA)

b) Disulfide bonds are not conserved in different IgG subtypes and isotypes

c) Glycosylation of the Fc region of Immunoglobulins is essential for their correct function

d) Proline and glycine are mainly found in the beta strands and they are not present in the turns and coils.

e) The immunoglobulin structure is conformed by multiple alpha helices and none beta-sheets.



9. FcγRI…
a) Binds to Fc region

b) Binds to Fab region

c) Binds to CDRs

d) Does not bind to any part of immunoglobulines

e) Binds to antigens

10. Which is the most abundant immunoglobuline in human serum?

a) Ig A

b) Ig E

c) Ig D

d) Ig G

e) Ig M
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