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Immunoglobulin description 

Fab 

Fc 

1hzh 

SCOP Classification: 

Class: All β protein  

Fold: immunoglobulin-like β-sandwich 
Superfamily: Immunoglobulin 
Family: Vset domains or C1 set domains   

Image from: https://image.slidesharecdn.com/antibodieschpt4-141027033913-conversion-gate01/95/antibodies-chpt-4-2-638.jpg?cb=1414381229 



Immunoglobulin description 

1hzh 



Ig constant domain 

2wqr 
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● 7 antiparallel β-strands 

● 2 β-sheets: 

○ 4-stranded sheet 

○ 3-stranded sheet 

Immunoglobulin-like β-sandwich 
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Ig constant domain 

1hzh 1hzh 

4-stranded β-sheets interaction 
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Hydrophobic core  
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Ig variable domain 
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● 7 + 2 antiparallel β-strands: C’ and C’’ 

● 2 β-sheets: 

○ 5-stranded sheet 

○ 4-stranded sheet 

Immunoglobulin-like β-sandwich 



Ig variable domain 
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● 7 + 2 antiparallel β-strands: C’ and C’’ 

● 2 β-sheets: 

○ 5-stranded sheet 

○ 4-stranded sheet 

Immunoglobulin-like β-sandwich 



Ig variable domain 

VH 

VL 

VH 

VL 
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5-stranded β-sheets        β-barrel 



Structural 
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Structural alignment - heavy chain 
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Structural alignment - light chain 

CDR 1 

CDR 2 CDR 3 



100% conserved residues 

90-80% conserved  residues belonging to the same group 

residues  from the same group 

hydrophobic residues (aromatic and none aromatic) 

90-80% conserved  residues belonging to different groups 

Sequence alignment - CH1 



Sequence alignment constant domain 

Cys - Trp - Cys triad 
 

4lld 4lld 

Conserved Valines, Isoleucines 
and Leucines  

 



Sequence alignment - CL 

100% conserved residues 

90-80% conserved  residues belonging to the same group 

residues  from the same group 

hydrophobic residues (aromatic and none aromatic) 

90-80% conserved  residues belonging to different groups 



Sequence alignment - VH 

CDR 1 

CDR 2 

CDR 3 

100% conserved residues 

90-80% conserved  residues belonging to the same group 

residues  from the same group 

hydrophobic residues (aromatic and none aromatic) 

90-80% conserved  residues belonging to different groups 



Sequence alignment - VL 

CDR 1 

CDR 2 CDR 3 

100% conserved residues 

90-80% conserved  residues belonging to the same group 

residues  from the same group 

hydrophobic residues (aromatic and none aromatic) 

90-80% conserved  residues belonging to different groups 



Arginine (R) 

Aspartic acid (D) 

Glutamic acid (E) 

Lysine (K) 

1j1o 

found in the surface 

heavy 

chain 

light 

chain 

Additional conservations - charged residues 

Alignment from the heavy chain:  



Salt bridges between charged residues in the 
heavy chain  

5mvz 

heavy chain Arg 38 

Glu 46 

Additional conservations - charged residues 



Salt bridge between charged residues in the 
light chain  

5mvz 

light chain 

Arg 61 Asp 82 

Additional conservations - charged residues 



5mvz 

heavy chain 

light chain 

Gln - X - Pro - Gly 

Additional conservations - polar residues 



Canonical structures 
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Chothia et al classification: 



Canonical structures - Methodology 

Canonical 

studies 

alignment 
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superimposition 

conserved Hbonds 

PDB IDs 

1 

2 

3 



L1-k2a 

L1 - k2  

1dfb 1vfa 

L1-k2b 

Hbond: 
Ser 30 (O) --- Gly 68 (N) 

Hbond: 
Tyr 71 (O) --- Asn 31 (N) 

L1: 24-34 

Position 71: Phe, Thr or Gly Position 71: Tyr 



rASQdisnyla  rASqdisnyLa  

RMS = 0,62 RMS = 0,51 

L1 - k2  

1dfb 1vfa 

L1-k2a L1-k2b 

Hbond: 
Ile 29 (O) --- Trp 32 (N) 

Hbond: 
Ile 29 (O) --- Trp 32 (N) 



L1-K2A 

L1-K2B 

 

L1 - k2 

1dfb 

1igm 

1ivl 

7fvc 

1zan 

1vfa 

1fgv 

 

L1-k2a L1-k2b 

RMS = 0,70 



L1 - k4 

RMS = 0,45 

1tet 

RSSqslvhsnGnTYle 

--- 
--- 
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Hydrogen bonds: 

24 
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Hydrogen bonds: 
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1fgv 

Y-asnlas 

L2 

RMS = 0,52 

--- 
--- 
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Hydrogen bonds: 

positions: 50-52 



qQgss-PlT 

2imm 

L3 - k1 

RMS = 0,70 

--- 
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     (N) Asn 
 

97 
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Hydrogen bond: 

L3: 89-96 



alw-snhwv 

7fab 

 

 

1gig 

 

1mfa 
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RMS = 0,57 

a b c 

Conserved Hbond between a, b and c 
Conserved Hbond between b and c 

L3 - 𝝺1 

Different orientation residues 93 and 94 



L3 - 𝝺1 

1ind  (a) 

1mfa (c) 

1gig  (a) 

7fab  (b) 



kaSGftftdyymh 

8fab 

H1 - 1 

RMS = 0,95 

--- 
--- 
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Hydrogen bonds: 

H1: 26-33 
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H2 - 1 

RMS = 0,41 

1vfa 

--- 
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Asn 
 

Hydrogen bonds: 

H2: 52-56 
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H2 - 2a 

RMS = 0,47 
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Val 
Gly 
 

Hydrogen bonds: 



- Issgggnty 

H2 - 3c 

RMS = 0,51 

1seq 

 

--- 52 (N) Ser 
 

56 (O) 
 

Ser 
 

Hydrogen bonds: 



• Even though the sequence is different, the structure is 

conserved 

• In the spatial conformation of each loop may be also 

involved residues from the β-strands 

• Canonical structures may not be involved in determining 

specificity but affinity 

 

Canonical structures - Conclusions 



OspA 

OspA / LA-2 

Ag-Ab interaction: ospA/LA-2 

Fig 2 
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Light chain 
Heavy chain 

OspA 



OspA 

Borrelia burgdorferi 

Borrelia garinii 

Borrelia afzelii 

Loop 1 
206-215 Loop 2 

226-231 Loop 3 
249-253 

LA-2 (heavy) 

OspA 

Why are the three species 
not recognised by LA-2? 

CONSERVED EPITOPE   

1fj1 



Important residues from OspA 

Any mutation in these three residues from 

OspA abolish binding to LA-2 antibody 

WHY? 
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A208 from OspA (loop 1) 

A208 adopts a specific 
conformation that 

allows to be bound by 
LA-2 
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N228 from OspA (loop 2) 
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Hydrogen bonds: 
OspA   LA-2  
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Hydrogen bonds: 
OspA            LA-2  
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N251 from OspA (loop 3) 
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Hydrogen bonds: 
OspA             LA-2  
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251 

Loop 3 

D249 S250 

OspA 

 
Other interactions between Ag-Ab  

251 

Loop 2 

 

K230 

Salt bridge: 
OspA               LA-2 
Lys     230     (NZ)    ---    Asp    31    (O) 
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1fj1 

loop 2 
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Important residues from LA-2 
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Ag-Ab: Conclusions 

 

• A208, N228 and N251 from OspA are key for binding to LA-2 

being the reason why LA-2 only recognises OspA from 

B.burgdorferi 

• H49 from the light chain is essential for the function of the 

antibody 

 



General conclusions 

• The sequence conservation between variable and constant 

domains is important for the conservation of the structure, 

but not necessarily for the function 

• Even though the CDRs are hypervariable regions there are 

some structures that are more frequently found than others 

• There are key residues for the antigen-antibody interaction 

but they are different depending on the antigen the antibody 

has to recognise 
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1. Which of the CDR is the most hypervariable and does NOT follow the canonical structures?: 
a) L1  
b) L3 
c) a and b are correct 
d) H3 
e) a, b and d are correct.  

 
2. What is a CDR ? 

a) One of the sheets of a beta barrel in  the immunoglobulins 
b) all the loops between the beta strands of the immunoglobulin 
c) hypervariable region that plays an important role in the antigen recognition 
d) A domain of the immunoglobulin  
e) a type of immunoglobulin  

 
3.  Immunoglobulins in SCOP classification are considered  

a) All alpha 
b) All beta 
c) alpha/beta 
d) alpha-beta 
e) this group of proteins is not present in the SCOP classification  

Multiple choice questions 



4. The immunoglobulin structure has:  

a) Two variable domains, one from the heavy chain (VH) and another from the light chain (VL) 
b) A hinge region that connects CH1 with CH2 and the two heavy chains 
c) a and b are correct 
d) Only one constant domain in the heavy chain (CH) 
e) a, b and d are correct  
 
5. The intra-domain disulfide bridge: 
a) Is essential for the immunoglobulins folding. 
b) Is located between sheet B and F in all domains.  
c) a and b are correct. 
d) is essential for the functionality of the immunoglobulins. 
e) all options are correct.  
 

6. Choose the true sentence about canonical structures: 

a) imply a 100% sequence conservation 

b) there are only 2 different canonical structures 

c) they are different for the heavy and the light chain 

d) H3 has canonical structures 

e) any of the above is correct 

 

Multiple choice questions 



7. The Ig like domain: 

a) is only found in proteins of the immune system 

b) is found in all proteins in the immunoglobulin superfamily 

c) do not require the disulfide bridge 

d) has a β - barrel conformation 

e) all options are false 

 

8. A canonical structure is:  

a) A structure that the b-sheets adopt 

b) A structure that all CDR adopt  

c) A structure that some CDRs adopt more frequently 

d) A and B are true 

e) A, B  and C are true 
 

9. Choose the correct sentence: 

a) LA-2 antibody is able to recognize the OspA antigen only from Borrelia burgdorferi 

b) Between OspA and the LA-2 antibody there are hydrogen bonds only between the heavy chain and the 

antigen. 

c) There are conserved key residues between all the antigen antibody interactions  

d) A, B and C are true 

e) A, B and C are false  
 

Multiple choice questions 



Multiple choice questions 

10.  In immunoglobulins:  

a) the disulfide bond is made between cysteines that are not conserved.  

b) the triad is made between 2 cysteines and one alanine 

c) Hydrophobic residues are in the surface 

d) Polar residues are located in the surface  

e) All of them are false  
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