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Immunoglobulin fold

Two antiparallel B sheets packed tightly against each other

* Invariably contains six strands: A, B, C, E, F and G
* B,C,E and F constitute hydrophobic core and A, C’, C”, D and G
are the external strands




Immunoglobulin Superfamily

Lineage:

* Root: scop

« Class: All beta proteins

« Fold: Immunoglobulin-like beta-Sandwich
« Superfamily: Immunoglobulin

Family Sheet 1 Sheet2
V-set A,B.E.D C,E,G,C,C”

C1-set A,B.E,.D C,E.G
C2-set A,B.E C,E,G,C
I AB.E.D C,E,.GC




Strand delimitation

QVOQLKESGPGLVAPSQSE CTVSGFLLISNGVHWVRQPPGKGLEWLGVIWA--GG-NT
EVKLVESGGGLVQPGGS] ISGFTFSDYYMYWVRONSEKRLEWVAFISN- -GGGSA
EVQLVQSGGGVVQPGRSH SSGFIFSSYAMYWVRQAPGKGLEWVAIIWD--DGSDQ
EVKLLESGGGLVQPGGSEK ASGFDFSKYWMSWVRQAPGKGLEWIGEIHP- -DSGTI
EVKLVESGGGLVQSGGSERESCATSGF TFTDYYMSWVRQPPGKALEWLGFIRNKaNGYTT

A C ¢

NYNSALMSRVSISKDNSKS SLQTDDTAMYYCARDFYdYd- - -VF
FYADIVKGRFTISRDNAKN RLKSEDTAMYYCTRHTL - Ydtlygﬂ V
HYADSVKGRFTISRNDSKN SLRPEDTGVYFCARDGG- H----chssascFGP
NYTPSLKDKFIISRDNAKN KVRSEDTALYYCARLHY
EYSPSVKGRFTISRDNSQS TLRAEDSATYYCARDHD-G

" D E F

- MDYHGQGTSVTVSSAKTTPPSVYPLAPGSAAQTNS MUTEGEEVKGY FPE - PVTVTHNSG
wFEADHGQGTLVTVSAAKTTPPSVYPLAPGSAAQTNSM {FPE-PVTVTHNSG
- -DYWGQGTPVTVSSASTKGPSVFPLAPSSKSTSGGTAALK PQ-PVTVSHNSG
- NAYHGQGTLVTVSAESARNPTIYPLTLPPALS - SDRV ¥FPSgTMNVTWGKS
- FSYNGQGTLVTVSAAKTTPPSVYPLAPGSAAQTNS MVTEGCLEVKGY FPE - PVTVTHNSG

A B C

SLSSGVHTFPAVLQS-D SSTW-PSETVTCNVAHPASS TRUDKKIVP - - -
SLSSGVHTFPAVLQS-D SSSR-PSETVTCNVAHPASS TKVDKKIVPRdC
ALTSGVHTFPAVLQSSG SSSL-GTQTYICNVNHKPSNTKVDKRVEPKsC
GKDITTVNFPPALASQG AVECPEGESVKCSVQHDS -NPVQEEDUN- - cs
SLSSGVHTFPAVLQS-D SSTW-PSETVTCNVAHPASS TRVDKKIVPR - -

D F G




Constant domains

7 B antiparallel strands
2 3 sheets




Variable domains

9 B antiparallel strands
2 3 sheets




Hydrophobic core




Hydrophobic core




Chain association

Constant domains
Variable domains
Hinge and flexibility
Disulfide bridges




Chain association




Chain association

Constant domains

Interaction between the four-stranded f3
sheets disposed almost at right angles
to each other

There is a carbohydrate attached to
each Cy, domain in the interface region
and forms a weak bridge between them




Chain association

Variable domains

Interaction between the five-stranded
B sheets orientated closer to parallel
and forming a half barrel




Hinge region and flexibility

* Connects C,;, and C,y,
* Proline rich domain

Hinge region




Disulfide bridges

Intra-chain bridges

protein protein
S oxidized
| (disulfide)

N

protein protein

reduced HS
(free thiol)
HS




Hypervariable regions

Canonical structures
L1, L2, L3, H1, H2

Prediction of Immunoglobulin
Structure (PIGS)




Hypervariable regions




Canonical structures

5 of the 6 hipervariable regions have main chain conformations

Conformation of a particular canonical

structure is determined by:

v" the length of the loop

v" residues at key sites




Canonical structure

N. of residues

Conformation of CDR1 which
packs across the top of Vk
domain, bridging the two 3
sheets




Canonical structure

N. of residues




L2 hypervariable region is in the
hairpin loop linking C’ and C”

strands
Residues 50 to 56
1 canonical structure




L3 hypervariable region is in the
hairpin loop linking the F and G
strands

Residues 91 to 96
k: 6 canonical structures
A: 2 canonical structures




H1 region packs across the top
of the V,; domain, bridging the

two [3-sheets
Residues 26 to 32
3 canonical structures




H2 region allows the binding between
C’ and C” strands

Residues 52 to 56
4 canonical structures




H3 is in the hairpin loop
linking the F and G strands.
Residues 95 to 102.
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Immunoglobulin A

* Predominant in mucosal regions
* First barrier against pathogens
» Two forms:
* Monomeric: similar to 1IgG and IgE

* Dimeric: secretory IgA formed with
J chain and SC

Secretory
complex







General structure




Disulfide bonds




Glycosilation




Cys - Asn change




IgA and Fca Receptor |




IgA — Fca Receptor |

Fca - FcaRl




IgA — Fca Receptor

Fca - FcaRl




IgA — Fca Receptor

FcaRl: Hydrophobic core
FcaRl: Charged residues

Fca - FcaRl Fca - FcaRl




Fc Receptors superimposition

Blue: FcERI / Green: LIR-1/ Red: FcaRl




Fc Receptors superimposition

Herr A at al. Nafure, 2003




Conclusions

Immunoglobulins are composed by 2 heavy chains and 2 light chains

Each Ig domain is about 110 residues. There are variable and constant
domains

There is a common structure in the Ig Superfamily known as the
Immunoglobulin fold

Disulfide bonds stabilize the conformation of the |g domain

Hypervariable regions determine the antigen binding surface and 5 of

them have canonical structures

IgA has 6 disufide bonds: 4 intra-domain and 2 inter-chain

The primary differences between IgA and other Igs are in the position
of N-linked carbohydrates and disulfide bonds

In the FcaRI:Fca complex the interaction occurs between D1 and Ca3
and Ca2, respectively




Thank you for your attention
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1MAM — IgG2B-k

7FAB — IgG1-A

2FB4 — 1gG1

1MCO — IgG1

11IGA— IgA

10VZ — FcaRl

10W0 — FcaRI bound to IgAl1-Fc
1G0X — LIR

1DN2 —Fcy

100V o 1J87 — FceRI

3WN5 — FcyFc

2FCB — FcyRIIB ectodomain

1FP5 — Fce (biological assembly)
2WQR — Fce
1TEN — TNfn3




Exam questions

1. About the different isotypes of immunglobulins:
a. IgM is the predominant isotype of immunoglobulins
. IgAis found as a pentamer in serum
. IgD induces the major response to protein antigens
. 1gG is found in mucosal surfaces and in secretions
. IgE is associated to hypersensitivity reactions

2. The immunoglobulin fold:
a. Is an all alfa structure

b. Is composed of 4 a-helices arranged in 20° angles forming a bundle
. Consists in two antiparallel 8 sheets packed tightly against each other
. Can only be found in antibodies
. Forms an up and down (3 barrel

3. About disulfide bonds:
a. There are only intra-chain disulfide bonds in all immunoglobulins
. There are only inter-chain disulfide bonds in all immunoglobulins
. There aren’t inter-chain disulfide bonds in immunoglobulins
. There aren’t inter-chain disulfide bonds in immunoglobulins
. There are both inter-chain and intra-chain disulphide bonds in immunoglobulins




Exam questions

4. Choose the correct sentence about the immunoglobulins:

a.
. H3 has canonical structures IgD induces the major response to protein antigens
. CDRs are the regions that give variability to the immunoglobulin
. Hypervariable regions are located in the hydrophobic core of an immunoglobulin
. All of them are correct

The constant fragment of an immunoglobulin is the part that binds the antigen

5. About CDRs and canonical structures:

a.

Canonical structures are determined by the length and the residues in key sites of the
loop

. L1 canonical structure links the two beta sheets of the immunoglobulin domain
. A and B are correct

. The framework region does not take part in the conformation of the loops

. All of them are false



Exam questions

6. Choose the correct answer:
. Variable domains have two extra 8 strands inserted between C and D strands
. Different strands cannot be delimitated in the sequence of immunoglobulins
. Loops have exactly the same sequence in every Ig chain
. Constant domains have 4 3 strands arranged in a single 3 sheet
. No aminoacid conservation occurs within immunoglobulin sequences

7. The FcaRlI:
a. Has two immunoglobulin-like ectodomains (D1 and D2)

b. Has a similar fold as LIR-a receptor
. Forms a 1:1 complex with IgA Fca regions.
. Interaction with Fca has only charged residues
. Is more similar to FceRI than to LIR-1

8. Select the correct answer:
a. ltis easy to crystallize an IgA alone
. Fcais a two-fold asymmetric dimer of IgA heavy chains
. N-linked carbohydrates are attached on the center of the molecule in IgE
. There are many variations in the loop regions between different Ig isotypes
. There are 6 disulfide bonds in IgA: 4 intra-domain and 2 inter-chain




Exam questions

9. About chain association:

. The directions of the B strands in the two constant domains are almost parallel
. Chain association of constant domains is the same between C,-C, than between

Ch3-Chs

. Cy»-Cyy, are associated by glycans that are attached to each C,, domain
. Chain association between immunoglobulin domains is equal for constant and variable

domains

. Constant domains are linked mainly to the five-stranded 3-sheet completing a barrel

structure of eight antiparallel B-strands

10. The hydrophobic core in |g domains

a.

Is the main difference between Ig-like families

b. Stabilizes the structure together with the disulfide bonds

. Involves the external strands A, C’, C” and D.
. Is constituted by charged residues
. All of them are correct






Hydrophobic core (extra)







IgA — Fca Receptor (extra)




IgA — Fca Receptor




Fc Receptors superimposition

Herr A et al. Nature, 2003

Blue: FcERI / Green: LIR-1 / Red: FcaRl




