


INDEX

N\, \Y/
S % Y% FRAGMENTS: FC %7 ANTIGEN INTERACTION
\};{' BASIC CONCEPTS . " - Types }nf - Interaction IgG/ Fc-R
- (Ej)eﬂmulor;&ﬂ;nctmn - Soluble IgG - Introduction
- ene|r_|a ZT_%C qre - Subtypes comparison - Fc-R'sTypes
- FC& - - Evolutive study - Region'
- FC&FVb - N-Glycosylation - Region?2
- c&Fab & o - Region 3
- Stabilization Y% FRAGMENTS: Fab - Interaction
- Isotypes "~ Evolutive study IgG/SARS-CoV-2
- Rearrangement LC
- N\ /27
O/ - %2 CONCLUSIONS
_ N\ (4
gcop Y/ FRAGMENTS: Fv S
- truc‘étélrg " - Rearrangmentof CDR S’ QUESTIONS
- i

. -  CDRs types

|—|'_ Architecture L1 L2 L3\ L3k .

- Hinge - HI1, H2, H3 S BIBLIOGRAPHY
- Subtypes ]



Fragments (F¢) | Fragments (Fab) | _Fragments (FV)

BASIC CONCEPTS

Definition and function

Neutralization

\= Antigen
Antibody 2
|
2\

Antibody prevents
bacterial adherence

Antibody

Macrophage

Antibody promotes
phagocytosis

Complement

Antibody
’ Antigen

u
Antibody ¢

Target cell

Antibody activates
complement, which
enhances opsonization

Antibody activates NK
cells, which promotes
the lysis




Fragments (F¢) | Fragments (Fab) | _Fragments (FV)

BASIC CONCEPTS

General structure: HC & LC

HC: Heavy chain

,, LC: Light chain

L\ S
N\
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BASIC CONCEPTS

General structure: Fc & Fv

Fv: Variable fragment

CH2
..CH3

Fc: Constant fragment

1IGT
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BASIC CONCEPTS

General structure: Fab & Fc

Fab: Antigen-binding fragment

Fc: Fragment crystallizable region

1IGT
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BASIC CONCEPTS General structure: Stabilization

1IGT

Hydrogen bonds

Disulfide bonds




Basic concepts
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BASIC CONCEPTS

Isotypes

CH2
CH3 . .

IgG

N\

\ SN /

{ 4
e

CH2
CH3 . '
igD

IgG, IgD and IgA have 3 constant
domains

IgE and IgM have 4 constant

domains
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BASIC CONCEPTS

Rearrangement: Heavy Chain

— e e e R e e R R R e R R M e R R M e R R M e M R M R R e e e e e ey

(n~200) ‘
LIV,1 LIV,n D,(n>20) 3 C, ¢, c3cCl

s 111

o e —

H Chain locus (Chr 14)
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BASIC CONCEPTS

Rearrangement: Heavy Chain

LIVl LV, D,. 3, c, C

Germline DNA

Rearranged

Somatic recombination: V-D-J joining

l Cp Ca
3 ‘ Transcription

DNA

5'
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BASIC CONCEPTS

Rearrangement: Light Chain

— e e e e e R R R M M R R M e M M R M R M e e e ey,

| (Nn~100) I
| |
: LIVl L1Vkn I C. : x Chain locus (Chr 2)
s - HHH— e
|\ ___________________________________ /l
. (n~100) A

LIVA1 LIVi2  3,1C1 3,2C,2 3,3C,3 3,4C4 1,5

, 'yl il
77 L

A Chain locus (Chr 22)
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o o e - - - -

c5 3,6C6
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BASIC CONCEPTS

Rearrangement: Light chain

|
| } 1
: N 3 : Germline DNA
| .

_____________________________

Somatic recombination: V-J joining

Rearranged

|
1
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IgG

SCOP classification

Class b: All beta proteins

Fold b.1: Immunoglobulin-like beta-sandwich

Superfamily: Immunoglobulin

Family:
- Clset domains (antibody constant domain-like)
-V set domains (antibody variable domain-like)

1IGT



IgG

Structure: Fold

I

1l
1

DEBA |

1GT Greek key beta-barrel sandwich
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IgG FC

Structure: Fold

1IGT
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IgG

Structure: Fold

I

D EBA

FV

1IGT



Fragments (F¢) | Fragments (Fab) | _Fragments (FV)

IgG

Structure: Architecture

Hydrophobic IR Hydrophilic

1IGT
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N, L2
IgG Q

Hinge: Subtypes

N 2N 7
Y 4IR\Y . Q

IgG4

IgG1 1gG2 IgG3

2 disulfide bonds 3 disulfide bonds 11 disulfide bonds 2 disulfide bonds

S, 2
/e
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Fragments (Fc) | Fragments (Fab) | _Fragments (V)

Fragments: FC
Types of Fc

Variable fragment Constant fragment

i
N

\Lo

Variable fragment Constant fragment Cyoplasmic

Transmembrane

4
y

B
\

Soluble immunoglobulin

Membrane immunoglobulin
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Fragments: FC
Soluble I1gG

\ S /
\ I,
.. s
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/D Ball-and-socket joint

Fragments:

Soluble I1gG

O

Leu251

WVi&eaAT &4 7
VIS 1 ™

T e b2

Glu430
His435
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Fragments: FC

Subtypes comparison

J— .
Clustalw
File File VPVLVEPQTPTESVEQSSPTELR
| VPVLVEPQTPTESVEQSSPTELR
| Iy L_§

Downloads 4 fasta files 1 fasta file with the 4 seq. MSA

_
_
' 0

"

AconvertMod2 aln
Downloads 4 PDB files Structural alignment
Superimposition

Create file

VPVLVEPQTPTESVEQSSPTELR

113 M n
.doma I nS VPVLVEPQTPTESVEQSSPTELR
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Fragments: FC

Subtypes comparison

4HAF
5W38
3AVE
5LG1

4HAF
SW38
3AVE
5LG1

4HAF
" 5W38
3AVE
5LG1

4HAF
5W38
3AVE
5LG1

CLUSTAL 2.1 multiple sequence alignment

VECPPCPAPPVAR-

-TCPRCPAPELL
~-TCPPCPAPELL

G
G

QO X XX

Sequence alignment

‘ High conserved residues
’ Conserved residues

Low conserved residues, buf
same physico-chemical

properties

‘ No conserved residues



Fragments (Fc) | Fragments (Fab) | _Fragments (V)

Fragments: FC

Subtypes comparison

IgG1: 3ave
IgG2: 4haf
IgG3: 5w38
IgG4: 5ig1

RMSD: 0.80 A
SC: 9.94



Fragments (Fe) | Fragments (Fab) | _Fragments (FV)
IgG1: 3ave

Fragments: FC IgG2: 4haf

IgG3: 5w38
[ ]

Subtypes comparison IgG4: 5ig1
CLUSTAL W(1.60) multiple sequence alignment

5191 - -GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPRE

5w38 -LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFKWYVDGVEVHNAKTKPRE

3ave LLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPRE

4haf - -AGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPRE

51g1 EQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGL -PSSIEKTISKAKGQPREPQVYTLP

Sw38 EQFNSTFRVVSVLTVLHQDWLNGKEYKCKVSN-KALPAPIEKTISKTKGQPREPQVYTLP

3ave EQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSN-KALPAPIEKTISKAKGQPREPQVYTLP

4haf EQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSN=-KGLPAPIEKTISKTKGQPREPQVYTLP

51g1 PSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTV

5w38 PSREEMTKNQVSLTCLVKGFYPSDIAVEWESSGQPENNYKTTPPMLDSDGSFFLYSKLTV

3ave PSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTV

4haf PSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTV

51lg1 DKSRWQEGNVFSCSVMHEALHNHYTQKSLSLS

5w38 DKSRWQQGNIFSCSVMHEALHNRFTQKSLSL -

3ave DKSRWQQGNVFSCSVMHEALHNHYTQKSLSLS

4haf DKSRWQQGNVFSCSVMHEALHNHYTQKSLSLS

Less conserved region



Fragments (Fc) | Fragments (Fab) | _Fragments (V)

IgG1: 3ave
° 1gG2: 4haf
° )
Leu251 IgG3: 5w38
SUbt es co arison Glu430 Met 428 IgG4: 5igl
ypP mp His435
J
CLUSTAL W(1.60) multiple sequence alignment
51g1 - -GGPSVFLFPPKPKDT[UIMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPRE
5w38 -LGGPSVFLFPPKPKDT|LMISRTPEVTCVVVDVSHEDPEVQFKWYVDGVEVHNAKTKPRE
3ave LLGGPSVFLFPPKPKDT|LMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPRE
ahaf - - AGPSVFLFPPKPKDTILMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPRE
51g1 EQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGL - PSSTEKTISKAKGQPREPQVYTLP
5w38 EQFNSTFRVVSVLTVLHQDWLNGKEYKCKVSN - KALPAPTEKTISKTKGQPREPQVYTLP
3ave EQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSN - KALPAPTEKTISKAKGQPREPQVYTLP
4haf EQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSN - KGLPAPIEKTISKTKGQPREPQVYTLP
51g1 PSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTV
5w38 PSREEMTKNQVSLTCLVKGFYPSDIAVEWESSGQPENNYKTTPPMLDSDGSFFLYSKLTV
3ave PSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTV
4ahaf PSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTV
51g1 DKSRWQEGNVFSCSVMHEALHNHYTQKSLSLS
5w38 DKSRWQQGNIFSCSVMHEALHNRFTQKSLSL -
3ave DKSRWQQGNVFSCSVMHEALHNHYTQKSLSLS
4haf DKSRWQQGNVFSCSVMHEALHNHYTQKSLSLS
Conserved residues: Ball-and-socket joint
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Fragments: FC

Evolutive study

f

Clustalw

1 fasta file with the 5 seq. MSA

r—
PSI | <
e -
"
pdb & fasta Create file Mol pir R —
. u . " STAM P VPVLVEPQTPTESVEQSSPTELR
files .domains

-

VPVLVEPQTPTESVEQSSPTELR

e

VPVLVEPQTPTESVEQSSPTELR

—

AconvertMod2 aln

Structural alignment
Superimposition
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Fragments: FC

Evolutive study

Superimposition

2rgs: Mus musculus

2vuo: Oryctolagus cuniculus
6d4i: Macaca mulatta

RMSD: 2.03 A
SC:9.26




Fragments (Fc) | Fragments (Fab) | _Fragments (V)

Fragments: FC

-
Evolutive study

Oryctolagus cuniculus

Macaca mulatta
—
Rattus norvegicus

Mus musculus




Fragments (Fc) | Fragments (Fab) | _Fragments (V)

Frag ments: FC 2rgs: Mus musculus

Evolutive study 2vuo: Oryctolagus cuniculus

6ddi: Macaca mulaita

2RGS” @ mereeme GPSVFIFPPNIKDVLMISLTPKVTCVVVDVSEDDPDVQISWFVNNVEVHTAQT

1I1C: eemeewiae SVFIFPPKTKDVLGGGLTPKVTCVVVDISQNDPEVRFSWFIDDVEVHTAQT

6DAT. === GPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEEPDVKFNWYVDGVEVHNAQT

4HAF - ----- AGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKT r
2VUuo PPPELLGGPSVFIFPPKPKDTLMISRTPEVTCVVVDVSQDDPEVQFTWYINNEQVRTARP »
ri{e Q-THRED TIRVVSTLPIQHQDWMSGKEFKCKVNNKDLPSPIERTISKIKGLVRAPQV ASN 297

1I11C HAPEKQ- TLRSVSELPIVERDWLNGKTFKCKVNSGAFPAPIEKSISKPEGTPRGPQV

6D41 KPREEQ- TYRVVSVLTVTHQDWLNGKEYTCKVSNKALPAPRQKTVSKTKGQPREPQV

4HAF KPREEQ- FNISTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQV

2VUo PLREQQ- TIRVVSTLPIAHQDWLRGKEFKCKVHNKALPAPIEKTISKARGQPLEPKV

2RGS YILPPPAEQLSRKDVSLTCLVVGFNPGDISVEWTSNGHTEENYKDTAPVLDSDGSYFIYS

111C YTMAPPKEEMTQSQVSITCMVKGFYPPDIYTEWKMNGQPQENYKNTPPTMDTDGSYFLYS

6D41 YTLPPPREELTKNQVSLTCLVKGFYPSDIVVEWASNGQPENTYKTTPPVLDSDGSYFLYS

4HAF YTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYS

2VUo YTMGPPREELSSRSVSLTCMINGFYPSDISVEWEKNGKAEDNYKTTPAVLDSDGSYFLYS

2RGS KLNMKTSKWEKTDSFSCNVRHEGLKNYYLKKTIS- - -

1I1C KLNVKKETWQQGNTFTCSVLHEGLENEHTEKSLSH- -

6D41 KLTVDKSRWQQGNTFSCSVMHEALHNHYTQKSLSLSP

4HAF KLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLS -

2VU0 KLSVPTSEWQRGDVFTCSVMHEALHNHYTQKSISRS -

Conserved residue for N-Glycosylation
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[c]
NAG: N-acetyl glucosamine

Fragments: FC

o . MAN: Mannose
N-Glycosylation

ASN 297 \._ -_._ ‘




Fragments (Fo) | Fragments (Fab) |_Fragments (FV

Fragments: Fab

Variable domain

Constant domain

5DK3



Fragments (Fo) | Fragments (Fab) |_Fragments (FV

Fragments: Fab

Elbow angle P

5DK3




Fragments (Fc) | Fragments (Fab) |_Fragments(Fv)

Fragments: Fab

Evolutive study

f

Clustalw

1 fasta file with the 4 seq. MSA

i
PSI | \ <
BLAST e Transform pdb
| Iy
) ROUGH :
pd b & fa Sta S:reate fl Ie” STAM P VPVLVEPQTPTESVEQSSPTELR
files .domains

-

VPVLVEPQTPTESVEQSSPTELR

e

VPVLVEPQTPTESVEQSSPTELR

—

AconvertMod2 aln

Structural alignment
Superimposition



Fragments (Fo) | Fragments (Fab) |_Fragments (FV

Fragments: Fab
Evolutive study: LC

5whj: Homo sapiens

.. 1gig: Mus musculus

1zan: Rattus norvegicus

o 4hbc: Oryctolagus cuniculus
RMSD: 2.16 A
SC: 8.55




Fragments (Fo) | Fragments (Fab) |_Fragments (FV

5whj: Homo sapiens

Frag ments: Fa b 1gig: Mus musculus

1zan: Rattus norvegicus

Evolutive study: LC

4hbc: Oryctolaqus cuniculus

igig QAVVTQE-SALTTSPGETVTLTRSSTG- -AVTTSNYANWVQEKPDHLFTGLIGGTNNRA
Swhj -SALTQP-ASVSGSPGQSITI G-TGSDVGSYN-LVSWYQQHPGKAPKLMIYGDSQRP
izan DIQMTQSPASLSASLGETVTI ASED- - -IYN--ALAWYQQKPGKSPQLLIYNTDTLH
4hbc DVVMTQTPASVSEPVGGTVTI ASQS---ISS--YLAWYQQKPGQRPRLLIYETSTLA
1gig PGVPARFSGSLIGDKAALTITGAQTEDEAIYFEALWY -S-NH-WVFGGGTKLTVLGQPKS
Swhj SGVSNRFSGSKSGNTASLTISGLQAEDEADYYRASYA-GSGI - YVFGTGTKVTVLGQPKA
1zan TGVPSRFSGSGSGTQYSLKINSLQSEDVASYFRDHYF -G-YP-RTFGGGTKLELK-RADA
4hbc SGVPSRFKGSGSGTDFTLTISDLECADAATYYRNSTYEN-PTYVSFGGGTEVGVK-GDPV
1gig SPSVTLFPPSSEELETNKATL ITOFYPGVVTVDWKVDGTPVTQGMETTQPS -KQSN-
Swhj NPTVTLFPPSSEELQANKATLVEILISDFYPGAVTVAWKADGSPVKAGVETTKPS -KQSN-
1zan APTVSIFPPSSEQLASGGAS LLNNFYPKDISVKWKIDGSERQNGVLDS-VTDQDSKD
4hbc APTVLIFPPSADLVATGTVTI ANKYFP-DVTVTWEVDGTTQTTGIENS -KTPQNSAD
1gig NKYMASSYLTLTARAWERHSSYSEOVTHE -GH-TVEKSLS - - - -

Swhj NKYAASSYLSLTPEQWKSHRSYSEOVTHE -GS - TVEKTVAP - - -

1zan STYSMSSTLTLTKAEYESHNSYTREVTHKTSTSPVVKSFNRGE -

4hbc CTYNLSSTLTLTSTEYNSHKE VTQG-TT-SVVQSFNRGDC

Conserved cysteines



Fragments (Fo) | Fragments (Fab) |_Fragments (FV

Fragments: Fab
Evolutive study: HC

5whj: Homo sapiens

.' 1gig: Mus musculus

1zan: Rattus norvegicus

o 4hbc: Oryctolagus cuniculus
RMSD: 2.93 A
SC: 8.30




Fragments (Fo) | Fragments (Fab) |_Fragments (FV

S5whj: Homo sapiens

Frag mentS: Fa b 1gig: Mus musculus

EVOIUtive StUdy: HC 1zan: Rattus norvegicus

4hbc: Oryctolaqus cuniculus

CLUSTAL W(1.60) multiple sequence alignment

1zan QVQLKESGPGLVQPSQTLSL VSGFSLTNNNVNWVRQATGRGLEWMGGVWAGG-ATDY
4hbc -QSVEESGGRLVTPGTPLTL VSGFSLNTYSMFWVRQAPGKGLQWIGIISNFG-VIYY
1gig QVQLKESGPGLVAPSQSLSI VSGFLLISNGVHWVRQPPGKGLEWLGVIWAGG-NTNY
Swhj EVQLLESGGGLVQPGGSLRL SGFTFSEYAMGWVRQAPGKGLEWVSSIGSSGGQTKY
1zan NSALKSRLTITRDTSKSQVFLKMHSLQSEDTATYYEARDGGYSSS-TLYAMD- AWGQGTT
4hbc ATWAKGRFTISKT-S-TTVDLKITSPTTEDTATYFEVRKYG- -~ -~ SEWGGD - LWGPGTL
1gig NSALMSRVSISKDNSKSQVFLKMKSLQTDDTAMYYEARDFY-DYDVFYYAMD-YWGQGTS
5whj ADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYEARLAIL-------- G-DSYWGQGTM
1zan VTVSSASTTAPSVYPLAPG----S----MVTLGELVKGYFPEPVTVTWNSGSLASGVHTF
4hbc VTVSSGQPKAPSVFPLAPCCG--DT--PTVTLGELVKGYLPEPVTVTWNSGTLTNGVRTF
1gig VTVSSAKTTPPSVYPLAPGSA- -AQTNSMVTLGELVKGYFPEPVTVTWNSGSLSSGVHTF
Swhj VTVSSASTKGPSVFPLAPSSKSTSG- -GTAALGELVKDYFPEPVTVSWNSGALTSGVHTF
1zan PAVLQ-SGLYTLSSSVTVPASPWASEAVTENVAHPASSTKVDKKIV-PR-

4hbc PSVRQSSGLYSLSSVVSVT---S---PVT@NVAHPATNTKVDKTVAPSTC

1gig PAVLQ-SDLYTLSSSVTVPSSTWPSETVT@NVAHPASSTKVDKKIV-P- -

Swhj PAVLQSSGLYSLSSVVTVPSSSLGTQTYIGNVNHKPSNTKVDKRVE -PK-

Conserved cysteines
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Fragments: Fv
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Fragments (Fc) | _Fragments (Fab) | Fragments (Fv)

Fragments: Fv

CDR: Rearrangement

CDR: Hipervariable regions

o ——————— —— — e e R e R e R e R e R e R e R e R e R e e e e e e e oy,

~
I
7’
~
I
s
~
I
s
— - — —

y4
JT
0
(o
0o
I

Heavy chain (membrane form)

Light chain




Fragments (Fc) | _Fragments (Fab) | Fragments (Fv)

Fragments: Fv
CDR’s types

Light chain

LC Kappa LC Lambda

1,2a,2b, 3,4,56 | 1,2 33, 3b, 4

L2 L

L3 1,23 4,5,6 1a, 1b, 1c, 2

HC

1,2, 3
1, 2a, 2b, 3a, 3b, 3¢, 4

No canonical structures




Fragments (Fc) | _Fragments (Fab) | Fragments (Fv)

Fragments: Fv
CDR’s types

H1
H3H2 HIM2
2 H3
L2

TVFA . .




Fragments (Fc)_|_Fragments (Fab) | Fragments (Fv)

Fragments: Fv
CDR: L1-k

2a human: 1FVC

23

RMSD: 0.79 A
SC: 4.59




Fragments (Fc) | _Fragments (Fab) | Fragments (Fv)

Frag ments: Fv 2b mus musculus: 1FAI

2b mus musculus: TVFA

CDR: L1-x
PAe)

RMSD: 0.76 A
SC: 4.74




Fragments (Fc) | _Fragments (Fab) | Fragments (Fv)

2a human: 1DFB

Fragments: Fv 30

__________ ~. 2b mus musculus: 1FAI
/
\

CDR: L1-x
2a vs 2b

RMSD: 1.32 A
SC: 8.71




Fragments (Fc) | _Fragments (Fab) | Fragments (Fv)

Fragments: Fv

CDR: L2 12 A (human): 2RHE

RMSD: 1.14 A
SC:7.19




Fragments (Fc) | _Fragments (Fab) | Fragments (Fv)

Fragments: Fy

CDR: L2 49 N ---- O 53 ¢ (mo
49 0O ---- N 53 L2 A (human): 2RHE




Fragments (Fc) | _Fragments (Fab) | Fragments (Fv)

Fragments: F
CDR: L3-A

L3-24: 2FBA
L3-2A: 2RHE

4 )

L3-14: 1IND
L3-14:7FAB

 [3-THTMFA
RMSD: 0.96 A
SC: 4.76




Fragments (Fc) | _Fragments (Fab) | Fragments (Fv)

Fragments: Fv L3-14A: 1IND

, L3-14 B: 7FAB
CDR: L3-)
//\~2L-9
3

~ — 2.964A
1AA & 1AB y 29
90 O ---- N 97 ‘ /
90 N ---- O 97 g
92 N ---- 0 95
1B

92 O ----N 95




Fragments (Fc) | _Fragments (Fab) | Fragments (Fv)

Fragments: Fv
CDR: L3-x

(13-1x: 2IMM

L3-1x: TVFA
G J

L3-2x : 2FBJ

RMSD: 1.01 A
SC: 6.34




Fragments (Fc) | _Fragments (Fab) | Fragments (Fv)

Fragments: Fv
CDR: L3-x

L3-Tx : 2IMM

L3-1x: TVFA

Hydrogen bonds

90 O ---- N 97
90 N ---- O 97




Fragments (Fc) | _Fragments (Fab) | Fragments (Fv)

Fragments: Fv Asparagine 90 N\
CDR: L3-x

Hydrogen bonds in

the side chain

L3-1x: 2IMM

90 OET----N92
90 NET----O 93
90 NE ---- O 95

L3-1x: TVFA

90 NE ---- O 93
90 NET----O 97

Histidine 90
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Fragments: Fv HI: TVFA
H1: 2CGR

Hydrophobic residue

CDR: H1
1

RMSD: 0.91 A \

SC: 4.8 ~
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Fragments: Fv

CDR: H1

28 O ---- N 3]
29N ----0O 32

H1: 1VFA
H1: 2CGR

al
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Fragments: Fv
CDR: H2

3A VS 3B VS 3C

Hydrogen bonds

3a 3b 3c
E2N----O56 52N----O56 52N ----0O 56
520 ----N54 5530 ----N55 520 ----N53
520 ---- N 55

H3a: 2FB4

H3c: 1IGM
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Fragments: Fv 1UYW: Bulged or kinked

CDR: H3 | \ V4
15

13 '

15

13 16 ASP L 6 Asp
12 ARG
H3
LEU T2 = )
—

B — a—

C-ter
23188 Non-bulged or Extended N-ter

al



Antigen interaction IVFA

6FAB
4FAB

Introduction (LC-FV)

RMSD: 0.67 A
SC: 6.71




Antigen interaction
Introduction (HC-FV)

\

TVFA
6FAB
4FAB

\\ V /
\}{/
]

RMSD: 110 A
SC: 6.71




Antigen interaction 4 FeeRl: F6A
Types of Fc-R '

FcyRIIA/B: 3W3J3J FcyRIII: 1T83




Antigen interaction
IgG/Fc-R: Region 1

IgG-FC

FcyRI

Salt bridges

LYS 142.E

4X4M
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Antigen interaction
IgG/Fc-R: Region 1 ‘ |

VDW

LEU 136.E

4X4M



Antigen interaction 19G1: 3ave

19G2: 4haf
IgG3: 5w38
IgG4: 5lig1

IgG/Fc-R: Region 1

. Asp265
Conserved residues

CLUSTAL W(1.60) multiple sequence alignment
Glu269

51g1 - -GGPSVFLFPPKPKDTLMISRTPEVTCVVVBVSQEDPEVQFNWYVDGVEVHNAKTKPRE

5w38 -LGGPSVFLFPPKPKDTLMISRTPEVTC SHEDPEVQFKWYVDGVEVHNAKTKPRE

3ave LLGGPSVFLFPPKPKDTLMISRTPEVTC SHEDPEVKFNWYVDGVEVHNAKTKPRE

4haf --AGPSVFLFPPKPKDTLMISRTPEVTC SHEDPEVQFNWYVDGVEVHNAKTKPRE

51g1 FNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGL -PSSTEKTISKAKGQPREPQVYTLP

5w38 FNSTFRVVSVLTVLHQDWLNGKEYKCKVSN-KALPAPIEKTISKTKGQPREPQVYTLP

3ave YNSTYRVVSVLTVLHQDWLNGKEYKCKVSN-KALPAPIEKTISKAKGQPREPQVYTLP

4haf FNSTFRVVSVLTVVHQDWLNGKEYKCKVSN-KGLPAPIEKTISKTKGQPREPQVYTLP Residues conse rved




Antigen interaction 19G-FC

. rogen bonds
IgG/Fc-R: Region 2 yeres
Sandwich Trp-Pro-Trp: hydrophobic

4X4M




Antigen interaction IF?(RFIC

IgG/Fc-R: Region 2

Hydrophobic cluster Hydrogen bonds

TYR133.E

4X4M




Antigen interaction  isc-rc
IgG-FC
19G/Fe-R: Region 3

4X4M

‘A




Antigen interaction

\///

RG 4578

IgG/SARS-CoV-2
ol




Interaction with HCDR3

Antigen interaction
IgG/SARS-CoV-2

| L
Interaction with LCDRI1 gG LC
RBD region: SARS-CoV-2
Interaction with LCDR3

7CO01




IgG/SARS-CoV-2

IgG LC
RBD region: SARS-CoV-2
ACE-2 Receptor

6W41 & 7C8D



Antigen interaction
IgG/SARS-CoV-2

IgG LC
RBD region: SARS-CoV-2
ACE-2 Receptor

7C8D
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Conclusions

1. Immunoglobulins G are 5. CDR are hypervariable
really well studied regions, which are found

biostructurally in the Fab region

2. All present an Ig-like fold: 6. Canonical structures are
antiparallel beta strand with a maintained in all CDRs, except in
greek key topology CDR3 (the most variable one)

3. Hydrogen and disulfide bonds are very 7. Although IgG are variable to recognize
important, so they are evolutionarily many antigens, the parts whose function is
conserved structurally important are preserved

8. IgC participates in antigen interaction. The
appearance of new antigens (like
SARS-CoV-2) requires further studies

4. The residue Asn297 is conserved in FC,
which is necessary for N-glycosylation
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Questions

1.  About basic concepts of the Immunoglobulins, select the correct answer:
a. Structure stabilization is given by disulfide bonds and Van der Waals
b. CH2and CH3 domains form the Fab region
c. There are two different types of heavy chain: kappa and lambda.

d. The constant region of IgG is composed of four globular domains, 3 of them located in the
heavy chain and one in the light chain,

e. 1gG and IgD have 4 constant domains, whereas IgA, IgM and IgE have 3 constant domains.
2. Regarding the structure of the IgG, select the correct answer:
a. 1gG belongs to the class of all beta proteins.
b. These proteins contains two beta-sheets, that bend together in a greek key beta-barrel
sandwich.
c. Both Aand B are correct
d. The disulfide bond between beta sheets B and F is very important in the folding process of

the protein.

e. All of them are correct,
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3. About the rearrangement:
a. Thelight chain has an extra variable region.
b. There isn't any alternative splicing process after the Ig’'s rearrangement.
d. The differences between the two light chains is functional.
e. Thelambda light chain is encoded by chromosome X.
4.  The N-glycosylation:
a. Occursinthe CH2 region.
b. Carbohydrates are bound to the hydrophobic face.
c. Both Aand B are correct.
d. The glycosylation takes place on the asparagine 297 (Asp297).
e. All of them are correct.
5. The classes of canonical structures:
a. Allow to divide immunoglobulins into several types of antigen recognition structures.

b. Make a correlation between architecture of antigen-binding site and the antibod

c. Divide the immunoglobulins in those that are anti-specific and those which are
multi-specific.

d. Show that there are no difference in H2 and L1 canonical structure types.

e. Allow to conclude that there is no contribution of the geometry in the binding process.
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6. About the antigen binding site:
a. Contains 10 hypervariable regions close to each other.

b. All the hypervariable regions have canonical structures.
. CDR-H3is the only hypervariable region that don't have any canonical structure,
d. Thelambda and kappa chains have the same canonical structures
e. Allthe canonical structures have the same length.
/. About the CDRL3 of the immunoglobulines, which of the following statements is true?
a. Thereisacommon L3 canonical structure for both Kappa and Lambda chains.
b. L3 canonical structure1in Lambda chain can be divided in four: A, B, C and D.

c. CDRL3is stabilized by disulfide bonds.
e. The canonical 2 in Kappa chain is the most common.
8.  Which of these sentences about CDR H3 is correct?
a. CDR H3 has 4 canonical structures
b. CDR H3isdivided in three different parts: feet, torso and head

CDR H3 can adopt two different conformations in the torso region: kinked/bulged and

extended/non-bulged

d. CDRH3is not very variable and this is the reason why it doesn’t have canonical structures.
e. CDR H3isnotinvolved in antigen interaction.



AeeimeEis(Fe) | ResmensiEh) || Rremwsus() || Avteninseadn || Gondusens | epeein || Blleeeshy

Questions

9.  Which are the CDRs that participates, for sure, in the interaction of IgG and SARS-CoV-2?

a. HCDRI1, HCDR2 and HCDR3.
b. LCDR1and LCDR3.

d. LCDR2

e. Allofthem are correct

10.  Which of these sentences is incorrect?
a. Docking has been done with HEK program
b. 1g9G binds to the Receptor Binding Domain Region of the S1 region of Spike (SARS-CoV-2)
c. Receptor Binding Domain of S1 region of Spike (SARS-CoV-2) binds to ACE2

d. ACE2 can bind the RDB domain of SARS-CoV-2 meanwhile IgG is bound to it

e. IflgGis bound to RBD, SARS-CoV-Vv2 virus cannot get inside the cells.
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