Immunoglobulin ,Antibodies

Production LYl
Definition <& =il
Structure 4l

Types ,Characteristics uaibadll § laY!

Diversity g il
Fonction ikl



Antibodies

e liddl Gl on olall (5 Sl Alilad) 8 cliac] dlaa¥) yriad e
:immunoglobulin supergene family

st Aty g ST o) aad g e Alad) o3 A A1 e JS Callsy o
.immunoglobulin domains Jal!

Gliia G foiia aac alaca Aslal Alilad) 028 o 8 (pag o
sl g uaily) g i il



MEMBERS OF THE IMMUNOGLOBULIN SUPERGENE FAMILY

H MOLECULES CONTAINING ONE
fj q OR MORE Ig DOMAIN(S)
< g ((j V or C domain related
1 DI
U L | FUNCTION
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Ig, TCR, MHC-I, MHC-I]
¢ ADHESION
' E o ICAM-1, ICAM-2, VCAM-1,
N T NCAM
(4 P i BINDING
?52 = :D D CD4, CD8, CD28, B7, IL-1RI,
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Antibodies

The immunoglobulin
domain is a type

of protein domain that
consists of a 2-layer
sandwich of 7-9
antiparallel 3-

strands arranged in two 3-
sheets with a Greek

key topology,1ll2l consistin
g of about 125 amino
acids
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ANTIBODY DOMAIN STRUCTURE
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Ant-body Plasma cell
Mature Blasting
B cell B cell B ceII
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binding
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mediation
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ANTIBODY CLASSIFICATION
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‘ 4. Enzymatic Digestion Fragments of IgG

Proteolytic Fab% ﬁ Fab
enzyme
(pi::;;;”",

KYZ2

(pepsin)

Fc

pFc'

Fab: Fragment, antigen binding
Fc: Fragment, crystallizable
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Agglutination

- The interaction between antibody and a o
particulate antigen results in visible z’f—?’ ‘*j}
clumping called agglutination W=t

» Particulate antigen include: S e e
+ bacteria,

- white blood cells,
+ red blood cells,
- |latex particles

- Antibodies that produce such reactions *
are called agglutinins

- If an agglutination reaction involves red
blood cells, then it is called
hemagglutination

RBCs Antigens



Ervihrocyles

Ant-arythrocyte IgM



(32x=Y) )immunoglobulin

il sl |2 G

(4,3,2,1) subclasses 4e s ilial 4y ) 4l

mal) IS a5 Jemll 3 s ) eliadl ol gslall s 1gG ) o
umﬂmw Y, duqmﬂ;nn L H\\@Jﬁus il LA
&La)}!\ @M.\ RN Sl « |gG Y A.La.u\j.\ (Passwe dlxdia ‘\.CL\.A)

Lﬁﬂ\jj\
AL gl 330l Juadll A |gG ) 2n @




Immunoglobulin G (IgG)

- Structure, Subelasses and Functions

antigen-binding fites
I

O] HH ’II
varialle '
regin hige
H regian
constant
reqian



e Ll il g slall
(A=Y )immunoglobulin

. 96
FC receptor lelgG J sy rm,
e giie LA Lo 33 5a gl \un ,
WL
ZH1
)

b iy L el .
 Aledhl
Al JUELNKCELLS + A A
. H = oyR Binding == -
L;L JA:\MJ\ iju‘ d:\SM "\TAAQ II J-Iﬂq Biiidifeg ::Enl-lm-llﬂ
Hi

: =* Feha Bisding== ReoyoingTranspon

ADCC. 2lazxYl :

R

Hurman LT
ADCE  GLMIWGEAGY GIaG2nG iG]

Completient  GEiiA02x04 EREATEY LTREIC)



(A=Y )immunoglobulin

IgA

1gG

A5 Araagl) g dpadnll <l aall 8wl gl s lal) a
@J\ Qlalll il ) jiall 24 2(Dimers) Clavuall (L Bale

u‘JJSA o)l culall s adll Jil)) ey Jilud),
. sl alall 4.@\;) alual) d)u\j gl.u‘ﬁ\

CAaaiall AN o



(A=Y )immunoglobulin

SECRETORY 4} Ja'z\
J AALSYLPIECE

JCHAIN shain



(A=Y )immunoglobulin

2 s AYIgA J) osSs
Cua 4 saall 4 jledall LA
e gaclall ahadll e aa g
poly g (e Jutinua

O AdlIgA J) s preceptor
a.lj;}d\ :L\MM\ \AM\ (e
CAaAll danal) d

LAY 4 gias ) aey
endosome (mua 4y ikl
il el ki) pas aliii

1 el aalll Jaka o 518
41 _AY) Axdadlly aday ) 2ay

S PR s C UV g

Secretory IgA and transcytosis

‘Stalk’ of the plgR is degraded to release IgA
containing part of the plgR - the secretory
component

a lgA and plgR 3 R )
are transported Epithelial
to the apical cell
surface in

\_Vesicles A J

plgR & IgA are
internalised

B cells located in the submucosa
produce dimeric IgA

®

Polymeric Ig receptors
are expressed on the
basolateral surface of
epithelial cells to
capture IgA produced
in the mucosa
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' Deleted hinge region
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Immunoglobulin D (IgD)

Mature B cell
lgM
74
~2 IgD

+ IgD levels in serum are low (~ 30 ug/ml)

+IqD along with IgM are the major membrane-bound Ig
+ IgM and IgD are co-expressed on mature B cells

+ No known effector function for secreted IgD



VARV,

lgM 2G IgA IgE g0
Heavy Chain u {mu) v [gammal a (alphal £ (epsilon) b (delta)
MW (Da) 900k 150k 385k 200k 180k
% of total antibody 6% 80% 13% 0.002% 1%
in serum
Fixes complement Yes Yes No No No
Function  Primary response, Main blood Secretedinto  Antibody of allergy B cell Receptor
fixes complement. antibody, mucus, tears, saliva  and anti-parasitic
Monomer serves as — neutralizes toxins, activity

B-cell receptor apsonization



lgG Antibody Isotype Comparison

Property lgG1 lgG2
Molecular Weight (kDa) 150 150
Amino acids in hinge region 15 12
Inter-H chain disulfide bonds 2 -
Half life (days) 14-21 14-21
Mean adult serum level (g/l) 6.98 3.8

Relative abundance (%) 60 32

lgG3
170
62
11
I

0.51

lgG4

150

12

14-21

0.56



Molecular structure of lgG
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Fraction of adult
level of serum
Immunoglobuling

100 -

I

transient
low lgG ”
passively levels 19
transferred
maternal lgG
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Figure 11-11 Immunobiology,
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Lock and Key Fit

o Antigen combines with antibody based on
complementary structure. The better the “fit”
the more tight the bond between the two.




Affinity of Antibody

» s the strength of the reaction between a single
antigenic determinant and a single combining
site on the antibody

o [t is the sum of the attractive and repulsive
forces operating between the antigenic
determinant and the combining site of the
antibody

High Affinity

Ab

Low Affinity




W unacademy

Affinity and avidity
Strength of these reaction depends on antibody affinity and
avidity
Antibody affinity is the strength of the total non-covalent
interactions between a single paratope and epitope
True strength is determined by avidity

Avidity is the total strength of multiple interactions between
multivalent antibody and antigen



High Avidity

Low Avidity
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Specificity, Cross-reactivity &
non-reactivity of Ab< Ag

Specificity, cross-reactivity, and non-reactivity

\ ’
|
| \’
.
! . .
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} ! |
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AgB

immunizing antigen epitope Y shared no shared epitope

([© Elsevier. Male et al.: Immunology 7e - www.studentconsult.com




Major Functions

Ig G

Main antibody in the secondary response. Opsonizes
bacteria, making them easier to phagocytize. Fixes
complement, which enhances bacterial killing. Neutralizes
bacterial toxins and viruses. Crosses the placenta.

ig A

Secretory IgA prevents attachment of bacteria and viruses
to mucous membranes Does not fix complement.

ig M

Produced in the primary response to an antigen. Fixes
complement. Does not cross the placenta. Antigen receptor
on the surface of B cells.

ig D

Uncertain. Found on the surface of many B cells as well as
In serum.

Iig E

Mediates immediate hypersensitivity by causing release of
mediators from mast cells and basophils upon exposure to
antigen (allergen). Defends against worm infections by
causing release of enzymes from eosinophils. Does not fix
complement. Main host defense against helminth
infections.
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The recombination- -
activating

genes (RAGs)

encode enzymes that
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in the rearrangement
and recombination of
the genes

of immunoglobulin and
T cell

receptor molecul.
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(a) A-chain DNA
LVi2 12 G2 K4 G4 LVl U3 G341 Gl

H— L

0 12 20 13 19 14 1713
kb kb kb kb kb kb kb kb
(b) k-chain DNA
n=~7
LVl LVi2  LVin Jy G
sHIH- H——HHHHHT
23 25
kb kb
(c) Heavy-chain DNA
n=~176
Lot LV Dyt DyI3 Jyt - Jd G C;3 ¢l Cab C2a (G
- HiHH - - HEHE— -
65 45 55 34 21 15 14 12

kb kb kb kb kb kb kb kb



W TCR protein structures = TCR gene structures
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Organisation of TcR genes

L&V
x52 -DB1 JB1x6  CP1 DB2 JB2x7  CB2
AR ARARR HARRHA

TeR B

TcR genes segmented into V, (D), J & C elements
(VARIABLE, DIVERSITY, JOINING & CONSTANT)
Closely resemble Ig genes (a~IgL and p~IgH)

This example shows the mouse TcR locus



TCR Delta and Gamma Loci
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Heavy Chain Locus and VDJ Rearrangement

Germ-line LVl LVyn Dyl Dy7 D413 Wy G G €3 Gl C2b Ca ¢ G
HHHH-EHEH
YT N1 A

D-Jjoining

LVl LW21 LV DDy G G €3 Cl Cab G ¢ G

“Hi-Hil-Hi=A-HHHEHEHEHEHEHEHEHE-

IV-DJ joining
Rearranged LVl LV20 L VDY Cu

H-chain s
w1l

G 3 G G Ca G G

3’

lTranscﬂpﬂon
L vDJ G G
Primary RNA transcript 5" ¥
y
Polyadenylation
j’RNA splicing
LVDIC LVDJ G
boo I,
lTranslaﬂon lTransIadon
LVD) Cu LVDJ G
Nascent polypeptide W= - W

VDI, VDI G
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Bil)hbs p heavy chain 5 heavy chain




functions il ll
D dacliall Gl g olall il g o
s LY sl e oyl
Ale lal) Caids o) 3
Jial) ac (]
- dac L) Chlasell) (o 300
Adlide LA, Lol Y|



foe Liall il g Slall

(A=Y )immunoglobulin

) Jlad

(MAM é\c\_m]\) A g el AU Ja=s e

3 3 olaty) ( OOt e u.ue\_aﬂ\) Cilis g 8l (Jodas e
eﬁ)ﬂ\dh\g\gajﬁw\&m .

Slallll daT e

aali g Al L\)\;j\ = w\ a_s\_\j.\;.d\ }J& ‘_g\ quy IgE A\M‘!\ .
bdaladll C.L.m LAs;lgA BREIL dl_m aagll ‘\_JAJ\_\ e.ubal\ .Ll_uj\ piad e
ADCC oY) e sacinall 4y 5lall dpandl o



Binding of antibodies to antigens

inactivates antigens by
|
‘ Y | ' R
(blo?k:tﬁgﬁmm AgITaeRo Precipitation of Activation of
sites; coats bacterlag) of icrones dissolved antigens complement system
Bacteria 7, Complement
il

T /Virus

Bacterium

Antigen
molecules
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R |

Foreign cell

L

)

" Macrophage

Leads to

Cell lysis
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'Immunuglnhulin recaptor superfamily \ | C-Type Lactin |

]
feRl FERIE Femil FeRile  FoRllb CDZ3  DC-SIGN
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FCy Receptors ®
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Motif

ITIM Immunoreceptor Tyrosine-based Inhibitory Motif
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Name FcyRI
CD64
Structure
|
common
y-chain
ITAM

Function Activating
Affinity High
SNP

FcyRlla
CD32a

FcyRIlb
C32b

Activating
Low

131H/R

R: reduced
affinity to 1IgG2

ITIM
Inhibitory
Low

2321/T

T: decreased
inhibitory
activity

Fcy Receptors °

FcyRllc
CD32c

Activating
Low

57Q/X

X: stop codon
(non-functional
protein)

FcyRllla
CD16a

Activating
Low

158F/V

V: increased
affinity to
1gG1/3/4

FcyRIllb
CD16b

GPI

Activating
Low

NA1/2

NA2: reduced
affinity to
1gG1/3
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The high affinity IgE receptor (FceRl)

The IgE - FceRI interaction
is the highest affinity of any
Fc receptor with an
extremely low dissociation

rate.

Binding of IgE to FceRI
increases the half life of IgE

Ce3 of IgE interacts with the
o chain of FceRI causing a
conformational change.




mIgE-CD23-CD21
complex

allergen

o
mligE
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CD23 £

mediator release
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FcaRl Fc-alpha receptors
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Fc-alpha/mu receptor{Fco/uR)

* 1 Another receptor can also bind IgA, although it
has higher affinity for another antibody

called IgM 111l

* This receptor is callec
receptor(Fca/uR) ano

the Fc-alpha/mu
is a type | transmembrane

protein. With one Ig-
extracellular portion,
member of the immu

ike domain in its
this Fc receptor is also a
noglobulin superfamily..
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Receptor | Principal Affinity for o o _
) _ ) Cell distribution | Effect following binding to antibody
name antibody ligand | ligand
Macrophages Phagocytosis
FeyRI High (Kd ~ 10~ | Neutrophils Cell activation
gG1 and IgG3 o o |
(CD&4) M) Eosinophils Activation of respiratory burst
Dendritic cells Induction of micrabe killing
IMacrophages
_; | Neutrophils |
FeyRIIA Low (Kd =10 o Phagocytosis
0G Eosinophils , o
(CD32) M) Degranulation (gosinophils)
Platelets
Langerhans cells
FeyRIIBT - Low (Kd =107 | B Cells No phagocytosis
(CD32) : M) Mast cells Inhibition of cell activity
_; | Macrophages |
FeyRIIB2 Low (Kd > 10 _ Phagocytosis
0G Neutrophils o B
(CD32) M) Innibition of cell activity

Eosinophils




5 | NKcells Induction of antibody-dependent cell-mediated

FcyRIIA Low (Kd = 10 N
(CD16a) 0G " acrophages cytotoxicity (ADCC)

(certain fissues) Induction of cytokine release by macrophages

Eosinophils

\Macrophages
FeyRIIB Low (Kd =10 | Neutrophils | _ N

9G Induction of microbe killing

(CD16h) M) Mast cells

Follicular dendritic

cells

Mast cells

| Eosinophils |
High (Kd ~ | Degranulation
FceR| IgE 10 Basophils |
107 M) Phagocytosis

Langerhans cells

IMonocytes

S Possible adhesion molecule
FceRll Low (Kd = 107" o IgE transport across human intestinal epithelium

Qe Eosinophils N |

(CD23) M) Positive-feedback mechanism to enhance

Langerhans cells

allergic sensitization (B cells)




Monocytes

FeaR| ul Low (Kd > 10°® | Macrophages Phagocytosis
(CD83) g M) Neutrophils Induction of microbe killing
E0sinophils
| B cells |
High for ght, | Endocytosis
FealpR | IgAand Igu _ \esangial cells | _ N
Mid for IgA Induction of microbe killing
Macrophages
Monocytes
Macrophages Transfers 1gG from a mother to fetus through the
Dendntic cells placenta
FCRN e o o
Epithelial cells Transfers |qG from a mother to infant in milk

Endothelial cells
Hepatocytes

Protects qG from degradation
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Characteristics and Distribution of Fc Receptors

Receptor Fcy RI Fcy RII-A | FcyRII-B2 | Fcy RII-B1 Fcy RIN FceRI FcaRI
(CD64) (CD32) (CD32) (CD32) (CD16) (CD89)
Structure «72kDa | o 40kDa « 50-70kDa | 45kDa « 55-75 kDa
oF /3 33kDa
¥ yor¢ . _y9kDa v9kDa
,f L
-like ITIM % v
. zomain [] []ITIM . . '
Relative binding lgG1 lgG1 lgG1 lgG1 lgG1 IgE IgA1, IgA2
strength 200 1 3 4 1 20,000 20
Cell type Macrophages NK cells
Macrophages | Neutrophils Eosinophils Mast cells
Neutrophils | Eosinophils Mﬁ:&g%h?‘%is B cells Macrophages | Eosinophils M;:;:)r%hahgiés
Eosinophils Platelets Eosin ophils Mast cells Neutrophils | Basophils Eosin ophilsf
Dendritic cells | Langerhans’ P Mast cells FDCs P
cells FDCs
Effect of ligation Uptake
9 Stimulation Uptake Uptake No uptake idiction Uptake
Activation of Granule Inhibition Inhibition e Secretion .
; of killing Induction of
respiratory burst release of of (NK cells) of granules killing
Induction (eosinophils) stimulation stimulation

of killing




Several types of Fe
receplors
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FeyRI FoyRil \ FeyRIN
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Receptors

Fe/RInpolyvimorphitan



Fc Receptor

Effector Cell



target cell

Cancer cell, virus et al.

Antlbody\)\

NK cells, macrophages ...

~~ Targetmolecule

killing

Fcy receptor ‘

Universal N-linked glycan
for antibody
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Immunomodulatory Actions of Intravenous immunoglobulin

Effects due to

Complement-Fc binding
fnhibition of deposition of
activated Complaement

F(ab'),

Anti pyvoliferative effects

Modutation of apoptosis and cell cycle

Activation of specific cells
EfMects of cell aghesion

Antibodies fo pathogens and supevantigens
Antibodies fo immunoregulatory mofecules

(cytokines, TCR,CD4,CDS5)
Effects on cytokine levels

— — ﬁ

[ .

Fc

Effects due to Fc receptors

Infwtvion of phagocytosis
Inhibvtion of ADCC

Effects on armtibody

Effects due to substances other than Ab within IVIG
IVIG contains cytokines, cytokine receptors, CD4, MHC Class I and stabiWzing agents, maily Ssugars



Effect Of IVIg On Anti-idiotypic Network




A Immunisation with Id oflymphoma Ig

anti-lymphoma
/——\ response
= E 7 —>

immunogen:
Iymphoma-derived Id
(different formats)

ad
Ll e 'i 1d3
——> =—>
Ab2: anti-ld1 Ab3: anti-ld2

Immunisation with Id of Ab2 mimicking a tumour antigen

==
tumour
antigen

Ab2Iid A

—>>
- \.-\ —.
‘“ TR

anti-tumour antigen
response
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Monoclonal antibodies used for autoimmune
diseases include infliximab and adalimumab,
which are effective in rheumatoid

arthritis, Crohn's disease and ulcerative colitis by
their ability to bind to and inhibit TNF-

0..1291 Basiliximab and daclizumabinhibit IL-2 on
activated T cells and thereby help preventing
acute rejection of kidney

transplants.l22l Omalizumab inhibits

human immunoglobulin E (Ig) and is useful in
moderate-to-severe allergic asthma.
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