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FIGURE 9-1 The key initial step in any immune response
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histocompatibility complex (MHC) molecules located on
the surface of antigen-processing cells.
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Para que serve um anticorpo”?
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Mecanismos geradores de diversidade nos receptores BCR e TCR:

* recombinacao V(D)d —>TeB
* diversidade funcional
* adicao aleatoria de bases

* hipermutacao somatica (maturacao de afinidade)
—> somente B

* troca de classe ou isotipo —> somente B

* conversao fénica —> somente B
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Immunology wars: A billion antibodies
Nature Videos

https://youtu.be/Na-Zc-xWCLE
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V gene segments may be in either forward or reverse transcriptional
orientation relative to downstream gene segments

i e o= V. L. J
Lo ¥ ) : % :‘;’
3 Rl 2 2

Y

——

When a forward-oriented V gene segment When a reverse-oriented V gene
recombines with a downstream gene segment recombines with a downstream
segment, alignment of the two RSS gene segment, alignment of the RSS
regions loops out the intervening DNA regions forms the intervening DNA into
a coiled configuration
Ll v1

Figure 5.5 part 1 of 2 Janeway’s Immunobiology, 8ed. (© Garland Science 2012)




e

A

When a forward-oriented V gene segment
recombines with a downstream gene

segment, alignment of the two RSS
regions loops out the intervening DNA

oL
N

When a reverse-oriented V gene
segment recombines with a downstream

gene segment, alignment of the RSS
regions forms the intervening DNA into

After recombination this loop is excised
from the chromosome, taking the two

a coiled configuration
Ll v1
|'2
v2 n vZ
L) l'n
v, J v, J .o
< S < =
DA

WL
After recombination the coiled region
is retained in the chromosome in an

direction of transcription
—

i B

L, v, )
coding joint

RSS regions with it inverted orientation
i R L, V,
: L,
i A Vas v,
L2 l'n i

inverted |

Figure 5.5 part 2 of 2 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)




= 5
mmuvm-t
MMW;:WMO!M

Y W

mmmywm“

I"Mlﬂ-m

DNA ligase:XRCC4 DNA ligase:XRCC4
o™ & o~

Figure 5.6 Janeway’s Immunobiology, 8ed. (© Garland Science 2012)




Germline configuration

HlP- = .

v Y

N Synapsis of
RAG-1:2 binds RSS RAG complexes Cleavage of RSSs

RAG-1/2

L

covalently
closed DNA

Kairpin ends

1 —

v v
Coding joints Signal joints
Ku70:Ku80 binds DNA ends Ku70:Ku80 binds DNA ends
Ku70
Ku80
Ku80
Ku70

5°-phosphorylated blunt ends

Y4 NS

Figure 5.6 part 1 of 2 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)



¥ S 7
Coding joints Signal joints
Ku70:Ku80 binds DNA ends Ku70:Ku80 binds DNA ends

5’-phosphorylated blunt ends

TdT processes DNA ends

Terminal deoxynucleotidyl transferase
(TdT)

e <

2 S

DA
DNA ligase IV:XRCC4 ligates DNA ends

\/
DNA ligase IV:XRCC4 ligates DNA ends

L))

DNA ligase:XRCC4 DNA ligase:XRCC4

2 S 2 S

DA B\
Imprecise coding joint Precise signal joint

L

Lol

Figure 5.6 part 2 of 2 Janeway's Inmunobiology, 8ed. (© Garland Science 2012)




RSSs brought together

RAG complex generates
DNA hairpin at coding ends

0" .n

Artemis:DNA-PK complex opens DNA hairpins
generating palindromic P-nucleotides

"R
D |

M|
7

N-nucleotide additions by TdT
p | R
v Il - b |

Figure 5.7 part 1 of 2 Janeway's Inmunobiology, 8ed. (© Garland Science 2012)




iyl

N-nucleotide additions by TdT

TR
D | v

e |

V

Pairing of strands

Unpaired nucleotides are removed
by an exonuclease

The gaps are filled by DNA synthesis
and ligation to form coding joint

T u T T

L

P N P

Figure 5.7 part 2 of 2 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)



TCR

o-chain locus

" LV, x70-80 J x61

L1
| B |
| |
y il
B
B
[ B |
11
| |
1]
|
||
Ll
| S |
| B |
||
|
L]
*Qﬁ

B-chain locus

) L VB X 52- DB1 JB‘ X6 CB1 DBZ JBz x7

b

I |
| |
| |
||
| |
||
.mﬁ
N

Figure 5.8 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)



|_germiine DNA_ |

recombination

‘ rearranged DNA \

transcription
splicing
translation

protein
(T-cell receptor)

translation
splicing L
transcription

‘ rearranged DNA \

recombination

VBn

I_g:rmline DNA B::-::

Figure 5.9 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)



aB T cells

X 2

vo T cells

Figure 5.10 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)




Immunoglobulin o:3 T-cell receptors

Element

Variable segments (V) ~40 ~70 52 ~70

Diversity segments (D) 23 0 2 0
D segments read in three

P rarely — often -
rames

Joining segments (J) 6 5(k) 4(\) 13 61

noms wnt!'\ ARLILE 2 50% of joints 2 1
P-nucleotides

Number of V gene pairs 1.9x 106 5.8 x 106

Junctional diversity ~3 x 107 ~2 x 10"

Total diversity ~5x10"3 ~1018

Figure 5.11 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)



splicing alternativo gera a forma secretada da IgM

Transmembrane IgM

Secreted IgM

Rearranged
DNA

Transcription

Primary
transcript RNA

Different forms
of RNA
processing

Translation,
protein
processing

Protein

L VDJ 1Y ca s

C,4 SC pA, MC pA,,

{Hl-—

H]

|

/] carboxy terminus
“ for transmembrane

Gi) €2 C3

C.4 SCpA; MC pA

{HE— - HH

§.'

AAA

carboxy terminus
for secreted IgM

Figure 5.18 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)




splicing alternativo gera a IgD (também transmembrana)

Protein E! -

Expression of IgM Expression of igD
VDJ Cp pA1 (o pA2
DNA: -
RNA- :
~~  AAA
mRNA-- I AAA

Protein

Figure 5.17 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)






Mecanismos geradores de diversidade nos receptores BCR e TCR:

* hipermutacao somatica (maturacao de afinidade)
—> somente B

48
& conceito importante!



Single-stranded DNA attacked by AID

= il S

NH
Zn-oﬁ_\ ‘

on N/

)\ | Cytidine

—-I— DNA

S -

N
AID transition state

NH,
Zn 0
OH HN |
0)\94

S -

N/
Regeneration of AID and uridine

0o

Zn—OH
OH HN
)\ Uridine

0 N

T

Yy,
% h@,ﬂi

Figure 5.21 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)



Single-stranded DNA attacked by AID

NH,
Zn—OH

OH N/

)\ | Cytidine

—I— DNA
¥

AID transition state

NH,

0O
OH HN

A

el
N

Figure 5.21 part 1 of 2 Janeway’s Immunobiology, 8ed. (© Garland Science 2012)




2 2

AID transition state

NH,

0O
OH HN

A

N -
v

Regeneration of AID and uridine

0
Zn—0H

OH HN

)\ | Uridine

O N

Figure 5.21 part 2 of 2 Janeway's Immunobiology, 8ed. (© Garland Science 2012)



AID
L

mismatch
repair

) 4
Cytosine to uridine MSH2/6

Mutations at A:T

™)

repair

UNG base-excision

A 4
Uridine to abasic REV1

'a
?

Mutations at C:G

:> Somatic hypermutation

Single-sand nicks

N

N

Double-strand breaks

Gene conversion

N
4l
N

U

Class switch recombination

Figure 5.22 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)




DNA in variable region or
in switch region

N

Transcriptio};roduces local
single-stranded DNA

N

v
In B cells AID attacks cytidine in single-
stranded DNA to produce uridine

AID
e T
‘ T MlT—
Th il

Figure 5.23 part 1 of 2 Janeway's Immunobiology, 8ed. (© Garland Science 2012)

Hipermutacao
Somatica
ou
Maturacao de

Afinidade



In B cells AID atta¥ cytidine in single-
stranded DNA to produce uridine

AID
F

Uracil-DNA glycosylau (UNG) removes
uracil to form apyrimidinic residue

v
Apurinic/apyrimidinic endonuclease
(APE1) excises ribose to form a
single-strand nick in DNA

APE1
o o

BN || T
v

Single-strand nick in DNA

T T T

—T

T—

T

Hipermutagao
Somatica
ou
Maturacao de

Afinidade

Fiaure 5.23 part 2 of 2 Janewav's Iimmunobioloav. 8ed. (© Garland Science 2012)



Heavy-chain V region

Light-chain V region

CDR1 CDR2 CDR3 CDR1 CDR2 CDR3
Day 7 | - 3 | — B
Primary | — | g = i
— — H e B =1
response i B E
— — } — — —
— =|= — — — —
+—1 1 —H

Day 14 o P i Sy +
—_— § — —
Secondary +— t Ht + +
response : ' L - L +
= _ :': _— — E—

| mm— E— I | S———
Day 21 = —4 ———= =
Tertiary — = H+—— =
response ¥ e 1 T A 1
1 P ] =t +

\V ‘
Increasing
antibody

affinity

Figure 5.24 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)




Mecanismos geradores de diversidade nos receptores BCR e TCR:

* troca de classe ou isotipo —> somente B

56
& conceito importante!



VD) C G _’Cvs & Ch _.C‘YZb _’C‘YZa C Ca
i . {5 o e
Sh Sy3 Sy1 Syab Syza  Se Sa

Transcription through the switch region is initiated by
activation of the upstream promoter

RNA polymerase C
N

SNL C. 3
‘ mRNA
v

AID, UNG, and APE1 introduce clustered nicks on both strands of DNA

APE1 @9
udgégr\Au>

;:,c.-C""'C

mRNA c mRNA C

o G

v
Repair proteins act to initiate double-strand break repair (DSBR)

proveins GID -

- ——§ l_;._ e :
Sl - — — B

Figure 5.25 part 1 of 2 Janeway’s Immunobiology, 8ed. (© Garland Science 2012)

Troca de
Classe
ou
Troca de
Isotipo



repair
proteinsb
e — = el

DSBR
machinery

Figure 5.25 part 2 of 2 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)

Troca de
Classe
ou
Troca de
Isotipo



Event Process Nature of change | Process occursin:
Bceells | Tcells
V-region assembly Somatic recombination Irreversible Yes Yes
of DNA
Junctional diversity Imprecise joining, N-sequence | RS Yes Yes
insertion in DNA
o s Activation of promoter by Irreversible but
Transcriptional activation proximity to the enhancer regulated Yes Yes
Switch recombination Somatic recombination Irreversible Yes No
of DNA
Somatic hypermutation DNA point mutation Irreversible Yes No
3 : 8 2o ie Reversible,
IgM, IgD expression on surface | Differential splicing of RNA regulated Yes No
. . ‘s Reversible,
Membrane vs secreted form Differential splicing of RNA regulated Yes No

Figure 5.26 Janeway’s Inmunobiology, 8ed. (© Garland Science 2012)

sl
== A, —~
— i,

& conceito importante!




