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CI/IHepI'I/I‘-IHOCTb KOMIMOHEHTOB aAalnTUBHOIO
WMMYHNTETA co3faeTt I'IpO6J'IeMbI C NOHNMaHNEM,
KaK OH MOI' BOBHNKHYTb

* YTO BO3HUKMNO paHblUe, aHTUTENa nnn T-KneTo4yHble peuenTopbl?
* YTO BO3HUKNO paHblUe, T-KIeTovHble peuenTtopbl unu MHC?
* Y10 BO3HMKNO paHbwe, MHC | nunn MHC 11?

e YTO BO3HMKIO paHbLUE, TPaHCNIaHTaUUOHHbIN UMMYHUTET, UNK
npe3eHTaunst aHTureHa?

* YT0 BO3HUKIO paHblLUE, CBA3bIBaAlOLLIAA 6opo3,£|,|<a NI MmexXxaHmn3mbl
3alrpy3kKmn aHTUreHHbIX nenTnagoB?

Mo noBoAy Yero yke ecTb KOHCEHCYC:
[peBHee Bcero reHeTUYeCKne NporpamMmebl, perynmpytoLme reMaTonoas.

[amma/pensTta T-kneTodHble peuenTopbl ApeBHee, YeM anbda/beta T-
KNEeTOYHbIE peLenTopbl



Evolutionary time
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Figure 4. A Model of the Evolution of the Mammalian MHC
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PbiObI, 9KOHOMSALWME HaA T-XennepHON BETBU

Table 3

Teleost fishes known until now without or with a minimal MHCII system and adopted compensatory strategies.
Scientific name Common name MHCII a and b chain genes CD4 CD74 Compensatory mechanism
Gadus morhua Atlantic cod Absent Pseudogene Absent Expansion of MHC I, TLR

and other innate-immunity
related gene families

Other Gadoidei Euopean hake, Absent or not expressed Absent or not Absent or not Possibly same as in cod
haddock, whiting, expressed expressed
burbot, etc.
Syngnathus typhle Broadnosed pipefish Absent Absent Present, but possibly Unknown
not functional
Hippocampus abdominalis  Big-belly seahorse Minimal system, single locus Present Present Increased intralocus

variability and interlocus
recombination in MHCII

loci
Salmonids Atlantic salmon, Minimal system, single locus  Present Present Increased intralocus
rainbow trout, etc. variability and interlocus
recombination in MHCII
loci
Other teleosts Multiple loci Present Present /

RN SUHIITRNRR e
v;—.‘t_‘:‘:"ZTfr- PEREEEEEETRE T e -

=& N §§’§_FHE§&,EF

P ———




Xuwmepa Callorhinchus milii ytpatnna CD4...

a Chordates
ertebrates
Jawed vertebrates
Jawless o
vertebrates Cartilaginous Bony vertebrates
fishes
=V | e
‘ﬁl ole) - ,, e
|. w S
4 & -
Ity n !
&5 |
g (& £ . |2 |2
a E E 5 |E = _
= o 0 £ B F = a
oz |8 5 g |8 s |E |5
250 E m = (] E = m = 8.
4 = = = 0 d T B a
T E = =] = ) 8 5 5
0 = k. x i e 0 S =
A2
o
;
T +———Endochondral bon
[= Hinged jaws
Pairad appendages
e Mineralized skeleton
E s s s MWaural crest, placodas
B I Segmentation of brain
Ll Axial amd head skealston

Speacial sensory organs



. N HECKOJIbKO UIUTOKUHOB U TPAHCKPUNMUMNOHHbIX d)aKTOpOB

a CD8 T cell

CDe

" ; RUNX3

IL-7
IL-15

FRF1
GZIM
IFMN-y
THF-x

b

Inducsrs

Regulators

Effectors

IFN-
IL-12

IL-12R

IFN-Y
IL-12
THF-

CDA T cell

- IL-6 —IE:-E

. TGFH TGF§ TGF§ TGFH  IL6

! ' i i i |
=231 +==R H=01

IFMN-¥ IL-17 IL-10
'i‘L—-ﬁ‘ IL 10 IL-10 IL-22 TGF§

=

(Venkatesh et al, Nature, 2014)
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Bo3sHukHoBeHne RAG reHoB

Billions of Years Ago
20 1.8 16 14 12 10 08 06 04 02 00

Phage A
integrase

cartila 5
fish RR-G |

bony fish RAG |
amphibian RAG |
bird RAG |

mamalian RAG |

FiG.5. A phylogenetic tree depicting the evolutionary relationship
between members of the INT family of site-specific recombinases. The
RAG I INT motif is shown to have diverged prior to 1.8 billion years
ago from a common ancestor with the bacterial INT family recombi-
nases. The alternative possibility that the RAG I INT motif was
derived by lateral transfer of a microbial INT family gene prior to 0.4
billion years ago is also shown, The date for the divergence of the
eukaryotic and prokaryotic lineages, 1.8 billion years ago, is from
Doolittle et al. (46).
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[Tocne  TOIO, kKak  rpynna  [>koHa
MapkenoHuca B 1994 rogoy KnoHupoBana
reH Rag71 aKkynbl, Ha OCHOBaHUN BbICOKOW
cTeneHn wuaeHtTndHoctn 6enkoB RAG u
pa3nuuHblx  BGakTepuanbHbIX  MHTErpas,
Ka3anoch, 4YTO noaTesepaunach
npegnoxeHHaa B 1989 . ruMnotesa o
OPM30OHTaNbLHOM [EPEHOCE TFEHOB MexXay
nepBbiMM  YenCTHOPOTLIMM  MO3BOHOY-
HeIMW N Hekumn Baktepuamn. eH Rag1
OTHOCUIIN K CEeMEeNCTBY DakTepuanbHbIX
nuterpasd INT, a reH Rag2 cuutanu
romosriorom doaktopa UHTerpauum B Xxo3snHa
IHF.
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Bo3HnkHoBeHue RAG reHoB y obLiero npeaka
BTOPUYHOPOTLIX 3aJ5I0XXUIO0 OCHOBbLI ANA pa3BUTUA
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BbISCHMNOCL, YTO rOMOJIOIU

RAG reHoB ecTb paxe B
reHome MOPCKOro exa
Strongylocentrotus, opHako
OTCYTCTBYKOT BO BYeTBepoO
MEHbLUeM TreHomMe acuuauu
Cyona. NoCKONbKY Yy MOPCKUX

exemn HeT aHTUMTEen u
MeXaHu3ma COMaTU4YeCKoM
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YTO UX PEKOMOMHa3bl UMEIT
KaKyr-nmobo Apyrymo
dyHKLMIO.
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TABLE 1. Ig Gene Diversification System of Mammalian Species and Chicken

Prirnary B cell reperoire formation

Mechanism Organ
Hurman V(D)J recombination Bone mamrow
Mouse V(D)J recombination Bone marmrow
Rabbit Gene conversion and somatic hypermutation Appendix
Cattle Gene conversion and somatic hypemutation llleal Peyer's parches
Swine ene conversion and somatic hypermutation llleal Peyer's parches
Horse =ene conversion and somatic hypermutation llleal Peyer's parches
Chicken Gene conversion and somatic hypermutation The bursa of Fabricius
TABLE 2. DT40 Mutants Related to Gene Conversion and Somatic Hypermutation
Enzyme activity DT40 mutant phenotype References
RAG-2 V(D)) recombinase No defect in gene conversion Takeda et al., 1992
RADSI Homologous recombination  Lethal Sonoda et al., 1998
RADS2 Homologous recombination  Slight reduction of targeted Yamaguchi-lwai et al., 1998
integration
RADS4 Homologous recombination  Reduction of gene conversion Bezzubova et al., 1997
Reduction of targeted integration
Hypersensitivity fo DNA damaging
reagent
NBS1 Homologous recombination  Reduction of gene conversion Tauchi et al., 2002

AID

RADS1-paralogues
(XRCC2, XRCC3,
RADS1BE)

UNG

REV1

Reduction of targeted integration
Cytidine deaminase No gene conversion activity
Homologous recombination  Shift fromn gene conversion to
somatic hypemutation

Uracil DNA glycosilase Shift of hypermutation pattern
(base excision repair) from transversion to transition
Deoxycytidyl fransferase Reduction of somatic

hypermutation

Arakawa et al., 2002
Sale et al., 2001

Di Noia and Neuberger, 2002

Simpson and Sale, 2003
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OpraHnsauus reHoB B KNnacTepbl U1 TPAHCNOKOHbI

Ig H chain, amphibians = Mammal | v, D,

Translocon
Ig H chain, bony fish [ v,
Ig H chain, cartilaginous fish ( W Cluster
Ig L chain, bony fish ——— Mammal j 3, UF KA ,_m Translocon
Ig L chain, bony and cartilaginous fish (bm' A, GHJx, A, o HE ) ( Vi A ) Cluster:

n " some germline-joined

B TCR, cartilaginous fish —» Mammal [ v, D, H . ..= Translocon
¥ TCR, cartilaginous fish —» Mammal | e m Translocon or cluster
ad TCR, bony fish ———— Mammal | Ve, H V8, D&, H I8, o Jot : Translocon
K TCR, marsupials s—— Mammal( '} DM v |D])J Double V (one rearranging):
(form of &) " cluster + germline-joined
MNAR-TCR, cartilaginous — Mamrnal( v Vi }— V, m=—DpHJ 0 Double V (two rearranging):

fish (form of &) o cluster + translocon
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Metazoans
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