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The major histocompatibility complex (MHC) consists of a linked set of genetic loci encoding
many of the proteins involved in antigen presentation to T cells

MAI Binding peptide fragments derived from pathogens and display
ADINEINTEN them on the cell surface for recognition by the appropriate T cells.
Polygenic: every individual possesses a set of MHC molecules with

different ranges of peptide-binding specificities.
MAIN FEATURES
Highly polymorphic: there are multiple variants of each gene

within the population as a whole.



https://www.ncbi.nlm.nih.gov/books/n/imm/A2528/def-item/A2970/
https://www.ncbi.nlm.nih.gov/books/n/imm/A2528/def-item/A2579/
https://www.ncbi.nlm.nih.gov/books/n/imm/A2528/def-item/A3278/
https://www.ncbi.nlm.nih.gov/books/n/imm/A2528/def-item/A3065/
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MHC antigen-recognition domain
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Tel Cen . Tel
AT Ibeini e
HLA region
6p211-213
- Located in the short arm of the 6™ Chr Genes encoding the a-chains of MHC-I and a,
> 4 centimorgans of DNA: ~ 4x10° bp p-chains of MHC-II are linked within the complex

. 6
- Recent studies: 7x10° bp Genes encoding the p2-microglobulin are in the 15%

- In humans contains more than 200 genes Chr
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Peptide size

MHC class I

MHC class I

8-11 aa

12-25 aa

Structure

Heavy chain and B2-microglobulin

[Ia and IIP chains

Location

Nucleated cell types

Antigen Presenting Cells

Type of T cell

CD8+

CD4+

Subclasses

Classical: HLA-A, HLA-B and HLA-C

Classical: HLA-DP, HLA-DQ and

HLA-DR

Non-classical: HLA-E, HLA-F and
HLA-G

Non-classical: HLA-DO and

HLA-DM




MHC-I vs MHC-II
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Manlik O. (2015) Fitness and major histocompatibility complex diversity of two bottlenose dolphin
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MHC I: SEQUENCE ALIGNMENT
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MHC I: SEQUENCE ALIGNMENT
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MHC I: STRUCTURAL ALIGNMENT
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MHC I: STRUCTURAL ALIGNMENT
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HLA-A HLA-B HLA-C



Cyan — HLA-A
Light sea green — HLA-A
------------- I Green — HLA-A
Sc 9.77 . Yellow — HLA-B
RMS 0.76 | Orange — HLA-B
Len 377 I Purple —» HLA-B
nfit 361 . Red — HLA-C
............. J — HLA-C

Hot pink — HLA-C

HLA-I superimposition made with STAMP and visualized with Chimera
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MHC II: SEQUENCE ALIGNMENT CHAIN a
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MHC II: SEQUENCE ALIGNMENT CHAIN
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MHC II: STRUCTURAL ALIGNMENT

11 21 31 41
Consensus i i -aefYqsyd gSGefmfeFD GDEiFyVDla kKETVWrLee
Conservation
-AAFV e
-AEF Q
- A F Q

P

EDEMFYVDL WH |
=HVDM VWR
WR |

mm™m

et

m

XX

M
po

‘.
‘ -
Q
E

L VC
L 'WQ

()]

91
EVTVfiskSPV

_n
3

X
o
(7))

Consensus
Conservation
3iqzAB
1kg0AB
1jwmAB
5ksvAB
2nnaAB

|

KE

T
peles)
A X

AARARXN

2 g |

1T
00

o ]

DDV IVD

S
S

121 131 141
Consensus i NvTWLrNGhp VTeGVSETSsF
Conservation
3lgzAB
1kgOAB
1jwmAB
5ksvAB
2nnaAB

P

f

VTWLC EL

X0 0
MMV I
r e Ao

i S i o
ww

AR’

R

it
=
<
P
p

Consensus
Conservation
3iqzAB
1kgOAB
1jwmAB
5ksvAB
2nnaAB

-

—_——TTmm
AAXRNAXN

A XN




Consensus
Conservation
3iqzAB
1kg0AB
1jwmAB
S5ksvAB
2nnaAB

Consensus EyRAVTelLGT
Conservation

3lgzAB F
1kgOAB z
1jwmAB
5ksvAB
2nnaAB

my)

X

00310310

301
Consensus EP KV T vsP
Conservation
3iqzAB
1kg0OAB
1jwmAB
SksvAB
2nnaAB

351
Consensus T p rNGDWT
Conservation
3lqzAB NLIR
1kg0AB TGl
1jwmAB
5ksvAB

2nnaAB

211
rFlyQlKgeC

261

R
R
D
D
6
P

dAEYWNSQK

A

AARARXR

PN

-
m

Q0
=

0

XXV IOm

DIVIVDODD

s )

-
£
(@]
wn
s
Q

371

PgsGdVYTC

R
R

=

MMM m T ™

o Jysiofm o Gw e
6 fic o w8 s

MHC II: STRUCTURAL ALIGNMENT
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Sc 916
RMS 1.20
Len 395
nfit 347

hot pink — HLA-DP
cyan — HLA-DR
orange —HLA-DR
green— HLA-DQ
purple > HLA-DQ

HLA-II superimposition made with STAMP and visualized with Chimera



MODES OF EVOLUTION



hot pink — Ctenopharyngodon idella  (5Y91) 190 A

cyan — Homo sapiens (3HLA) 2.60 A
orange — Pteropus alecto (6ILF) 2.70 A
green— Mus musculus (1BII) 2.40 A
purple — Macaca mulatta (3RWI) 2.01 A
— Sus scrofa (6KWO) 1.80 A

yellow — Oryctolagus cuniculus (6M2]) 220 A
grey — Anas platyrhynchos (6KYU) 1.50A
dark blue — Gallus gallus (6LHH) 2.71 A

! Sc 893 I

I RMS 173 I

: Len 405 |

. nfit 328 .

L e s e s e = J

MHC-I superimposition made with STAMP and visualized with Chimera


https://www.rcsb.org/search?q=rcsb_entity_source_organism.taxonomy_lineage.name:Pteropus%20alecto
https://www.rcsb.org/search?q=rcsb_entity_source_organism.taxonomy_lineage.name:Anas%20platyrhynchos

MHC I: STRUCTURAL ALIGNMENT SPECIES
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Homo sapiens (3hla) 1Sic1v?sl 3).89

Macaca mulatta (3rwi) ls‘cl"?gg'” -

Mus musculus (1bii) o o

Oryctolagus cuniculus (6m2j) =

Pteropus alecto (6ilf) iﬁ;g-%

Sus scrofa (6kwo) .
Anas platyrhynchos (6kyu) RMS 146 RMSL73
Gallus gallus (61hh) R 115

Ctenopharyngodon idella (5y91)

MHC-I phylogenetic tree made with Clustal W


https://www.rcsb.org/search?q=rcsb_entity_source_organism.taxonomy_lineage.name:Oryctolagus%20cuniculus
https://www.rcsb.org/search?q=rcsb_entity_source_organism.taxonomy_lineage.name:Pteropus%20alecto
https://www.rcsb.org/search?q=rcsb_entity_source_organism.taxonomy_lineage.name:Anas%20platyrhynchos
https://www.rcsb.org/search?q=rcsb_entity_source_organism.taxonomy_lineage.name:Ctenopharyngodon%20idella

MHC I INTERACTIONS



INNER INTERACTIONS



al domain does not a2 domain: Cys 101-Cys 164
contain any cysteine ;
. residues able to form

disulfide bonds

HLA-I structure visualized with Chimera




a3 domain: Cys 203-259 p2m: Cys 25- Cys 80
-4
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His 31
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Trp 60
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Inner interactions al,2 - f2m
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Interaction 4: Arg 3 - Gly 120 Interaction 5: Trp 60 - Asp 122 Interaction 6: Asp 53 - Gln 32



Interaction 7: Trp 60 - Gln 96 Interaction 8/9/10: Asp 53 - Arg 35
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Inner interactions al,2 - f2m in evolution
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Atom Residue Length
(A)
1 Lys 6 NZ Glu 232 OEl 2,829
2 Asp 98 0)D)) Hist 192 ND1 3,930
Interaction 1: Lys 6 - Glu 232 3 Met 99 O Arg 234 NH1 2,674

Interaction 2: Asp 98 - Hist 192 Interaction 3: Met 99 - Arg 234



I 2
3.930 0

Asp98 -His192 Lys6- Glu232



Inner interactions o3 - f2m: salt bridges in evolution
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Gln 8
Ser 28
Tyr 26
Tyr 10
Arg 12
Asn 24
Arg 12
Gln 8

Ser 11

oG

OH

OH

NE

ND2

NH2

OEl

Residue Atom Length
(A)

Glu 232
Glu 232
Glu 232
Pro 235
Ala 236
Ala 236
Gly 237
Arg 234

Gln 242

OE1

0) )

NH1

NE2

3,019

2,936

3,099

2,622

3,162

2,871

3,718

2,942

3,823

10

11

12

Arg12
Asp 98

Met 99

Residue

Gln 242
Arg 202

Trp 244

NH1

NE1




Inner interactions a3 - p2m: hydrogen bonds
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Interaction 2: Ser 28 - Glu 232
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Interaction 4: Tyr 10 - Pro 235 Interaction 5: Arg 12 - Ala 236 Interaction 6: Asn 24 - Ala 236



Inner interactions a3 - p2m: hydrogen bonds
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Interaction 10: Arg 12 - Gln 242 Interaction 11 : Asp 98 - Arg 202 Interaction 12 : Met 99 - Trp 244
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Gln 8 - Arg 234

Arg 12 - Gln 242 Ser 11 - Gln 242
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Ser 28 - Glu 232 Tyr 26 - Glu 232 Arg12 - Ala 236 Tyr 10 - Pro 235




Inner interactions o3 - f2m: hydrogen bonds in evolution
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INTERACTIONS WITH OTHER
MOLECULES



Magenta—MHC |

—Tecra
cyan — Tcr
Yellow— Beta 2
microglobulin
Green — TAX
pepide

MHC I- Ter structure visualized with Chimera



Interactions MHC I - Ter: Structural alignment
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Structural alignment made with Stamp and visualized
with Chimera
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POCKETS






POCKETS: MHC I - MHC II comparison

Binding domains

Binding cleft ends

Peptide size

Anchoring residues

Number of pockets

MHC1I

al and a2 domains form two a
helices topping a sheet of 8 B strands.

Closed at the N and C terminal ends
due to the presence of aromatic
residues blocking both end.

Restricted to an optimal length of 8-11
residues

Mainly located in the ends of the
groove

6

MHCII

Binding domain formed by al and B1.
Each chain provides 4 f strands and
an o helix

Both ends are open-ended.

12-25 residues

More random distribution




5,7,59, 63, 66,159, 163, 167, 171 7,9, 24, 34, 45, 63, 66, 67, 70, 99 9,70, 73, 74, 97
- Anchors the N - terminal group of the - Binds to position 2 (P2) of the peptide. -Bind residues at P3 and/for P5/6
peptide, P1 residue. - Main pocket of peptide anchoring depepding on the Peptide.
- Closure of the end of the cleft with the -Against the al helix facing pocket D
formation of a “wall” Binds shorter
peptides
Pocket D Pocket E Pocket F
99, 114, 155, 156, 159, 160 97,114, 147,152, 156 77, 80, 81, 84, 95, 123, 143, 146, 147
-Bind residues at P3 and/or P5/6 -Mainly hydrophobic pocket - Binds primary PQ residues
depending on the peptide. - Closes the cleft in the C-terminal part
-Against the 02 helix facing pocket D




Peptide MHC Hydrogen
Bond

(A)

Tyrl59 2,575

Lys (P1) N Tyrl71 OH 2,819

N Tyr7 OH 2,813
















Ile (P3)







Ser (P8)

oG




Phe (P7)

Trp147 Glu152



Residue

Lys (P9)

Residue

Asp77

OD1

2,900

NZ

Asp116

OoD2

2,628




Lys (P9)

Asp77 | Tyrl23 | Tyrl47




Sequence, structural and Specially found in the regions
functional conservation between: that belong to the binding
groove

|

Classical HLA-I Classical HLA-II || Different species Wide variety of peptides to

l bind
Mammals > birds > fish l

Higher protection from the
immune system



Which of the following domains does NOT participate in the formation of any disulfide bond in MHC I?

o AN oo

al domain in chain A
02 domain in chain A
03 domain in chain A
B2-microglobulin
None of the above

Regarding, the binding groove in MHC I, choose the CORRECT answer

a.

o an O

It is composed of 9 pockets

The anchoring residues are situated in the ends of the groove
Both a and b are correct

The binding cleft is open in one end and closed in the other

The optimal peptide length that it can bind is less than 7 residues

Choose the correct answer related to the MHC-II classification

a.

o AN O

Classical MHC-II: HLA-DO and HLA-DM. Non classical MHC-II: HLA-DP, HLA-DQ and HLA-DR
Classical MHC-II: HLA-DP, HLA-DM and HLA-DQ. Non classical MHC-II: HLA-DO and HLA-DR
Classical MHC-II: HLA-DP and HLA-DR. Non classical MHC-1I: HLA-DO, HLA-DQ and HLA-DM
Classical MHC-II: HLA-DQ and HLA-DP. Non classical MHC-1I: HLA-DO, HLA-DR and HLA-DM

Classical MHC-1I: HLA-DP, HLA-DQ and HLA-DR. Non classical MHC-II: HLA-DO and HLA-DM

Which are the two most important pockets in the anchoring of the peptide in MHC-I?

a.

o o o

Pockets A and C
Pockets B and E
Pockets B and F
Pockets A and F
Pockets D and E




Regarding the SCOP classification of the MHC, to which class of the mentioned below does the MHC belong to?
a All alpha proteins

All beta proteins

Alpha and beta proteins (a/b)

Alpha and beta proteins (a+b)

o on o

None of the above

Which of the following domains participate in the formation of the binding groove in MHC II?

a. al and a2
b. a2 and pf2-microglobulin
[ a2 and B2
d. al and 1
e al and 32

Which of the following statements regarding the MHC is/are TRUE?

a The MHC I is composed exclusively by a a-chain
The MHC II is composed by a a-chain and the domain of the f2-microglobulin
Both a and b are true
There are three classes of MHC, all of which are found on chromosome 6 in humans
All of them are true

o o o

Which of the following statements regarding the MHC is/ are TRUE?

a There are only two types of MHC molecules: MHC I and MHC IL
Both MHC I and MHC II can be found on nucleated cell types.
Both A and b are true.

MHC I binds TCD8+ cells and MHC II binds TCD4+ cells.
All of them are true.

o o o



Regarding the MHC homology between species, choose the correct answer

[ e T

Not all vertebrates have MHC.

The more similar sequences to Homo sapiens are the ones that come from mammals.
Both a and b are true.

The more similar sequences to Homo sapiens are the ones that come from birds.

All of them are true.

From the following associations, choose the correct one:

a.

o on o

MHCI - peptide size of 12-25 aa

MHC 1II - peptide size of 8-1 aa

Both a and b are true

MHC I - mostly expressed in nucleated cell types
MHCI-MHCII




Berlingerio M, Bonchi F, Curcio M, et al. (2009). Mining Clinical, Immunological, and Genetic Data of Solid Organ Transplantation. Biomedical Data
and Applications.

CA Janeway, Travers P, Walport M, et al. Immunobiology: The Immune System in Health and Disease. 5th edition. New York: Garland Science; 2001. The
major histocompatibility complex and its functions.

Garboczi DN, Ghosh P, Utz U, et al. Structure of the complex between human T -cell receptor, viral peptide and HLA-A2. Journal of immunology. 2010;
185 (11): 6394-401.

McMahon RM, Friis L, Siebold C, et al. Structure of HLA-A*0301 in complex with a peptide of proteolipid protein: Insights into the role of HLA - A
alleles in susceptibility to multiple sclerosis. Acta Crystallogr Sect D Biol Crystallogr. 2011;67(5):447—54.

Nguyen AT, Szeto C, Gras S. The pockets guide to HLA class I molecules. Biochem Soc Trans. 2021;49(5):2319-31.

Niu L, Cheng H, Zhang S, et al. (2013). Structural basis for the differential classification of HLA-A*6802 and HLA-A*6801 into the A2 and A3 supertypes.
Molecular immunology, 55(3-4), 381-392.

Saper MA, Bjorkman P, Wiley DC. (1991). Refined structure of the human histocompatibility antigen HLA-A2 at 2.6 A resolution. Journal of molecular
biology, 219(2), 277-319.

Wieczorek M, Abualrous ET, Sticht ], et al. Major histocompatibility complex (MHC) class I and MHC class II proteins: Conformational plasticity in
antigen presentation. Front Immunol. 2017;8:1-16.

Wu Y, Zhang N, Hashimoto K, et al. Structural Comparison Between MHC Classes I and II; in Evolution, a Class-II-Like Molecule Probably Came First.
Front Immunol. 2021;12:1-24.




THANK YOU FOR YOUR ATTENTIONI



AJOR
ISTOCOMPATIBILITY
OMPLEX

Elaia Bercianos, Alba Carts and Claudia Gomariz



