Jana Rovira, Berta Sabariego, Martina Serrat i Laia Vila



INDEX

1. INTRODUCTION
Description
Structure and function
2. EVOLUTION
3. MHCCLASSI
- Inner interactions
- Interactions with other structures
POCKETS
CONCLUSIONS




1. INTRODUCTION

Main function

Features

polygenic polymorphic




1.

INTRODUCTION

-« @I 11T TEMENTAD

HLA class Il HLA class Il HLA class |

DP DM DQ DR C4 C2Hsp TNF BC E AGF

0 e ¢

Classical HLA-A, HLA-B, HLA-C HLA-DP, HLA-DQ, HLA-DR

Non-classical HLA-E, HLA-F, HLA-G HLA-DO, HLA-DM




1. INTRODUCTION

SCOP classification




1. INTRODUCTION

Structure and function MHC

MHC class | MHC class Il

a1l

a2
microglobulin

— |




1. INTRODUCTION

Structure and function MHC

MHC class |

al

a2

MHC class Il




1. INTRODUCTION

Structure and function MHC |

microglobulin TCR II




1. INTRODUCTION

Structure and function MHC |

Binding Groove

a1 and a2
12345678
- [[Lﬂjl
-
123 456

B2 microglobulin
> :
¢

123 456




1. INTRODUCTION p—

Structure and function MHC II N

MHC class I




1.

INTRODUCTION

Structure and function MHC I
y

Binding Groove

a1 and B1

a2

B2

1234 1234

|

123 456

il

123 456



1. INTRODUCTION

MHC | vs MHC I
Chains Alpha + Beta 2 microglobulin Alpha + Beta
Siellite) e Alpha 1 + Alpha 2 Alpha 1 + Beta 1
domains
Interactions CD8 - Alpha 3 and CD4 - Beta 2 and
TCR - Binding groove TCR - Binding Groove
Localization All nucleated cells Antigen Presenting Cells (APCs)

Peptide size 8-10 amino acids 12-25 amino acids
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2. EVOLUTION: MHC I
Sequence alignment
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MEKKET VWRLEEBF BRFASFEAQGALANI AVDKANLDI LI KRS NNTPNTNE PREMTYLS

VKEEHYI | Q- AEFYLTPDP EF MF DF DGDEI BHY BMEEKET VVWRLEEF BRF ASFEAQGALANI AVDKANLDT M KRS NHTPNTRNV- - - - - - PREMTYLS

LMSAQ \ KEEHVI | @G- AEFYLNPD SEF MF DF DGDEI BHY BMAKKET VWRLEEF BRFASFEAQGALANI AVDKANLEI MTKRS NNTPI TRNY PREMTYLT

- VLI GLGQ \ KENHYI | @- AEFYLKPEESAEF MF DF DGDEI BHY BMGEREET VWWRL PEF BHF ASF EAQGALANMAYVMKANLDI Ml KRS NNT P NT RNV PRERELLP

ARP EDRM AN v LAFLLSLRGAGA- | KADHVYSTY- AAFVQTHRPTGEF MF EF DEDEMEY Y BLDEEET VWHL EEF BQAF SFEAQGGLANI Al LNNNLNTLI QRS NHT QAT ND- PREMTVFP

HLA_DQalfa M LNKALLEGALALTAVMSPCGGED- | VADHVASY GYNFYQSHG QY THEF DGDEERYVBLETKET VWAL PMF SKFI SFDPQ LRNMAY GKHTLEF MMRQS NSTAATNE VBEMTVFS

Mous aloha MPRSRALI BGVLEALTTMLSL CGGEDDI EADHVGTY GI VY QSPGDI GAQYTFEFDGDEL By vBL I')ﬁTVW-M PEF BQL ASFDPAGGL QNI AVVKHNL GV L TKRS NSTPATNE ABROQATVF P
Mouse_beta - MARQI P- SLLLLAAVVY YLSSPGTEGGNSERHEVHGQF QPF CYF TNGT QRI RLYI RYI YNREEYYREDS
Rat_beta - MABQTP- SFLLPAAVVVEMYLSSPGTEGRDSPRDEVY QF KGLCYYTNGT QRI RDYVI RY | YNQEEYLRYDS
HLA_DaQbeta kMA Ql PGGF WAAAV TV M| MLSTPVYAEARDF PKDELYQF KGMCYF TNGTERVRGVYARY | YNREEY GREDS
Dog_heta MV CECF LGGSVWMTALMLI BEMYLNPPFAWARDTPPHFELEVAKSECYF TNGTERYRFVERY! HNREEF VvREDS
Bovine_bheta M C FSGGSWAALI VMEMYLCPPLAVAREI QPHELEYYKGECHF F NGTERYRF LDRHF YNGEEFVREDS
HLA_DPbeta MMvEQVSAAPRTVALTALEMVYLLTSYVQGRATPENYLF QGRQECYAFNGT Q- - RFLERY!| YNREEFAREDS
Chimpanzee_hi- - - MGSGWW PW/WALLVN RLDSSMTQGTDSPEDEYI QAKADCYF TNGTEKYQFVVRFI FNLEEYYREDS

Zebrafish MF NVLYI R LLLPFLLETAHGHYGEVYQFT- - - CHMLGSLAQNVEYTYSI YEDTTELLRENSTEN-

Gallus_heta - - - - MGF L GCNMWW WGCSMGY F GMQCAF VVHMASSCPLLANGSL GSFDLTMAF NKNFPLLCYDPDVHRFYPCE
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nce alignment made with ClustalW and visualized with Pfaat



2. EVOLUTION: MHC |l
Phylogenetic tree

Mouse_alpha
HLA_DQalfa
— HLA_DPalfa
— Bovine_alpha

Monkey _alpha
_{ Cat_alpha
Dog_alpha

——— HLA_DPbeta

— Rat_beta

—— Mouse beta

— HLA_DQbeta

Chimpanzee_beta
Bovine beta

- Dog_beta

. Gallus_beta
Zebrafish

Phylogenetic tree from the sequence alignment made with Evolutionary Trace Server



2. EVOLUTION: WViHC |
Sequence alignment
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B_Pan_troglodytes I - - ABRTVEELESAALEALTETVAGS- - HSMRYEY FSYERPG- - RGEPREI THGYVDDT OFVRFDSDAASPRMEPRAPW EC- EGPEYWORETRNMKASART DRENERI AL RFYNGSEA GSHTWAT MY GCEMG- - - PECGRLERGY CAY AYDGKDYIALNEDL S SWIEAADT AAQI TORKWEA AREE
HLA_B MLV MARRTY EELESAALAL TETVWAGS- - HSMRYEY TSYSRPG- - RGEPREI SHGYVDDT OFVRFDSDAASPREEPRAPW EQ- EGPEYWORNTQI YKAQARTDRESERNLRGYYNASEA GSHT|L BS MY GCDY G- - - PEGRLERGHDEY AYDGKDY I ALNEDLRSWIAADT AAQI TORKWEAARE#
B_Monkey - AVMARGTLEEL ESGALAL TETVWAGS- - HEMKYEY FSYSRPG- - RGEPREI SHGYVDDT OFVREDSDAE SPREEPRARW. EQ- ECPEYWEEATRRAKEAARBT HRENERT AL REYNAGSEA GSHTI Q<MY GCDL G- - - PBGRL ERGY HASAYDEK DY EAENGCPERS WIAADMAAQNFORKWEGNRY #
A_Pan_trogionyies  mA Y EIF B L SEL S5 GABSLBUIRIGE- - EEMEET 5 Y SR - <SR A R | G 5 VR - SR VIS S A S URY UG | LRGeS LSS sy S U IO N U AR . A S WA MR RS A HA E
HLA_A MayMAPRTLLLLLSGALALT QTVAGS- - HSMRYFF TSYSRPG- - RGEPRF I AMGYWVDDT OF VRF DSDA/ MEPRARW EQ- EGREYWAOCETRNY KA QSETDRVDEGT LRGYYNASEA GSHEI 8 MYGEDY G- - - SPBORF ERGYRADAVDGK DY FALNE DERSWIARDMARCI TKRKWEA E§
A _Monkey M| MARRT L FSy S GAIE| ToTRAGS- - HEMRYEY TS MEREG- - REGEPREI A GBYUDDT OFVREDSDAA S ORMERRARWY E0- EGREVIAORETERNMKT AT ANA PVA NRNL RGYVNASF BEHTF ARy BED G- - - POGRL ERGYE Oy A¥DERDYINALENE DERSIWTAXDY AAGNFORKIWEA ADY #
C_Pan_troglodytes MRYTAPRTLEELESGGLALTERAAGS- - HSL RYFDTAVERPG - RREPREI SHGYVDDT OFVRFDSDAASPRCEPRAPWY EQ- EGPEYWORET QK'Y KROAGADRY SERNL RGYYNASEDGSHTL G \MY GCDL G- - - PDGRLERGY GESAYDEKBYIALNEDLRSWTAADT AACQI TORKWEAARES
HLA_C MRV MAPRALEEL ESGGLAL TETWACS- - HSMRYFDTAYVSRPG- - RGEPREI SYGYVDDT QFVRFDSDAASPRGEPRARPW., EQ- ECPEYWORET OKY KROABADRY SERNLRGYYNASEDGSHT L ARMS GCDL G- - - PBGRLLERGY DASAYDEKDYIALNEDLRSWIAADT AACQI TORKL EAARAR
Cat MRFVMSRTY EELEL GAEAY BOTWRGS- - HEL RYEY FAVESRFG- - L GERPREI SHGYVDET QFVREDSDAF NPRVMERRAR, EC- ECGPEYWOREFRNMENT ABI F RYDENT ML REENES C SHN GRMYBEDYD- - - PEBRRF ERGYREE S DGKBYIAENE DERSWIARDT ARCI TRRIWEE A GY/

Bovine - - - MGERRTLEELESGY BV LEERRAGS- - HSMRYESFAVERRPG - L GERRY L EMGYVDOT OFVREDSDArR NPRI ER T ARV EQ- EGPEVMHOETRQRT KDTAGF F BVY BNT L RGYNVNASE A GSHT GE iy GEDY G- - - PBG- LERGYDEF AYDERBVIEALENE DERSWIEARDT AAIQY K HNABAAGDA
Mouse MGAMAF'RTLLLLLAJ-\ALA‘F‘TQTPAGP- - HEMBYEERAVEREG- - LEERRY | SHGYWDNKERVREDSDAE NPRY ERRARAVEQ- EGREVINE REF QKA KGOE @ BY S ERNL L GYNAS A GEESHT L Bcois BEDL G- SEWRLERGY|L BF ANE GREYEAENEDEK T WFAADMARQI TRRKWECS GA A
Rat McAMAPRTLER BArARAFFORRAGS- - HEMBYE D AVERPG - LGEFREI | MOYVDDT c FVREDSDAE <PRY EFRARWHVEF- EGPEYWC £ QfIRRAKEGERT F BYNERT AL HENNASEDREHTI GRLSBEBY G- - - SBGRLERGYE & AVYDGREYIAENEDEK T INFARDF SAIR| S RNKIRO QA GY &
Gallus - - - MGECGABGLGLBLELAAY CCRAAERHTLRYI QFAMTDRE - PEORVEY THEYMBGE L F¥HY NSTAR- - BvvERT E@vMAANT DOONGORQI vV QGNEEI DRODEGTLORRYENGT G- BEHTY AL MY SR L- - - EBG- T1 RE¥SADAYBGREF [FAF DKGT MTF ARV P EAY P K RKISEE GDY §
Zebrafish - - - MAVFAVEF SAVMLER VPAWTEK- - HELYM YRALEREYNEFPS HERTAMELLBBRAI DYYNEQEQ- - KKI BKOREMKE KMQE DIIE KGQS RKS KE@WF NNV NI LMERMRHNKSDV v L @WRHBEIE| Ef@BNNY RF sKBI DEY SEBGE NF LSF DDADS Qv Py DEAIL P EKRIEWONY PI

GT CVEWLRRYLENGKETLQRADPPKTHVTHHP| SDHEATLR- - CWALGFYPAE| TLTWARDGEDQT @ DTELVETR (PEGDRTF GKWAAYVYYPSGEEQRYTCHV QHEGLP KPLTLRIWEPSSQSTI P VGl VABLAVEVYTYAYVA - - - ¥¥A- AVMCRRKSSGGKEBGSY S QAASSDEARGEDY BLTA
GECVEWLRRYLENGKDKLERADPPKTHYTHHPI SDHEATLR- - CWALGEYPAE| TLTWARDGEDQT G- DTELVETR tPAGDRTF GKWA AVVYPSGEEQRY T CHYQHEGLPKPLTLRIWERPSSQSTYP VGl VABLAVEAY- ¥V| GA- - - - VMA- AVMCRRKSSGGKBGSY S QAACSDEARBGEDY SLTA
GECL EWLRRYLENGKETLIQRADPPKT HY THHPY SDHEATLR- - CYWALGFYPAEI TLTWARDGEE QTG DTEF VETR :PGBDGTF QKINGAVVVPSGEEQRYTECHVOHEGL PEPI TI RWERPSSQSTI VGl VABLAVIEAY- VETGAL - - - WA AVMARRKSSGGKBGSY SOMASSDSABGEDY SITA- -
BREVEWERRYEENGKETEQRT DPPKTHMEHHRI SDHEATER- - SVWKEGEYRAY INT ETWARDGEDQT @ DTELMETR iPA GDGTF GKWA AV VVP S GEEGRYTCHVOHEGLEP KPLTLRIEPSSQPT! VGl | ABLVLEGA- VI TGE - - - vlla- AVMWRRKSSDRRBGSY T 0llaSSDEABGEDY SET A CRY
GT CVEWLRRYLENGKET LORT DPPKTHMTHHPI SDHEATLR- - CWALGF YPAE| TLTWARDGEDQT 8- DTELVETR 3pA GDGTF GKWAAYYYPS GEEARYT CHY GHEGL P ; VGl | ABLYVLEGA- ¥ TGA- - - - vilA- AVMARRKSSDRKBGSY T ORASSDEARGEDYBET A CK:

AoAuE I DBV ENEECT I AB A ND BT LV TULDY S AU AT D, . ARSI AEVD.A C 1T LTWADNASC ATA. ATEI WETD -
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Sequence alignment made with ClustalW and visualized with Pfaat



2. EVOLUTION: WViHC |
Phylogenetic tree

Zebrafish
Gallus

(@F: i

Mouse
Rat
Bovine
— A_Monkey
r A_Chimpanzee
HLA_A
B_Monkey
B_Chimpanzee
HLA_ B
C_Chimpanzee
HLA_C

Phylogenetic tree from the sequence alignment made with Evolutionary Trace Server



2. EVOLUTION:
Structural alignment

1 11 21 1 41 51 61 81
Consensus gsHSmMRYFyT avSrPGrGEP rflsVGYVDd aspRmePRaP WmEq-EgPEY WdreTgkvKg aQtdRvdLr tLIrYYNQSe GSHtlQrMy
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201 211 221
Consensus TLRCWALGFY PAel TLTWQr DGedqTQD
Conservation

301 311 32 331
Consensus LNCYVsgFHP pdleidl I KN GekiekvEhS DIS

371
i ePKki VKWDRDm
Conservation

Structural alignment made with Stamp and visualized with Chimera



2. EVOLUTION: MHC |

Superimposition
Light green: HLA-A
= Score: 9.68 Light blue: HLA-C
Cyan: cat
=+ Length: 379 Magenta: rat
=+ N-fit: 348 Yellow: mouse

Orange: ape

Superimpositions made with Stamp and visualized with Chimera






3. MHC CLASS |
HLA-A, HLA-B and HLA-C sequence alignment

HLA-C1

HLA-C2 - -
HLA-C3 -

10
1

30
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LU L]

GSHSMRYF
- GSEHSMRYF
- GSHSMRYF
- GSHSMRYF
- BGSHSMRYF
MGSHSMRYF
SHSMRYF
MSHSMRYF

YTAMSRPGRGEPRF |
YTAMSRPGRGEPRF I
YTAMSRPGRGEPRF |
YTAMSRPGRGEPRF |
YTAMSRPGRGEPRF |
SPESYEWRGRGEPRFE |
sSPsvYEWPGRGEFPREI
YTAYSRPBRGEPRF I

A¥GYYDDT QF¥YRF
AYGYYDDT QFYRF
AYGYYDDTQFYRF
AYGYYDDT QFYRF
AVGYVYDDTQF¥RF
A¥GYY¥DDT QFYRF
A¥GYYDDT QFYRF
AYGYYDDT QF ¥ OF

SDAASPRTEPRFPW EQEGPEYWDRNT QI
SDAASPRTEPRFPW EQEGPEYWDRNT QI
SDAASPRTEPRFPW EQEGPEYWDRNT QI
SDAASPRTEPRFPW EQEGPEYWDRNT QI
SDAASPRTEPRAPW EQEGPEYWDRNT QI
SDAASFRGERREPW EQEGPREYWORETQK Y KR
SODAASFERGCERREPW EQEGRENYWIREFOK Y KR QABADRY NE
SDARSP R GCERR AR EQEGREVWIRETGOK ¥ KR QABHDRY S E

F T
FKET
FET
F BT
FRT

NTEBEYRENER| ALRNMYVNOSEAGSH |
NTEBEYRENERI| ALRY¥MYNESEAGSH |
NTET YRENE
NTBTYRESE
NTEBT YRESE
QABADRYNE

ORMYGCDLGPOGRLLRGHDRSAYDGKDYI
OGRMYGCDLGPDGRLLRGHDASAYDGKDY!
GRMYGCOLGPDGRLLRGHDASAYDGKDYI
GRMYGCDLGPDGRLLRGHDASAYDGKDY!
ORMYGCDLGPDGRLLRGHDQSAYDGKDY |
ORMFGCOLGPOGRLLRGYNQGFAYDGKDY I
GRMFGCODLGPDGRLLRGYNGFAYDGKDY |
ORMYGCDLGPDGRLLRGYNGFAYDGKDYI

ALNEDL s
ALNEDL
ALNEDL
ALNEDL
ALNEDL s
ALNEDLRSW
ALNEDLRSW
ALNEDLRSW

R ALREYNGESEAGSH |
RNLRGYYNOQSEAGSHI
RGYYNQSEAGSH!I
RGYYNBSEDGSHT
RGYYNQBSEDGSHT
RGYYNQSEAGSHT

RNL
RKL
RKL
RNL

HLA-C4 - - STHSIRNE
GSHSMRYF
GSHSMRYF

GSHSMRYF

YTAYVSRPGRGEPRF |
FTSYSRPGRGEPRFI
FIESYSERPGRGEPRF |
FESYERPGRGEFPRF |

A¥GYYDDT QF ¥ OF
A¥YGYYDDT QFYRF
AYGYYDDT QFYRF
AYGYYDDT QFVRF

SDARSFERGCERRAPW EQEGPREVYWIRE FOK Y KR QAGHDRY NE
SDAAS ORMEPRAFPW EQEGPREVYWIOGETRKYEAHSERHRYDE
SHAAS O RMERR A PW EQEGFEYWDGETRKYEAHSBIHRYDE
SDAAS ORMERR A PFW EOEGERENYWOGENRKYEAHSEHRHRYDE

REKLRGYYNQSEAGSHTLORMYGCDLGPDGRLLRGYNGBFAYDGKDYI
RGYYNOSEAGSHT vEBRMYGCD Y 5 DwRF ERGY HE Y ANDGHKDYI
RGYYNOSEAGSHT vARMYGCD v GsDwRFERGY HBYAYDGHKDYI

RGYYNOSEAGSHT vARMYGCD v G DwRFERGY HE Y ANDGHDNYI

ALNEDLRSW
ALKEDLRSW
ALK EDLRSW
ALKEDLRSW

HLAAZ - cTH

HLA-A4 - GTL

HLA-A1T - GTL

240 270

230 2
I 1 | ' |

I

EWLRRYLENGKETLGRADFPKTHYRDGEDQT QDT ELYETRPAGDRT FOKWAAYYYPSGEEQRYTCHYQHEGLPKPLTLRWEPRHH
EWLRRYLENGKETLORADFPKTHYRDGEDQT GDTELYETRPAGDRT F QK WAAYYYPSGEEQRYTCHYQHEGLPKPLTLRWEP. -
EWLRRYLENGKETLGRADFPKTHYRDGEDGT ODTELYETRPAGDRT F OKWAAYYVYPSGEEQRYTCHYOHEGLPKPLTLRWEPR. -
EWLRRYLENGKETLGQRADFPKTHYRDGEDQT QDTELYETRPAGDRT FOKWAAYYYPSGEEQRYTCHYGHEGLPKPLTLRWEP. -
EWLRRYLENGKETLGRADFPKTHYRDGEDOT QDTELYETRPAGDRTF QKWAAYYYPSGEEQRYTCHYGHEGLPKPLTLRWEPS-
EWLRRYLENGKETLQRAEHPKTHYWDGEDGT QDT ELYETRPAGDGT FOKWAAYYYPSGEEGRYTCHYQHEGLPEPLTLRWK. - -
EWLRRYLENGKETLORAEHPKTHYWDGEDQT GDTELYETRPAGDGT F OKWAAYYVPSGEEQRYTCHYOHEGLPEPLTLRW. - - -
EWLRRYLENGKKTLORAEHPKTHYRDGEDQT GDTELYETRPAGDGT F QKWAAYYVYPSGEEQRYTCHYQHEGLPEPLTLRW. - - -
EWLRRYLENGKKTLORAEHPKTHYVRDGEDQT QDTELYETRPAGDGTFOKWAAYVYPSGEEQRYTCHYQHEGLPEPLTLRWGPSS
EWLRRYLENGKETLORTDAPKTHMDGEDQT QDTELYETRPAGDGT FOKWAAVYYPSGOEQRYTCHYQHEGLPKPLTLRWE.- - -
EWLRRYLENGKETLORTDAPKTHMDGEDOTODTELYETRPAGDGTFOKWAAVYVYPSGOEQRYTCHYQHEGLPKPLTLRWE- - -
EWLRRYLENGKETLQRTDAPKTHM DGEDQTOQDTELYETRPAGDGT FOKWAAYYYPSGOEQRYTCHYQHEGLPKPLTLRWEP- -

LT L L LT T[]

LLRGHDO@SAYDGKDY|I ALNEDLSSWT AADTAAQI TORKWEAARVAEQLRAYLEGL CV|
LLRGHDOSAYDGKDY| ALNEDLSSWT AADTAAQI TORKWEAARVAEQLRAYLEGLC
LLRGHDOSAYDGKDY| ALNEDLSSWT AADT AAQI TORKWEAARVAEGLRAYLEGLC
LLRGHDBSAYDGKDY| ALNEDLSSWT AADT AADQI TORKWEAARVAEGLRAYLEGL
LLRGHDGSAYDGKDY| ALNEDL SSWT AADTAAQI TORKWEAARVAEGQLRAYLEGL
LLRGYNOBFAYDGKDY| ALNEDLRSWT AADTAAQI TORKWEAAREAEQGRRAYLEGT
LLRGYNBFAYDGKDY| ALNEDLRSWT AADTAAQI TORKWEAAREAEGRRAYLEGT
L
L
F
F
F

LRGYNQFAYDGKDY| ALNEDLRSWT AADTAAQI TORKWEAARTAEQLRAYLEGT
LRGYNQFAYDGKDY| ALNEDLRSWT AADKAAQI TORKWEAAREAEQRRAYLEGT
LRGYHAYAYDGKDYI AL KEDLRSWT AADMAAGT T KHEWEAAHYAEGL RAYLEGT
LRGYHOYAYDGKDY| ALKEDLRSWT AADMAAGT T KHEWEAAHYAEGL RAYLEGT
LRGYHEAYAYDGKDY I ALK EDLRSWT AADMAART T KHEWEAAHVYAEGL RAYLEGT

Sequence alignment made with ClustalW and visualized with Pfaat



3. MHC CLASS |
HLA-A, HLA-B and HLA-C structural alignment

11
Consensus TavSRPGRGE
Conservation

HSMRYFy

111
Consensus LRGy

Conservation
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GKDYIALRED
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DTQFVRFDSD

131
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AASpRmMEPRa

151
KWEA ArvAEQIRAY

R
R

2
TFQKWAAVVYV

R A

51
PWi EQEGPEY

161
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61
WDreTqkyKa

DDA —A>>D>—HID>
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PSGeEQRYTC
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qaQTyRvnlLr tLRGYYNQSE AGSHtiQRMY

ZO0T
>

>
> T

ARRAR=Z==--HZ4Z X+
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I POZZZIIOT
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191
YLENGKETL QRadaPKTHv THHpVSDHEA

T
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T
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VIV II3

n

61
HVQHEGL

Structural alignment made with Stamp and visualized with Chimera



3. MHC CLASS |

HLA-A, HLA-B and HLA-C superimposition

)

»+ Score: 9.67 pink: HLA-A

blue: HLA-B

=+ Length: 388 yellow: HLA-C

- N-fit: 367

Superimpositions made with Stamp and visualized with Chimera



3. MHC CLASS |
HLA-A, HLA-B and HLA-C variability

a2

Variability between HLA-A, B and C visualized with Chimera

Alpha helices:

Interaction with
the peptide

Interaction with
TCR

Part of the
binding pockets




INNER INTERACTIONS



3. MHC CLASS |
Inner interactions MHC |: Disulfide bonds

a2 chain 164 - 101 | a3 chain 259 - 208 B2m 25 - 80



3. MHC CLASS |
Inner interactions MHC I: B2m - a3

201 211 221 231 241 251 261 271

Consensus TLRCWALgFY PAEITLTWQR DGEDQTQDTE LVETRPAGDg TFQKWAAVVV psSGeEQRYTC HVQHEGLPkKkP LTLRW
Conservation

HLA-A1

HLA-C4

HLA-B4

HLA-A2

HLA-C3

HLA-A3

HLA-A4
HLA-B1
HLA-B2
HLA-B3
HLA-C1
HLA-C2

Structural alignment made with Stamp and visualized with Chimera



3. MHC CLASS |
Inner interactions MHC I: B2m - a3

Glu232 Lys6 3.03
Arg234 GIn8 2.91
Tyr10 2.644
Pro235
Tyr26
Ala236 Arg12 3.012
Ala236 Asn24 3.004
His192 Asp98 3.69
Arg234 Met99 3.692
Cterm

Trp244 2.793




3. MHC CLASS |
Inner interactions MHC I: B2m - a3

Glu232 Lys6
Arg234 GIn8
Pro235 Tyr10

Pro235 Tyr26




3. MHC CLASS |
Inner interactions MHC I: B2m - a3

His192 Asp98
Arg234
Trp244

Met99
Cterm




3. MHC CLASS |
Inner interactions MHC . 32m - a,2

31 41 51 61
Consensus DTQFVRFDSD AASpRmEPRa PWi EQEGPEY WDreTqgkyKa
Conservation
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Structural alignment made with Stamp and visualized with Chimera



3. MHC CLASS |
Inner interactions MHC . 32m - a,2

GIn32 2,766
Arg35 Asp53 2.964 /3.077
Arg48 3.04 /3.41
Phe8 Pheb56

Serb55 3.118
Tyr27

Tyr63 3.57

His31 2.85
GIn96

Phe62 3.52

Asp120 Trp60 2.859




3. MHC CLASS |
Inner interactions MHC . 32m - a,2

™ Phe8 (VDW) Phe56

GIn32

Arg35 (salt bridge)
Arg48 (salt bridge) " ASP 538




3. MHC CLASS |
Inner interactions MHC . 32m - a,2

TRP 60.B

Asp122 TrEGO " (




INTER INTERACTIONS



3. MHC CLASS |

Interactions MHC | - TCR: sequence alignment

AASPRTEPRF P
AASPRTEPRFPWM
AASPRTEPRFPM JASAYDGKDY| ALNEDLSBWIAADTAAGH TORKWEAARVAEQLR
AASPRTEPRF P ! RNLRGYYNQASEAGSH! | GRMYGCDLGPDGRLLRGHDASAYDGKDY| ALNEDLSSWTAADTAAQI TORKWEAARYAEQLR

AASPRTEPRAPIM \ LRNLRGYYNGSEAGSH | GRMYGCDL GPDGRLLRGHDASAYDGKDY| ALNEDLSSWIAADTAAQI TORKWEAARVAEQLR

AASPRGEPRE P/ <Y KRQARAD <LRGYYNQSECGSHT L GRMF GCDL GPDGRLLRGY NAF AYDGKDY| ALNEDLRSWTAADT AAQI TORKWEAAREAEQRR

AASPRGEPRE P RQARAD RGYYNQSEDGSHT L QRMF GCDL GPDGRLLRGY NAF AYDGKDY | ALNEDLRSWIAADTAAQI TORKWEAAREAEQRRAYLEGT CYEWLRRYLENGKETL Q!

AASPRGEPRA P/ YRR RAYLEGT CVEWLRRY LENGKKTLQ
RGYYNQSEAGSHT L QRMY GCDL GPDGRLLRGY NAF AYDGKDY| ALNEDLRSWIAADKAAQI TORKWEAAREAEQRRAYLEGT CYEWLRRYLENGKKTLQ

AASCRMEPRA P GERRKY BKAHSE@FHRY DEGT LRGYYNASEAGSHT v ERMYGCD "RF LRGYHAY AYDGKDY| ALKEDLRSWIAADMAAQT TKHKWEAAHYAEQLIRAYLEGT CYEWLRRYLENGKETL Q!

AASORMEPRA P ITHRY DEGT LRGYYRASEAGSHT v ARMYGCD! '‘RFLRGY HQv AYDGKDY| ALKEDLRSWIAADMAAQT TKHKWEAAHYAEQLRAYLEGT CYEWLRRYLENGKETLQ

BASORMEPRA P WOGETR AHS BS B Y HE ¢ 4 RAYLEGT CVEWLRRYLENGKETLGR

Sequence alignment made with ClustalW
and visualized with Pfaat



3. MHC CLASS |

Interactions MHC | - TCR: structural alignment

61 81

Consensus E Y|W LrnlrgYYNQ
Conservation
HLA2

HLAT

HLAS

HLA9
HLA11
HLA4

HLA8

HLA3
HLA10

LR I'A
T

i

2> D—H>>—-H>
IONZO0O0ZZwm <«

Consensus tAAQ I T qR|KW
Conservation
HLA2

HLA1

HLAS

HLA9

HLA11
HLA4

HLA8

HLA3
HLA10

e i R T i

Structural alignment made with Stamp and visualized with Chimera Conserved residues in MHC | visualized with Chimera



3. MHC CLASS |
Interactions MHC | - TCR

CD8

=
s
-

MHC-I TCR

MHC | TCR

Interaction between MHC | and TCR visualized with Chimera



3. MHC CLASS |

Interactions MHC | - CD8: sequence alignment

{EQLRAYLEGLCVEWLRRYLEMGKETLQRADFPKTHYTHHPYSDHEATLRCYWALGFYPAEI TLTWARDGEDQT QDTELVYETRPACDRTF GKYWAAVYVYPESGEEQRY T CHY QHEGLHA
\EQLRAYLEGLCVEWLRRYLENGKETLQRADFPKTHYTHHPYSDHEATLRCYWALGFYPAEI TLTWARDGEDQT GQDTELVETRPACDRTF QKYWAAVYYPSGEEQRY T CHY QHEGLA
{EQLRAYLEGLCVEWLRRYLENGKETLQRADFPKTHY THHPY SDHEATLRCYWALGFYPAEI TLTWAEDGEDQT QDTELVETRPACDRTF GKYWAAVYVVPSGEEQRY T CHY QHEGLH
{EQLRAYLEGLCVEWLRRYLENGKETLARADFPKTHYTHHPY SDHEATLRCWAL GFYPAEI TLTWARDGEDQTAGDTELYETRPACDRTF QKWAAVYYVPSGEEQRY T CHY QHEGLH
{EQRRAYLEGT CVEWLRRYLENGKETLAQRAEHPKTHYTHHPY SDHEATLRCYALGFYPAEI TLTWOWOGEDQT QDTELVETRPACDGTF GKYWAAVYVYPESGEEQRY T CHV QHEGLH
{EQRRAYLEGT CVEWLRRYLENGKETLQRAEHPKTHYTHHPYSDHEATLRCYWAL GFYPAEI TLTWOWOGEDQT QDTELVETRPACDGT F OKYWAAVYVYPSGEEQRY T CHY QHEGLH
\EQLRAYLEGTCYEWLRRY LENGKKTLQRAEHPKTHYTHHPYSDHEATLRCYWALGFYPAEI TLTWARDGEDQT GDTELYETRPACDGTF OKWAAVYYPEGEEQRY T CHY QHEGLA
{\EQRRAYLEGT CVEWLRRY LENGKKTLAORAEHPKTHY THHPYSDHEATLRCYWALGFYPAEI TLTWARDGEDAT AGDTELYETRPACDGTF QKVAAVVYPSGEEQRY T CHY QHEGLH
V\EQLRAYLEGTCVEWLRRYLEMNGKETL QRTDAPKTHMTHHAY SDHEATLRCYWALSFYPAE!I TLTWARDGEDQT QDTELVETRPACDGT F QKWYWAAVYVYPESGOEQRY T CHY QHEGLA
{EQLRAYLEGT CVEWLRRY LENGKETL QRT DAPKTHMT HHAY SDHEAT L RCYWA YPAEI TLTWQEDGEDQTQDTELVETRPACDGTF QKYWAAVYYPSGOEQRY T CHY QHEGLH
{EQLRAYLEGTCVEWLRRY LENGKETLQRT DAPKTHMTHHAYSDHEATLRCYWALSFYPAEI TLTWAEDGEDQT AQDTELVETRPACDGTF GKYWAAVVVPSGOEQRY T CHY QHEGLH

Sequence alignment made with ClustalW
and visualized with Pfaat



3. MHC CLASS |

Interactions MHC | - CD8: structural alignment

y,

L/

]
mHc-1 Py llicPe

e Interactions between CD8 alpha 1and 2
with MHC | alpha 3

(2

e Highly conserved residues

e Tapasin: residues 221-229

241
FYPAEITLTW] QRDGEDQTQD TELVETRPAG DrTFQKWAAV

Structural alignment made with Stamp and visualized with Chimera ‘

MHC | - a3 CD8

Interaction between MHC | and CD8 visualized with Chimera



3. MHC CLASS |
Interactions MHC | - CD8: hydrogen bonds

Glu232 Ser27 GIn226 Ser34

Leu230 Asp227 Tyr51 3.03

Val231 Asn28 3.25, 3.26,

Glu232 3.16, 3.24 Glu198 Asn55 3.36, 3.23

Lys243 Val248

Thr225 Thr30 2.57 Glu222 Asn99 3.14

GIn262, GIn54 2.78, 2.61

Thr214

Leu230 Asn99 3.23

GIn226 Ser100 3.12 Ly .

A GLU 198.A

Interaction between MHC | and CD8 visualized with Chimera




BINDING GROOVE: POCKETS



4. POCKETS

Binding Groove

al \LR

0(2

//

" .

’ )

Variability between HLA-A, B and C visualized with Chimera



4. POCKETS

Binding Groove

MHC class |: 6 pockets

Visualized with Chimera

MHC class Il: 9 pockets

Visualized with Chimera



4. POCKETS

Binding Groove comparison

al and a2
Closed ends with Tyr
Peptides of 8-10 aa

a1l and 31
Opened
Peptides of 12-25 aa

Superimposition HLA | and HLA I
WHLA |
MHLA N

Superimposition made with Stamp and visualized with Chimera



4. POCKETS
Binding Groove MHC I: HLA-A supertype 3

Visualized with Chimera



4. POCKETS
Binding Groove MHC I: HLA-A supertype 3

Pocket A Open nature — broad range of residues Lys 1

Pocket B Small and/or hydrophobic Thr 2

Pocket C Open nature — broad range of residues Pro 4 and Pro 5
Pocket D Wide — few restrictions Phe 3

Pocket E Open nature — broad range of residues Thr 6, Glu 7 and Pro 8
Pocket F Lysine or Arginine Lys 9




4. POCKETS
Binding Groove MHC |: HLA-A supertype 3

IConsensus
IConservation

IConsensus
IConservation

onsensus
onservation

Structural alignment made with Stamp and visualized with Chimera

Pocket A Open nature — broad range of residues
Pocket B Small and/or hydrophobic
Pocket C Open nature — broad range of residues
Pocket D Wide — few restrictions

Pocket E Open nature — broad range of residues
Pocket F Lysine or Arginine




4. POCKETS
Binding Groove MHC |

£

M sne (Sars nucleocapside peptide)
Nef (Negative factor)

" RT (Reverese transcriptase)

Superimpositions made with Stamp and visualized with Chimera



4. POCKETS
Binding Groove MHC I: HLA-A supertype 3

Visualized with Chimera



4, POCKETS
Binding Groove MHC [. Pocket A

716A

R 1

(e .

Hydrogen bonds

Lys 1

N Tyr7 OH 3
N Tyr 171 OH 2.7
0 Tyr 159 OH 2.6

N ¢ Gln 62 Oe 3.1




4. POCKETS
Binding Groove MHC [. Pocket A

AT

Van der Waals interaction

Lys 1

Met 5

Tyr 7

Tyr 59

Glu 63

Trp 167




4. POCKETS
Binding Groove MHC I: HLA-A supertype 3

Visualized with Chimera



4. POCKETS
Binding Groove MHC |: Pocket B

P R

N Glu63 Oe1 29

0] Arg163 NH2 3.1

Thr2 O Water 6 O 27
Oy1 Glu63 Oe1 2.8

Oy1 Asn66 Nd2 3.0

Hydrogen bonds



4. POCKETS
Binding Groove MHC |: Pocket B

T

Tyr7

Tyr 9

Met 45

Glu 63
Thr2

Asn 66

Val 67

Tyr 99

Van der Waals interaction Tyr 159




4. POCKETS
Binding Groove MHC I: HLA-A supertype 3

Visualized with Chimera



4. POCKETS
Binding Groove MHC |. Pocket C

Hydrogen bonds



4. POCKETS
Binding Groove MHC |. Pocket C

Van der Waals interactions

Pro 4 Asn 66
Asn 66
Ala 69
Pro 5
Glu 70
Thr 73




4. POCKETS
Binding Groove MHC I: HLA-A supertype 3

Visualized with Chimera



4, POCKETS
Binding Groove MHC |. Pocket D

Hydrogen bonds

Phe 3

Tyr 99 (0] ] 3
Water 46 (0] 2.7
Water 283 (e 2.9




4. POCKETS
Binding Groove MHC |. Pocket D

GIn 156

Phe 3 Tyr 159

Thr 6 (peptide)

Van der Waals interaction



4. POCKETS
Binding Groove MHC I: HLA-A supertype 3

Visualized with Chimera



4, POCKETS
Binding Groove MHC |. Pocket E

r

[\ Water 159 0] 2.9

Thr 6
Oov1 Water 391 0] 2.3
(0] Trp 147 N €1 3.1

Glu7
(0] Water 87 (0] 2.7
Pro 8 (0] Trp 147 N g1 3.1

Hydrogen bonds



4. POCKETS
Binding Groove MHC |. Pocket E

Van der Waals interaction

Thr 6

Arg 114

Trp 147

Ala 152

Phe 3 (peptide)

Glu7

Trp 147

Ala 150

Phe 3 (peptide)

Pro 8

Thr 73

Trp 147

Glu 7 (peptide)




4. POCKETS
Binding Groove MHC I: HLA-A supertype 3

Visualized with Chimera



4. POCKETS
Binding Groove MHC |. Pocket F

By o

4HOH 5023.A
N Asp 77 O 51 29
o Tyr 84 OH 2.7
o1 Thr 143 O y1 27
(O Lys 146 N ¢ 2.8

Lys 9
012 Water 16 o] 2.7
N¢ Asp 116 062 27
N Water 19 o] 2.7
‘ N ¢ Water 121 @) 35
Hydrogen bonds



4. POCKETS
Binding Groove MHC |. Pocket F

l

N
Van der Waals interaction

Lys 9

Asp 77

Leu 81

lle 95

Tyr 123

Thr 143

Trp 147




4. POCKETS
HLA-A*"1101 SNP peptide complex

Visualized with Chimera



4. POCKETS
Pockets B and F: HLA-A, HLA-B, HLA- c dlfferences .Eié’?k‘zt

10 -_ .;._ -'1_ 5 :_ f .: g ’ ]1|’|

HH\HL\ HH\H!H\HH!H!H!HH!H!H!!IIHIHIHHIHI

HLA-B1 i TAMSRPGRGEPRF I AVGYYDDTQF ¥YRF DEDAASPRTEPRFPYY EQEGPEYWOHRM N VREMNERI A F‘( fNQSEAGSHI | QRN
HLA-B3 - i TAMSRPGRGEPRF| AVGYYDDT QF VRF DSDAASPRTEPRFPW EQEGPEYWORL F@FYRENERI A _R{E ANGSEAGSH | BR
HLA-B2 - i TAMSRPGRGEPRFI| AV GYYDDTQF YRF DSDAASPRTEPRFPY EQEGPEYWORM NI B RE S ERMNE RG @ ENASEAGSH| | QR
HLA-B4 i TAMSRPGRGEPRF I AVGYVDDTQF VRF DSDAASPRTEPRAPYW EQEGPEYWORM NITEIEY RE S ERMNE RG f FNASEAGSH| | GR {
STSYSWPGRGEPRF I AVGYVDDT QF VRF DSDAASFRGEPREPYWEQEGPEYWORE Y RREABADRY NERK ERG @ ANGSEDGSHT L BRMFIGCHL GPBGRL ERGY NE F S50
[II:SVS"J"IPGRGEF‘RFI AVGYYDDTQF YRF DSDAASPRGEPREPW,EQEGPEYWORE v EREABADRY NERK ERG @ ANGSEDGSHT L BRMFIGCHL GPBGRL ERGY NE F S50
TAVSRPGRGEPRF | AV GYVDDT QF ¥ OF DSDAASFPRGEPRAPWEQEGPEYWORE PRRETORY SERNE RG  ANGSEAGSHT L GRMVIGCDL GPDGRL ERGY MNEF A DY
TAYVSRPGRGEPRFI AVGYYDDTQF V¥ OF DSDAASPRGEPRAPYW EQEGPEYWORE \ R ATDRY MNERKE RG ¢ FNAGSEAGSHT L GRMYIGCDL GPDGRLLRGY NEF Y DY
I SYSRPGRGEFPRE I AVGYVDDTAFVREDSDAAS ORMERRA P EQEGPEYWOGEN RIKYKAHEBTHRY CEGT E RG f ANGSEAGSHT v ERMYIGCE ' G5 BVRF ERGY HE v S D
ISV SRFGRGEFRE I AVGYVDDTORVREDSDAAS OFMERRA P EQEGPEYVWOGEINRIKY KAHEBTHRY CEGT E RG f ANGSEAGSHT / ERMYIGCE" 6S BVRF ERGY HE v 8 D

HLA-AT - i SV SRECRGERREIAVCYVDDTOEVREDSDAAS ORVMERRA B EQECREVWDGEINRKY KAHEBIRHRY CEGT B RG [ (NGSEACSHT Y GRMVCCE" BS BRF ERGY HE v DY

1:'D| g 140 15I: ]hll 1 ?[I ‘1E¢D 190 “DEI

lUHIHIHIHIHHIHIHLH\HHIHIH I\HHIHIH\H\HHIHIH\H\HHIHIH\H r . TR

HLAE1 DGKLY| ALNEDLSSWIAADTAAGI T ORKWIAARVAEQLRANLEGLCVEW . RRYLENGKETLQRADFPKTHY THHPYSDHEATLRC I POCKET B TYR159
HLAB3 DGKLY| ALNEDLSSWIAADTAAQI T ORKWIAARVAEQL RANLEGL CYEW . RRYLENGKETLQRADFPKTHY THHPYSDHEATLRC )
HLaE2 DGKLY | ALNEDLSSWIAADTAAGI T ORKW IAARVAEQLRANLEGL CYEWL. RRYLENGKETLQRADFPKTHY THHPYSDHEATLRC
HLA-B4 DGKLY | ALNEDLSSWIAADTAAGI T ORKW IAARVAEQLRANLEGL CYEWLRRYLENGKETLQRADFPKTHY THHPYSDHEATLRC
HLA-C1 DGKLY| ALNEDLRSWTAADTAAQI T IRKWIAAREAEQRRANLEGT CYEW. RRYLENGKETL QRAEHPKTHY THHPYSDHEATLRC TYR 84
HLA-C2 DGKLY I ALNEDLRSWTAADTAAGI T ORKW IAAREAEQRRANLEGT CVEYW RRYLENGKETLQGRAEHPKTHY THHPYSDHEATLRC — o o — —
HLA-C3 DGKLY | ALNEDLRSWIAADTAAGI T ORKWIAARTAEQL RANLEGT CYEWLRRYLENGKKTLARAEHPKTHY THHPYSDHEATLRC r N TYR123
HLA-C4 DGKELY | ALNEDLRSWTAADKAAGI T IRKW IAAREAEQRRANLEGT CYEWL RRY LENGKKTLARAEHPKTHY THHPYSDHEATLRC I POCKET F I THR 143
HLA-A2  DGKLY | ALKEDLRSWTAADMAAQT T <HKW IAAHVAEQL RANLEGT CYEWLRRYLENGKETLART DAPKTHMTHHAVSDHEATLRC

: DGKLY| ALKEDLRSWTAADMAAQT T <HKWAAHVAEQLRAYLEGT CYEVW RRY LENGKETLQRT DAPKTHMTHHAYSDHEATLRC = o o = o= e ’ LYS 146

DGKL Y| ALKEDLRSWTAADMAAQT T <HKW IAAHVAEQL RAWVLEGT CYEWLRRYLENGKETLQRT DAPKTHMTHHAMSDHEATLRC

- .- e == == -

TRP 147

Sequence alignment made with ClustalW and visualized with Pfaat



5. CONCLUSIONS

MHC complex presents foreign peptides to T-Cell
receptors to fight potential infections.

Residue Structure and T-cell receptor
conservation interaction maintenance

Mainly found in the binding groove
(pocket B and F).

Residue — Detecting and fighting against
variability any kind of danger

Polymorphism implies higher
probability of immune surveillance
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PEM QUESTIONS

1. Choose the correct answer about MHC class | and MHC class Il:
a)  The structure of both MHC is identical
b)  The binding groove of MHC class | and MHC class Il is formed by the same domains
c) MHC class Il is formed by 3 alpha domains and a B2-microglobulin

e) All are wrong

2. About HLA-A, HLA-B and HLA-C:
a) Their sequence shows variability in some positions
b) Regarding the structure, they are very similar
c) aandb are correct
d) The variable region interacts with the peptide

3. The MHC | interacts with:

a) T-cell

b) CD8

c) aandb are correct
d) CD4

e) All are correct



PEM QUESTIONS

4. Choose the correct answer about MHC class | and MHC class Il binding groove:

a) The MHC I has a 6 pockets’ binding groove

b)  The MHC Il has a 9 pockets’ binding groove

c) MHC | can present peptides of 8-10 amino acids
d) MHC Il can present peptides of 12-25 amino acids

5. The inner interactions of the MHC | and Il are:
a) Hydrogen bonds
b)  Disulphide bonds
c) aandb are correct
d) Van der Waals

6. Regarding the evolution of the MHC:
a) MHC class | and MHC class Il have evolved in the same way
b)  The human HLA-A is more similar to the human HLA-B than to the chimpanzee's MHC-A
c)  Alpha and beta chains present an orthologous relationship among distantly related mammals
d) Inthe MHC I evolution, monkeys are apes and present MHC-C
e) All are wrong



PEM QUESTIONS

7. Regarding MHC classification:
a) Both MHC | and MHC Il have 3 classical subtypes and 3 non-classical subtypes
b) HLA-A, HLA-B, HLA-C are non-classical subtypes of the MHC |

d) HLA-E, HLA-F, HLA-G are classical subtypes of the MHC |
e) HLA-DO, HLA-DM are classical subtypes of the MHC Il

8. The secondary structure:
a) MHC-lis formed by an alpha chain and a beta chain

c) Both MHC | and MHC Il have a microglobulin domain
d) MHC Il only has 1 cytoplasmic domain
e) All are correct

9. In the MHC | binding groove:

b)  All pockets can interact with a huge amount of residues
c) All pockets have a really selective peptide nature

d) Pocket F is the less restrictive one

e) Pocket Ais the most restrictive one



PEM QUESTIONS

10. Regarding Major Histocomptibility complex evolution:
a) Residue conservation and variability are crucial for MHC function
b)  MHC polymorphism enables the presentation of a wider range of peptides

d) No residue variability is present in MHC
e) All are correct



