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Controlling lymphocytes is controlling 
immune specificity
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T	cells	recognize	peptide	presented	by	MHC	/	HLA
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T	cell	recognition	of	proteins	of	
intracellular	origin

MHC	class	I	presents	cytosolic	peptides	to	CD8+	T	cells
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T	cell	recognition	of	proteins	of	
extracellular	origin

MHC	class	II	presents	endosomal peptides	to	CD4+	T	cells
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The	number	of	possible	interactions	is	staggering
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TcR	>	109

Peptide	>	1012

HLA	I	and	II	each	>	7000
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A	bioinformatics	approach	is	needed
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Relative	contribution	of	processing	events
T	cells	responses	depend	on

– Antigen	processing	i.e.	peptide	generation
– Peptide	selection	i.e.	binding	to	MHC
– Antigen	presentation	i.e.	peptide	display
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Antigen processing MHC binding T cell repertoire
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Structure	of	MHC	/	HLA	molecules
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Class	I

Class	II
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Binding	of	Peptides	to	MHC
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MHC	class	I	closed
Peptide	short

MHC	class	II	open
Peptide	longer
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MHC	gene	region
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MHC	/	HLA	polymorphism

• The	most	polymorphic	gene	region	known
– > 7000	different	HLA	class	I	registered
– >	7000	different	HLA	class	II	registered
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MHC	polymorphism	individualizes	immune	
specificity

Epitope 
Universe

Self
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“The	human	MHC	project”

Complete	mapping	of	all	human	MHC	specificities

– Generate	MHC	molecules,	peptides,	assays	and	data

– Develop	and	validate	binding	predictors

– Disseminate	and	apply	predictors
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Strategy	

• HLA	molecules
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HLA	class	I	and	II	coverage
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Strategy	

• MHC	molecules

• Peptides

Position	1 Position	2 .... Position	9

AXXXXXXX	(AX7) XAXXXXXX	(XAX6) .... XXXXXXXA	(X8A)

CXXXXXXX	(CX7) XCXXXXXX	(XCX6) .... XXXXXXXC	(X8C)

DXXXXXXX	(DX7) XDXXXXXX	(XDX6) .... XXXXXXXD	(X8D)

... .... .... ....

YXXXXXXX	(YX7) XYXXXXXX	(XYX6) .... XXXXXXXY	(X8Y)

Positional	Scanning	Combinatorial	Peptide	Library
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Strategy	

• MHC	molecules

• Peptides

3411	aa long	YF	precursor	protein

MSGRKAQGKTLGVNM
KAQGKTLGVNMVRRG

KTLGVNMVRRGVRSL
VNMVRRGVRSLSNKI

RRGVRSLSNKIKQKT

Overlapping	Peptide	Library
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Strategy	

• MHC	molecules

• Peptides

• Assays
Donor 
bead

Acceptor 
bead

Excitation

O2*

EmissionPeptide-MHC

Proximity-based	high-throughput	assays	(affinity)
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Strategy	

• MHC	molecules

• Peptides

• Assays

Proximity-based	high-throughput	assays	(affinity)
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Strategy	

• MHC	molecules

• Peptides

• Assays

Proximity-based	high-throughput	assays	(stability)
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Strategy	

• MHC	molecules

• Peptides

• Assays

Proximity-based	high-throughput	assays	(stability)
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Proximity-based	high-throughput	assays	(stability)



Stability	≈	more	likely	to	be	an	immunogen
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Strategy	

• MHC	molecules

• Peptides

• Assays

• Binding	data

Collecting	HLA-specific	data
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Strategy	

• MHC	molecules

• Peptides

• Assays

• Binding	data

• Predictors
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Strategy	

• MHC	molecules

• Peptides

• Assays

• Binding	data

• Predictors

• Publish

NetMHC NetMHCpan

• NetMHC
• NetMHCII
• NetMHCstab
• NetChop
• NetCTL

• NetMHCpan
• NetMHCIIpan
• NetMHCstabpan
• NetCTLpan

http://www.cbs.dtu.dk/services	or	http://tools.iedb.org/main/
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Peptide-HLA	class	I	and	II	tetramers

Immunological 
Bioinformatics @ Center for 
Biological Sequence 
Analysis

Complex	formation
Add	labeled	
streptavidinAdd	and	mix

HLA-I

HLA-II
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