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Allergy: Definition and Concept

“Allergy” (Clemens von Pirquet 1906) =

Type | Hypersensitivity

Allergens = Antigens (Exogenous: Pollen, Plant Food, Mite, Animals)

Antibodies: Immunoglobulin E molelcules (IgE)
* 3 hypervariable (HV) regions = CDRs

Allergen

| g¥
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first allergen contact
antibody production
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(Hyper)sensitization

IgE bound to Granulocytes

Histamiﬁ etc.

repeated exposition to allergen
allergic reaction

Allergy: Definition and Concept
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Larrche, Akdis and Valenta, NAT REV IMMUNOL, 2006

Immediate Type | reaction

b Immediate phase: type 1 reaction
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Allergy: Definition and C

Late phase reactions

C Late phase: allergic inflammation

Smooth-muscle-cell
activation and
hyper-reactivity for
contraction, and release
of chemokines and

Eosinophil activation
and release of mediators,
chemokines and pro-
inflammatory cytokines

pro-inflammatory <NV TNF @Eosinophil
cytokines

IL-13
Increased

endothelial-cell
adhesion and
inflammatory-cell
transmigration

His(amin& A //
o

IL-4,1L-13, CCL5

IL-4,1L-13,
SCEKIT

Mast cell Basophil DC

Basophil entry to tissues, mast-cell
and basophil degranulation, and
release of monoamines, lipid
mediators, chemokines and
pro-inflammatory cytokines

T-cell activation and proliferation by
IgE-facilitated and non-IgE-facilitated
presentation of allergens by
inflammatory DCs

oncept

Allergic rhinitis and asthma

® T,,2-cytokine-mediated
induction of increased
mucus production

* Local production of IgE

* Ty1-cell-mediated
induction of bronchial
epithelial-cell apoptosis

Atopic dermatitis

o Tyl-cell-mediated
induction of keratinocyte
apoptosis

o Ty1-cell-mediated epithelial-
cell activation, and release
of chemokines and

pro-inflammatory cytokines

Larrche, Akdis and Valenta, NAT REV IMMUNOL, 2006

The IgE Antibody

Two heavy ¢ + two light polypeptide chains
2 x (4 + 1) constant domains

2 x (1 + 1) variable domains

€ chain: ~ 550 amino acid residues

light chains (A and k): ~211-217 aa

.
.
.

Digestion with proteases leads to
one Fc and two Fab fragments

« Fc (Fragment, crystallizable) Ig-type specific
« binds to various cell receptors, e.g. FceR |, Il

+ Fab (Fragment, antibody-binding) is variable
» complementary to a specific antibody

Fc

[ vHO [ eHo [ zHO |
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Immunotherapy

* Protective Immunanswer
» generation of blocking IgG antibodies

- Desensitization (enhance T,;1 over T,,2 pathway)

IT traditionally done with extracts (pollen, house dust, animal dender)
--> risk of anaphylactic reactions

Cloning of allergens and recombinant production allows:
+« CRD (component resolved diagnosis)
* CRIT (component resolved IT)
* concept of Hypoallergenic Derivatives

Epitope Mapping

Conformational Epitopes

Linear Epitopes Complex structures Virtual epitope mapping

Peptide scan X-ray crystallography Prediction of conformational epitopes
Fragments Allergen —Ab / F,;,/ scF, on the basis of structure and cross-
reactivity of allergens
NMR - methods
H/D exchange
relaxation enhancement

Development and evaluation of
“similarity” indices
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Allergen families / Test systems

TLPs (PR-5 group) 2EF-hand proteins
Pru av 2 Phlp7
Mal d 2 Che a 3
Actd2 Betv 4
Zeamatin
i Calbindin
Thaumatin Parvalbumin
Osmotin Psoriasin
PR5d Calmodulin
PR-10 group proteins Hyaluronidases
v, . Betv1
Apig1
LIPR-10(3)
Pruav 1

The structural basis for allergenicity

CROSS-REACTIVITY

Hypoallergenic vaccines

A r Y
= ol @‘Y’
e | BN

- * recognized by antibodys, but not able to cross-link IgE
* induce T-cell response — allergic reaction will be suppressed Iate)

Cross-reactivity

Epitopes

Allergen2

Allergen
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Surface comparison

Principle

Implementation
g Sequence alignment (T-Coffee)) et |t | e e
| (Global) model superposition = :-‘ﬁ_‘i‘“.
el Side chain normalization o R o T, 2 BRI
routat Surface calculation (MSMS)2] ‘ é
=== Electrostatic potential calculation (APBS)B3! § 6 = E
Surface feature mapping + comparison % E T T E
[1] Notredame et al. (2000). J. Mol. Biol. 302 (1), 205-17 [3] Baker et al. (2001). Proc. Natl. Acad. Sci. USA 98, 10037-10041

[2] Sanner et al. (1996). Biopolymers 38 (3), 305-320

Localization of conformational epitopes

Principle

Reference allergen Cross-reactive protein Non-Cross-reactive protein Prediction

Implementation
highly cross-reactive proteins (+)—— -weakly cross-reactive proteins (-)—
pruaz ,_‘_“j fthau ,i_
,— 100 ,— 0
I'— 100 ,— 0

| — |~

add selection

‘dele'e last enn-y‘ add selection | | delete last enuy‘

assignment of related proteins surface-mapping of patch detection by
cross-reactivity correlation similarity differences filtering/cluster recognition
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‘Adaptive ‘ surface fitting

Principle

Global superposition

9 3

Local superpositions ‘

Multiple local Composed scores:
Comparison high-similarity motifs

Pre-identification of local surface motifs

uential
‘e residue
in (C,)

Kabsch
erposition

Fit group reduction:

e sorting by superposition r.m.s.d.

v * selection from top of the sorted list |
(

... minimizing residue overlaps
... until the whole surface is covered |4

Example:

e residues 164 — 175 of Mal d 2
* to be fit to Pru av 2

* superposition radius 5 A
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Multiple surface alignment & comparison

”

Surface
coordinate
transform

\ __ = N x

A

N superpos. Surfa(}e /—\
matrices \ comparison } -

N\ d-weighted
residue
scoring

« every residue R gets N partial scores and N weights
* highest score for the R defining the fitting group center:

w=1.0,ifd=0.0A; w=0.0ifd=10.0 A (radius)
* after the N comparisons, composed scores are obtained by weighted averaging
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Bet v 1 compared to Apig 1

Effect on similarity scores

B esicue | giobal |

A42 53,5

- - A43 0

A4 18,2

B A45 31,8

A46 65,3

A47 59,6

- A48 71,1

A49 67,3

— ___am___Em__hm__am s s g A50 68,9

GLU ASN ILE GLU GLY ASN GLY GLY PRO GLY THR A51 714
A42  A43 A4 A4S A46  A47 A48  A49  A50 A51  AS52

A52 56,9

5815)

35,6
434
67,3
59,4
68,3
66,5
70,0
72,7
59,6
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Epitope/patch feature analysis

Description of conformational epitopes

Pattern analysis = Classification (?)

Class prototypes in literature

[ Discontinuous ] [ Transitional ] [ Continuous ]

Lysozyme — F,, (HyHEL-5)/Y Betv1-F, (BV16) Apim2—F,, (21E11) 5]

1337 A2 (14 residues) 1165 A2 (15 residues) 1274 A2 (9 residues)
62.7% 54.8% (core loop 67.4%)  69.9%
strand-turn-strand + turn strand-turn-strand + strand helix-turn-helix
1+7+1+4+1residues 10+ 1+1+2+1residues 8 + 1 residues
Polar : Apolar IR 8:7 (core loop 4:6) 6:3
salt bridges (2), hydrogen hydrogen bonds (8), salt bridges (2), hydrogen
bonds, vdW contacts vdW contacts bonds (9), vdW contacts (11)
[1] Cohen et al. (2005). Acta Cryst. D61, 628, [2] Mirza et al. (2000). J. Immun. 165, 331. [3] Padavattan et al. (2007). J. Mol. Biol. 368, 742.
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Study cases

[ Discontinuous ]

Act d 2 (Zeamatin : Mal d 2, Pru av 2)

1003 A2 (12 residues)
turn, loop, loop-sheet
4 + 3 + 5 residues

Polar : Apolar 8:4

[ Continuous

]

Betv1(Apig1, Pruav1:PR10.1, PR 10.2)

674 A? (7 residues)
61.5 %

loop-helix

6 + 1 residues

6:1

TLPs : reference model Act d 2

i ARAFATAR AT AL AT T A AR SR TRIPAT R 2!

similarity excess (+) to more cross-reactive protein(s)

i
i

0
similarity excess (- to less cross-reactive protein(s)

Patch features
amino acid sequence:

patch SAS area [AZ) 13676
mean solvent accessibity [5): 602
mean weighted similarity diflerence:  45.7

Corresponding sequences of compared proteins

zeam F NLCSRKDATTET
maldz N GGQEGCKYDEKNTET
pruaz GGG QoD KYDKRTIET
thau Y G K- C RLKPTTVT

Comparison statistics for selected residues
compared protein - mean surface similerty  surf. residue identty  surf. residue homology
938

2eam 631
mald2 200 312 438
pruaz 153 250 375
thau 283 238 562

residues involved: 89 90 91 82 116117 118 180 162 183 184 186 167 186 189 130
i NLCTRKD® QTTFTCFP

0000

vzno
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Software-assisted feature analysis

~. Patch prediction -0 X

Current display: Overview

changeto  display type  /

W Patch1
5AS area [sqa]
mean accessibility 616] |
mean cross-similarity (IS5 |

" Patch prediction BE R

Current display: Electrostatics

changeto display type ’
W Patch1
545 area [sg8]

mean accessiilty  [——o16[ ]
mean cross-similarity 5|

ay

I Patch 2

Future work

Validation experiments for predicted epitopes:
* Mutation of key residues, binding assays
* Characterization of Fab complexes (NMR, X-ray)

Extension of the study: more allergen families

Software optimization, documentation, distribution
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