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how diverse is the repertoire of receptors?

what principles of organisation?

many different pathogens (virus...)



Design principles?

Repertoire level: diversity
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pathogens
(viruses, bacteria)

Receptor distribution

receptor
statistics
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Receptor distribution
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Question: how well is the receptor distribution
adapted to the pathogen distribution?
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The trade-off

receptors antigens

limited number of encounters

How should immune receptors be
distributed to minimize harm from
infections?

lymphocyte antigenic
repertoire environment
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Cost function

Optimal repertoire?

— minimize cost over [’ for a ¢iven antigen distribution (),



Covering rare pathogens
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Covering rare pathogens G ¢

How many resources aimed at common/rare antigen? (no cross-reactivity)
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Peaked optimal distribution <4

» exponentially expanding antigen population F(m) = m

» peaked distributions
» tiles space
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Peaked optimal distribution <4

» exponentially expanding antigen population F(m) = m

» peaked distributions » tracks antigen distribution
» tiles space * but not exactly
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Two conflicting effects S

ani?ég ns cross-reactivity
ln 2D Arecogni.ti.on > receptor
probability \ & antigen
ExSy 20 — . AVARH
snape
¥ ~ >\ >\ pace_
broaden - ' ) .
distribution l 5 shrinks distribution

10

position y

Ut

0 I T R—
0 5 10 15 20

position x



rachial distribution
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rachial distribution
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rachial distribution
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Personalized response S

two individuals see the environment slightly differently
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Personalized response <

two individuals see the environment slightly ditferently
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Model prediction

Personalized response

how many shared receptors
between 2 people?
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close to random expectations
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Receptor dynamics

Can optimal repertoires be reached via dynamics?
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optimal repertoire reached if

availability function A (Na) ~ —F' (Na) cost function steepness

— Through competition of receptors for antigens
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Predicting the future

pathogen statistics is predictable because

correlated in time
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Bayesian belief
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Bayesian belief

Cost({ P- a
ost({F}) = ZQ belief of O(t)

|
(Cost (P(t), Q(t))) = / 4Q Cost (P(t), Q) B (Q, t)

(Cost (P(t), Q(1)) = Y _(Qa(t))Fa (Pe(t))

A
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belief matters



unknown

what we see
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Beliet dynamics
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Beliet dynamics
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Sparseness helps

* memory helps in sparse environments

— fast detection of few pathogens
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Memory management

* infection susceptibility increases as memory increases

Memory
generation

Memory
homeostasis

Immuno-
senescence
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Memory management

* booster vaccination titers for
epitopes of hemaglutanin
following vaccination with

inactivated H5N1

e later encounters = less evidence

linear cost
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