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Evolucni imunoekologie



Evolucni imunoekologie

Spojeni znalosti imunity a evolucni ekologie

Zkouma variabilitu v imunitni odpovedi mezi jedinci, populacemi
a druhy.

Studuje procesy, ktere vysvetluji tuto variabilitu a jeji udrzovani

Hleda kompromisy, pokud je imunita povazovana za nakladni
slozku zivetnich historii (princip alokace energie — naklady.
versus uzitek)

Evolucni adaptace imunity



Imunita

Antigenne nespecificke = vrozene mechanismy
Antigenne specificke = ziskane = adaptivni mechanismy
Fyzicke bariery

Behavioralni mechanismy
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Protozoa, Bacteria, Viruses, Fuy




Imunita u obratlovcu

» Nespecificka (neadaptivni, vrozena)
dendriticke bunky, makrofagy.
stejna ucinnost proti vSem parazitum
» Specificka (adaptivni, ziskana)
bunecna (B, T lymfocyty) a humoralni (protilatky, cytokiny)
odpoved
iIntracelularni paraziti, extracelularni paraziti

Intracellular Bacterial Thyc 2 i
Antigen Driven : a2 5 g&m‘g’;’:ﬂ
= b Inflammation

Extracellular Allergen
Antigen Driven



Imunitni obranné mechanizmy

Specific defence
B-cell expansion

. _ T-cell expansion
Genetic specificity

Mammalian toll-like pathways Anti-microbial peptides

Compiement
Nodule formation
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Phagocytosis
Natural killer cells Activation of proPQO-cascade

Encapsulation Reactive oxygen species

Behavioural resistance Nitric oxide

Non-Specific defence




Imunokompetence

» Obecna schopnost jedince navodit efektivni imunitni odpoved
s cilem minimalizovat ztraty zpusobene infekci

» Jak merit imunokompetenci?
» 1. Mira parazitarni' infekce
Vysoka mira parazitarni zateze
=> nizka imunokompetence
» 2. Nabuzeni infekce
Rezistence k infekcl => dobra imunokompetence
Rezistence nebo vnimavost
» 3. Serologie
Pocet bilych krvinek




Imunokompetence

» Jak merit imunokompetenci?
4. Hmotnost imunitnich organu (slezina, brzlik)
5. Injekéni aplikace mitogenu
» Proliferace lymfocytt (T nebo B)
6. Injekcni aplikace antigenu
» Produkce protilatek
7. Variabilita a exprese genu
» MHC geny




Imunologicke pristupy aplikovane v terennich
pro studie evolucni imunoekologie

Table I. Immunological assays for use in the field®

Assay” Component measured Blood sample or measurement Prediction
needed for invader®

Number of phagocytes Standing innate defence Smear collected at capture
Complement-mediated cell lysis Standing innate defence Serum collected at capture
Bacterial killing Standing innate defence Serum collected at capture
Phagocytosis of bacteria or yeast Standing innate defence Whole blood collected at capture
Acute phase proteins Systemic inflammation Serum collected at capture and at
24 hr after LPS injection
Anorexia and lethargy Systemic inflammation Changes in food intake and activity
levels 24 hr after LPS injection
Fever or temperature disregulation Systemic inflammation Changes in body temperature
during 24 hr following LPS injection
MNatural antibodies levels (IgM) Standing humoral defence Whole blood collected at capture
Total IgM and IgG Standing humoral defence Blood smear collected at capture
Number of lymphocytes Standing adaptive defence Serum collected at capture
Antibody response to antigen Induced humoral defence Immunization followed by serum
collected 5 days later
Cutaneous response to PHA Induced cell-mediated immune Skin biopsy for enumeration of
response lymphocytes taken 24 hr after PHA
challenge
B cell or T cell proliferation Induced humoral (B cell) ar cell- Whole blood collected at capture
mediated (T cell) immune
response

“Abbreviations: LPS, lipopolysaccharide; lgM, immunoglobulin M; lgG, immunoglobulin G; PHA, phytohemagglutinin.

"Characteristics of useful assays: (i) Species-neutral: assays should not use reagents or tissue culture media that are species specific (e.g. antibodies, sera, or pathogens);
(i) Utilizes single blood samples: animal capture and recapture is often difficult and always stressful; (iii) Utilizes small blood samples: many species of interest are small
and large volumes of blood cannot be taken; and (iv) Adaptable to field conditions: requirements for specialized equipment should be minimal

“Although we do not make predictions for all types of immune defence, researchers working with invasive species should be as complete as possible in their
characterizations of the immune system until more empirical data are available to support or refute the hypotheses presented here.




Imunoekologie

Faktory oviivhujici funkci imunitniho systemu
Kondice
Stari
Metabolismus
Pohybova aktivita
Stres
Biorytmy (cirkadialni, cirkanuitni)
Pocasi (srazky, teplota)
Potrava
Kontaminace okoli
Rodicovske investice
Parazitizmus (infekcni davka a diverzita)
Populacni struktura

Proc maji tyto faktory viiv?



Naklady na imunitu

Evolution and Maintenance Deployment
Physiological Physiological| [Self-reactivity

v v v

(Negative) genetic Immediate cost (Negative) genetic  Immediate cost Immediate cost
covariance with (reduction of covariance with (reduction of by self-damage
other function other function) other function other function)




Imunita jako slozka zivotnich historii

» Imunitni system - komponenta zivotni historie

» Investice do imunitni funkce zodpovedne za rezistenci vuci
nemocim

» Pozitivni korelace mezi parazitarni zatezi a efektivnosti
Imunitnino systemu



Investice do reprodukce versus investice do
Imunity — vliv. pohlavi

» Rozdily v investicich mezi samicemi a samci

» Samice - produkce oocytu, samci - tvorba sekundarnich
pohlavnich znaku

Riziko infekce samci > samice
Bunecna odpoved

Humoralni odpoved samcl < samice
Zanét

Auto-imunitni onemocnéni samcl < samice



Investice do reprodukce versus investice do
Imunity — vliv. pohlavi

Proximalni priciny.

Rozdily v produkci testosteronu — Imunosuprese
— reprodukeéni Uspéech samcu
— chovani (agresivni, disperze)

Rozdily v produkci estrogenu — zvysovani exprese MHC genu



Investice do reprodukce versus investice do
Imunity.

» 1. Hypoteze energetickeho kompromisu

» Investice do energeticky narocne reprodukce == limitace investic
do imunitni obranyschopnosti

» 2. Hypoteze handicapu imunokompetence

» energie venovana do reprodukce => zvysena produkce
pohlavnich hormonu na ukor snizeni imunitni funkce




Investice do reprodukce versus investice do
Imunity.

» 3. Hypoteza ochrany spermii
Imunosupresivni efekt testosteronu vede k ochrane spermii

- Spermie — utok autoimunitniho systemu

- lepsi samci - vyraznejsi sekundarni pohlavni znaky a kvalitnejsi
spermie



Investice do reprodukce versus investice do
Imunity — mezidruhova analyza

Pr. Mezidruhova studie u ptakd

Residual of contrast in spleen weight Residuals of contrasts in nematode species richness
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Residuals of contrast in spleen weight (in Ln)

Residual of contrast in testes weight



Reprodukce versus imunita

log milt mass

siven severni
Salvelinus alpinus
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parasite PC2

— kompromis mezi rezistenci k parazitum
a vyvojem primarnich pohlavnich znaku

abdominal colour PC



Reprodukce versus imunita

Samice imunizovaneé virem NDV

Ficedula albicollis

1. Zvysovani investic do reprodukce — nizsi
humoralni imunita

2. Zvysovani reprodukcniho usili - vyssi
Intenzita infekce Haemoproteus — vysSSi
mortalita
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Brood size
manipulations




Uspésnost mladat a imunita

- negativni vztah — pocet potomku v hnizdech a PHA
- pozitivni vztah mezi imunitou a uspechem mladat — predikovana

pravdepodobnost prijeti mladat do populace

» Nids nun manipules

l

. -74_ Nids elarg|s D
Parus caerulus

Nevyhodne chovne podminky
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Immune response




Velikost mladat a aktivace humoralni imunity

Samice imunizovaneé nepatogennim antigenem

Ificedula hypoleuca
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Aktivace imunitniho systemu — nizsi
reprodukcni uspech

vaccineg




Bile krvinky a sexualni promiskuita u primatu

M s R T N
Mating promiscuity

Gibon Magot bezocasy
Hylobates spp. Macaca sylvanus

Promiskuita pareni samic:
delka rije a velikost testes

=> potencialni vztah k sexualné
prenosnym nemocem



\icenasobni parazitarni infekce a investice do
Imunity.

Contrasts in Lymphocyte counts

-0.10 -0.05 0.00 0.05 0.10
Contrasts in Helminth Species Richness (residuals in log)

Dependent variables WBC counts

Leucocytes Lymphocytes MNeutrophils Monocytes
F, P ", F) S o

Helminth species richness (residuals in log) 6048 (0.02) 5.202 (0.03)

Host body mass (in log) 0544 (0.46) . (00,11 3433 (0.08)
Latitude 2138 (0.16) 271000011 ) 8.279 (=0.01)

Host longevity (month Yin log) THE3 (<001 0.676 (0.42) 7096 (0.01) 22,984 (<0001}

Significance of P value is in bold



Potravni zdroje a imunita

T bunécna imunita (reakce na mitogen)

Pouze semena
RozSirena nabidka

Taeniopygia guttata

Zvysovani kvality potravy
urychluje rust a posiluje
imunitu (bunécnou odpoved)
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Sociabilita a imunita

Larvy

L
-

spolecenskeé
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soliterni

Prezivani spolecenskych saranci je vyssSi nez u soliternich
= zvysovani denzity pres fenotypické zmeny spojene s lepsi imunitou



Stres a iImunita

Stresor = narusuje homeostazu, zvysovani vyuziti energie

stres

hypotalamus = hypofyza = nadledviny.

k (0] i].<0][0)Y,

Adaptivni odpoved

Maobilizace energie pro Suprese nakladnich funkci
organy. (Imunita)




Socialni stres a imunita

adaptivni odpoved na stres v obdobi reprodukce

10000000

1000000

Nabuzeni imunity

100000

Spermophilus parryii
B mophius pa
Breeding Nonﬁ?;e"ding S

Antibody titer response (note the log scale) to

injected sheep red blood cells H Ormo n a’l n I’ na b uze n I,

—e— Adult breeding --o- Adult Nonbreeding  ---- Juvenile ChroniCky stres u reprOdUkUj I’Cl,Ch SE
105 Free Cortiso A | adultu — vysoka koncentrace kortizolu
a nizka schopnost reagovat na
nabuzeni imunity

MCBC Kapacita wazat kartikostgroid : i
et SR S Injekce adrenokortikotropnino hormonu

Plasma Concentration

Injekce dexamethosone — steroidni
Imunosupresor



Percentage encapsulation
[ %] [+ g

Competition index

Imunitni’ odpoved a kompetice

Selection

No selection

e

04 02 0.1 005
Volume of food in Petri dish {ml)

(Kraaijeveld & Godfray, 1997)

Selekce linii Drosophila melanogaster
rezistentnich k parazitoidum
(enkapsulace) - snizovani kompeticni
schopnosti



Imunitni odpoved a metabolizmus

hrdlicka zahradni
Streptopelia decaocto

challenge -

=SRBC

Eelative BME
A

Ptaci — nabuzeni imunity
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Efekt imunitni aktivace na relativni
miru bazalniho metabolizmu




Naklady spojene s imunitni odpovedi

protocol organism effect of treatment references

clipping wings to prevent foraging free-flving bumble- foraging bees show reduced Konig & Schmid-Hempel
and flying bee (Bombus encapsulation response (1995) and Doums &
1eestris) Schmid-Hempel

(2000)
experimental increase of parental  captive zebra finch increased parental effort and Deerenberg ¢r al. (1997)
effort by increasing brood size, (Taeniopveia workload reduce antibody titre
and increasing daily work effort suitara) against sheep red blood cells
by different reward schedules

Zvysovani aktivity (pr. letani, reprodukce...) snizuje
Imunitni odpoved => kompromis v alokaci energie a zdroju



Imunita a uspesna invaze

Parameter Standard
Fixed effect estimate error t statistic

Life history
ot Body m: 0-40
ecundity)  1-35

generalism 111
atory habit —0-40
Sexual monochromatism — 0-30
Introduction event
Log(no. of propagules)  0-73
Immune response No Yes
Mestling T-cell response ' :

Complement in nestlings

Adult T-cell response ; v Colonizer of more than one continent

P <005, Y P 001,

el s



Dalsi naklady spojene s imunitni odpovedi

Table 1. Examples of experimental studies of the cost associated with the evolution of an immune defence component.

selective regime

organism

effect on other fitness components

references

earlier or later age at pupation
(i.e. age at reproduction)

increased resistance to
nematode infections

increased encapsulation
response to common larval
parasitoids (Asebara tabida)

increased encapsulation
response to virnlent larval
parasitoids {Lepropilina
boulardi)

increased resistance to
bacterial disease

increased resistance to
bacterial disease

increased resistance to
granulosis virus

increased resistance or
susceptibility to Schistosoma
infections

increased body mass

mosquito (Aedes
acgvptii)

mosquito (Aedes
acgyptii)
fruitfly { Drosophila

melanogaster)

fruitfly { Drosophila

melanogaster)

honeybee (Apis
mellifera)

honeybee (Apis
mellifera)

Indian meal moth
{(Plodia interpuncrella))

snail (Biomphalaria
glabrata)

turkey (Meleagris
gallopavo)

earlier reproduction correlates with
lower encapsulation response, the
opposite for later reproduction

reduced reproductive success

reduced competitive ability

lower survival rate of larvae

slower larval growth
higher larval mortality

slower development, lower egg
viability, but increased pupal
mass

susceptible lines produce more
offspring, irrespective of infection
srats

reduced immune function

Koella & Boete (2002)

Ferdig et al. (1003)

Kraaijjeveld & Godfray
(1997

Fellowes er al. (1998)

Sutter et al. (1968)

Rothenbuhler &
Thompson (1956)
Boots & Begon (1993)

Webster & Woolhouse
(1998)

Bavvari er al. {(1997) and

Nestor er al. (1996)




Dalsi naklady spojene s imunitni odpovedi

Table 2. Examples of studies of the cost associated with the use of immune defence components.

protocol

organism

effect of reatment

(a) nutrition and general stress
restricted access to food

mechanical disturbance of 15 min
duration

birds raised on supplemented diet

or seeds only

protein-rich or protein-poor diet

food deprivation or excess food

captive bumble-bee
(Bombus terrestris)

oyster (Crassostrea
gigas)

captive zebra finch
{ Tacniopygia
guttata)

captive house
sparrow (Passer
domesticus)

chicken (Gallus
domesticiis)

reduces reproductive success but
has no effect on encapsulation
response

various immune parameters down-
regulated during stress, but
stimulated for 3040 min
afterwards

seed-only diet reduces survivorship,
and leads to reduced cell-
mediated immune function in
nestlings. No difference in adult
birds, perhaps owing to
compensation

protein-rich diet leads to higher
cellular but lower humoral
response

excess food decreases and
deprivation increases various
immune response parameters

Schmid-Hempel &
Schmid-Hempel
(1908)

Lacoste et al. (2002)

Birkhead er al. (1990)

Gonzalez er al. (1909)

Klasing (1088)
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Evoluce imunitnich genu

Geny hlavniho histokompatibilniho systemu (MHC)
Evoluce genu MHC a selektivnich faktort

zachytavaji peptidy a fragmenty vznikle odbouravanim antigenu
a zanoruji' je do povrchu bunky == bunka nabizejici antigen,
jehoz fragmenty jsou rozeznavany receptorem T - lymfocytt pro
antigen

PBR mista = vazebna mista MHC glykoproteinu
nalezeny u vSech celistnatych obratlovcu od paryb po savce

vysoce polymorfni geny
vysokym pocet alel, ktere poskytuji funkcni lokusy.
VYySoKy pocet nukleotidovych substituci mezi jednotlivymi alelami



Glykoproteiny MHC |'a MHC ||

» MHC glykoproteiny tridy | - pritomny na vsech jadernych
bunkach organismu
- za|istuji prezentaci intracelularné derivovanych peptidu
vzniklych odbouravanim proteint pochazejicich z virt a
nekterych druhu bakterii

» MHC glykoproteiny tridy Il - vyskytuji se na antigen
prezentujicich bunkach - B lymfocyty, monocyty, makrofagy a
dendriticke bunky

- prezentuji peptidove fragmenty derivovane z extracelularnich

parazitu napr. nektere druhy bakterii nebo mnohobunécnych
organismu



Selekce smerujici k vysokemu polymorfizmu
MHC genu

» Dva mechanizmy vzajemne se nevylucujici:
» 1. parazity zprostredkovana selekce
» 2. sexualni selekce

» Parazity zprostredkovana selekce

» 1. vyhoda vzacnych MHC genotypu (tzv. teorie vyhody
vzacne alely)

2. vyhoda MHC heterozygotu (tzv. teorie vyhody
heterozygota)



Teorie vyhody heterozygota

e v =

antigennich peptidu nez homozygot
VySSI rezistenci heterozygota

Priklady
samice lososa obecneho si vybiraji samce ve smyslu zvysovani
MHC heterozygotnosti svych potomku

vztah mezi MHC [IB heterozygotnosti a inkfekci gyrodactyly u
Poeciliopsis occidentalis

vyhoda MHC heterozygotu v infekci kmeny Salmonella u mysi



Teorie vyhody vzacne alely

na frekvenci zavisla selekce
Predpoklad: na pritomnost parazita odpovidaji lepe jedinci
Se vzacnou alelou

Zvyseni frekvence vzacne alely v hostitelske populaci - terc
paraziticke adaptace

Pr. vztah mezi specifickou alelou systemu MHC 5 a
parazitizmem u lososovitych ryb



Stredni pocet alel vyhodny pro jedince

» Nowak a kol. 1992 — matematicky model
» \Vysoka diverzita MHC alel u jedince neni nevyhodni

f(x) = 2.232 - 0.992 * x + 0.096 * x?
r=0.77

F2‘5= 8.593

P=0.0241

Mean residual number
of parasite species (t 1 SE)

[
%
;

Number of MHC alleles (heterozygosity)

Number of Mhc class 1B alleles per individual
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Role sexualni selekce ve zvysovani MHC
polymorfizmu

vztah mezi MHC genotypem a vyberem partnera

Geny MHC = geny rezistence selektovany jako dobre nebo
kompatibilni geny.

Hypoteza dobrych genu

samci velice zdatni s geneticky danymi predispozicemi Si mohou
dovolit vyraznou sexualni' ernamentaci

samice vybira partnera ve smyslu vybéeru dobrych genu pro
potomstvo



Hypoteza dobrych genu

» vztah mezi MIHC genotypem a kondici nebo urcitem charakteru
na kondici zavislem

» napr. intenzita k parazitarni zatezi, sekundarni pohlavni znaky
(zbarveni téla u ptaku, treci vyrazky u ryb...)




Hypoteza geneticke kompatibility

» MHC jako geneticky nekompatibilni system — zabranuje
pribuzenskemu krizeni

» Jedinci s podobnym MHC genotypem = jedinci pribuzni

» Samice vybira partnera v zavislosti na vlastnim genotypu, tj.
vybira samce s odlisnym genotypem = komplementarni k jejimu
genotypu = zvysuje variabilitu MHC pro potomstvo




\yber partnera = vyber
kompatibilniho iImunitniho
genotypu

» Jak mlize samice rozeznat odliSny nebo komplementarni
genotyp?

» vyber partnera je zalozen na cichovych vjemech
» Studie u cloveka, dokumentovano taky u ryb
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Male MHC class-IIB genotype with respect to female



Pohlavni vyber a MHC

» Dve urovne sexualni selekce ve vztahu k MHC

» na urovni jedincu - urciti samci s lepsimi kondici vazanymi znaky.
» na urovni gamet - spermie urciteho jedince jsou selektovany.
oocyty samic vice nez spermie jineho jedince
pr. siven severni - spermie MHC heterozygott maji vyssi uspéech
pri fertilizaci



MHC a extinkce druhu
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Oryx leucoryx

ovce tlustoroha

Ovis canadensis nelsoni

bighorn-sheep
blﬂhﬂ:‘n*ﬁ'l!#?

bighorm-shesp
highorm-sheep
bighom.shasp
ghorm-gheep
goat

Fic. 2. A neighbor-joiming tree with the three class Il DRE Arabian
orv= alleles indicated by triangles and related sequences from other
ruminants.
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Correlations of Genetic Variation and
Reproductive Parameters in Three Lion
Populations

Ngorongoro
Serengeti Crater  Gir Forest

Parameter Tanzania Tanzania India
Genetic Properties

Heterozygosity (%) 31 15 0.0
% diff. in MHC Loci 218 80 0.0

Reproduciive Measures
Sperm count (x 10-5) 4128 258110 3328
% sperm abnomality 248140 MH+68 66.2 £ 36

Motile sperm/ejac. 285+655 2360+930 453+99
Testosterone (ng/mi) 13017 05to 06 011003




