Imunoekologie parazito-hostitelskych
vztaht



Imunoekologie

» Spojeni imunity a evolucni ekologie

» Zkoumani variability v imunitni odpovedi mezi jedinci,
populacemi a druhy.

» Studium procesu, ktere vysvetluji tuto variabilituia jeji
udrzovani

» Hledani kompromistl, pokud je imunita povazovana za
nakladni slozku zivotnich' historii (princip alokace energie —
naklady versus uzitek)

» Evolucni adaptace imunity



Imunita u obratlovcl

» Nespecificka (neadaptivni, vrozena)
- dendriticke bunky, makrofagy
Specificka (adaptivni, ziskana)
bunecna a humoralni odpoved’
intracelularni paraziti, extracelularni paraziti
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Imunokompetence

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

» Jak merit imunokompetenci?
» 1. Mira parazitarni infekce
\lysoka mira parazitarni zateze
=> nizka imunokompetence
» 2. Nabuzeni infekce
Rezistence k infekci => dobra imunokompetence
Rezistence nebo vnimavost
» 3. Serologie
Vlysoky pocet bilych krvinek
=> dobra imunokompetence




Imunokompetence

» Jak merit imunokompetenci?
4, Hmotnost imunitnich organt (slezina, brzlik)
5. Injekeni aplikace mitogent
» Proliferace lymfocytt (T nebo B)
6. Injekcni aplikace antigent
» Produkce protilatek
/. Geneticke data
» MHC geny.



Imunologicke pristupy aplikované v terennich
studiich

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.




Imunita jako slozka zZivetnich historii hostitell

» funkce imunitniho systému jako dulezité komponenty
zivotni historie

» organismus vklada urcite investice do imunitni funkce
zodpoveédné za rezistenci vUCi patogentim a parazitlim

» Jestlize je evoluce imunitniho systemu rizena parazity, pak
Ize predpokladat pozitivni korelaci mezi parazitarni zatézi a
efektivnosti imunitniho systemu



Naklady spojene s imunitni odpovedi u
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Investice do reprodukce versus investice do
Imunity

» investice samic a samct do reprodukce se lisf

» samice investuji vice do produkce oocytl, samci investuji
vice do tvorby sekundarnich pohlavnich znakt

» Princip kompromisti v. rozdéleni energie mezi reprodukci a
Imunitu
» investice do vyvoje gonad a investice do prubéhu samotné

reprodukce energeticky narocné => snizeni investic
organismu do jeho imunitni obranyschopnosti



Investice do reprodukce versus investice do
Imunity

» energie venovana do reprodukce => zvysena produkce
pohlavnich hormont na tkor snizeni imunitni funkce

hypoteza handikapu imunokompetence
» hypotéza ochrany spermil (Folstad a Skarstein 1997)

imunosupresivni efekt testosteronu vede k ochrané spermit
- spermie jako nevlastni bunky jsou antigenni a proto jsou
ohrozeny autoimunitnim systémem

- lepsi samci (= lepe tolerujici naklady spojené s
negativnim ucinkem testosteronu) maji vytvorene

vyraznéjsi sekundarni pohlavni znaky a spermie lepsi
kvality



Sex a Imunita

Riziko infekce Samci > samice
Bunécna odpovéed'

Humoralni odpovéd’ Samci < Samice
Zanet

Auto-imunitni onemocnéni Samci < Samice

Proximalni priciny Rozdily v produkci testosteronu = imunosuprese
reprodukcni Uspech samcl
chovani (agresivni, disperze)

Rozdily v produkci estrogenu = zvysovani exprese MHC gent



Investice do reprodukce versus investice do
Imunity — interspecificka studie

Pr. Mezidruhova studie u ptaku

1. samci s vetsimi gonadami investuji vice do produkce pohlavnich
hormont, ktera je v kompromisu s imunitni funkci, eveluce velikosti
testes mtize byt vysledkem pohlavniho vyberu

2. ptaci ovlivnéni vyssim tlakem ze strany parazitli, investuji vice do
Imunokompetence

Residual of contrast in spleen weight Residuals of contrasts in nematode species richness
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Investice do reprodukce versus investice do
imunity — intraspecifické studie

» Pr. Cil: analyza kompromisti mezi investicemi do imunity a reprodukce
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» Siven severni
» (Salvelinus alpinus)

aal testis mass

residi

parasite PC2

=> kompromis mezi rezistenci k parazitim a vyvojem primarnich pohlavnich
znakd



Reprodukee versus imunita -
\/ztah reprodukce a specificke imunity LU

Samice imunizované virem NDV (Newcastle disease virus)

Ficedula albicollis
(Nordling et al. 1998)

1. Zvysovani investic do reprodukce
(experimentalni manipulace) snizuje
humoralni imunitu

2. ZvySovani reprodukéniho Usili zvySuje intenzitu
infekce Haemoproteus — spojené s vyssi
mortalitou

=

—_—
-
(=B
—
un
i}
" =
=2
=
=
=
s
=
=
o
L
L
r;,F
;

2 0 +2

Brood size
manipulations




Uspesnost mlad‘at a imunokompetence

Experimentalni manipulace se zvySovanim potomkd v hnizdech
T bunkami zprostredkovana imunita — odpoved’ k PHA

— negativni vztah

Pozitivni vztah mezi imunitou a Uspéchem mladat —

Predikovana pravdépodobnost prijeti mlad'at do populace

Parus caerulus

» Nids nun manipules
(Cichon & Dubiec 2005)

l

' 74""‘ Nids F"'arg's Imunitni odpovéd’ nehraje roli v pripadé

nevyhodnych chovnych podminek
Lokalni prijeti je zavislé na imunite,
ale taky na environmentalnich faktorech
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Velikost mlad’at a aktivace humoralni imunity

Samice imunizované nepatogennim antigenem (diphtheria-tetanus vakcina)
Test aktivace imunitni odpovedi na investici do reprodukce

F)'cedula hypoleuca
(llmonen et al. 2000)

Aktivace imunitniho systému snizuje
reprodukcni Uspéch (pocet a velikost
mladat)

=]
=
=
)
—
[ ]
=]
=
2
L
=

vaccine




Bile krvinky a sexualni promiskuita u primatt

B'RG R 0 28 &K :
Mating promiscuity (Nunn et al. 2000)

Promiskuita pareni:

délka biezosti a velikost ~ Vztah mezi poctem bilych

testes krvinek a poctem sexualnich
partnera => potencialni vztah k
sexualné prenosnym nemocem



Vicenasobni infekce helmintama a zakladni
investice do imunity.

ZvySovani poctu druht helmintd
pozitivne koreluje se zvysovanim
zakladni investice do imunity u savc(
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Contrasts in Helminth Species Richness (residuals in log)

Dependent variables WBC counts

Leucocyles Lymphocytes Meutrophils Monocyles
£, P P

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

Host body mass (in log)
Latitude 2138 (0.16)

. 1. . - oo .\ T T - ; \ 5 d i \
Host longevity (month © in log) 7883 (<0.01) 0.676 (0.42) 7096 (0.01) 22,984 (=0.001)

Significance of P value is in bold

Bordes & Morand, 2009, Par Res



Potravni zdroje a immunokompetence

Efekt potravy mladat — krmené jenom semeny vs. krmené
semeny plus dopliikova strava na rlst a T bunécnou imunitu
(reakce na mitogen)

Graines only
Food suplies

Taeniopygia guttata
(Birkhead et al. 1999)

Zvysovani kvality potravy
urychluje rlst a posiluje
imunokompetenci (bunécnou
odpoved)

2
U
=
=
—
A0
il
=
=
=
-
=




Sociabilita a imunokompetence

Larvy

spoleCenskée

Z
-
2
8
-

solitérni

Prezivani spoleCenskych cvrckl je vyssi nez u solitérnich
=>zvysSovani denzity pres fenotypické zmeny spojené s lepsi imunitou



VIiv stresu na imunitu

Stresor = udalost, ktera narusuje homeostazu, zvysovani vyuziti energie

stres

hypotalamus = hypofyza= nadledviny

k kortikoidy:

Adaptivni odpoved’

Mobilizace energie pro Suprese nakladnich funkci
organy, které ji potrebuij (imunita)




—e— Adult breeding o~ Adult Nonbreeding  --&- Juvenile

Plasma Concentration

Sexualni kompetice a socialni stres §

Testovana hypotéza adaptivni odpovedi na stres v obdobi reprodukce

10000000

1000000

100 000

100

Adult Juvenile
Breeding  Nonbreeding

Antibody titer response (note the log scale) to
injected sheep red blood cells

1 Free Cortisol

Nabuzeni imunity.
reprodukujicich se adulth (Boonstra et al. 2001)

Hormonalni nabuzeni

Chronicky stres u reprodukujicich se adultt —
vysoka koncentrace kortizolu, nizka schopnost
kapacity vazat kortikosteroidy, nizka rezistence
k dexamethosonu, nizky hematokrit, nizky
pocet bilych krvinek, nizka schopnost reagovat
na nabuzeni imunity

Reakce na adrenokortikotropny hormon

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
parazitoiddm (enkapsulace)
vede ke snizovani kompeticni
schopnosti



Imunitni odpoved’ a metabolizmus
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Holuby: byly injikovany suspenzi ovcich
cervenych krvinek (SRBC) nebo
injikovany: fyziologickym roztokem
(kontrola)

Efekt imunitni aktivace na relativni
miru bazalniho metabolizmu u holubd

Jedinci se silni imunitni odpovedi ve
vztahu s kontrolou, ktera vykazovala
nizkou imunitni odpoved’

(Eraud et al. 2005)



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 odpovéd'=> kompromis v alokaci energie a zdrojt



Imunita a Uspesna invaze

Parameter Standard
Fixed effect estimate error t statistic

Life history
2, Body mass) 0-40
nual fecundity) 135

1-11

— {40

ynochromatism 030
Introduction event

Log(no. of propagules)  0-73

Immune response
Mestling T-cell response 0-75
Adult T-cell response 296

P ()5, ** P < (0],

T bunkami zprostredkovana imunitni
odpoved’ mlad’at (mérena jako
odpoved’ na mitogenicky lektin

PHA) urcuje uspéch zalozeni
populace

Moller and Cassey, 2004
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No Yes

Colonizer of more than one continent

Komplement mlad‘at ptakt se zvysuje
expanzi introdukovane populace
nebo s kolonizaci kontinentt



Naklady spojene s imunitni odpoveds

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)




Naklady spojene s imunitni odpoveds

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)




Evoluce imunitnich gent

» Geny hlavniho histokompatibilniho systemu (MHC)
» Evoluce gent MHC a selektivnich faktort

» zachytavaji peptidy a fragmenty vznikle odbouravanim
antigenl a zanoruji je do povrchu bunky => bunka
nabizejici antigen, jehoz fragmenty jsou rozeznavany
receptorem T - lymfocytu pro antigen

» PBR mista (,peptid binding regions™) vazebna mista MHC
glykoproteint



Glykoproteiny MHC I a MHC I1

» MHC glykoproteiny tridy I - pritomny na vsech jadernych
bunkach organismu
- zajist'uji prezentaci intracelularné derivovanych peptidt
vzniklych odbouravanim proteint pochazejicich z virt a
nékterych druhti bakterif

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

- prezentuji peptidove fragmenty derivovanée
z extracelularnich parazitt napr. nékteré druhy baktérii

nebo mnohobunécnych organismu



Polymorfizmus MHC

» nalezeny u vsech celistnatych obratlovet od paryb po savce

» Vysoce polymorfni geny.
» vysokym pocet alel, ktere poskytuji funkcni lokusy

» vysoky pocet nukleotidovych substituci mezi jednotlivymi
alelami

» trans-species polymorphism



Selekce smerujici k vysokemu polymorfizmu
MHC gent

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

» Parazity zprostredkovana selekce
» Koevolucni proces parazit-hostitel

1. vwhoda vzacnych MHC genotypu (tzv. teorie vyhody:
vzacne alely)

2. vwhoda MHC heterozygott (tzv. teorie vyhody:
heterozygota)



Teorie vyhody heterozygota

» teorie superdominance
antigennich peptidu derivovanych z parazitti nebo
patogent nezli homozygot

» VYSSI rezistenci heterozygota vUCi parazitim ve srovnani
S homozygotem

» Pr. - samice lososa obecneho si vybiraji samce ve smyslu
zvysovani MHC heterozygotnosti svych potomka

- vztah mezi MHC IIB heterozygotnosti a inkfekci
gyrodactyly u Poeciliopsis occiaentalls

- vwhoda MHC heterozygotl v infekci kmeny Sa/monella u
mysi



Teorie vyhody vzacne alely

» na frekvenci zavisla selekce

» Predpoklad: na pritomnost noveho parazita odpovidaji lepe
jedinci hostitele se vzacnou alelou

» Zvyseni frekvence vzacne alely v hostitelske populaci
smeruje k tomu, ze se alela stava tercem paraziticke
adaptace

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



Stredni pocet alel vyhodny pro jedince

» Nowak et al. 1992 — matematicky model

» \lysoka diverzita MHC alel u jedince neni vyhodni
- rozliseni Siroké skaly antigennich peptidt
- eliminace vlastnich T bunek

optimalni' pocet MHC alel urcuje nejkvalitnéjsi imunitni’ odpoved

Pr. Stredni pocet jako optimum MHC alel a nejnizsi parazitace na Urovni
jedince u koljusky: triostnf

f(x) = 2.232 - 0.992 * x + 0.096 * x*
=077

F2‘5= 8.593

P=0.0241

Mean residual number
of parasite species (t+ 1 SE)

i I
; i

Number of MHC alleles (heterozygosity)

Number of Mhc class IIB 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

Hypotéza dobrych gent

samci velice zdatni s geneticky danymi predispozicemi pro vysokou
rezistenci VUCi parazittim si mohou dovolit vyraznou sexualni
ornamentaci

samice sméruje vyber svého partnera ve smyslu vybéru dobrych gent
pro potomstvo

vztah mezi MHC genotypem a kondici nebo urcitém charakteru na
kondici zavislem

napr. intenzita k parazitarni zatézi, sekundarni pohlavni znaky
(zbarveni téla u ptakd, treci vyrazky u ryb apod.)



Role sexualni selekce ve zvysovani MHC
polymorfizmu

Hypoteza geneticke kompatibility (komplementarity)

MHC funguje jako geneticky nekompatibilni systém — zabranuje
pribuzenskemu krizeni

Jedinci s podobnym MHC genotypem = jedinci pribuzni

samice smeruje vyber partnera v zavislosti na viastnim MHC genotypu,
tj. vybira si samce s odlisnym MHC genotypem = komplementarnim

k jejimu genotypu — vyssi variabilita MHC pro potomstvo

(a) 1\ w (b)
RS
S AV AA AR
,“Aﬂﬁw»”\r, : * w :’/',x'
' AB B

AB

Koljuska tostni BB . il

Vybér dobrych MHC genll Vybér komplementarnich MHC gen{




Role sexualni selekce
ve zvysovani MHC polymorfizmu

a
» Jak mize samice rozeznat odlisSny nebo komplementarni
genotyp?

» vyber partnera je zalozen na cichovych vjemech
» Studie u cloveka, mysi, dokumentovano taky u ryb
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Time spent on side

Male MHC class-IIB genotype with respect to female



Pohlavni vyber a MHC

» Dve urovne sexualni selekce ve vztahu k MHC

» na urovni jedinct - 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
Uspech pri fertilizaci



MHC a extinkce druht

Desert bighorn 2y
sheep N Program

ochrany
- udrzat vSechny
3 varianty

Arabian oryx
Oryx leucoryx

ooz

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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MHC a extinkce aruh

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




