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1 Introduction

1.1 Ticks

Ticks are blood-sucking obligate ectoparasites lol@baf transmitting a broad variety of
pathogens of animals and humans. These small adsclfnom the order Parasitiformes
constitute together with Acariformes and Opiliodfceames the subclass Acarina. There are
two main tick families called Ixodidae and Arga®differing not only in appearance but in
the way of life in general. Ixodidae, also refertedas hard ticks, consists of 14 generas
(Horak et al., 2002). Most important vectors fraxodidae family are generasnblyomma,
Dermacentor, Haemaphysallis, Hyalomma, Rhipicephalus and the most numerous Ixodida
(Horak et al., 2002). These ticks possess threeeastiages of a life cycle. Six-legged larvae
hatched from the eggs, molt into eight-legged nysnahd the cycle is ended by the fertile
adult females capable of laying thousands of efjgs jprevious blood ingestion and mating.
Inter-stage periods are characterized by bloodkestdrom different vertebrate hosts that
might differ also for developmental stages. Accogtly, Ixodidae are divided into 3-hosted,
2-hosted and single hosted parasites (SonenshBf).1Ticks seeking the host using
Haller's organ, complex sensory organ for detectibiscents, humidity, temperature and
carbon dioxide (Sonenshine, 1991). The attachmietiiteoticks to their host is mediated by
specialized harpoon-like structure called hypostgoeced on the top of mouth area.
Hypostome is anchored in the host body by prodattsalivary glands that provide also
broad scale of bioactive compounds for successfokt himmunity modulation
(Fingerle et Wilske, 2006). Protozoan, bacteriall airal pathogens are ingested together
with blood (Jongejan et Uilenberg, 2004). Interggiy, both families of ticks (Ixodidae and
Argasidae) are capable of transmitting closely teelapathogens, likdBorrelia, despite
strikingly different life styles of the two famike After mosquitoes, ticks are second most

important vectors of arthropod-borne pathogens ¢8shine, 1991).

1.2 Blood meal digestion

It is supposed that blood feeding in ticks evol&@® - 100 million years ago (Mans, 2011).
Unlike other hematophagous arthropods where thedbis rapidly digested extracellularly
in the midgut lumen (Billingsley, 1990), the bloaligestion in tick constitutes a slow
process that occurs solely in the midgut cellhamdcidic environment of digestive vesicles
(Sonenshine, 1991). Tick gut lumen is believed éate store organ of the ingested blood
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(Coons et al., 1986). Particularly precise hemaglategradation is required due to the
potential toxicity of hemoglobin-released heme ar&ouza et al., 2006). Considering the
tick modell. ricinus, the hemoglobinolysis is mediated by a spectrunerafopeptidases
cleaving gradually the molecule of hemoglobin istoaller fragments (Horn et al., 2009).
Importantly, primary hemoglobin cleavage is acconga@ by forming of antimicrobial
peptides with strong microbicidial activity (Fogaetaal., 1999). The role of cathepsin D and
cathepsin L supported by legumain peptidase wasodsirated in this primal hemoglobin

processing (Horn et al., 2009; Franta et al., 2010)

1.3 Microbiota

Microorganism ingested by arthropods co-evolvedyasbionts or commensals and adapted
for environment of specific tissues as gut, ovariBglpighian tubules or hemocoel
(Eleftherianos et al., 2013). Classical symbiotielationship of arthropods and
microorganisms is demonstrated on termites andr thellulose-digesting microbiota
(Ohkuma, 2003). Despite having constant speciesfgpeore microbiota, the majority of
microbiome is created by opportunistic microorgargs(Osei-Poku et al., 2012). Factors
like geographical origin, ecological niche, nutitisources and even sex can significantly
influence the quantity and species-composition iopypations or even individuals
(Boissiere et al., 2012; Osei-Poku et al., 2012jathe et al., 2011;Terenius et al., 2012,
Valiente Moro et al., 2013). Using state of thetadhnologies, such as metagenonomics, the
guantification and distribution of microorganismghin the tissues provide us with detailed
insight into microbiota importance (Osei-Poku et @012; Valiente Moro et al., 2013).

Some tick microbiomes are currently known due tplementing of these technologies.

The metagenomic approach was applied for investigabf tick microbiome and
microbiotic composition was described for tick gpscaslxodes ricinus, Rhipicephalus
microplus or Amblyomma americanum (Andreotti et al., 2011; Carpi et al., 2011; Meach

et al., 2013; Budachetri et al., 2014). Proteobactphylum was detected as the main
phylum ofl. ricinus. Other abundant phyla were Actinobacteria, Spirte)eBacteroidetes
and Firmicutes. Overall 108 identified genera aescdibed consideringd. ricinus tick.
Bacterial generaXenotrophomonas, Pseudomonas, Rhodococcus and Propriobacterium
were confirmed to create core microbiota that wasd in all examined. ricinus ticks

(Carpi et al., 2011)l. ricinus is additionally unique by hosting endosymbioticctesia
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Candidatus midichloria mitochondrii. This bacterium was reported as the first endosgnibi
residing within animal mitochondria (Sassera €t2406).

Gut microbiota of disease-transmitting parasites/ @n important role in determination of
vector competence for pathogens (Dennison et @142 Narasimhan et al, 2014).
Mosquitoes with decreased or removed gut microbsbtawed augmented permissiveness
for Plasmodium falciparum infection (Noden et al., 2011). The restoratiorgof microflora

by serving the bacteria-enriched meal reneweddhistence against pathogen (Bahia et al.,
2014; Noden et al., 2011). Absence of microbiotéhmtick Ixodes scapularis substantially
reduced colonization rate of their guts Bgrrelia burgdorferi. Subsequently, it was
confirmed that gut microbiota play a role in JAKAIT pathway regulation
(Narasimhan et al., 2014). Despite the insufficienowledge of regulation tick immune
responses (Kogék et al., 2010), JAK/STAT pathway was implicatedptay an important
role in immune processes and gut remodeling of ¢jak (Liu et al., 2012). Absence of
intestinal microflora resulted in decreased STAdnscription and thus worsened adherence
of spirochetes to gut epithelium (Narasimhan et a014). Additionally, JAK/STAT
pathway mediates the proper peritrophic matrix (HMjnation, the protective barrier of
inner gut epithelium against abrasive food parsicdad pathogens (Hegedus et al., 2009;
Kuraishi et al., 2011). The thinned PM, given by thbsent STAT, resulted in decrease
Borrelia quantity suggesting the role of intestinal micodhiin pathogen acquisition via
JAK/STAT pathway regulation (Narasimhan et al.,£201iu et al., 2012).

Arthropod gut microbiota is able to activate théi-pathogen response by inducing the host
immune gene expression. Using microarray methodag shown that gene expression of
immune genes in two mosquito species markedly miffeetween mosquitoes containing
intestinal microbiota and antibiotic-treated mosoes (Dong et al., 2009). The expression of
immune genes in the mosquifedes aegypti was reported to be mediated by intestinal
microbiota through Toll pathway. The expression s#veral antimicrobial peptides,
cecropin, attacin or gambicin via Toll pathway waported (Xi et al., 2008 Drosophila
melanogaster orthologous genes of Toll pathway were also deteatd. scapularis after
genome comparison with (Liu et al., 2012). Nevdabg the involvement of Toll pathway

in expression of antimicrobial peptides in ticks ln@en not described as of yet.

Another mechanism affecting vector competence ¢grapetition for nutritional resources

between commensal microflora and transmitted pathegFor instancéMolbachia, the
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vertically transmitted intracellular bacteria, awmbionts of 60 % of all insect species.
These bacteria have negative effect on mosqratssinitted pathogens likkavirus dengue
virus (DENV), Chikungunya virus (CHIKV) or Plasmodium (Moreira et al., 2009). DENV
requires free fatty for its successful replicatiiee et al., 2008)Wolbachia completely
lacks the genes coding for fatty acid desaturagionymes and exploits the fatty acid from
the host cells. High quantity ®folbachia is able to deplete the fatty acid reserves and thu
interrupt the DENV virus proliferation (Sinkins a&it, 2013).Wolbachia requires cholesterol
for its membrane formation. Depletion of cholestendginating from the meal ingested by
insects restricts the lifespan of CHIKV that neetie cholesterol for its successful
endosomal fusion (Vancini et al., 2018)olbachia was firstly announced as common
symbiotic bacteria also in ticks (Noda et al., 199Ut later it was demonstrated that
detection of Wolbachia within ticks was caused by their interaction wiibk-specific

parasitoid waspxodiphagus hookeri (Plantard et al., 2012).

Beside indirect effects on pathogen transmissibe, ihtestinal microbiota exerts direct
mechanism based on production of secondary metabolsram negative bacteria’Y@ere
reported as the important agents in inhibitionPtdsmodium falciparum ookinetes within
the mosquito guts (Cirimotich et al., 201Epterobacter sp., as the representative of the G
bacteria, is marked as the successful non-immuniycing Plasmodium inhibitor with
suppressing efficiency about 99 %. These bactewayte reactive oxygen species in a
guantity dependent manner and thus directly inhhetPlasmodium infection (Cirimotich

et al., 2011). Metagenomic profiling of the bacdegommunities of. ricinus revealed the
presence oEnterobacter (Carpi et al., 2011) but its role in immunity agsti tick-borne

pathogens remains to be examined.

1.4 Tick-borne pathogens

Among pathogens that can be transmitted by the g&amo hard tickxodes ricinus belong
bacteria from the genwBorrelia, the causative agent of Lyme disease (Rizzoll.ep@11).
The guts ofl.ricinus can harbor also bacteria of the order Rickettsjdbacteria from the
genusAnaplasma that causes granulocytic anaplasmosis in both haraad animals (Stuen
et al., 2013). BacteriunCandidatus Neoehrlichia mikurensis, the genusRickettsia, the
bacteriaFrancisella tularensis or Coxiella burnetii and protozoan organism of the genus

Babesia belong among organisms that were detectddiicinus and their pathogenic effect

-4 -



on human or animals is either known or their emmgygilisease potential is considered
(Li et al.,, 2012; Parola et al., 2013; Gray et a010; Socolovschi et al., 2009; Hai et al.,
2014). Selected tick-transmitted diseases, pattoged their tick vectors are listed in the
Table 1.

Table 1. Tick-transmitted diseases, pathogens anti¢ir vectors*

Disease Pathogen Vector

Lyme Borreliosis Borrelia burgdorferi sensu lato (b . paqflcus, I persulca_tus, g
ricinus, |. scapularis
Dermacentor andersoni, D.
Rocky mountain spotted fever Rickettsia rickettsii (b) yarlab|l|s, Amblyomma
cajennense, A. aureolatum,
Rhi picephal us sanguineus
. . I. pacificus, |. hexagonus, 1.
Ehrlichiosis Anaplasma phagocytophilum (b) ricinus, I. scapularis
Relapsing fever Borrelia sp. (b) . pa(_:lflcua I persulcaf[us, g
ricinus, |. scapularis
Tularemia Francisella tularensis (b) D. variabilis
Meningoencephalitis TBEV (v) I. ricinus
Colorado tick fever CTF (v) D. andersoni, I_D._0c0|dental|a D.
albipictus
Crimean-Congo hemorrhagic fever CCHF (v) Hyalomma sp.
Babesiosis Babesia spp (p) I scapul?ns, _Haer_naphy&ahs
ongicornis

* adapted according to de la Fuente et al., (20@8). bacteria, (v) - viruses, (p) - protozoa

1.4.1 Borreiasp.

Borrelia sp. are bacteria belonging into the phylum of Syietes that are not classified as
either Grami or Gram.They are causative agents of borreliosis, muitayic disease that
impacts heart, joints or central nervous systenokC@014). Thirty six from overall 37 of
known Borrelia genera can be transmitted by ticks, out of whictsd@&cies are known to be
transmitted by Ixodid ticks (Rudenko et al., 201[K). nature,Borrelia spirochetes are
maintained by repeated interaction of mice andstiarbour et Fish, 1993) although the
transovarial transmission ofBorrelia miyamotoi species was currently implied
(Rollend et al., 2013). One of the factors affegfBorrelia acquisition from vertebrate host
to tick vector is tick salivary protein Salp25D. i$hglutathione peroxidase homologue
protects the spirochetes by detoxifying detriment radicals acting on vector-pathogen-
host interface (Narasimhan et al., 2007). Followiimg ingestion, spirochetes adhere to the
tick gut viaBorrelia-specific OspA and OspB proteins and colonize iedldkanta et al.,

2007). The enhanced efficiency of gut colonizat®tiacilitated by interaction dBorrelia
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surface protein with tick gut receptors named TR®&B demonstrated by Pal et al. (2004).
After colonization and reproductiorBorrelia spirochetes decrease OspA and OspB
expression to loosen tiBorrelia-gut attachment and begin to penetrate the gut Wwathis
process, OspC protein expression and BBE31 outefacgu protein are required
(Schwan et Piesman, 2002; Zhang et al., 20Bd)celia enter the hemolymph and migrate
to salivary glands from which they are transmitietb the host during the next feeding
process (Benach et al., 1987; Ribeiro et al., 1$®hwan et Piesman, 2002). For successful
colonization and transmissioBorrelia must deal with immune systems of animal hosts
(Berndtson, 2013). Capability of spirochetes toidamimal immunity systems (vectors and
hosts) involving mechanisms lika) exploiting tick salivary proteins to delay thermne
response (Ramamoorthi et al., 200%); lost complement inhibition (Schuijt et al., 2008)
(iii) host plasminogen capturing (Onder et al., 201R)) continuous surface antigen
exchange (Zhang et al., 1997)) (enhanced motility (Norris, 2012)yvij advanced
chemotaxis for immunity agents evasion (Sze e8ll?2), vii) quorum sensing (Stevenson
et Babb, 2002); \ii) horizontal gene transfer (Alitalo et al., 2002) @x) atypical
morphology (Miklossy et al., 2008).

1.5 Host complement system

Host complement system constitutes the first aotédseal defense. Antibacterial mechanism
is mediated by membrane attack complex formatiamsiog the lysis of bacteria and by
opsonization of bacteria with C3b and C4b complasieand thus labeling them for
phagocytosis by immune cells. Activation of mammaalicomplement system can be
performed through three pathways - classical, ratiere and lectin pathway. All pathways
are activated upon recognition of specific molesufgesent on the microbial surface
(pathogen-associated molecular patterns, PAMPerAAMPS recognition the complement
is formed that finally lead to the elimination detmicrobe (Dunkelberger et Song, 2010)

On the other hand, the microbes developed their astive mechanisms to protect
themselves against complement system. Mechanismiginoing C4b protein and thus
diminishing bacteria lysis, production of proteastsit degrade crucial complement
components or mediate C3 component inactivationewdsscribed (Blom et al., 2009).
Borrelia utilize the mechanism of complement system dedi@davithin the tick vector and

thus are uninfluenced by its detrimental effecttfiRevelu et al., 2003).



1.6 Hemoglobin fragments

The pivotal role in microbiota control is performbg antimicrobial peptides derived from
ingested hemoglobin. Antibacterial and antifungaptle was described in the cattle tick
Boophilus microplus and its origin in boviner-hemoglobin was subsequently confirmed
showing utilization of ingested hemoglobin in deferagainst bacterial overpopulation in
tick guts. This peptide showed considerable anéinGrbacteria and anti-fungal activity
(Fogacga et al., 1999). Similar hemoglobin-derivegtmles were subsequently described in
the gut lumen ofOrnithodoros moubata and D. variabilis (Nakajima et al., 2003;
Sonenshine et al.,, 2005). Antibacterial peptidesd bio specific molecules on target
membranes, cause lipid displacement and alteratfomembrane structure leading to
membrane collapse, its fragmentation and physisaliption (Shai, 1999; Zasloff, 2002).

1.7  Tick gut immunity

The absence of digestive proteases, neutral pH tagd concentration of nutrients
originating from blood would make the tick gut théeal environment for bacteria
proliferation. Therefore ticks evolved mechanismsregulation of intestinal microbiome at
tolerable level (Hajdusek et al., 2013).

1.7.1 Defensins

Defensins are the most spread group of antimickq@gptides of many organisms including
ticks (Johns et al., 2001). These 4 kDa long catipeptides and their structure is fixed by
three disulfide bonds formed between 6 conserveteny residues (Kogak et al., 2010).
Defensins attack Gram bacteria through perforation of phospholipid meam@s
(Gillespie et al., 1997). Johns et al. (2001) dbsd synergistic effect of defensin and
lysosyme in antBorrelia response. Induction of tick defensins expressiothe tick gut
was reported to be mediated by pathogen invasiakdjina et al., 2002).

1.7.2 Lysozyme

Lysozymes are antibacterial enzymes catalyzing diysis of 1,48-D bond between
N-acetyl muramic acid and N-acetyl-D-glukosamiridass in the bacterial membrane. This
mechanism effectively eliminates” ®acteria (Bilej et al., 2010). Lysozyme activityainst

M. luteus was confirmed in ticlO. moubata, where its expression was strongly up-regulated
by blood intake suggesting its role in the digestal ingested bacteria (Kogek et al.,
1999; Grunclova et al., 2003)



1.7.3 Redox balance

Reactive oxygen species (ROS) are chemically neactixygen-containing molecules
formed as natural by-products of oxygen metabolikming mitochondria respiration and
other metabolic processes. They can be dividedarygen radicals (superoxide, hydroxyl)
and nonradicals (hypochlorus acid, hydrogen pexidROS can be generated
enzymatically through transportation of electromsoas the plasma membrane and thus
generate superoxide radicals or other ROS (Bedarddrause, 2007). Enzymes of such
nature belong to nicotinamide adenine dinucleoptesphate oxidases family (NADPH).
ROS produced by NADPH enzymes play a role in awtiotnial defense, biosynthesis, cell
signaling or apoptosis triggering (Ha et al., 20Q4iyeira et al., 2012; Apel et Hirt, 2004;
Matés et Sadnchez-Jiménez, 2000). The temporary [ir@fiction and their proper aiming is
required for beneficial functioning (Bae et al.,1B). On the other hand, the oxidizing
properties of ROS can cause serious damage inofaseessive concentration. Damage of
DNA, lipid peroxidation, amino acids oxidation arayme deactivation caused by oxidation,
are the most often ROS-inflicted detriments (Cavaias et al., 2008). Redox balance is the
process of maintaining the production of ROS argrat#ation of ROS in equilibrium. This
regulation is essential for normal functioning oédox processes within the cell
(Balaban et al., 2005). ROS scavenging is proviged whole spectrum of peroxidases for
reducing hydrogen peroxide to water and superodisi@mutases for regulation of superoxide
radicals. These enzymes together with other mesirenprovide the antioxidant defense

system of cells (Pigeolet et al., 1990).

1.8 NADPH oxidase (NOX)

Members of NADPH family transport electrons throdlgh membrane into the cytoplasm or
across the membrane of inner-cell organels. Eleagdransferred from NADPH to oxygen
while releasing superoxide radical (P that is used for other ROS formation
(Cross et Segal, 2004). All identified members oANPH family possess conserved
structure consisting of NADPH binding site, FAD-#ing region, 6 conserved
transmembrane domains and 4 conserved histidineg thind heme molecule

(Bedard et Krause, 20p7Oliveira et al. (2012) presented the utilizingsoperoxide radical

in mosquito immunity defense agair@iasmodium. Heme peroxidase 2 (HPX2) together

with A. gambiae NADPH oxidase (NOX5) mediate nitration &fasmodium that acts as
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opsonization system inducing the mosquito complérsgstem that eliminates the pathogen.
Firstly, increased heme peroxidase 2 (HPX2) exmpeswas observed aftd?lasmodium
infection and its role ifPlasmodium nitration was confirmed by HPX2 RNA interferende.
perform the antiplasmodial function, hydrogen p@lexis required by HPX2. The
augmented expression of NOX5 following tRkasmodium infection was detected and thus
NOX5 was suggested as the main ROS source. NOX& gilamcing showed the same effect
as HPX2 silencing and the HPX2/NOX5 system wasndefy confirmed as the main
determinant oPlasmodium survival (Oliveira et al., 2012). One orthologh®X gene was
identified within thel. scapularis genome (Pagel Van Zee et al., 2007). Therefore the
presence of NOX im. ricinus genome can be assumed. The role of tick NOX resnaire

revealed.

1.9 Dual oxidase (DUOX)

Dual oxidase is another transmembrane enzyme of BNADamily described in many
organisms ranging from amoeba to human. DUOX enzigsneamed dual because of
additional domain that is homologous to heme-coimgi peroxidases as myeloperoxidase
or lactoperoxidase (Lambeth et al., 2000; De Dekeal., 2000). DUOX peroxidase domain
of insects andCaenorhabditis elegans contains histidine at the same position as
myeloperoxidase that allows the heme binding ands thypical peroxidase activity
(Bae et al., 2010).

DUOX was presented as the enzyme playing a rokavirety of physiological events such as
stabilization of D. melanogaster wing (Anh et al., 2011), thyroid hormone formation
(Ohye et Sugawara, 2010), water resistance prayithrnnsect eggs (Dias et al., 2013) and
others. DUOX play a very important role in the haogfense against microorganisms.
DUOX-dependent antimicrobial effect was discovarechammalian airway epithelial cells.
DUOX-generated kD, is converted by lactoperoxidase and in the presehpseudohalide
thiocyanate to hypothiocyanate, stronger oxidat@agent and antimicrobial agent compared
to H,O, (Geiszt et Leto, 2004; Wijkstrom-Frei, 2003; Fish009). Human bronchial
epithelial cells were shown to efficiently kill kada includingPseudomonas aeruginosa,
Burkholderia cepacia and Staphylococcus aureus through ROS productiofRada et al.,
2008).



Antimicrobial effect mediated by DUOX was descrihadD. melanogaster. Flies lacking
immune-regulated catalase (IRC), enzyme fe©OHdecomposition, were unable to cope
with infection triggered by non-lethal bacteria asttbwed high mortality (Ha et al., 2005).
This mortality was explained by ROS excess caugd®R6 absence. ROS as the main agent
of microbe elimination were confirmed and DUOX waarked as their main source after
DUOX RNA interference showing inability of flies teontrol the intestinal bacteria
proliferation (Ha et al., 2005). The determiningtéas for induction of DUOX-mediated
pathogen elimination are membrane surface moleaflenicrobes. Recognizing of these
molecules triggers the ROS production in a dosesdéent manner (Bae et al., 2010; Ha et
al., 2005). Modulation of DUOX enzymatic activitg imediated through the pathway
including inositol (1,4,5)-triphosphate mobiliziniptracellular C&' that activate ROS
production via interaction with DUOX EF-hand (Ameae-El-Hassani, 2005). DUOX
enzyme was shown to be pivotal in pathogen elinonabut simultaneously tolerates

symbiotic microflora.

Oxidative killing of bacteria was reported even fosquito vectoedes aegypti. Robust
ROS production was detected in sugar-fed mosquibogst dramatically decreased after
blood ingestion idicating the role of heme. Addimgme into the sugar diet showed ROS
decrease in a dose-dependent manner implying hasguitoes protects themselves against
highly cytotoxic radicals formed in presence of lee(®@liveira et al., 2011; Balla et al.,
2007). The ROS production was attributed to DUOXRAMA interference-mediated DUOX
silencing resulted in considerable ROS decreasé bsulted in augmented bacteria
proliferation (Oliveira et al., 2011). Inverse aaation was observed between the ROS level
and bacteria proliferation. Heme presence causedsiderable ROS decrease that
reciprocally created favorable environment for rolbe proliferation (Oliveira et al., 2011).

Role of DUOX in determination of vector competerice pathogen was elucidated in the
mosquito Anopheles gambiae. In response to blood feeding, the formation ofitpgphic
matrix (PM) was observed (Kumar et al., 2010). T¢esni-permeable layer surrounds the
blood meal and prevents the direct contact of bidt gut epithelium (Devenport et al.,
2004). The PM formation is mediated by immunomotiuia peroxidase (IMPer) and
DUOX that creates covalent bonds between tyroseseélues of proteins involved in PM
production (Edens et al., 2001). The created PNidyalimits the permeability of immune
elicitors into the PM-surrounded blood bolus andstlereates appropriate environment for
Plasmodium survival. This mechanism makes mosquitoes moreegtible toPlasmodium
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but simultaneously protect the mosquitoes and tt@minmensal bacteria against deleterious
effect of alternatively overproduced ROS (Kumaikt 2010). Presence of PM was even
described in the tick. scapularis (Yang et al., 2014)The role of DUOX in tick PM
formation was assessed by DUOX knockdown. RNA fatence of DUOX caused inability
of ticks to form PM and additionally activated sihedick innate immunity pathway genes.
Absence of protective PM and up-regulation of imeuesponse significantly impact&d

burgdorferi persistence within the tick vector (Yang et al12).
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2

1.

Aims of work

To describe the impact of hemoglobin and the bosplement components on intestinal

microbiota proliferation using artificially-fed atid. ricinus females.

. Quantitative determination of spirochete load aumbers of intestinal bacteria B

afzelii (CB43) infected adult tickk ricinus depending on diet composition.

. Functional characterization of DUOX in adult fae ticks I. ricinus using RNA

interference.

. Optimization ofn vitro feeding for nymphs. ricinus.
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3 Material and methods

Table 2. Material used for work

DNA/RNA electrophoresis, PCR

1x TAE buffer

40mM Tris-acetate, 1mM EDTA, pH 8.0

DEPC HO 0.1% (v/v) diethylpyrocarbonate diluted in distil water
EtBr Ethidium bromide 0.5 pg/ml
6x Loading Dye 10mM Tris/HCI (pH 7.6), 0.03% (w/v) bromophenol éju
(Fermentas) 0.03% (w/v) xylencyanol, 60% (v/v) glycerol, 60mMDEA
DNA Ladder GeneRulél! 100bp DNA Ladder (MBI Fermentas)
RNA Ladder High Range RNA Ladder (MBI Fermentas)

PCR Master mix

FastStart PCR Master (Roche)

Media and chemicals for bacteria cultivation

2% (w/v) tryptone, 0.5% (w/v) yeast extract, 0.06&%6v) NaCl,

SOC medium 2.5mM KCI, 10mM MgS04, 20mM glucose, pH 7.0, steril
LB (Luria-Bertani) 1% (w/v) tryptone, 0.5% (w/v) yeast extract, 0.584\) NaCl,
medium pH 7.0, sterile
Barbour-Stoenner-Kelly BSK-H complete medium (Sigma)
H medium
fungicide Amphotericin (Sigma) 0.25% (w/v)
Atrtificial feeding
Silicone Wacker silicone E4
Silicone oll FLUKA DC 200 silicone oll
Colour paste Wacker FL colour paste
Hexane n-Hexane (VWR chemicals)

Dichloromethane

EmpaftaACS Dichloromethane for analysis (MERCK)

Diet supplements

gentamicin 0.5% (w/v) gentamicin (Sigma)
glucose 0.2% (w/v) glucose (Sigma)
ATP 10mM ATP (FLUKA), sterile, filtered (0.2 um fidr)
NaCl 0.9% (w/v) NaCl
Dissection
8% (w/v) NaCl, 0,2% (w/v) KCI, 1.8% (w/v) NEHPO, 0.14%
Sterile PBS (w/v) KH2POy in 1000 ml distilled HO + 0.1% (v/v) diethyl

pyrocarbonate in distilled 4, pH = 7, autoclaved

gPCR, chemistry

gPCR Master mix

LightCyclef® 480 Probes Master

RT-gPCR Master mix

FastStart SYBR Green Master
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Table 3. Oligonucleotides used in experiments

TagMan probes

16S rRNA gene probe CGTATTACCGCGGCTGCTGGCAC
IR actin gene probe CCATCCAGGCTGTGCTCTC
flagellin gene probe | TGCTACAACCTCATCTGTCATTGTAGCATCTTTTATTTG

Used primers

duox F/R (RNAI) duox F: ATGGGCCCACTACGACGTCAAG
duox R: ATTCTAGATCTCGAAGGACCGCATCGTG
ir-duox F1/R1 (RT- ir-duox F1: CCAACAACTTGCACGAAGG
qPCR) ir-duox R1: GGCGATCTCGAACTTGTACC
16S rRNA F/R 16S rRNA F; TCCTACGGGAGGCAGCAGT
16S rRNA R: GGACTACCAGGGTATCTAATCCTGTT
ir actin F: GATCATGTTCGAGACCTTCA

Ir actin F/R ir actin R: CGATACCCGTGGTACGA
Elongation factor (EF) EF F: ACGAGGCTCTGACGGAAG
FIR EF R: CACGACGCAACTCCTTCAC
. FlaF1: AAGCAAATTTAGGTGCTTTCCAA

FlaR1: GCAATCATTGCCATTGCAGA

3.1 Ticks rearing and treatment

Ticks used for all performed experiments were eitt@lected by flagging from nature
aroundCeské Budjovice or originated from tick colonies of the linste of Parasitology
(Czech Republic), where they were kept at 25 °C @6 humidity. The tick bodies and

hypostomes were treated with 3% before every experiment.

3.2 Preparation of Borrelia-infected adult females ticks

Six weeks old female C3H/HeN mice (Jackson Laboyat&ulzfeld, Germany) were
infected by subcutaneous injections of Borrelia afzelii (CB43) in 10Qul of BSK-H
medium per mouse. Presence of spirochetes in egmsibs was determined at weekly
intervals by PCR. Total DNA was extracted using aclHoSpin Tissue Kit
(Macherey-Nagel, Germany) according to the manufact protocol. Detection of
spirochetes was performed by qPCR (see gPCR). Ruodbgorimers sequence are listed in
the Table 3. Three weeks after the infection tles@nce of spirochetes was confirmed in all
ear biopsy samples. At the 4th week after inocomatnon-infected nymphs were fed on

infected mice until repletion (40 nymphs per mouaayl left to molt into adults. The
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infection rate in adults was determined in 10 imtlial adult females using PCR with
specific primers (Table 3). Infection rate of adidks was set to 40 %.

3.3 Invitro feeding
3.3.1 Animal hairs extract preparation

250 ml of dichloromethane (DCM) was added to 50 fgcot animal hair and lipid
compounds were extracted by constant shaking ah r@onperature for 20 min. The half
volume was collected, replaced with 100 ml of fré€bM and shook for additional 20 min.
The process was repeated one more time. All celtesblutions were combined and solid
parts were disposed by filtration. The concentrabbanimal odour extract was assessed by

weighing the dry matter in 1 ml of the extract.

3.3.2 Feeding unit preparation

Feeding unit (FU) preparation was based on theighdadin vitro feeding assay protocol
(Kréber and Guerin, 2007); except the exchangdasfsg-U to plastic FU (Miroslav Kubik -
PLEXI, Lidicka #. 1121/222Ceské Budjovice 7). To prepare 10 membranes 15 g of the
silicone, 0.15 g of the colour paste, 5 g of thieaie oil and 2.9 g of hexane were mixed in
a plastic bowl to create a homogenous mixture. Uyger edges of lens cleaning papers
(Tiffen, Kodak) were glued to the smooth glass Hodhe silicone mixture was spread over
the cleaning papers with the silicone spatula &thin film and prepared membranes were
let to dry overnight. The membrane thickness wassueed with a micrometer on 4
different places and only those with 60 — 100 pmkiess were used for FU completion.
The thin silicone layer was applied onto the FUtdnotrim; FU were subsequently glued to
the membranes. Membranes were scissors-shape¢usd tiet FU form. For tick attachment
support the circular grids were stuck to the FUdiratand the plastic tile spacers were glued
to the grid center (Fig. 1). Before tick applicatiathe FU membranes were perfumed with

640 ng cow scent per FU.
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Figure 1. Feeding unit compositionFU - feeding unit, A - paper matrix, B - siliconsyér, C - grid, D -
plastic tile spacer

3.3.3 Diet preparation

Bovine blood (BL) was gained from the local slawghbuse. It was manually defibrinated,
filtered through a UV-steriled insect plastic mesid supplemented with glucose to final
concentration 0.2 % (w/v).

Serum (S) was prepared by blood centrifugation 8@ x g for 10 min in 4 °C with slow
deceleration, serum phase collection and additioeatrifugation at 10 000 x g for 10 min
in 4 °C. Serum was also glucose-supplemented tofitia¢ concentration 0.2 % (w/v).
Preparation of heat inactivated serum (HIS) wapamed the same way as the active serum,
but before glucose supplementation, it was heate860°C for 30 min on a water bath to
inactivate the complement components. Prepared digte stored at 4 °C.

Diets were applied in a six-well plate and, befttre FU immersing, they were additionally
supplemented with ATP and gentamicin if necessahe diet (BL, S, HIS) volume of
3.1 ml was pipetted into each well and subsequestiyched with ATP to 1 mM final
concentration. Diets prepared this way were usdddd ticks for subsequent quantification
of the bacteria loads. Diets determined for othxpeeiments were additionally supplemented

with gentamicin to a final concentration 5 pg/ml.
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3.3.4 Tick application

Fifteen female adult ticks were placed per one &6t was applied (see Diet preparation)
and after 24 hours long adaptation in water bathemperature ranging from 30 to 35 °C,
the non-attached females were taken out and thal egunber of male tick was put inside
each FU to ensure mating and full engorgementefdmales. Dead male ticks were taking
out within the duration of the experiment. Ticks fmalysis have been forcibly removed
from membrane in specified time points during theding and further processed.

3.4 Borrdia cultivation

Serum and HIS were prepared as mentioned aboveDig¢ereparation). For control of
Borrelia proliferation, the Barbour-Stoenner-Kelly H medi§BSK-H) supplemented with
fungicide (Table 1) was useB. afzelii (strain CB43) (10genomes/ml) was inoculated into
10 mlof BSK-H medium and subsequently incubated at 3fbf@ week. 100 pl dBorrelia
(10" genomes/ml) cultivated in BSK-H medium was addet i100 pl of bovine active
serum and into 100 pl of HIS and incubated at 340t@2 hoursBorrelia development and

distribution were assessed by light microscopy gognification) in the dark field.

3.5 Genomic DNA (gDNA) extraction

Ticks were dissected under the stereo microscople WLED illumination (Stemi DV4,
Zeiss), their whole guts were extracted into theéf@uT1 from NucleoSpifiTissue kit
(Macherey-Nagel) and gDNA was extracted accordinthé supplier's instruction from the
mentioned kit. Samples of tick feces were colledteth blood-fed and serum-fed ticks and
gDNA was isolated following the NucleoSPBlood kit protocol (Macherey-Nagel).
Additional feces samples with 4&.coli spike was prepared to verify the reliability of the
isolation. Samples of diets (200 ul) were colledgtedix hours long intervals from each diet.
gDNA from these samples was extracted by followitie NucleoSpifiBlood kit
(Macherey-Nagel) protocol. gDNA samples served easptates for gPCR analyses (see
gPCR).
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3.6 Total RNA isolation, complementary DNA (cDNA) syntlesis

Whole tick midguts, salivary glands, ovaries aratlieas were dissected using binocular
microscope (Stemi DV4, Zeiss) into sterile PBS (€aB). Tissues from five ticks were
pooled and homogenized in RA1 buffer (NucleoSgRNA kit, Macherey-Nagel) using an
insulin syringe (29G). Total RNA was extracted gsim NucleoSpifiRNA kit
(Macherey-Nagel) according to the manufacturer'stqgmol and its concentration was
measured by spectrophotometer (NanoDfof000). The quality of obtained RNA was
verified on 1% agarose gel, where 100 ng of eaclhA RBimple was loaded into the well.
Transcriptor High Fidelity cDNA Synthesis Kit (Raghwas used for cDNA synthesis from
100 ng of prepared total RNA. cDNA samples servedeanplates for RT-qPCR analyses
(see RT-gPCR).

3.7 Quantitative polymerase chain reaction (qQPCR)
3.7.1 I.ricinusactin (ir actin) standard curve

Ten nymph guts were dissected, pooled and the gDM& extracted following the
NucleoSpiff Tissue (Macherey-Nagel) protocol. Prepared gDNsa was diluted in a
decimal row and the set of standard samples wampd. Each sample was qPCR analyzed
in technical triplicate using specifl® actin probe and primers (Table 3). Standard samples

were stored at -20 °C and served as calibrator ksmpfuture qPCR analyses.

3.7.2 E. coli standard curve

E. coli (One Shdt T10 Chemically CompetenE.coli, Invitrogen) bacterial suspension
(25 pl) was spread over the LB media plates supghedad with ampicilin (100 pg/ml) and
incubated for 12 h at 37 °C. A singtelony was picked up and incubated in 4 ml liquid
LB medium with ampicilin in 37 °C to the optical ity ODso0 = 1, corresponding to ~10
genomes. One milliliter of the suspension was uledgDNA isolation following the
NucleoSpiff Tissue kit (Macherey-Nagel) manufacturer's protothe standard curve was
prepared as described above using 16S rRNA gerdisgrobe and primers (Table 3).
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3.7.3 Bacteria andBorrelia load quantification

For bacteria an@orrelia quantification, 5 gut samples from each time pointhe feeding
process were used for independent gDNA isolations subsequent gPCR analyses. The
detection of spirochetes was performed by amptificaof 154bp long fragment difagellin
gene usinglagellin-specific primers and probe (Table 3). Detectionbatteria load was
performed by amplification of 466bp fragment of 1E8NA gene using gene specific probe
and primers (Table 3). Bacteria aBdrrelia numbers were normalized to threactin gene

concentration.

3.8 Reverse transcription quantitative polymerase chaimeaction (RT-gPCR)
3.8.1 Quantification of gene expression

Gene transcript levels were quantified from 20-fdidited cDNA templates in ratio of 2 ul
per 25 pl PCR mixture using LightCycte480 SYBR Green | Master in a LightCyclet80
System qPCR machine (Roche). Each sample was adalpztechnical triplicate. Used
primers for gene amplification are listed in TaBleRelative values were normalized to the
PCR amplification of the cDNA for. ricinus elongation factor d (EF) and the data were

expressed as a relative expression to the samfiidiva highest expression levels (100 %).

3.9 dsRNA synthesis

The pair ofl. ricinus dual oxidaseif-duox) gene specific primers for PCR was designed
according to theduox sequence of. scapularis (VectorBase: ISCW007865). Designed
primers primers hafpal andXbal restriction sites attached to them, listed in €hlA 339
bp-long fragment of. ricinus dualir-duox was amplified using ovarian cDNA of partially
fed ticks as a template and prepaireduox primers, verified on 1% agarose gel and purified
with Agarose Gel Extraction kit (Roche) accordingsupplier's protocol. The reaction for
the subsequent PCR restriction was mixed (Tablantl)incubated at 37 °C for 2 hours.

Table 4. Purified PCR product restriction

i
Buffer TANGO 10x 3
Apal, Xbal enzyme 1 each
PCR product 20
H.O 6
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Restricted PCR product was purified following then&lute™ PCR Clean-Up kit protocol
and subsequently cloned into the pll10 plasmidatian reaction is indicated in Table 5.

The reaction was incubated at 16 °C overnight.

Table 5. Ligation of restricted PCR product

ul
Buffer 2x 5 |
Restricted pll10 plasmid 2
Restricted PCR product 2
T4 ligase 1

The whole reaction of plasmid with insert was tfamsed into 25 pl of One SHYIT10
Chemically Competertt.coli (Invitrogen), held 30 min on ice and after 60seatlshock at
42 °C, 300 pl of SOC medium was added and the maxttas shaken for 90 min at 37 °C.
After that, the mixture was spread on ampicilin @amented (100 pg/ml) LB (LB-amp)
plates and incubated at 37 °C overnight. 20 cokpieE.coli were transferred onto fresh
LB-amp plates and the presence of insert was edrifiy colony PCR using M13 forward
and reverse primers from TOPO cloning kit (Inviteay PositiveE.coli colony was
inoculated into 100 ml of liquid LB-amp and shalk&n37 °C for 15 hours. Plasmids were
subsequently extracted according to NucleoBoxda Midi / Maxi kit (Macherey-Nagel)
protocol and isolated plasmids were restricted @plaled in Table 6. Two separate
reactions were prepared fApal andXbal restricted plasmids and were processed separately
to create sense and antisense single strand RIRALSs

Table 6. Restriction of purified plasmid

ul
10 pg of plasmid 3
Buffer TANGO 10x% 5
Apal / Xba | 6
H.O 36
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Subsequent purification of linearized plasmid wadgrmed by adding 150 pl 10 mM Tris-
HCI (pH=8) supplemented with 25 pl of proteinas€2® pg/ul), 2mM CaGland 3.75 ul
10% sodium dodecyl sulfate. The mixture was incedbatt 50 °C for 30 min. After adding
of 80 pl of phenol-chloroform (Sigma), vortexingdacentrifugation (15 000 x g for 5 min),
the aqueous phase was collected into the freshantde30 | of chloroform was added into
it, the mixture was vortexed and centrifuged (1® 60g for 5 min) again. The aqueous
phase was one more time collected, supplementdd58iful of isopropanol and vigorously
vortexed. The reaction was placed into -20°C fomiid and then centrifuged for 30 min at
15 000 x g. Supernatant was discarded, pellet vesshed with 80% ethanol, mixture was
centrifuged for 10 min/ 15 000 x g and the resth&f ethanol was left to evaporate. The
pellet was diluted in 20 pl of DEPC H20 and the amoriration was measured with
spectrophotometer (NanoDrdp 1000). ssRNAs were isolated using MEGAs&iRNAI

Kit (TURBO DNA-free™ Kit, Ambion) according to thmanufacturer's protocol. sSSRNAs
were purified by adding 1 pl of DNAse (Ambion) amtubated at 37 °C for 15 min.
Additionally 115 ul of RNAse free #D, 15 ul of ammonium acetate and 150 pl of phenol-
chloroform (Sigma) was added. The mixture was weade centrifuged 5 min / 15 000 x g
and the aqueous phase was collected into the tiubgh 150 ul of chloroform was added into
it, the mixture was vortexed and centrifuged (1® 60g for 5 min) again. The aqueous
phase was one more time collected, supplementédld pul of isopropanol and vigorously
vortexed. The reaction was placed into -20 °C famiin and then centrifuged for 30 min/
15 000 x g. The pellet was diluted in 20 pl of DEPEO and the concentration was
measured by spectrophotometer (NanoDYofi000). Sense and antisense ssRNAs were
mixed in the ratio 1:1 to final concentration 3 lg/The mixture was placed into a cylinder
filled with hot water and allowed to cool slowly edom temperature for 12 hours. The

quality of double stranded RNA (dsRNA) was testedL® agarose gel.
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3.10 Silencing gene expression by RNA interferen€BNAI)

Unfed female ticks were stuck to double-sticky taggRNA (0.5ul, 3 ng/ul) was injected
into hemocoel using a micromanipulator (Narishigepntrol ticks were injected with the
same volume ofifp dsRNA synthesized under the same conditions fingatized plasmid
pll6 (HajduSek et al., 2009). Both group (30 tiges group) rested 96 h in a humid chamber
(96 % of humidity) at room temperature. Group oks$i was dissected for individual tissues,
total RNA was extracted from the collected sam@Eed cDNA was prepared. Prepared
cDNA samples were gRT-PCR analyzed using SYBR Grdym and specifiar-duox
primers (Table 3). Second group of ticks was dieskefor guts that were used for gDNA
isolation and subsequent bacteB@t elia quantification.

Ir-duox dsRNA treated ticks and the control gfp dsRNA teedatick were put to feed on
guinea pigs (15 females + 15 males per animalkslwere allowed to fully engorge until
repletion, weighed, photographed and placed intparsg¢e vials to assess ensuing

oviposition. Clutches were taken out and weighed.

3.11 Statistics

Data were analysed using an unpaired t-test wighsignificance level P < 0.05. For bar
graphs, means SEM are used. All statistics were performed ustrgphPad Prism 6 for

Windows, version 6.04.
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4 Results
4.1 Impact of dietary hemoglobin on bacteria levels irthe tick gut

To assess the dynamics of tick gut microbiota ipethelence on diet composition during the
feeding process, aim vitro membrane feeding experiments were performed. Tibyuhe
antimicrobial effect of hemoglobin, two differentets, namely whole bovine blood and
bovine serum, were prepared and served to tick®A BXracts obtained from whole guts of
ticks fed for various time periods were used foamfitative PCR analyses using 16S specific
probe. Additionally, the bacterial levels in thernasl diets and the numbers of bacteria
excreted from the body were assessed. Substantigiigasing intestinal microflora levels
were observed in ticks fed on serum during the wHekding period whereas profound
decrease in bacterial counts at the late stageedlifig process was demonstrated in ticks fed
on whole blood (Fig. 2 A, B). Considerable amouhtbacteria was detected in the diet
samples despite the antibiotic presence. On theagnonly few bacteria were detected in
tick feces (Fig. 2 C, D). Sample of feces with kmosoncentration oE.coli added was used
as a control of isolation (not shown). These olestgons may imply that host hemoglobin
plays a role in regulating levels of intestinal roitora in the guts of. ricinus.
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Figure 2. Influence of hemoglobin on bacterial loadn tick guts, feces and served diet8acterial quantity
was evaluated with qPCR and 16S specific probeh Bpot represents value of one biological samplaioéd
as the mean from technical triplicate. Standardrsrof mean are showblF - unfed ticks,1D, 2D, 3D, 5D -
days of feedingFF - fully fed ticks,BL - blood,S - serum. A) qPCR quantification of bacteria load in tick
guts when fed on whole bloodB) gPCR quantification of bacteria load in tick gutken fed on serumcCj
gPCR quantification of bacterial load in serveddi®) qPCR quantification of bacterial load in tick éscfed
on different diets.

4.2 Invitro effect of the host complement system dB. afzelii development

The effect of serum with active complement and HI$ bacterial development was
previously described (Melching and Vas, 1971). Terify the borreliacidal effect of
complement system dB. afzelii development and distribution, bovine serum and Wése
tested in theirin vitro cultivation. The effect of different media was exaed by light
microscopy. It was repeatedly observed, that sesitim active complement system caused
profoundB. afzelii clustering, whereaspirochetes cultivated in HIS displayed no or only
limited clump formations (Fig. 3). This shows thHadst complement system may also

determineBorrelia viability in the tick gutin vivo.
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Figure 3. The effect of different media onB. afzdii cultivation. Light microscopy imaging oB. afzelii
cultivation in @) cultivation medium, B) active serum,&) HIS serum.

4.3 Impact of dietary components on intestinal microfloa levelsof B. afzdlii infected
ticks in vivo

For more profound assessment of influence of dietamponents on ticlgut microbiota
development, and its effect dB. afzelii levels in the female ticks were tested. First,
uninfectedl. ricinus nymphs were fedn vivo on infected mice. Fully fed nymphs were
allowed to molt into the adults, where the 40% c¢tifn rate was detected. To extend the
understanding of the effect of hemoglobin and hosinplement system on the gut
microbiota of Borrelia-infected ticks, thein vitro membrane feeding experiment was
performed with bovine blood, serum and HIS. Thduirice of various diets on gut
microbiota proliferation,B. afzelii proliferation and their mutual relationship duritige
feeding process was assessed by gPCR quantific@ldA extracts from whole guts were
tested for bacteria arBorrelia presence using qPCR quantification with 16S Bodelia
specific probes, respectively. Intestinal bactedghamics analysed iB. afzelii infected
ticks showed a similar course for blood and serathticks as in the previously performed
experiment (Fig. 4 B, D; Fig. 2 A, B). No appareguiantitative difference in the symbiotic
bacteria was observed in ticks fed on serum and(Hi& 4 D, F). Under set experimental
conditions, the increasinBorrelia numbers were observed for all groups of ticks ded
different diets but the dynamics differed. Consiagrthe blood fed ticks, the loBorrelia
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numbers were detected in the middle of the feedingess. By contrast, in active serum-fed
and HIS-fed ticks, thBorrelia numbers were peaking th& 8ay of feeding (Fig. 4 A, C, E).
At the late phase of feeding process, numberBoofelia considerably increased in blood-
fed ticks, whereas the opposite was observed imséed and HIS-fed ticks. Based on the
obtained data we suggested that bacteria are isenstt hemoglobin-derived peptides
whereaBorrelia may seem to require host hemoglobin to succeggudlliferate. Next, we
implied that host complement most likely does nohtdbute to tick midgut immunity.
Additionally, we observed a correlation between Bigtic microflora numbers and
pathogen countBorrelia quantity in blood-fed ticks increased at the momerhen the
symbiotic intestinal microflora dropped and vicesa pathogen numbers lowered when the
symbiotic microbiota increased. The reason forrdugprocal relationship between pathogen

and tick symbiotic microbiota remains unclear.
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Figure 4. Influence of the different diets on bacteéa/Borrelia load in guts of infected ticks.Bacteria
(B,D,F) andBorrelia (A,C,E) quantification in guts of ticks fed on whole blo@d,B), serum C,D), HIS (E,F)
was performed using qPCR with 16S aBadrrelia specific probes. The values shown indicate bicialgi
replicates.UF - unfed ticks,1D, 3D, 5D - days of feeding,X) qPCR quantification oBorrelia load in tick
guts when fed on whole bloodB) gPCR quantification of intestinal bactet@ad in tick guts when fed on
whole blood. C) gPCR quantification oBorrelia load in tick guts when fed on active serum) QPCR
quantification of intestinal bacteria load in tigkits when fed on active serunk) (QPCR quantification of

Borrelia load in tick guts when fed on HISEY qPCR quantification of intestinal bacteria loadtick guts
when fed on HIS.
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4.4 Assessment oir-duox in unfed ticks by RNAI

Dual oxidase duox), one member of NADPH oxidases, was describeth@snain factor of
epithelial immunity in guts of model organisbrosophila melanogaster (Ha et al., 2005).
The gene coding faduox was identified in. scapularis genome (IscW_ISCW007865) and
primers designed according iteduox sequence were used to identify thex ortholog in
[.ricinus (ir-duox). The full sequence ofr-duox was determined and transcription
expression profiles withih ricinus tissues were described in my bachelor thesisékaM,
2012).

Function ofir-duox in tick gut microbiota regulation was assessedgistduox silencing by

RNAI. dsRNA was synthesized and its quality vedfiby agarose gel electrophoresis
(Fig. 5). After RNA quality assessment (Fig. 6 A), RDNA sets were prepared and
reference transcript levels verified (Fig. 6 C)bStantialir-duox silencing was observed in
all examined tissues. RNAI efficiency ranged frof ® 99.9 % for particular tissues in

comparison t@fp dsRNA-injected control group (Fig. 7 A, B, C, D).

1 2 3 4 5 6

Figure 5. Control of ir-duox dsRNA quality. 1 - nonlinearized PLL plasmid with clonédduox insert,
2 -APAI linearized PLL 10 plasmid, 3 XBAl linearized plasmid, 4 - ssRNA sense 5 - ssRNAsante,
6 - dsRNA ofir-duox.
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Figure 6. The control of the quality of isolated téal RNA. All prepared total RNA samples were controlled
on 1% agarose gel. 100 ng of each RNA was put erg#h. Each sample represents the pool of fiveidiss
Total RNA from1 - gut, 2 - salivary glands3 - ovaries,4 - trachea of A) ir-duox dsRNA-injected ticks,
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factor 1a (EF) in dsRNA-injected angfp dsRNA-injected ticks.
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4.5 The effect ofrDUOX RNAI on intestinal microbiota dynamics in unfed ticks

To evaluate the effect afDUOX RNAI on the intestinal microbiota developme@atunfed
ir-duox dsRNA injected ticks, Qfp dsRNA injected ticks and 9 untreated ticks were
dissected, their guts were extracted and total RiIN& isolated from three pools of three
dissected guts. Subsequently the cDNAs from thasgkes were prepared and tested for
bacterial presence using qPCR and 16S specificepifely. 8). The bacterial load in-duox

KD ticks was significantly higher compared to i control group and untreated group.
This result confirms thdrDUOX may play a role in the microbiota levels regidn within

the tick gut. The necessity bfDUOX expression and the gut bacteria overpopulatigract

on tick development was further examined.
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Figure 8. 1rDUOX RNAi effect on intestinal microbiota developmat in unfed I. ricinus females.Each dot
presents the sample prepared by pooling of thrée he standard errors of mean are shown. Asteris&ate
statistically significant difference (* -,05).

4.6 Ir-duox RNAI impact on tick development

The impact ol rDUOX RNAI-mediated silencing on tick engorgementl atutch sizes was
assessedr-duox dsRNA-injected ticks were allowed to feed naturalty guinea pigs until
repletion. Afterwards, the engorged females werighesl and allowed to lay eggs. The egg
clutches were weighed subsequen@yjp ticks reach 83mg weight wheredsox-silenced

ticks reached 15mg weight. Additionally;duox dsRNA-injected ticks had darker, strongly
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shriveled bodies (Fig. 9 A, B). These ticks werscgptible to mould and their viability was

extensively decreased. It should be further asdesgeether the differences in phenotype

were related to the bacterial overpopulation gitrenlrDUOX silencing or that the lack of
IrDUOX affects another unknown mechanism of tick deweent. Fifteenr-duox dsRNA

injected ticks were let to lay the eggs out of vahamly 3 females survived three weeks after

detachment the guinea pig. Only th®UOX silenced females were able to lay eggs and

clutch size were considerably smaller (in averdgemg) compared the egg clutches laid by

ofp dsRNA injected ticks (in average, 83 mg) (Fig..Me suggest thatDUOX may play

critical and possibly multiple functions in tick\ddopment and reproduction.
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Figure 9. Impact of rDUOX absence on tick weight and phenotypé&Veight differences afr-duox RNAI
impacted ticks with the contrgfp dsRNA-injected ticksA) Phenotype oifr-duox dsRNA injected ticks.R)

Phenotype of contralfp dsRNA-injected ticks.
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5 Discussion

5.1 Impact of dietary hemoglobin on bacteria levels irthe tick gut

In this study the dynamics of intestinal microflal@pending on different diets was assessed.
The effect of whole blood, active serum or heattivated serum (HIS) on tick intestinal
microflora proliferation during the feeding was essed. Quantification of microbes was
also performed in samples of diet and feces touatalthe entering bacterial load and the

excreted amount of bacteria.

Hemoglobin-rich diet, represented by the whole dloand hemoglobin-depleted diet
represented by serum, were usedforitro feeding experiments to describe the hemoglobin
impact on tick intestinal microflora proliferatiomwo groups of ticks were artificially fed on
blood or serum until repletion. We detected simbacterial increase in both groups up to
the 2 day of feeding after which substantial differenappeared. A significant decrease in
bacterial numbers was observed in the later stafeeding in blood-fed ticks compared to
serum-fed ticks, the effect presumably caused gy gresence of hemoglobin derived
antimicrobial peptides. Our explanation is suppbrtey the experiment performed by
Hodson and Hirsh (1958) who firstly described thmgimaicrobial effect of hemoglobin.
Determining the hemoglobin structure made it pdssito describe the regions of
hemoglobin that directly corresponded to eliminataf different microbes (Parish et al.,
2001). Finally, the substantial anti’ ®acteria, anti Gbacteria and anti-yeast activity of
hemoglobin was presented (Parish et al., 200d)vivo confirmation of hemoglobin
microbicidal activity was described in the ticRoophilus microplus. Peptide with
considerable bactericidal and fungicidal activitgsadetected in the tick gut and its origin in
bovine a-hemoglobin was subsequently revealed (Fogaca,et39) showing for the first
time the utilization of host hemoglobin in vectattiaicrobial defense. Horn et al. (2009)
described the hemoglobin cleavage procesd. afcinus. It was shown that the large
hemoglobin molecule cleavage to smaller fragmeniaduced by cathepsin L, cathepsin D
and legumain peptidase. Dynamics profiles of exqioesof these peptidases were assessed
and it was revealed that the cleavage of hemoglbbgins second day after tick attachment
to the host (Horn et al., 2009; Franta et al., 20DQiring the primary hemoglobin cleavage
the antibacterial hemoglobin-derived peptides arenéd (Horn et al., 2009, Cruz et al.,
2010). We observed a significant decrease of imt@sticrobiota in blood-fed ticks already

after the 2% day of feeding (Fig. 2A). Whether this phenomerisnassociated with
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accumulation of hemoglobin—derived antimicrobiapt#es in the tick gut remains to be
proved.

Interestingly, we detected constantly increasingtdréal quantity in ticks fed on serum
(Fig. 2B). Because of presence of host immune agemainly the complement system, we
presumed an adequate negative effect on bactesldepation as described by D Amelio
and Biselli (1994). Variety of mechanisms suppmgsthe action of the mammalian
complement was described in vectors as well asymbtic or pathogenic microbes
(Schroeder et al., 2009; Swe et al., 2014; Bloralet2009). Hematophagous parasite, the
itch mite Sarcoptes scabiei utilizes serine proteases, called SMIPPs, capatbieactivation

of all three known complement pathways through iigdproteins responsible for
complement system activation (Swe et al., 2014,n8lels et al., 2014). Broad scale of anti-
complement compounds was also described in saliglagds of different tick species.
Interestingly, the most tick salivary anticomplem@noteins were identified ih. ricinus
(Schroeder et al., 2007). Tick anti-complement gir#t are able to block alternative and
classical pathway of complement system activationdifferent stages of the cascade
activation (Schuijt et al., 2011; Valenzuela et aD00; Daix et al., 2007; Schroeder et al.,
2007). Even the intestinal microbiota was reportedbe active in complement system
deactivation through its own mechanisms. BindingCdb protein and thus suppression of
bacteria lysis, production of proteases that mediatucial complement components
degradation, or C3 component inactivation were rilesd (Blom et al., 2009). Collectively
with that, we propose that tick is able to efficlgninactivate the host complement
components at multiple levels. We suggest the miodehich the ingested meal is enriched
by anticomplement components originating in tickvga Complement inactivation might be
further supported by compounds produced by unknogut proteins and the
anti-complement mechanism could be additionallergithened by bacterial metabolites

produced by commensal bacteria.

To verify our hypothesis that host complement sydligely does not play an important role
in tick intestinal microbiota regulation, we perfogd in vitro experiment where HIS was
served to ticks. Heating of serum to 56 °C for 3th was proven to inactivate all
complement system components (Lesniak et al., 204ditionally, by heating the serum
up to 56 °C the property of serum lipopolysacchafithding protein (LBP) to bind the
Gram bacteria-exposed surface lipopolysaccharides (LPiS) highly reduced
(Mészaros et al., 1995). As expected, we detettedsame bacteria proliferation dynamics
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and even very similar bacteria numbers in ticksdedoth active serum and HIS. Therefore
we conclude that ticks indeed possess mechanismsefftcient host complement

inactivation that are likely beneficial for protext of their symbiotic microbiota.

Knowing the effect of hemoglobin and host completreamponents of serum on microbial
proliferation within the tick guts, we decided &tnospectively quantify the bacterial load in
the served diets. Despite their supplementatioh géntamicin, unexpectedly high numbers
of bacteria were detected in served diets aftehsixs of tick feeding. We detected twice
higher bacteria quantity in the samples of blooetdithan in the serum samples. These
results show that gentamicin alone is not suffictenensure the aseptic diet for membrane
feeding experiments. It may be because its antohiaf activity is targeted mainly against
Gram bacteria, or by its limited stability at highemtperatures 35 °C used for the

membrane feeding.

Presence of considerable bacterial quantity in dlsamples is according to Olczak et al.
(2005) explained an essential role of hemoglobimiarobiota proliferation as the source of
iron. Nonetheless, most of the current works do sugbport this opinion and consider
hemoglobin and hemoglobin-derived peptides, namedadtidins, as the agents of
antimicrobial defense in both invertebrates andeleates (Fogaca et al., 1999; Mak et al.,
2000; Liepke et al., 2003; Parish et al., 2001; idket al., 2005). We conclude that for a
strong hemoglobin-mediated microbicidial effecte tproteolytic cleavage of hemoglobin

and formation of hemoglobin-derived peptides areded.

Based on the determined bacteria numbers in diffefiets and the theoretical meal volume
imbibed bylIxodes sp. female, we could perform a following extrapolatidn: blood-fed

ticks, 225x lower bacterial load was detected #vgrected whereas in serum fed-ticks, 14x
higher bacterial load than theoretically estimatdthese data strongly support that

hemoglobin present in the diet is an important tiegaegulator of tick gut microbiome.

To extend our understanding of intestinal micrabidtate, we performed bacteria
quantification even in tick feces. Obtained datggsingly showed minimal bacteria load in
tick feces regardless the diet served (approximatsk1G bacteria per gram of tick feces).
For comparison, the bacterial load of the humarresrents constitutes 75x1Bacteria
genomes per 1 gram of feces (5 million times mdRendtorff et Kasgarian, 1967;
Stephen et Cummings, 1980). Our finding that teéek are almost aseptic compared to the
blood contents is quite interesting and requirgth&r investigation. We hypothesize that
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intestinal microbiota is an important element igk physiology and thus tick must ensure its
sustaining at the required level as the naturaly ficks receive only limited amount of
bacteria from the host blood which is supposed doalmost sterile The importance of
arthropod microbiota presence has been currentprred for various organisms like
mosquitoes (Damiani et al., 2010), termites anckaches (Dillon et Dillon, 2004), flies
(Erkosar et Leulier, 2014) or ticks (Narasimharalet 2014). The sustaining of the certain
microflora level was shown to participate in hosetabolism or immune gene priming
(Dennison et al., 2014). Important role of inteatimicroflora quantity in determination of
vector competence for pathogens was describedchnl tiscapularis (Narasimhan et al.,
2014). Taken together, more profound understandingost-microbiota interaction could

provide us implementation of new strategies agdioiss.

5.2 Impact of dietary components on intestinal microfloa levelsof B. afzdlii infected
ticks in vivo

We evaluated the dynamics of the pathod®nafzelii proliferation in dependence on
different diets served. Considerable differenceBarrelia dynamics were observed in ticks
fed on full blood in contrast to ticks fed on aetigerum or HIS. In blood-fed ticks, we
detected the substantial increase Borrelia numbers the % day after attachment.
Piesman et al. (2001) studid8brrelia dynamics in nymphs of. scapularis. Borrelia

increase was detected the second day post-attathemenit was followed by marked
decrease the™day post-attachment towards the end of nymphalifige The dynamics of
Borrelia load in artificially-fed adultl. ricinus females might be quite differ from that

reported foil. scapularis nymphal stage fed on infected mice.

Narasimhan et al. (2014) described the relationshiporrelia and intestinal microflora in
larvae ofl. scapularis. Perturbed gut microbiota markedly redudgmrelia colonization.
Increasing microbiota was shown to up-regulate theression of peritrophin via
JAK/STAT pathway. PM-surrounded area proviéesrelia spirochetes a shelter against the
hostile environment within the gut lumen. Absendeirgestinal microbiota resulted in
decreased STAT expression and thinning of PM. Reerein Borrelia numbers was
suggested to be caused by compromised permeatdilibe barrier and exposure Borrelia

to deleterious blood meal components and immutitit@s (Narasimhan et al., 2014). Our
observation do not support the model described asadimhan. We observed substantial
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increase ofBorrelia numbers at the same moment when symbiotic intdstimcrobiota
dropped. Opposite to that, we detected significkatdrease oBorrelia immediately after
intestinal microflora balanced tliBorrelia quantity. It is known thaBorrelia do not possess
the pathway for heme synthesis (Posey et Ghera2@0). Based on our observations, we
speculate that hemoglobin-derived peptides possiessmental effect on commensal
microbiota, whereasBorrelia may seem to require heme for its own proliferation
Introduction of efficienin vitro feeding for nymphs would bring the opportunitydescribe
the interplay of pathogen and symbiotic microflorare profoundly and make more relevant
comparisons with the results published on the phagrbetween. scapularis nymphs and.
burgdorferi spirochetes.

5.3 The effect ofIrDUOX RNAI on intestinal microbiota dynamics in unfed ticks

Previously we determined, thiatricinus code for a good ortholog of predictedscapularis
genome (98% nucleotide identity) (kara, 2012). We have verified its spatial and teralpor
expression. In this work, using RNAI, we managegrafoundly silence its expression in all
examined tissues. As DUOX is a transmembrane protae reasoned that it might have a
slower turn-over and therefore we addressed oustiquns as late as 5 days after dsRNA
injection. Even though we tried to verify the RNAffect also at protein level, using
previously prepared antibodies, we failed to da.tA@ put it alternatively, we failed to
verify the antibody specificity (data not shownpwkever, we managed to observe a striking
phenotype correlating with silencedduox levels. We noted that-duox silenced ticks have
strikingly increased levels of intestinal microboiWe reasoned that this effects is linked to
the absence offDUOX in the gut epithelium and suggested that axdadisbalanced

environment in the gut may, directly or indirecityaused the bacteria up-regulation.

The role of DUOX in intestinal microbiota regulatiof invertebrates was firstly described
by Ha et al. (2005) in the fliprosophila melanogaster. Flies with silenced expression of
DUOX showed significantly increased mortality besauof their inability to regulate
intestinal microbiota proliferation leading to iof®n. It was further demonstrated that
overpopulation of microbes was caused by DUOX-peceduROS disbalance (Ha et al.,
2005). Oliveira et al. (2011) described the rolafOX in mosquito modelAedes aegypti.
Sugar-fed mosquitoes were able to successfully lagguits intestinal microflora
implementing DUOX-produced ROS. Considerable lodeR®OS production was recorded
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after the blood ingestion implying the role of hemdrOS production. Decrease of ROS in
the presence of hemoglobin was suggested as a osatm of the pro-oxidative effect of
heme ingestion and as a protection against hydmaxitals that could be potentially formed
in Fenton reaction (Oliveira et al., 2011). Instinork we demonstrated the rolelddUOX

in tick gut. However, based on previously perfornrasscriptional profiling (Ktera, 2012)

, the site of highest expression was found in @griTherefore, we may anticipate the
importance oflrDUOX in ovaries and other tissues. The essentild o DUOX in
oviposition was reported for the hematophagousotriéne bugRhodnius prolixus (Dias et
al., 2013).R. prolixus DUOX silenced bugs showed lower size of the clidod the eggs
exerted the higher susceptibility to desiccatavds shown that loss of ROS upon DUOX
silencing resulted in the deteriorated ability toss-link proteins of egg chorion and that
these eggs were unable to sustain the water (Diak, €013). Accordingly, we suggested
that the phenotype changes observed in ticks cbeldlso related to water management.
Whether the changes in fecundity and ovipositianaryhow related to the changes in tick

gut microbiota remains to be investigated.

In this study, we presented the importance of R@&lyring dual oxidase enzyme on
microbiota regulation and also implied its roletick reproduction. Further description of
DUOX and DUOX-mediated effect might result in den@hent of new strategies against

ticks and diseases they transmit.
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6 Conclusion

Differences inl. ricinus intestinal microbiota proliferation depending dffetent diets were
described. It was demonstrated that hemoglobirepieesin the meal substantially limits the
proliferation of gut microflora ir. ricinus. By contrast, host complement components did
not seem to be involved in tick microbiota reguatias demonstrated by quantification of
tick gut microflora in ticks fed on active and h&adctivated serum. Considerable intake of
bacteria originating from the served meal was dieedr Sustaining of microbes within tick
guts was delineated for two groups of differendg ficks.

The dynamics oB. afzelii during the feeding process bfricinus was presented and the
influence of served meal on changes in spirochedbfgration was described. We showed
thatB. afzelii proliferates in the tick gut through the feedinggess only if host hemoglobin

was available.

Ir-duox double stranded RNA was prepared and the RNA ferece experiment was
performed in adult. ricinus females. The efficient DUOX silencing was shown in fourktic
tissues. Based on the RNAIi experiment, the importate of DUOX on tick intestinal
microbiota regulation was described. Additionalthe changed phenotype and negative

effect of DUOX silencing on tick oviposition wasosin.

A method of artificial feeding fot. ricinus nymphs was implemented and optimized. The
essential factors for nymphal surviving and sudcgsstificial feeding on membrane were

described. Achievement of artificial feedirig ricinus nymphs presents an important

milestone towards future studies of tick-borne pg#én transmission.
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8 Supplement

8.1 Optimization of feeding units for I. ricinus nymphs

Introduction of artificialin vitro feeding forl. ricinus nymphs would allow as to perform
better experiments in shorter time and in highenloer of ticks as nymphs feed for only 4
days and fit 50 in one FU as opposed to 8 dayeadihg and fitting 10 adult ticks in one
feeding unit. Introduction of artificial feeding afymphs would further bring a substantial
benefit for studying of pathogen-transmission bg ticks. Also, high-throughput tests like
drug feeding and scoring ticks for engorgementsrated fitness or testing of candidate
vaccines without extensive use of laboratory arsmBEecause of much higher quantity of
available nymphs in comparison with adult ticksitistically more significant data could be
provided. Taken together, introduction of vitro feeding forl. ricinus nymphs could
accelerate the research of this ectoparasite. fdrerave expanded our effort to introduce
efficient and repeatable method of artificial fewgiof nymphs by adjusting the method
established for adult hard ticks (Krober and GueB@07). All performed attempts for
method optimization are displayed in Fig.11. Fegdmmocess of nymphs is displayed in
Figure 12. Hereafter, we briefly describe the stigasling to the final optimization of the
method changingA) thickness and elasticity of the membraBeChemical composition of
the membraneC) Influence of environmental conditions and differeanimal scent,

D) collective influence of all factors that had go& impact on nymph feeding.

A. Set of feeding units (FUs) with commonly used meanb (FP) was prepared following

the protocol (see 3.3.2. Feeding unit preparatidvi¢. hypothesized that this membrane
might be insufficiently flexible and too hard forymph attachment. Therefore, we

introduced a new type of membrane (OS) that wapgpeel the same way except for
omitting the paper matrices. We tested differentkiesses of FP and OS membranes.
Additionally, we prepared new animal scent from dw@ers (3.3.1. Animal hairs extract

preparation) and tested it in two different concatins on both, FP and OS membranes.
Fifty nymphs were used for each FU.

Results:Nymphs were unable to penetrate the membrane andeworded high rate of

mortality. No attachment was recorded in this eixpent.

B. We chose only OS membranes for further optimizataomd changed the chemical
composition of OS membranes by adding twice mdreosie oil and twice more hexane.
Additionally we applied second silicone layer orlearepared membrane and spread it over
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with silicone spatula to create grid-like structtioefacilitate tick attachment. Control adult
ticks were added into FUs to verify if the membraaa be penetrated. Twenty nymphs were

used for each FU.

Results: Together with adult ticks, few nymphs were ablep@metrate the OS membrane
with efficiency of penetration ranging from-717 % in different FUs but neither adult ticks
nor nymphs survived more than couple of hours. Sskere dried out and unable to finish
the feeding. We proposed importance of humidity fgmmphal feeding and aimed at
optimization of FUs and the physical conditiongesding.

C. In next experiment we utilized only OS membraned mtroduced the new one. This
new membrane (C) was created by spreading themsdienixture over the fine-cloth, the
curtain. Silicone mixture for this new membrane waspared by adding 4-fold more
silicone oil than used for FP membranes preparsteomd no hexane. Cow scent and doe
scent were tested in different concentrations. intused cotton wool plugs were replaced
by more breathable caps to secure the humidityléengiUs. We further hypothesized that
ticks are unable to recognize the spot for attactirbecause of equal temperature on the
membrane and in the surrounding environment. Thezeftemperature gradient was
provided by placing the water bath into the cooliax set on 24 °C. 20 nymphs were used
for each FU

Results No success was recorded with OS membranes pedfuvite doe scent but some
attached ticks were observed in the cow scent-pexfi OS membranes. Efficiency of
attachment on this membrane was-3%5 %. Additionally we detected the same efficiency
of attachment on newly implemented C membrane petl with cow scent. We also
recorded relatively high efficiency of feeding 8hing that reached ~ 38 % for SO
membrane and 25 % for C membrane. Based on theservaltions we suggested the
essentiality of humidity for surviving of nymphs.dditionally we demonstrated that
thickness of membranes does not play such importdatin the feeding process. Nymphs

were able to penetrate even through 140 nm-thiakionane.
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D. To confirm the functionality of optimized artifidifeeding we decided to implement all
positive factors in one experiment with larger amtoof nymphs. Six FUs with SO
membrane and six FUs with C membrane were prep&asch FU was perfumed with 640
ng of cow scent. 20 nymphs were used for each FRd.Water box was set to 35°C whereas
the temperature inside the cooling box was 24°Qlitahally we added the source of light

into the cooling box to provide the 10 h photoperio

Results:Implemented conditions seemed suitable for feedihgymphs. Relatively high
portion of nymphs in both types of FUs were ablsuocessfully finish the feeding process.
We recorded ~ 38 % efficiency of feeding processfiing for FUs with SO membrane and
~ 42 % efficiency in FUs with C membrane (Fig 1Bdth membranes showed to be usable
for nymphal artificial feeding but C membrane wasedmined for further testing due to its

easier preparation and overall better manipulagigan by included cloth matrix.

Conclusion:We were able to optimize the artificial feeding fymphal stage off. ricinus
with efficiency of finishing the feeding processoab 40 %. We described some chemical
and physical factors that play a role in nympginalitro feeding, most notably: humidity and
temperature gradient. New type of membrane thagid enough for manipulation, can be
penetrated by ticks, it is easily prepared and pdwpossess the same thickness was
introduced. In the future we will test the artifitifeeding in other physical conditions and
we plan to implement chemical factors as pheroméméscrease the efficiency of nymphal

in vitro feeding.
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Metrix Width Nr.oflayers 5:50:H Grid Plesticcross Scent Conc (ng) Pr.of AF Type of cap Temp.gradient Photoperiod Efl. Of sttach. Eff. OF attach. (%) End of suck. End of suck. (%)
L FP ELl 1 J:1i06| Y Y C 500 N CW N ] 100/2 2 4] 0
s FF 30 1 J1li0G| Y T & 30 N cw N N 5071 2 o 0
. Fe ) 1 $:1:06]| ¥ ¥ f 500 N oW ] M 1040 1] ] o
&, FP 940 1 3:1:0,6| Y Y D 50 N CW N N 500 o ] 0
5, 05 | 40 1 3:1:0,6| ¥ ¥ ¥ 500 [ CW [ [ 100/0 ] ] [1
6. L] aq 1 Jrii00) ¥ ¥ L 0 M o Ll M 5071 2 o 0
7 ns af 1 1:1:0.6| ¥ ¥ n W M oW N M 10041 1 1} [
& 05 4 1 3:1:0,6| ¥ ¥ D 50 N W N N S0/0 1] i] 0
3. 5 50 1 3:1:06( ¥ ¥ = 500 N oW N M 100/0 0 0 0
1. 05 30 1 3:1:0,0| ¥ ¥ C 30 M = N i 30fo 0 o 0
1. 05 50 1 3:1:06) ¥ ¥ o 500 N Cw M N 100./4 a 1] 0
12, 05 50 1 3:1:0.6( ¥ ¥ 1] 50 M oW L M 500 0 0 i
13. 05 L] 1 }:1i06) Y Y L 500 N W N N 100/6 6 4] 0
1. 05 60 1 3:1.0,6| ¥ ¥ c 50 N oW N M 502 E o o
15. os 1] 1 1:1:06) Y i 8] 500 N o] N N 10041 1 1] 0
15. 05 & 1 3:1:06| Y Y o 50 N CW N N 50/2 4 ] 0
17, a5 Fill 1 3:1:06) Y Y C 500 N oW N N 100/0 1] i} 0
18, 25 110 1 5:1:0,6) ¥ ¥ = 200 N Y L N 100/ o ] L
i1 05 Al 2 3:2:14,2| Y ¥ C 500 Y W N N 173 176 0 0
i, 05 50 2 ¥:2:12( ¥ ¥ L 500 ¥ oW N M 30/2 6,7 0 0
5 05 G0 2 3i2:L,2| ¥ ¥ [ 500 ¥ CW N N z7/z2 7.4 4] 0
1 05 50 2 3:2:L2] ¥ Y C 1] M BC Y N 207 35 7 35
i 05 50 2 3:2:L2( ¥ ¥ C 630 N BE b M 40/18 45 17 415
3 05 50 Fd 3:2:L2| ¥ ¥ D 800 N BZ ¥ N zofo o o 0
A 0s 50 2 3:2:12| ¥ Y 8] 50 N BC ¥ M 20f0 o 1] L]
S 05 60 2 1:2:1,2( ¥ Y i} 500 M 8L ¥ M 2010 0 o 0
. 05 & 2 3:2:1,2| Y Y o 5000 N BC Y N 2000 o o 0
T. c 140 2 3:4:0 | N N C 500 N BC ¥ M 20/7 535 5 25
L 05 | 50-30 2 1:2:L,2) Y Y C 50 N BC Y Y 120/a9 40,8 45 3.5
- C 140 2 3:4:0 N N C 60 N BC ¥ Y 120/52 433 50 41,6

Figure 11. Optimization of artificial feeding for nymphs|. ricinus. * (continue on the next page)




*Figure 11. Optimization of artificial feeding for nymphs . ricinus. (Matrix ) — membrane includedFP =
Filtrating paper, OS = Only silicone, C = ClothVidth) — membrane thickness given in nanometés;of
layers) - number of membrane layers, 1 = smooth membramen&mbrane with wrinkles;S(: SO : H) -
ration of the basic substances for membrane creafic= silicone, SO = silicone oil, H = hexan@ri@ ) — the
presence of grid in FU;Scen) — animal scent used for FU perfumin@ofc. ng = used concentration of
animal scent in ng;Rr.of AF) - presence of adult female tick in the FUype of cap — CW = cotton wool,
BC — breathable capTémp. gradient) - N = same temperature on membrane and in surrogisivironment,

Y = differing temperatures on membrane and in sumding environment;Rhotoperiod) - N =no light/dark
cycle, Y = 10h light/14h dark cycleEff.of attach.) - Efficiency of attachment, number of nymphs that
successfully penetrated through membrabéf,df attach %) - Efficiency of attachment given in percentage;
(End of suck) - Number of nymphs that successfully finished theliieg End of suck. %) - Number of
nymphs that successfully finished the feeding givepercentage.

250 pm _ B IR T ) .'.~ it
Fig 12. Demonstration of artificial feeding introduction for nymphs I. ricinus. Two types of membrane -
silicone-only and cloth-including were tested. 3@nphs were used per each FB) ¢ Prepared feeding units
and six-well plate with diet;B) - nymphs attached to silicone-only membra@; { fully-fed nymphs fed on
silicone-only membraneD) - nymphs attached to cloth-including membrartg;  fully-fed nymphs fed on
cloth-including membrane

-52 -



