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1. Introduction and Objectives

The majority of the so-called carrier proteins (G#known for their ability to bind, store,
and transport heme. Furthermore, tick carrier pmetare presumable transporters of lipids and
proteins. The antioxidation activity can be expddi@m all CPs due to the binding of heme.
The CP of the ticiDermacentor marginatyshemelipoglycoprotein (HLGP), is one of the most
abundant proteins db. marginatushemolymph. Its expression varies among tick spgeare
depends also on developmental stage and bloodafgddihavior. However, in general, CPs are
non-sex-linked and are present in unfed ticks dk Weerefore, the ability to sequester heme is
probably not the only important function of thesetpins.

A common part of carrier proteins is the lipoprotBi-terminal domain. These domains occur
in insects as well as in vertebrates, althoughr theguences suggest, that there is no relation
between lipoprotein domains of the two groups. Tumain is assumed to be conserved among
Ixodida and to be responsible for binding lipidsyohydrates, and metals. However, the
putative functions of this domain have never be@vgn.

The objective of this work is to isolate the hempetjlycoprotein subunits from the
hemolymph of the tickD. marginatusand to determine the presence of the lipoprotemaio
(LD) in the subunits. The hemelipoglycoprotein Losld be cloned, prepared as a
recombinant protein, and purified.



2. Literature review

2.1 Tick classification and general characterization

The members of the order Ixodida are generallyedailcks. Ixodida belong into the phylum
Arthropoda, subphylum Chelicerata, class Arachnidabclass Acari and superorder
Parasitiformesand can be further classified into three familiesodidae (hard ticks, 702
species), Argasidae (soft ticks, 193 species),Nunthlliellidae (1 species) (Guglielmone et al.,
2010). Ticks are obligate hematophagous ectopasasitmammals, birds, and reptiles.

The family Nutalliellidae contains a single spechégttalliella namaquarepresenting the
most basal tick’s lineage connecting the two miganilies Ixodidae and Argasidae (Mans et al.,
2011). These two families differ significantly ineir physiology and life strategy.

Argasidae representatives are characterized by wheikle leathery integument and by the
absence of a sclerotized scutum, which allows tfasmnbody enlargement during feeding. Their
life cycle takes about 2-3 years and they spendvti@e time in the immediate vicinity of the
host (in dens, nests etc.). Also, the physiologAfasidae species is adapted to life in a dry
environment. They feed on blood repeatedly in skiore periods (minutes to hours) and in
small volumes on multiple hosts. The developmentale consists of larval stage, up to 5
nymphal stages (depending on the host accessilifity blood-feeding opportunity), and the
adult stage. The genefagas Ornithodoros,andOtobiushave major veterinary and/or medical
impact.

Ixodidae are characterized by the presence of eratided scutum, serving as a defense
system against mechanical defense response ob#teRurthermore, this scutum demonstrates
sexual dimorphism. Male body is usually fully cosrby the scutum, while female body is
covered only to approximately one half of the boblye prominent capitulum with hypostome
stands out forward from the megascopic gnathosdrha. developmental cycle of Ixodidae
usually comprises larval, nymphal, and adult stagel may include 1-3 different hosts and
takes between 2 to 6 years (Suss, 2003). Larvampiny, and adult females feed once to
engorgement and their feeding period can last igeteral days. Ticks have developed variety
of life strategies, including different types ofelicycles. One-host life-cycle is typical by the
complete development of the individual from lart@ladult stage on one host. Two-host ticks

moult on the first host from the larval to the nymapstage, the engorged nymphs then drop off
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and moult to the adult stage in the environmene &tult tick then has to find a new host to
feed on. The three-host ticks feed on different hoeach developmental stage and never moult
on the host. In all the above described typesfefdycles, adult females drop off the host after
mating and feeding and lay a large batch of edys flumber of eggs is the greater the more
hosts are necessary to complete the life cycleg Most important genera with the highest
impact on public-health or world economy are genemles Rhipicephalus(including the
former genuBoophilug, DermacentagrAmblyommaHyalomma,andHaemaphysaligJongejan
and Uilenberg, 2004).

2.1.1 The genu®ermacentor

The genudDermacentorof the family Ixodidae consist of 34 species (ualthg one species
of the former genudnocentoy (Guglielmoneet al, 2010) inhabiting all continents except for
Australia. Dermacentorspecies usually follow the three-host life-cycldhese species have
eyes, short palpae, and distinct ornate scutumspkeiedD. marginatusandD. reticulatusare
of particular importance due to transmission ofedses and causing economical losses on
livestock in Eurasia, while in North Amerida. variabilis and D. andersoniplay significant
role. Pathogens transmitted Bgrmacentorspecies are either viral, causing e.g. Coloradlo ti
fever (CTFV) and tick-borne encephalitis, or baefecausing e.g. Rocky Mountain Spotted
Fever Rickettsia ricketts)i tularemia Francisella tularensis and Siberian tick typhusR(
sibericg (Estrada-Pefia and Jongejan, 1999). Moreover tids may also transmit diseases of
protozoan origin like canine babesiodBmbesia canis canjgo animals (Sréter et al. 2005). The
bite of Dermacentorticks can cause tick paralysis in rare cases Ered. D., 1958; Hadwen
S., 1913).

2.1.1.1 Dermacentor marginatus

Dermacentor marginatysalso known as ornate sheep tick, is one of the éwropean
Dermacentorspecies (next t@®. reticulatug. This species is typically found in woods or on
meadows.D. marginatusis one of the main Palearctic species reportedclaitg man.
FurthermoreD. marginatusalong withD. reticulatusmainly infest livestock and game animals
in Eurasia. It is the main vector of the pathogerslovacaRehaceket al, 1990; Beatet al,

1993). The second important pathogen transmitteD.bayarginatusis the Omsk Hemorrhagic



Fever virus (OHFV) (Nuttall and Labuda, 1994). Tiesence of another virus, Crimean—
Congo Hemorrhagic Fever virus (CCHFV), . marginatus has been shown as well
(Kondratenko, 1976, Markeshet al, 1992).D. marginatuscapability of transmission of many
other pathogens has been demonstrated. Some exdheples are: tick-borne encephalitis virus
(TBEV) (Kozuch a Nosek, 1971), Bhanja virus (BHAHubaleket al, 1988; Labudaet al,
1997), West Nile virus (Hubalek a Halouzka, 199®)sibiricg R. conorii Borrelia burgdorferi
(Smetanovéet al, 2006),F. tularensis(Hubaleket al, 1990),Coxiella burnetii(Jongejan and
Uilenberg, 2004) and the protozoa of the gelBakesia(Pietrobelliet al, 2007). The bite ob.
marginatusmay also cause crustaceous or necrotic lesiorgusuted by an erythema (erythema
migrans-like) and painful regional lymphadenopathighich are, in fact, probably causedRy

slovacainfection (Otecet al, 2004).

2.1.1.2 Dermacentor variabilis

Dermacentor variabilis,also called American dog tick, is a nearctic speaecurring
throughout the USA and in parts of Canada and Mexccording to study of Campbell and
Bowles (1994)D. variabilis is a very active tick found on man throughout wiele area of
USA. It is the primary vector dR. rickettsii causing Rocky Mountain Spotted fever (RMSF) in
the eastern parts of the USA and transiiitaplasma marginaleausing bovine anaplasmosis
(Jongejan and Uilenberg, 2004). Another signifiqgaathogenF. tularensiscausing tularemia, is
also transmitted by this speci@dopla and Hopla, 1994p. variabilis also produces paralysis
toxin in saliva, which can endanger both humansamdhals (Jongejan and Uilenberg, 2004).

In North AmericaD. variabilis belongs to important ectoparasites of livestock.

2.2 Ticks as parasites and vectors

Generally, ticks can be found in all important @egraphical regions, although single
species can be restricted to specific areas. Spetipublic-health interest are found on each
continent except for Antarctica. Around 10 % ofremtly known tick species act as pathogen
vectors. Ixodidae are generally much more importanpathogen transmission thamngasidae
(Jongejan and Uilenberg, 20040 addition to the possibility of disease transsiug, the hosts
are also endangered by the tick blood-feeding hiehatself, which can trigger immune

responses like irritations, allergies, or even lyara caused by toxins in tick saliva. The public



and scientific interest is focused on species egeldmg humans, companion animals, and
livestock. Although reliable data reporting the aaindamages on the livestock caused by ticks
are missing, their annual worldwide economical aratlical impact is considered to be high. In
the northern hemisphere, the significant majorityhe total number of disease cases of human
comprises Lyme borreliosis (caused by bacteriB.dfurgdorferisensu lato complex) and tick-
borne encephalitis (caused by the tick-borne eraléghvirus) (Sumilo et al., 2008; Rizzoli et
al., 2011). The majority of health problems of leaind small ruminants is caused by protozoan

and rickettsial diseases (Jongejan and Uilenel2éx@y).

2.3 Blood digestion

Ticks are fully dependent on their single nutritesurce — the blood. The primary nutritive
component and major protein of the host blood rmdgdobin released from erythrocytes. Apart
from hemoglobin, also all other blood-proteins geas nutrition source for anabolic processes
such as vitellogenesis or egg production. The bleeding usually takes several days and is
preceded by the process of attachment to the Wwbsth may take few hours, during which the
tick produces various biochemical substances fitsnsalivary glands, e.g. cement for stronger
attachment or anticoagulant proteins. The actuabdldigestion begins in the tick midgut
(Coons et al. 1986; Tarnowski and Coons, 1989). ¢tgabin is digested by a complex
hemoglobinolytic system of enzymes (see Horn ¢t2809) and the released heme is stored in
hemosomes (Lara et al., 2003). Heme can be up-thkertransported by hemelipoglycoprotein
or other heme-binding proteins in hemolymph (Guddet al., 2001; Maya-Monteiro et al.,
2000; Thompson et al., 2007).

2.4 Heme and its sequestration

The ability to sequester, store, and transfer hésneital in blood-feeding arthropods
ingesting large amounts of hemoglobin. Free hemgytistoxic and triggers the formation of
reactive oxygen species (Hamza et al., 1998). ifbiscontaining molecule is usually found as
a prosthetic group in hemoproteins (Donohue, 20W&ny strategies how to utilize heme and at
the same time to mitigate its toxicity have evolv@dsswise the Arthropoda. Interestingly,
while hematophagous inse&hodnius prolixusretained functional heme biosynthetic pathway,
the hard tickRhipicephalus microplukst the ability to synthesize heme and is fukpendent



on reuse of the ingested heme (Braz et al. 1998hoAgh the study of Braz and colleagues
(1999) is limited to a single tick species, it i®lpably not onlyR. micropluslacking heme
biosynthetic pathway. Therefore the tick carriestpins, being able to bind, store, and transport
heme molecules, seem to be a vital adaptationrt@taphagy in ticks. The major hemolymphal
storage proteins binding heme are hemelipoglycderaprotein (CP) (Guderra et al. 2001,
2002a, b), HeLp (Maya-Monteiro et al. 2000, 2004 hemelipoglycoprotein (Dupejova et al.,
2011). The primary transporter of non-heme bouad is ferritin 2 (Hajdusek et al., 2010).

2.5 Tick hemolymph proteins

The complex liquid called tick hemolymph has vasidunctions in the tick body. Most
importantly it transports a variety of moleculesotilgh the tick body. In addition to other
components of the hemolymph, proteins, enzymesmbioes, and nutrition molecules are
present in large amount. Furthermore, its imporfanction is to regulate osmotic pressure
within the tick body and thus to support the sigbdof different tissues (Sonenshine, 1991).

Hemolymph consists of hemocytes (circulating cedis)l plasma. Proteins are the major (by
weight) soluble component of tick plasma. Accorditty Sonenshine (2001), hemolymph
proteins ofD. variabilis contribute to the crude hemolymph weight by 11453%%.

Despite the obvious importance of major hemolymygnateins, any further studies of these
molecules are missing (see the review Gudderrh,&092b). The only thoroughly investigated
protein so far, has been vitellogenin (Vg) (Thompso al., 2005). Next to the major types of
tick hemolymph proteins, other protein groups waribntioning are: macroglobulins, lectins
and antimicrobial peptides.

Two representatives of-2-macroglobulin ¢2M) protease inhibitors have been identified so
far. First one, ticka-2-macroglobulin (TAM) (Kopacek et al., 2000), hiasen isolated from
plasma ofO. moubataand serves as a universal protease inhibitor (henff et al., 1999). The
second one ia2M IrAM-An from the tickl. ricinus contributing, eventually directly serving, as
a trigger for certain type of bacterial phagocyd8luresova et al., 2009).

Lectins have been investigated in more detail &y timanaged to attract the attention of
researches by their expected role in pathogen-partaansmission and/or infection immunity
responses. First tick lectins were found in safkdi ©. tartakovskii O. papilipesand A.
polonicug (Grubhoffer and Matha, 1991; Grubhoffer et a@91; Veres and Grubhoffer, 1991).



According to the inhibitory assays, these lectiesndnstrate high affinity to sialic acid with
extended binding affinity foN-acetylamino-D-hexosamines and D-galactose (Grdehet al.,
1991). Next, a variety of lectins was isolated dimm other tick species (Kuhn et al., 1996;
Grubhoffer and Kovar, 1998; Kovar, 2000; Huanglet2007), all of them showing sialic acid-
binding activity. Several important lectins frometgroup of the so-called FReP (fibrinogen-like
proteins) have been identified as well (see Regb. &005).

The only fully characterized and purified tick liects Dorin M (Kovar et al., 2000; Rego et
al., 2005, 2006).

Lectin molecules of different species containindorifiogen-like domain generally
demonstrate high amino-acid sequence similaritythese motifs (Rego et al., 2005).
Furthermore, it is generally accepted that therfdgen-like domains may play significant role

in vector pathogen transmission and recognition.

2.5.1 Vitellogenins/vitellins

Vitellogenin (Vg) and vitellin (Vn) of ticks are gnsively investigated hemolymph proteins.
Tick Vgs and Vns can be characterized as heme-gyeproteins (Chinzei et al., 1983; Rosell
and Coons, 1991; James and Oliver, 1997; Guddeérah, 2001). Vgs and Vns of insects are
similar in their amino acid and lipid compositiam ticks, however, insect Vgs and Vns do not
contain heme (Gudderra et al., 2001). Also Vn ok &loser relative, twospotted spider mite
(Tetranychus urticae), does not bind heme (Calateas, 2009).

Investigation of Vgs in insects and ticks demortstidnigh similarity in these proteins, while
the Vgs of crustaceans show slightly higher divecge(see Guddera et al., 2002a).

Tick vitellogenin, a precursor of the egg yolk miot is synthesized by the fat body during
vitellogenesis, it circulates in the hemolymph, asmdnhcorporated into eggs as Vn (Chinzei et
al., 1983; Rosell and Coons, 1992; James and Qi@&6, 1999; Taylor and Chinzei, 2001). Vg
is known for its ability to bind heme and also th 8 some extent as antioxidant (Logullo et al.,
2002). Vitellogenin and vitellin have been isolatedl partially characterized in several species,
e.g. iInO. moubata, D. variabilisandl. scapularis(Taylor and Chinzei, 2001; Rosel and Coons,
1992; James and Oliver, 1997).

In D. variabilis, Vg consist of two native proteins — VgA (330 kDa)d VgB (320 kDa).

Furthermore the whole protein contains seven stbuanging from 22 to 215 kDa in size



(Sullivan et al., 1999). The isolelectric point )(jpd different for VgA (6.55) and VgB (6.65)
(Gudderra et al., 2002b). Vn &f. variabilis comprises two proteins as well: Vn A (480 kDa)
and Vn B (370 kDa) (Rosell and Coons, 1991). Th&@expression in part-fed females was
initiated by mating (Thompson et al., 2005).

2.5.2 DvCP, OpCP, HelLp, and HLGP

The other major hemolymph proteins of ticks are called carrier proteins or
hemelipoproteins. The nomenclature varies in timé according to the source. Donohue and
colleagues (2008) tried to unify the nomenclaturédarrier proteins” (CP), which would be
prefixed by the abbreviation of the specie nang,BvCP mean®. variabilis carrier protein.

Some of the studied proteins posses the abilityind, store, and transport heme (Gudderra
et al., 2001; Maya-Monteiro et al., 2000). Thisligbishows to be vital for species without
functional heme-biosynthetic pathway, e.g. Rarmicroplus(Braz et al., 1999). It is supposed
that most of these proteins play significant ralethe transport of proteins and lipids. Their
occurrence and abundance in tissues differ maitywden soft and hard ticks. The main carrier
protein fully characterized so far is hemelipoghaasrier protein (CP) of the American dog
tick, D. variabilis (thus named DvCP). CP seems to be highly conseawexzhg Ixodidae. Its
form was probably derived from an ancestral Vg g@@nohue et al., 2008). Unlike Vg, CP is
a non-sex-linked protein and appears to be ubigsitbrough the whole developmental cycle of
the tick.

2521Help

A carrier protein, the major hemolymph proteinRaf microplus has been characterized as
heme lipoprotein (HelLp) (Maya-Monteiro et al., 2D0@ts newly promoted appellation is
RmCP. Its molecular weight is 354 kDa and consigiv@ apoproteins (103 and 92 kDa). Its
density is 1.28 g/ml and its pl is 5.8. The proteantains 33 % of lipid out of which 35 %
consist of cholesterol ester and the remainingraily neutral lipids or phospholipids. HelLp
also contains 3 % of sugars, out of which the megntributor is mannose (up to 90 %). One
HeLp molecule can bind two molecules of heme arslamditional heme-binding site is created
when incubated with hemin. HeLp was detected i lboales and females (fully engorged and

partially fed ones), however, it has not been foumdanature eggs oR. microplus As this
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species is known for its missing heme-syntheti©\wpay, dietary heme binding, transport, and
storage are vital for its survival. It was demoatgd by radioactively labeled HelL3Re-heme),
that heme is transported (by this protein) to @snvhere it is incorporated. The results of
Maya-Monteiro and colleagues (2000, 2004) sugdedtiieLp inR. microplusplays a key role

in heme recycling and transport and could be thgomadaptation to hematophagy.
Furthermore, it was proven that HelLp acts as aimadant against the heme-induced oxidative
damage (Maya-Monteiro et al., 2004). As the additad heme to the phosphatidylcholine
liposomes leads to lipid peroxidation, dangerou=e fradicals are released. Phospholipids
oxidation was significantly reduced by addition ldéLp. Therefore HeLp can inhibit heme
induced oxidative reactions within the cell andbgtsevent red blood cell lysis caused by heme
(Maya-Monteiro et al., 2004).

2.5.2.2 DVCP

Another characterized hemelipoglyco-carrier protefformerly lipoglycoheme-carrier
protein) (DvCP) is a major hemolymphatic proteionfrD. variabilis (Gudderra et al., 2001). In
partially fed females, DvVCP represents 60-80 %heftiemolymph proteins. Its total molecular
weight differs according to a detection method.Mi@/ reaches 200 kDa by native-PAGE, but
340 kDa by gel filtration chromatography. Using SBSGE, two polypeptide chains were
identified with molecular weights of 98 and 92 kDNative DvCP contains lipids (cholesterol
and phospholipids), mono- and tri-acylglyceridesl &ree fatty acids. The exact role of this
heme-carrier protein is unknown. DvCP was foundiile body homogenates of fed and unfed
larvae, fed nymphs and in eggs (Gudderra et al120he plasma of fed and unfed adult tick
also demonstrates the presence of DvCP. In parfedl or fully engorged females, the CP was
detected in hemolymph, salivary glands, muscles| evaries as well as in the fat body
(Gudderra et al.,, 2002a). The CP concentration ifferdnt tissues varies during feeding
suggesting a change in protein expression duringllagenesis. Unlike DvVg, DvCP
appearance in the hemolymph is not initiated byimgatut by the attachment to the host and
initiation of blood feeding (Gudderra et al, 200Iherefore carrier proteins appear to be the
major storage protein in ticks before vitellogesesiurthermore, during vitellogenesis, heme is
transported to vitellogenin either directly andv@ CP (Thompson et al., 2007).

Up to date, DvCP is the only isolated, characteriaad completely sequenced tick carrier
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protein (Gudderra et al., 2001, 2002a, 2002b; Daro#t al., 2008). Transcript of the carrier
protein of the lone star tickAmblyomma americanunhas been sequenced as well
(GenBank: ABK40086.2). The DvCP transcript is cagdifor two subunits containing three
motifs: a lipoprotein N-terminal domain, a domainumknown function and a von Willebrand
factor type D domain. Similar motifs are includedtick VVgs and are also expected in heme-
binding proteins of hematophagous insects. Howawersignificant sequence similarity with
tick heme-binding proteins was found in insectsdigtd so far. The lipoprotein domain is
generally considered to be part of proteins bindipigls, carbohydrates, and metals (Donohue
et al., 2008) and thus appears to be the most taamiopart of the transport protein. The domain
with an unknown function consist of several largem beta sheets. Lastly, the von Willebrand
domain appears to play a role in multimerizationtioé protein units. The whole mRNA
sequence (GenBank: DQ422963) of 4951 bp in lengtitains an open reading frame (4641 bp)
encoding a protein precursor of 1547 amino acidsn{fbp 44 to bp 1684) (Donohue et al.,
2008).

The two subunits of DVCP are separated by a cleawitg RXXR common to storage
proteins and Vg. This cleavage site is placed famnino acids (a.a.) 746 to 749 in the first half
of the domain of unknown function. The presencdhef cleavage site in the middle of the
domain suggests, that it no domain. Otherwise mildl@emained conserved and non-cleaved.
The smaller subunit correspond to the smaller ppyipe chain (92 kDa) and consists of 734
a.a. in total (a.a. 16 to 749 within the sequerfcéh® protein) and contains the lipoprotein N-
terminal domain (a.a. 16 to 622). The bigger subuarresponds to the bigger polypeptide
chain (98 kDa) and consists of 798 a.a. in totah.(&50 to 1547) and includes the von
Willebrand factor type D domain (a.a. 1351 to 15@R}he carboxy-terminus (Donohue et al.,
2008).

Thanks to the knowledge of mMRNA and amino acidsieeges, the evolutionary relationship
of DVCP with other proteins was investigated (Damotet al., 2008). According to currently
known sequences in the GenBank database, DvCP etsnmined as closely related to

vitellogenins.

2.5.2.3 OpCP
Another high molecular weight carrier protein wasirid in O. parkeri (Gudderra et al.,
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2002a). Its molecular weight is 668 kDa. SDS-PA@Ednstrated that this lipoprotein consists
of two major peptide chains (114 and 93 kDa) aned wmnor (48 kDa). The 93 kDa chain is

similar in molecular weigh to the smaller suburfitDvCP. When compared to DvCP, OpCP
demonstrated expression in coxal fluid instead atf fody and salivary glands. Even more
importantly, OpCP did not contain heme under id=htexperimental conditions. This suggests,
that the species evolved different strategies twutitize carrier proteins in heme sequestration.

CPs could be utilized mainly as protein and lipghsporters in some species.

2524 HLGP

Recently isolated and characterized major hemolahplotein fromD. marginatusnamed
hemelipoglycoprotein (HLGP) demonstrates similatily DvCP (Dupejova et al., 2011). Its
properties classify this protein into a group ofrigat proteins, thus the nomenclature offers an
alternative: DmCP. HLGP molecular weight is 290 klia two polypeptide chains separated
by SDS-PAGE were estimated to be 95 and 100 kDsize. This CP tends to form high
molecular weight complexes with putative fibrinogetated proteins or other proteins of
unknown character (Dupejova et al., 2011). HLGP vesognized by antibodies against tick
lectin Dorin M, which would suggest the presencearhe fibrinogen-like or lectin motif in the
HLGP structure. However, DvVCP, a related carrietgin, does not contain any of these motifs.

This protein was detected in plasma and hemocyftesmfed and partially fed females and
males. Furthermore, the presence of HLGP was coaflrin salivary glands and gut of fed
females. Two forms of HLGP were described, glycawd and non-glycosylated one. Its
glycosylated form carries primarily high-manose ogiys and also complei-glycans
(Dupejova et al., 2011). HLGP demonstrates hemdagghion activity. Further experiments
proved high galactose- and weaker mannose-binditigtg, fucose was not recognized by the

protein.

2.5.3 N-terminal lipoprotein domain

The N-terminal amino acid sequence of the protsiprobably conserved among Ixodida
(Maya-Monteiro et al., 2000; Guddera et al., 2000he cleavage site exists between the
secretion signal and the mature N-terminus of De€&uence, which secures that the mature
CP starts with sequence FEVGKEYYV in DvCP (Gudderal.e 2001) or in apoHelLp-B (Maya-
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Monteiro et al., 2000). Lipoprotein N-terminal damas, according to Donohue (2008), a
common element of proteins binding lipids, carbalyels and metals.
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3. Materials and methods

3.1 Material

3.1.1 Ticks

Ticks of the specieBermacentor marginatugere obtained from the breeding facility of the
Institute of Parasitology, Biology Centre, ASCR. Itaand females after metamorphosis were
separated and kept in moist environment at 26°@lyPfed females (6 days blood-feeding on
guinea pigs) were used for the hemolymph collectleemales were also used for isolation of

MRNA.

3.1.2 Primers

All the primers were designed using the DvCP seqe€ABD83654.1) as a model and were
analyzed using the OligoAnalyzer 3.1 (Integrated ADNechnologies, Coralville, 1A,
eu.idtdna.com/analyzer/applications/oligoAnalyzdifie synthesized primers were supplied by
GENERI BIOTECH (Hradec Kréloveé, Czech Republic).
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Table 1: Primers(F for forward, R for reverse)

ANNEALING
TEMPERATURE (T
predicted by
OligoAnalyzer 3.1/ T
predicted by the supplier

NAME SEQUENCE GENERI BIOTECH)
HLGP LD F1 | GCTTCGAGGTCGGCAAGGAGTAT 61°C / 50-55°C
HLGP LD R1 | GCCAGGGCGCGGAAAGCG 66°C / 50-55°C
HLGP LD F2 | AAGATTGGCTTCGAGGTCGG 57°C / 45-55°C
HLGP LD R2 | GCCCGGTTAGCCAGGGCGCGGAAA 70°C / 45-55°C
HLGP LD F3 | GACGACGACAAGATTGGCTT 55°C / 50-55°C
HLGP LD R3 | GAGGAGAAGCCCGGTTAGCCAGG 64°C / 50-55°C
PREHLGP LD F|TTCTGTGGCTATCGTTGCTCG 57°C [ 47-49°C
PRE HLGP LD R|[GGGTCAAGGCGCCGTAGT 60°C / 47-49°C
HLGP LD GFP F[TTGGGATCCTTCGAGGTCGGCAAG 63°C / 54°C
HLGP LD GFP RIGCTCCATGGCTGATGACGAAAGCG 63°C / 54°C

Control-F1 GACGACGACAAGATTCACGACGACAAGG  |62°C /55-58°C
Control-R1 GAGGAGAAGCCCGGTATCGTGGTCGCA 67°C /55-58°C
Control-F2 GACGACGACAAGATACGCGAAATCGCCGA |65°C /56-58°C
Control-R2 GAGGAGAAGCCCGGTATACGAGGTCCAGAT  |66°C / 56-58°C

3.1.3 Plasmids
3.1.3.1 pRSET/EmGFP Vector (Life

Technologies) | @-

pRSET/EmGFP vector is a bacteri

expression vector containing Emere

green fluorescent protein. It's size

3.6 kbp and carries an ampicillin resistar

gene.
It contains 6xHis-tag for purification o ' -

i _ . Figure 1: pRSET vector (Invitrogen, Manual for

recombinant proteins on metal Chelat'pRSET/FP Vectors)

columns, T7 promoter, and T7 forward and

reverse priming sites. Further, it contains f1 iorigvhich allows single strand rescue of DNA,
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and pUC origin, which ensures high copy replicatibor the directional cloning, restriction
sites for BamHI and Ncol were used.

start 1nsert stop

3.1.3.2 pET-41 EK/LI C Vector (Novagen)
PET-41 EK/LIC vector is used for raj  T-EEEEEICHERE: - sense. - ICLeRelTICIEce 3.

directional cloning and following expressi l T4 DNA pol + dATP

It s size is 5.9 kbp and carries a kanam
GACCACGACARAGATG.. .sense. . TAR

resistance gene. It carries GST-tag and S-t: A ATTERCEEEMEAGERE

+.

the N-terminus of the insert and His-tag on | CCEEECTTCTCCTCA

T

GAT
P CTACTEOTECTETTE

the N- and the C-termini. The f1 origin is &
Ek/LIC vector

present.
l_ annealing
Ek
AsphspAsphsplysMet  1nsert stop
GATGACGACGACAACATE. . .sense. .TAACCGEGLTTLTCCTCA
' CTACTGLTGLTGTTCTAC. . .anti. . ATTGECLCGAAGAGGART .
plasmid recombinant
Figure 2: Cloning strategy for Ek/LIC
vector (Novagen manual TB317 0806)
PinA Ia08)
Avt a1y / Kpn l{313)
Dra Illis708) Bmﬁwhmw , Bal ll18)
\ | ”gnﬁfq
— e ac |li407
- L’:r.t"-h 4 Spe lf438)
~Z/ Swa l(sz1)
5qf |5004) Msc ligot)
Pvu I{5004) ﬂgg;\
5
{ﬁ s Nde l{1108)
i
¥ ) "~ Xba l11a8)
g SqIA (1257
Mru I[q@aj_\____l."'l f./ x __—SgiA 1257y
I|I | \
T pET-41 Ek/LIC L Sph l(1413)
(5947 bp) [
| |
Eco57 li4350) ——ill M
|
[
AlwN I[421a|”'i\ / ,f
2. & /
5% )
g Miu |
BssS ljag7s) % Qﬁ’ L T8
L%
\'z-é BstE lli2119)
Apa liz149)
Bst1107 lasty ;
Tth111 lias4m) il = Hpa li2444)
Tk
1
Psp5 lliza08)

Figure 3: pET-41 EK/LIC vector (Novagen manual TBB806)
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3.1.3.311AALPPP_HLGP_LD_pMK-RQ (Life Technologies)
The sequence of the DvCP lipoprotein N-terminal dionmwas assembled by a commercial

service according to the DvC™

—Sil{361)

sequence from NCBI databas Nar(3680) — Kiilicasts

(Life Technologies,
11AALPPP_HLGP_LD_pMK-

RQ manual). This sequence w

— K pnl [FAT)

\

11AALPPP_HLGP_LD_pMK-RQ
4131 bp

-Sacl{ 1005}

cloned into pMK-RQ vector
_~+EcaRl{1198}

using Sfil cloning sites. The \

“~ Sacl{ 1230)

plasmid carries  kanamycil Col E1 origin — \ 'HLGP_LD

resistance gene. The sequer Hindlli{ 1607)
- o =

of the construct was verified b S22} —

sequencing. Figure 4: 11AALPPP_HLGP_LD_pMK-RQ vector

scheme(Life Technologies, GeneArt Services,
ref. no. 1146673)

3.1.4E. cali

NovaBlue GigaSingles or Singles Competent Cellsnfidovagen; or One Shot TOP 10
Chemically Competeri. colifrom Life Technologies were used for bacteriahgfarmation.

GigaSingles competent cells feature greater thd®lofu/ug transformation efficiency, as
well as the One Shot TOP 10 cells.
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3.1.5 Solutions and Buffers

Table 2: Prepared buffers and solutions

HEMOLYMPH
COLLECTION

PBS

14 mM NaCl, 0.15 mM KEPO,, 1.8mM
Na,HPO,, 0.27 mM KCI, pH 7.4

Electrode buffer (5x)

0.125 M Tris, 0.96 M glycine, 0.5% SDS

GEL ELECTROPHORESIS 10% SDS 10% SDS in distiled water
0 5 —
(SDS-PAGE) 10% APS 10% AF.’S in distiled water
Separation buffer (4x) |1.5 M Tris-HCI, pH 8.8, 0.4% SDS
Stacking buffer (4x) 1 M Tris-HCI, pH 6.8, 0.4% SDS
. — 0
ELECTROELUTION Electroeiution bufer | 200 MM glycin, 25 mM Tris-HCl, 0.025%

SDS, pH 8.5

WESTERN BLOTTING

Blotting buffer

20% methanol, 25 mM Tris-base, 150 mM
glycin

5% mik

5% non-fat dried mik in PBS

PBS-Tween 20

0.05% Tween 20 v PBS

Developing solution

0.1 M Tris, 0.05 mM MgCJ 0.1 mM CaC|
pH 9.5; NBT/BCIP solution

IMUNOBLOTTING
mouse immune serum against HLGP
. o (Dupejova, 2011)(Laboratory of Molecular
Primary antbodies Biology of Vectors and Pathogens Parasitolpgy
Institute, BC AS CR)
10 g tryptone, 5 g yeast extract, 10 g NaCl(in 1l
LB medium with ampiciin |°f dH,0, 100ug/ml of ampiciin
10 g tryptone, 5 g yeast extract, 10 g NaClfin 11
BACTERIAL LB medium with kanamycin ©f dH,0, 50ug/ml of kanamycin
TRANSFORMATION 10 g tryptone, 5 g yeast extract, 10 g NaCl| 15
agar plate with ampiciin |9 agar in 1 lof d;D, 100ug/ml of ampicilin
10 g tryptone, 5 g yeast extract, 10 g NaCl|, 15

agar plate with kanamycin

g agar in 1l of d5D, 50ug/ml of kanamycin

PLASMID ISOLATION

TEG buffer

50 mM glucose, 10 mM EDTA, 25 mM Tris

NaOH/SDS solution

0.2 M NaOH, 0.1% SDS

3 M KAC buffer

120 ml5 M CHCOOK (pH=7), 23 mlice
cold acetic acid, 57 ml J©

Fenol-chloroform solution

fenol-chloroform-isoamylalcohol in 25:24:1
ratio (pH 7)

TE buffer

10 mM Tris-HCI (pH 8), 1 mM EDTA (pH

8.3)
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3.1.6 Kits and Chemicals

Table 3: Kits and Chemicals

HEMOLYMPH COLLECTION

Protease Inhibitor Single-Use Coctail (Thermo Sii@n

GEL ELECTROPHORESIS (SDS-

PageRuler Unstained Protein Ladder(Thermo Sa@ntif

PageRuler Prestained Protein Ladder (Thermo Siclenti

Prestained Protein Molecular Weight Marker (Appd@f

4x Loading dye + 0,8 M DTT (Thermo Scientific)

PAGE) 5x Loading dye (Thermo Scientific)
30% Acrylamide (Merck)
TEMED (SERVA)
PageBlue Protein Staining Solution (Thermo Sa@ntif
ELECTROELUTION ElutaTube Protein, DNA and RNA Extraction and DRishKit

(Thermo Scientific)

PROTEIN CONCENTRATION

Acetone (Merck)

IMUNOBLOTTING

Secondary antibody: goat ant-mouse IgG, labelétalaline
phosphatase (Vector Labs)

Methanol (Merck)

REVERSE TRANSCRIPTION

First Strand cDNA Synthesis Kit (Thermo scientific)

PCR

TrueStart Hot Start Taq buffer (Thermo Scientific)

TrueStart Hot Start Taq DNA polymerase (Thermo r$ifia

Taq buffer (Thermo Scientific)

MgCl, (Thermo Scientific)

2 mM dNTP (Thermo Scientific)

Taq polymerase (Thermo Scientific)

PCR water (Top Bio s.r.0.)

DEPC water

Combi PPP Master Mix (Top Bio s.r.0.)

GoTag polymerase (Thermo Scientific)

Green GoTagq buffer (Thermo Scientific)

KAPA 2G ROBUST polymerase (KAPA BIOSYSTEMS)

KAPA 2G buffer A (KAPA BIOSYSTEMS)

KAPA 2G buffer B (KAPA BIOSYSTEMS)

KAPA 2G buffer GC (KAPA BIOSYSTEMS)

KAPA enhancer (KAPA BIOSYSTEMS)

MgCL, buffer (KAPA BIOSYSTEMS)

DMSO (Thermo Scientific)
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DNA ELECTROPHORESIS

O’GeneRuler 1kb DNA ladder (Thermo Scientific)

GeneRuler 1 kb DNA ladder (Thermo Scientific)

GeneRuler 100 bp Plus DNA ladder (Thermo Scientific

6x DNA Loading Dye (bromophenol blue and xylenenoya
FF) + SYBR Green (Amresco)

6x Orange DNA Loading Dye (xylene cyanol FF anchgeaG
+ SYBR Green (Thermo Scientific)

50 x TAE electrophoresis buffer (MERCK)

Agarose (SERVA Electrophoresis)

DNA ELUTION FROM THE
AGAROSE GEL

illustra GFX PCR DNA and gel bound purification (GE
Healthcare Life Sciences)

Gel extraction kit (QIAGEN)

DNA extraction kit (Fermentas/Thermo Scientific)

CLONING

Sfil restrictase (Fermentas/Thermo Scientific)

1x Buffer G (Fermentas/Thermo Scientific)

T4 DNA polymerase (Novagen)

BamHl restrictase (Thermo Scientific)

Ncol restrictase (Thermo Scientific)

1x Tango buffer (Thermo Scientific)

10x T4 DNA ligase buffer (Thermo Scientific)

T4 DNA ligase (Thermo Scientific)

BACTERIAL TRANSFORMATION

S.0.C. medium (Life Technologies)

BACTERIAL STOCK

80% glycerol (Lach:ner)

PLASMID ISOLATION

GenJET Plasmid Miniprep Kit (Thermo Scientific)

ethanol 96%

3.2 Methods

3.2.1 Hemolymph collection

Hemolymph from partly fed females was sucked inpeefte tip after cutting off part of the
front leg. Drops of the hemolymph were collectei IRBS (prepared using pure chemicals and
HPLC-grade water) containing proteases inhibitdtemolymph of ca 8 ticks was mixed
together in the PBS volume of p0

3.2.2 Polyacrylamide gel electrophoresis (SDS-PAGE)

In the first experiment, SDS-PAGE was used for s of hemolymph proteins @.
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marginatusaccording to their molecular weight. For separated high molecular proteins,
where HLGP belongs, 8% polyacrylamide gels weredu3@ée components of the gels were
mixed according to the Tab. 4 and the gels polyreérifor 30 minutes. Hemolymph of semi-
engorged females (collected according to chapfefBwas diluted 1:5 in PBS and then mixed
with corresponding amount of 5x Loading Dye (nodug@ng LD). After addition of LD,
samples were shortly and gently vortexed and hest®8°C for 3 minutes.

In the second experiment, SDS-PAGE was used toatepthe HLGP polypetide chains after
reduction with dithiothreitol (DTT). The pure HLG#®otein dissolved in 501 of MilliQ water
and was mixed with corresponding amount of 4x Logddye with DTT (reducing LD). After
addition of LD, samples were shortly and gentlytewed and heated at 95°C for 5-10 minutes.
When the protein after reduction remained unreduitether addition of DTT was needed.

The samples prepared as described above were loautedthe 8% gel placed in the
electrophoretic apparatus (Bio-Rad) and the whplgaeatus was immersed in the electrode
buffer. The electrophoresis run at 130 V for apprately 1-1.5 hour. The gels were either
stained by PageBlue Protein Staining Solution atingrto the manufacturer instructions or
used for immunoblotting. The HLGP protein bandshe SDS-PAGE gels were cut off the gel
and were directly analyzed by mass-spectrometnyeaye electro-eluted in order to be further
reduced into polypeptide chains.

Table 4: Composition of the 8% SDS-PAGE gel

8% gel (ml) | stacking gel (m
30% acrylamide 1.3 0.17
separation buffer (4x 1.25 -
stacking buffer (4x) - 0.25
distiled water 2.4 0.57
10% APS 0.05 0.01
TEMED 0.003 0.001

3.2.3 Immunoblotting

PVDF membrane was incubated in methanol for 5-1Autes and then placed into the
blotting buffer for 1 minute. The SDS-PAGE gel waashed with blotting buffer. The blotting
sandwich (from the top: blotting paper, gel, memietablotting paper) was assembled between
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the electrodes of the apparatus TRANS-BLOT® SD SHDMRY TRANSFER (Bio-Rad).
Separated proteins were transferred onto the memalzaring 1 hour at 20 V or overnight at 2
V.

The membrane was washed in distilled water andkbbbcfor up to 1 hour at room
temperature (RT) in 5% solution of non-fat milkRBS. The membrane was then incubated for
1 hour at RT with primary antibodies diluted 1:56%6% milk in PBS. PBS-Tween was used to
wash the membrane, three times for 5-10 minutes. ifbubation with secondary antibody
(diluted 1:1000 in 5% milk in PBS) was carried @itRT for 1 hour. The washing step with
PBS-Tween was repeated three times. The developofealkaline phosphatase signal was
performed in 10 ml of developing solution with 2@0Lx BCIP/NBT solution (no shaking). The

developing reaction was stopped by rinsing the nrarbin distilled water.

3.2.4 Protein electroelution

The electroelution of proteins from the SDS-PAGE \gas carried out in the ElutaTubes.
The protein identified as HLGP by immunoblottingsaaut out of the gel and placed into the
ElutaTube. The tube was then filled with electrtielu buffer (cca 80Qul), closed and placed
into the electrophoretic apparatus filled with #leelution buffer. The tubes were oriented so
that the current was flowing through the membrandbke tube walls. The electroelution run at
100 V for at least 3 hours, maximum overnight. A& &nd, the current was reversed for 40 s in
order to allow the protein release from the memériato the buffer. Next, the polyacrylamide
gel was pulled out of the tube, while the buffenaeed in the ElutaTube. The same ElutaTube
was further used for dialysis of the electroelutimrifer with the protein against PBS (pH 7.4).
The tube was placed into the holder and immersem tie PBS in 1L volume beaker. The
dialysis was performed overnight at 4°C under camsmixing of the PBS. After the dialysis,
the solution of the protein was mixed with 4x vokirof ice-cold acetone and placed into a
freezer for at least 1 hour. HLGP precipitated aag centrifuged at 13 000 rpm for 5 minutes.
The liquid was removed and the protein dried irmawum concentrator. The protein pellet was
then dissolved in 5@l of MilliQ water. HLGP protein was stored at -204%d was further
reduced by reducing Loading Dye in order to sepaitat polypeptide compartments by SDS-
PAGE.

23



3.2.5 Mass-spectrometry

The protein bands identified as HLGP by immunobigttwere cut off the gel and sent for
mass-spectrometry analysis into the Laboratory @fs$/Spectrometry, Faculty of Science,
University of South Bohemia. The procedure wasofeihg: 1) sample digestion (trypsin); 2)
UPLC (Ultra Performance Liquid Chromatography) gsidano Acquity UPLC (Waters); 3)
Peptide Mass Fingerprinting and fragment analyM$S/MS) using Q-Tof Premiere Mass
Spectrometer (Waters); 4) Protein identificatiomngsthe PLGS 2.3 software; and 5) Uniprot
and NCBI public protein databases search.

3.2.6 Reverse transcription

First Strand cDNA Synthesis Kit (Thermo Scientifiwas used for reverse transcription.
MRNA of femaleD. marginatuswas used as a template. This mMRNA was isolatedhby
supervisor, Jan &ta, 6 months ago and stored at -80°C. Three diffatDNAs were produced
using three primers: A) oligo(dT)18 primer, B) rand hexamer and C) gene specific primer

HLGP LD R1 (Tab. 1). The procedure was carriedamgbrding to manufacturer's instructions.

3.2.7 PCR
3.2.7.1 cDNAD. marginatusand HLGP LD F1-R1, F2-R2 and PRE HLGP LD primers

All the types of cDNA ofD. marginatusobtained by reverse transcription were used as the
DNA template in PCR reactions in order to obtaie DNA sequence encoding for HLGP
lipoprotein domain, suitable for cloning into pET-Ek/LIC Vector.

PPP master mix (Tab. 5), Taq polymerase (Tab. 6JaG polymerase (Tab. 7) and KAPA 2G
ROBUST polymerase (Tab. 8) were used for the reaastith HLGP LD F1-R1 primers. GoTaq
polymerase and KAPA 2G ROBUST polymerase were tmethe reaction with F2-R2 primers
(Tab. 9, Tab. 10), where the cDNAs were used asDINA template. Optimization of the
reaction conditions with different MgCtoncentrations was also performed. The preliminary
PCR reaction with PRE HLGP LD primers was performedh KAPA 2G ROBUST
polymerase, where Mg&toncentration changes were also applied (TabTHiy. PCR served
for preliminary amplification of the desired seqoenwhich was prolonged on both ends, thus
preventing the F1-R1 primers annealing to otheticeof the cDNA.
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Table 5: PCR with PPP
master mix (F1-R1

Table 6: PCR with Taq
polymerase (F1-R1 primers)

Table 7: PCR with GoTaq
polymerase (F1-R1

primers)
volume (ul)
PPP master
MmiX 10
primer F1 1
primer R1 1
cDNA 0.1
PCR water Till 20

Table 8: PCR with KAPA 2G ROBUST polymerase (F1-R1

volume (l) primers)
bufier Mg- 2 volume (il)
MgCl, 1,15, 2 Buffer Green 4
2 mM dNTP 2 2mM dNTP 2
primer F1 1 MgCl, 0: 2
primer R1 1 primer F1 1
cDNA 0.5 primer R1 1
Taq polymerase 0.1 cDNA 1
PCR water Till 20 GoTaq
polymerase 0.2
PCR water Til 20

Table 9: PCR with GoTaq

Table 10: PCR with KAPA 2G ROBUST
polymerase (F2-R2 primers)

primers) polymerase (F2-R2
volume ()| volume () | volume @l) | volume (il) primers)
KAPA 2G 4 (A) 4 (B) 4 (GC) 4 (GC) volume ()
Enhancer 1 - - - 4 Buffer Green 4
2 mM dNTP 0.4 0.4 0.4 0.4 2 MM dNTP 2
primer F1 1 1 1 1 MgCl, 0: 2
primer R1 1 1 1 1 primer F2 1
CDNA 1 1 1 1 primer R2 1
KAPA 2G ROBUST cDNA 1
polymerase 0.2 0.2 0.2 0.2 Go Taq
PCR water Til 20 Til 20 Til 20 Til 20 polymerase 0.2
PCR water Till 20

Table 11: PCR with KAPA 2G ROBUST
polymerase (PRE HLGP primers)

volume (l) volume (ul)
KAPA 2G B 4 KAPA 2G A 4
2 mM dNTP 0.4 MgCl, 0;0.5
primer F2 2 2 mM dNTP 0.4
primer R2 2 PRE HLGP LD F 1
cDNA 0.2 PRE HLGP LD R 1
KAPA 2G ROBUST polymerase 0.2 cDNA 1
PCR water Til 20 KAPA 2G ROBUST polymerase 0.2
PCR water Til 20
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The reactions were performed according to the giwegram with annealing temperature
gradient (Tab. 12).

Table 12: PCR temperature and time program

F1-R1 F2-R2 PRE HLGP
initialisation 95°C 5 min 95°C 5 min 95°C 5 min
denaturation 95°C 0.5 min 95°C 0.5 min 95°C 0.5 min

T annealing 48-64°C 1 min 50-64°C 1 min 47-54°C 1 min
29X elongation 72°C 1 min 72°C 1 min 72°C 1 min, 2 min
final elongatior 72°C 3 min 72°C 3 min 72°C 3 min
final hold 14°C infinity 14°C infinity 14°C infinity

3.2.7.2 Plasmid 11AALPPP HLGP_LD pMK-RQ and HLGP LD F1-R1, F2-R2, F3-R3
primers

The plasmid containing the sequence encoding faZMlipoprotein domain was used as a
template for PCR with HLGP LD primers. Firstly FhdaR1 primers were used, after this
reaction the PCR product size was determined @etr@lphoresis, using 1kbp marker (Thermo
Scientific). The PCR product band was cut off tieé and the product was eluted (see chapter
3.2.9) and used as a template for PCR with F2 a@hgritners. Lastly, product of this second
reaction was used after electrophoresis and eldtmn the gel as a DNA template for PCR
with F3-R3 primers.

The F2-R2 primers were also used in PCR with thesrpld directly, without previous
amplification using the F1 and R1 primers. This waabled by overlap of the primers with the
lipoprotein domain.

The first PCR was always carried out with PPP miasig (Tab. 13). When the results were
not satisfying, the PCR reaction was modified uatibmbiguous results were obtained (Tabs.
14, 15, 16, 17). The PCR using master mix with 2grRmers was also additionally modified
by addition of DMSO (gradient of 0.2 in 0.2 ul steps).
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Table 13: PCR using PPP Table 14: PCR using TagTable 15: PCR using TrueStart

master mix polymerase HotStart Taq polymerase
volume (l) volume () volume (l)
PPP master mix 12.5 | |combination 10x TrueStartTaq buffer 2.5
primer F1 or F2 buffer 2 2 mM dNTP 2.5
or F3 1 2 mM dNTR 2 primer F2 1
primer R1 or R2 primer F1 or primer R2 1
DNA 0.5-2 primer R1 or
PCR wat Til25 || R20rR3 1 A 2
water : ONA 05 TrueStart HotStart Taq
Taq : polymerase 0.2
polymerase 0.1 PCR water Till 25
PCR water| Till 20
Table 16: PCR using Pfu Table 17: PCR using KAPA 2G ROBUST polymerase
polymerase volume @l)|volume @l)|volume @I)|volume (l)
KAPA 2G 4 (A) 4 (B) 4(GC) | 4(GC)
volume (il) Enhancer 1 - - - 4
Buffer Pfu 2 2 mM dNTP 0.4 0.4 0.4 0.4
10 mM dNTP 0.4 primer F3 1 1 1 1
primer F3 1 primer R3 1 1 1 1
primer R3 1 2[2;NAO < 1 1 1 1
- KAPA 2G ROBUST
PCDRNV'X\ater T:Ill_l 20 polymerase 0.2 0.2 0.2 0.2
PCR water Till 20 Till 20 Til 20 Till 20
Pfu polymerase 0.2

The reactions were performed according to the gmegram with annealing temperature

gradient (Tab. 18).

Table 18: PCR temperature and time program

F1-R1 F2-R2 F3-R3
initialisation 95°C 5 min 95°C 5 min 95°C 5 min
denaturation 95°C 0.5-1 min 95°C 0.5 min 95°C 0.5-1 mip

T annealing 51-56°C| 1 min 50-64°C 1 min 45-60°C 1 min
30 x elongation 72°C | 1-3min| 72°C| 1-3mi}  72°C 1-3 mir
final elongation 72°C 5-10 min 72°C 5-10 min 72°C 5-10m

final hold 14°C infinity 14°C infinity 14°C infinity
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3.2.7.3 D. marginatus cDNA and HLGP LD GFP primers

All the cDNAs of D. marginatusobtained by reverse transcription were used aDthA
template in these PCR reactions in order to olttaenproduct encoding for HLGP lipoprotein
domain, suitable for cloning into pPRSET/EmGFP Vecto

PPP master mix was used in the PCR reaction (@bardd the PCR was carried out in the

thermal cycler following the program in the Tab. 20

Table 19: PCR using PPP master mixTable 20: PCR temperature and time program

volume (ul) HLGP GFP primers

PPP master mix 12.5 initialisation 95°C 5 min
primer HLGP LD GFP H 1 denaturation 95°C 1 min
primer HLGP LD GFP R 1 T annealing 53°C 1 min
cDNA 2 30X elongation 72°C 3 min
PCR water Til 25 final elongation 72°C 3 min

final hold 14°C infinity

3.2.7.4 Plasmid 11AALPPP_HLGP_LD_pMK-RQ and HLGP LD GFP primers

The plasmid encoding for DVCP lipoprotein domairswised as the DNA template in PCR
reactions in order to obtain product encoding feCP lipoprotein domain, suitable for cloning
into pPRSET/EmGFP Vector.

PPP master mix was used in the PCR reaction (Thba2d the PCR was carried out in
thermal cycler following the scheme in the Tab. 22.

Table 21: PCR using master mix Table 22: PCR temperature and time program

volume (l) HLGP GFP primers
PPP master mix 12.5 initialisation 95°C 5 min
primer HLGP LD GFP F 1 denaturation 95°C 1 min
primer HLGP LD GFP R 1 T annealing 50-60°C 1 min
cDNA 2 30X elongation 72°C 3 min
PCR water Til 25 final elongation 72°C 3 min
final hold 14°C infinity
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3.2.7.5 Control PCR with control F1-R1, F2-R2 primers

The primers Control-F1-R1 and F2-R2 are detectmytssequences within the lipoprotein
domain. PCR using PPP master mix with these prinvassused to determine, whether the PCR
product contains the desired sequence. The PCRumixtas mixed according to the PPP
master mix manufacturer's instructions and caroed in thermal cycler according to the
program in the Tab. 23. As a positive control, plas 11AALPPP_HLGP_LD_ pMK-RQ was
used as a template.

Table 23: PCR temperature and time program

ControlF1-R1 Control-F2-R2
intialisation 95°C 5 min 95°C 5 min
denaturation  95°C 1 min 95°C 1 min
T annealing 55°C 1 min 55°C 1 min

30 x elongation 72°C 1 min 72°C 1 min
final elongatio  72°C 10 min 72°C 10 min

final hold 14°C infinity 14°C infinity

3.2.8 DNA electrophoresis

1% agarose gel was used for separation and sieendattion of large PCR products and
plasmids. 2% agarose gel was made for separatimisiae determination of small control PCR
products. The samples were mixed with DNA loading ¢Thermo Scientific) with SYBR
Green (Amresco) and loaded on the gel. The eldotnegsis run at 130 V for approximately 40
minutes in the case of 1% gel and 90 minutes incse of 2% gel. The DNA size was
determined according to the DNA ladder.

3.2.9 DNA extraction from the agarose gel

DNA was eluted from the gel with one of the DNAt@u kits: illustra GFX PCR DNA and
Gel Band Purification Kit (GE Healthcare Life Saies), Gel Extraction Kit (QIAGEN) or
DNA Extraction Kit (Thermo Scientific). The DNA exction was carried out according to the
manufacturers' instructions. MilliQ water was useda final elution buffer. The purified DNA

was either sent for sequencing or used for fuf@@R or cloning.
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3.2.10 Cloning

3.2.10.1 pRSET/EmGF P Vector

The amplified DNA sequence encoding for lipoprotdomain of DvCP (PCR product of
11AALPPP_HLGP_LD_ pMK-RQ and HLGP LD GFP primers)smeaved by BamHI and
Ncol restrictases.

The double digestion of PCR product (the inserty warried out as folowing: BamHI (8),
Ncol (1 ul), buffer Tango (3u) and the DNA (1211~0.25u9) were mixed and incubated at 37°C
for 14 hours. The reaction was stopped by inagtwadf the enzymes at 80°C for 20 minutes.

The double digestion of the plasmid was carriedasutollowing: BamHI (5ul), Ncol (1 pul),
buffer Tango () and the DNA (21 ~ 1pug) were mixed and incubated at 37°C for 14 hours.
The reaction was stopped by inactivation at 80YQfbminutes.

The cleaved plasmid and insert were ligated inahid 3:1 ratio. The 1:1 ratio mixture was
prepared as following: linear vector DNA (), insert DNA (2ul), 10x T4 DNA ligase buffer
(2 ul), T4 DNA ligase (0.2l) and DEPC water (14.,8). The 3:1 ratio mixture is following:
linear vector DNA (dul), insert DNA (6ul), 10x T4 DNA ligase buffer (2l), T4 DNA ligase
(0.2ul), and DEPC water (10,8). The ligation mixtures were incubated at 16°C 24 hours.
The ligation product was used for bacterial tramsftion and remaining volume stored at
-20°C.

3.2.11 Bacterial transformation

3.2.11.1 NovaBlue GigaSingle Competent Cells

The cells were stored at -70°C, handled carefully mever vortexed. The tube was handled
always on the very top in order to prevent unwamtadning of the cells. Cells were thawed on
ice for 5 minutes and were flicked several time®éoevenly resuspendeduRof the plasmid
DNA were added to the cells and the mixture wadlgestirred with the pipette tip. The cells
were incubated on ice for 5 minutes before the B6at-shock (42°C) was applied to the cells.
Afterward, the cells were quickly placed on ice agtdto recover for 2 minutes. 250 of pre-
warmed S.0.C. medium was added to the cells wiakping the cells on ice. The cells were

placed in a shaking incubator for 1 hour at 37°@er, the cells were plated on an agar plate
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(with an appropriate antibiotic) in 50, 100 and 2000lumes. The cells were spread out on the
plate with sterile bended glass rod and placed théo37°C incubator, where the cells grew
overnight. The grown single colonies were transi@finto liquid medium with the appropriate

antibiotic and cultivated for at least 10 hoursdbefharvesting.

3.2.11.2 One Shot TOP10 Chemically Competent Cells

The cells were stored at -70°C, handled carefallyays hold on the very top of the tube and
never vortexed. Cells were thawed on ice until cbmplete resuspension visible uRof the
plasmid DNA were added to the cells and the mixtwees gently stirred. The cells were
incubated on ice for 30 minutes before placing ¢eéls into water bath (42°C) for 30 s.
Afterwards, the cells were quickly placed on icé &t to recover for 2 minutes. 2h0of pre-
warmed S.0.C. medium was added to the cells whabping them on ice. The cells recovery
took place in a shaking incubator for approximatelyour at 37°C. Then, the cells were plated
on agar plates containing appropriate antibiot;.1H0 and 20Ql volume of the cells was used
for plating. The cells were spread out on the plath sterile bended glass rod and placed into
the 37°C incubator, where the cells grew overniglhe grown single colonies were transferred
into liquid medium with appropriate antibiotic amaltivated for at least 10 hours before

harvesting.

3.2.12 Plasmid isolation

Plasmids from small volume culture were isolatethgi<GeneJET Plasmid Miniprep Kit
(Thermo Scientific). The instructions of the marutiteier were followed without any changes.

Plasmids from bacterial volume of 25 ml were isadaby the alkaline lysis method. Bacterial
pellet, obtained from 20 ml bacterial culture, wasuspended in 1 ml of ice-cold TEG solution.
2 ml of freshly prepared NaOH/SDS solution wereeamtjdvhich lysed the cells. 1.5 ml of ice-
cold 3M KAC solution was added, mixed and incubabedice for 10 minutes in order to
precipitate proteins, cell membranes, SDS and cbsomal DNA while the plasmid DNA
remained in the solution. The precipitate was deigied for 10 minutes at 7 000 g and the
supernatant was transferred into a new 15 ml tibe. organic phase of the same volume
(phenol-chloroform solution) was added to the soptmt, the mixture was shaken and

centrifuged for 5 minutes at 5000 g in order tocjpi#ate the remaining protein in the
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interphase. The water phase was transferred inenatube and 3x volume of ice-cold ethanol
was added. The mixture was let to precipitate forn@inutes in the freezer and the DNA
precipitate was harvested afterward by centrifagai@t 7000 g for 20 minutes. The pellet
containing plasmid DNA was washed in ethanol, ngesoded in 0.5 ml of TE buffer and stored

for further use at -20°C. Plasmids were also semséquencing.

3.2.13 Sequencing

The plasmids (75-150 ng) or PCR products (25 ngewrixed with primers (2.5 pmol),
water was added to 740 and the mixture was sent for sequencing. Thenplds and PCR
products were sequenced in Laboratory of Genom A8 CR inCeské Budjovice on the
machine ABI PRISM 3130x! (Applied Biosystems).
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4. Results

4.1 HLGP subunits

The hemolymph proteins concentration was determme&lanoPhotometer Pearl (Implen)
to be 3491ug/ml. The hemolymph proteins were separated on &%-BAGE gel using
reducing (Fig 5., lane 7, Fig. 6, lane 4) and netdcing loading dye (Fig 5., lane 8, Fig. 6, lane
5). The hemelipoglycoprotein was identified via ionmoblotting with primary mouse antibodies
against HLGP and secondary goat anti-mouse an#bodlith alkaline phosphatase (Fig. 6). In
agreement with the previous study of Dupejova asilkagues (2011), a strong protein band of
a size of ~260 kDa (Fig. 5., lane 8, Al; Fig. 6nedab, Al) was identified. However, other
protein bands were also recognized by the antil§ay 5., lane 8, A2 and A3; Fig. 6., lane 5,
A2 and A3). The protein bands A1 and A2 were sennfass-spectrometric (MS) analysis and
the identity of both was confirmed to be DvCP rethprotein, thus probably HLGP. According
to the study of Dupejova and colleagues (2011) |alger protein A2 (=290 kDa) could be the
glycosylated form of HLGP. Protein band labeled &8&. 5., lane 3, A3; Fig. 6., lane 3, A3)
does not have sharp ends. Therefore it may coalam other proteins apart from HLGP and
therefore it has not been sent to MS analysis.

The non-reduced HLGP band Al was cut off the gdl@actro-eluted. The extracted HLGP
had generally concentration about 4@3ml. HLGP was reduced with reducing loading dyd an
the subunits were separated on 8% polyacrylamidleTge larger HLGP polypeptide chains
resembling non-reduced HLGP (~260 kDa, ~270 kDa). (Figlanes 3-5, B1 and B2) and two
reduced peptide chains of the approximate size E#bdnd ~100 kDa were visible on the gel
(Fig. 5., lanes 3-5, B3 and B4). Furthermore, imeaases, a less visible short chain appeared
(~68 kDa) (Fig. 5., line 5, B5). The immunoblottiagalysis with anti-HLGP primary antibodies
detected three polypeptide chains (Fig. 6). Thégmmdands B1-B5 were sent for MS analysis.
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Figure 5: SDS-PAGE 8% gel stained with CBB G-25€: dypre-stained Protein
Ladder, 2-empty, 3-5-reduced HLGP, 6-empty, 7-reduddemolymph, 8-non-
reduced Hemolymph; the stars indicate proteins &@ioirig only LD peptides

Figure 6: PVDF membrane after
signal development: 1-prestained
Protein Ladder, 2-empty, 3-reduced
HLGP, 4-reduced hemolymph, 5-
non-reduced hemolymph
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The amino-acid sequences identified by MS werepared to the known DvCP amino acid
sequence and classification of peptides into treedmbunits was performed.

MS analysis identified A1 and A2 (Fig. 5, lineRdg. 6, line 5) bands to be closely related
proteins to the DvCP dd. variabilis. Thus, the protein is most probably hemelipoglyotgin
(D. marginatus Dupejova et al. 2011). The detected peptide® fittese bands were analyzed
in order to find to which subunits they belong. Toa-reduced HLGP protein bands A1 and A2
(Fig. 5, line 8) contained peptides from both sutsuflab. 24, Fig. 7). The different sizes (260
and 290 kDa) of apparently the same protein coaldadused by glycosylation (Dupejova et al.,
2011).

Table 24: Examples of peptides detected by MS

Al A2
_ (K)HNELSVDDADRFYNK (L) (RIEMVTEPSDQVVAFVSSAFR(S)
pth:'ieE frrf;tm (R)TLDLEEEHDAATTDTTLVEAGEK (E) (K)GVLSLFQLDLVK(G)
. Omairtl’in; ' (RIMAALWALK(Q) R)LSLSIFGK(T)
(Y)GDEDIKEIDNK (E) (KYNLWNFMGR(R)
_ (K)VFIHTTKLEILPVTEDSGLIVR(V) (K)ELDIDISYK(F)
petﬁgdgf fer?m (R)EHGIPFNYYCMKFLR(H) (K)FTHTDEDEQQLAAAAEGK (A)
Subuﬂit (K)TFYLSHDMTYLNPTELGVPVFFDFK(Q) | (R)YSFNHDLFNHK(L)
(K)VTLAPLEGK (L) (R)ILAPYYAK(R)
subunit present both subunits both subunits

B1 and B2 bands are according to their size (c€akP&) and according to the MS analysis
apparently the same peptide chains since all afetlveere found to be closely related to the
DvCP ofD. variabilis. In these HLGP bands, all the detected peptidesbeo lipoprotein N-
terminal domain (Tab. 25, Fig. 8, Fig. 5-samplesk®d with the star). The protein of the size of
cca 95 kDa (B4) was analyzed and was identifiedet@ closely related protein to DvVCP. The
detected peptides from this samples are also toests of the lipoprotein N-terminal domain
(Tab. 25, Fig. 5-samples marked with the star).

Protein bands B3 and B5 were not identified as tetated.

35



Table 25: Examples of peptides detected by MS

Bl B2 B4

K1GvLsLEoL | (REMVTEPSD (R)TLDLEEEH

( )DLVK(G)Q QVVAFVSSA | DAATTDTTLV

FR(S) EAGEK(E)

(R)YVLPLWET | (K)GVLSLFQL| (R)YVLPLWET

peptides rom  NPR(F) DLVK(G) NPR(F)
the subunit

containing LD| (RITLDLEEEH (K)ASSHLIISS| (K)GVLSLFQL

DAATTDTTLV % 1y spky)y | DLVK(G)

EAGEK(E)

(K)JHNELSVDD| (R)YVLPEWD | (K)FDEGKLEE

ADRFYNK(L) | HDTR(F) FSIGK(N)
peptides from
the larger X X X
subunit
1 MRVLWLSLLY LALSGFEVGE EYVYEYEGTL HVANFPEQPLQ
51 IVQUPKPDGTH FRrvnrEaDs FNSEQIDVAH HEFNYALNPN
101 GKFDEGKLEE F5IGKNEQLY VRNLEKGVLS LFOLDLVEGE
151 VEEDGLHGFPC DTLYIVHEEE HOYTEWTEVE NLDECDHEHY
201 CVECEALATY PHTATSEVYY ELEGTAQHYV IGHAWGESAD
251 FHVLLNRTLD LEEEHDAATT DTTLVEAGEK EHSLAQEFPE
301 ERPNELVTHF GLLPNEENFV EGLEFLAHTE YGDEDIKETID
351 MLFHNFLTFS TDDINDYYON HYLTAPEDIE DILEHVFLDL
401 TYGLNLIKHN ELSVDDADRF YNELHLNLEE VSPALLREIA
451 HREIWTSCKL LASATAGGKD CKYAHDTHEE DKGTCSPEIV
501 EDVEHEPEYE STVFIRIAGH LGTHEALHYL ERFIVPEIWHA
551 ALEQALFHHP ELARSTALPV FHNTSEPSEV RIAALLVWVYY
601 IGLEVLSDES DOVVAFVISA FRALANSEYP CHFETAQHLE
651 EFRKPIDRAS SHLLISSGYN FEvDYGELTL VEMIKSHDSY
7ol DYVAGHITDT VAFSFESWGL DEVFHNELVGE QP GSTEMNLIIN
751 ASAKERFETIE DALHTHDEEY DPVTARMSLS VEFGEAVDSTID
&0l SKDAPEKTAE ELLGKALRKE TFYLSHDMTY LEPTELGVEY
&51 TANFEKIDVT HGDNAETHLD VKRHYLYE SR TOUMLGFAWT
a0l DARTWISWEPL DLEVTLAPLE GELSLNRPLH LPWNATNHHF
951 LTQDHANATT EITANQEFPLY RODELLEFDE. RYFGDWVEFGEVA
1001  GLHSGLDEFY HOMTLRERLY YTITINPHVHE ENVELYFEPA
1051  DIAYKFLEPD DERHSHFKVH LOIGDDTEVE STHVLNIDVN
1101 ATEFRY¥3FINH DLFNHELOQFF YDRTPFRSND OEGTEICLEA
1151 EVENLATFY GEHIDANLDT HYGIICEGQS SISIHGAYTH
1201  AAAGKPITGH LEYNGLHRMA LOCHAGREHG IPFNYYCHMEF
1251  TADVEWKNYK PLLNKLLPLH TKYHALRPEH GGFFGIIRSH
1301 VIQVPIWDLE DEPHTDIVIT TED GQHFEHT NVPTFSHMLE
1351 NIAEYAKQYE. HEHCDLQELS LETFDEILVO LPETDCYEVY
1401  LVMARSTHNE SLTKALKVFI HTTKLEILEW TEDSGLIVEY
1451  RPYSHTDHDV ELFEVRETREK WFEWTSKSYG IYLTFHGHLL
1501 ELCGLCGDYHN LDENHELSGE DGHLYNSTLE FAKSTWVEPAD

Figure 7: The DvCP a.a. sequence and the coverageohunreduced HLGP (Al
band from the Fig. 5, line 8); the red line higltitg the cleavage site between the

two subunits
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Figure 8: The DvCP a.a. sequence and the coverageahreduced HLGP (B1 band
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TED GOHFEHW
LETFDGILY
HTTELEILPY
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ASGIAFRTEL
ABGDLEHFFA
HEHHDDEGYH
SFYGHIKET(
LFEPHGEGED
THELENFEEL
NEESGSLLFL
LALLAGLNPHY
DSCESDAVES
SHFFHNYSVTE
NEHFEMALLY
THPDLYVLRH
YTVLPLWETNP
LPRNLYIHME
FMGRRRFPHD
FDESILDAIE
FFDFEQAEFT
FSRSSLGSGY
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MNVEGHL IER
GDAPTEEMDI
FEGDAFEREY
SAKFPEPDUS
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LEHSSRLAKL
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TRDCSPHERF
DGNEVDVYEE
FIQTAPFYRG
DCHPPTH

from the Fig. 5, line 5); the red line highlightsetcleavage site between the two
subunits
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4.2 Recombinant Lipoprotein N-terminal Domain

4.2.1 Cloning with pET-41 EK/LIC Vector

4.2.1.1 Cloning of D. marginatus DNA sequence encoding for HLGP into pET-41 Ek/LIC
Vector

The three cDNAs ofD. marginatus, obtained from reverse transcription using
(A) oligo(dT)18 primer, B) random hexamer and Chgespecific primer HLGP LD R1, were
used as a template for PCR with HLGP LD F1-R1 pram&Vith F1-R1 primers, various
polymerases (Taq, GoTaq, KAPA 2G ROBUST) and varigycling programs were tried.
Despite all optimization efforts all PCRs providadducts of inappropriate sizes.

PCRs with PRE HLGP LD primers resulted mostly ireaned PCR products.

Primers F2-R2 were examined, whether these couldardirectly without previous F1-R1
amplification. The PCR with GoTaq and KAPA 2G ROBUfolymerase and with cDNAs as a
template resulted in a smear.

As no DNA encoding for HLGP was obtained, no HLGfambinant could have been

prepared.

4.2.1.2 Cloning of the DvCP sequence (incorporated in 11AALPPP_HLGP_LD pMK-RQ
plasmid) into pET-41 Ek/LIC Vector

Since we were not able to amplify the HLGP sequendbe construct
11AALPPP_HLGP_LD_ pMK-RQ carrying nucleotide sequenfor DvCP was used for
NovaBlue GigaSingles cells transformation. The mlaswas propagated and isolated in high
amount (cca 5 mg in 0.5 ml TE).

For the following PCRs, 11AALPPP_HLGP_LD_ pMK-RQ sfaid propagated by bacteria
was used as the template. PCR-1 with HLGP LD FX#ters, using PPP master mix, resulted
in the single PCR product of desired size (Fidir® 2). Therefore, the reaction mixture from
PCR-1 was used as a template for PCR-2 with F2+4R2eps. This reaction resulted in PCR
products of several sizes including desired siz¢hefproduct (cca 1800 bp), which was still
sufficiently strong (Fig. 10, lines 1-8), therefptiee reaction mixture from PCR-2 was still used

as a template for the final PCR-3 with F3-R3 prisn@rhe PCR-3 product of the desired size
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was only weak band on the gel (Fig. 11, lines IF8grefore, the whole procedure was repeated
with additional purification steps of PCR produictbetween the PCRs.

PCR-1 product (Fig. 9, line 2) was eluted from #igarose gel. The success of elution was
checked by electrophoresis. Purified PCR-1 prodaues used for control PCR with Control
primers for short peptide sequences. The contmdymts corresponded with the expected size,
(control products of sizes 164 bp and 95 bp; F®). llhes 1-3, lines 5-7), thus the PCR-1
product was the desired one.

PCR-1 product was used for PCR-2, however, no P@R@uct was observed (Fig. 12, lines
1-8). The same PCR-2 was tried with TrueStart HotStag DNA polymerase with Mgg&l
gradient, with identical results. The same PCRi8g/BPP master mix and DMSO gradient was
set up and no PCR products were observed. Therefereoncluded, the F2-R2 primers were
not able to anneal to the purified PCR-1 product.

PCR-2 product (from PCR, where PCR-1 reaction mé&tuas a template; Fig. 10, product
marked with the arrow) was eluted from the agameleand used for PCR-3. The success of
elution was checked by electrophoresis. This mpdiffCR-2 product was used for control PCR
with Control primers, which verified the sequenoebe the desired one (Fig. 15). No PCR-3
product was observed (Fig. 14, lines 1-8). Theesftre F3-R3 primers were probably not able
to anneal to the purified PCR-2 product. We did olotain the desired sequence suitable for
cloning into the pET-41 EK/LIC vector.
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— with F2-R2 primers, where PCR-1 product was used as
750 template; 1-annealing temperature (AT)=45°C, 2-A%2@, 3-
500 AT=47.8°C, 4-AT=50.7°C, 5-AT=54.2°C, 6-AT=56.9°C, 7
AT=58.8°C, 8-AT=60°C, 9-1kb DNA ladder, 10-negative
250

Figure 9: 1% gel,
samples stained with
SYBR Green: PCR-1
with F1-R1 primers:
1- 1kb DNA ladder,
2-PCR product
(annealing
temperature=50°C),
the arrow shows the
desired product-size
(cca 1800 bp)

—

control (no DNA template), 11-positive control (P@kh F1-
R1 primers and PCR-1 product as a template), thevar
shows the desired product-size
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Figure 11: 1% gel, samples stained with SYBR Greé€R-3
with F3-R3 primers, where PCR-2 product was used as
template; 1-annealing temperature (AT)=45°C, 2-At4@,
3-AT=47.8°C, 4-AT=50.7°C, 5-AT=54.2°C, 6-AT=56.9°C,
AT=58.8°C, 8-AT=60°C, 9-1kb DNA ladder, 10-negative
control (no DNA template), 11-positive control (P@Rh F1-
R1 primers and PCR-2 product as a template), thevar
shows the desired product-size
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Figure 12: 1% gel, samples stained with SYBR | & . 000
Green: PCR-2 with F2-R2 primers, where e 1100
purified PCR-1 product was used as a . - A _ .
template; 1-AT=45°C, 2-AT=46.4°C, 3- Figure 13: 2% gel, samples stained with
AT=48.8°C, 4-AT=52.6°C, 5-AT=57.1°C, 6- SYBR Green: control PCR, where
AT=60.9°C, 7-AT=63.4°C, 8-AT=65°C, 9-1kb purified PCR-1 product was used as a
DNA ladder, 10-negative control (no DNA template; 1-Control-1 primers

template), 11-positive control (PCR with F1-R1 (AT=50:C)’ 2- Control-1 primers
primers and 11AALPPP_HLGP_LD_pMK-RQ  (AT=55°C), 3- Control-1 primers
plasmid as a template), 12-control (PCR with ~ (AT=58°C), 4-100 bp Plus DNA ladder,

F1-R1 primers); arrow shows the desired 5-Control-2 primers (AT=50°C), 6-
product-size Control-2 primers (AT=55°C), 7-
Control-2 primers (AT=58°C)
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Figure 14: 1% gel, samples stained with SYBREiqure 15° 2% gel. sampl tained with
Green: PCR-3 with F3-R3 primers, where purifis\gll_;ﬂ:({e G?een: (?(;en’tr?)? P?:Igsv?/r?er:?)urified
PCR-ZOproduct wasoused asa tengplate; I- PCR-2 product was used as a template; 1-
AT:45 C; Z'AT_4_6 C, S"AT_47'_8 C, f Control-1 primers (AT=50°C), 2-Control-2
AT=50.7°C, 5-AT=54.2°C, 6-AT=56.9°C, 7- primers (AT=50°C), 3-Control-1 primers
AT=58.8°C, 8-AT=60°C, 9-1kb DNA ladder, 10'(AT=55°C) 4-Control-2 primers

negative control (no DNA template), 11-positive(AT:55°C)’ 5-Control-1 primers

control (PCR with F1-R1 primers and (AT:SSOC): 6-Control-2 primers

11AALPPP_HLGP_LD_pMK-RQ plasmid as a (aT-58°C) 7-100 bp Plus DNA ladder
template), the arrow shows the desired product-size ’
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4.2.2 Cloning with pRSET/EmGFP Vector

4.2.2.1 Cloning of D. marginatus DNA sequence encoding for HLGP into pPRSET/EmGFP

Vector
The PCR with HLGP LD GFP primers used A, B, and NAs of D. marginatus No

product was observed on the gel (Fig. 16, line$.1-3
2 3 4 56

600(
3000

1000

LU -

-

Figure 16: 1% gel, samples stained with
SYBR Green: PCR with cDNA of D.
marginatus, using HLGP LD GFP
primers: 1-1 kb DNA ladder; 2-A cDNA,;
3-B cDNA; 4-C cDNA; 5-negative control,
6-positive control

4.2.2.2 Cloning of the DVCP sequence (incorporated in 11AALPPP_HLGP_LD pMK-RQ
plasmid) into pRSET/EmGFP Vector

For the following PCRs, 11AALPPP_HLGP_LD_pMK-RQ gfaid propagated by bacteria
was used as the template. The PCR with HLGP LD @iiiers provided single band PCR
products of correct size (1838 bp) (Fig. 17, linar®l 3). The lipoprotein domain nucleotide
sequence was amplified using primers with restiicsite for BamHI restrictase (forward) and
with restriction site for Ncol restrictase (reverséhe PCR products were eluted from the gel
and their concentrations were measured on NanoRledéo (Implen). The control PCR with
Control-F1-R1 and F2-R2 primers confirmed, that gmeduct contains the DNA sequences

encoding peptides from the LD domain (Fig. 18,dide3, lines 6-8).
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Figure 18: 2% gel, samples stained with SYBR Green:
control PCR, where purified PCR product was used as
a template; 1-Control-1 primers (AT=50°C), 2-
Control-1 primers (AT=55°C), 3-Control-1 primers
: 1 (AT=58°C), 4-negative control, 5-100 bp Plus DNA
Figure 17: 1% gel, ladder, 6-Control-2 primers (AT=50°C), 7-Control-2
samples stalr.led with primers (AT=55°C), 8-Control-2 primers (AT=58°C),
SYBR Green: 1-1kb 9- negative control
DNA ladder, 2-

AT=56°C, 3-AT=56°C,
4-positive control (PCR
with F1-R1 primers and
original
11AALPPP_HLGP_LD
_pMK-RQ plasmid as a
template), the arrow
shows the desired
product-size

The purified PCR product encoding for LD of DvCPsadouble digested with BamHI and
Ncol. The pRSET/EmGFP plasmid was also digestel thiése enzymes. The ligation of the
insert with the plasmid was carried out in 3:1 dnd ratio. The restriction took 14 hours and
the optimal ligation 24 hours. The ligation mixtureas used for transformation and the
remaining solution was stored in -20°C for two weekhe transformation of NovaBlue Singles
cells with 1:1 and 3:1 ligation mixture resulted anly three colonies on agar plates with
ampicilin resistance. Out of these colonies onlg produced plasmid of the desired size of 5.4
kb (Fig. 19, line 10). The parallel transformatiari NovaBlue Singles with plasmid
11AALPPP_HLGP_LD_pMK-RQ (carrying kanamycin resista) was carried out for control,
which resulted in 7 colonies. The plasmids isoldtech these colonies should have the size of
4.1 kb, however no plasmid of this size was vis{big. 19, line 1-7). PCR with HLGP LD GFP
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primers using the isolated plasmids as templatesdstrated positive result (Fig. 20, lines 3, 4,
5) and the control PCR with HLGP | 1 and 2 primeh®wed positive results as well. The
pPRSET/EmGFP plasmid incorporating LD sequence wast® sequencing. However good the
PCR results seemed to be, the results of the semgemvere negative; no sequence was
detected at all.

The transformation of TOP 10 cells with the sargation mixture was carried out two times
with different times of heating shock (30 sec afds8c), but both resulted in no colonies at all.
The last performed transformation with NovaBlue &3mgles cells resulted in many single
colonies. Twenty of them were cultivated and thgliasmids isolated, but none of them
contained the desired plasmid (Fig. 21). This satg@ossible antibiotic degradation in the
media and agar plates. Another experiment will dgied out using freshly prepared antibiotic

solution in the near future.

1 2 3 4 5 6 7 8 90 11 1 2 3 4 5 67 8
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Figure 20: 1% gel, samples stained with
SYBR Green: PCR with GFP primers
(AT=53°C); isolated plasmids as
templates: 1-plasmid A as the template, 2-
plasmid B as the template , 3-plasmid C
as the template, 4-plasmid D as the
template, 5-plasmid E as the template, 6-
negative control (no DNA template), 7-
positive control (PCR with F1-R1 primers
and 11AALPPP_HLGP_LD_pMK-RQ
plasmid as a template), 8-1kb DNA
ladder; the arrow shows the desired
product-size

Figure 19: 1% gel, samples stained with
SYBR Green: Plasmids isolated from
transformed NovaBlue Singles: 1-7 plasmids
from the control transformation with
11AALPPP_HLGP_LD pMK-RQ plasmid,
plasmids A-E are tested using PCR

(Fig. 23); 8-1kb DNA ladder; 9-plasmid

from 3:1 ligation mixture transformation, 10
and 11-plasmids from 1:1 ligation mixture
transformation
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Figure 21: 1% gel, samples stained
with SYBR Green: Plasmids isolated
from transformed NovaBlue
GigaSingles: 1-5 -plasmid from 1:1
ligation mixture transformation; 6,7 -
plasmids from the control
transformation with
11AALPPP_HLGP_LD_pMK-RQ
plasmid; 8-isolated E plasmid; 9-1kb
DNA ladder
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5. Discussion

This work was focused on the lipoprotein N-termindbmain (LD) of a tick
hemelipoglycoprotein (HLGP) (eventually DvCP). Tlhe is one of the three domains present
in tick carrier proteins. The other two domains\asa Willebrandt domain type D and a domain
with unknown function. The lipoprotein N-terminadmain is expected to be able to bind lipids,
carbohydrates, and metals (Donohue et al., 2008).0vCP has two subunits (92 and 98 kDa)
produced by cleaving in the cleavage site a.a. 756{RXXR) (Donohue et al., 2008). The
native HLGP contains two polypeptide chains (95 408 kDa) as identified by SDS-PAGE,
but the presence of the two subunits was not prgeedefinitively (Dupejova et al., 2011). The
smaller subunit of DvCP and presumably HLGP costée lipoprotein domain, which consists
of 607 a.a..

The unreduced hemolymph proteins @f marginatuswere separated by SDS-PAGE and
anti-HLGP antibodies detected two proteins of sica 260 and 290 kDa. These protein sizes
correspond with the sizes of the non-glycosylated glycosylated form of HLGP, respectively
(Dupejova et al., 2011). These HLGP forms wereyaeal by MS in this work and both proteins
contain peptides from both subunits.

The non-glycosylated HLGP was further reduced wé#tucing Loading Dye in order to
separate the reducible parts of the protein via-BBRGE.

Certain part of the HLGP remained unreduced wighdilze of cca 260 kDa. According to MS
analysis, this unreduced HLGP contains solely geptfrom the smaller subunit containing LD.
No peptides from the second slightly bigger subumte detected. The presence of unreduced
HLGP (260 kDa) after reduction with DTT suggeststtthere are other forces/bonds than
disulfide bonds enabling association of the smadigbunits only. One possible explanation
would be inter-subunits connection via covalenyrdisin bonds, that can occur in tyrosin-rich
proteins or can be induced by incubation with pelases (Atwood et al., 2004; Mai et al.,
2011). Another possibility would be the failure relucing using DTT because of the sample
redox conditions. For example, the presence of Stbilizes the disulfide bonds (Dirlam-
Schatz and Attie, 1998).

The reduced HLGP chain appeared as cca 95 kDgsirein band on 8% gel. According to
MS results, this chain contained peptides of thallem subunit including LD. No other
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polypeptide chain was observed at all. However,dpaya and colleagues (2011) detected two
HLGP chains of size 95 and 100 kDa. As it is vaffyatilt to visually distinguish protein bands
of such similar size, slight differences in separatonditions may result in lack of resolution in
this case. It is possible, that our samples wetgeswlved sufficiently due to usage of 8% gel,
while Dupejova and colleagues (2011) used gradjelst

In this thesis, peptides from the smaller subuwotresponding to the shorter polypeptide
chain (95 kDa), has been present in both reducddnan-reduced samples, whereas peptides
from the bigger subunit were present only in nauced HLGP. In compliance with the HLGP
size (260 or 290 kDa), it is probable, that at tdhsee polypeptide chains create the native
protein. It is possible, that HLGP contains diffgrechains combined in various ways.
Furthermore, it seems that small subunits reprdasenajority in non-reduced HLGP structure.
Similarly, the vitellin ofD. variabilis is an oligomer (possibly dimer), which is compdssaf
mixture of uncleaved monomers and its subunits {ipson, 2007). | hypothesize that the
bigger subunit was not recognized either on thebgeCBB staining or by MS in the reduced
form due to its insufficient amount in the samples.

The irregular occurrence of 68 kDa sized peptidarchetween the reduced HLGP chains,
revealed in the study, may indicate even wideralality. This small chain could have been also
just the result of HLGP contamination with othewoteins when this was cut off the gel.
However, this 68 kDa chain was detected on the mamabusing anti-HLGP antibodies,
therefore the mistake is not a likely possibility.

From results of this thesis it seems, that the lemalubunit corresponding to the shorter
peptide chain including the LD domain is probalblg basic building block of the protein. On
the other hand, DvVg, which also contains LD (o& Mterminus) and von Willebrand domain
(on the C-terminus), has the cleavage site RXXRqalan two thirds of the lipoprotein domain
(Thompson, 2007). The position of a cleavage siectly in the presumed LD may indicate a
different function (lack of function) of the domamVgs compared to CPs. As the LD is part of
tick (Thompson et al.,, 2007), as well as insectllgenins (Chen et al., 1996), and the
vitellogenin receptors belong to the low-densitpofirotein receptor family (in insect:
Sappington et al., 1998; in ticks: GenBank: AAZ303), it comes forward that the lipoprotein
domain may serve for protein recognition and tlahe CP receptors will be revealed in the

future. However, the lipoprotein N-terminal domaontained in the small subunit of CPs seems
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to be the necessary part of the heme-binding pret@mong ticks.

The original intention to clone the DNA encoding f® of HLGP fromD. marginatusand
prepare it in recombinant form using primers destaccording to the known DvCP nucleotide
sequence was based on assumption, that DvCP fonvariabilis and HLGP fromD.
marginatusare closely related and thus their sequences dgt@ulvery similar. Since the LD is
also present in heme-binding vitellogenins, we m&sihis part of the carrier proteins to be
conserved. Therefore, based on this similarity ragsion, all the primers were designed
according to the known DvCP sequence (Donohue,e2@08).

As all the PCRs using cDNA @. marginatusfailed, either the cDNA was degraded or the
sequences encoding for HLGP and DvCP differ ireast the beginning and the end of the LD
sequence. Although this seems unlikely, the viggdlin sequences dd. variabilis and O.
moubataalso differ in the N-terminus and partly in C-ténos (Gen Bank: AAW78557.2 and
BAH02666.2).

Next, the vector carrying the nucleotide sequemoeding for DVCP was used as a template
for PCRs with HLGP LD 1, 2 and 3 primers. Despitgious PCR modifications, no product
was obtained. The primers 1 and 2 were able toartoethe vector sequence and the PCR
product identity was confirmed with control PCR.whver, the PCR products showed to be
inappropriate template for all the primers as nohiese could anneal to its own PCR product.
The possible inhibition of the PCR by formationsgfcondary structures in the template was
excluded, because the addition of DMSO into the RE€&tion did not change the result.
Therefore the possibility of multiple prolongatiohthe sequence in order to create the suitable
cloning sites was rejected.

Different PCR with the vector carrying the nucléetisequence encoding for DvCP LD was
carried out in order to clone the LD sequence th® pRSET/EmGFP vector. The difference
against the above described experiment is onlgemumber of primers. While for cloning into
PET vector, three primers were needed, for clonitig pRSET only one pair of primers is
needed. There were therefore no problems with wibithe desired product sequence (Fig.
17). The cloning via restriction sites was donerder to maintain the correct orientation of the
insert in the plasmid. The bacterial transformatiwas carried out with several types of

competent cells, none to provide generally verydgedficiency. The mixed results of no
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colonies and many colonies, carrying no plasmidigsest combination of low transformation
efficiency combined with antibiotic degradation mmedia resulting in lack of selection. No
pRSET/EmGFP plasmid with inserted LD sequencedatdd by sequencing, was obtained so

far.
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6. Conclusion

The aim of this thesis was to isolate the HLGP sitsuand to determine whether the
lipoprotein N-terminal domain is present in the woks. Next, the LD should be prepared as
recombinant protein and purified.

The HLGP protein was detected in the hemolymphDofmarginatusin the putative
glycosylated (290 kDa) and non-glycosylated for®0(RDa). The non-glycosylated HLGP was
reduced, its polypetide chains were identified roynunoblotting and analyzed by MS. The size
of the shorter chain was estimated to be 95 kD& [Bmger chain (detected in studies of
Dupejova and colleagues, 2011) was not detectedl.aPart of the reduced HLGP resembled
non-reduced protein (260 kDa) and was analyzed Mgh

Both subunits were identified in both glycosylatett! non-glycosylated HLGP isolated from
the hemolymph. The smaller subunit containing ipegrotein N-terminal domain was the only
identified subunit in the protein after reduction Hoth 95 kDa polypeptide chain and the 260
kDa whole HLGP).

The recombinant HLGP lipoprotein domain could net @btained from cDNA ofD.
marginatusbecause of probable sequence differences betweeactual HLGP sequence and
the known DvCP sequence.

The sequence encoding for DvCP was cloned into fRS&BGFP plasmid and transformed
into several kinds of competent cells for propagatiNo plasmid with the insert verified by

sequencing was obtained yet.
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