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1 Introduction

1.1 Ticks

Parasitic ticks are very important vectors causagvariety of diseases in host
organisms; including humans. The most well knowthpgens transmitted by ticks and
causing serious diseases are for exarBaeelia burgdoferj Ehrlichia, Babesiaand many
others (Sonenshine, 1993). Transmitted pathogensagrable of surviving the vector immune
system which, as in other invertebrate organismelwes components of humoral as well as

of cellular immunity.

1.2 Immune response

The humoral immunity in ticks as well as in otheganisms is represented by
following system. One of the virulent factors dne proteases secreted by the pathogens. The
host immune system developed special moleculeshware called protease inhibitors to
defend itself from the invading pathogen. Two typégprotease inhibitors are involved in
humoral component of the immune system. The ys¢$ are the active-site molecules which
bind the active site of the protease thus destrgcti. The second class of the protease
inhibitors comprises ofa,-macroglobulins. These molecules apply a speciapping
mechanism to deliver protease to lysosymes (Armgir@006). The firsti,-macroglobuline
isolated from the group of invertebrate organisnas himulusa;M from horseshoe crab,
Limulus polyphemu$Quigley et al., 1982). The first,-macroglobulin described in a tick

species was isolated from soft ticknithodoros moubata 2003 (Saravanan T., 2003).

1.3 Proteins of a thioester-containing family

The proteins of a thioester family, also known estgins ofaz-macroglobulin family
(F-a2M), can be found in all animal species-macroglobulins serve as protease inhibitors
and there are important components of humoral dsal eellular immunity (Blandin and
Levashina, 2004). The main function ofofM is to inhibit large spectrum of proteases,
especially proteases from invading pathogens, évgnt the damage of surrounding tissue
(Sottrup-Jensen et al.,, 1989). The majority of themacroglobulin family of protease
inhibitors have special thiol-ester bond. This bdinls the thiol group of a cysteine residue

with they carbonyl of a glutamyl residue (Salvesen et al§1]1%alvesen and Barret, 1980;
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Sottrup-Jensen et al,. 1980). Theysteinyly-glutamyl thiol ester sequence (GCGEQBM) is
conserved in those members of thgmacroglobulins that contain internal thiol ester
(Armstrong et al.,, 1996). The proteins ofafM comprise three subfamily members;
C3/C4/C5 components of the complement system, htwedter containing proteins of the
insect and the universal protease inhibitors ofdfid type (Armstrong et al., 2006). The
complement system is based on the recognition thiogan surface and their binding to it via
thioester bond. A special member of the M family is MCR (macroglobulin complement
related) like protein group originally described &&P6 from Drosophila Stroschein-
Stevenson at al., 2005). The phylogenetic tree-@fMF members present in tHericinus is

shown in Figure 1.
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Figure 1: Phylogenic tree o&-macroglobulin family (according to BureSova, 2009)



1.4 Structure of ax-macroglobulins

Nowadays, a great diversity in the,-macroglobulins superfamily is known.
Concerning the structure of these protease inhiitanly some of them are described. Such
proteins with a known sequence are for instanceesofrthea,-macroglobulins, TEP and
complement group fronixodes scapularigfIsAM1, ISAM3, IsAM4, ISAM6). Sequence of
one representative of MCR like group fréxedes ricinusIrAM8, was determined (BureSova

et al., 2011, in press).
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Figure 2: Overview ofa,-macroglobulin family from Ixodes ricinus and Ixodescapularis
(BureSovéa, 2011). Abbreviations and nomenclature according to the NCBI-conserved
domain database (http://www.ncbi.nim.nih.govicd®M_N - MG2 (macroglobulin) domain
of alpha-2-macroglobulinA2M_N_2 - Alpha-2-macroglobulin family N-terminal region,
ANATO - Anaphylatoxin homologous domainDLa - Low Density Lipoprotein Receptor
Class A domainA2M - Alpha-2-macroglobulin familyA2M_comp - A-macroglobulin
complement compone#i2M_recep- A-macroglobulin receptodNTR_complement_C345C
- NTR/C345C domain. Scissors indicate post-traisial cleavage; Yellow asterisks
indicate the presence of thioester bond.




2 Materials and Methods

2.1 Material

2.1.1 Primers (Generi Biotech™)

Primer Sequence Annealing temperature
IrAM9-RT S 5-TGT TGG TGA TGT GGT GGG-3° 55°C
IrAM9-RT AS 5-GTAATATCC GTC ACATCC CTCG-3 55°C
IrAM9pET100S 5-CACCTTTTG CGC CCG GGT GTT TCA -3 55°C
IrAM9pET100AS 5-TTA CTG CAT CGCCAT CAG GGT GTCC -3 55°C
T7S 5-TAA TAC GAC TCA CTATAG GG -3° 50°C
T7AS 5- GCT AGT TAT TGC TCAGCG G -3 50°C
M13 S 5-GTAAAACGACGG CCA-3 50°C
M13 AS 5- CAG GAA ACA GCT ATG AC -3 50°C

2.1.2 Chemicals and Commercial Kits

PCR product purification from agarose/EtBr gel:

QIAquick PCR Purification Kit (250) (QIlAgen)

Plasmid isolation:

High pure Plasmid isolation Kit (Roche)

cDNA synthesis:

Transcriptor High Fidelity cDNA Synthesis Kit (Ruoz)

Restriction enzyme:

EcoRI Fastdigest® restriction enzyme (Fermentas)

Chemicaly competent cells for cloning:

One Shdt TOP 10 Chemically Competeht coli (Invitrogen)

BL21 Staf™ (DE3) One ShétChemically Competert. colicells (Invitrogen)

Expression and Cloning Vectors:

pET100/D-TOP® expression vector with ampicilin selection (Ineijen)

pCR 2.1 TOPO Plasmid vector with ampicilin selactignvitrogen)
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DNA electrohoresis:

50x TAE buffer

200mM Tris-HCI, 50mM EDTA(pH 8.0)

1x TAE buffer

50x TAE buffer 50x diluted in dd 4D

Agarose

1% agarose (SerVd) in 1x TAE buffer

5x Loading dye

10mM Tris-HCI (pH 8.0), 20% Ficoll 1mg/ml G-Orand#)Ox SYBR greer

DNA Ladder

Gene Rule?™ 1Kb DNA Ladder Plus

EtBr

Ethidium bromide 1 mg/ml

RNA electrophoresis:

10x TBE buffer

20mM NaEDTA, 0.89M boric acid, 0.89M Tris-HCI

1x TBE buffer

10x TBE buffer 10x diluted in DEPC_ B

Agarose

1,2% Agarose (Serv¥) in 1x TBE buffer

6x Loading dye

0,25% Bromphenol blue, 0,25%xylene cyanol, 30%@lgt; 1,2% SDS,
60mM NaHPQO,, 500x SYBR green; pH 6.8

High Range RNA Ladder

Fermentas

DEPC HO

Diethylpyrocarbonate (Sigma)

SDS PAGE:

1% - 30% AA

Acrylamide and bisacrylamide, gradient

buffer 1 1.5M Tris-HCI; pH 8.8

buffer 2 0.5M Tris-HCI; pH 6.8

10% SDS Sodium dodecyl sulphate {£1,sSO;Na)

10% APS Ammonium persulphate (N§3S,0q

TEMED Tetramethylethylenediamine (GENCH,CH,N(CHs),

5x reducing sample buffer

250mM Tris-HCI (pH 6,8), 500mM dithiothreitol, I0%DS,
0.2% bromophenol blue, 50% glycerol

1x reducing buffer

5x reducing buffer 5x diluted inJ@

10x ELFO buffer

250mM Tris-HCI, 1.92mM glycin, 1% SDS

Staining solution

Coomassie Brilliant Blue R 250

LMW protein marker

GE-HealthCarg”




Bacterial media and agars:

SOC medium 2% wi/v bacto-tryptone , 0.5% w/v bacto-yeast exfrh@mM NacCl,
2.5mM KCI, 20mM MgC} or 20mM MgSQ, 20mM glucose

LB medium 109/l tryptone, 5 g/l yeast extract, 10 g/l NaCl pia

LB agar 1.5% bacto-agarv LB medium

IPTG 1M Isopropylp-D-1-thiogalactopyranoside

Antibiotics Ampicilin (stock solution 50mg/ml D)

Isolation of recombinant protein:

Resuspension buffer

20mM Tris-HCI, pH 8.0

Izolation buffer

2M Urea, 20mM Tris-HCI, 0,5M NaCl, 10mM imidazol8.0

Solubilization buffer

6M guadinine hydrochloridum, 0.5M NaCl, 10mM imidéz
1mM mercaptoethanol, 20mM Tris-HCI

Chelate column chromatography:

Buffer A 8M urea, 50mM Tris-HCI, pH = 7.8
Buffer B 8M urea, 50mM Tris-HCI, 0.5 NaCl, 0.5 M imidazoH = 7.8
Cc** column 5ml HiTrap™ IMAC FF coulm (GE Healthcare) loadedwd.1M CoC}

Recombinant protein refolding:

Refold buffer |

4M urea, 50mM Tris-HCI, 0.5M NacCl, 20% glycerolnim
mercaptoethanol

Refold buffer Il

2M urea, 50mM TRIS, 0.5 M NaCl, 20% glycerol, 2mMmaptoethanol

Refold buffer Il

1M urea, 50mM TRIS, 0.5 M NacCl, 20% glycerol, 2mMmaptoethanol

Refold buffer IV

150mM Tris-HCI, 150mM NacCl, 10% glycerol

Western blot:

Blotting buffer

20% methanol, 25mM Tris-Base, 150mM glycin, 0.4%5SD

PBS tween solution

8 g/l NaCl, 0.2 g/l KHPQ, » 12H,0, 0.2 g/l KCI, 0.05% Tween 20

Secondary antibody

SWAR-PX, Swine-antirabbit-peroxidase 1:1000 (Skeama)

Developing solutions

0.1M T- Diaminobenzidine chlorid, 30%,8,

Blocking buffer

5% dry milk solution in PBS tween
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2.2 Methods

2.2.1 Tick tissue isolation

Females ofixodes ricinuswere fed for five days on guinea-piGgvia porcellus)at
24°C and atmospheric humidity about 95 %. Salivaryndsaand the gut were extracted from
six subjects and washed in a physiological buffdroéphate buffered saline, PBS). Washed
samples (gut and salivary gland) were separatelgepl into two microtubes. Samples for
RNA isolation were filled with 500 of TRI reagent (Invitrogen) and stored for a shone
on the ice. Samples further used for SDS PAGEimnaunodetection method were stored at

-80°C until use.

2.2.2 RNA Isolation
Gut and salivary gland tissues were homogenizelddamictrotubes filled with 5Q0

of TRI reagent (Invitrogen) by using plastic homoigator. To each tissue samples was
added 100l of chloroform ( 20@l chloroform per 1000l of TRI reagent). The microtubes
were shaked using vortex and consequently cenadfuigr 15 minutes at 12000 rpm at the
temperature of %. After the centrifugation the supernatant contgrRNA was transferred
into new 1.5 ml microtubes. Following purificatiah the RNA samples was provided using
TRI Reagent” protocol. Resultant RNAs qualities were measutedtephoreticaly on 1%
aragose gel in 1x TAE buffer. The concentration podty of the RNAs were determined

from the light spectra absorbance\at 260 nm.

2.2.3 Preparation of complementary DNA

The isolated RNA samples from the gut and saligdaynd tissues were diluted to the
final concentration of pug/ul. Following steps were provided via Transcriptagtd Fidelity
cDNA Synthesis Kit (Roch&") using an anchored-oligo(dE)primers.
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2.2.4 Amplification of the DNA

Chosen DNA sections were PCR-amplificated usingealing temperature of 50°C
and Tag DNA polymerase (Invitrogen) for 35 cycleémal PCR products were placed on the
1% agarose gel with EtBr and electrophoreticallpasated by U = 125V, t = 30 min.
Amplification was provided using gene-specific pemr® IFAM9-RT S and IrAM9-RT AS
(I. ricinus). As the template samples was used cDNA from agliwglands of female
l. ricinus. PCR products were isolated from 1% agarose geg udlAquick PCR Purification
Kit (250) (QlAgen).

2.2.5 DNA cloning and sequencing

PCR products were cloned by TOPO TA Cloning marjlraditrogen) into the pCR
2.1-TOPQ Plasmid vector with ampicilin resistance and whitee selection (Invitrogen)
were inserted by heat shock method° @245 s) into the TOP 10 Chemically CompetEnt
coli (Invitrogen) and kept on ice. To this bacterias@ension 250 of SOC medium was
added and cultivated at 230rpm/ 30 min.°@7 The bacteria culture was spread out on
LB/agar media with ampicilin (3@/ml), X-Gal (4Qug/ml) and kept overnight at 2.
Positive colonies were replanted into LB mediumhwaimpicilin (5ug/ml) and cultivated
overnight at 230rpm/ 3T. Plasmids from bacterial culture were purifisthg the High pure
Plasmid isolation Kit (Roche). Positive clones weomfirmed by restriction analysis with
EcoRI Fastdigest® restriction enzyme (Fermentas) ased for DNA sequencing in the
laboratory of genomics (Biologické centrum &R, v.v.i., Ceské Budjovice) using M13 S
and M13 AS primers.

2.2.6 Tissue profile of IrAM9 expression

For the differential expression location the RNAnfr ovaries, salivary glands and gut
tissue was isolated and use for preparation of temmgntary DNA using Transcriptor High
Fidelity cDNA Synthesis Kit (RocH¥). The extent of the expression was approved via
RT-PCR method using gene-specific primers IrAM9-Ra&nd IrAM9-RT AS K ricinus).
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2.2.7 Recombinant protein expression

For the protein expression the bacterial syskermoli (Champion™ pET Directional
TOPQ® Expression Kit, Invitrogen) was used. The constfoc recombinant protein with
6His-tag terminus expression was prepared usinglp&D-TOPJ (Invitrogen) and using
the PCR product with specific IrAM9pET100S and IrBMET100AS primers. As the
template, salivary gland cDNA frorh ricinus was used. The expression construct was
transformed into the TOP 10 Chemically Competentoli (Invitrogen) and sequenced using
T7 Sand T7 AS primers (Laboratory of genomics;l@iaké centrum AYR, v.v.i., Ceské
Budgjovice). The vectors containing the insert in rigktding frame were used for the
transformation into BL21 St8f (DE3) One Shét Chemically Competeri. colicells.

121 ATAGGCGCCA GCAACCGCAC CTGTGGCGCC GGTGATGCCG GCCACGATGC GTCCGGCGTA GAGGATCGAG ATCTCGATCC
T7 promoter/priming site
| T7 promoter ‘ lac operator
T

1 T 1
201 CGCGAAATTA ATACGACTCA CTATAGGGGA ATTGTGAGCG GATAACAATT CCCCTCTAGA AATAATTTTG TTTAACTTTA

RBS Nde | Polyhistidine region Nhe
| |

LD T 1
281 AGAAGGAGAT ATACAT ATG CGG GGT TCT CAT CAT CAT CAT CAT CAT GGT ATG GCT AGC ATG ACT GGT GGA
Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met Thr Gly Gly

Xpress™ epitope
\ 1
351 CAG CAA ATG GGT CGG GAT CTG TAC GAC GAT GAC GAT AAG GAT CAT CCC TT(oee
GGG AAG TGGH
Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp Lys Asp His Pro Phe T
| |

AAGGGC

EK recognition site

EK cleavage site T7 reverse priming site

r 1
411 GAGCTCAACG ATCCGGCTGC TAACAAAGCC CGAAAGGAAG CTGAGTTGGC TGCTGCCACC GCTGAGCAAT AACTAGCATA

Figure 3 : Scheme of expression vector pET100/DPC® (Invitrogen)

The transformed bacteria of BL21 StADE3) One Shé6t Chemically CompeteriE.
coli cells were added to 2pDof SOC medium and kept at %7 at 200 rpm for 30 minutes.
Accrued bacterial culture was added to 15 ml of tBdium with ampicilin (5ag/ml),
incubated at 200 rpm/ 90min/ %7 and transferred to 200ml of LB medium, 1 ml o th
bacterial culture was taken away (‘zero time samplethe check sample of bacterial
proteins). The IPTG solution was added into theutsmh with ODyo = 0.6 to final
concentration of 0.5mM, the expression proceedsiorhours. Every one in 90 minutes the
check sample (1ml) was taken from the solution stoded in the refrigerator af@. The
expression samples were centrifuged at 13000 rghhih/ £C and the pellets were re-
suspended in 0.5ml of homogenization buffer. Themas were frozen and de-frozen in
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liquid nitrogen for three times. The check of teeambinant protein expression was provided
by 2Qul of every sample (mixed withy8 of DTT and boiled for 5 minutes) via SDS-PAGE

electrophoresis (150V, 90 minutes). The rest ofltaeterial culture was centrifuged at 6000
rom/ 10min/ 4C and pellet stored at -20.

2.2.8 Recombinant protein isolation

The bacterial pellet was resolved in resuspensidgfet) sonificated on ice for 4x10 s
and centrifuged at 13000 rpm/ 10mifiC4 The pellet was dissolved in isolation buffer th
suspension was sonificated on ice at 3x30 s antliftegyed at 13 000 rpm/ 10 minf@. The
purification was repeated with isolation buffer atite final pellet was dissolved in
solubilization buffer at room temperature and dérded at 13000 rpm/ 20 min/f@. The
supernatant was filtrated using 0.22um membrater.fiThe course of the isolation procedure

was verified by SDS-PAGE electrophoresis.

2.2.9 The recombinant protein purification

The recombinant protein containing 6His-tag wasrifigd from dissolved
inclusion bodies on CGd chelating column. The purification procedure wasnitored
spectrophotometrically ak. = 280nm. The purification fractions as well as thest
‘flow-through’ fraction were verified by SDS-PAGEaglient gel electrophoresis.

2.2.10 Refolding

Chosen purification fractions were filled into disis tubing membranes (VISKING
Serva). The sample was dialyzed in 12h intervalsisigg refold buffers I — IV, which were
cooled down at %C. After a complete dialysis the concentration efambinant protein was
determined by the Bradford protein assay methagueaied into 1.5ml microtubes and stored
at -20C.

2.2.11 Rabbit immunoglobulin fraction

The polyclonal serum was obtained by repeated ramionunization (once in 10 days

for total 40 days) with 0.5ml of purified recombimgprotein with 0.5ml of adjuvant. The
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immunoglobulin fraction was prepared from 6 ml bétserum was mixed with 12 ml of
sodium acetate buffer, while stirring 18 xp2%f caprylic acid was added. After a complete
precipitation the sample was centrifuged at 5000/rpOmin /25C. Supernatant was filtrated
and dialyzed in 5mM N#iPO, solution for 1 hour. The concentration was measurg
Bradford protein assay method\at 595 nm.

2.2.12 Western blotting and immunodetection

For the SDS-PAGE separation the tissues fromks tiere homogenized and boiled at
100°C species in 5@0(guts) 150l (salivary glands and ovaries). kKThemolymph was diluted
20 x in reducing and non-reducing (without DTT)mgde buffer and boiled for 3 minutdstom
these samples libof expressed recombinant proteinull@f gut tissue homogenate, [20f
ovaries, 2Ql of salivary glands and 1% of reduced and non-reduced hemolymph was
applied on the gelThe PVDF (polyvinylidene fluoride) membrane (Miligy 45um) was
preincubated for 1 min. in 100% methanol solutiowl &ransferred into the blotting buffer

solution for 10 minutes.

The protein transfer was proceeding for 1.5hoastant current 250mA. After
complete blotting procedure, the membrane was Zhecin TBS solution, incubated for 1
hour in prepared primary antibody obtained frombralsera (1:50). The membrane was
washed 3x for 5 minutes in PBS solution and agacabated for 1 hour in swine-anti-rabbit
antibodies conjugated with horseradish peroxidds&€000). The result was after thorough
washing in PBS solution visualized by 0.1M Tris-H@H = 7.5) in presence of 0.6%
3,3 -diaminobenzidine and 100u1/100 ml of 30%k
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3 Results and Discussion

3.1 RNA Isolation and Preparation of complementary DNA

Total RNA was isolated from tissues of six parnjiatihgorged females. Single-strand
complementary DNA was synthetized from isolated RN#ing an anchored-oligo(d)
primers. The concentrations of the RNAs and DNAgewdetermined by light spectra

absorbance at= 260 nm.

tissue sample RNA pg/ml) ss cDNA g/ml)
dilution 1:10 (cDNA:dHO)
salivary glands 1128 1874.8
gut 679 1125.2
ovaries 723 1314.7

Tab. 1: Isolated RNA and synthetized c®Noncentrations.

3.2 Isolation of gene fragment for IrAM9

Amplification was provided by complementary DNA rincsalivary glands using gene-
specific primers IrAM9-RT S and IrAM9-RT AS. Ampliated PCR products were isolated
from 1% agarose gel using QIAquick PCR Purificati¢in (250) (QIAgen). The size of the
gene fragment is approximately 1040 bp. The expestee of thel. scapularisgenome

fragment which is closely related ftaricinus (>95%) was 498 bp. (BureSova et al., 2011).

Figure 4: PCR product with specific primers.
(IFAM9-RT-S and IrAM9-RT-AS)

M — DNA molecular weight marker ( bp)
IrAM9 — acquired gen for Iram%:(1040 bp)
(twice for better productelation)

IrAMO IrAMO

1500
1000
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3.3 PCR product cloning, transformation and sequencing

The amplicon product was cloned into the pCR 2.RT® Plasmid vector with
ampicilin selection (Invitrogen) and transformedoirthe TOP 10 Chemically Competent
cells (Invitrogen). From 12 accrued colonies thesplid DNA was isolated and the presence
of the insert was confirmed using PCR reactionfwitL3 S and M13 AS primers). Plasmids
with inserts were sequenced in the Laboratory afogecs (Biologické centrum AUR,

v.v.i.., Ceské Budjovice)

Figure 5: PCR insert verification. M — molecular vight marker, 1 — 12 colonies samples.
Samples 5, 9, 10 and 12 were selected and sequasrggM13 S and M13 AS primers.

3.4 Tissue profile of IrAM9 expression
The reverse transcription PCR profiling of ovarieslivary glands and gut tissue from
partially engorged females revealed that the messaig IrAM9 is expressed in salivary

glands and ovaries, but not in the gut.

Figure 6: Transcriptional profile of IrAM 9 by
RT-PCR analysismRNA of IrAM9 is present
only in ovaries and salivary glands.

M — molecular weight marker, G — gut,

SG - salivary glands, OV — ovaries

A similar expressional profile was reported also f&AM1 (BureSova, 2009). This
observation could indicate that the IrAM9 is seedeto saliva. This could predicate its
important role in the immune cascade. This phenameas very interesting for the future

study of mechanisms which occurs at the tick-hatstriace.
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3.5 Nucleotide sequence

BV T GT TGGT GATGT GGT GGGACCGGCCT TTCCAACCATGCCTGTCAATGOCACCAGCCTCTT]
BB T GT T GGT GAT GT GGT GGGACCGGCCT TTCCAACCAT GCCT GTCAAT GCCACCAGCCTCTT
BB\ T CCAAGCCCT TCTACT GT GGGGAACAGAACAT GT TCAGCT T TGCTGCCAACT TGTACAQ
BB T CCAAGCCCTTCTACT GT GGGGAACAGAACAT GTTCAGCT TTGCTGCCAACT TGTACAQ
BV XWA T TGT TGTACT TGCGGCT CACTAACCAACGT GACGT TTCCATCGAGAAGCAGGCCT TCAA
RV -IEPIWCT TG TGT ACT TGCGGCT CACTAACCAGCGT GACGT TTCCATCGAGAAGCAGGCCTTCAA
BV IEE: M GT ACCT AAACT TGGGATACCAAAGACAACT CAGT TACCAAAACGACGAT GGGAGCT TCAG
BRI CT ACCTAAACT TR T —

N\ Iy N T GT G TTCGGT GGCACAGCCAGCCAAGT GTCTGGT TAACATCCTTTTGCGCCCGEGTGT T

B R T

(Na\\Y I {0 il T CACAAGGCAACGT TTCAGGCT TCCCGCAACGT GT CTCTAACCGCGCACGT GCTCAT CACA

B R T

N\ I {SN B CT CGCCGAAGT TAGGGAT AT CCGAGGAGAAAT CGECT CAAGGECAGCCACGECCCAECAGT

| SAMD 196 - - - - - mmmmmmmmmmm o mmemmmee e mmee e

N\ I’ v Bl T CAGCT GCACGCT ACCT GGAGCGCAT GCTGCACGATATCGAGAAGT TGGAGGACCCCTAQ

Y R

RV I YW GAACT GGCCAT TGT GGOGT ATGOCCT CACCCT GGT CAACAGOGT GGAAAGGGGAGACCGA
| SAMD 196 - - - - - - mmmmmmmmmmm i mmem e mmee o mee e

BV IY S\ T T CAACCGACT GAGCGAGAAGT TGAGAGAGACAAGCGGCAT GAGGTACT GGTCTCGCAG
| SAMD 196 - ---mommmmmmmmmmmmmmmmm e

W\ IOkl CGACCT GCCGGCGCCTCCTGI CCTCATAGAGAACAACCGGCCCTACCT GTACCCGCGCCT
Y\ Bl ll CGACCT GCCGGCGCCTCCTGT CCTCATAGAGAACAACCGGOCCTACCT GTACCCGCGCCT]
W\ I H M GCCCT TCACGAACGACGCCT CCAACGT GGAGACCACATCCTACGGGCT GCTGGT GCACGT]
Y\ B2=Toll GOCCT T CACGAACGACGCCT CCAACGT GGAGACCACAT CCTACGGGCT GCTGGT GCACGT]
W\ I &5 Wl GGCT CGT CAAGCGGT CGT GCAGAABGAGAT T GT CGAGT GGCT CAACACACAGAGGCTCT(
Y\ YN M GGCT CGT CAAGCGGT CGT GCAGAAAGAGAT TGT CGAGT GGCT CAACACACAGAGGCTCTJ
W\ B &5 Wl CCANGGT GCCT GGGOGT CCACT CAGGACACCCT GATGGCGATGCAGGCACT GACCGAGT Tl
Y\ I Yool GCA®GGT GCCT GGGOGT CCACT CAGGACACCCT GAT GGCGAT GCAGGCACT GACCGAGT T
WY YW T T CGGT GCAAT 8 CGCTCGAGGGATGTGACGGATATTACH

YNV I Y{ol T TCGGT GCAAT QJCGCT CGAGGGAT GTGACGGATATTACG

Figure 7: Nucleotide sequence comparison of two magobulin complement related

proteins.Partially sequence of new identified IrAM9 fronmi¢inus and known ISAM9 from I.
scapularis (GenBank XM_00240261).

The similarity of macroglobulin complement relatpdotein fromI. ricinus and
|. scapularisis apparent. However, the middle region of ISAM& |. scapularisis missing.

This could be caused by missing exon in the nudedequence fdr scapularis

IsAM9 S missini exon ISAM9 AS

IrAM9

Figure 8: Scheme of known sequence of IrAM9 andAlgl9 with the missing exon.
S — sense primer, AS — antisense primer.
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3.6 Expression of recombinant protein — the pilot expresion

The PCR construct for protein expression was pegparsing PCR product with
specific primers IrAM9pET100S and IrAM9pET100AS (¢B from salivary glands of
Ixodes ricinuswas used as a templat@he PCR construct was cloned into pET100/D-
TOPC expression vector (Invitrogen) and transformeo Bt 21 Staf (DE3) One Shét
Chemically Competent cells (Invitrogen). Expressodnmecombinant protein was undertaken
in 200 ml bacterial culture by induction with 0.5migbpropyl#-D-thiogalactopyranoside
(IPTG) according to the ChampiBh pET Expression System protocol (Invitrogen). The
progres of the induction was evaluated by SDS-PAgBetrophoresis. The most suitable
expression period was reached after 4.5h with IR@dtion. On the other hand, after 6 hours
of cultivation without IPTG addition only reducecheount of expressed protein was formed.

at gcggggt t ct cat cat cat cat cat cat ggt at ggct agcat gact ggt ggacagcaa
MRGSHUHHUHHHGMASMTG GGG QO

at gggt cgggat ct gt acgacgat gacgat aaggat cat cccttcaccttttgcgcccgg
M GR DL Y D DD DI KDHWZPFTUFCA AR

gt gttt cacaaggcaacgttt caggagt gggagcacttt ct gt at at agat cccaccat c

vV F HK ATF QEWEMHUFL Y I DP T I
at ccagaaggccat agggt ggct act agaccgccaat ct cccgaaggct cgttt cacgaa
I Q K A I G WL L DRQSUPEGSF HE

acatcctttttcgcct at gaccgcaagat gt ct gctt cgt cggagaat cccgat gat ccg
T S FFAY DR RIKMSASSENWPDDP
gt gcgctt ccgcaacgt gt ct ct aaccgcgcacgt gect cat cacact ggccgaagt t agg
V R FRNV SLTAMHWVLI T L A E VR
gat at ccgaggagaaat cggct caagggcagccacggcccgcaggt cagct gcacgct ac
DI R GEI G SRAATARRSAARY
ct ggagcgcat gct gcacgat at cgagaagt t ggaggaccct t acgaact ggccattgtg
L ERML HDI E KL EDWPY EL A1 V
gcgt at gccct caccct ggt caacagcgt ggaaggggagaccgcat t caaccgact gage
A Y AL TL VNSV EGETAIFNIRIL S
gagaagt t gagagagacaagcggcat gaggt act ggt ct cgcagcgacct gccggcgcect
E K L RETSGMRYWSRSDULP AP
cct gt cct cat agagaacaaccggccct acct gt acccgecgcect gccctt cacgaacgac
P Vv LI E NNIRWPY L Y P RL P F T ND
gcct ccaacgt ggagaccacat cct acgggct gect ggt gcacat ggcet cgt caageggt ¢
A S NV ETTSY GLL VHMARIOQAYV
gt gcagaaggagat t gt cgagt ggct caacacacagaggct ct cgcat ggt gcct gggeg
vV Q K EI V E WL NT QRUL S HGAWA
t ccact caggacaccct gat ggcgat gcagt aa

S TQDTLMAMDOQ -

Figure 9: Nucleotide sequence and its translatiom AA sequence with predicted molecular
weight of 31 kDa.Grey — 6His-Tag, bold and italic — part of the pB0ID-TOPC
expression vector.
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Figure 10: SDS-PAGE of the pilot
expression induced with 0.5mM IPTG
(incubation times at 200 rpm/ %2)

1 - 0 h from the expression beginning,
2 - 1.5 h from the expression beginning,
3 - 3.0 h from the expression beginning,
4 - 4.5 h from the expression beginning,
5 - 6.0 h from the expression beginning,
6 - 6.0 h from the expression beginning
without IPTG addition, M — marker
(kDa)

3.7 Recombinant protein isolation and purification

3.7.1 Fraction isolation

The bacterial cells were disrupted by sonificatioethod and centrifuged. Supernatants and
the sediments (soluble and nonsoluble protein itas} were separated and examined by
SDS-PAGE electrophoresis. The figure 11 shows, ttatrecombinant protein was mainly
present in inclusion bodies. Molecular weight gAM9 with 6His-tag is 31,35 kDa (protein

calculator).

Figure 11 : SDS-PAGE of isolation fractions.

04 Excessively expressed IrAM9 in inclusion bodies.

67 M — marker (values in kDa). C1 — cytoplasmatic

proteins, M2a and M2b — membrane proteins,

i IB — inclusion bodies.
43

30

20.1 = o
14.4,
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3.7.2 Chelate column chromatography
Dissolved inclusion bodies were purified by chelebeomatography making use the
affinity of 6His-tag to C&" ion. The presence of IrAM9 eluate fraction wasedtsd

spectrophotometrically and resulting fractions wezgfied by SDS-PAGE (see Figure 12).

100 426r eclrAMBFetrD01:10° LAV 428 1Pt one — —— 1004PBredrANBPER001:10 Fragtions —— — 100428rsck AMMSFelI01:10 njsct
— T 1004%5recirAMMSPetn001:10 L onbook
mAL
1500
1000
500
- a 2 //._\
0 1 )IL : Wasie ] Al ‘ A | &2 | Al | AR | A8 | AT | BB | A2 |2‘|3|A1| |ﬂ.12 |3‘-E |E“- || HESS
100 200 300 40.0 00 e mi

Figure 12: Chromatogram

(top) and SDS-page (bottom) of

M X1 IB A4 A5 A6 A7 A8 A9 A10 the purification. M — marker
(kDA), X1 - flow through,

94 IB — inclusion bodies, A4-A10 —

e
67 |- L eluate recombinant protein
— ' IrAM9 (~ 31 kDA)
43 | e
'—L—_W\
"
20.1

144 |
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3.8 Detection and analysis of IrAM9

Separated tissue protein samples were electroptelhet transferred on PVDF
membrane and stained with Coomassie Brilliant Bkigure 13). Second PVDF membrane
was used for immunodetection of IrAM9. The immuneddon was performed using
prepared primary antibody (dilution 1:50) obtairfeoin rabbits sera and swine-anti-rabbit
antibodies conjugated with horseradish peroxidadiution 1:1000). The result was

visualized diamobenzidine as a substrate.

M H-R G SG OV IR OV SG G H—E’{/K—NR_

Figure 13: Tick tissue proteins on PVDF membraneastied by CBB (left). Detection and
analysis of IrAM9 in tick plasma by immunoblotting(right). M — marker (kDA),
IR — recombinant protein IrAM9, OV — ovarie, SGalivary glands, G — gut,H-R — reduced
hemolymph IR — recombinant protein IrAM9, H-NR -aneodluced hemolymph.The arrow
points the position of IrAM9 bands.

IrAM9 was likely detected as a high molecular weigand in the hemolymph under
reducing conditions. The range of the marker (Sggire 13) does not allow the precise
determination of the molecular weight of IrAM9. d&lwotal expected molecular weight of
IrAM9 is about 170 kDa without glycosylation. Wetiesate the size of detected band to be of
about 200 kDa. Under nonreducing conditions theemmocould not be detected indicating
that it possibly forms disulfide-bond linked dimes is the case of many,M molecules
(Armstrong, 2006). Regarding to the recent paf@uwesSova et al, 2011) and Figure 1, the
structure of IrAM9 belonging to the MCR-like (magtobulin complement related) protein
group is not yet fully known. For the future invgstion of exact molecular weight of the
protein a native gel should be used. The ultima&tefigation that the 200 kDa band really

belongs to the IrAM9 has to await a successful RiMArference experiment.
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4 Conclusion

Using primers derived from ISAM9 frorh scapularis the partial sequence of IrAM9
from |. ricinus was obtained. The similarity of macroglobulin cdement related protein
from I. ricinus and|l. scapulariswas apparent. However, the ISAM9 frdmscapularishas
missing exon in the nucleotide sequence. The reveamscription PCR profiling of ovaries,
salivary glands and gut tissue revealed that thesage for IrAM9 is expressed in salivary
glands and ovaries, but not in the gut. The recaoartti protein IrAM9 froml. ricinus was
successfully expressed ki coli expression system. The native IrAM9 was likelyedétd by
immunoblotting as a high molecular weight band e themolymph under reducing
conditions. Under nonreducing conditions the promuld not be detected indicating that it

possibly forms disulfide-bond linked dimers ashie tase of many.M molecules.
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