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Goals

The main goal of my work was to overexpress andldefiodes ricinussalivary proteins.
This includes optimizing the overexpressionBscherichia coli expression in a big scale,
isolation of proteins from bacteria, refolding opization and a big scale refolding.

The next task was to test some of the purifiedgingtas a vaccine against ticks.

The final part of my experiments was devoted in ftaniliarization with various
immunological methods by testing the overexpreggeteins in various cellular assays and

animal models of vertebrate host immunomodulation.
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List of used abbreviations:

BCA Bicinchoninic acid

BSA Bovine Serum Albumin
CystA Cysteine protease inhibitor A
CystB Cysteine protease inhibitor B
DTT Dithiotreitol

FBS Fetal Bovine Serum

GFP Green Fluorescent Protein
GSH Reduced glutathione

GSSG Oxidized glutathione

IB Inclusion bodies

IFNy Interferony

LPS Lipopolysaccharide

MW Molecular weight

OPD o-Phenylenediamine dihydrochloride
OVA Ovalbumin

PBS Phosphate buffer saline
PEG Polyethyleneglycol

PMA Phorbol Myristate Acetate
RT Room temperature

SerA Serine protease inhibitor A
SerB Serine protease inhibitor B
SerC Serine protease inhibitor C
TBS Trisma base - salt

TNF Tumor Necrosis Factor




1. Introduction

1.1. Ticks,Ixodesricinus

1.1.1. Characterization, life cycle
Ticks are blood-sucking ectoparasites of mammatdsior even reptiles. While soft ticks
feed only for several hours, hard ticks are usualtgched to their hosts for several days or
even weeks (Bruscaa al, 2003).
The tick Ixodes ricinusbelongs to the ordelxodida family Ixodidae classArachnida,
phylum Arthropoda. The family Ixodidae is also known as “hard ticks” because of a
sclerotized shield covering the entire dorsum. ésdcinus is a European tick found also in
the neighboring parts of Africa and the Middle E@dshdgrenet al, 2000). Its habitats are
woodlands, and other relatively humid areas wheredry summers or very cold winters
occur.
l.ricinus has a three stage life cycle where each of tlgestaeeds a specific host to feed on.
Six-legged larvae hatch from eggs and seek for Isnamall rodents. After a blood meal the
larvae transform into nymphs. The eight-legged nysnfeed on mid-sized mammals, engorge
for 3-5 days and they molt after they drop off. Tasulting adult ticks (8 legs) attach to their
hosts during the next year. Adult females feed iggdyr mammals like deer, cattle or dogs for
7-10 days. Adult males do not suck blood, but thag also be found on hosts trying to
copulate with females. After successful feeding tantlization by the males, the females lay
between 500 and 2000 eggs. New larvae hatch dilategspring or fall and usually start
feeding during the following period (Capinexgal, 2008).

1.1.2. Feeding
Sincel. ricinus feeds strictly on blood, it must be able to precesarge amount of blood in a
relatively short time-period. Females increasertis@e up to 200 times (Capinertal,
2008). A feeding starts with a slow phase wherengba in tick physiology occur. The growth
of cuticle follows in order to ensure enough splacghe engorgement during the fast second
phase of tick feeding when ticks suck a big amaidrilood. There is a significant difference
in the protein composition in saliva between thiege phases. Ticks alternate between blood
sucking and saliva release in 5-20min cycles. Whten the blood is pumped through the
haemocoel back to saliva. Blood digestion takeseplm the midgut, in the intracellular
environment of the lumen of the midgut epithelialls (Bowmaret al, 2004; Waladdet al,
1979).



1.1.3. Disease vector
Ticks serve as the vectors for the transmissiompbrtant and dangerous diseases. Viruses
and bacteria belong among the most common tickebpathogens, but fungi, protozoans or
helminthes can also be transmitted (Melhetrial, 2008). The two major diseases transmitted
by I. ricinus in central Europe are the Lyme disease and tickdencephalitis (TBE). TBE
is caused by the tick-borne encephalitis virus bByihe disease by spirochetes belonging to
the Borrelia burgdorferi sensu latcomplex in Europe anBorrelia burgdorferi sensu strictim
the USA(Hoviuset al, 2007).

1.1.4. Tick saliva secretion and its role in tick feeding
It is important for a tick that blood is continuduslelivered to the hypostome despite the
injury caused to the host skin by the tick bite. nidstasis triggers coagulation,
vasoconstriction and also the platelet aggregatirthe first host defenses to the caused
injury by the tick mouthparts. These host physiadagprocesses occur almost immediately
after the injury. The vertebrate immune system @lgg respond to the intrusion of the tick
mouthparts in the feeding site. Both cellular anonbral responses take place. The early
response includes the complement reactions aativiayean antigen/antibody complex. The
infiltration of leukocytes occurs several houreathe injury (Francischetgt al, 2009).
As an adaptation to blood feeding, ticks evolvexbaplex mixture of salivary components to
minimize their host’s response. These salivary amumpds suppress innate and adaptive
immune responses at the feeding site that they caage pain and itching or disrupt blood
flow. They also help to overcome their host's dedésnagainst blood loss (hemostasis,
Chmelaret al, 2012). As a result the saliva of ticks contaargi-clotting, anti-platelet,
vasodilatory, anti-inflammatory and immunomodulgtcomponents (Hovius, 2009; Ribeiro
et al, 2002, Chmelaet al., 2011). Proteins in the tick saliva inhibit compkm (Ribeiro,
1987a), histamine binding (Mans, 2005), leukocyection and proliferation (Ramachandra
and Wikel, 1992), cytokine production (Kotsyfalds al, 2006) and natural killer (Kopecky
and Kuthejlova, 1998) or dendritic cell functiond¥duset al, 2008).
The effect of tick saliva on vertebrate innate inm@uesponse is shown in figure 1.



Figure 1: The effect of tick saliva on different immune nagisms in skin. Proteins (or their
group) causing the effect are noted in grey colorhibition of several mediators is
represented by an arrow. SGE = salivary gland esttrdMP = antimicrobial peptide; IFN
=interferon y; IL = interleukin; NO = nitric oxide; TNF = tumonecrosis factor. The picture
was adapted from Hovius 2009.
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1.2. Ticks and vertebrate immunity

Ticks have to fight against vertebrate innate imityuturing every infestation and in the case
of secondary or subsequent infestations also dgesntebrate adaptive immunity. Ticks face

the immune response even before sucking blood midwghparts cause a wound in the host’s
skin. Resident leukocytes as well as mast cellsdidkc cells, eosinophils, macrophages or
keratinocytes are in the contact with the salivdhgwostome immediately. Chemokines are
released by these vertebrate cells in order taiteseutrophils and other inflammatory cells

in the area of tick infestation. Adaptive respoigeT or B cells can be activated during

subsequent infestations by other ticks. The ani@sodgainst tick saliva or mouthparts can
activate complement or sensitize mast cells andgd¥als. The strength of this host immune

response and the effect on the tick physiology dema the species either of a host or a tick,
on host’s health and its genotype (Francisclegtal, 2009)
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1.2.1. Macrophages and monocytes
Most resident macrophages have their origin froootl marrow-derived monocytes. They
can be found in many organs, including epidermisctviis the most important one when
dealing with ticks. Additional monocytes are retedias an inflammatory response in the tick
infestation site (Tayloet al., 2005). These cells have a different phenotype thamesident
macrophages. They can differ in cytokine produgctierpression of receptors or in their
overall function as effector cells. The amount @cnophages and monocytes is increased in
the tick feeding cavity but not in the surrounditigsues. Macrophages act as antigen
presenting cells as well as cytokine and chemoginducers (Mantovarat al, 2004).

1.2.2. Mast cells
Mast cells are spread in the whole body; they agsgnt especially under epithelial surfaces,
such as skin. They have granules which contain retyaof different mediators like
vasoactive compounds, serine proteases or cytokifts activation, the mast cells are also
able to produce new mediators to recruit more imffeatory cells (Metcalfet al, 1997). The
number of mast cells increases after secondarylosegjuent tick infestations, but it is not
increased after the primary tick infestation. Atb®@ number of degranulated mast cells is
significantly higher after repeated tick infestatiGteeveet al.,1991; Gill, 1986).
The immunological importance of mast cells agaiitsts is however still unclear. Mast cell
deficient mice developed some resistance agdiesmacentor variabillisafter repeated
exposures, just like the wild type mice (Steegesl., 1991). On the other hand mast cell
deficient mice did not create any resistancélé@maphysalis longicornig hey regained the
tick resistance after mast cell injection (Matsetlal,, 1985; 1987).
While the immunological importance of mast cellstidl unclear, they for sure play a role in
causing the itching feeling by releasing histamifikerefore tick saliva contains histamine
binding proteins to counteract this effect (Paestea., 1999).

1.2.3. Dendritic cells
Dendritic cells initiate the host adaptive immunity presenting the pathogenic antigens. We
can find two states of dendritic cells — the immnatéorm in skin or mucosa and the mature
form in the lymphoid tissues. There is a specidlizkendritic cell type in skin called
Langerhans cells. The immature form has primaniyaatigen uptake function. The mature
dendritic cells effectively stimulate T cells baey have only a small phagocytic activity.



Several studies have proven that tick saliva ictsravith dendritic cells. Langerhans cells
incubated with tick salivain vitro stimulated T cells proliferation (Nithiuthaet al.,
1985).Another study has shown a decrease in dendeils population at the tick feeding site
which suggests that the cells move to the lymphesdd activate T cells. Tick saliva has
several effects on dendritic cells; it inhibits ithenaturation or reduces the amount of
receptors on the surface of cells as well as tédd surface (Sa-Nunes al., 2007; Oliveira
et al.,2008; Sa-Nunest al.,2009).

1.2.4. Granulocytes
Granulocytes are bone marrow derived cells witimgles in their cytoplasm. Their nucleus is
often partially divided into three segments andsitgpe is polymorphic. The granulocyte
group consists of three major cell types — neutitsphasophils and eosinophils. All of them
are involved in the immune response to pathogers/@Set al. 1998).

1.2.4.1. Neutrophils
Neutrophils are phagocytic cells of the innate immgystem. They are highly motile with a
relatively short lifetime. Their importance is iet early stages of vertebrate defense.
Neutrophils phagocytose pathogenic microorganisnas moduce cytokines to recruit other
leukocytes during the early phases of inflammati@sponse (Scapinet al, 2000).
Neutrophils are most abundant during the primafgsitation, but not in the next infestations
(Gill et al, 1985). It is not known whether the absence oftno@iils would affect the
resistance to ticks. Tick saliva (fronscapularig inhibits the granule release and neutrophil
infiltration. It also has an inhibitory effect ohe phagocytosis dB.burgdorferi(Ribeiro et
al., 1990). Neutrophils are not attracted by saliglitbut by the cleavage of C5 and the
release of a chemotactic factor upon the encowftigzk saliva (Berenbergt al, 1992).

1.2.4.2. Basophils
Basophils were characterized as a prevailing gpk tn a tick feeding site and as important
factors in tick rejection. They are an IgE-activhtgotype of cells circulating throughout the
body. After migration to the wounded tissues thsolphils degranulate and they release
mediators to reject atick during a reaction whish known as cutaneous basophil
hypersensitivity (Browret al., 1993). Ticks at the feeding site are then Kkillgdabstrong

histamine release.



Guinea pigs are able to develop a protection agécis already after the first infestation.
The resistance can also be transferred from an mmzed animal to a naive one by

serum/antibodies transfusion (Brossatdl, 1997).

1.2.4.3. Eosinophils
Eosinophils are present mainly at the body surfélcasinteract with the outer environment.
Their level in blood is quite low, especially wherere is no allergic reaction or parasitic
infection. Eosinophils produce cytokines, chemogiaad other mediators; some of them (e.g.
indoleamine 2,3deoxygenase IDO) inhibit Thl lympftecpopulation (Odemuyiwat al.,
2004).Eosinophils are also rich in cytotoxic grasubr they produce inflammation mediators
and tissue repair molecules.
Repeated exposure to ticks leads to elevated leed®sinophils in the feeding site among
many animal species — including guinea pigs, cattdgs, mice (Francischeti al, 2009).

1.3. Host-tick-pathogen interaction
The inhibition of host innate immunity is essentiak only for tick feeding but also for the
pathogen transmission by tick bites. Therefore sga#hogens transmitted by ticks take
advantage of this lack of appropriate host immuasponse in the presence of tick saliva to
increase their infectivity. Tick saliva suppresshe production of antimicrobial peptides
which play a role in the defense agaiBstrrelia (Marchalet al., 2009). Saliva also inhibits
the migration of leukocytes towards the feeding sithich helps tick-borne pathogens to
survive and spread to the body (Hovius, 2009).
Salp15 is one of the tick salivary proteins thdibits CD4+ T cells signaling and activation
and it protects serum-sensitiBerrelia spirochetes against complement (Sclatipl, 2008).

1.4. Cysteine protease inhibitors in tick saliva
Cysteine proteases are protein-cleaving enzymeslhiaae a catalytic mechanism involving a
cysteine residue in their catalytic site.
Cystatins are a big family or cysteine proteasabitdrs acting mainly against papain and
legumain protease families. They share a commdiangstructure with an-helix placed on
an anti-parallep-sheet. Cystatins are found in many different oisyas such as vertebrates,
invertebrates, plants or protozoa (Vetyal, 2002).
Among the other functions, tick cysteine proteadabitors, like Sialostatin L, have been
demonstrated to have a strong immuno-modulatonyigc({Kotsyfakis et al., 2006). Their
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role involves the modification of antigen preseiotat neutrophil chemotaxis during
inflammation or apoptosis. As proteolysis regulafothey are associated with cell
homeostasis and some pathological conditions (Reddgl., 1995). Tick cystatins show
relatively small homology to all described cystatinom other species, just approximately
30-40% amino acid identity. Most of the studiedteyse protease inhibitors in ticks are
secreted type-2cystatins with a molecular weigingireg between 13-15kDa. Currently 16
type-2cystatins of tick origin are described in therature; the function of nine of them is
also biochemically characterized (Schwetal.,2012).

In this study, two novell.ricinuscysteine protease inhibitors were produced and
characterized. They are named as Cysteine protaabaor A and B (CystA, CystB) in this
thesis to avoid a public disclosure of their named functions. Both were tested at the
biochemical level, showing a great specificity tathepsins L, S and B (not part of this
thesis). We also tested them as anti-tick vaccamas CystB as an inhibitor dBorrelia
proliferationin vitro as well asn vivo. We further show the effect of CystB and Sialdstht

on inflammation and on the cells of the immune eyst

1.5. Serine protease inhibitors in tick saliva
Serine proteases, like all the other proteasesvel@eptide bonds in proteins. Serine is
involved in that process as the nucleophilic ana@om at the catalytic site of serine proteases.
They play role in many physiological processes likenune response, blood coagulation
cascade, fibrinolysis and food digestion in a widariety of organisms, including
hematophagous arthropods.
Since serine proteases are important for verteln@te homeostasis, they are a good target to
be inhibited by tick saliva. Serpins, a large sabslof serine protease inhibitors block or
reduce the activity of serine proteases. Serpiasesh 40kDa domain at the primary but also
tertiary structure. This domain suggests that tbéeaular weight of serpins is at least 40kDa
which differentiates them from other serine proteashibitors. Similar to the regulation of
other serine proteases, serpins have also regulatoperties for complement activation,
blood coagulation, inflammation or fibrinolysis. (Mnga, 2001; Imamuret al.,2004)
Two l.ricinus salivary serine protease inhibitors were produbatihg the experimental work
of this thesis. They are named as Serine proteadator A and C (SerA, SerC) in this thesis
to avoid a public disclosure of their names andctioms. Both proteins were tested at the
biochemical level, showing specificity to plasmBef(A) and elastase (SerC). These data are

not part of this thesis. The influence on inflamimatand on the cells of the immune system
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of another serine protease inhibitor (SerB) frbgsecapulariswas tested in the experimental
work of this thesis.

1.6. Vaccines
Efforts have been made to minimize the impactakstion public health and the agriculture.
Mainly acaricides (pesticides) are used to kilksidoecause of their price and availability.
Their disadvantage is the contamination of envireninand also the development of
resistance in ticks. Therefore, other tick contapproaches need to be considered and
developed.
Vaccination against ticks may be an alternativés # process of introducing an antigen to an
organism to stimulate the immune system to adafite@antigen and develop antibodies. It is
widely used against infectious diseases (Mulestgal, 2000) but still not very often against
ectoparasites like ticks.
A vaccine againsBoophilus microplugWilladsenet al., 1995) was the first practically and
commercially working vaccine against ticks. Howewarccines against many other tick
species still need to be developed.
Tick antigens suitable for vaccines are categoretter as concealed or exposed.

1.6.1. Concealed antigens
Blood sucking parasites will ingest antibodies dgrblood feeding that may be targeted
against their own antigens; e.g. against the miggotieins. Such antibodies would damage or
kill the tick tissues. Immunity gained in this wdges not change the feeding environment of
the tick and thus may not prevent from diseasestrégsion (Mulengat al, 2000). The first
commercial vaccine againBtmicroplus(Willadsenet al., 1995) is also based on a concealed

antigen.

1.6.2. Exposed antigens
Exposed antigens are those which are injectecetbidist during tick feeding; these are mainly
tick salivary constituents. Tick salivary gland raxts (SGE) were first used as a source of
antigens for vaccination. The induction of proteetimmunity by SGE was problematic and
not very successful which lead to testing singlevaigy proteins. Exposed antigens may have
lower antigenicity because they evolved under thst immunity pressure (Mulengs al,
2000).



Salivary proteins regulate tick feeding site argbgbathogen transmission (Ribeiro, 1987b).
This suggests that the immunity against crucialaal proteins will prevent tick attachment
and feeding as well as disease transmission. Gituglies have shown an inhibition in
Borrelia infection at animals with high anti-tick salivatéody titers. These findings imply
that tick saliva supports pathogen transmissionesmtablishment of infection in the vertebrate
host (Wikelet al, 1980, 1997).

Here we test two salivary cysteine protease inhiibifrom the tickxodes ricinusas antigens
for a potential vaccine against ticks. The goabisevelop a vaccine that would prevent ticks
from feeding on a host and thus a protection fraktborne pathogens will be achieved- in
other words a transmission blocking vaccine. Wedugeinea pigs as the vaccinated
experimental animals and after reaching a sufficiger of antibodies by repeated injections
of the vaccination antigen, the guinea pigs wemgoegd to ticks for two times. We analyzed
the mass of engorged ticks, the time necessaryomplete feeding, the amount of eggs
produced by the fed ticks and the molting efficiefrom the eggs (production of larvae).

The shortcut GP is used for a guinea pig in thit te

1.7. Protein refolding
The most efficient way (amount-wise) to produceorebinant proteins is the expression in
the form of inclusion bodies in bacteria. Refoldofggthese proteins from the inclusion bodies
to an active state is a challenge of the specifterexpression system. Solubilization and
unfolding of a recombinant protein from the inctusbodies usually requires chaotropes like
urea or guanidine hydrochloride. Reducing agerkts dithiotreitol (DTT) or glutathione
redox system (GSH/GSSG) reduce the disulfide bdoed®een cysteines in the process of
protein unfolding. Protein is then refolded by remoof the chaotrope by dialysis or rapid
dilution in a refolding buffer (Rudolpét al. 1996; Birdet al.,2004).
Aggregation leads in many cases to decreased yidlaefolded protein. While relatively
simple proteins (that lack cysteine residues) afelded quite easily, more complex proteins
with disulfide bonds tend to misfold or aggreg#ggregation, as an intermolecular process,
is highly dependent on protein concentration. Thst hefolding yields can be expected at
protein concentration of 10-50pg/ml. Such a low t@ro concentration would require
excessive volumes of refolding buffer which woulel foo expensive and time demanding.
The goal is refolding at a high protein concentmratwith a high yield Rudolphet al. 1996;
Heveharet al.,1997).



The early stages of the folding pathway are thetnsessitive to aggregation. Folding
intermediates with exposed hydrophobic regionsbaleeved to play the major role in this
process. These intermediates have a secondaryusgwsmilar to the native conformation,
but they never reach the native-like tertiary dinee. As a result, the exposed hydrophobic
parts of single molecules interact with each othed cause the aggregation in protein
multimers (Yamaguchi 2013).

Figure 2: Schematic representation of the refolding and aggtion processes. 1 and 2 show
the correct pathway to native protein. 3 and 4 ameversible steps towards protein
aggregation. The figure was adapted from Rudolpl.€1996.

unfolded intermediate na

3 @

aggregate

One of the approaches to avoid aggregation isdieiglat low temperature with enough time
to form the intermediates. After this step, the gemature increases rapidly to initiate
refolding of the intermediates to an active stataother solution is a slow addition of

denatured protein to the refolding buffer. The @mication of aggregates is low during the
whole process because when new aggregates aredfapas addition of more protein, the

other ones change conformation to the final nagte¢e (equilibrium shift).

The composition of the refolding buffer plays atsoimportant role in protein folding. There

is unfortunately no general rule for the refoldimgffer composition; each protein is unique
and the optimal refolding buffers often differ & leven between closely related proteins.

Physical parameters of the buffer such as pH, tese or ionic strength have a great effect
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on the folding process. Changing the compositiovdayous additives is a simple strategy to
further increase the final yields of native protélihe additives may either stabilize the native
state or, more often, destabilize incorrectly falawolecules by favoring the intermediates or
an unfolded state of the protein. Generally theyndbaffect much the folding rate but they
inhibit the aggregation process (Rudogdtal. 1996).

A variety of additives is now known and used fopnaving the protein refolding efficiency.
Chaotropic agents like arginine often significantigrease the folding efficiency by slowing
down the aggregation process. Guanidine or urem@denaturing concentrations have the
same effect. Other types of additives may be gBI&CI, KCI, CaCJ}, ammonium sulphate),
sugars (glucose, sucrose, glycerol), detergente€hwTriton X-100, SDS, Chaps) and other
chemicals like EDTA or cyclohexanol (Biet al.,2004).

The major part of this thesis was the optimizatoinh native protein production in a
prokaryotic system of overexpression in both smeedlle and large scale (more than 10 mgrs
of pure protein produced). Two produdeddes ricinussalivary cysteine protease inhibitors
were tested as antigens for an anti-tick vaccingeeldement. The role of cysteine protease
inhibitor B on Borrelia burgdorferi transmission and proliferation was also analyZgie
effects of this protein and other proteins on Jadte immunity were also investigated during
my 20 days stay in the Technical University of Dies in the laboratory for Vascular
Inflammation, Diabetes and Kidney; Department ¢éfnal Medicine 11, University Hospital
Carl Gustav Carus at the Technische Universitatsiee (Laboratory Head Professor
Triantafyllos Chavakis, Local supervisor Jimth Chmel& PhD.).

11



2. Materials and Methods

2.1. List of used chemicals and materials

The complete list of all chemicals and other corsbles is shown in table 1. The list is
alphabetically ordered according to the name otthesumable. The producer is listed next to

each consumable.

Table 1: List of used consumables, each with the correspgntbmpany

Consumable Company
Acetic acid Lach-Ner
Amicon Ultra-15 Centrifugal Filter Units Millipore
Ampicillin Sigma
Bovine Serum Albumin (BSA) Sigma
BSK-H medium with 6% rabbit serum Sigma
Calcium chloride (CaG) Lach-Ner
CAPS Sigma
Cd11b antibodies BD Pharmingen
Chloramphenicol Sigma
Chloroform Sigma
Citric acid Lach-Ner
Complete Freund’s Adjuvant (CFA) Sigma
Coomassie Brilliant Blue Merck
Disodium phosphate (NEPOy) Lach-Ner
Dithiotreitol (DTT) Sigma
E.coliBL21 Star™ (DE3)pLysS Invitrogen
Enhanced Green Fluorescent Protein (EGFP) BioVision
Ethanol Sigma
Ethylenediaminetetraacetic acid (EDTA) Sigma
Fast Universal master Mix ROX Roche
Fetal Bovine Serum (FBS) Sigma

Fc block solution

BD Pharmingen

FLAGELLIN primers and probe 69bp

Generi Biotech

F4/80 antibodies

BD Pharmingen

Guanidine Sigma
Halothane Sigma
HISTOPAQUE-1077 Sigma
Hydrochloric acid (HCI) Lach-Ner
Incomplete Freund’s Adjuvant (IFA) Sigma
iIScript Bio-Rad
iIScript reaction mix Bio-Rad
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Isopropanol Sigma
Isopropyl thioglalactoside (IPTG) Invitrogen
L-Arginine Sigma

LB BROTH, MILLER (LURIA-BERTANI) Amresco
Lipopolysaccharide (LPS) Sigma

Ly-6C antibodies

BD Pharmingen

Ly-6G antibodies

BD Pharmingen

Magnesium chloride (MgG) Lach-Ner
Methanol Lach-Ner
Mineral oil Sigma
Monopotassium phosphate (KPOy) Lach-Ner
MOPS Sigma
Narkamon Spofa
NucleoSpin® Tissue kit Machery-Nagel
NuPAGE precast 4-12% gradient polyacrylamide gels Invitrogen
NupaGE reducing agent Invitrogen
NuPAGE running buffer Invitrogen
NuPAGE sample buffer Invitrogen
NuPAGE See Blue® Plus2 molecular weight marker tiogen
0-Phenylenediamine dihydrochloride (OPD) Sigma
Ovalbumin (OVA) Sigma

PCR water Top-Bio
PenStrep Invitrogen
Percoll GE Healthcare
Phorbol Myristate Acetate (PMA) Sigma
Pierce® BCA Protein Assay Kit — Reducing Agent Caiple | Thermo Scientific
Potassium chloride (KCI) Lach-Ner
Prep/Scale Spiral Wound TFF-6 Module PLBC filter lIidore

ProteoStat® Protein aggregation assay Kkit

Enzd® &ciences

Red Blood Cells lysis Solution (RBC lysis solution)

Gibco

Rometar Spofa
RPMI 1620 medium Gibco
Sodium acetate (NaAc) Lach-Ner
Sodium carbonate (N@Os) Lach-Ner
Sodium chloride (NaCl) Lach-Ner
Sodium hydrogencarbonate (NaH§O Lach-Ner
Sulfuric acid (HSOy) Lach-Ner
Thioglycolate Broth Sigma
Tris Sigma
Triton-X 100 Sigma
TRIZOL mrcgene
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2.2. NuPAGE
NuPAGE precast 4-12% gradient polyacrylamide geé&sewused for protein separation.
Protein samples were mixed with NUPAGE sample bu#&) and NuUPAGE reducing agent
(10x). The mixture was then denatured by boilinglfd minutes at 70°C. Electrophoresis was
performed at constant voltage of 200V for 35-40ut#s in an electrophoretic tank filled with
NuPAGE running buffer. After the run, gels wererstd using Coomassie Brilliant Blue and
the protein bands were visualized by washing tlaenstl gel with Coomassie destaining
solution (10% Acetic acid, 25% methanol, water)e Tholecular weight marker we used in

all the experiments is shown in figure 3.

Figure 3: The molecular weight marker See Blue® Plus2. Rectwas taken from
www.lifetechnoligies.com and adjusted for the nedédhis thesis.

kDa Protein:
188 | —— | Myosin
98 Phosphorvlase B
62 | === | BSA

GClutamic dehydropenase
Aleohol dehydrogenase
28 Carbonic anhydrase
s | Myoglobin-Red

4 | | Lysozvme

6 Aprotinin

Insulin B chain

2.3. Protein expression
The gene of interest was first codon-optimizeddeerexpression in bacteria, subcloned in a
PET-17b plasmid and transformed intoEacolistrainBL21 Star™ (DE3)pLysS.
We used in all the experiments antibiotics ampicitt final concentration 100mg/l and
chloramphenicol at final concentration 30mg/l.LB @RH, MILLER (LURIA-BERTANI)
was the growth medium used for all overexpressithesterm LB medium is used in the text.
The final concentration of IPTG in all the cultureduced for gene overexpression was 1mM.
A pilot gene-overexpression experiment was donerder to find the best time point that
protein expression peaks in the bacterial celle @ay before the pilot experiment a bacterial
culture in 5ml of LB medium in the presence of #8mibiotics was prepared in order to have
enough bacteria to start the culture for the pegpression. 1ml of this overnight bacterial
culture was added to 40 ml LB medium. After 2h aftere incubation at 37°C 1ml was
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removed, centrifuged (5min, 10 000xg) and the peltes stored at 5°C. After that, IPTG was
added in the remaining culture, the sample wasbaiad in37°C and each hour 0.5 ml of
culture was again removed and the bacterial pelas stored. Totally 8 samples were
collected - 0 to 6 and 24 hours after IPTG additiBach of the 8 pellets was dissolved in
50Qul 20mM Tris, pH8 and in four cycles cooled in liquN, and heated at 55°C. After
centrifugation (10min, 10 000xg), the pellet wassdived in NUPAGE Sample buffer,
NuPAGE Sample reducing agent and water. All 8 sasplere analyzed using NuPAGE.
The resulting supernatant from the centrifugati@s \&lso analyzed in the same way by using
the NUPAGE gels.

The big scale protein expression was performed Bnnhedium with antibiotics, in 37°C
under constant shaking (150 rpm). One day befoeeettpression, the bacterial cells were
grown in the same medium to increase their pomriabefore gene overexpression was
induced. 15-20 ml of the overnight cell culture wadded to 1L LB medium and optical
density (OD) at 600nm was measured; ideal valuaildhbe up to 0.1. The OD of the
bacterial culture was measured until reached @g€a 2.5h). After that, IPTG was added to
induce protein expression and the culture was m®d at 37°C. Cells were harvested by
centrifugation at the time point which was consadeas optimal for protein overexpression
based on the results of the pilot expression (plsas above).

2.4. Inclusion bodies isolation
Isolated cells were dissolved in 20mM Tris, pH &gsa magnetic stirrer and disrupted by
applying ultrasonic waves (maximum power, 3x30sheQiter of Tris was needed for a
bacterial pellet from ca 4l of bacterial culturdaéTsample was centrifuged (10min, 15 000xg),
the resulting pellet was dissolved in 1% Triton-30land sonicated again followed by gentle
stirring at room temperature for 1 hour. The constiom of Triton-X 100 was 1L for the
pellet from 24L of bacterial culture. After anotheentrifugation, the pellet of inclusion

bodies was washed 4x with 20mM Tris, pH 8 to remal/&races of Triton.

2.5.Protein refolding and concentration
The overexpressed protein, within the inclusion ie®dwas dissolved in 6M guanidine
hydrochloride, 20mM Tris, pH 8. We used 25ml of gidane solution with DTT per 4l of
refolding buffer. DTT was added (final conc. 10mfd)lowed by 1 hour of shaking at room
temperature. DTT serves here as a reducing agenidocysteine-cysteine bonds (Rudolph
and Lilie 1996). Samples were centrifuged (10mhO00xg) to remove impurities contained

15



in the inclusion bodies and non dissolved inclusiodies. Then the reduced and denatured
protein was poured to the optimized refolding buftéeth constant fast stirring for 3 hours at
room temperature followed by an overnight incubagao 4°C.

After the overnight incubation the protein in refiolg buffer was centrifuged (10min,
15 000xg) to get rid of all precipitates causediroproper refolding. After that the sample
was concentrated using a Prep/Scale Spiral Wourd6l Module PLBC filter followed by
further concentration by Amicon Ultra-15 Centrifugdter Units (both Millipore). The pore
size we used was 3kDa for cysteine protease imhgiand 10kDa for serine protease
inhibitors.

2.6. Refolding optimization
The first step was to roughly determine the besii@ns for protein refolding (preferable
pH and salt concentration in the refolding buff@fe following buffers were used:
300mM NaCl, 20mM Na-Acetate, pH 5.5
20mM Tris-HCI, 300mM NaCl, pH 8.5
20mM Tris-HCI, 300mM NaCl, pH 6.8
20mM Tris-HCI, 300mM NaCl, pH 8.0
20mM Tris-HCI, 10mM NaCl, 0.5mM KCI, 1mM EDTA, pH®
20mM Tris-HCI, 10mM NaCl, 0.5mM KCI, 2mM Mggl2mM CaC}, pH 8.0
20mM Tris-HCI, 240mM NaCl, 10mM KCI, 2mM Mgg12mM CaCj, pH 8.0
20mM Tris-HCI, 240mM NaCl, 10mM KCI, 1mM EDTA, pH®
In some cases the first set of buffers was proviogdhe ProteoStat® Protein aggregation

© N o g s~ w Db PF

assay kit; the specific kit providesl5 differentffers as the starting point for refolding
optimization.

A small piece of the inclusion bodies pellet wassdived in 5ml 6M guanidine, DTT was
added (10mM final conc.) and the sample was shééed5min. After that, 312ul of the
sample was added drop wise to 50ml of each refgldudfer. The tubes were stirred opened
for 3h at RT and then stored at 4°C overnight. ¢t day the samples were centrifuged and
the best condition was chosen based on the siteeqdellet of protein precipitates, the better
the refolding condition is the smaller the pelleogld be. A “starting” buffer was found this
way and further buffer composition optimizationldséed based on this buffer.
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We tried afterwards different concentrations of;

NacCl (0, 20, 50, 100, 150, 300mM)

Arginine (0, 50, 100, 150, 250, 400mM) or guanidiaé0, 400mM)

Different pH values (6.8, 7.4, 8.0, 8.5; sometiraesn 9.0, 9.5 or 10.0)

One of the important parameters was also the imeluBodies concentration in the
refolding buffer (2, 1, 0.5, 0.25, 0.125 and 0.0§2& wet inclusion bodies per liter of
refolding buffer).

Each of these parameters was optimized in sepayates of buffer optimization; the cycles

followed after each other so the buffer compositi@s improved gradually/step-wise.

All 50ml samples were centrifuged (10min, 10 000xg)remove precipitates. Then the

samples were concentrated to 400-700ul final volbsnesing Amicon Ultra-15 Centrifugal

Filter Units. The refolding success rate was deitgth after the concentration step in three

ways:

Protein concentration was measured using a PieBER Protein Assay Kit —
Reducing Agent Compatible according to the instomst provided by the
manufacturer. A BCA method is based on reductio@@f to CU* by protein in
an alkaline medium, known as the biuret reactioadied Cti ions then react
with bicinchoninic acid (BCA) developing a coloredaction. The method was
modified to minimize the effect of reducing agestsch as DTT on the assay
results. Measurements were done according to theuahausing a microplate
procedure.

The amount of aggregates in the sample was detedmiby the
ProteoStat® Protein aggregation assay kit. Proteirsolutions tend to aggregate
due to high concentration or simply natural indtgb{Rudolphet al. 1996). This
method allows us to measure the amount of aggregatehe sample, thus
indirectly determine the content of native, monameprotein. The more
aggregated protein we find, the less monomers @sept. Protein aggregates are
characterized by a cross-beta spine quaternargtsteu(Nelsoret al., 2005).The
ProteoStat® Protein aggregation assay kit contaifisorescent dye that shows
almost no fluorescence in the presence of the menonform of a protein. The
fluorescence intensity raises 20~90 times uponitgndo the cross-beta spine
guaternary structure. The whole procedure was pedd according to the manual

of the manufacturer.
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1. Protein samples were analyzed using NUPAGE getref@woresis. Bands in the
gel were compared between the different refoldingditions; also the relative
abundance of the protein of interest compared ¢oatimer bands loaded to the
same well was an important parameter. This stepredited possible false positive
results gained in the previous two experiments.dM@d also see the proportion
of the overexpressed protein among the other prstei

Results gained in all the three previously describeps were constructively compared and

the best refolding condition for each protein wassen.

2.7. Protein purification
All proteins were purified in two steps of gelrfdtion and one of ion exchange to assure high
purity and separation of monomeric and multimeractions. All these steps were done in the
USA by my supervisor. The purified monomeric frantivas then LPS decontaminated by an

external contractor (Arvys Protein).

2.8. Quantitative PCR
Quantitative PCR (g-PCR)is a method that we usedktermine the transcript accumulation
of a chosen gene in a sample. We used it for fiaggéne fromBorrelia during the Saliva
assisted transport experiment to estimate the nuwibepirochetes in our samples and for
pro-inflammatory genes after the activation of tda#ls with various effectors to estimate a

potential immmune-modulatory function of the tickigary proteins.

The g-PCR for flagellin was done in triplicatesngsthe Rotor Gene device and software.
The total reaction volume was 20ul, where the velurh HO was 3.8pl, mastermix 10ul,
primers 1+1pul, probe 0.2ul and tested DNA 4pul. VBeduFast Universal master Mix ROX,
PCR water and primers and probe FLAGELLIN 69bp. Theler settings were 95°C/10min,
(95°C/10s, 60°C/30s) x 45 cycles. Water was usedram-template control.

The g-PCR run for pro-inflammatory genes was donguiplicates and for two housekeeping
genes — 18S and RPS29. The reaction mixture caa@pl of 5x diluted cDNA, and 8pl mix

of (207ul Mastermix, 2.1ul each primer, 120.1200 We used primers for 6 genes involved
in inflammation — TNF, IL-B, CXCL2, CCL2, IFN and iINOS.PCR was done in 384-wells

plates and run for 40 cycles.
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2.9. Vaccination of guinea pigs with cysteine pro&se inhibitors A and B
This experiment followed the animal approval proldd5/2011.
Male white guinea pigs (200-250grams of averagg@kigiwere used in this experiment. They
were kept in the animal facility at the instituteRarasitology, Biology Centre ASCR. The
vaccination antigen was injected intradermallyhat $ide of a guinea pig. All bleedings were
done from the great saphenous @iena saphena magnajter shaving the tight. The serum
was isolated from the blood after 10min centrifugagat 10 000xg.
Ticks were collected in the BraniSovsky forest n€aské Budjovice and kept in the tick
facility at the institute.
Ticks that died during the experiment were excluleth further analysis.
The shortcut GP is used for a guinea pig.

All ELISA experiments were done in duplicates aplicates according to the following
protocol:

We coated 50ul/well of 0.5ug pure monomeric prof{@&GFP, CystA, CystB) in a sterile
coating buffer (0.158g N&0Os;, 0.292g NaHC®in 100ml HO, pH 9.6) at 4°C overnight.
After three washing steps with PBS/0.1% Tween veekdd the unspecific binding sites by
200pl/well of4% BSA in PBS at 37°C forl hour. Aftdahree washing steps with
PBS/0.1% Tween, we added 100ul/well of sera diluted% BSA and 0.1% Tween in PBS
and incubated at 37°C for 1 hour. After washinghwitBS/Tween we added 100ul/well of
goat anti-GP secondary antibodies diluted in 4% B%4 0.1% Tween in PBS and incubated
at 37°C for 1 hour. The wells were washed 5x wiBSPrween, 100ul/well of OPD solution
(5ml phospho-citrate buffer, 2mg OPD, 2ul 30%0k] pH 5.0) was added and the plate was
kept in dark at room temperature for 10min. Theoced reaction was stopped by 2MS4;,
100ul/well. Absorbance was measured at 490nm uEibg800 Fluorescence microplate
reader (BioTek).

Procedure:

Guinea pigs were divided into 4 groups. Two congaups were injected either just with
PBS or with an Enhanced green fluorescent proe@®HP) as an unspecific protein control;
the other two groups were vaccinated with cystpino¢ease inhibitors A and B.

Pre-immunization sera were collected before the fimmunization from the great saphenous

vein of non-anesthetized animals.
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The animals were first immunized on"2®arch 2013. All guinea pigs were injected at their
left side with 500u! of protein in PBS and 500uiIngete Freund's Adjuvant (CFA). The
protein concentration was the following:

GPs 1, 2, 3: No protein, only PBS — control group

GPs 4, 5, 6: 20ug of EGFP in PBS — control group

GPs 7-11: 100ug of CystA multimers in PBS

GPs 12-16: 100pg of CystB multimers in PBS

The sera were again collected one or two days é¢fer second immunization.

The second immunization was done off &pril, 2 weeks after the first one at the otheesi
of a GP. The amount of proteins was the same. \WWd 680ul of the Incomplete Freund’s
Adjuvant (IFA) in this injection.

Some GPs developed skin wounds at the site ofitsteirfjection, probably as a reaction to
the administered adjuvant. These wounds healedgltiie next four weeks at the latest.

The sera were collected also one or two days bdfwethird immunization. The titer of
antibodies was estimated by ELISA to see how maggitianal immunizations will be
needed.

Guinea pigs were immunized on”2@\pril for the 3% time in the same way as during the

second immunization.

Sera were collected again 12 days after {fiénBmunization and the titer of antibodies was
estimated by ELISA (labeled as Aftef 8accination).

The GPs were exposed to ticks for the first time&Band 18" May (13-14 days after the last
vaccination). 30 female ticks and 25 males weregmid a GP’s shaved back and covered to
avoid their escape. The not-attached ticks wer@venhafter 4 hours. If there were more than
25 attached ticks they were removed too, to hagditlal number of females 25 per one GP.

The guinea pigs were controlled every day (starfiogn the day 5 after exposure) and all
detached ticks were collected, weighed and plantxla glass tube. These ticks were then
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kept in the tick facility at the institute at thefdult conditions of the institute colony for tick

molting.

One week after the last tick fell off from the GWe collected the sera again and estimated
the titer of antibodies by ELISA (labeled as Afifrexposure).

Guinea pigs were exposed to ticks for the secand tin 11 and 13" June (one month after

the first exposure on ticks). We followed the sgmmecedure like during the first exposure to
ticks. The caps did not stay glued very well solegt many ticks; especially during the first
night. This effect was caused probably by not fuégovered skin or some inflammation at

the site of gluing the cap of the tick.

All removed ticks were again kept in the tick fagilat the default conditions of the institute
colony for tick molting.

One week after the last tick fell off we collectdwe sera again and estimated the titer of
antibodies by ELISA (labeled as Aftet2xposure).

The amount of eggs was evaluated by scoring thepegguction of each individual tick one
month after the end of feeding. We used values ftern to four where:

0 = no eggs

1 = small load

2 = normal load

3 = big load

The molting efficiency was evaluated by scoring pleecentage of molted eggs three months

after the end of feeding.

Both scorings were done by Jan Erhart (the manaféne tick colony in the institute of
Parasitology) and they were blinded.
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2.10. Saliva-assisted transmission dBorrelia (SAT)
This experiment was done according to the animpi@ml protocol 165/2011 and followed
all safety rules needed for work wiBorrelia.

All mice used in this experiment were purchasedfénlab.

The experiment was repeated in three cycles; fifise were in total used for it. All of them
were C57BL/6 females 8-10 weeks old. They weredédiinto groups as following:

15 mice — PBS control group

10 mice — Ovalbumin control group (OVA)

10 mice — CystA group

15 mice — CystB group

Borrelia species and strain used in this experimentBaselia burgdorferj strain B31

Mice were anesthetized by intraperitoneal injectimin 80pl of a mixture of 8ml 5%
Narkamon, 2ml 2% Rometar and 10ml PBS. The haitheiw back was cut. Then a mixture
of 5000 Borrelia in 20 pl medium and 10 pg protein in 20 pl PBS waected
subcutaneously. After 7 days the mice were eutkdnand the skin from their back was
dissected. DNA was isolated from the tissue usingl®bSpin® Tissue kit. The isolated
DNA was further analyzed by g-PCR.

2.11.1n vitro Borrelia proliferation
Borrelia burgdorferj strain B31 were used for the experiment. All teas were done in
100u! to reduce the amount of used protein. We tdid separate experiments, each in
triplicates. We tested three groups:

- TBS as a no protein control

- Ovalbumin as an unspecific protein control

- CystB
Borrelia spirochetes were first grown in a 15ml BSK-H mediwith 6% rabbit serum for
five days to increase their number and vitalityeftihey were counted under a microscope
and 10 000 cells in 100 pl were used. Proteins wdded to a final concentration of 18uM.
The amount of bacteria was counted for four daysthe 7' day and then compared to the
control (proliferation of spirochetes in the absen€any protein).

All following animal experiments were approved bg t_andesdirektion Dresden, Germany.
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2.12.Cells activation and analysis
The goal of these experiments was to see whetinee & the tick salivary proteins affect the
activation of macrophages, neutrophils and monacitevitro. Mice bone marrow isolated
cells were activated using LPS (lipopolysaccharide)}PMA (Phorbol Myristate Acetate).
LPS is a component of bacterial cell wall and PMAaiProtein Kinase C activator derived
from the oil of the seeds of the Croton plant.

We used RNA isolation and cDNA reverse transcriptiechniques which are common for all

the following experiments:

2.12.1.RNA isolation

Samples were thawed (if frozen before). 80ul cHimra was added, vortexed for 15s and left
at RT for 2-3min.Then the samples were centrifugE?l 000xg, 15min, 4°C); there were
three phases visible after the centrifugation. dtpeeous phase (top) was carefully transferred
into a new tube. 200ul isopropanol was added aadséimples were incubated for 10min at
RT. After another centrifugation (same conditioth® supernatant was removed and the tubes
were dried on a paper towel. The RNA pellet washedswvith 1ml EtOH and vortexed. After
centrifugation (7500xg, 5min, 4°C) the supernataas removed and the pellet was air dried
for approximately3min.The dry pellet was redissdiva 18ul DEPC water and the RNA

concentration was measured.

2.12.2 Reverse transcription of cDNA
Based on the concentration of RNA, the samples wiueed in water. The final volume was
15ul and the maximum amount of RNA 1ug. The fimabant of RNA was calculated to be
the same in all the samples. The RNA samples wexedwith 1ul iScript and 4pul iScript
reaction mix (both Bio-Rad).The cycler settings @Bmin 25°C, 30min 42°C and 5min 85°C

with only one cycle; as described in the iScriphorel.

2.12.3.Macrophages
Isolation of macrophages:

Two legs from a mouse were cut and all muscles frieenbones were removed by scissors
and a blade. Bones were kept in PBS on ice.

Both ends of each bone (femur and tibia) were adtthe bone marrow was flushed into a
50ml tube using a 30G needle and a syringe wittPMRmedium. The bone marrow was
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resuspended and filtered by a cell strainer intottear tube. After centrifugation (230xg,
5min, 4°C) the pellet was washed with 0.5ml RedoBIcCells (RBC) lysis solution. After
1min incubation at room temperature we added 2088 Bnd the sample was centrifuged
again (230xg, 5min, 4°C).The pellet was re-suspémi&0Oml RPMI medium with 10% Fetal
bovine serum (FBS) and 1% PenStrep (antibiotic® dlution was then divided into two 12-
wells panels, 2ml/well and incubated for 7 day8&IC, 5% CQ, 92% humidity.

Activation of macrophages:

After 7 days, the medium from the cells was remoaed the wells were washed 2x with 1ml
PBS. Macrophages remained attached to the bottotineodvell. We added 1ml RPMI with
1% BSA and 1% PenStrep into each well and the oedi®e incubated for 2h at 37°C, 5%
CO,, 92% humidity. Proteins (CystB, SerB, IRS2, Sigletere added in the cell medium to
achieve a final protein concentration of 1uM. 8lsvétl each plate were used for proteins (2
wells for each protein) and the remaining wellsevesed as a no-treatment control (negative
control) and LPS which served as the positive @dnf2 wells each). The plates were
incubated for another 1 hour. The first plate weBvated by adding LPS. The final LPS
concentration was 100ng/ml. All wells except foe tio-treatment control were activated. The
second plate was activated by adding PMA at fimadcentration of 50mg/ml. Both plates
were incubated for 4h under the same condition® Tedium was removed after the
incubation and the cells were washed from the wallgl0Oul TRIZOL. The samples were

then stored in the freezer at -20°C.

RNA was then isolated from the samples, reversestrédbed to cDNA and analyzed by
g-PCR.

2.12.4 Neutrophils
Isolation of neutrophils:

Two legs from a mouse were cut and all muscles frieenbones were removed by scissors
and a blade. Bones were kept in PBS on ice. Badls efieach bone were cut and the bone
marrow was flushed into a 50ml tube using a 30Glieeand a syringe with RPMI medium.
The bone marrow was resuspended and filtered bgllasttainer into another tube. After
centrifugation (230xg, 5min, 4°C) the pellet wassthved with 0.5ml RBC lysis solution. After
1min at RT 20ml PBS was added and the sample waBifoged again (230xg, 5min,
4°C).The pellet was resuspended in 6ml PBS. Nebiiowere isolated in two tubes with a
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Percoll gradient: 3ml 81%Percoll, 3ml 68%Percothl 55%Percoll and 3ml PBS containing
the cells. The tubes were centrifuged for 30mir23@xg with a slow start and finish in a
swinging rotor. The interface between 81% and 68%®encoll was collected by a pipette into
a new tube. The cells were washed with 25ml PBi®&wed by centrifugation (600xg, 5min,
4°C). The pellet was resuspended in 9.5ml RPMI oradwith 1% Bovine serum albumin
(BSA) and 1% PenStrep (antibiotics). The samples then divided into a 12-wells plate;

750ul of cell suspension into each well.

Activation of neutrophils:

Proteins (CystB, SerB, IRS2 and SialoL) were adttedhe cell medium to achieve final
concentration of 1uM before the neutrophil actmatiEight wells in each plate were used for
proteins (2 wells each protein) and the remainirgisaswvere used as a no-treatment control
(negative control) and to be treated with LPS wlsehved as the positive control (2 wells
each). Plates were incubated for 1 hour at 37°C,CG®% 92% humidity.LPS was added to
achieve the final LPS concentration of 100ng/mll vklls (except of the no-treatment
control) were activated with LPS. The plate wasibated for 4h under the same conditions.
The medium was removed after the incubation and¢lie were washed from the wells with
400ul TRIZOL. The samples were then stored in ezee at -20°C.

RNA was then isolated from the samples, reversestrédbed to cDNA and analyzed by
g-PCR.

2.12.5.Monocytes
Isolation of monocytes:

Two legs from a mouse were cut and all muscles frieenbones were removed by scissors
and blade. Bones were kept in PBS on ice. Both efidsach bone were cut and the bone
marrow was flushed into a 50ml tube using a 30Glieeand a syringe with RPMI medium.
The bone marrow was resuspended and filtered bgllasttainer into another tube. After
centrifugation (230xg, 5min, 4°C) the pellet wassdived in 8ml PBS. Cells in PBS were
carefully transferred onto 3ml HISTOPAQUE-1077 (signgradient) in a 15ml tube. The
tube was centrifuged at 400xg, 30min at RT withoavsstart and finish in a swinging bucket
rotor. After the centrifugation the lowest 5mm frahe upper layer were transferred into a
new tube and washed 2x with 15ml PBS (230xg, 5#1;).The pellet was resuspended in
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9.5ml RPMI medium with 1% BSA and 1% PenStrep. $amples was then divided into a
12-wells plate; 750ul into each well.

Activation of monocytes:

Proteins (CystB, SerB, IRS2, SialoL) were addecdhieve a final concentration of 1uM.
Eight wells in each plate were used for proteing/€ls each protein) and the remaining wells
were used as a no-treatment control (negative aprend to be treated with LPS which
served as the positive control (2 wells each). plages were incubated for 1 hour at 37°C,
5% CQ, 92% humidity. After that, LPS was added to achidire final concentration
100ng/ml. All wells except for the no-treatment ©oh were activated. The plate was
incubated for 4h under the same conditions. All mn@dwas removed after the incubation
and the cells were washed from the walls by 40QRIZDL. Samples were then stored in a
freezer at -20°C.

RNA was then isolated from the samples, reversestrédbed to cDNA and analyzed by
g-PCR.

2.13.LPS-induced lung inflammation
Introducing LPS to mice lungs causes a non-pathogeflammation. In this experiment we
try to test the potential effect of tick salivamppeins in this animal model of inflammation.

Twenty8-10 weeks old mice females (C57BL/6) wenad#id into four groups; five mice in
each group as following:

- Injected with PBS — control

- Injected with SialoL

- Injected with CystB

- Injected with SerB

Mice were injected with proteins (or PBS) intrapameally (1ug of protein per 1g of a

mouse).

The next day the mice were anesthetized for appratelyl5s in a jar with a paper towel
soaked in 1ml of a mixture (1:1) of halothane andeamal oil. A mouse was laid on its back
and 50ul of protein solution was dropped into aofits nose (while mouse is breathing). The
protein concentration in the solution was 1ug pgrola mouse. Mice were put back in a
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cage. One hour later 50ul of LPS solution (4pg/p@ds introduced to the mice in the same

way.

Mice were euthanized 24h after the LPS exposureh Baouse was pinned to a polystyrene
pad and its skin at the belly was cut from the keggs head. Skin was then separated from
the peritoneum. Peritoneum was opened and the migphwas cut from the ribs. Mouse
salivary glands and muscles were removed from rthehéa by forceps. A small hole was
made in the trachea and PBS was injected by aeégulicapped with tubing) with a syringe.
The walls of the trachea were fixed to the neeadé&de using a thread Suture 2/0 as shown in
the figure.

Figure 4: Schematic representation of the needle injectma the trachea. Mouse head and
neck are light blue, trachea is yellow and the nhees red. After the needle is injected into
the hole in the trachea, it is fixed by the thread.

Cut here

Then 1ml of cold PBS was injected into the mouseduthrough the trachea. 500-600ul of
cell suspension was collected into a tube and laviage was repeated with another 1ml of
PBS. The samples were centrifuged (5min, 500xg,).4T7@e supernatant can be used for
protein detection and it was stored at -20°C. Tékepwas re-suspended in 150ul RBC lysis
solution. After 2min, 1.5ml FACS buffer (PBS (- Ta- Mg®, Gibco), 0.1% BSA,
0,1% NaN) was added to the solution. After centrifugat{fdmin, 500xg, 4°C) the pellet was
resuspended in 250ul FACS buffer.

The cells were counted after trypan blue staininden a microscope.

The FACS analysis was done according to the foligveteps:

First 100ul of cells re-suspended in FACS buffeiswaixed with 10ul Fc block solution
(100x) and 10ul Ly-6G antibodies solution (20x)HACS tubes. The mixture was incubated
for 45min at 4°C in the darkness. After the incudiatl ml of FACS buffer was added to the
solution to dilute Fc block and the antibodies. Baenples were centrifuged (5min, 500xg,

27



4°C) and the supernatant was removed. The pellstresgsuspended in 500ul FACS buffer
and the samples were analyzed by a flow cytomeeFBCS Canto Il (BD). 10 000 events
were measured for each sample. The data were addbyzBD FACS Diva Software.

The total amount of neutrophils was then calculasdvell as their percentage among the
other cells.

2.14.Thioglycolate induced peritonitis
Introducing a thioglycolate medium to mice peritome causes a non-pathogenic
inflammation.
In this experiment we try to test the potentiaketfof tick salivary proteins in this animal

model of inflammation.

Thioglycolate medium (TGM) was prepared 2 week®teetise to enable enough time for its
oxidation. Three grams of Thioglycolate broth wdigsolved in 100ml kD, autoclaved and
kept in dark with a slightly opened lid.

Twenty mice females (C57BL/6, 8-10 weeks old) waireded into 4 groups; 5 mice in each
group:

- Injected with PBS — control

- Injected with SialoL

- Injected with CystB

- Injected with SerB

Mice were injected intraperitoneally (i.p.) with@®@l PBS or a protein in PBS (2ug protein /
1g mouse)

After 1h every mouse was injected i.p. with 1ml TGMGM induces inflammation and
neutrophil infiltration.

Peritoneal lavage was done 4h later. The mousepimagd to a polystyrene pad and its skin
at the belly was cut from the legs to its head. Bken was then separated from the
peritoneum. Two syringes with 6ml PBS and 24G resdlere used. First, one of the
syringes was injected into the peritoneum wall #mel peritoneum was washed with PBS.
Then the liquid was sucked back into the syringgS rom the other syringe was used to
wash peritoneum further, but all the liquid waskaet into the first syringe. The yield was
approximately 10ml.The samples were centrifugedX§0 5min, 4°C) and the supernatant
was removed. The pellet was re-suspended in 50B(l Igsis buffer and kept for 2-3min on
ice. The RBC lysis solution was diluted with10ml $Bnd the samples were centrifuged
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(500xg, 5min, 4°C).The pellet was washed with 16MCS buffer and re-suspended in 0.5ml
FACS buffer.

The cells were counted after staining with tryparelunder a microscope.

The FACS analysis was done in the following steps:

First 100u! of cells re-suspended in FACS buffeB$R- C&", - Mg?*, Gibco), 0,1% BSA,
0,1% NaN) was mixed with 10ul Fc block solution (100x) amh@ul of each antibodies
solution (F4/80, Cd11b, Ly-6G, Ly-6C; all 20x) iA€S tubes. The mixture was incubated
for 45min at 4°C in the darkness. After the incudiatl ml of FACS buffer was added to the
solution to dilute Fc block and the antibodies. Baenples were centrifuged (5min, 500xg,
4°C) and the supernatant was removed. The pellstresgsuspended in 500ul FACS buffer
and the samples were analyzed by a flow cytomeeFBCS Canto Il (BD). 10 000 events
were measured for each sample. The data were addbyzBD FACS Diva Software.

The total amount of neutrophils, macrophages andoeyies was then calculated as well as

their percentage among other cells.
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3. Results
Error bars in all graphs represent the SEM (Stahdamor of the mean).
All data were statistically processed BNOVAand statistical significance was considered
when p < 0.05 after comparing the control and tegg®ups and marked with *. Statistical

significance when p < 0.01 is marked with **.

3.1. Pilot expression and refolding optimization

3.1.1. Cysteine protease inhibitor A
All steps of CystA synthesis are shown here. Thysteine protease inhibitor was
overexpessed in the.coli; strain BL21-pLysS and it has a molecular weightragimately

14kDa.

3.1.1.1. Pilot expression

We can see in figure 5 that CystA is overexpresseehdy 1h after gene overexpression
induction. This is a gel of the pellets of the lemet cells after their breakage with freeze
thawing and sonication which means that the proi&is present within the inclusion bodies.
The gel of the corresponding supernatants (solindttion) of the broken cells did not show
any bands at the appropriate molecular weight @ymessed protein) and it is not shown
here. The best overexpression level of the progeiafter 6 hours of gene overexpression
induction where the 14kDa band is the strongestkethwith an arrow). The band at 40kDa
(marked with an asterix) can be used as a loacdngral — the 40kDa band is the same in all
the different samples which indicates that the erpent was carried out well in the sense
that there was no loading effect during the gel run

Figure 5: Pilot expression of CystA.
e The molecular weight marker is
G labeled as M; Oh-24h represent the
62 time points after induction of
o overexpression by IPTG. Over-
expressed CystA is marked by an
arrow, the loading control band with

i 8 ‘ .‘-“ ‘ an asterix.

KDa

M  Oh 1h 2h 3h 4h 5h 6h 8h 24h

30



3.1.1.2. Isolation of protein from the bacteriadlusion bodies

The presence of protein in the inclusion bodies lsarproven again in figure 6 where the
inclusion body preparation in large scale is shawna coomassie stained NuPAGE gel.
There is a strong band marked with an arrow atageropriate molecular weight in the
inclusion bodies while nothing in the other twoctians.

Figure 6: Fractions after isolation of CystA from
bacteria. M = marker, CF = cytosolic fraction
I (disrupting cells in Tris), MF = membrane fraction
(disrupting cells in Triton), IB = inclusion bodies
CystA band is marked with an arrow.
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3.1.1.3. Pilot refolding

Refolding in buffers 1-8 (please see Materials Bedhods) was evaluated just by comparing

the size of the resulting pellets of aggregatedemmopost refolding in the various buffers;
buffer No.2 was chosen as the best condition (20mis] 300mM NaCl, pH 8.5).

3.1.1.4. Optimization of pH upon protein refolding

The next step was the optimization of pH in theoldihg buffer. We show in figure 7

a picture of a gel with the refolded samples iniouss pH (8.0, 8.5, 9.0, 10.0) after
concentration using first a 30kDa cutoff filter d= and then a 3kDa cutoff. The 30kDa
cutoff filter device was supposed to remove thehhmgolecular weight impurities and

aggregates while the 3kDa filter concentrated maranCystA. Based on the final volume
of each sample, the more concentrated samplesdilated to achieve the same starting/final
volume ratio in all samples. This step made thepaomeon of protein bands in the gel not
affected by concentrating each sample to a diftefieal volume. The samples preparation

was done according to the Materials and Methodsoseand 40ul of each sample was loaded
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to the gel. The fraction collected by 30kDa cutpfbbably contained protein aggregates
which were denatured during NUPAGE sample premaraaind can be seen at 14kDa. We
found out that pH 10.0 is the best pH conditionduse there is a strong band in the 3kDa
fraction marked by an arrow. We also discovered tha pre-fractionation of the proteins
using a high MW (30 kDa) cutoff does not work wdlhere is still a lot of protein trapped in
the supernatant fraction of the 30 kDa filter.

P Figure 7: Optimization of pH

kDa in the refolding buffer for
188 CystA.
98 M = marker, pH values are
62 - — always valid for two samples
49 above, 3 and 30kDa label the
38 cutoff used for the frac-
28 tionation of all the samples.

17 There is always a 3kDa
14 fraction first followed by a
“e w4 30kDa fraction for each
sample. The arrow shows the
3 bands of CystA at the correct

molecular weight.
M pH 8 pH 8.5 pH 9 pH 10 M

3kba 30 3 30 3 30 3 30

3.1.1.5. First optimization of inclusion bodies centration

Refolding of CystA at different concentrations atlusion bodies gives us the information
about the concentration which gives the betterarute of refolded protein since the success
of the refolding methodology we followed is knowrs aepending on the protein
concentration of the protein to be refolded. We alithe samples on a gel in the same way as
described in chapter 2.1.1.4, and the concentratfobmg/ml was chosen as the best. The
reason for this is the best ratio between bandfen30 and 3kDa fractions (marked by an
arrow in Fig. 8). The bands in 3kDa fractions arsible only for samples with 1B
concentrations 1 or 2mg/ml. This means that theusmof refolded protein increases with
increasing the initial IB concentration. On theesthand the 30kDa band at 2mg/ml is a lot
stronger than the 30kDa band at 1mg/ml. This méaaisthe increased IB amount resulted
increased amount of protein aggregates which gpptd by the 30kDa filter resulting in the
stronger band of 14kDa in the 30kDa sample. Sineewant to avoid aggregates, the

concentration 1mg/ml was chosen.
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Figure 8: Optimization of the

ideal IB concentration in the
refolding buffer. M = marker,

the concentration values are
always valid for two samples
above, 3 and 30 label the cutoff
in kDa used to get these
samples. There is always
a 30kDa fraction first followed

by a 3kDa fraction for each

sample. Bands of CystA are
marked by an arrow.
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3.1.1.6. Optimization of pH in a narrow pH range

It was clear from the previous optimization that @idund 10 is ideal for CystA refolding. At
such an alkaline environment, we wanted to find il precisely. Increasing pH too much
could lead to damaging the protein. The foldingekirs is strongly pH dependent and we
wanted to increase the refolding efficiency as magipossible by finding the best pH value.
In figure 9a we can see the protein refolding efhicy in four different pH values (9.5, 9.7,
10.0, 10.2). The gel was run in the same way asritbesl in chapter 2.1.1.4. The best was
obviously pH 10.0 with the strongest band in thB®&HKraction (arrow).
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Figure 9a: pH optimization in the
refolding buffer in a narrow pH
range. M = marker, pH values are
always valid for two samples
above, 3 and 30kDa label the
cutoff used to get these samples.
There is always a 3kDa fraction
first followed by a 30kDa fraction
for each sample. CystA bands are
marked by an arrow.



3.1.1.7. Purification of CystA
After refolding of CystA in the best buffer (20mMAES, 300mM NaCl, pH 10.0; IB

concentration 1mg/ml) and its concentration, it vpasified with a yield of 5mg of pure

protein. Figure 9b shows a chromatogram from théfipation. We can see that CystA was
eluted from the column after passing 16-19ml of BDifiris pH 8, 150mM NaCl (TBS). We
found out during the purification process that ffaetion captured by the 30kDa cutoff filter
contains not only protein aggregates but also nmachomeric CystA. Therefore only 3kDa
cutoff filter device was used in the next applioas.

Sg-1 from Hiprep 1660 S-100 column Figure 9b: Chromatogram
2000- from the CystA purification.
The amount of protein is
shown as the absorbance at
1500+ 280nm.
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3.1.1.8. Optimization of the chaotropic agents eohi@tion

After getting such a poor yield of protein (we tairdor more than 10 mgrs of protein) we
started with the optimizations almost from the begig.

The effect of chaotropic agents such as arginirg@®,(200, 400mM) and guanidine (200,
400mM) was tested and compared to the buffer wivias previously found as the best.

After centrifugation the precipitates, samples weoacentrated using a 3kDa cutoff filter

device to 500-1000ul and the buffer was exchangedBS. Protein concentration (in the

500-1000u! volume) was estimated using the PierB&€3A Protein Assay Kit and then the

refolded protein concentration in the refolding feufwas calculated using the measured
values. The graph of refolded protein concentratiothe refolding buffer (Fig. 10) shows

that both guanidine and arginine increased the amotrefolded protein in comparison to

the original buffer. The strongest effect was cdubg arginine at concentrations 200 and
400mM.
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The other graph (Fig. 11) shows the amount of praiggregates upon refolding. According
to the instructions of the kit we used, the amoaninaggregates is directly proportional to
measured fluorescence units. The original buffed dwuffers with guanidine have
significantly less aggregates than the samples witjfinine. The higher amount of protein
aggregates can partially be caused by the high@eiprconcentration in the samples that
arginine was used in the refolding buffer.

Figures 10 (left), 11 (right): Concentration of CystA and the amount of CystAreggfes in
refolding buffers with different concentration dlaotropic agents.
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The gel (run in the same way as described in ch&piel.4.) with all six samples confirms

the measurement of the concentration. We can sdethth 14kDa band is getting stronger
with the increasing amount of arginine (marked vatharrow). The bands at 65 and 50kDa
(marked with *, #) are also getting stronger whictay indicate either using different

inclusion bodies concentrations by chance or (rmkedy) that refolding of these proteins was

also enhanced.

Figure 12: Samples in refolding buffers
with different concentration of chaotropic
. agents. M = marker; O = original buffer;
- S St et G200 and G400 = original buffer with 200
et {1 or 400mM guanidine; A100, A200 and
A400 = original buffer with 100, 200 or
400mM arginine.
* marks a 65kDa band, # marks a 50kDa
i ol band and an arrow a 14kDa band.

2 IR N
|

U‘

*

M O G200 G400 A100 A200 A400



Arginine concentration 300mM was estimated as #& by comparing the gel bands (Fig.
12), the refolded protein concentration (Fig. 10l éhe aggregates results (Fig. 11). Overall
our conclusion is that 300mM of Arginine providde thighest yield of CystA as well as

a little lower amount of aggregates than in the@s400mM arginine.

3.1.1.9. Second optimization of inclusion bodiesaemtration

Refolding of CystA at different concentrations atlusion bodies was repeated since the
refolding buffer composition is now changed (20mMARS, 300mM NaCl, 300mM
L-arginine, pH 10.0). Figure 13 shows the conceiamaof CystA in the refolding buffer.
After centrifugation the precipitates, samples weoacentrated using a 3kDa cutoff filter
device to 500-1000ul and the buffer was exchangedBS. Protein concentration (in the
500-1000u! volume) was estimated using the PierB€3A Protein Assay Kit and then the
refolded protein concentration in the refolding feufwas calculated using the measured
values. Protein concentration in the refoldingfé@uincreases with increasing initial inclusion
bodies concentration. The initial IB concentratistarts at 0.0625mg/ml and increases
geometrically in the following samples by the factdf two (x-axis in the graphs). The
increase in the refolded protein concentration l®ver which suggest forming more
aggregates or incorrectly folded intermediates.

The amount of aggregates in the refolding was alsasured and is shown in figure 14.
According to the instructions of the kit we usebe tamount of aggregates is directly
proportional to measured fluorescence units.

The samples with the two lowest IB concentrations almost aggregate free. Then the

amount of aggregates rises with increasing IB cotnagon.
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Figures 13 (left), 14 (right): Concentration of CystA and the amount of CystAreggjes in
refolding buffers with different concentration atlusion bodies. The initial IB concentration
is at the x-axis.
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The refolded protein concentration in the refoldmdfer was strongly affected by the amount
of IB used in each sample (Fig. 13). Next we caltad the yield of the refolded protein from

the inclusion bodies as the percentage of the weijthe inclusion bodies used that resulted
in refolded protein. Figure 15 shows that the protefolding efficiency is the highest at low

IB concentrations and decreases from 3.5% (0.062%&¢p less than 1% (1 and 2mg/ml).

Figure 15: The yield of CystA in % from the inclusion bodresefolding buffers with their
different concentration. The initial IB concentiaiiis at the x-axis.
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The gel (run in the same way as described in ch&piel.4.) shows again the same result as

the concentration measurement in Figure 13. Sampith higher initial IB concentration
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have stronger bands of CystA (arrow). We can saettie band of CystA does not faint so
rapidly as two high molecular weight bands (marketh * and #). This suggests that these
bands are protein multimers formed upon precipitaéit high protein concentration.

e e ee— Figure 16: Samples in the refolding

kDa buffer with different concentration
188 [ S of inclusion bodies. M = marker;
” values below the lines show the
« | inclusion bodies concentration in
2 e R grams per 1l of refolding buffer.
#| The * and # mark high MW bands
49 - S and an arrow a 14kDa band.
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After evaluating and comparing all the data, thecemtration 0.125mg/ml was chosen as the
best for refolding the IB in high scale. It giveg@aod yield in % from the inclusion bodies,
has almost no aggregates and still looks goodermgyé.

3.1.1.10. Optimization of NaCl concentration
CystA was further refolded in the best buffer updade (20mM CAPS, 300mM L-arginine,
pH 10.0) with various NaCl concentration (0, 20,, 500, 150 and 300mM) at IB
concentration 0.125mg/ml.

Figure 17 shows the concentration of CystA in tielding buffer. After centrifugation the
precipitates, samples were concentrated using a kioff filter device to 500-1000ul and
the buffer was exchanged for TBS. Protein concéatrg(in the 500-1000ul volume) was
estimated using the Pierce® BCA Protein Assay Kid ahen the refolded protein
concentration in the refolding buffer was calculatasing the measured values. The
concentration of CystA in the refolding buffer aftefolding was approximately the same in
all six concentrations of NaCl. It reaches valoetveen 1.5 and 2ug/ml.

The measurement of the amount of aggregates (B)gnites us a better idea about the ideal

condition as far as it concerns the NaCl concenttaf he values of fluorescence units in the
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samples with NaCl concentration from 0 to 100mM thee same — between 23 and 30 units.
Fluorescence in samples with NaCl at concentrati&@sand 300mM reaches 80 units which

means more aggregates and thus these conditionstai@vorable.

Figures 17 (left), 18 (right): Concentration of CystA and the amount of aggregate
refolding buffers with a different concentration M&CI. NaCl concentration is given at the
X-axis.
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The gel was run in the same way as described ipteh2.1.1.4. and we can see that all the
CystA bands in the gel are weak (Fig 19; arrow)e Band at IB concentration 0.125mg/ml
was much stronger in the previous figure (16) thare. Since the same IB concentration was
used, we can infer that the piece of IB used far dptimization was composed of more water
and less protein.

It seems that the strongest band is at 100mM N&@ik observation complies with the
aggregates measurement which shows very littleegggion at 200mM NaCl and therefore
this condition was chosen as the best conditiomifpscale refolding.

e Figure 19: CystA in the refolding buffers

with different concentration of NacCl.
98 _ M = marker; values below the lines show
the concentration of NaCl in mM. CystA

a9 band is marked by an arrow.
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3.1.1.11. Second pH optimization

The pH optimization was also repeated for the netwlding conditions (20mM CAPS,
100mM NaCl, 300mM L-arginine; at IB concentratioAZbmg/ml). The values of pH ranged
from 8.2 to 10.0. We can see in the gel (Fig. 2®) m the graph of protein concentration in
the refolding buffer (Fig. 20) that pH 10 gives thighest CystA vyield followed by pH 9.5.
The aggregates measurement (Fig. 21) shows th&t pkeems to be a better option than pH
10.0 because of a lower amount of aggregated protei

This was one of the reasons to choose pH 9.5 adeah condition for our next refolding
attempt for Cyst A. The other reason was that tieéepr might be damaged more at high pH
like 10 by the effect of OH- ions, consequent Hssldrom proteins, changing the charge of

amino acids and possibly also the protein confoionat

Figures 20 (left), 21(right): Concentration of CystA and the amount of CystAregages in
refolding buffers with different pH values.
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Figure 22: Samples in the refolding
kDa buffers with different pH.
188 M = marker; values below the lines
98 show pH of the refolding buffer., CystA
" band is marked by an arrow.
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After comparing all data from all the different opization steps, the ideal buffer
composition was found to be: 20mM CAPS, 300mM L4Aige and 100mM NaCl, pH 9.5;
with 0.125g of IB per 1 liter of refolding buffer.

3.1.2. Cysteine protease inhibitor B

All steps of CystB synthesis are shown here. Thystaine protease inhibitor was
overexpessed ii.coli; strain BL21-pLysS and it has a molecular weighapproximately
14kDa.

3.1.2.1. Pilot expression

Figure 23 shows a gel of the pellets of the bamte®lls after their breakage with freeze
thawing and sonication which means that the protgia present within the inclusion bodies.
The gel of the corresponding supernatants (solis@étion) of the broken cells did not show
any bands at the appropriate molecular weight éoymessed protein) and it is not shown
here. The protein is overexpressed well alreadp@hafter gene overexpression induction
and its amount does not change with an extendedbaton time. Therefore the time point of
2 hours after IPTG induction was chosen.

kDa Figure 23: Pilot expression of

188 CystB. The molecular weight
marker is labeled as M; Oh-8h
represent the time points after
induction of overexpression
by IPTG. The CystB band is
marked by an arrow.
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3.1.2.2. Isolation of protein from bacteria

The presence of protein in the inclusion bodies lmarproven again in figure 24 where the
inclusion body preparation in large scale is shawna coomassie stained NuPAGE gel.
Although the picture was taken at a bad quality @msl not very sharp we can see a strong
band at the appropriate molecular weight in théugion bodies while nothing in the other

two fractions. The CystB band is marked by an arnrotie figure.

kDa Figure 24: Fractions after isolation of CystB from
08 bacteria. M = marker, CF = cytosolic fraction
(disrupting cells in Tris), MF = membrane fraction
62 (disrupting cells in triton), IB = inclusion bodies
The CystB band is marked by an arrow. The picture
49 of the protein marker is the same as in Figure 6

because the samples were run on the same gel.

s M CF MF IB

3.1.2.3. Pilot refolding

Refolding in buffers 1-8 (please see Materials enathods) was evaluated just by comparing

the resulting pellets of aggregated protein pdsidang in the various buffers before and also
after high speed centrifugation; No.2 and No.4 wetesen as the best starting refolding
conditions.

(No.2: 20mM Tris, 300mM NacCl, pH 8.5)

(No.4: 20mM Tris, 300mM NaCl, pH 8.0)

3.1.2.4. Optimization of pH upon protein refolding

The only difference between the best two buffers weir pH and therefore, the next step
was the pH optimization of the refolding buffer.eltested pH values were 7.4, 8.0, 8.5 and
8.8. We show a picture of a gel (run in the samg asmdescribed in chapter 2.1.1.4.) with
tested samples after concentration through 30 &Da 8utoff filter devices. The 30kDa filter
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was supposed to remove the high molecular weigptiiities and aggregates while the 3kDa
filter concentrated monomeric CystB. We found dattpH 8.5 is the best condition. There
were no high MW impurities in the 30kDa fractiondaa big band at the 3kDa fraction

(marked by an arrow in Fig. 25). Other samples alsmw a strong band in the 3kDa fraction
but all of them contain impurities trapped in ti@kDBa fraction.

Figure 25: Optimization of
pH in the refolding buffer.
M = marker, pH values are
always vald for two
samples above, 3 and
30kDa label the cutoff used
to get these samples. There
is always a 3kDa fraction
first followed by a 30kDa
fraction for each sample.
The CystB band is marked
by an arrow.

M 3 30 3230 3 30 3 30kDa
pH74 pH 8.0 pH 8.5 pH 8.8

3.1.2.5. Optimization of inclusion bodies concetibia

The last optimization step of CystB refolding was dstimate the best concentration of
inclusion bodies in the refolding buffer to avoidofein precipitation on one side and
excessive refolding buffer volume at the other side ran all samples at IB concentration
2,1, 0.5 and 0.25mg/ml in a gel (in the same waylescribed in chapter 2.1.1.4.) and the
concentration of 2mg/ml was chosen as the best.réd&son for this is a strong band in the
3kDa fraction while a relatively small band of it aggregates in the 30kDa fraction

(marked by an arrow in Fig. 26).
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BT Pt Py e et e T Figure 26: Optimization

kDa of the ideal IB concen-
188 S tration in the refolding
| ' buffer.

62 M = marker, the

Rt
S concentration values are
oo always valid for two
28 | . samples above, 3 and 30
Py label the cutoff in kDa
‘ used to get these samples.
— There is always a 3kDa
— fraction first, followed by
a 30kDa fraction for each

M 2mg/ml 1mg/ml 0.5mg/ml 0.25mg/ml sample. The CystB band is
3kDa 30 230 -3 30152 3 30 marked by an arrow.

We found out that CystB is refolded quite easiliieTL4kDa CystB band was strong during
all refolding optimization steps. No further optration was needed and the big scale
refolding was carried out in 20mM Tris, 300mM Na@H 8.5 with a yield approximately

60mg of pure monomeric protein.

3.1.3. Serine protease inhibitor A

All steps of SerA synthesis are shown here. Thimagrotease inhibitor was overexpessed
in E.coli; strain BL21-pLysS and has a molecular weight 44kDa.

3.1.3.1. Pilot expression

We can see that the overexpression of SerA isgtirothis bacterial strain. Figure 27 shows
a gel of the pellets of the bacterial cells aftkeit breakage with freeze thawing and
sonication which means that the protein was presghtn the inclusion bodies. The gel of

the corresponding supernatants (soluble fractiémhe broken cells did not show any bands
at the appropriate molecular weight (overexpregsetein) and it is not shown here. The
protein is overexpressed best 5-6 hours after ggreexpression induction and the band is
marked by an arrow.
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Figure 27: Pilot expression

kDa of SerA. The molecular
188 weight marker is labeled as
98 M; Oh-6h represent the time
& points after induction of
o overexpression by IPTG. The
SerA band is marked by an
“eeeew ¢
28
11
6
M Oh lh 2h 3h 4h 5h 6h

The presence of protein in the insoluble fractieninclusion bodies) was proven here and
was not confirmed again in another experiment.

3.1.3.2. Pilot refolding

Pilot refolding in was done in refolding buffers8l¢please see Materials and methods).
Samples were analyzed by concentration through D@0knd 10kDa cutoff filter devices.
The 100kDa filter was supposed to remove the higileaular weight impurities and
aggregates while the 10kDa filter concentrated muerac SerA. Then the samples were
compared using NUPAGE gels in the same way as idedcin chapter 2.1.1.4. The bands
were weak but the best ones were buffer 2, 3 affll20mM Tris, 300mM NacCl, differ in
pH only). Pictures of the gels are not shown besais poor quality. Comparison was done
mainly using the gels, not the pictures of them.

3.1.3.3. Optimization of pH

The next step was the optimization of pH in theldihg buffer. We show a picture of two
gels with tested samples after concentration usintDO and 10kDa cutoff filter devices
(Fig. 28). The 100kDa filter was supposed to remihee high molecular weight impurities.
Three 20mM Tris buffers were used (pH 6.8, 7.4),8W00 20mM MOPS buffers with lower
pH (6.5 and 7) and one 20mM Tris buffer with 250mvginine, pH 8. All six buffers
contained 300mM NaCl, which was found before to ibgortant during the first

optimization step.
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We were again searching for the strongest bandhenfitaction purified from aggregates;
10kDa in this case.

Buffer labeled as “T+Arg” with composition 20mM §ri300mM NaCl, 250mM arginine,

pH 8.0 looks the best. There is the strongest famdws in figure 28) in the 10kDa fraction
among all others suggesting the highest amoungfofded protein. The band in the 100kDa
fraction for this buffer is also quite strong; coamgble to those in Tris buffers with pH 6.8
and 7.4.

Figure 28: Optimization of pH in the refolding buffer. M = rkar, T = Tris buffer with the
corresponding pH or arginine at pH 8.0, M = MOPSfiea with the corresponding pH; 100
and 10kDa label the cutoff used to get these sanpleere is always a 100kDa fraction first
followed by a 10kDa fraction for each sample. TegASand is marked by arrows.

e

—

M 100 10 100 10 100 10 10 10 M 100 10 1M 10
T8 T4 T8.0 T+Arg M LS M 7.0

3.1.3.4. Optimization of inclusion bodies concetibrain the refolding buffer

Refolding of SerA at three different concentratiofsnclusion bodies (1.5, 3, 5mg/ml) gives
us the information about the concentration whichvptes the best outcome of refolded
protein. We show a picture of two gels (run in saene way as described in chapter 2.1.1.4.)
with tested samples after concentration using ad@D 10kDa cutoff filters (Fig. 29). The
100kDa filter was again supposed to remove aggesgatd the 10kDa filter concentrated the
sample.

The concentration of 3mg/ml was estimated to bébtst. The arrow-marked protein band in
the 10kDa fraction is significantly stronger at 3mbthan in the concentration 1.5mg/mi
which allows going to such a high concentration. tbe other hand there is no further
increase in intensity when going to 5mg/ml whiclygests that the excess of the protein

precipitated.
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Figure 29: Optimization of the ideal 1B
concentration in the refolding buffer.
M = marker, the concentration values
at the bottom line are always valid for
two samples above, 100 and 10 label
the cutoff in kDa used to get these
samples. There is always a 100kDa
fraction first followed by a 10kDa
fraction for each sample. The SerA
band is marked with an arrow.

Serine protease A was then refolded in a big Y&hleefolding buffer) with a yield 5mg.
Further optimizations starting with the ProteoSt&®tein aggregation assay kit
(Enzo® Life Sciences) were conducted to increaseyigld of pure protein.

Due to our findings during the CystA purificatio@hap. 2.1.1.7.), we stopped to use the high
molecular filter (100kDa) to capture the precipat Only 10kDa cutoff filter device was

used in the next applications.

3.1.3.5. Optimization using a kit = found
The ProteoStat® Protein aggregation assay kit gesvil5 different buffers as the starting
point for refolding optimization. We tested all diem, each with 2 different reducing
environments (A = DTT and B = GSH/GSSG). The protatescribed in this kit requires
only very small volume of samples and thereforeyaifle amount of aggregates was

estimated (the amount of refolded protein was tomlsto be further analyzed; protein
aggregates can be analyzed in the samples due toghly sensitive fluorogenic assay of the
specific kit). After fluorescence was measured, timeee best conditions with the lowest
fluorescence (and thus lowest amount of proteineggges and the most monomeric protein)
were picked and optimized further. Data from tinstimeasurement are shown in table 2 with

highlighted best values.
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Table 2: Fluorescence measurement of aggregates aftertheét bptimization. A1-A15 are
buffers from the ProteoStat® Protein aggregatiorsags kit where DTT was used as
a reducing agent; B1-B15 are samples with glutatkias a reducing agent. The three lowest
values are highlighted in yellow. All the values tbis table correspond to arbitrary
fluorescence units measured according to the iostvas of the kit.

Al 1108¢ Bl 857
A2 26¢€ B2 841
A3 74C B3 143¢
A4 41¢ B4 947
A5 32¢ B5 70€
A6 115C B6 781
A7 7481 B7 1267
A8 647 B8 351
A9 225¢ B9 144¢
Al0 123¢ B1G 72C
All 147¢ B11 298]
Al2 2011 B12 134¢
Al3 1457 B13 391
Al4 119¢ B14 584
Al5 4141 B15 84¢

The composition of three best buffers was:

A2 — 50mM Tris, 20mM NaCl, 0.8mM KCI, 5mM DTT, pH&

A5 — 50mM Tris, 20mM NacCl, 0.8mM KCI, 5mM DTT, 0.5Kuanidine-HCI, pH 7.6

B8 — 50mM Tris, 20mM NaCl, 0.8mM KCI, 2mM GSH, 0.MhGSSG, 0.4M L-Arginine,
pH 7.6

3.1.3.6. Optimization using a kit “2?ound

The three best buffers from the previous step dmd dne found previously using the
100/10kDa cutoff filter devices were further opted by various additives from the
ProteoStat® Protein aggregation assay kit. We SEO as a reducing agent for buffers A2,
A5 and the one from 100/10kDa cutoff filters and HESSSG for B8. Buffers were
numbered as: 1=A2, 2=A5, 3=B8 and 4=buffer from /10RDa cutoff, to shorten the
labeling. The labeling of additives is in table 3.

Table 3: Additives in the refolding buffers at their firncentration.
no additive

1mM PEG

5mM EDTA

5mM CaC}

5mM MgCh

100mM NacCl

0.05% Tween

120mM Sucrose
40mg/mla-Cyclodextrin

—|IIT|OmMm|OlO|m >
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Fluorescence was measured again using the Prot@oBtatein aggregation assay kit. The
fluorescence values of protein aggregates afterstiep are shown in table 4. Samples 3B and
4A showed the smallest fluorescence of aggregatgsuee highlighted in the table.

Table 4. Fluorescence of aggregates in refolding buffeeafhanges in their composition by
additives. Buffer compositions are described aboMee best values are highlighted in
yellow. All the values of this table correspond aiditrary fluorescence units measured
according to the instructions of the Kit.

1A 1B 1C 1D 1E 1F 1G 1H 11

280 212 292 291 279 269 243 296 386
2A 2B 2C 2D 2E 2F 2G 2H 2|

242 211 285 210 268 385 222 302 OVEHR
3A 3B 3C 3D 3E 3F 3G 3H 3l

309 208 290 356 274 301 381 283 815
4A 4B 4C 4D 4E 4F 4G 4H 4

199 238 315 227 261 442 254 307 535

The composition of best two buffers was:

3B: 50mM Tris, 20mM NaCl, 0.8mM KCI, 400mM L-argme, 2mM GSH, 0.4mM GSSG,
1mM PEG, pH 7.6

4A: 10mM Tris, 150mM NaCl, 125mM L-arginine, pH 6.8

The concentration of all buffer components in bu#f& was by calculation mistake ¥z of the
original buffer. The original buffer was includeato further optimization steps and labeled
as “ori".

We continued with buffers 3B and 4A which were fdwas giving the best refolding results
when using the ProteoStat® Protein aggregationyastaWe also used the “Ori” buffer
which was previously found by the 100/10kDa cufitéér approach.

3.1.3.7. Optimization of the inclusion bodies cartcation in the best three buffers

Refolding efficiency was tested in 50ml of buff@B, 4A and Ori at three different inclusion
bodies concentrations — 0.3, 0.6 and 1.3mg/ml. W&S used as a reducing agent for buffers
4A and Ori, GSH/GSSG for the buffer 3B. After comization to 500-1000u! using 10kDa
cutoff filter device and buffer exchange for TBSngples were run in a gel. Protein
concentration in the concentrate was estimatedjubm Pierce® BCA Protein Assay Kit and

then the refolded protein concentration in the Iloefy buffer was calculated using the
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measured values. The amount of aggregates wasagstinby the ProteoStat® Protein
aggregation assay kit. The results are presentéidures 30-32; an arrow marks the SerA
band in a gel. The gel was run in the same waeasribed in chapter 2.1.1.4.

We can see in the gel (Fig. 30) that buffers 4A @nidhave the strongest protein band at IB
concentration 0.6mg/ml. The band is much strongdsuiffer Ori than in 4A. Buffer 3B was
difficult to concentrate (possibly because of PEEGJ it also looks bad at the gel — the band
is not sharp and can only be seen in the sample&mg/ml IB concentration.

Buffers Ori and 3B show higher protein concentrat{&ig. 31) than 4A. The amount of

aggregated protein upon refolding is the lowesbuffers 4A and Ori at IB concentration
0.6mg/ml (Fig. 32).

Figure 30: SerA in refolding

buffers 4A, Ori and 3B at
different concentrations of
IB in the refolding buffer.

Numbers in the figure show
the IB concentration in each
of three refolding buffers in
mg/ml. First three lanes are
SerA in buffer 4A, second
three lanes SerA in Ori and
the last three lanes SerA in
3B. The arrow marks the
SerA band.

Figures 31 (left), 32 (right): Concentration and the amount of aggregates of SarA
refolding buffers 4A, Ori and 3B at different contrations of IB in the refolding buffer.
Numbers in the figure show the IB concentratiorach of three refolding buffers in mg/ml.

Concentration - 3 buffers, 3 IB Aggregates - 3 buffers, 3 IB
amounts amounts
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After comparing all the results, the buffer OrilBtconcentration 0.6mg/ml was chosen as
the best condition for big scale refolding.

3.1.3.8. Optimization of the arginine concentration

The effect of arginine at concentrations 50, 1080,1250 and 400mM was tested and
compared to the Ori buffer (where 250mM argining@riesent). The initial IB concentration
was 0.6mg/ml in all samples. After concentratiorb@®-1000ul using a 10kDa cutoff filter
device and buffer exchange for TBS, samples waramra NuPAGE gel (in the same way as
described in chapter 2.1.1.4.). Protein concewptnatjin the 500-1000ul volume) was
estimated using the Pierce® BCA Protein Assay Kid ahen the refolded protein
concentration in the refolding buffer was calculatesing the measured values. The amount
of aggregates was measured by the ProteoStat®iPagjgregation assay kit. The results are
presented in figures 33-35; an arrow marks the $amd in a gel.

We can see in figure 33 that the protein band mnger with increasing arginine
concentration. It means that the more arginine aeehin the buffer, the better refolding
conditions are achieved. Figure 34 also shows arease of SerA concentration with
increasing arginine amount. The concentration oASe the sample with 400mM arginine is
almost twice higher than in all the other buffefhere is not much difference in the
aggregates amount among refolding buffers (Fig.B&jorescence reaches values between
170 and 270 units in all cases.

The L-arginine concentration 400mM shows the bestgmn concentration, strongest band in
a gel and not so high amount of aggregates. 400ngihiae was then chosen as the best
condition for a big scale refolding.

KkDa

188
Figure 33: Optimization of L-arginine in
¥ the SerA refolding buffer. The arginine
concentration is given at the bottom of
62 the figure. The SerA band is marked with
an arrow.
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Figures 34 (left), 35 (right): Concentration and the amount of aggregates of SarA
refolding buffer Ori with different concentratiod L-arginine in the refolding buffer. The
arginine concentration is at the x-axis.

Concentration [ug/ml]
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3.1.3.9. Optimization of NaCl concentration

The NaCl concentration optimization was the negpstSerA was refolded in 20mM Tris,
400mM L-arginine, pH 6.8 with NaCl at concentrago®, 20, 50, 100, 150 and 300mM.
After concentration to 500-1000u! using a 10kDaoffuilter device and buffer exchange for
TBS, samples were run in a gel in the same wayeasribed in chapter 2.1.1.4. Protein
concentration in the concentrate was estimatedjubm Pierce® BCA Protein Assay Kit and
aggregates were measured by the ProteoStat® Pamigmegation assay kit. The results are
presented in figures 36-38; an arrow marks the $amd in a gel.

NaCl does not seem to have any big effect on tfeddirg efficiency. Protein bands in the
gel look all the same (Fig. 36).The protein concaidn measurement does not provide much
information about the right condition either (Fig7). The protein concentration in all
6 buffers varies between 8.5 and 10pg/ml. The amotimggregated protein differs a lot
among these six buffers (Fig. 38). The buffer wstbmM NaCl shows 2.5 times lower
aggregate fluorescence than the one with 100mM NacCl

Finally, the concentration 50mM NaCl was pickedlss best based mainly on the smallest

aggregates amount and also on yielding tightlybit protein concentration.
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Figure 36: Optimization of NaCl
concentration in the refolding buffer
for SerA. The concentration of NaCl is
given at the bottom of the figure. The
SerA band is marked with an arrow.

Figures 37 (left), 38 (right): Concentration of SerA and the amount of aggregateerA in
the refolding buffer with different concentratioos NaCl in the refolding buffer. The NacCl
concentration is given at the x-axis.
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3.1.3.10. Optimization of the refolding buffer pH

The last optimization step was to find the best phe buffer composition was in all cases
20mM Tris, 400mM L-arginine and 50mM NaCl. The I1Bncentration was 0.6mg/ml. Four
pH values were tested: pH 6.8, 7.4, 8.0 and 8.FerAdoncentration to 500-1000u! using
10kDa cutoff filter devices and buffer exchange T@8S, samples were run in a gel in the
same way as described in chapter 2.1.1.4. Protmtentration in the concentrate was
estimated using the Pierce® BCA Protein Assay Kid ahen the refolded protein

concentration in the refolding buffer was calculatasing the measured values. The
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aggregates were measured by the ProteoStat® Pegjgiegation assay kit. The results are
presented in figures 39-41; an arrow marks the $amd in a gel.

SerA, which was refolded in buffers with pH 6.8 ahd, shows the strongest band in the gel
(Fig. 39). The protein concentration in these twé gnvironments is also higher than in

buffer with pH 8.0 or 8.5 (Fig 40). The differensehowever quite small. The lowest amount
of aggregates in the buffer with pH 7.4, compa@@alt other buffers (Fig. 41), has shown

that this pH is the most suitable for SerA refofdin

Figure 39: Optimization of pH of the
refolding buffer for SerA. The pH values
are given at the bottom of the figure. The
SerA band is marked with an arrow.

Figures 40 (left), 41 (right): Concentration and the amount of aggregates of SarA
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The final buffer composition was then:

20mM Tris, 400mM L-arginine, 50mM NaCl, pH 7.4 withe concentration of inclusion
bodies 0.6mg/ml.

Even after all optimization steps, the yield of S&ras only 12mg after purification.

3.1.4. Serine protease inhibitor C

All steps of SerC synthesis are shown here. Thises@rotease inhibitor was overexpessed

in E.coli, strainBL21-pLysS and has a molecular weight 42kDa.

3.1.4.1. Pilot expression

We can see an extremely strong overexpression i@ #ethis bacterial strain. Figure 42
shows a gel of the pellets of the bacterial celleraheir breakage with freeze thawing and
sonication which means that the protein was presghtn the inclusion bodies. The gel of
the corresponding supernatants (soluble fractiémhe broken cells did not show any bands
at the appropriate molecular weight (overexpreggetkin) and it is not shown here. SerC is
overexpressed well already 3 hours after the IPm@udtion. The strength of the band

(Fig. 42; marked with an arrow) does not increasthér over time.

— E— Figure 42: Pilot expression
of SerC. The molecular
weight marker is labeled as
M; Oh-24h represent the
time points after induction
of overexpression by IPTG.
An arrow marks the SerC

‘ band.

M Oh lh 2h 3h  4h Sh 6h 8h 24h

The presence of SerC in the insoluble fractionnGluision bodies) was proven here and was
not confirmed again in another experiment.
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3.1.4.2. Refolding optimization using a kit 2 rbund

The ProteoStat® Protein aggregation assay kit gesvil5 different buffers as the starting
point for refolding optimization. We tested all tiem, each with 2 different reducing
environments (C = DTT and D = GSH/GSSG). The protaescribed in this kit requires
only very small volume of samples and thereforeyaifle amount of aggregates was
estimated (the amount of refolded protein was tomllsto be further analyzed; protein
aggregates can be analyzed in the samples due toghly sensitive fluorogenic assay of the
specific kit). After fluorescence was measured, timee best conditions with the lowest
fluorescence (and thus lowest amount of proteineggges and the most monomeric protein)
were picked and optimized further. Data from thst fmeasurement are shown in table 5 with
highlighted best results.

Table 5: Fluorescence measurement of aggregates aftersthidt bptimization. C1-C15 are
buffers where DTT was used as a reducing agentpD3-are samples with glutathione as
a reducing agent. The best three values are higtéig) in yellow. All the values of this table
correspond to arbitrary fluorescence units measuaecording to the instructions of the Kkit.

C1l 952 D1 175
C2 311 D2 342
C3 382 D3 2092
C4 393 D4 341
C5 502 D5 327
C6 671 D6 436
C7 598 D7 610
C8 653 D8 837
C9 432 D9 752
C10 1292 D10 1707
Cl1 892 D11 1245
C12 752 D12 1027
C13 4945 D13 1364
Cl4 925 D14 1486
C15 537 D15 1393

The composition of three best buffers was:

C2 — 50mM Tris, 20mM NacCl, 0.8mM KCI, 5mM DTT, pH67

D1 - 50mM Tris, 20mM NacCl, 0.8mM KCI, 2mM GSH, 0.MhGSSG, pH 6.8

D4 —50mM Tris, 20mM NaCl, 0.8mM KCI, 2mM GSH, 0.Wm GSSG, 500mM
Guanidine-HCI, pH 6.8

D5 -50mM Tris, 20mM NaCl, 0.8mM KCI, 2mM GSH, 0.Wm GSSG, 500mM
Guanidine-HCI, pH 7.6

56



3.1.4.3. Optimization using a kit "@und

Four best buffers found previously were furtherirmpted by various additives from the
ProteoStat® Protein aggregation assay kit. We [BEO as a reducing agent for buffer C2,
and GSH/GSSG for D1, D4 and D5. Buffers were nuedheb=C2, 6=D1, 7=D4 and 8=D5
to shorten the labeling. The labeling of additii®s) the same as at the optimization of SerA
(please see above in table 3).

The fluorescence values of protein aggregates medsa this optimization step are shown
in table 6. Samples 5F, 6A, 6C and 6D show the stvilaorescence and are highlighted in
the table.

Table 6: Fluorescence of aggregates in refolding buffeeafhanges in their composition by
additives. Buffer compositions are described aboMee best values are highlighted in
yellow. All the values of this table correspond aiditrary fluorescence units measured
according to the instructions of the Kit.

5A 5B 5C 5D 5E 5F 5G 5H 51

350 345 357 337 344 329 361 365 523
6A 6B 6C 6D 6E 6F 6G 6H 6l
294 321 305 300 380 326 335 375 485
7A 7B 7C 7D 7E 7F 7G 7H 71
430 342 449 404 411 392 411 468 776
8A 8B 8C 8D 8E 8F 8G 8H 8l
439 368 547 422 454 509 412 571 796

The composition of best four buffers was:

6A — 50mM Tris, 20mM NacCl, 0.8mM KCI, 2mM GSH, 0.MGSSG, pH 6.8

6C — 50mM Tris, 20mM NacCl, 0.8mM KCI, 2mM GSH, 0.¥hGSSG, 5mM EDTA, pH 6.8
6D — 50mM Tris, 20mM NacCl, 0.8mM KCI, 2mM GSH, 0.#hGSSG, 5mM CaG| pH 6.8
5F — 50mM Tris, 120mM NacCl, 0.8mM KCI, 5mM DTT, pH6

Because buffer 6 (with various additives) showse¢hbest fluorescence values, it was
modified by varying the reducing agent compositiorthe buffer. Two more buffers were
prepared based on buffer 6A, where glutathioneneplaced by DTT in one case or not used
at all in the other case.

Names and composition of the new buffers were:

6T — 50mM Tris, 20mM NaCl, 0.8mM KCI, 5mM DTT, pH& (glutathione replaced by
DTT)

6X — 50mM Tris, 20mM NaCl, 0.8mM KCI, pH 6.8 (nodecing agent in the buffer)
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3.1.4.4. Optimization of the reducing agent inrt#@lding buffer
50ml of each of 6 buffers (5F, 6A, 6C, 6D, 6T, 6Xas used for testing the refolding
efficiency. SerC was refolded at the concentrabériB 0.5mg/ml. After concentration to

500-1000u! using a 10kDa cutoff filter device andfér exchange for TBS, samples were

run in a NuPAGE gel as described in chapter 2.1.P¥btein concentration (in the

500-1000u! volume) was estimated using the PierB€#& Protein Assay Kit and then the

refolded protein concentration in the refolding feufwas calculated using the measured

values. The amount of aggregates was measured ebyribteoStat® Protein aggregation

assay kit. The results are presented in figure432&n arrow marks the SerC band in a gel.

Buffers 6X and 5F have the strongest band in kgl 43, marked with an arrow). Buffers
6A, 6C and 6T show bands similar to each other thede is nothing in buffer 6D. The

concentration of protein in buffer 6D is also véaw which probably means that the sample

was lost during concentration. On the other harftelgi5F and 6X show the highest protein

concentration in the refolding buffer (Fig. 44).

Buffer 6X was finally chosen to be better than ®€duse of a five times lower amount of

aggregates (Fig 45).
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Figure 43: The gel of SerC
refolded in 6 different buffers.
The buffer names are at the
bottom of the figure. The SerC
band is marked with an arrow.



Figures 44 (left), 45 (right): Concentration and the amount of aggregates of SerC
6 different refolding buffers.
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3.1.4.5. Optimization of NaCl concentration

The optimization of NaCl concentration in the rdinf buffer was the next step. SerC was
refolded in 50mM Tris, 0.8mM KCI, pH 6.8 with Na&t concentrations 0, 20, 50, 100, 150
and 300mM at the IB concentration 0.5mg/ml. Afteotpin concentration to 500-1000ul
using a 10kDa cutoff filter device and buffer exepa for TBS, samples were run in a gel in
the same way as described in chapter 2.1.1.4. iRrotcentration (in the 500-1000ul
volume) was estimated using the Pierce® BCA Professay Kit and then the refolded
protein concentration in the refolding buffer wadcalated using the measured values. The
amount of aggregates was measured by the Prot@Btatein aggregation assay kit. The
results are presented in figures 46-48; an arrovksrithe SerC band in a gel.

We can see in figure 46 that SerC refolded in baff@ith NaCl concentration 150 and
300mM has the strongest band. 100mM NaCl seems tthé worst option with a weak
protein band. The protein concentration measuremmefigure 47 shows the same result as
the NUPAGE gel. The protein concentration is alnoste higher in buffers with 150 and
300mM NaCl than in the others. Lower amount of aggted protein (Fig. 48) in buffer with
300mM NaCl decided that 300mM NaCl is a better @ It shows the least aggregate
fluorescence among all buffers and 3x lower thanatiffer with 150mM NacCl.
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Figure 46: Optimization of
NaCl concentration in the
refolding buffer for SerC. The
concentration of NaCl is given
at the bottom of the figure. SerC
band is marked with an arrow.

Figures 47 (left), 48 (right): Concentration and the amount of aggregates of SerC
refolding buffer with different concentrations of® in the refolding buffer. The NaCl
concentration is given at the x-axis.

Concentration - NaCl Aggregates - NaCl
— 5 60
% 4 £ 50 -
2 2 40 -
3 g
= o 30 -
2 - 2
b=} 9 20 -+
S )
g 17 2 10 -
S o 0 -
0‘$ Q‘(\@ Qé\@ 06\@ 0‘°® 0<°® 0‘°® Qé\@ Q&® 0‘°® 0‘°® 0‘°®
& S S

3.1.4.6. Optimization of IB concentration in théotding buffer

We further optimized the concentration of inclusibadies in the refolding buffer. The
inclusion bodies concentrations were: 2, 1, 0.8500.125 and 0.0625mg/ml. Refolding of
SerC at each IB concentration was done in 50mDmM Tris, 0.8mM KCI, 300mM NacCl,
pH 6.8. After concentration to 500-1000ul usindGkDa cutoff filter device and buffer
exchange for TBS, samples were run in a gel irstimee way as described in chapter 2.1.1.4.
Protein concentration (in the 500-1000u! volume)s veatimated using the Pierce® BCA
Protein Assay Kit and then the refolded proteincemtration in the refolding buffer was
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calculated using the measured values. The aggeegatee measured by the ProteoStat®
Protein aggregation assay kit. The results areepted in figures 49-51; an arrow marks the
SerC band in a gel.

We can see in figure 49 that the protein bandéasstiongest in buffer with IB concentration
0.25mg/ml. Bands in samples with IB concentratioB @nd 0.125mg/ml are also quite
strong, the others cannot be seen at all. The ipr&€A concentration measurement also
shows the highest value in the buffer with IB corcation 0.25mg/ml (Fig. 50). The amount
of precipitated protein surprisingly increases wdécreasing 1B concentration. The trend is
not strong and the lowest and the highest valderdiinly by 25% (Fig. 51).

Based on the gel and the SerC concentration measutethe best IB concentration is
0.25mg/ml. The amount of refolded protein decreassincreasing IB concentration which
means that SerC probably precipitates at highercemnations. Going to lower
concentrations makes no sense. It would signifigantrease the volume of refolding buffer
and has no positive effect. The sample at IB camagon 1mg/ml was probably lost during
the concentration but the result at 0.25mg/ml é&ady the best so there is no need to repeat

this step.

Figure 49: Concentration of SerC

in the refolding buffer at different

concentrations if IB in the

refolding buffer. Numbers in the

figure show the IB concentration in
mg/ml. The SerC band is marked
with an arrow.
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Figures 50 (left), 51 (right): Concentration and the amount of aggregates of Satér
refolding at different concentrations of IB in thefolding buffer. Numbers in the figure show
the IB concentration in the refolding buffers in/mb
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3.1.4.7. Optimization of the arginine concentration
Refolding buffer (50mM Tris, 300mM NaCl, 0.8mM KQiH6.8) was further improved by
varying the L-arginine concentration — 0, 50, 1(K0, 250 and 400mM. The IB
concentration was 0.25mg/ml in all samples, as dotmbe the best in the previous step.
After concentration to 500-1000ul using a 10kDaoffuand buffer exchange for TBS,
samples were run in a NUPAGE gel as describedaptein 2.1.1.4. Protein concentration (in

the 500-1000u! volume) was estimated using thecB®mBCA Protein Assay Kit and then
the refolded protein concentration in the refoldmgfer was calculated using the measured
values. The aggregates were measured by the Ptat@d&otein aggregation assay kit. The
results are presented in figures 52-54; an arrovksrithe SerC band in a gel.

Figure 52 shows that the SerC band gets stronghrtiag increasing arginine concentration.
Especially the protein band in buffer with 400mMyiame is stronger than the others. The
SerC concentration measurement also shows an secrefrefolded SerC amount with
increasing arginine molarity (Fig. 53). Just likethe gel, buffer with 400mM arginine shows
again the best result. The amount of aggregatssnigar in all buffers except the one with
400mM arginine. There are at least twice more agges in the buffer with 400mM arginine
(Fig. 54).
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Figure 52: Optimization of L-
arginine in the SerC refolding
buffer. The arginine concentration is
given at the bottom of the figure. The
arrow marks the SerC band.

Figures 53 (left), 54 (right): Concentration and the amount of aggregates of SerC
refolding buffer after the L-arginine optimizatiohhe arginine concentration is at the x-axis.
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The quality of refolding was further tested by nopervisor. SerC has an inhibitory activity
against elastase. We show the graph of remainiagneatic activity of 70pM elastase after
incubation with 5nM SerC in figure 55. We can seat tSerC refolded in a buffer without
arginine has the strongest inhibitory activity (gadt remaining activity). The effect is

however similar for all samples.
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Figure 55: Remaining enzymatic activity of elastase afteulbration with SerC. Control is
the effect of elastase with no inhibitors; OmM 040 is SerC refolded in buffer with
0-400mM L-arginine.
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After comparison of all data, L-arginine at 250mMncentration was chosen as the best
condition. It provides the "2 best protein yield (after 400mM) but has signifitha less

aggregates. The inhibitory activity is the sambath buffers.

3.1.4.8. Optimization of the refolding buffer pH

The last optimization step was to find the bestf@HSerC refolding. The buffer composition
was in all cases 50mM Tris, 300mM NaCl, 0.8mM K@da250mM L-arginine. The 1B
concentration was 0.25mg/ml. Four pH values westete pH 6.8, 7.4, 8.0 and 8.5. After
concentration to 500-1000ul using a 10kDa cutdiérfidevice and buffer exchange for TBS
and the samples were run in a gel as describetapter 2.1.1.4. Protein concentration (in
the 500-1000u! volume) was estimated using thecB®mBCA Protein Assay Kit and then
the refolded protein concentration in the refoldmgfer was calculated using the measured
values. The amount of aggregates was measuredebfritteoStat® Protein aggregation
assay kit. The inhibitory enzymatic activity agsirlastase was tested for 7nM SerC under
the same conditions as previously. The resultpeesented in figures 56-59; an arrow marks
the SerC band in a gel.

The gel bands get a little stronger with an incdreppH of the refolding buffer (Fig. 56).
This trend can be more easily seen in the grafBeo€ concentration in the refolding buffer.
The protein concentration in buffers with pH 8.@ &h5 is almost twice higher than in the
other two buffers (Fig. 57). Figure 58 shows theré are the least aggregates in the buffer
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with pH 6.8. Buffers with pH 7.4 and 8.5 have tl@ams amount of aggregated SerC; the
highest amount of aggregates is in the buffer with8.0 (Fig. 58). The activity (and the
remaining activity) of SerC is almost the same raftefolding in any of these pH
environments (Fig. 59).

Based on all these measurements pH 8.5 was chaséneabest condition. This buffer
provides a little better result in all tests thhe second best buffer — pH 8.0.

We can see from the gel and the protein conceotratieasurement that pH 8.0 and 8.5 are
better for SerC refolding than the buffers with &wH. The lower amount of aggregates, as
well as the activity tests show that pH 8.5 willthe most suitable environment for big scale

SerC refolding.

Figure 56: Optimization of pH of the refolding
buffer for SerC. The pH values are given at the
bottom of the figure. The arrow marks the SerC
band.
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Figures 57 (left), 58 (right): Concentration and the amount of aggregates of SerC
refolding buffer with different pH. The pH valuee given at the x-axis.
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Figure 59: Remaining enzymatic activity of elastase afteulration with SerC. Control is
the effect of elastase with no inhibitors; pH af tiefolding buffer is at the x-axis.
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The final buffer composition is:
50mM Tris, 300mM NacCl, 0.8mM KCI, 250mM L-arginingH 8.5 with the inclusion bodies
concentration 0.25mg/ml.

SerC was overexpressed and refolded with a fireddl \@Omg.
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3.2. Vaccination of guinea pigs with cysteine pro&se inhibitors A and B

Blue bars represent th& éxposure, red bars th& 2xposure in all graphs.

Figure 60 shows the average mass of ticks after fiheshed feeding. We can see that the
mass of ticks was almost three times higher afterfirst exposure (320mg) than after the

second exposure

exception is a lower mass of ticks in the GFP grafipr the second exposure. It reaches
80mg, while all other ticks from groups after tleeend exposure weighed 120mg in average.

(120mg). There are no differencesn@ the tested groups. The only

Such a difference seems not to have any biologiesning.

Figure 60: The mass of ticks after finished feeding. Thesnadter the T exposure was ca
320mg in all cases while 120mg after tHe f2eding. The average mass in the GFP group

after 2 feeding was 80mg.
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The number of days needed for ticks to completdifgeis shown in figure61. All ticks (no

matter what group) needed in average the samettirfieish feeding, varying from seven to

eight days.
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Figure 61: The number of days needed to finish feeding. ié#stneeded 7.5-8 days in
average to finish feeding.
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The amount of eggs was determined by scoring fram3and is shown in the next figure. No

eggs were scored as 0, small amount as 1, norn@lrimas 2 and a big amount of eggs as 3.
The amount of eggs was slightly higher after tihst fexposure than after the second one. It
reached ca 2.2 points in all groups after the &sgiosure while only ca 1.8 points after the
second exposure. There are no differences amordjfteeent experimental groups as far as it

concerns the egg laying ability of the ticks.

Figure 62: The egg laying of ticks from different groups mafteth tick exposures. The
amount of eggs was scored from 0 (no eggs) tot8 @beggs). The amount of eggs was
slightly higher after the *Lexposure. There are no differences among testmapgr
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Figure 63 demonstrates the proportion of moltedsede value after the first exposure in the
PBS control group reaches almost 90% while in tiers groups ca 80%. The values after
the second exposure reach ca 75% except for theg@kP where the value is 65%. None of

these differences is statistically significant.

Figure 63: The egg molting efficiency from different grouperaboth exposures. Molting
was scored by the percentage of molted eggs andnaiagependent on the eggs amount.
There is a slight decrease in GFP, CystA and CystBips after the Lexposure.
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The following three graphs (Fig. 64-66) show how tier of antibodies changed during the
experiment.

The titer measured after th&"accination is not shown. The dilution of serainyELISA
was too low to reach the linear trend of absorbaamzk thus it was not possible to find the
exact value of the titer. We estimated the tibebe greater than 200 000 in most of the cases.
The shown values in the graphs are coming:

a) After the 3° immunization with the various antigens

b)  After the £'exposure to ticks

c)  After the 7Y exposure to ticks

Values of the antibody titer for the GPs from tH&SPgroup were the same as the values of

the pre-immunization sera and are not shown irgthphs.
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We can see a decrease of the anti-GFP antibodia 81GPs. The titer decreased from
600-700 000 to 100 000 in GPs 4 and 6 or to 300i0@BP 5. The antibody titer values are
shown in figure 64. One exception is the coursétef in GP5 where it increased first and
then decreased following the same slope as inttier GPs.

Figure 64: The titer of antibodies in GFP group. The graplowh three time points — after
the 3 vaccination and after both tick exposures. Thera dlecrease of the titer for all 3 GPs.
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Values for the antibodies against CystA tend taegse over time in all four tested animals.
The titer of anti-CystA antibodies started at valietween 300 and 700 000 (after tife 3

immunization) and dropped to 100-500 000 after lHs exposure. One exception is the
course of titer in GP7 where it increased first @nein decreased rapidly. The values are
shown in figure 65.
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Figure 65: The titer of antibodies in the CystA group. Thaplr shows three time points —
after the & vaccination and after both tick exposures. Thera tlecrease of the titer for all 4
GPs.
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Values for the antibodies against CystB decreafted the f' exposure in comparison to the
values after the last immunization. They increaagain after the™ exposure, approximately
to the same level as they were after the last inization. The value for GP 12 after thé 3
vaccination is missing because we were not ablake blood from this GP. CystB shows the
highest antibodies titer of all three tested prstet it never dropped below 300 000. The

results are shown in figure 66.

Figure 66: The titer of antibodies in CystB group. The graplows three time points — after
the 3% vaccination and after both tick exposures. Ther titecreases first but then returns
back to the level after thé®3/accination.
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3.3. Saliva assisted transmission &orrelia

We run g-PCR to find the amount Borrelia (flagellin DNA) in mouse skin. DNA isolated
from mouse skin was used as a template. The amotlirftagellin gene copies was
proportional to the amount &orrelia spirochetes. The amount of flagellin gene copias
compared to mouse actin gene copies as well detmass of skin (in mg) where DNA was
isolated from.

The data show that the ratio betwdgorrelia flagellin genes and mouse actin genes varies
from 40 to 110 (Fig. 67). We can see almost ncetiifice between TBS, OVA and CystA
samples after comparison to actin (Fig. 67). Cy&tiBiple shows high&orrelia numbers but
with a high SEM and no statistical significancepat 0.05.

Figure 67: The comparison of Borrelia per the amount of neoastin genes. TBS is the no
protein control group, OVA the unspecific proteimntrol group, CystA and CystB are the
tested samples with inhibitors.
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Figure 68 shows that the average amourBaifelia was ca 1.8 million per 1mg of skin in
mice injected with TBS, CystA or CystB. There wasignificant reduction oBorrelia in
mice treated with the control protein — ovalbuntive amount oBorrelia is only 500 000 per
one milligram of tissue. None of these resultdasistically significant at p < 0.05.
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Figure 68: The comparison of Borrelia per milligrams of mowssén. TBS is the no protein

control group, OVA the unspecific protein contrabgp, CystA and CystB are the tested
samples with inhibitors.
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3.4.1n vitro Borrelia proliferation
We next tested in vitro for a potential effect betCystB cysteine protease inhibitor in
Borrelia proliferation as the time passes (Fig. 69). Irttadl experimental groups, the number
of spirochetes increased from less than 200 00ad B+-6 million / ml between days 1 and 4.
The number of livingBorrelia decreased almost to zero 7 days after the imtatf the
experiment and it is not shown in the graph. Theneo statistically significant effect of the
tested protease inhibitor CystB after any of aredydays.Borrelia numbers in the CystB
group reach the same values during all day asdmitrol groups.

Figure 69: The amount of Borrelia per ml after an in vitroltoeation during four days after
inoculation. TBS is the no protein control group/Mis the unspecific protein control group
(ovalbumin) and CystB is the tested cysteine peaté@hibitor group.
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3.5. Cells activation
The results for macrophages, neutrophils and mdes@ctivation are presented as a ratio of
the amount of pro-inflammatory gene transcriptsMeein a non-activated group of cells
shown as “No treatment control” (NT) and the amaafrtranscripts in tested groups after cell
activation. The value for this NT was set to 1 ihcases (negative control) to make the
comparison easier and it is not shown in the graBhss in the graphs labeled as “LPS only”
or “PMA only” serve as a positive control of actiian. Bars CystB, SialoL, SerB and IRS2
represent activated cells treated with the testetlems as described in the Materials and
Methods. The values in the graph show the amourttaviscripts in an activated sample
normalized for the NT.
All values were calculated twice — using two diéfiet housekeeping genes (18S and RPS29)
for equalizing the RNA isolation quality. Both h@kgeping equalizations provide the same
results; only one housekeeping gene graph is prex@mthis thesis.

3.5.1. Macrophages
Macrophages were activated by two different waysing either LPS or PMA.

LPS activated all tested genes except CCL2. The® no significant inhibition in samples
where TNF, IL-B or CXCL2 were measured. Transcription of TNF walsasmced 50x, IFN
and iNOS 200x, IL-f 300x and CXCL2 450x in positive controls. The seniption of IFN

and INOS was inhibited to 50-25% by all tested @rgt. The results are however not
statistically significant, probably because onlplitate repeats for each tested sample. The

results are shown in figure 70.
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Figure 70: The LPS activation of six different mice pro-inflaatory genes in macrophages.
Six groups were tested: No treatment as a negatrdrol (not shown, value set to 1 in
all cases), LPS as a positive control and four gase inhibitors.
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PMA activated only the genes CXCL2 and K-Nranscription of CXCL2 was enhanced 10x,
transcription of IFN330x in positive controls. In all the other casksré is almost no
difference between a negative control, positivetimdrand the samples. Unfortunately no
inhibitory effects can be seen, the amount of tapts is the same in all groups including the
positive control. The results are shown if figide
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Figure 71: The PMA activation of six different mice pro-imilamatory genes in macrophages.
Six groups were tested: No treatment as a negatwrol (not shown, value set to 1 in all
cases), LPS as a positive control and four protessgbitors. Only genes CXCL2 and
IFNy were activated in the positive control and no bition in the activation of both these
genes was detected by any of the tested proteins.
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3.5.2. Neutrophils
LPS activated only TNF and CXCL2 genes in neutrisphlranscription of TNF was

enhanced more than 20x ant the transcription of @most 40x in positive controls. We
can see no inhibitory effect of the tested proteinghe transcription of these two neutrophil
genes — there is no difference between the posttivérol and tested samples. SerB even
seems to enhance the CXCL2 transcription by ca ®b¥onot significantly according to
ANOVA Transcription of IL-B, CCL2 and IFN was not triggered by LPS. Results are

presented in figure 72.
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Figure 72: The LPS activation of five different mice prolanimatory genes in neutrophils.
Six groups were tested: No treatment as a negatwérol (not shown, value set to 1 in all
cases), LPS as a positive control and four groujis protease inhibitors. Only genes TNF
and CXCL2 were activated with no inhibition by ¢glsproteins.
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3.5.3. Monocytes
LPS activated TNF, ILf1 and CXCL2 genes in monocytes. Transcription of Taxid 1L-13

increased 4x, transcription of CXCL2 16x in compani to the NT group. CCL2, IRNand
INOS genes were not activated. There is no stai$fi significant inhibition apparent in the

expression of any of these genes by any of testadips (Fig. 73).
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Figure 73: The LPS activation of six different mice pro-infl@atory genes in monocytes. Six
groups were tested: No treatment as a negativeralofwalue set to 1 in all cases), LPS as a
positive control and four protease inhibitors. Ondyenes TNF, ILA4and CXCL2 were
activated with no inhibition by tested proteins.
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3.6. LPS induced lung inflammation and collecting BL
Neutrophils were the only isotype analyzed in #wperiment. The PBS group is a positive
control with no protein inhibiting the inflammatorgaction; the other samples are with tested

proteins (SialoL, SerB, CystB).

Based on the FACS data we show the graph of pergentf neutrophils among the other
cells of the immune system in lungs. There areigoificant differences among groups. We
can see that the proportion of neutrophils is 4% 10 all the cases with big error bars. We
did not find any impact of the tested proteins lo@ meutrophil proportion among other cells.

The results are shown in figure 74.
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Figure 74: The ratio of neutrophils among other cells in laragjter the inflammation. PBS is
the control group; SialoL, SerB and CystB are w@gfoups influenced by tested proteins.
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The second graph (Fig. 75) shows the total amotimeatrophils isolated from the lungs.
Cells were counted under a microscope and thetsesdre then adjusted based on the
neutrophils proportion in each group. The total antaof neutrophils differs a lot. SerB and

CystB groups show a higher amount than SialoL acoindérol group.

Figure 75: The amount of neutrophils in lungs after the imflaation.PBS is the control
group; SialoL, SerB and CystB are groups with @seteins.
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3.7. Thioglycolate induced peritonitis
We estimated the effect of SialoL, SerB and CysiB the proportion of neutrophils,
monocytes and macrophages after causing an infléiiorma peritoneum. We can see that
neutrophils form the main part of all cells of ithemune system in this animal model of acute
inflammation (40-60% of cells in all tested groupEhe percentage of neutrophils compared
to PBS group is a little higher in all groups tezhtwith a protein (Fig. 76). Monocytes and
macrophages only contribute to approximately tHe D5 the total population (each of them).
The abundance of macrophages in SialoL and Senlpgris more than 2x lower than in PBS
and CystB groups. The presence of monocytes isafietted by the tested proteins at all.
Unfortunately none of these results is statistycalgnificant; mainly because of the high

variance among the different experimental samples.

Figure 76. Ratio of neutrophils, monocytes and macrophagegeéntoneum after the
peritonitis. All three isotypes were tested in fauoups — PBS as a control and groups
treated with SialoL, SerB and CystB.
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Figure 77 shows the total amount of neutrophilsnoaytes and macrophages present in the
peritoneum. The total amount of all cells was higineSialoL and CystB groups; no matter
what type of cells it was. Neutrophils are the mabktndant isotype of all, followed by
monocytes and macrophages (as shown also in FjgWe found a statistically significant
increase in the amount of neutrophils after treatnweith SialoL and of monocytes after
treatment with SialoL and CystB.
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Figure 77: The amount of different isotypes in peritoneurargseritonitis. All three isotypes
were tested in four groups — PBS as a control araugs treated with SialoL, SerB and
CystB. Statistically significant results are markeith an asterix.
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4. Conclusion

4.1. Protein expression
We have seen that all four produced proteins weesexpressed well in the.coli bacterial
strain BL21(DE3)pLysS. This was the first strairedrin all cases and no others were used

because of a good result with this one. Espedhéyverexpression of SerC was very strong.

4.2. Refolding
As mentioned above, optimization of protein refotflivas the main part of this thesis. It has
been confirmed that even two proteins from the sprogein family from the same organism
are refolded in a very different way as describgdRiadolph (1996) or Bird (2004). Various
approaches were used to identify best refoldingditimms for each protein since all four
proteins were overexpressed as aggregates in iahcteclusion bodies. Every buffer
component was analyzed by running samples of tfadesl proteins for each different
refolding condition in a gel, by measuring the kgteotein concentration in the refolded
protein solution and by measuring the amount ofreggted protein in the same solution.
Protein activity measurements were also employedhen final stages of optimization.
However we were not able to achieve a yield ofldefd protein in the range of ten percent
refolding efficiency like Hevehan and Clarke (1987 )Katohet al. (2000).
Using disulfide shuffling reagents like GSH/GSSGIat/ concentration might help in the
future. GSSG promotes the disulfide bond formabebtween two cysteins. GSH can break
incorrect disulfide bonds and allows the cystem$air again correctly (Yamagucét al.,
2013). This approach might be effective especiliythe cysteine protease inhibitors which
possess four cysteins each.

4.2.1. Cysteine protease inhibitors

Both refolded cysteine protease inhibitors have foysteins forming two disulphide bonds
(Bulaj 2005).This could mean that the observedediffice in the refolding efficiency of the
two cysteine protease inhibitors of this study &asther reason than the number of cysteins.
CystA needs only 100mM NaCl (Fig. 19) in the reiogd buffer while CystB 300mM. The
ideal pH also differs — 9.5 for CystA (Fig. 22) a@® for CystB (Fig 25). It actually means
that the concentration of Okbns is 10x lower! Based on these differenceshenrefolding
buffers of the two proteins we can conclude thaicianteractions play a different role in their
refolding.
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The initial inclusion bodies concentration uporoteéing was also very different for the two
proteins. CystB was successfully refolded at 2mdimaight of wet inclusion bodies per mi
of refolding solution) (Fig. 26). CystA was refo@tlat 16x lower concentration (Fig. 16) to
reduce the precipitation; unfortunately without & Isuccess. The CystA concentration
(125pg/ml) almost reached the optimal value suggelsy Rudolpret al (1996) or Hevehan
and Clarke (1997) which lies between 10 and 50ug/his difference suggests that
intramolecular interactions upon refolding leadsthie aggregation observed in the case of
CystA which is not the case for Cyst B.

Furthermore CystB did not require any L-arginingha refolding buffer which suggests that
the refolding intermediates were stable and chamigeid conformation correctly to the native
state. CystA formed many precipitates even afteraddition of 300mMarginine (Fig. 12)
and was never refolded with a good yield.

Refolding buffers of CystA and CystB share one ingat fact. Their pH was higher than the
calculated protein pl. Protein molecules were rigeght charged which helped them to fold
(Coutard et al., 2012). Opposite charges or partial charges onntbéecule apparently
attracted each other and shaped the correct fordbomation. Coutaret al. also claim that
the protein refolding efficiency increases with thference between protein pl and the pH of
refolding buffers. The ideal difference is at ledstThis rule is valid also for refolding of
proteins in buffers with pH lower than their pl.

Refolding of CystA is a strongly pH dependent pssc& hree pH optimizations were done in
total all showing that CystA is refolded best at $H-10 but the efficiency drops to less than
!/3 when going down to pH 9.0 or even 8.5 (Fig. 718).From all this we can claim that the
refolding intermediates of CystA were very unstablth tendencies to misfold or aggregate.
Even much effort to optimize the conditions did help to refold this protein at a high yield.

4.2.2. Serine protease inhibitors

Unlike the cysteine protease inhibitors, SerA aedCSonly have one and none cysteine in
their amino acid sequence. Therefore there areisufide bonds in their molecules (Bulaj
2005).

Their refolding buffers share high arginine contantl pH near neutral 7 (Fig. 39, 56). Even
buffers with quite low pH charge the proteins negdy; the pl of both serine protease
inhibitors is lower by at least 1 than pH of tharesponding refolding buffer which favors
good refolding (Coutardt al.,2012). The pl of SerA is 5.87; pl of SerC is 5&®ording to
the server expasy.org/protparam.
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The buffers differ one from another in the NaClcamtration. Where SerA needs only 50mM
NaCl (Fig. 36), SerC needs a bigger ionic strength high salt buffer with 300mM NacCl
(Fig. 46).This difference suggests a differencéharole of ionic interactions upon refolding
of both proteins. They were both refolded at a maideto low initial IB concentration — 0.6
and 0.25mg/ml (Rudolpét al, 1996).

Arginine was important for both serine proteasehindrs to slow down the refolding kinetics
(Fig. 33 and 52) and helped the intermediatesltbtbthe native state as described by Eitd
al. (2003).

Refolding of SerA is significantly dependent on thetial IB concentration. The IB
concentration 0.6mg/ml gives much better prote@idythan 1.3mg/ml or 0.3mg/ml (Fig. 30).
In the case of cysteine protease inhibitors thewrof refolded protein did not drop with
increasing initial IB concentration which was tlase for SerA. It is possible that when going
to concentrations like 1.3mg/ml, SerA forms dimméss formation of a disulfide bond
between cysteins in each molecule (Bulaj 2005).0ldefg of SerC is also strongly IB
concentration dependent (Fig. 49). The trend isilainto SerA but the best initial 1B
concentration is lower.

Other refolding conditions, except arginine andt@iro concentration, did not play any big
role in the refolding kinetics as shown in figuB& 39, 46 and 56.

The extensive optimization of refolding conditiolesd to an increased refolding efficiency
for both serine protease inhibitors.

In all the cases the results gained from the optitions in small scale promised significantly
better result than what was the real yield afterlily scale refolding. Some of the protein was
definitely lost during the concentration from lgeof refolding buffer to 10-20ml of the final
protein solution. This step was time consuming satgolysis could have been a reason.
Another one was most likely the additional preapdn of proteins at the
filtration/concentration membrane, although the gi@mwas always stirred or under

continuous flux to avoid protein overconcentratiothe vicinity of the concentration filter.
4.3. Vaccination

We did not find any effect on the tick feeding eproducing ability when vaccinating guinea

pigs with CystA or CystB.
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The ticks mass after feeding differed a lot betwd#enfirst and second exposure. Ticks after
the second exposure were three times smaller evdreicontrol group. This effect was most
likely caused by wounds and inflammation at thaliieg site caused by the first exposure and
preventing ticks from normal feeding. GPs could ehalso evolved an adaptive immune
response after the first exposure to ticks as destiby Brossaret al, (1997). This reaction
would prevent ticks from proper feeding.

No differences between the tested groups were fexndpt the GFP group aftel'2xposure
where the mass of ticks was lower (Fig. 60). Thegrdase in mass can originate in as a
coincidence and obviously it does not have biolalgsegnificance.

There was absolutely no difference in the time edetb finish feeding. In all cases ticks
needed ca 8 days to engorge. We also found thaarimunt of eggs was lower after the
second exposure. The mass of ticks plays mostylikddig role here. Smaller ticks were not
able to produce so many eggs. The difference isshiemwmuch smaller than in the case of the

mass comparison. Again there were no differencesdan the tested groups.

Molting of eggs was also a little better after tivst exposure; especially in the control
groups. The value after the first exposure in tB& Rontrol group is ca 10% higher than in
the other groups. This may be caused by an ungpeedction of adjuvant and a protein
which somehow affected the GPs. The 10% decreaG&fhgroup after the"2exposure can
be caused by an inaccuracy of scoring or by venytfeks attached to GP6 which were all
also very small and poor egg layers.

The titer measurements show that anti-GFP andGystiA antibodies vanish over time. The
anti-CystB antibodies level remained the same timéilend of experiment. It is possible that
CystB protein was recognized by GPs in tick salarad the production of antibodies
continued. The titer increased almost twice in shaedy done by Kotsyfakist al. (2008)
which shows that the effect of CystB is still wed@ke antibody titer results suggest that these
cysteine protease inhibitors might be expressaetifierent experimental conditions such as in
the salivary glands from nymphal ticks or adulksideeding on a rabbit or a mouse. It could
be also that their expression is higher in the na#gut. Further protein expression studies in
tick tissues (preferably with antibodies againg pinoteins) are necessary for us to conclude
about the observed effect of tick feeding in thebaxaly titers for these two cysteine protease
inhibitors.
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Indeed another strategy to investigate the efféd€ystA and B could be an exposure of
vaccinated animals to nymphs loficinus. Salatet al (2010) found out that vaccination of
mice with Om-cystatin 2 does not affect feedingadélt ticks but significantly increases the
post-engorgement mortality of nymphs. Another tg&tivary cysteine protease inhibitor -
Sialostatin L2 froml.scapularisdecreased the body weight of engorged nymphsrfgeain
guinea pigs (Kotsyfakist al., 2008).

4.4. Saliva assisted transmission
We did not find any effect of either of the tesmwteins (CystA and CystB) oBorrelia
transmission anth vivo proliferation when compared to two control groupse comparison
of flagellin DNA to mouse actin genes did not camfiany decrease or increaseBarrelia
numbers. CystB seems to enhaBmerelia proliferation but with no statistical significance.
Unlike Salp15 (Schuijet al, 2008) it does not prote&orrelia from the serum effectors.
Overall the comparison of our data to the effecthef tick saliva in the same experimental
set-up (Machackovat al, 2006) shows that these proteins do not playsagyificant role in
Borrelia transmission.
The comparison of flagellin DNA to milligrams of mee tissue shows that CystA and CystB
were comparable to the no protein control (TBS)e Dig decrease iBorrelia numbers by
ovalbumin could have theoretically been causeddmyamination of ovalbumin which would
evoke a stronger immune response in mice. Anotkaeration could be the worse quality of
DNA isolation or simply a coincidence. This difface cannot be considered significant also

due to a big variance among samples and thus SHg,

4.5.1n vitro Borrelia proliferation
We have proven that CystB does not affBotrelia in vitro proliferation in any way. Other
experiments would be needed to really prove thatByoes not alteBorrelia surface; for
example employing serum co-incubation (Schetijal, 2008; Kenedy and Atkins, 2011)
We also confirmed the fact thBbrrelia do not grow well in the small volume we used im ou
experiments since there were no living bacteriaraftdays of incubation in any of the tested

samples.
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Visit in an Institute abroad during my Master tisesi

All the following experiments were done during migysin Dresden under the supervision of
Jindra Chmela Some of them provided results which need furthenification. This was
unfortunately not possible due to a lack of timeceithe aim of my visit in Dresden was to
familiarize myself with as many different animal deds and immune cell populations so that
| continue working with the specific methodologyrithg my potential PhD studies in the
same field.

4.6.1n vitro activation of macrophages
LPS was shown to be a stronger activator of inflatary genes in macrophages than PMA.
LPS (Fig. 70) activated five of the tested genesleMBRMA (Fig. 71) only two. Only the
activation of IFNy gene is at a similar level with both stimuli.
Although we achievedin vitro activation of macrophages, we found only two
anti-inflammatory effects of the tested proteins-the IFNy and INOS production by LPS-
activated macrophages. This inhibition is howevaused by all tested proteins which may
indicate a mistake in a positive control or an @asfic protein inhibition. However according
to ANOVAtest this result cannot be considered significBatther experimental optimization
such as testing the effect of cell pre-incubationet with the protease inhibitors in the
observed effect would be needed to verify thesa.dat
Macrophages were activated by LPS much strongernibatrophils or monocytes. This could
show that they are the main defense cells agaawtebal infection. According to the data we
can imply that IL-B and CXCL2 are the main genes activated by LPS. R#81A strong
activator of IFN gene.
The next steps could involve testing for an effadhe activation of more genes involved in
the immune function of the specific cell types,astivays of MF activation, isolating RNA at
a different time points (e.g. 24 and 48h) or teptthe effect of a protein in different

concentrations.

4.7.1n vitro activation of neutrophils
Although we achievedin vitro activation of neutrophils, we did not find any
anti-inflammatory effects of the tested proteingy(F2). Only two of the five tested genes
were successfully activated by LPS (TNF, CXCL2)stireg more genes which are activated
by LPS might give us a better understanding ofpibiential effect of these proteins. Stronger
neutrophil activation by LPS in the presence oBSean be explained by better quality RNA

87



isolation from SerB treated sample or by LPS comation of SerB which would enhance

the immune response stronger than in the sam@atett with other proteins.

Next approaches to this experimental model couwalire: Testing the activation of other

genes in neutrophils in the presence of LPS, trgingther way of neutrophil activation or

different concentrations of LPS, incubation witle ffrotease inhibitors for 24 or 48h after the
neutrophil activation instead of 4h or testing eli&nt protein concentrations and pre-
incubation of neutrophils for various time pointsthwthe protease inhibitors before the
addition of LPS.

4.8.1n vitro activation of monocytes
We found that neither of the tested proteins adfettte transcription of six chosen
pro-inflammatory genes in monocytes (Fig. 73).
The level of activation by LPS was much lower thamacrophages, which suggests that
monocytes are less important in the immune resptunbacteria.
Only transcription of CXCL2 was activated considdyaby the presence of LPS, TNF and
IL-1B were activated weakly and the other genes ndt at a
Next approaches could involve: Testing the activatdf other genes in monocytes in the
presence of LPS, trying another way of monocytévatibn or different concentrations of
LPS, incubation with the protease inhibitors for @4 48h after the monocyte activation
instead of 4h or testing different protein concatmins and pre-incubation of monocytes for
various time points with the protease inhibitorfobe the addition of LPS.

4.9. LPS induced lung inflammation

We have found that the percentage of neutrophdsuited in the inflamed lungs does not
differ among the different experimental groups (Fig). The total amount of neutrophils
(Fig. 75) was significantly affected by the totat@unt of cells counted using a microscope
because the proportion of neutrophils is quitegaime in all four cases. It seems that SerB
and CystB have even pro-inflammatory effect — tl¢alt amount of neutrophils is
significantly higher in these two samples. | bediethat this effect was mainly caused by
really big differences in an amount of cells (ahdst neutrophils) after counting under a
microscope; even within a group. In general no-mflammatory effect of CystB, SialoL or
SerB was found.

The experiment could be expanded by using variquwoaches. A negative control of
inflammation is one of them. Also testing other|cpbpulations like monocytes or
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macrophages would give more information, as weltalfecting the cells at different time
points.

4.10.Thioglycolate induced peritonitis
We have confirmed that neutrophils are the firgtyige that infiltrates the inflammation sites
(after 4h in this experiment). Sialostatin L andESenay have an effect on macrophage
recruitment by lowering their proportion to % innggarison to no treatment control (Fig. 76).
We have also found significantly higher total amowf cells in mice treated with
Sialostatin L or CystB (Fig. 77). The general cas@n is that the tested proteins either do
not have anti-inflammatory properties on this mooalel or our experimental design due to

time limitations did not reveal them.

Although no scientifically important discovery wdsne during the years of working on this
thesis now we have produced four novel proteagbitohs froml.ricinus which are ready to

be tested in the future in many different assaybave also learnt much about the host
immunomodulatory assays that | can do with thes¢epse inhibitors and | have produced

the first data that suggest their function at tbkkutar level as potential immunomodulators.
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