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Abstract

The rapid development of the gene engineering techniques, especially methods for
in vitro directed evolution and combinatorial mutagenesis, has triggered the generation of new
binding agents to almost any antigen of interest as an alternative to broadly used antibodies.
These so-called non-Ig scaffolds are often derived from proteins with useful biophysical
properties. While the therapeutic market is still dominated by monoclonal antibodies, the easy
option of desired customization of non-Ig binders by conventional methods of gene engineering
predestine them largely for the use in the diagnostic area.

The ABD scaffold, derived from a three-helix bundle of albumin-binding domain of
streptococcal protein G, represents one of the small non-Ig scaffolds. In our laboratory, we have
established a highly complex combinatorial library developed on the ABD scaffold. This ABD
scaffold-derived library was used to generate unique binders of human prostate cancer (PCa)
biomarkers PSP94, KLK2, KLK11 for the more precise diagnosis of PCa.

The second part of the thesis describes the generation of ABD-derived binders
selectively recognizing different phenotypes of circulating tumor cells as a binding component
of the cell capture zone of microfluidic chip for lung adenocarcinoma diagnosis. Beside this
already proven model, the newly developed libraries derived from the Myomedin scaffold were
used to yield a novel type of binders that would recognize other cell-surface epitopes on target
molecules.

In the third part of the thesis, a collection of unique protein binders targeted to the Shiga
toxin (Stx) B-subunit was generated with the use of ABD-derived combinatorial library. They
were optimized for the surface display in Lactococcus lactis and functionally characterized.
After subsequent improvement of the binding properties of particular S1B variants, Lactic acid
bacteria with surface-displayed S1B binders would be useful for antagonizing pathogenic
bacteria strains by the removal of Stx from the human gastrointestinal tract.

The last part of the thesis is devoted to the development of unique polyvalent vaccines
for immunization of piglets and calves against enteric diseases. Current vaccines offer only
a limited number of valences and do not offer protection against some serious diarrheal
diseases. For successful introduction of the vaccines to the market, precise and reliable ELISA
kits and protocols for verification and validation of their quality were developed. This assay is
able to detect serum antibodies against 10 factors of the pathogenicity and is currently being
used as a crucial part of the validation process before these highly innovative vaccines enter the

market in 12 European countries.



Introduction

Protein scaffolds

Currently, the most widely used structures for detecting various molecules are fabricated
monoclonal antibodies. However, the rapid development of the gene engineering techniques,
especially methods for in vitro directed evolution and combinatorial mutagenesis, has prompted
the idea to use other structures as binding agents. These so-called scaffolds are often derived
from proteins with useful biophysical properties that are in nature able to bind to another partner
molecule or molecules. This thesis presents two different protein scaffolds for generating such

novel binders.
1. Albumin-binding domain

To generate specific protein binders we used the last C-terminal albumin-binding domain
(ABD) of protein G from streptococcal strain G148 as a major scaffold [1]. Randomization of
11 codons of the ABD-encoding sequence is expected to give rise to 2x10'* (calculated as 20'")

ABD variants [2-5] (Fig. 1. A.).

Figure 1. (A) The structural scheme of the albumin-binging domain (ABD). The randomized amino
acids are displayed in yellow. (B) The structural scheme of two proposed strategical approaches to
Myomedin randomization. The randomized amino acids are displayed as sticks in red. In the first
model (left), loops are randomized, and in the second model (right), beta sheets were selected for the

randomization. Drawings of the structures are based on PDB structures 3RBS (A) and 1GJT (B).

2. Myomedin scaffold

In addition to the collection of binders derived from the ABD scaffold, we were motivated to
use newly developed libraries derived from the Myomedin scaffold to yield a novel type of

binders that will be able to recognize other epitopes on the target molecules. Two different
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strategical approaches were proposed. In the first one, amino acid residues of three different
loops were randomized, while in the second case, residues of anti-parallel beta sheets were

selected for the randomization (Fig. 1. B.).

Ribosome display

Ribosome display is a broadly used in vitro evolution technology, which has been successfully
used for selection of binders against many target molecules both for the academic and
commercial purposes [6]. The principle of ribosome display is to prevent dissociation of the
newly synthesized protein and mRNA encoding it from the ribosome. The resulting ternary
complex (MRNA-ribosome-protein) in RD is the consequence of stalled translation caused by

a missing stop codon [6]. The detailed procedure of RD is displayed in Figure 2.
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Figure 2. The ribosome display selection cycle. The assembled DNA cassette contains a strong
promoter and the ribosome-binding site (RBS) followed by ORF, encoding a combinatorial library,
terminated by a spacer sequence without stop codon. Using a cocktail of enzymes comprising the
transcription and translation machinery of E. coli, the DNA is transcribed into mRNA and then
translated. The formed ternary complexes are exposed to immobilized target molecules. The non-
binding complexes are washed away. The mRNA from the bound complexes is then released by addition
of chelating agents and isolated. Purified mRNA is reverse transcribed and the cDNA is PCR amplified.
The resulting PCR product, now enriched by target-binding variants, proceeds to the next round of

selection.



Aims of the thesis

1. Development of binding proteins targeted to prostate cancer biomarkers
1.1. Generation of binders specific for human PSP94
1.2. Development of binders of human kallikrein 2 and kallikrein 11

2. Development of binding proteins targeted to surface markers of epithelial and
mesenchymal cells for sorting circulating tumor cells

2.1. Generation of binders derived from the ABD scaffold
2.2. Generation of binders derived from the Myomedin scaffold

3. Development of binding proteins specific for Shiga toxin 1 B Subunit

4. Development of procedures and tools for validation of polyvalent vaccines against
bacterial enteral diseases



1. Development of binding proteins targeted to prostate cancer
biomarkers

1.1. Generation of binders specific for human PSP94

1.2. Development of binders of human kallikrein 2 and kallikrein 11

Grant: Novel binding biomolecule development for tumor in vitro diagnostics. Ministry of
Industry and Trade of the Czech Republic (programme TIP), reg.# FR-TI4/667, 2012-2014.
Collaboration with EXBIO Praha, a.s., Czech Republic and Protean, s.r.o., Czech Republic.

Prostate cancer (PCa) is one of the most serious cancer in advanced countries. The treatment
and diagnosis costs of the PCa are enormous. Due to the fact that preventive screening programs
based on detection of the serum PSA (prostate specific antigen) level are insufficient, there is a
growing pressure on the development of new diagnostics [7, 8]. Targeted diagnostics (and
therapeutics) based on monoclonal antibodies have limited utility. The immune system
responds poorly to tumor targets, making it difficult to develop specific reagents based on
monoclonal antibodies. To overcome this obstacle, state-of-the-art technology based on
alternative non-antibody binding agents has been proposed in this project. Their generation does
not require limited immune system reactivity, as the whole process takes place in vitro, without
the involvement of the living organism or individual cells. The major goal of the project is to
develop a unique collection of binding biomolecules as alternatives to antibodies on the model
of early detection of PCa, which might contribute to the development of more effective
microfluidic chip-based multi-parametric serum diagnostics. The use of a suitable combination

of particular binding proteins will increase the sensitivity and reliability of the assay.

The fundamental part of the project is devoted to the development of new binding proteins
targeted to selected prostate cancer biomarkers PSP94, kallikrein 2 (KLK2), kallikrein 11
(KLK11). To generate novel binders targeting PSP94 (called PAB binders), KLK?2 (called KLA
binders) and KLK11 (called HIP binders), a high-complex combinatorial library derived from
an albumin-binding domain (ABD) scaffold was used in combination with the ribosome display
selection technique. The most promising candidates were functionally and biophysically
characterized. These binders, after subsequent modification, could serve as a component of a

biosensor with multiple biomarkers.



Results

The generation and characterization of unique protein binders of human prostate cancer
biomarkers PSP94 (PAB binders), human KLK2 (KLA binders) and human KLKI11 (HIP
binders) was presented. For selection of the binders, different recombinant variants of target
proteins were expressed and characterized. All recombinant targets except for KLK2 were
produced in the soluble form in the E. coli host. Recombinant KLK2 was produced in the form
of inclusion bodies and efficiently refolded. Using a combinatorial library based on the ABD
scaffold in combination with RD selection, DNA collections of PAB, KLLA and HIP binders,
targeting prostate cancer biomarkers, were generated and cloned into a plasmid vector for
production and screening of the best binding variants. The thermal stability of the particular
clones was determined by the thermal shift assay. The most promising binders were
demonstrated to bind to their recombinant protein targets and not to bind to BSA control.
Furthermore, PAB046 and PABO050 variants were shown to recognize the PSP94 target protein
in its native conformation. Several binding and competition experiments using flow cytometry
of the LNCaP prostate cancer cell line were performed (Fig. 3.). With further possible
modifications using gene fusion or affinity maturation approaches, the presented binders appear
attractive for the development of novel multi-factorial biosensors for more precise PCa and
early stage diagnosis, as an improved alternative to the currently used ELISA-based standard

PSA tests.
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all the samples with the control. GraphPad Prism 6.0 (GraphPad Software) was used to perform
statistical analysis. Significant differences are indicated by asterisks (*, P < 0.05; **, P <0.01; *** P <
0.001; **** P <0.0001).
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2. Development of binding proteins targeted to surface markers of
epithelial and mesenchymal cells for sorting circulating tumor
cells

2.1. Binders derived from the ABD scaffold

2.2. Binders derived from the Myomedin scaffold

Grant: Detection and evaluation of circulating tumor cells (CTCs) in patients with lung
adenocarcinoma by microfluidic chip technology. Czech Health Research Council, Ministry of
Health of the Czech Republic, reg. # 16-29738A, 2016-2019. Partner Organizations:
Department of Biology, Faculty of Science, University of J.E. Purkyng, Czech Republic;
Krajska zdravotni a.s., Usti nad Labem, Czech Republic.

Circulating tumor cells (CTCs) represent one of the promising diagnostic targets in monitoring
lung adenocarcinoma progression and malignant transformation. Standard methods of CTC
isolation from the blood are mostly based on isolation and counting of epithelial cell adhesion
molecule (EpCAM) positive cells, so the other cell phenotypes that may be even more invasive
are not taken into account [9, 10]. The running project “Detection and evaluation of CTCs in
patients with lung adenocarcinoma by microfluidic chip technology” proposes development of
a microfluidic chip that enables fast isolation and scoring of CTCs from a peripheral blood
sample of the tested individual and to sort the particular CTC populations based on their
respective epithelial/mesenchymal phenotype. The major advantage of this solution is a
significant time reduction required for cell-type characterization (from three weeks of in vitro
cultivation for cell enrichment to only one day) and the possibility of subsequent live cell
release important for further cell cultivation and detailed characterization. To construct the Cell
Capture Zone of the microfluidic chip, it is necessary to develop a novel type of high-affinity
binding proteins specific for epithelial and mesenchymal membrane markers that will be able
to selectively capture lung adenocarcinoma CTCs under dynamic cell-sorting conditions. Such
differentiation would enable more precise diagnosis of metastatic progression and adjusting the
early therapy to individual patients. As target molecules for selection of the new binders,
different recombinant forms of epithelial marker EpCAM and mesenchymal marker N-cadherin
were designed and produced. To generate the binders, an assembled highly complex
combinatorial library derived from ABD or Myomedin scaffold in combination with ribosome
display selection were used. The most promising candidates selected by ELISA were
characterized by measuring their binding properties using model cell lines of the particular
phenotype. Five human cancer cell lines (MCF-7, DU-145, CCD1070Sk, HEK293T, PC-3)

were analyzed for the expression of EpCAM and N-cadherin membrane markers using flow
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cytometry. The interaction of the binder with the cells was measured in real-time mode using
LigandTracer® Green Line. The instrument is suited for monitoring the ligand binding to cell-

surface receptors on living cells, allowing determination of the binding affinity and kinetics.

Results

Using a combinatorial library derived from the ABD scaffold in combination with RD selection,
DNA collections targeting the mesenchymal membrane marker N-cadherin (CAB binders) and
the epithelial membrane marker EpCAM (EBA binders) were generated and cloned into a
plasmid vector. Resulted DNA library was produced and screened for the best binding variants.
The binding profiles of the most promising variants were analyzed using ELISA with
immobilized recombinant EpCAM, N-cadherin, and BSA. Alternatively, an inverted ELISA
arrangement was performed. EBA014, EBA062, CAB043, and CAB101 were shown to bind
their recombinant protein targets but not the BSA control. EBA014, EBA062, and CAB101
variants exhibited selective binding properties as demonstrated on MCF-7 and CCD1070Sk cell
lines using the LigandTracer Green Line (Fig. 4).
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Figure 4. Binding of EBA062 to MCF-7 and CCD1070Sk cells as tested by LigandTracer Green
Line in real-time mode. MCF-7 as a model of EpCAM-expressing cell line and CCD1070Sk as a model
of N-cadherin-expressing cell line were selected for the binding experiment. /n vivo biotinylated
EBA062 was labeled using a streptavidin-APC conjugate and diluted to the final concentrations of 10
nM, 30 nM, and 90 nM in the cultivation medium. Two separate cell populations of MCF-7 and
CCD1070Sk cells were seeded into the same circular plastic dish. Each fluorescently labeled ligand was
incubated with the two cell populations simultaneously. The values were obtained by LigandTracer
Green Line with an APC-compatible detector and analyzed using Trace Drawer 1.8 (Ridgeview

Instruments AB).



All variants showed the binding affinity to living cells in a nanomolar range. Currently, we
work on increasing the binding affinity of the EBAO14 variant by affinity maturation. Four
collections of Myomedin-derived binders, targeting N-cadherin and EpCAM, were generated
and cloned into a plasmid vector for the production and screening of the best binding variants.
The N-cadherin binders selected from the Myomedin-loop library (LN binders) were expressed,
and cell lysates were used for a pilot ELISA experiment. More detailed characterization of the
LN clones along with characterization of the particular variants from other Myomedin
collections, will yet be performed. The developed binders might serve as robust capture agents
required for the development of a microfluidic chip unit for the detection and separation of
CTCs. Selection of cell populations of different cell phenotypes via two surface biomarkers
might significantly enhance the sensitivity and accuracy of the diagnostic method and serve as

an alternative tool for the clinical practice.



3. Development of binding proteins specific for Shiga toxin 1 B
Subunit

Grant: Lactic acid bacteria-mediated intestinal delivery of novel therapeutic protein binders
derived from scaffold of albumin-binding domain. Czech Academy of Sciences, reg.# SAZU-
16-01, 2016-2018. Partner Organization: Jozef Stefan Institute, Department of Biotechnology,
SAZU, Slovenia.

Shiga toxin (Stx) is produced by enterohemorrhagic Escherichia coli and Shigella dysenteriae.
It has been documented that Stx can cause diarrhea, dysentery and hemorrhagic colitis in human
that may further develop into life-threatening hemolytic uremic syndrome, leading to acute
renal failure. Stx is composed of the A subunit, responsible for intracellular toxic action, and
non-toxic pentameric B subunit, responsible for binding to the host cell surface receptor
globotriaosylceramide (Gb3). Because conventional anti-microbial treatment of infections by
Stx-producing bacteria increases release of toxins from the killed bacteria, there is a need for
the development of new therapies [11]. Engineered lactic acid bacteria with surface-displayed
binding proteins targeting Stx from the human gastrointestinal tract have emerged as a potential
solution. Lactic acid bacteria are part of the human intestinal flora. They have been
demonstrated to have protective health effects in several diseases. Their proven safety to the
human organism allows their utilization as vectors for the delivery of recombinant proteins to
the gastrointestinal tract. Recently, they have been successfully engineered to display specific

binders derived from various scaffolds against different targets on their surface [12-15].

In this project, a collection of unique protein binders (S1B) targeted to Shiga toxin B-subunit
has been generated using a complex combinatorial library derived from the ABD scaffold and
ribosome display selection technique. The ABD scaffold, as a small, soluble and self-refolding
molecule, is an appropriate structure for the surface display in L. lactis (Fig. 5.). The binding
properties of the most promising S1B binders selected by ELISA were assessed using SPR
measurement. After that, they were optimized for the surface display in L. lactis and
functionally characterized. After subsequent improvement of the binding properties of
particular S1B variants by the affinity-maturation approach, lactic acid bacteria with surface-
displayed S1B binders would be useful for antagonizing pathogenic bacteria strains by the

removal of Stx from the human gastrointestinal tract.
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Figure 5. The display of ABD binders on the surface of
L. lactis. The gene coding a particular ABD variant was
fused to the gene for peptidoglycan-binding C terminus
of AcmA protein and to the Usp45 secretion signal.

Lactoccecus lactis cell

Results

An efficient and functional display of ABD-derived Stx1B binding proteins (named S1B
binders) on the surface of L. lactis was demonstrated. For the selection of S1B binders using
ribosome display, recombinant Stx1B was expressed in the form of inclusion bodies and
efficiently refolded. Of all selected S1B variants, four cell lysates that contained S1B binders
S1B9, S1B22, S1B26, or S1B28 showed specific binding to immobilized recombinant Stx1B
using ELISA. The S1B28 variant showed a lower level of expression, possibly due to
unintended mutation in the non-randomized part of the sequence, and this protein was,
therefore, excluded from further characterization. Binding of serially diluted S1B9, S1B22,
S1B26 binders to immobilized Stx1B was observed. The most promising variants S1B22 and
S1B26 were chosen for further biophysical characterization using SPR. The binding affinities
of S1B22 and S1B26 were determined to be in the micromolar range (0.70 uM for S1B22 and
1.00 uM for S1B26).

L. lactis capable of binding Stx1B by displaying SI1B binders on its surface were engineered.
To display the S1B binders on the surface of L. lactis, the genes for SIB9, S1B22, S1B26, and
ABDwt control without TolA spacer or AviTag were fused to the gene for peptidoglycan-
binding C terminus of AcmA protein and to the Usp45 secretion signal. Fusion proteins were
expressed in L. lactis by using a nisin-controlled expression system (NICE), as confirmed by
SDS PAGE analysis. Surface display of all four variants was confirmed using flow cytometry
or whole-cell ELISA. The S1B26 binder was indicated as the most promising Stx1B binder for

the L. lactis surface display.
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4. Development of procedures and tools for validation of
polyvalent vaccines against bacterial enteral diseases

Grant: Development of unique vaccines against serious diseases of animals. Technological Agency of
the Czech Republic (programme EPSILON), reg.# TH01010837 2015-2016 Collaboration with Dyntec
spol., s.r.0., Czech Republic.

The demand for polyvalent vaccines against enteral disease of pigs and cattle is associated with
the increased demand for healthy food without excessive use of antibiotics. The use of
antibiotics as growth stimulators has led to changes in the animal intestinal microflora and
allowed the emergence of resistant strains of Clostridium perfringens, Clostridium difficile and
Escherichia coli. Current vaccines offer only a limited number of valences and do not offer
protection against Beta2 toxin of C. perfringens, which is the main cause of serious diarrheal
diseases in the offspring immediately after birth [16]. One part of the project is devoted to the
development of unique polyvalent vaccines for immunization of cattle before farrowing against
enteric diseases of their offspring. A wide range of antigens contained in the vaccine will permit
induction of an effective protection through one or two applications of the vaccine, reducing
the negative impact on farrowing and vitality of the offspring caused by stress of repeated

vaccinations of females before farrowing.

Successful introduction of the vaccine to the market requires development of precise and
reliable diagnostic procedures for verification and validation of its quality. For this purpose,
ELISA kits and particular protocols based on engineered recombinant variants of all used
antigens in the developing vaccine have been developed, allowing determination of the titer of
each of the particular preventative antibodies in the serum of immunized animals. The
developed ELISA protocols and kits are able to detect serum antibodies against following
recombinant proteins: adhesin K99, adhesin K88, adhesin 987P, adhesin F41, toxoid LT of E.
coli, and C. perfringens toxoid alpha, toxoid beta, toxoid beta2, toxoid epsilon, and C. difficille
toxoid A. The presented technical solution is able to determine the amount of antibodies against
up to 10 factors of the pathogenicity of bacteria causing diarrheal diseases of piglets and calves,
thus determining their level of protection against disease. The developed technique is currently
being used as a crucial part of testing aimed to determine the effectiveness and efficacy of the
10-valent vaccine by official authorities in the Czech Republic as a part of the validation process

before entering the planned market in 12 European countries.
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Results

Recombinant toxins CPA, CPB1, CPB2, ETX from C. perfringens and TcdA toxin from C.
difficille were successfully expressed in E. coli in the soluble form and characterized using
SDS-PAGE and WB. These recombinant antigens were then used as standards for the
development of sensitive and specific ELISA protocols for the quantitation of antibodies in
murine sera. Parameters and criteria of the acceptability for the ELISA validation were tested,
demonstrating that the ELISA test developed in this study provides the required specificity and
sensitivity for detection of clostridial toxins CPA, CPB1, CPB2, ETX, and TcdA. In addition,
the optimized ELISA protocols were used for comparison of the efficacy of the vaccines,
currently under development by Dyntec s.r.0., with the corresponding commercial best-of-class
vaccines (Fig. 6.). The results demonstrate that samples of the Dyntec vaccines have at least
comparable parameters in the four tested valences as competitor products but novel vaccines
will be produced as 10-valent protective vaccines currently not available on the market. These
developed ELISA protocols, therefore, form an integral part of the official validation
documentation required for certification of the vaccines by both Czech and European veterinary
authorities and will be used by Dyntec s.r.o. for the quality testing of their future commercial

products.

22
20
18

16
14
12
Antibody titer /]18062
4
2
0

CPB1 CPB2 TcdA
mDynl mDyn2 DV1 Dv2 mDV3 mDV4 CVl mCvV2 m(CvV3

Figure 6. The overall comparison of the efficiency of nine vaccines tested by the validated ELISA
protocols. Mice (groups of 5) were immunized with nine different vaccines. Two vaccines already
developed by Dyntec, s.r.o. (Dyn 1 and Dyn 2), four vaccines under development by Dyntec, s.r.0. (DV
1-4), and three commercial competitive vaccines (CV 1-3). Altogether, 45 murine sera were compared

based on the antibody titer against five different antigens (CPA, CPB1, CPB2, ETX, and TcdA).
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Abstrakt

Rychly vyvoj technik genového inzenyrstvi, zejména metod pro in vitro tizenou evoluci
a kombinatorickou mutagenezi, umoznil rychly rozvoj novych vazebnych proteinti pro téméf
jakykoli pozadovany antigen jako alternativu k dnes Siroce pouzivanym protilatkam. Tyto tzv.
scaffoldy jsou Casto odvozeny od malych proteinovych domén s uzitecnymi biofyzikalnimi
vlastnostmi. Zatimco na biofarmaceutickém trhu stdle dominuji monoklondlni protilatky,
moznost snadné cilené modifikace vazebnych proteint je piedurcuje pfedevSim pro pouziti
v diagnostice.

ABD scaffold, odvozeny od albumin vazici domény streptokokového proteinu G
tvofené tfemi spojenymi alfa-Sroubovicemi, patii do rodiny malych vazebnych domén. V nasi
laboratofi byla na zdkladé ABD scaffoldu vyvinuta vysoce komplexni kombinatoricka
knihovna vazebnych proteint. Tato knihovna byla pouZzita k selekci novych vazebnych proteinii
pro lidské sérové biomarkery rakoviny prostaty PSP94, KLK2, KLK11, jez mohou byt pouzity
k vyvoji novych multifaktoridlnich biosenzort pro jeji presnéjsi diagnostiku.

V druhé ¢asti dizertace je popsan vyvoj vazebnych proteini odvozenych od ABD
scaffoldu urenych pro selektivni rozpoznani riznych fenotypt cirkulujicich nddorovych bun¢k
jako soucast mikrofluidniho ¢ipu vyvijeného pro diagnostiku plicniho adenokarcinomu. Vedle
tohoto jiz osvédceného modelu byly k selekci vazebnych proteinli pouzity noveé vyvinuté
kombinatorické knihovny odvozené od Myomedinového scaffoldu, jehoz odlisna struktura
vazebného povrchu by mohla slouzit k rozpoznani jinych epitopti na cilovych molekulach.

Ve treti ¢asti prace byla vytvorena sbirka unikatnich vazebnych proteini odvozenych
od ABD scaffoldu a cilenych na podjednotku B Shiga toxinu (Stx). Tyto varianty byly
optimalizovany pro orientované vystaveni na povrchu bunék Lactococcus lactis a funkéné
charakterizovany. Po néasledném vylepSeni vazebnych vlastnosti nékterych vybranych variant
by mohly takto upravené bakterie L. lactis slouzit k odstranéni Stx z lidského
gastrointestinalniho traktu, a tim ke sniZeni Gi€inku patogennich bakterii.

Posledni cast prace je zaméfena na vyvoj unikatnich polyvalentnich vakcin pro
imunizaci selat a telat proti sttevnim onemocnénim. Soucasné vakciny nabizeji jen omezeny
pocet valenci a nenavozuji ochranu proti nékterym zavaznym priijmovym onemocnénim. Pro
usp&$né uvedeni vakcin na trh byly vyvinuty spolehlivé ELISA soupravy a protokoly pro
oveéfeni a validaci jejich kvality. Tyto ELISA sety jsou schopny detekovat sérové protilatky
proti 10 faktoriim patogenity a v soucasné¢ dobé jsou pouzivany v procesu validace pied

vstupem vakcin na trh ve 12 evropskych zemich.
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Uvod
Proteinové skafoldy

Nejrozsitenéjsimi strukturami pro detekcei riznych molekul jsou v soucasnosti ruting vyrabéné
monoklonélni protilatky. Rychly vyvoj technik genového inzenyrstvi, zejména metod pro in
vitro tizenou evoluci a kombina¢ni mutagenezi, umoznil pouzit pro vazbu i jiné proteinové
struktury. Tyto tzv. skafoldy jsou Casto odvozeny z proteini s uziteCnymi biofyzikalnimi
vlastnostmi, které¢ jsou v ptirodé schopné vézat jiné molekuly. Pro tvorbu novych vazebnych

proteintl jsou v této praci prezentovany dva rtizné proteinové skafoldy.

1. Albumin vazebna doména

Pro selekci specifickych vazebnych proteini byla jako hlavni skafold pouzita posledni C-
termindlni albumin vazebnd doména (ABD) Proteinu G streptokoka kmene G148 [1].
Randomizaci 11 kodonti v kodujici sekvenci ABD by mélo vést ke vzniku 2x10' (tj. 20'!)
novych variant [2-5] (obr. 1. A.).

Obrazek 1. (A) Schéma struktury albumin vazebné domény (ABD). Randomizované aminokyseliny
jsou zobrazeny zluté. (B) Struktury dvou navrhovanych strategickych pristupii randomizace
Myomedinu. Randomizované aminokyseliny jsou zobrazeny cervené. V prvnim modelu (vlevo) jsou
randomizovany smycky, v druhém modelu (vpravo) byly pro randomizaci vybrany beta listy. Struktury

jsou odvozené od struktur PDB 3RBS a 1GJT.

2. Myomedinovy skafold

Vedle sbirky vazebnych proteinti odvozenych z ABD skafoldu vyvijime novy skafold
pojmenovany Myomedin. Nové vazebné varianty, zalozené na rozdilné¢ geometrii vazebného
povrchu by mohly rozpoznat odlisné epitopy na cilovych molekulach. Byly navrzeny dva rtizné

strategické ptistupy. V prvnim z nich byly randomizovany aminokyselinové zbytky tii riznych
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smycek, zatimco ve druhém piipad¢ byly pro randomizaci vybrany aminokyselinové zbytky

antiparalelnich beta listd (obr. 1. B.).
Ribosomalni displej

Ribosomalni displej (RD) je Siroce uzivana in vitro evoluéni technologie, ktera jiz byla Gspésné
pouzita pro vyvoj vazebnych proteinli proti mnoha cilovym molekuldm jak pro akademické,
tak pro komerc¢ni ucely [6]. Princip ribosomalniho displeje spoc¢iva v zabranéni disociace nové
syntetizovaného proteinu a mRNA, ktera ho kdéduje, z ribozomu. Vysledny ternarni komplex
(mRNA-ribosom-protein) v RD je disledkem zastavené translace zptsobené chybé&jicim stop

kodénem [6]. Podrobny postup RD je popsén na obrazku 2.
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Obrazek 2. Znazornéni jednoho selek¢niho cyklu ribosomalniho displeje. Slozend DNA kazeta
obsahuje silny promotor a vazebné misto pro ribosom (RBS), nasleduje otevieny ¢teci ramec (ORF),
kodujici kombinatoridlni knihovnu a zakonceny vmezefenou sekvenci bez stop kodonu slouzici k
vystréeni vazebné domény od ribosome (tzv. spacer). Pomoci koktejlu enzymii obsahujici transkripéni
a translacni masinérii £. coli je DNA prepsana do mRNA a ta je poté translatovana. Vznikly mix s
ternarnimi komplexy je pfidan k imobilizovanym cilovym molekulam. Nenavézané komplexy jsou
odmyty a mRNA z navazanych komplexti je uvolnéna pomoci chelatacnich ¢inidel a izolovana.
Vycisténa mRNA je reverzné transkribovana na cDNA, jez posléze amplifikovana pomoci PCR.
Vysledny PCR produkt, nyni obohaceny o varianty vazici cilovou molekulu, pokracuje do dalsiho

selekéniho kola.
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1. Vyvoj vazebnych proteint cilenych na biomarkery karcinomu
prostaty

1.1. Vazebné proteiny lidského PSP94

1.2. Vazebné proteiny pro lidsky kallikrein 2 a kallikrein 11

Grant: Vyvoj novych vazebnych biomolekul pro in vitro diagnostické poucZiti v onkologii. Ministerstvo
pramyslu a obchodu CR (prggram TIP), reg.# FR-T14/667, 2012-2014. Spoluprace s firmou EXBIO
Praha, a.s., a Protean, s.r.o., Ceska Republika.

Rakovina prostaty (RP) je jednim z nejvaznéjsich onemocnéni ve vyspélych zemich. Néaklady
na jeji diagnézu a 1é€bu jsou enormni. Vzhledem k tomu, Ze preventivni screeningové programy
zalozené na detekci hladiny PSA (prostate-specific antigen) v séru jsou nedostate¢né, dochazi
k rostoucimu tlaku na vyvoj novych diagnostickych metod [7, 8]. Cilena diagnostika (a 1écba)
zalozend na monoklondlnich protildtkaich ma jen omezenou vyuzitelnost. Imunitni systém
nereaguje na nadorové cile dostatecné, coz komplikuje vyvoj specifickych néstrojii zalozenych
na monoklonalnich protilatkach. V tomto projektu byla navrzena nejmodernéjsi technologie
zalozena na jinych vazebnych molekulach nez jsou monoklondlni protilatky. K jejich vyvoji
neni zapotfebi imunitni systém, jelikoZ se cely proces odehrava in vitro, bez ucasti zivého
organismu nebo jednotlivych bunék. Hlavnim cilem projektu bylo vyvinout jedine¢nou sbirku
vazebnych molekul jako alternativu k protilatkdm na modelu v¢asné detekce RP, coz by mohlo
prispét k vyvoji efektivnéjsi multiparametrické sérové diagnostiky na bazi mikrofluidnich Cipa.
Pouzitim vhodné kombinace konkrétnich vazebnych proteind dojde ke zvySeni citlivosti a

spolehlivosti testu.

Klicova c¢ast projektu je zaméfena na vyvoj novych vazebnych proteint cilenych na vybrané
biomarkery karcinomu prostaty PSP94, KLK2, KLK11. Pro selekci vazebnych proteinti
cilenych na PSP94 (nazvané PAB binders), KLK?2 (nazvané KLA binders) a KLK11 (nazvané
HIP binders), byla pouZita vysoce komplexni kombinaéni knihovna odvozend od ABD skafoldu
s pouzitim ribosomalniho displeje jako selekéni metody. Nejslibnéjsi kandidati byli funkéné a
biofyzikaln¢ charakterizovani. Tyto vazebné molekuly mohou byt po dalsi modifikaci pouzity

jako soucast biosenzoru pro detekci rakoviny prostaty.



Vysledky

V préci je prezentovan vyvoj a charakterizace unikatnich vazebnych proteint specifickych pro
lidské biomarkery rakoviny prostaty PSP94 (PAB binders), KLK2 (KLA binders) a KLK11
(HIP binders). Pro selekci vazebnych proteini byly exprimovany a charakterizovany rtzné
rekombinantni varianty cilovych proteini. VSechny rekombinantni cile s vyjimkou KLK2 byly
produkovany v rozpustné formé v Escherichia coli. Rekombinantni KLK2 byl produkovan ve
form¢ nerozpustnych inkluznich télisek a nasledné uspésné slozen do nativniho stavu. Jeho
piirozend proteasova aktivita byla ovéfena Stépenim chromogenniho substratu. Pomoci
kombinatorialni knihovny zalozené na ABD skafoldu byly v kombinaci s RD vyselektovany
DNA sbirky PAB, KLA and HIP vazebnych proteinti, které byly zaklonovany do plazmidu pro
produkci a screening nejlepSich variant. Bylo prokézéano, ze se tyto varianty vazi na ptislusné
rekombinantni ter€e a nevazi se na negativni kontrolu. Déle byly provedeny vazebné a
kompeticni experimeny s pouzitim pratokové cytometrie na bunééné linii rakoviny prostaty
LNCaP (obr. 3.). U variant PAB046 a PAB050 se prokazalo, ze rozpoznavaji cilovy protein
PSP94 v jeho nativni konformaci. S dal$imi modifikacemi a vyuzitim pfistupli proteinového
inzenyrstvi a s pouzitim afinitni maturace pro zvySeni Kb jednotlivych kloni, by mohly byt tyto
vazebné molekuly zajimavé pro vyvoj novych multifaktorovych biosenzori pro presné;jsi
diagnostiku rakoviny prostaty jako lepsi alternativa k bézné pouzivanym standardnim PSA

testim zalozenych na ELISA metodach.

8000 Obriazek 3. Vazba PAB klonii na
PSP94 na nepermeabilizovanych
buiikaich LNCaP. K bunkam
LNCaP byly pfidany rozpustné
PAB varianty purifikované jako
biotinylované fuzni produkty His-
5 4000 PAB-TolA-Avi a vazba byla

: detekovéana konjugéatem

2000 streptavidin-PE. WT-ABD =
2000 pfidany nerandomizovany wild-
type ABD jako negativni kontrola.

e Primémé hodnoty tii experimentt
0 —_— jsou uvedeny se standardnimi

Cells+ WT-ABD PABO19 PABD36 PAB0O37 PABO44 PABO46 PABOSO odchylkami. Ve vsech vazebnych

StrgpE experimentech  jsou  vysledky

vyjadieny jako aritmeticky prumér

+ standardni odchylka priméru. Statistickd analyza byla provedena pomoci jednosmérné analyzy

ANOVA, po niz nasledoval Dunnettiiv post-test, porovnanim vSech vzorkt s kontrolou. Pro statistickou

analyzu byl pouzit GraphPad Prism 6.0 (GraphPad Software). Vyznamné rozdily jsou oznaceny
hvézdickami (*, P <0.05; **, P <0.01; *** P <0.001; **** P <(.0001).
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2. Vyvoj vazebnych proteinii cilenych na povrchové markery
epitelialnich a mesenchymalnich bunék pro tridéni cirkulujicich
rakovinnych bunék

2.1. Vazebné proteiny zaloZené na ABD skafoldu

2.2. Vazebné proteiny zalozené na Myomedinovém skafoldu

Grant: Detekce cirkulujicich nadorovych bunek (CTC) u ;Zacientﬁ s adenokarcinomem plic pomoci
mikrofluidniho c¢ipu. Agentura pro zdravotnicky vyzkum Ceské republiky, reg. # 16-29738A, 2016-
2019. Spoluprége s katedrou bio%ogie, Prirodovédecké fakulty, Univerzity J.E. Purkyné a Krajskou
zdravotni a.s., Usti nad Labem, CR.

Cirkulujici naddorové buiiky (CTC) ptedstavuji jeden ze slibnych diagnostickych nastroji pro
sledovani progrese plicniho adenokarcinomu a jeho maligni transformace. V¢tSina standardnich
metod pro izolaci CTC z krve pacientll je zaloZena na izolaci bunék obsahujicich na svém
povrchu epitelidlni adhezivni molekulu (EpCAM), takze jsou opomijeny dalsi fenotypy bunék,
které mohou byt jesté invazivnéjsi [9, 10]. V ramci béziciho projektu “Detekce cirkulujicich
nadorovych bunék u pacientll s adenokarcinomem plic pomoci mikrofluidniho ipu” byl
navrzen vyvoj mikrofluidniho Cipu, ktery umoziiuje rychlou izolaci a vyhodnoceni CTC ze
vzorkid periferni krve a tfidéni konkrétnich populaci CTC na zékladé jejich epitelidlniho /
mezenchymalniho fenotypu. Hlavni vyhodou tohoto feSeni je vyznamné zkraceni casu
pozadovaného pro charakterizaci bunééného typu (ze tii tydnl in vitro kultivace aZ na jeden
den) a zaroven moznost nasledn¢ho uvolnéni zivych bunck pro dalsi kultivaci a naslednou
charakterizaci. Pro konstrukei specidlni zoény pro selekci bunék bylo nezbytné vyvinout novy
typ vysoce afinitnich vazebnych proteinii specifickych pro epitelidlni a mezenchymalni
membranové markery, které budou schopné za dynamickych podminek selektivné zachytit
CTC plicniho adenokarcinomu. Takové rozliSeni by umoznilo pfesnéjsi diagnostiku a zvoleni
vhodné terapie u konkrétnich pacientl. Jako cilové molekuly pro selekci vazebnych proteini
byly navrZzeny a vyrobeny rizné rekombinantni formy epitelidlniho markeru EpCAM a
mezenchymového markeru N-cadherinu. Byla pouzita komplexni kombinac¢ni knihovna
odvozena z ABD nebo z Myomedinového skafoldu v kombinaci s ribozomalnim displejem jako
selekéni metodou. Nejslibnéjsi kandidati vybrani na zédkladé ELISA vazebnych experimenta
byli dale charakterizovani méfenim jejich vazebnych vlastnosti pomoci modelovych bunéénych
linii. Pomoci pritokové cytometrie bylo analyzovano pét lidskych bunéénych linii (MCF-7,
DU-145, CCD1070Sk, HEK293T, PC-3) zdali produkuji na svém povrchu EpCAM a N-

cadherin. Interakce s buiitkami byla méfena v redlném Case za pouziti pfistroje LigandTracer®
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Green Line. Tento pfistroj umoznuje sledovat vazbu ligandu na receptory bunééné¢ho povrchu

na zivych bunikach a zaroven stanovit vazebnou afinitu a kinetiku.

Vysledky

Pomoci kombinatorické knihovny odvozené z ABD skafoldu byly pomoci RD vyselektovany
a zaklonovany DNA sbirky CAB vazebnych proteinti cilicich na mezenchymalni membranovy
marker N-cadherin a EBA vazebnych proteinii vazicich epitelialni membranovy marker
EpCAM, pro naslednou charakterizaci nejslibnéjSich variant. Vazebné profily nejslibnéjSich
variant byly analyzovany pomoci metody ELISA s imobilizovanym rekombinantnim EpCAM,
N-cadherinem a BSA jako negativni kontrolou. Déle byla provedena ELISA s obracenym
uspofadanim. Bylo prokazano, ze EBA014, EBA062, CAB043 a CAB101 varianty se vazi na
své rekombinantni ter¢e a nevdZou se na BSA. EBA014, EBA062 a CAB101 vykazovaly
selektivni vazebné vlastnosti, jak bylo demonstrovano na MCF-7 a CCD1070Sk bunéénych
liniich exprimujicich EpCAM nebo N-cadherin za pouziti piistroje LigandTracer Green Line

(obr. 4.).
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Obrazek 4. Vazba EBA062 na buiiky MCF-7 a CCD1070Sk méfena v realném case pomoci
LigandTracer Green Line. Pro experiment byly vybrany MCF-7 buiiky jako model buné¢né linie
exprimujici EpCAM a CCDI1070Sk jako model bunécné linie exprimujici N-cadherin. In vivo
biotinylovany EBA062 byl oznacen pomoci streptavidin—APC konjugatu a rozpustén v kultivacnim
médiu na vyslednou koncentraci 10 nM, 30 nM a 90 nM. Dv¢ oddélené bunééné populace bunék MCF-
7 a CCD1070Sk byly vysety do stejné kruhové plastové misky. Kazdy fluorescen¢né znaceny vazebny
protein byl inkubovan soucasné se dvéma bunéénymi populacemi. Vysledné hodnoty byly ziskany
pomoci LigandTracer Green Line s APC kompatibilnim detektorem a analyzovany pomoci Trace
Drawer 1.8 (Ridgeview Instruments AB).



Vsechny varianty se k zivym bunkdm vazaly s afinitou v nanomoldrnim rozmezi.
V soucasné dobé pracujeme na zvySeni vazebné afinity varianty EBA014 pomoci afinitni
maturace. DalS$im cilem bylo vytvotfeni Ctyf sbirek vazebnych proteinti odvozenych od
Myomedinu vazici N-cadherin a EpCAM. N-cadherinové varianty vyselektované z jedné ze
dvou variant Myomedinové knihovny (LN varianty) byly exprimovany a jejich bunécné lyzaty
byly pouzity pro pilotni ELISA experiment. Nésledujicim krokem bude podrobnéjsi
charakterizace LN klonti, stejné jako charakterizace jednotlivych variant z dal§ich sbirek
odvozenych z Myomedinu. Vytvofené vazebné proteiny mohou byt vyuzity jako zachycovaci
jednotky potfebné pro vyvoj mikrofluidniho Cipu pro detekci a separaci CTC. Ttidéni
bunécnych populaci riiznych fenotypii prostiednictvim dvou povrchovych biomarkerd muize
vyznamné zvysit citlivost a presnost diagnostické metody a byt tak uziteCnym nastrojem v

klinické praxi.



3. Vyvoj vazebnych proteinu specifickych pro B podjednotku
Shiga toxinu

Grant: Vyuziti bakterii mlécného kvaseni k produkci novych terapeutickych proteinii odvozenych od
struktury albumin vazici domény a k jejich uvoliiovani ve stievé. Agentura pro zdravotnicky vyzkum
Ceské republiky, reg.# SAZU-16-01, 2016-2018. Partnerské pracovisté: Jozef Stefan Institute,
Department of Biotechnology, SAZU, Slovinsko.

Shiga toxin (Stx) je produkovan enterohemoragickymi bakteriemi Escherichia coli a Shigella
dysenteriae. Bylo prokdzano, ze Stx mize u ¢loveka zplsobit prijem, tplavici a hemoragickou
kolitidu, kterd se mize dale rozvinout v Zivot ohrozujici hemolyticko-uremicky syndrom, ktery
muize vést az k akutnimu selhani ledvin. Stx je sloZen z podjednotky A, zodpovédné za
intracelularni toxické ptisobeni a netoxické pentamerické B podjednotky, zodpovédné za vazbu
na globotriaosylceramid (Gb3) hostitelské bunky. Vzhledem k tomu, Ze konvencni
antimikrobialni lécba infekci zplsobena bakteriemi produkujicimi Stx zvySuje uvoliiovani
toxinlt z usmrcenych bakterii, je potfeba vyvinout nové alternativni terapie [11]. Jako
potenciondlni feSeni byly navrzeny modifikované bakterie mlécného kvaseni s povrchovymi
vazebnymi proteiny vazici Stx v lidském gastrointestinalnim (GI) traktu. Bakterie mlé¢ného
kvaSeni jsou soucasti lidské stfevni mikroflory. Byla prokdzana jejich bezpecnost pii pouziti
jako vektorl pro transport rekombinantnich proteint do GI traktu. Navic bylo zjiSténo, Ze pii
nékterych chorobach maji preventivni ochranné ti¢inky. Nedavno byly tspésné modifikovany
tak, aby na svém povrchu vystavovaly specifické vazebné proteiny odvozené od rtiznych

skafoldil proti riznym cilim [12-15].

V tomto projektu byla vytvorena sbirka unikatnich vazebnych proteinli (S1B) zamétend na
podjednotku B Shiga toxinu s pouzitim komplexni kombinatorické knihovny odvozené¢ z ABD
skafoldu pomoci ribozomalniho displeje jako selekéni metody. ABD skafold je malé, rozpustna
a rychle refoldujici molekula, ktera je vhodna pro povrchovy displej na bunikach L. lactis (Obr.
5.). Vazebné vlastnosti nejslibnéjSich S1B variant, které byly vybrany pomoci metody ELISA,
byly dale vyhodnoceny méfenim pomoci povrchové plasmonové resonance (SPR). Poté byly
tyto varianty optimalizovany pro povrchovy displej v L. lactis a funkéné charakterizovany. Po
nasledném zlepSeni vazebnych vlastnosti konkrétnich S1B variant pomoci afinitni maturace
budou modifikované bakterie mlééného kvaSeni s témito povrchové vystavenymi S1B
vazebnymi proteiny vhodné pro antagonizaci kmenl patogennich bakterii produkujici Stx

toxin.
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StxB

o5
x Obrazek 5. Povrchovy displej ABD vazebnych proteinii na
povrchu bunék L. lactis. Gen kdédujici konkrétni ABD variantu byl

fizovan s genem kodujicim C-konec peptidoglykan-vazebného

proteinu AcmA a se sekre¢nim signalem Usp45.

AcmA

Lactocceeus lactis cell

Vysledky

Byl prokazdn uCinny a funkEni displej vazebnych proteint odvozenych od ABD
(pojmenovanych S1B) na povrchu bun€k L. lactis. Pro selekci SIB variant s pouzitim
ribosomalniho displeje byl ve formé inkluznich télisek vyprodukovan a u¢inn€ znovu sloZzen
rekombinantni Stx1B. Ze vSech vybranych S1B variant byla u ¢tyf buné€nych lyzati, které
obsahovaly varianty S1B9, S1B22, S1B26 nebo S1B28, prokazana specifickd vazba na
imobilizovany rekombinantni StxIB s pouzitim ELISA metody. Varianta S1B28 vykazovala
nizsi hladinu exprese, pravdépodobné v disledku nadhodné mutace v nerandomizované Casti
sekvence, a byla proto vyfazena z dalsi charakterizace. Sériove zfedéné varianty S1B9, S1B22,
S1B26 se vazaly na imobilizovany Stx1B. Nejslibnéjsi kandidati S1B22 a S1B26 byli zvoleni
pro dalsi biofyzikalni charakterizaci pomoci SPR. Afinitni konstanty pro S1B22 a S1B26 byly
stanoveny v mikromolarnim rozmezi (0.70 uM pro S1B22 a 1.00 uM pro S1B26). Byl vytvoren
modifikovany L. lactis schopny vystavit na svém povrchu S1B vazebné proteiny vazici Stx1B.
Pro vystaveni jednotlivych S1B variant na povrchu L. /actis byly geny pro S1B9, S1B22, S1B26
a kontrolu ABDwt bez TolA a AviTag sekvence fuzovany s genem pro C-konec peptidoglykan-
vazebného proteinu AcmA a se sekrecnim signdlem Usp45 (Obr. 5.). Fizni proteiny byly
exprimovany v L. lactis pomoci nisinem fizeného expresniho systému (NICE), coz bylo
potvrzeno analyzou SDS PAGE. Povrchovy displej vSech Ctyt variant byl potvrzen pomoci
prutokové cytometrie a metodou ELISA s celymi buitkami. Na zaklad¢ téchto vysledka byla
vazebna varianta S1B26 oznacena jako nejslibnéjsi pro vazbu Stx1B pomoci povrchového

displeje na L. lactis.
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4. Vyvoj postupt a nastroju pro validaci polyvalentnich vakcin
proti bakterialnim enteralnim chorobam

Grant: Vyvoj unikdtnich vakcin proti zdvaznym onemocnénim zvirat. Technologicka agentura CR
(program EPSILON), reg.# TH01010837, 2015-2016. Spoluprace s firmou Dyntec spol., s.r.o., CR.

Poptavka po polyvalentnich vakcinach proti enteralnim chorobam prasat a skotu je spojena se
zvySenou poptavkou po zdravych potravinidch bez nadmérného uzivani antibiotik. Nadmérné
pouzivani antibiotik jako ristovych stimulator vedlo ke zmén¢ zivocisné stfevni mikrofléry a
umoznilo vznik rezistentnich kment Clostridium perfringens, Clostridium difficile a
Escherichia coli. Aktualni vakciny nabizeji jen omezeny pocet valenci a neposkytuji ochranu
proti Beta 2 toxinu C. perfringens, ktery je hlavni pti¢inou zavaznych prijmovych onemocnéni
u mlad’at bezprostfedné po narozeni [16]. Jedna cast projektu je vénovana vyvoji unikatnich
polyvalentnich vakcin pro ptfedporodni imunizaci samic skotu proti stfevnim onemocnénim
jejich mlad’at. Siroka $kéla antigenti obsazenych ve vakcing umozni vyvolani Gi¢inné ochrany
prostfednictvim jedné nebo dvou aplikaci vakciny, coz by snizilo negativni dopad na porod a

vitalitu potomki zptisobené stresem z opakovaného oc¢kovani.

Pro uspésné zavedeni vakciny na trh je zapotiebi vypracovat presné a spolehlivé diagnostické
postupy pro ovéieni a validaci jeji kvality. Za timto uc€elem byly vyvinuty ELISA soupravy a
protokoly zalozené na upravenych rekombinantnich variantach vSech pouzitych antigent ve
vyvijené vakcing€, umoznujici stanoveni titru kazdé z jednotlivych preventivnich protilatek v
séru imunizovanych zvifat. Vyvinuté ELISA soupravy jsou schopné detekovat sérové protilatky
proti nasledujicim rekombinantnim proteintim: adhesin K99, adhesin K88, adhesin 987P,
adhesin F41, toxoid LT E. coli; toxoid alfa, toxoid beta, toxoid beta2, toxoid epsilon C.
perfringens a toxoid A C. difficille. Ptedlozené technické feSeni je schopno stanovit mnozstvi
protilatek proti az 10 faktoriim patogenity bakterii zptsobujicich prijmové onemocnéni selat a
telat, a tim stanovit jejich Groven ochrany proti onemocnéni. Vyvinuté ELISA soupravy a
protokoly jsou v souCasné dobé pouzivany jako dulezitd soucCést testovani pro stanoveni
¢innosti a spolehlivosti deseti-valentni vakciny oficidlnimi organy v Ceské republice jako

soucast procesu validace pfed vstupem na planovany trh ve 12 evropskych zemich.
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Vysledky

Rekombinantni toxiny CPA, CPB1, CPB2, ETX C. perfringens a TcdA toxin C. difficile byly
uspésné exprimovany v rozpustné forme v E. coli a charakterizovany s pouzitim SDS-PAGE a
WB. Tyto rekombinantni antigeny byly pak pouzity jako standardy pro vyvoj citlivych a
specifickych ELISA souprav a protokoli pro kvantifikaci protilatek v mysich sérech. Byly
testovany parametry a kritéria pfijatelnosti metody pro validaci, které prokézaly, ze ELISA
soupravy vyvinuté v této studii poskytuji pozadovanou specificitu a citlivost pro detekci
klostridiovych toxintit CPA, CPB1, CPB2, ETX a TcdA. Optimalizované protokoly ELISA byly
navic pouzity pro srovnani u¢innosti vakcin, které jsou v souc¢asné dob¢ vyvijeny firmou Dyntec
8.1.0., s odpovidajicimi komercné dostupnymi vakcinami (obr. 6.). Vysledky ukazuji, ze vzorky
vakcin spolecnosti Dyntec maji ve Ctyfech testovanych valencich alespon srovnatelné
parametry jako konkurenéni produkty. Nové vakciny budou ov§em vyrabény jako 10-valentni
ochranna vakcina, ktera v souCasnosti neni na trhu dostupna. Tyto vyvinuté ELISA protokoly
tvoii nedilnou soucast oficialni validacni dokumentace pozadované pro certifikaci ockovacich
latek ceskymi 1 evropskymi veterindrnimi organy a budou vyuzivany spolecnosti Dyntec pro

testovani kvality svych budoucich komerénich produkti.

22
20
18

1 I L [ H I '
Antibodytiter/LOélzg II II|IIi ll ||
CPA X

CPB1 CPB2 E

D

(o]

oN B O

TcdA

mDynl mDyn2 DV1 Dv2 mDV3 mDV4 CVl mCv2 mcCv3

Obrazek 6. Celkové srovnani ucinnosti deviti vakcin testovanych pomoci vyvinutych ELISA
souprav. Mysi (skupiny po 5) byly imunizovany deviti riznymi vakcinami. Dvé vakciny vyvijené
spole¢nosti Dyntec (Dyn 1 a Dyn 2), ¢tyfi vakciny jiz vyvinuté spole¢nosti Dyntec (DV 1-4) a tfi
komer¢ni konkurenéni vakciny (CV 1-3). Dohromady bylo srovnano 45 mysSich sér na zakladé
protilatkového titru proti péti riznym antigenim (CPA, CPB1, CPB2, ETX a TcdA).
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