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Abstract

To avoid using labor- and instrumental-intensive methods to detect residues of antibiotics in
liquid samples, a competitive lateral flow device was developed using a commercially purchased
polyclonal antibody raised against ampicillin-BSA. g-lactam-protein conjugates, employing
bovine serum albumin, ovalbumin, and keyhole limpet hemocyanin as carrier proteins, and
tetracycline-BSA bioconjugates intended for use as test line capture reagent were synthesized.
Those were characterized by LDS-PAGE and the 2,4,6-trinitrobenzene sulfonic acid assay in this
research. Haptens were coupled to carrier proteins via the N-hydroxysuccinimide active ester
method, the carbamate linkage method, or the diazonium conjugation method. Penicillin G-BSA
conjugates with a coupling ratio of 1:50 were used to set up the competitive antibody-based
lateral flow device. Initial experiments resulted in a detection limit of 0.3 ppb and a limit of
quantification of 0.6 ppb using penicillin G as analyte. Thus, the polyclonal antibody against

ampicillin-BSA could be the basis for further investigations.

As detector reagent, 40nm gold nanoparticles with an UV/Vis absorption spectroscopy
maximum of 529 nm were used. Gold solution titration experiments figured out that coupling
of 8 pg anti-ampicillin-BSA antibody/mL colloidal gold resulted in stable gold conjugates. By
contrast, the commercially obtained protein A purified anti-tetracycline antibody was not able

to stabilize colloidal gold particles.

Moreover, a soluble derivative of the penicillin binding protein 2x from Streptococcus pneumonia
was expressed as a recombinant glutathione S-transferase fusionprotein in FEscherichia coli
BL21(DE3) in order to design a receptor-based strip test. Nevertheless, it was figured out that
the unstable fusionprotein did not lead to PBP2x* or PBP2x*-GST labeled gold nanoparticles,

since only the GST-tag moiety of the fusionprotein preferably bound to gold nanoparticles.




Kurzfassung

Der Einsatz von Lateral Flow Devices hat fiir das Monitoring von Kontaminationen in der
Tierproduktion grofte Bedeutung erlangt. Ziel dieser Masterarbeit war es, die unterschiedlichen
Grundbausteine eines LFDs zum Nachweis von Antibiotikariickstdnden zu produzieren und zu

evaluieren.

f-Lactam Konjugate mit bovinem Serumalbumin, Ovalbumin und Keyhole Limpet
Hemocyanin als Tréagerprotein und Tetracycline-BSA Konjugate wurden synthetisiert
und als Testlinenreagenzien eingesetzt. Folgende Kopplungsverfahren wurden angewandt:
die Aktivester-Methode mit N-Hydroxysuccinimid, die Carbamat-Verkniipfungsmethode
und die Diazoniumkonjugation. Die synthetisierten Hapten-Protein-Konjugate wurden
mittels LDS-PAGE und dem 2,4,6-Trinitrobenzolsulfonsidure Assay charakterisiert.  Als
Detektionsreagenz wurde kolloidales Gold mit einer Partikelgrofse von 40nm eingesetzt. Die
Koppelung von 8ug des anti-Ampicillin-BSA Antikorpers/mL kolloidalem Gold resultierte
in stabilen Goldkonjugaten. Hingegen konnte der ebenfalls kommerziell erhéltliche,
Protein A gereinigte anti-Tetracycline Antikorper die Goldnanopartikel nicht stabilisieren.
Penicillin G-BSA Konjugate mit einer Kopplungsdichte von 1:50 wurden im Prototyp eingesetzt
um den kommerziell erhéltlichen polyklonalen Antikérper (Immunogen: Ampicillin-BSA)
zu evaluieren. Der entwickelte Prototyp hat eine Nachweisgrenze von 0.3ppb und ein
Quantifikationsgrenze von 0.6 ppb bei der Verwendung von Penicillin G als Analyt. Demnach
ist dieser polyklonale Antikorper fiir den Einsatz in einem LFD fiir die Detektion von S-lactam

Riickstanden geeignet.

Auferdem wurde ein 16sliches Derivative des Penicillin-bindenden Proteins 2x von Streptococcus
pneumonia als Glutahion S-transferase Fusionsprotein in E. coli BL21(DE3) exprimiert um einen
Rezeptor-basierenden LFD zu entwickeln. Aufgrund der stabileren Kopplung des GST-tags an
Goldpartikel war es nicht moglich PBP2x*-AuC oder PBP2x*-GST-AuC Konjugate zu erhalten,

wenn eine Proteinlésung des instabilen Fusionsprotein eingesetzt wurde.
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1 Introduction

[B-lactam antibiotics, i.e. penicillins and cephalosporins, are among the most widely used
antibiotics for the treatment of bacterial infections (e.g. mastitis, an inflammation of the udder)
in lactating dairy cows. Passage of antibiotics into milk from medicated animals is of great
concern regarding the quality of milk and public health [I]. In the dairy industry, antibiotics
can inhibit starter cultures used in the production of fermented products, such as yoghurt
and cheese [I, 2]. This may result in a considerable economic loss as product batches may
be downgraded or discarded. Further, antibiotic residues from animal-based food can affect
human health. S-lactams are not toxic to humans, but they can provoke an allergic immune
response in sensitized individuals |2 [3]. Nevertheless, it is unlikely that antibiotic residues
would cause allergic responses, because of the low drug concentration in contaminated food [4].
The rarity of reported cases shows that the risk is small [5]. Additionally, antibiotic residues
can impact microflora in the human gastrointestinal tract [6]. Since the continuous exposure
may lead to an increase in the number of individuals resistant to antibiotics [7], the emergence
of antibiotic-resistant strains of bacteria should be prevented by manufacturing food products
without any antibiotic residues. Actually, the correlation between antibiotic applications in
food-producing animals and the increase of antibiotic resistance strains of human-pathogenic
bacteria is discussed [§]. Resumed, consumers should be insured to consume non-contaminated

products, free from antibiotic residues [2].

Thus, maximum residue limits (MRLs) have been specified by the European Union for S-lactams
and other veterinarian drugs, which are approved for use in food-producing animals [9]. To
meet the requirements of the dairy industry, several rapid tests for the detection of S-lactams or
cephalosporins residues in milk at or below their MRL values are commercially available. These

tests are easy and rapid (approx. 10 min) to perform, sensitive, and specific.

One aim of the FFG project 825151 /F4S is to develop a lateral flow device for the detection

of B-lactam and tetracycline antibiotic residues in raw commingled bovine milk. This thesis




1 Introduction

focuses on the synthesis of hapten-protein conjugates used as capture reagent, the recombinant
expression of the soluble derivative of the penicillin binding protein PBP2x of Streptococcus
pneumoniae (PBP2x*) as glutathione S-transferase (GST) fusionprotein, the production of
colloidal gold (AuC) sol, and labeling AuC with PBP2x*-GST fusionprotein and a commercially
purchased anti-S-lactam antibody. Further, the influence of different assay conditions on the

assay performance are discussed.




2 Literature review

2.1 Antimicrobial residues in milk

The major reason for the use of anti-infectious agents in dairy cattle is the control of bovine
mastitis. The pharmacokinetics of antibiotics in the lactating cow are mainly referred to the
route of administration, the dose and the number of treatments, physicochemical properties of
the excipient, the milk production, and the condition of the udder. Because of drawbacks of
residues of veterinarian drugs in milk [10], which are already discussed above, milk from animals
under antibiotic treatment or in the withdrawal period must not enter the food chain. For
this purpose, European legislation requires the food business operators to test a representative
number of random samples of raw milk to monitor the effectiveness of the initiated procedures

and withdrawal periods, as explained in Section

2.1.1 Milk as sample

Milk is a translucent white liquid, produced by the mammary glands of mammals. Since milk
contains significant amounts of fat, protein, lactose, calcium, and vitamin C, its nutritional
value is high. The composition of milk, regarding different animal species and breed variations,
is given by Reybroeck [I0]. The primary group of milk proteins (approx. 80%) are the caseins,
which form micellar structures by noncovalent aggregations. All other proteins, grouped
together as whey proteins, are more water-soluble than the caseins and do not aggregate into
micelles. Concentration, molecular weight, and potential biological function of major bioactive
protein components of bovine milk are given by Park et al. [T, Table 2.1]. The milk lipids form
fat globules surrounded by a membrane of phospholipids and proteins [10].

Different stability studies of antibiotics and chemotherapeutics in milk have been published.
A summary can be found in Reybroeck [10]. It was figured out that storage of milk at 4°C
resulted in a great measurable loss of S-lactams, whereas storage at —76 °C did not. In case of

tetracyclines, published degradation studies were divergent.




2 Literature review

2.1.2 Legislative Aspects

To guarantee that food of animal origin is free from antimicrobial residues, regulations were
set by the European Union. Regulation EC 853/2004 laying down specific hygiene rules for
food of animal origin [12]: According to regulation EC 853/2004, food business operators must
initiate procedures to ensure that raw milk is not placed on the market, if it contains antibiotic
residues in excess of the maximum residue limit. Furthermore, it requires that a representative
number of random samples of raw milk must be tested to monitor the effectiveness of the
initiated procedures. These random tests may be performed at various points of the supply
chain, such as producers (on farm), collectors, or processors. Here, the MRLs are set for raw
milk and not for processed milk or dairy products. Note that the regulation does not apply to
milk of animals that have not been treated with antibiotics, unless the milk is mixed with milk
from animals that have been treated with antibiotics. Regulation EC 1774/2002 laying down
health rules concerning animal by-products not intended for human consumption [I3]: milk
samples with antibiotic residues above the MRLs should be disposed of as a category 2 animal
by-product. Either the positive result of the primary screening test (test fail) is accepted or
a second quantitative sample measurement is performed to identify antibiotics and determine
their concentration. Note that the time between the primary screening test and the verification
test should be less than 24 h [I4]. Council Directive 96/23/EC on measures to monitor certain
substances and residues thereof in live animals and animal products [15], lays down measures
to monitor the substances and groups of residues listed in Annex 1. Regulation EC 470/2009
laid down Community procedures for the establishment of residue limits of pharmacologically
active substances in foodstuffs of animal origin (repealing Council Regulation EEC 2377/90
and amending Directive 2001/82/EC and Regulation EC 726/2004) [16]. In regulation 37/2010
on pharmacologically active substances and their classification regarding maximum residue
limits in foodstuffs of animal origin [9], all the pharmacologically active substances were listed
in one Annex in alphabetical order. MRLs have been established in different matrices for
sulfonamides, S-lactams, tetracyclines, macrolides, quinolones, and aminoglycosides, while the

use of chloramphenicol and nitrofurans was prohibited in the EC.

The MRL, expressed in pgkg™!, is the maximum concentration of residues in a product (milk,

meat, egg and so on) considered by the authorities as without sanitary hazard for the consumer




2 Literature review

and without effect on the manufacturing process. In Table [2.1] the EU MRLs for 8-lactams and

tetracyclines in milk are outlined.

Table 2.1: Pharmacologically active substances and their classification regarding MRL [9].

Group Pharmacologically Marker residue MRL
active substance (ngkg™!)
Penicillins Benzylpenicillin Benzylpenicillin 4
Ampicillin Ampicillin 4
Amoxicillin Amoxicillin 4
Oxacillin Oxacillin 30
Cloxacillin Cloxacillin 30
Dicloxacillin Dicloxacillin 30
Nafcillin Nafcillin 30
Penethamate Benzylpenicillin 4
Cephalosporins Ceftiofur Sum of all residues retaining 100
the B-lactam structure expressed
as desfuroylceftiofur
Cefquinome Cefquinome 20
Cefazolin Cefazolin 50
Cephapirin Sum of cephaprin and des- 60
acetyl-cephapirin
Cefacetrile Cefacetrile 125
Cefoperazone Cefoperazone 50
Cefalexin Cefalexin 100
Cefalonium Cefalonium 20
Tetracyclines Tetracycline Sum of parent drug and its 4- 100
epimer
Oxytetracycline Sum of parent drug and its 4- 100
epimer
Chlortetracycline ~ Sum of parent drug and its 4- 100

epimer
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2.1.3 Assays for the control of antibiotic residues in milk

Samples (e.g. milk) suspected to contain antibiotic residues can be analyzed by rapid screening
tests, which are shortly discussed below. In order to confirm the residue presence in the sample,
physicochemical analysis such as HPLC or LC-MS/MS are employed [10, [I7]. In recent years,
surface plasmon resonance (SPR) biosensors were investigated for the detection of S-lactam
antibiotics [I], 2, §]. Generally, four types of rapid screening tests are mostly used and currently

commercially available:

e Enzyme-linked immunosorbent assays (ELISA) for monitoring single veterinary milk drug
residues such as chloramphenicol as well as multi-screening ELISAs are offered by e.g.
EuroProxima, FuroClone SpA, Tecna Srl, BioControl Systems Inc., R-Biopharm AG,

BiooScientific Corporation, and Randox Laboratories Ltd.

e Lateral flow devices (LFD) are available from Charm Sciences Inc., TwinsensorBT,

Tetrasensor®™, Neogen Corporation, IDEXX Laboratories Inc., and BiooScientific
Corporation. These products cover most of the commonly tested antibiotic groups in

milk which are [-lactams and tetracyclines and further the single antibiotic tests for

sulfamethazine, sulfadimethoxine, enrofloxacin, and gentamicin.

e Microbial inhibition tests can be purchased from DSM Food Specialties B.V., Charm

Sciences Inc., Zeu-Inmunotec S.L., EuroClone SpA, and Copan Italia SpA.
e A enzymatic colorimetric assay is offered by UCB Bioproducts Belgium.

Navratilova [I8] summarized in detail the commercially available screening methods used for
the detection of veterinary drug residues in raw cow milk. Here, a short overview about the

principles is given.

Enzyme-linked immunosorbent assays are well-established tools for analyzing antibiotic residues.
Mostly, the direct competitive assay format is used, S-lactams, if present in the standard and
sample, compete for example with horseradish peroxidase labeled conjugate for capture antibody
binding sites on the microtiter plate. Hence, the measured absorbance is inversely proportional
to the concentration of the analyte. Beside antibodies raised against S-lactams (e.g. available
from Randox), the penicillin binding protein 2x* (see Section was used in a microtiter
plate test [19].
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The principle of lateral flow devices is briefly described in Section [2.3] Generally, lateral flow
devices can be divided into immunoassays using antibodies and receptor/enzyme-based assays
employing enzymes. To our knowledge, each commercially available lateral flow device for
detection of S-lactam antibiotics employs a receptor-based assay format by means of applying a
penicillin binding protein. Commercial LFDs for milk, animal tissues, and honey are reviewed
by Wang et al. [I7]. An overview about enzyme-based LFDs employing penicillin binding

proteins is given by Cacciatore [8, Table 2].

Microbiological screening is based on the property of antibiotics to inhibit the growth of the test
organism. Microorganisms employed as test bacteria are not equally sensitive to all antibiotics.
As a consequence, they detect some substances better than others. Combinations of different
test bacteria, each in an optimal medium, are applied to detect a large range of antibiotics up
to the MRL levels [I0]. Time is here a factor since the sample is incubated for 3h in the ampule

containing the agar medium at an appropriate temperature.

The enzymatic colorimetric assay is based on the inactivation of the DD-carboxypeptidase
enzyme by fS-lactams followed by the addition of its natural substrate. The degree of inactivation
is determined by an organic redox indicator detecting the not cleaved natural substrate. For

further explanation see Navratilova [18].

While microbial inhibition tests and LFDs may be used on-site (farm, raid tankers, storage silos,

milk reception sites), ELISA tests and confirmatory tests are restricted to laboratory use.

2.1.4 Anti-infectious agents

Tetracyclines are next to S-lactam antibiotics, macrolides, and sulfonamide the most commonly
used antibiotics for the treatment of farm animals in Austria [20]. Here, S-lactam and

tetracyclines should be discussed shortly.

The antibacterial effect of B-lactam antibiotics, i.e. penicillins and cephalosporins, is owing to
their inhibition of bacterial cell wall synthesis (see Section . Those antibiotics consist of a
four-membered (-lactam ring, which is fused to either a five- or a six-membered sulfur-containing
heterocyclic ring (Figure in case of penicillins or cephalosporins, respectively. An overview

about chemical properties, reactivity, and chemical structures of S-lactam antibiotics, which are
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relevant for residue testing, are given by e.g. Lamer [19] and Cacciatore [§].

Figure 2.1: Penicillin and cephalosporin core structures, where ‘R’ are the variable groups.

Tetracyclines (TCs) are broad spectrum antibiotics, showing a great activity against a variety
of gram-positive and gram-negative bacteria. TCs act through inhibition of protein synthesis
by binding to the small ribosomal subunit at the A site. Tetracycline, oxytetracycline, and
chlortetracycline are natural products [10]. The core structure of TCs is illustrated in Figure

An overview about chemical properties and chemical structures of all TC is given by Moller [21].

Figure 2.2: Tetracycline core structure.

2.2 Penicillin binding protein

Penicillin binding proteins (PBPs) catalyze the last stages in the polymerization of peptidoglycan
(also known as murein), the major compound of the cell wall in gram-positive bacteria. Murein
is essential in cell division and protects bacteria from osmotic shock and lysis. The antibacterial
effect of B-lactam antibiotics, like penicillins and cephalosporins, is based upon the inhibition
of those proteins. This results in a weak cell wall, causing the microbe to swell and burst.
p-lactams are most effective on rapidly multiplying bacteria [22]. Intense research has been
carried out on PBPs, particularly on their role in the resistance to -lactams of some important
pathogens such as S. pneumoniae |23|, causing pneumonia. The resistance to (S-lactams in
Streptococcus pneumoniae, for example, occurs from the alteration of the sequence and structure

of its PBPs [24]. A review on PBP-based f-lactam resistance is published by Zapun et al. [23].

8



2 Literature review

PBPs are used as receptor proteins for detection of the active form of the S-lactam structure,
e.g. in milk. PBPs have been applied in commercially available receptor-based lateral flow
devices (e.g. DD-carboxylase from Streptomyces is used in the enzyme-based Penzym test [18])
as well as in SPR biosensor analysis of f-lactam antibiotics in milk [I 2] B]. Generally, the
advantage of using PBPs compared to antibodies in methods for residue detection is that PBPs
specifically interact with the active form of the g-lactams. The S-lactam ring structure is easily
hydrolyzed, whereby the substance becomes inactivated. MRLs are set for the pharmacologically
active substance (see Table , it is important that only these forms are detected. Taking the
instability of the S-lactam structure into account, the production of group-specific antibodies

against the active -lactam structure is complex [2].

2.2.1 Classification

PBPs can be classified into high-molecular-weight (hmw) PBPs and low-molecular-weight (lmw)
PBPs [25, 26]. Hmw PBPs can be further divided into class A and class B, depending on
the structure and the activity of the N-terminal domain [26]. Both classes carry a C-terminal
penicillin binding (PB) domain with a transpeptidase activity. Because of the glycosyltransferase
activity of the N-terminal domain of class A PBPs, those proteins are bifunctional enzymes,
which are responsible for both polymerization of the glycan strain and peptide crosslinking.
Whereas, class B PBPs are monofunctional transpeptidases with a non-catalytic periplasmic
N-terminal domain whose function is unknown [27]. For more detailed information, a clearly
represented classification of a complete set of PBPs from 10 bacteria is given by Sauvage et al. |28

Figure 1].

2.2.2 Mureinsynthesis

PBPs are involved in the synthesis of Murein, a mesh net-like product that surrounds and protects
bacteria [28]. Murein consists of glycan chains of alternating N-Acetylglucosamine (GlecNAc)
and N-acetylmuramic acid (MurNAc) crosslinked by peptides attached to N-acetylmuramic acid.
PBPs catalyze the polymerization of the glycan strains (transglycosylase) and the crosslinking
between glycan chains (transpeptidase). Some PBPs can hydrolyze the last D-alanine of stem
pentapeptides (DD-carboxypeptidase) or hydrolyze the peptide bond joining two glycan strains

(endopeptidase). A basic reaction scheme of the biosynthesis of murein is given in various
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textbooks, e.g. Fuchs and Schlegel [29]. Sauvage et al. [28] reviewed the structure and role of

PBPs regarding their implication in peptidoglycan synthesis.

2.2.3 Penicillin binding domain

PBPs are characterized by a common DD-peptidase activity, whether a DD-carboxypeptidase,
a DD-transpeptidase, or a DD-endopeptidase activity [25, 26]. These enzymatic activities are
catalyzed by a common penicillin binding (PB) domain [28]. The PB domain consists of
an a-helical subdomain and an «/f subdomain and harbors three highly conserved motifs:
SXXK, (S/Y)XN, and (K/H)(S/T)G. This distinctive feature is characteristic to the family of
penicillin-recognizing active-site serine enzymes (ASPRE) [25], to which PBPs and [-lactamases
are constituted. The topology of PBP2x of S. pneumoniae, a transpeptidase, is shown in Figure
2.3 The SXXK motif is on the N-terminus of helix a2 of the helical subdomain. The second
SXN motif is on a loop between helix 4 and 5 of the helical subdomain. The KTG motif is
located on strand 83 of the o/ sub-domain.

Figure 2.3: Topology of the penicillin-binding domain of PBP2x (PDB-Code: 1QME). The
SXXK motif (purple) is on the bottom of the active-site groove in this representation.
The KTG motif (yellow) and the SXN motif (turquoise) are located on the right side
and on the left side of the active side, respectively.

10



2 Literature review

2.2.4 Catalytic mechanism of DD-transpeptidase

The transpeptidation, the major target of S-lactam antibiotics, has been accurately analyzed.
This reaction occurs in two steps as outlined in Figure[2.4l First, there is a nucleophilic attack by
the hydroxyl group of the serine residue in the active site (in the SXXK motif) on the carbonyl
carbon of the penultimate D-Ala amino acid of the stem peptide, resulting in the removal of
the last D-Ala and the formation of a covalent acyl-enzyme intermediate between the ‘donor’
stem peptide and the transpeptidase. Then, the newly formed ester bond between the D-Ala
and the active-site serine is subjected to a nucleophilic attack by the primary amine of the third
residue of a second ‘acceptor’ stem peptide. The newly formed amide bond crosslinks both stem

peptides. Further, the hydroxyl group in the active-site serine is regenerated [23] [30]

o e = WV aa WV = Ve \ P \ VIRY e F e A aa A o o v v a
{aXMXGXMYXGYM) {aXm¥aXmX e M) (GXMXGXMXG YoM
' O A U A N N A LI A Fi' AN IS % N N P W
L-Ak L-iia LA
D-iGin D-iGin D-iGin
N Liys — L-lys - Livs
( | Bor-OH -l
\ PBR jewdt b O-Als 0-Ala =
— T——=Co | PBP )8or0—CO R i o
NH /& i HN. Liys
L] — V4 \ D-Ala NN
D-Ala - X - iGn
HyN 7 L-lys
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Figure 2.4: Transpeptidation reaction. The glycan strains are depicted by chains of hexagons
standing for the hexoses GluNAc (G) and MurNAc (M). The ‘donor’ peptide is bound
to the upper glycan strand, whereas the ‘acceptor’ peptide is depicted here on the
lower strand. The peptides shown are those from S. pneumoniae |23, Figure 2|.

2.2.5 Interaction of DD-transpeptidase with g-lactams

Because of the structural similarity between S-lactams and the natural substrate, D-Ala-D-Ala,
of TPs (Figure , PBPs are inhibited by [-lactams by forming a relatively stable, covalent
penicilloyl-enzyme-complex. The bound S-lactam sterically hampers the access path of acceptor
molecules with the result that no S-lactam can be transfered to the acceptor peptide. Bound
[B-lactams can only be released by water molecules, because they are able to enter into the active

site [I9]. The inhibition mechanism is schematically presented in Figure
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Figure 2.5: Structural similarity between §-lactams and the natural substrate of PBPs; adapted
from Mayers et al. |[23].

Figure 2.6: The penicillin-interactive, serine active site of PBPs. Adapted from Mascaretti [31].

PBSs kinetically interact with S-lactams in the following scheme: After forming a noncovlaent
complex EI between the enzyme E and the inhibitor I with the dissociation constant Kg, acylation
occurs to form the covalent complex EI* with the rate ko. Finally, EI* is hydrolyzed with the
rate k3 to E and the inactivated product P (penicilloate). The ks constant is very low and a very
slow breakdown of the acyl-protein or even complete inertness occurs [31]. Both ko and ks are
first-order rate constants. The second order rate constant ko /Kq (M s71) describes the efficiency
of acylation, allowing for the calculation of the overall acylation range at a given concentration
of antibiotics [23]. Hence, the inhibition efficiency increases with the increased ks /Kq constant
value. Kinetic parameters of PBP2x*, a soluble derivative of the PBP2x from S. pneumoniae,

are outlined in Table 2.2

kl k2 * k3
E+1—=FEl -%El* % E+P (2.1)

k_y
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2.2.6 PBP2x of Streptococcus pneumoniae

S. pneumonia contains five hmw PBPs (1la, 1b, 2x, 2a, and 2b) [32] and a lmw PBP (3) [33].
PBP2x is a hmw class B PBPs with a molecular weight of 82.35kDa [34]. A schematic overview of
the PBP2x from S. pneumoniae penicillin-susceptible R6 strain is shown in Figure Relevant
elements of secondary structure are represented above the open boxes. Amino acids belonging
to conserved sequence motifs characteristic of ASPRE family are indicated below the open boxes
together with their position in the amino acid sequence. PBP2x consists of a short cytoplasmic
region (aa 1-18), a transmembrane region (aa 19-49), a non-penicillin-binding domain (nPB
domain; aa 50-266), a penicillin-binding transpeptidase domain (TP domain; 267-616), and a
COOH-terminal domain (C-ter.; aa 617-750). Amino acids most frequently replaced in clinical
isolates or laboratory mutants are indicated below the open box [35].

In this thesis, the soluble PBP2x derivative (PBP2x*) - lacking the hydrophobic transmembrane
domain (delta amino acids 10 to 48) [36] - was under investigation. PPB2x* possesses high
affinities to penicllins and cephalosporins (Table [37, 38]. Further, the soluble PBP2x* is
stable over several months, which substantiate the structural independence of the hydrophilic
main part of PBP [36]. Therefore, PBP2x* might be suitable for the application in a
receptor-based strip test.

Table 2.2: Kinetic parameters for the interaction between S-lactam antibiotics and PBP2x* from
S. pneumoniae [37, [38]. Kinetic parameters are described above.

B-lactams ko /K (Mt s1)
Benzylpenicillin 58,000
Ampicillin 67,000
Oxacillin 21,000
Cephalexine 1,400

13
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PBP2x Streptococcus pneumoniae
Penicillin-susceptible R6 strain
(High-Molecular PBP - class B)

a2
B3
1 18 49 266 W — 16 750
[ n-PBdomain [ . TP domain | |C-ter. domain|

S337TMK 5395SN K5475GT550AQ552

(Laboratory mutants) Ass
(Clinical isolates) E5s5»

Figure 2.7: Schematic representation of the hmw PBP2x. class B of S. pneumoniae
penicillin-susceptible R6 strain. This Figure is taken form Mouz et al. [35].
Explanations see text.

2.3 Lateral flow devices (LFDs)

Lateral flow devices (LFD), also known as ‘lateral flow immunoassay’, ‘dip-stick immunoassay’,
or simply ‘strip tests’ are membrane-based immunochromatographic tests. LFD technology
is widely used in point-of-care (POC) or field use applications (e.g. medical diagnostic, blood
banking, agriculture, forensic science, and food safety). Especially in the food safety area,
residue detection should be user-friendly, accurate, rapid, inexpensive, and feasible regarding to

field or on-site applications.

Although dipstick assays are easy to perform, even for untrained users, the technology behind
is advanced and elaborated [I7]. Since the LFD technology becomes prevalent in various
applications, a considerable number of articles, books, and technical publications dealing
with the LFD technology have been published in recent years. Both Millipore’s [39] and
GE Healthcare’s [40] technical publications on LFD thoroughly describe the properties and
specification of various membrane, sample pad, and conjugate pad materials and provide a guide
for product development. Further, several articles [41H45] concerning LFD development, trouble
shooting, and processing methods are published in the IVD (Technology for in vitro diagnostics
development and manufacturing) online magazine. Posthuma-Trumpie et al. [46] presented a
literature survey concerning LFD discussing numerous aspects of this technology. ‘Immunoassays
in Agricultural Biotechnology’ by Shan [47] and ‘Chemical Analysis of Antibiotic Residues in

Food’ by Wang et al. [17], outlining various aspects of LFD technology and applications in food
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safety, were recently published.

2.3.1 Architecture of a lateral flow device

A typical test strip is composed of multiple component parts, each serving one or more

purposes [17, 48]. The employed materials can be classified into three categories [49]:

1. Porous materials are layered onto an adhesive backing card. The pads and membranes

have to overlap one another in order to maintain a continuous flow path for the sample

I39].

a)

The sample pad is an absorbent pad placed at one end of the strip onto which the
sample is applied. Impregnation with components such as proteins, detergents, viscosity
enhancers, and buffer salts can lead to filtration of unwanted sample components [47],
increased sample viscosity, and/or to a modified chemical nature of the sample so that

it is compatible with immunocomplex formation [39].

The conjugate or reagent pad, located adjacent to the sample pad, contains labeled
analyte or analyte-specific antibodies depending on the applied assay format [17, 47] and

is ordinarily made from glass fibers, cellulose filters, or surface-modified polyesters [39].

The reaction membrane, where the test line reagent (e.g. analyte-protein conjugate,
anti-target analyte antibodies) and the control line reagent (e.g. anti-species specific
antibody) are immobilized, are mostly made from nitrocellulose. However, various
polymers such as nitrocellulose, cellulose acetate, nylon, and polysulfones may be used
as well [47]. The two key parameters for the membrane selection are: capillary flow
characteristics and the ability to irreversibly bind capture reagents at the test and

control lines |39, [47].

The wick pad, a further absorbent pad, is designed to draw excess buffer and reagent
in order to avoid back-flow onto the reaction membrane and to enhance flow through

the membrane.

2. Various reagents, depending on the assay format and requirements, are used.

a)

Antibodies may be employed as a capture reagent at the test line, as a conjugate on the
detector particle, or both [39]. Additionally, antibodies may be used as capture reagent

at the control line.
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b) In case of an independent control line, e.g. Biotin-BSA (CL) and Streptavidin-AuC
conjugates are used.

c) Bioconjugates (analyte-protein conjugates, hapten-protein conjugates) are applied as
test line in case of competitive reaction schemes.

d) Detector particles (e.g. latex beads, colloidal gold particles) are used for the visualization

of the signal.

e) Reagents such as blocking agents, detergents, surfactants, stabilizer, and/or buffer
salts [49] are added to the assay buffer or impregnated onto the sample or conjugate pad
in order to accomplish the performance requirements regarding to wettability, capillary

flow rate, protein binding, stability, and so on.

3. Housing and lamination materials:

a) Backing cards are used to properly align pads and membranes in a test strip.

b) An optional laminate tap may be used as ‘splash guard’ or to hamper evaporation and

back-migration of detector reagent [49].

¢) The components of the strip may be presented in a simple dipstick format or optionally,
within a plastic casing with a sample port and reaction window showing the capture

and control lines [39, [49].

Figure [2.§ shows a schematic view of the simplified LFD format used during this work. A porous

nitrocellulose membrane and a wick pad are layered onto a plastic adhesive backing card.

Nitrocellulose Absorbent pad
membrane Test line Control line

Backing card

Figure 2.8: Architecture of a lateral flow device.

2.3.2 LFD format

Apart from serum assays, which are designed to detect antibodies as an indicator of various
diseases, there are two main types of LFDs: non-competitive (double antibody sandwich) and

competitive (competitive inhibition) format assay [46]. Both principles are described in detail
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by Wang et al. [17].

Generally, sandwich assays are used for the detection of higher-molecular-weight analytes
(macromolecules such as human chorionic gonadotropin (hCG), which is produced during
pregnancy [39], and such as various allergens [50]), which comprises multiple epitops. Briefly,
the sample first encounter labeled analyte-specific antibodies and the target analyte (if present)
will bind to the detector conjugate. The test line will also contain antibodies raised against the
target analyte, although these antibodies may bind to a different epitope on the analyte. Hence,
the presence of the analyte in the sample leads to a visible test line. If no analyte is present in

the test solution, only the control line appears [17, [47].

The competitive lateral flow format is commonly used to analyze low-molecular-weight
molecules [I7], which often possess a single-epitope region [17, [47] such as mycotoxins, drugs
(antibiotics, drug abuse tests) [39] drugs metabolites, and hormones [51]. In this assay format,
the target analytes bind to the reporter (colored particle labeled analyte-specific antibodies)
and block these reporters from binding to the immobilized ligand at the test line. Here, a
competitive colloidal gold based assay (Figure should be described in more detail, as
it is used in this study. The liquid sample and a ready gold mix, containing AuC labeled
analyte-specific antibodies, are mixed together in a microtiter well and are briefly incubated
to allow the antibodies to interact with any analyte present in the sample. Then, the test
strip is inserted into the sample well and the fluid mixture migrates across the membrane due
to the capillary action. The membrane contains a test line and a control line, onto which an
analyte-protein conjugate and an anti-species specific antibody are immobilized, respectively.
The antigen-protein conjugate in the test line can capture any free anti-analyte antibody gold
particle conjugate, allowing color particles to form a visible line. Thus, a positive sample
with an analyte concentration greater than or equal to the assay cut-off level will result in no
visible line in the test zone. On the contrary, a negative sample with an analyte concentration
less than the cut-off level will form a visible line in the test zone. Excess buffer along with

any reagents not captured at the test or control line will then be entrapped in the absorbent pad.

Considering the competitive assay format, the color intensity of the test line inversely correlates
with the analyte concentration in the sample, which means, the greater the reduction in signal

intensity at the test line, the greater the concentration of the analyte present in the sample. The
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smallest amount of analyte that results in no color development at the test line can be considered
the cut-off value. In case of qualitative tests (is the analyte present), a single control line on the
membrane is a positive result. Two visible lines in the capture and control zone is a negative
result. However, if an excess of target analyte is not present, a weak line may be produced in
the capture zone, indicating an ambiguous result. Semi-quantitative results (what amount of the
analyte is present) can be achieved by the determination of the intensity of the test line, which

can be related to the concentration of the analyte (see next section).

@ ) flow

| Absorbent pad

with ay wut analyte

® £

t Antibiotic protein-conjugat % Antibody coated colloidal gold
T Species specific antibody +  Antibiotic

Figure 2.9: Principle of the competitive assay.

2.3.3 Analytical aspects of screening tests

Commission Decision 2002/657/EC [52] establishes criteria and procedures for the validation of
analytical methods. Since the scope of Commission Decision 2002/657/EC on the validation of
screening methods is limited, the CRL document of 20/1/2010 Guidelines for the validation of
screening methods for residues of veterinary medicines-initial validation and transfer [53] was
drafted.

Lateral flow devices give qualitative (yes/no) or semi-quantitative results of the target analyte
in the sample. In case of qualitative assays, the preferable screening test provides a positive
result with a cut-off near the MRL, or previously defined level of interest. A test which only
yields to negative results at values well below the MRL will lead to a number of samples which
require confirmatory testing in a regulatory program [10]. According to the above mentioned

new document a cut-off level is defined as the level which indicates that a confirmatory test has
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to be performed. For MRL substances the cut-off has to be preferably around 1/2 MRL. Hence,
very low LODs need to be obtained with the developed method to obtain the required cut-off
levels. Further, it is possible to obtain semi-quantitative results by measuring the amount of
gold-conjugate bound to the capture zone. This can be done by using a dedicated reader to

measure the intensity of the colored test line.

2.3.4 Protein binding to nitrocellulose

For lateral flow devices, the nitrocellulose membrane must irreversibly bind capture reagents at
the test and control lines, because the test results thoroughly depend on it [39, [44]. Although,
the nature of the binding of proteins to nitrocellulose is not well understood [44), [47], it is widely
accepted that hydrophobic interactions, hydrogen bonding, and electrostatic interactions play
a role in the binding mechanism [44, 45] [54]. Various factors that influence protein binding to

nitrocellulose membranes are summarized by Jones [44], 45]:

1. Properties of the capture reagent application buffer (e.g. salt concentration, pH, addition
of alcohol, or crosslinking-agents to the application buffer) may decrease or increase the

binding forces.

2. Three main factors affecting membrane performance: pore size, post-treatments, and

membrane type (e.g. nitrocellulose, nylon, polysulfones).

3. The capture reagent itself and its way of synthesis (carrier protein, coupling ratio) are

crucial for their application.

4. Ambient humidity at the time of protein application may influence the binding.

5. Agents that interfere with protein binding by inhibiting one or more of the essential binding
forces are:
a) Formamide and urea disrupt hydrogen bondings between the reagent and the NC.

b) Tween, Triton, and Brij may interfere with hydrophobic bonding between the capture

line reagent and the NC.

c¢) Polymers such as polyvinyl alcohol (PVA), polyethylene glycol (PEG), polyvinyl

pyrrolidone (PVP) interfere through a combination of effects.

d) Non-specific proteins may compete for binding sites, e.g. BSA.
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3 Materials

The practical work was carried out at the Center for Analytical Chemistry of the
Boku-Department IFA-Tulln and at the Romer Labs Division Holding GmbH research
laboratories. All buffers and media were prepared with deionized water. All media were
autoclaved at 121 °C for 20 min. The media was allowed to cool down to at least 50°C before
adding the antibiotic (filter sterilized). Solid media (media for plates) was cooled down to
approximately 50°C before pouring into sterile petri dishes. Media plates were aseptically
prepared in a sterile bench. The solid and liquid media were stored at 4 °C until further use. All

buffers used for affinity chromatography were filtered and degassed before usage.

3.1 Protein determination

The bicinchoninic acid (BCA) protein assay kit (Pierce) was performed in non-binding 96-well
microtiter plates (Greiner) and spectrophotometrically read on a Sunrise™ plate reader with

Magellanb software, which were obtained from Tecan.

3.2 Lithium dodecyl sulphate polyacrylamide gel electrophoresis
(LDS-PAGE)

2-(N-morpholino) ethane sulfonic acid (MES Pufferan®), 3-(N-Morpholino)-propanesulfonic acid
(MOPS Pufferan®), sodium dodecyl sulfate (SDS), and N-Tris-(hydroxymethyl)-methyl-glycin
(Tricine Pufferan®) were obtained from Roth. Ethylenediaminetetraacetate (EDTA) and
Trisbase were obtained from Sigma-Aldrich. NuPAGE® Novex 3-8% Tris-acetate Gel
(L5mmx 15 well; used with Tris-acetate SDS running buffer, separation range from 40kDa
to 500kDA), NuPage® Novex 4-12% Bis-Tris Gel (1.0mmz15 well; used with MOPS
running buffer: separation range from 15kDa to 260kDa; used with MES running buffer:
separation range form 3.5kDA to 160kDa), NuPage® LDS sample buffer (4x), HiMark™
prestained standard (1x), SeeBlue® prestained standard (1x), XCell SureLock™ Mini Cell and
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SimplyBlue™ SafeStain (Coomassie® G-250) were purchased from Invitrogen.

The Tris-acetate (TA) SDS running buffer (20x) contains: 50 mM Tricine, 50mM Tris base,
0.1% SDS, pH 8.24. The MES SDS running buffer pH 7.3 (20x) contains: 50mM MES,
50 mM Tris base, 0.1% SDS, and 1 mM EDTA. The MOPS SDS running buffer (20x) contains:
50mM MOPS, 50 mM Tris base, 0.1% SDS, 1mM EDTA, pH 7.7.

3.2.1 Silverstaining of LDS-PAGE gels

Further chemicals were needed for silverstaining: Glycerol was purchased from Roth.
Formaldehyde, acetic acid, glycine, glutardialdehyde, sodium thiosulfate*5 HoO, sodium acetate

and carbonate, and silver nitrate were bought from Merck. Ethanol was received from J.T. Baker.

For silverstaing following solutions were freshly prepared: The fixing solution consisted
of 30% (v/v) ethanol and 10% (v/v) acetic acid. The sensitizing solution contained
0.05M sodium acetate, 0.8 mM sodium thiosulfate pentahydrate, 30% (v/v) ethanol, and 0.5%
(v/v) glutardialdehyde. The silverstaining solution contained 0.2% (w/v) silver nitrate and 0.02%
(v/v) formaldehyde. The developing solution consisted of 0.02 M sodium carbonate and 0.01%
(v/v) formaldehyde. The stop solution contained 1% (v/v) glycerin in deionized water. To

preserve the gel, a solution with 10% (v/v) glycerol was used.

3.3 Bioconjugate synthesis and characterization

Penicillin G potassium salt was provided by Riedel-de-Haén. Ampicillin trihydrate (Amp),
cefalexin (Cef), N,N-dimethylformamide (DMF), 4-aminobenzoic acid (APA), sodium hydroxide
(NaOH), 1,1-carbonyldiimidazole (CDI), sodium chloride, disodium hydrogen phosphate
dehydrate, and sodium nitrite were purchased from Fluka. Acetone, HCl 37%, dimethyl
sulfoxide (DMSO), and sodium dihydrogen phosphate monohydrate were obtained from
Merck. Boric acid, bovine serum albumin (BSA; essentially globulin and protease free, >98%),
tetracycline hydrochloride (TC), 1-ethyl-3-(dimethylaminopropyl)-carbodiimide hydrochloride
(EDC), keyhole limpet hemocyanin from Megathura crenulata (KLH) in PBS solution, and
ovalbumin were from Sigma-Aldrich. N,N’-Dicyclohexylcarbodiimide (DCC) was from Aldrich.
N-Hydroxysuccinimide (NHS) and borax were purchased from Sigma. Agron was from Messer.

2,4,6-trinitrobenzene sulfonic acid (TNBSA) was obtained from Thermo Scientific.
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Sodium borate buffer (pH 8.5) consisted of 150mM NaCl and 500mM sodium borate.
0.2 M phosphate buffered saline (PBS) buffer containing 0.36 M NaCl, pH 7.5 was prepared by
dissolving 32.22 g NagHPOy, 2.62g NaHoPO,4 and 21.18 g NaCl in deionized water. The PBS

buffer was diluted to lower molarities, if required.

Rotary evaporation was carried out with the rotary evaporator from Biichner. Centrifugation was
performed using a Beckman GS-6KR centrifuge. UV /Vis spectrophotometry data were collected

on a Lambda 16 UV /Vis spectrometer from Perkin Elmer.

3.4 Antibodies

Polyclonal anti-B-lactam antibody (PAS 9567, 10.31 mgmL~!, immunogen: ampicillin-BSA),
abbreviated B-lactam ab, and monoclonal antibody to Tetracycline (MAB9258, 1.82mgmL™1,
immunogen: tetracycline(amide)-BTG), shortened TC ab, were purchased from Randox Sciences.
The monoclonal antibody was purified with protein A affinity chromatography. In case of the

polyclonal antibody no purification procedure was mentioned in the certificate.

3.5 Lateral flow devices

Instruments used for strip production were BioDot ZX1000 dispensing platform with frontline
contact tips and BioDot CM4000 guillotine cutter. Nitrocellulose membranes (FF 85/100,
AE98FAST, AE99, AE 100, and Immunopore RP) and the wick pad were purchased from
Whatman GE Healthcare. Nitrocellulose nitrate membrane (UniSart CN 95) was from Satorius.
Citric acid and methanol were from Fluka. Disodium hydrogen phosphate and sodium carbonate
were purchased from Merck. Ficoll®, polyvinyl alcohol (PVA), Polyvinylpyrrolidon (PVP), and
SDS were obtained from Roth. BSA (>96%) was from Sigma-Aldrich. Tween® 20, Span™ 80,
Triton® X-114, and Brij® 58 were from VWR. Penicillin G potassium salt was provided by
Riedel-de-Haén. The photometric reflectance strip reader AgraStrip® XReader from Romer
Labs Division Holding GmbH was used. The ‘Die leichte Muh Friihstiicksmilch’ with a fat

content of 0.9% was used as milk sample.

SBGT buffer consisted of 10mM NasHPO,, 24mM NaCl, 58mM sucrose, 2% BSA,
0.8 M glycerol, and 1mLL™! Triton X-100. This buffer was prepared to a slightly modified
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protocol by Franse et al. [55]. The SGT buffer is equal to the SBGT buffer, but without BSA.
MTP buffer consisted of 5%(w/v) Tween'extregistered 90 and 4% (v/v) methanol in 0.1 M PBS
buffer. X-buffer consisted of 1% Tweentextregistered o0 i 0.1 M PBS buffer.

3.6 Recombinant production of the PBP2x*-GST fusionprotein

Agar-Agar Kolbe I, dithiothreitol (DTT), isopropyl-3-D-1-thiogalactopyranoside (IPTG),
phenylmethylsulfonyl fluoride (PMSF), reduced glutathione, tetracycline hydrochloride
(TC.HCI), and tris(hydroxymethyl)aminomethane (Trizma® base) were obtained from
Roth. Peptone (pancreatic) for bacteriology, D-glucose monohydrate, and natrium chloride
were purchased from VWR (BDH Prolabo). Yeast extract for microbiology, magnesium
sulfate heptahydrate, and potassium chloride were purchased from Fluka. Magnesium chloride
hexahydrate, disodium hydrogen orthophosphate, glycerol, and potassium dihydrogen phosphate
were from Merck. Plasmid pGEX-6P1-tet-PBP2x* was provided by Prof. Dr. Hakenbeck (TU
Kaiserslautern) and chemically competent E. coli BL21(DE3) cells were prepared by Patricia
Fajtl (Biomin Tulln) according to Sambrook et al. [54].

Following media were used for transformation and expression of PBP2x*-GST fusionprotein:
SOC medium contained 2% peptone, 0.5% yeast extract, 10mM NaCl, 2.5mM KCI,
10mM MgClp, 10mM MgSOy, 20 mM glucose (filter sterilized). LB medium was composed of
1% peptone, 0.5% yeast extract, 0.5% NaCl, and for plates 1.5% Agar-Agar was added. 2xTY
broth contained 1.6% peptone, 1% yeast extract, and 0.5% NaCl. Both LB and 2xTY media

were supplemented with 15 pgmL ™.

The QIAprep spin miniprep kit from Qiagen was used for plasmid isolation. An horizontal
electrophoreses system with a power supply MP250 (Omnipac) was used. For visualizing,
BioDoc-It® (UPV) was employed. All buffers and agarose gels were already prepared by
Mag. Andreas Firzinger (RomerLabs). GeneRuler™ 1kb DNA ladder (Fermentas) was used
as standard. A KS4000i control shaker (IKA®-Werke) was used for fermentation and a high
pressure batch-liquid expansion French Press (Thermo Electron) for disruption of bacterial cells.
For cell harvest Beckman Avanti™J-25 and for removing cell debris Beckman Allegra™ X-22
were employed. GSTrap FF HiTrap™ column, 5mL, with a binding capacity of approx.
50 mg GST-fusionprotein per 5mL gel and PD-10 desalting columns were obtained from GE
Healthcare. FPLC (Fast Protein Liquid Chromatography) system for affinity chromatographic
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purification was purchased from Pharmacia: Pharmacia LKB pump P-500, Pharmacia LKB
FRAC-100 (collector), Pharmacia LKB optical unit UV-1 (detector), Pharmacia LKB controller
LCC-501 Plus, FPLCdirector™ version 1.03 (software). Amicon ultra-2 centrifugal filter unit

with a cut-off of 50 kDa was from Millipore.

Following buffers were used for affinity chromatography: Binding buffer, pH 7.3, was composed
of 140mM NaCl, 2.7mM KCIl, 10mM NagHPO4, 1.8 mM KH2PO4, and 5mg DTT. Elution
buffer, pH 8.0, contained 50 mM Tris-HCl, 10 mM reduced glutathione.

3.7 Colloidal gold production

Tetrachloroauric(Ill)acid trihydrate (HAuCly*3 H20O), ACS reagent, and potassium carbonate
anhydrous (K9COg), p.a. were purchased from Sigma Chemical Co. Trisodium -citrate
(C¢H5NazO7*2H20), p.a. was from Merck. For all preparations only Milli-Q water (18.2mS2)
(Millipore) was used. All glassware employed was cleaned with aqua regia, rinsed with ultrapure

water, and used only for preparing colloidal gold solutions.

3.8 Software

ISIS Draw was used to draw chemical structures, SigmaPlot to analyze and graph data,
pDRAWS32 for drawing the plasmid construct, and Adobe Ilustrator CS5 was employed for
graphics. SPDBV was used for illustrating protein crystal structures. ClustalW2 provided by

EMBL-EBI was used for sequence alignement.
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4.1 Determination of the protein concentration

Theory—The BCA assay [56] [57] is based on the biuret reaction, which is the peptide-induced
reduction of Cu?t to Cu™ in an alkaline solution combined with the concentration-dependent
detection of monovalent copper ions. Bicinchoninic acid is a chromogenic reagent that chelates

the reduced copper (Figure 4.1)), producing a purple complex with strong absorbance at 562 nm.

Figure 4.1: The reaction of BCA with cupric ion. Two molecules of BCA bind to each molecule
of copper that had been reduced by a peptide-mediated biuret reaction.

The Pierce® BCA protein assay was carried out according to the manufacturer ‘s protocol [58].
Briefly, standards of BSA were prepared at eight concentrations in 0.01 M PBS buffer ranging
from 25 pgmL ™! to 2000 pg mL~! and unknown samples were appropriately diluted in the same
buffer. 20 uL of each standard or diluted sample were pipetted into the wells of a non-binding
microtiter plate and 200 pLL of coloring reagent were added to each well. Then, the plate was
mixed thoroughly on a plate shaker for 30s and the covered plate was incubated at 37°C for
30min. The reaction mixture was allowed to cool down to room temperature and the plate
was read out at 562nm on an ELISA plate reader. The data for the standard curve were fit
to a quadratic equation, and the amount of protein in the samples was calculated from the fit

parameters.
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4.2 LDS-PAGE

Theory—Denaturing sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE)
is an electrophoretic method for separating proteins by their molecular weight, based on their
diverging rates of migration through a sieving matrix in an applied electric field. The anionic
detergent, SDS, denatures secondary and non—disulfide-linked tertiary structures and confers a
uniform negative charge to the polypeptide in proportion to its length (electrophoretic mobility
only depends on size) [59]. Compared to the Laemmli system [60], lithium dodecyl sulfate
(LDS) replaces SDS but functions equally. A loading dye is added to the protein solution to

track the progress of the protein solution through the gel during the electrophoretic run.

Lithium dodecyl sulphate polyacrylamide gel electrophoresis (LDS-PAGE) was carried out
according to the manufacturer “s instructions [6I]. Protein concentration was determined using
the BCA assay, as described in chapter About 5png to 6 pg protein provided with 2.5 ul
sample buffer per lane were applied onto the gel. Samples were heated before electrophoresis to
70°C for 10 min under non-reducing conditions. Running conditions were set to 200V and 1h

at 4°C. Proteins were visualized either by staining with Coomassie® or silver nitrate.

4.2.1 Staining of LDS-PAGE gels

Theory—Classical coomassie blue staining of the gel can usually detect a 50 ng protein band.
Silverstaining enhances the sensitivity by 50 times [62]. In acidic conditions, the dye Coomassie
Brilliant Blue G-250 primarily binds to proteins through basic amino acids (arginine, lysine
and histidine). It also binds weakly to the aromatic amino acids, tyrosine, tryptophan, and
phenylalanine via van der Waals forces and hydrophobic interactions [63]. The principles of
silverstaining are summarized by Poland et al. [64]. Basically, the staining depends on the

complexation of Ag" ions with glutamic acid, aspartic acid, and cysteine residuals [65].

For staining with Coomassie Blue, the gel was washed three times in deionized water and then
stained with coomassie blue overnight while shaking. It was destained in deionized water for
several hours. To increase the sensitivity of detection, silverstaining was performed according to
a modified protocol of Heukeshoven and Dernick [66]. First, the gel was transferred into a glass

tray containing the fixing solution and incubated for 30 min at room temperature, followed by
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sensitizing solution for 30 min. After washing the gel three times with 100 mL ddHsO for 5 min
each time, the silver nitrate solution was added and incubated for 20 min. The development took
8 min and stopping was done after 10 min. Then, the gel was washed three times for five minutes

in deionized water and preserved in glycerol solution for 30 min.

4.2.2 Monitoring of PBP2x*-GST fusionprotein expression by LDS-PAGE

In order to monitor the expression of PBP2x*-GST protein, 500 pL samples of the fermentation
broth, before and after induction, were spinned down, resuspended in 40 pL of 4x LDS-Sample
buffer, heated to 70°C for 10 min and stored at —4°C. For electrophoresis, the samples were
again heated as stated before and 10 uL of each sample were applied onto the gel. 7.5 ulL of the
cell free lysate were mixed with 2.5 pLi of the loading buffer, heated as mentioned above, and

loaded onto the gel.

4.2.3 Analysis of the supernatant after labeling PBP2x*-GST fusionprotein with
colloidal gold

In order to analyze the coupling efficiency of the PBP2x*-GST fusionprotein to AuC, 1mL of
40 nm colloidal gold sol was spinned down and redissolved in 500 pL. of MQ-water, and then, 40 pL
of fraction 4 containing GST-tag, PBP2x* and PBP2x*-GST fusionprotein were added. The
mixture was incubated by overhead-shaking at 7rpm for 30 min and was centrifuged (10,000 z g,
10 min, 4 °C). Subsequently, 35 pL of sample buffer were added to 175 pL of the supernatant and
heated at 70°C for 15min. Evaporation was possible due to a hole in the lid of the reaction
tube (final volume approx. 50 uL). 10 nL to 12 pL of the mixture were evaluated by LDS-PAGE.

Hence, no quantification of the protein amount in the obtained gel was possible.

4.3 Size exclusion chromatography

Theory—Size exclusion chromatography, also known as gel filtration, separates molecules based
on molecular size. The larger molecules flow through the resin and are collected first, while the
smaller molecules take longer to flow through, because they are held up within the pores of the
resins. Hence, the sample passes through the resin in decreasing molecular weight. Commonly,

gravity size exclusion is used for desalting and buffer exchange.

Gel filtration was used to desalt and remove small molecules (MW <5000gmol~!) from
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protein-conjugates and to remove GSH from affinity chromatographic purified PBP2x*-GST
fusionprotein.  The disposable PD-10 desalting columns were equilibrated with 2CV of
0.01M PBS or 0.1 M BB buffer, 2.5 mL of the sample was applied onto the column and then, the

sample was eluted with 3.5 mL of the same buffer in one fraction.

4.4 Analyte-protein conjugates

Theory—In competitive immunoassays, a protein conjugate of a small molecule (homologous
to the analyte) is applied at the test line as capture reagent [47]. Conjugation may be
accomplished either by direct conjugation between an existing functional group on the hapten
and the carrier protein or by more complex methods entailing modifications of the hapten to
generate appropriate coupling groups and/or to add an additional spacer arm between two
conjugated molecules [67]. Pastor-Navarro et al. [68] reviewed the immunoanalysis methods for
the determination of tetracycline in food products with emphasis on syntheses of haptens and
their coupling to carrier-proteins. For g-lactam-protein conjugates various synthesis procedures
are published ([69-71]). Since bovine serum albumin (BSA), ovalbumin (OVA), and keyhole

limpet hemocyanin (KLH) were used as carrier protein, they should be shortly discussed here.

BSA is a highly soluble plasma protein from cattle with a molecular mass of 67kDa. BSA
contains various functional groups suited for conjugation, e.g. BSA possesses a total of 59
lysine e-amine groups (only 30-35 of these are available for derivatization) [67]. The crystal
structure of BSA is not available, hence, the structure of human serum albumin HSA is shown
in Figure Sequence alignment employing ClustalW results in 76% sequence homology
between HSA and BSA (Annex[A.2).

OVA, a protein isolated from hen egg whites, with a MW of 43kDa contains 20 lysine residues
suitable for conjugation. The majority of acidic groups gives the protein a pl of 4.63. OVA is

sensitive to temperature above 56 °C and vigorous mixing.

KLH is a copper-containing protein that belongs to a family of non-heme proteins found in
mollusks. KLH is an extremely large, multimeric protein that dissociates reversibly into subunits.
The molecular mass of KLH is about 4.5210°Da to 1.3210" Da. KLH possess over 2,000
amines from lysine residues calculated on a per-mole basis using an average multi-subunit MW

of 5,000 kDa [67].
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Figure 4.2: Crystal structures of (a) human serum albumin (PDB-Code: 1GNJ), (b) ovalbumin
(PDB-Code: 10VA), and (c) of the functional unit KLHI-H of keyhole limpet
hemocyanin (PDB-Code: 3QJO). Lysine residues are highlighted in blue or red.

4.4.1 Synthesis of -lactam-protein conjugates

Theory—/-lactam-protein conjugates may be produced by the formation of an amide linkage
made by the condensation of a primary amine group (-NHg) with a carboxylic acid (-COOH)
using carbodiimides (e.g. DCC, and EDC) as zero-length crosslinkers [67]. This type of reaction is
known as active ester method. Carbodiimides react with carboxylic acids to create an active ester
intermediate (o-acylisourea), which is too slow to react with amines. Hence, a two-step protocol,
including carbodiimides in combination with NHS, is often used to improve efficiency. In the
reaction illustrated in Figure the carboxyl group of the hapten is activated with DCC and
further transformed to a N-hydroxysuccinimide ester. The reaction releases dicyclohexylisourea.
Further, NHS activated haptens react with primary amines in slightly alkaline conditions yielding
in amid bond formations with release of N-hydroxysuccinimides [67]. Though, this synthetic
procedure can give rise to unwanted side reactions such as crosslinking of the protein and

N-acylurea formation on the protein [72]. Allowing the reaction to proceed under mildly alkaline
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pH conditions, may limit the polymerization of proteins, while still facilitating the coupling

reaction [67].

Figure 4.3: Coupling of hapten to BSA using the active ester method. The carboxyl group of the
hapten is activated with DCC, further transformed to a N-hydroxysuccinimide ester,
and finally, a stable amide linkage is formed [67].

4.4.1.1 Synthesis of §-lactam-BSA/KLH conjugates

The haptens penicillin G potassium salt, ampicillin, and cefalexin were covalently bound
through their carboxylic acid moiety to the lysine group of BSA with a coupling ratio of
1:50 (protein:hapten) on basis of a modification of the active ester method [67]. Additionally,
penicillin G potassium salt was coupled to BSA with coupling ratios of 1:15 and 1:10
(protein:hapten). The molar volume of hapten:NHS:DCC was always 1:1.5:1.5. NHS, DCC,
and hapten stock solutions (at least 0.5 mL) were freshly prepared using dry DMF. Then, the
required volume of hapten was transferred into a 4ml glass vial with screw cap. NHS and
DCC were added to a 75-fold molar excess over the amount of protein. Further, DMF was
added to a final volume of 500 pL. Subsequently, the mixture was stirred at room temperature
for 1h. In the meantime, the required amount of BSA was dissolved in 1 mL of 0.1 M sodium
bicarbonate buffer or 0.1 M borate buffer and cooled on ice. After the activation reaction time
was completed, the NHS activated intermediate was added to the BSA solution under stirring.
The solution was gently shaken overnight at 4 °C employing an overhead shaker. Excess reagents

of conjugation were removed with gel chromatography (Section employing 0.1 M PBS or
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0.1 M BB buffer as equilibration and elution buffer. Molar ratios and the applied amounts of
the reagents are outlined in Table [4.1]

Table 4.1: Molar coupling ratios used for synthesis of S-lactam-BSA /KLH conjugates.

Penicillin G-BSA 1:50 Penicillin G-BSA 1:25 Penicillin G-BSA 1:10

MCR* pmol  mg MCR pmol mg MCR  pmol mg
Hapten 50 8.96 3.34 25 4.48 1.67 10 1.79 0.67
NHS 75 13.43 1.55 375 672  0.77 15 2.69 0.31
DCC 75 1343 2.77 375 6.72 1.39 15 2.69 0.55
Protein 1 0.18 12.00 1 0.18 12.00 1 0.18  12.00

Ampicillin-BSA 1:50 Cefalexin-BSA 1:50 Penicillin G-KLH 1:50

MCR pmol mg MCR pmol mg MCR nmol g
Hapten 50 8.96 2,59 50 746  2.59 50  33.33 1242
NHS 75 1343 1.29 75 11.19 1.29 75  50.00 5.76
DCC 75 1343 2.31 75 11.19 231 75 50.00 10.32
Protein 1 0.18 10.00 1 0.15  10.00 1 0.67 5000

*The molar coupling ratio (MCR) is defined as the moles of hapten per mole of protein
in the initial reaction mixture.

4.4.1.2 Synthesis of the Penicillin G-OVA conjugate

The synthesis was performed according to a slightly modified protocol of Knecht et al. [69].
The penicillin ovalbumin conjugate was produced employing a solution of 20.9 mg (56 pmol)
of penicillin G potassium salt, 6.45mg (56 umol) of NHS, and 26.7mg (139pumol) of EDC
hydrochloride in 1 mL of 0.01 M PBS buffer. After stirring the mixture in an ice bath for 25 min,
dissolved OVA (10mg (0.23 pmol) in 1 mL 0.01 M PBS) was added. Then, the reaction mixture
was brought to room temperature and stirred for another 3h. Excess reagents were removed by

size exclusion chromatography as described in Section

4.4.2 Synthesis of tetracycline-protein conjugates

In literature, protocols of tetracycline-protein conjugates following a direct coupling procedure
of TC to the carrier protein via the Mannich condensation using homobifunctional aldehydes,
the carbodiimide method or diazonium conjugation methods are described. In addition, TC
derivatives as haptens have been synthesized and coupled to different carrier proteins [68].
In this work, the TC-4-BSA (TC-ABA-BSA) conjugate and the TC-CDI-BSA conjugate were

synthesized according to Pastor-Navarro et al. and Zhang et al. [73], respectively.

31



4 Methods

4.4.2.1 Synthesis of TC-4-BSA conjugate

Theory—Figure illustrates the synthetic procedure of TC-4-BSA conjugate production.
First, the linking reagent APA is diazotized and coupled to TC to introduce a carboxylic acid
group. Afterwards, the modified hapten is attached to BSA via the diazo spacer arm on the
ring D by means of the active ester method. In this reaction, the carbodiimide EDC is used
as zero-length crosslinker and an amide linkage between the inserted carboxylic group and the

primary amine groups of lysines in BSA is formed.

Figure 4.4: Synthesis of the TC-4-BSA conjugate through the ABA method [73], [74].

The TC-4-BSA conjugate was produced according to a slightly modified protocol by
Pastor-Navarro et al. [74] and Zhang et al. [73]. APA (1.12g) was dissolved in 16 mL of 2M HCI
and cooled in an ice bath. Subsequently, 1 mL of sodium nitrite in water (0.61g, 8.82 mmol)
was added dropwise to the cooled solution and the resulting diazonium salt was stirred for
10 min. The mixture was dropwise added to a solution of TC HCI (3.75 g, 7.8 mmol) in 60 mL
of 0.2M NaOH. Solid sodium carbonate was added to keep the pH at 9 to 10. Subsequently,

the mixture was stirred for 2h at 10°C, brought to room temperature and acidified with 6 M
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HCI. To separate the remaining tetracycline hydrochloride, the solution was centrifuged (10 min,
20000z g). After the pale-red to colorless supernatant (pH 2) was discarded, the pellet was
washed three times with 20 mL cold distilled water and dried at reduced pressure. The 7 or
9-(4 "-carboxyphenylazo)tetracycline hydrochloride (TC-4, calculated MW 593.55gmol~!) was
attained as a dark red solid (3.28g). Further, TC-4 haptens were covalently attached through
their carboxylic acid moiety to the lysine group of BSA by means of a modification of the active
ester method (EDC/NHS) [67] in a ratio of 1:50. First, NHS and EDC stock solutions were
freshly dissolved in DMSO. The conjugation was induced by the addition of EDC to a 125-fold
and NHS to a 50-fold molar excess over the amount of BSA, to 8.85 mg TC-4 hapten. Afterwards,
the reaction was allowed to stand for 1h at room temperature. Meanwhile, 20 mg of BSA were
dissolved in 0.1 M NaHCO3 buffer (pH 8.1) and stored on ice. The EDC/NHS activated hapten
solution was added dropwise to the cooled BSA solution under stirring. The mixture was gently
shaken overnight at 4 °C using an overhead shaker. The protein-conjugate was purified by size

exclusion chromatography (Section with 0.01 M PBS buffer, aliquoted and stored at —20 °C.

4.4.2.2 Synthesis of TC-CDI-BSA conjugate

Theory—Carbonylating reagents such as CDI can produce stable carbamate linkages after
subsequent conjugation with an amine containing molecule. When CDI is used as linking and
activation reagent, the nucleophilic hydroxyl group of TC at C-6 attacks the carbonyl carbon of
CDI resulting in an active imidazolyl carbamate. The subsequent attack by the amine containing
BSA releases the imidazole, but not the carbonyl. Thereby, TC may be coupled to an e-amine
group of BSA via an one-carbon spacer, forming the TC-CDI-BSA conjugate [67, [68, [73].
TC-CDI-BSA conjugate was produced following a slightly modified protocol of Zhang et al. [73].
In this procedure (Figure , 43.2mg of Tetracycline hydrochloride (90 pmol) was dissolved in
8mL acetone. Then, 29.2mg of CDI (180 pmol) was added to the solution in one step and the
reaction mixture was incubated at room temperature (instead of 37 °C) in the dark, under argon
for 3h. Afterwards, acetone was evaporated employing a rotary evaporator under vacuum and
the residue was re-dissolved in 15 mL of sodium borate (0.5 M, pH 8.5). Subsequently, 201 mg of
BSA (3pumol) were added and the solution was allowed to stand at room temperature for 48 h in
the dark under argon. The mixture was dialyzed (MWCO 15kDa) under stirring against PBS
(0.01 M, pH 7.3) for 3 days with frequent changes of the PBS buffer to remove the uncoupled free
hapten. The yellow TC-CDI-BSA conjugate with a molecular coupling ratio of 1:30 was stored
at —20°C until further use.
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Figure 4.5: Synthesis of the TC-CDI-BSA conjugate through the CDI method, adapted from
Zhang et al. [73].

4.4.3 Characterization of analyte-protein conjugates

The protein concentration after synthesis and purification was determined with the BCA Kit
as described in Section LDS-PAGE analysis was performed according to the description in
Section Further, the hapten to carrier protein coupling ratio was estimated with TNBSA

as stated below.

4.4.3.1 2,4,6-Trinitrobenzene sulfonic acid (TNBSA) assay

Theory—Habeeb [75] demonstrated that the TNBSA assay was a sensitive method to measure
the free amino groups in proteins such as BSA and OVA. Molecules possessing primary amines
can react with TNBSA to form a highly chromogenic derivative [67] (Figure [4.6). According to
that, TNBSA colorimetric assay quantifies the number of lysine residues remaining free after

conjugation with the hapten.

The reaction was performed as described by Hermanson [67]. Samples were diluted in the reaction

buffer (0.1 M NaHCO3, pH 8.5) to a final concentration of 0.02pugmL ™! to 0.2 pgmL ™! and the
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standard solutions for calibration were prepared from a stock solution of 2mgmL~' BSA, OVA
or KLH in the same buffer. To 1 mL sample or standard 0.5mL of 0.01% (w/v) freshly prepared
TNBSA solution in reaction buffer was added and mixed thoroughly. After incubation at 37 °C for
2h, the reaction was stopped by adding 1 mL of 10% (w/v) SDS and 0.5 mL of 1 M hydrochloric
acid. The absorbtion at 355 nm was measured. Prior to measurements, blanking was performed
with a non-protein containing solution. The amount of free amine groups was calculated from
the corresponding calibration curve. The coupling density was estimated by comparing the
absorbance with the corresponding values of hapten-free proteins. Substation rate in percentage
was calculated from absorbance values at 335 nm, using equation Epitope density (number
of hapten molecules per protein molecule) was determined by multiplying the substitution rate
by the factor (f) 59, 20, or 2,000 in respect to the number of amino groups of BSA, OVA, and
KLH, respectively [76].

Areference — Aconjugate
SR(%) = =l T Jugate 100 (4.1)
reference
SR
ED=— 4.2
100 < (4.2)

Figure 4.6: TNBSA assay [67].

4.5 Recombinant production of the PBP2x*-GST fusionprotein

Theory—The soluble derivative of PBP2x from Streptococcus pneumoniae was expressed as
glutathione S-transferase (GST) fusionprotein (PBP2x*-GST fusionprotein) in FEscherichia
coli BL31(DE3) and purified by affinity chromatography. In the GST-fusion system, the
target protein is fused to a GST-tag (26kDa). The GST-tagged protein has a high binding

affinity to glutathione and is therefore a convenient tool to purify GST-fusion proteins from
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bacterial lysates. For this purpose, the glutathione ligand is coupled via a 10-carbon linker to
highly cross-linked 4% agarose. The steps involved in the purification of GST fusion proteins
from E. coli are described in detail in the manufacturer’s instructions [77]. Here, a modified
protocol published by Cacciatore et al. [I], Cacciatore [8], and Lamer [19] was used to produce

PBP2x*-GST fusionprotein.

4.5.1 Host strain and vector

Plasmid pGEX-6P-1-tet-PBP2x* (Figure was constructed by the working group of Prof.
Hakenbeck. A short description of the cloning strategy should be given here. PCR was used to
amplify the PBP2x* gene of pCG31, which encoded a soluble PBP2x derivative of S. pneumonia
R6 with a deletion of the transmembranpeptid (aa 19-48) [36]. Initially, the PCR product was
cloned into pGEM-T Easy (Promega) and inserts comprising the correct DNA sequence were
subcloned into a pGEX-6P-1 (Amersham Biosciences) vector such that the PBP2x* gene is
fused in-frame with the GST gene of Schistosoma japonicum [I]. A specific cleavage sequence
in the pGEX-6P vector allows simple removal of the GST-tag with PreScission protease after
purification of the fusionprotein [78]. Preventing f-lactams as selection marker in recombinant
expression of PBP, the (§-lactamase gene, originally encoded in the plasmid pGEX-6P-1, was
replaced by the tetracycline resistance cassette from pBR322 [I} [I9]. Thus, the expression of
the GST-PBP2x* fusionprotein is under the control of the IPTG-inducible tac promotor. The
Lacl9 gene product is a repressor protein that binds to the operator region of the tac promotor,
preventing expression until induction by IPTG. Additionally, the plasmid contains a pBR322
origin for DNA replication in order to replicate independently from the chromosome. The E.
coli BL21(DE3) strain is suitable for protein overexpression as this strain is deficient in both
Ion and OmpT proteases which could induce proteolysis of overexpressed proteins [78]. Since
the tac promotor is recognized by FE. coli RNA polymerase, it does not need a DE3 strain.
However, DE3 strains do not hamper expression form vectors (e.g. pGEX-6P-1) containing the

tac promotor [79)].
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ptac - 184-212

PreScission Protease - 918-938 (LEVLFQ GP)
BamHI - 945 - G'GATC C
EcoRI - 954 - G'AATT _C

Psf1 - 1388 - C_TGCA'G

pGEX-6P1-tet-PBP 2x*

BamHI - 2429 - G'GATC C

Psfl - 4417 - C_ TGCA'G Xhol -3123-C'TCGA G

Nofl - 3129 - GC'GGCC_GC
BamHI - 3507 - G'GATC C

Figure 4.7: pGEX-6P1-tet-PBP2x* plasmid. Adapted from [19].

4.5.2 Transformation of E. coli cells

Theory—The pGEX-6P1-tetPBP2x* vector was transformed into E. coli BL21(DE3) cells in
order to express the GST-tagged PBP protein. In principle, three steps are necessary for the
introduction of plasmid DNA into E. coli: preparation of ‘competent cells’ (cells able to accept
DNA), transformation of these competent cells, and selection of transformants. Commonly, high
levels of CaCly are used to alter the structure of the bacterial cell wall, facilitating the entry
of plasmid DNA into F. coli, combined with heat shock treatment of these cells. A subsequent
outgrowth step in selection marker-free media enables recovering and expressing the antibiotic
resistance marker encoded by the plasmid. Selection of positive transformantes is performed by

plating cells onto selective medium [80].

One nL of the plasmid and 100 pL of E. coli cells were mixed together and incubated on ice for
30min. The cells were heat-shocked at 42 °C for 90 s, immediately placed on ice for 2 min, mixed
with 800 uL of room-tempered SOC medium without tetracycline, and incubated for 60 min at

37°C for 1 h with gentle shaking (250 rpm). Further, the E. coli cells were spinned down. 700 pL
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of the supernatant were discarded, the E. coli pellet was resuspended in the remaining media
by tapping the sides of the tube and spread on LBie plates. Subsequently, the transformants
were incubated overnight at 37°C [54]. Once colonies had been grown on the transformation
plate, three single colonies were picked using a sterile toothpick for each colony and the cells
were transferred onto a fresh LBiet plate to form a master plate. Furthermore, each toothpick
was embedded into the corresponding tube containing 2mL of LBy liquid media to prepare
miniprep plasmid DNA. The chosen transformants were incubated overnight at 37 °C or at 37°C

at 100 rpm, respectively.

4.5.3 Isolation and agarose gel electrophoresis of plasmid DNA

Theory—In order to separate pure plasmid DNA from chromosomal DNA and from the
rest of the cellular components the QIAprep® plasmid miniprep kit was used. This protocol
is based on a modified alkaline lysis method of Birnboim and Doly [81] combined with
silica-binding technology and the convenience of a spin column format. Briefly, SDS solubilizes
phospholipid and protein components of the cell membrane, resulting in lysis and release of the
cell content. Addition of NaOH leads to denatured chromosomal and plasmid DNA. During a
subsequent neutralization step with potassium acetate, the ability of plasmid DNA to correctly
renature and remain in solution in contrast to chromosomal DNA is exploited. Further, two
purification steps are performed: (1) Denatured proteins, chromosomal DNA, and cellular debris
are coprecipitated in potassium dodecyl sulfate complexes, and removed by centrifugation.
(2) Remaining impurities are separated by selective adsorption of plasmid DNA to a silica
membrane under high salt conditions. The pure plasmid DNA is obtained by elution under
low salt conditions [82], [83]. Agarose gel electrophoresis [84] is an essential technique used to
separate DNA fragments by size. Because of the consistent negative charge bestowed by their
phosphate backbone, DNA molecules migrate toward the anode in an electric field (shorter
molecules move faster and migrate farther than longer ones). Because DNA bands are invisible
on gels, DNA is stained with ethidium bromide (EtBr), which fluoresces under UV light when
it is bound to DNA [59].

QIAprep® plasmid miniprep kit was used according to the manufacturer’s instruction.
Additionally, to the short user protocol [83], an incubation step (room temperature, 1 min) was
operated after loading the cleared lysate into a binding column. The optional washing step with

Buffer PB was not carried out. Agarose gel electrophoresis was performed in 1% agarose (suitable
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for 0.5-10kb DNA fragments) in TAE buffer, pH 8, containing 1% (v/v) ethidium bromide at
250'V.

4.5.4 Expression and purification of the recombinant PBP2x*-GST fusionprotein

The expression and purification of PBP2x*-GST fusionprotein were performed following a
modified protocol published by Cacciatore et al. [1]. Precultures were grown in 250 mL baffled
flasks each containing 50 mL of 2xTYie medium at 37°C under vigorous shaking (250 rpm)
overnight. Then, the starter-cultures were diluted 10-fold into a 5L baffled flask containing
1.5L 2xTYT;et media. When the cells reached an absorbance of approx. 0.6 at 600 nm, the
target PBP2x*-GST fusionprotein was expressed after IPTG induction (final concentration of
1mM) for 4h. Total cell concentration was determined by measuring the absorbance of the
broth at 600 nm (ODggg) in a spectrophotometer. Samples were diluted with 0.9% NaCl at
OD values exceeding 0.5. Bacteria cells were harvested by centrifugation (4,200 z g, 20 min,
4°C) washed once with 20mL ice-cold 0.1 M PBS buffer and stored at —20°C. The pellet
was resuspended in 15mL (about 3.5% cell weight) of ice-cold PBS supplemented with 5mM
dithiothreitol, 2mM phenymethylsulfony fluoride and 10 mM MgCl,. Cells were disrupted by
three passages through a French press at 18,000 psi. The cell lyses was investigated under
the microscope. To remove cell debris, two centrifugation steps were performed: at 4,700 x
g for 15min followed by 20,000 z g for 30min at 4°C. The soluble fraction, containing the
fusionprotein, was loaded onto a prepacked GSTrap FF column at a flow rate of 1 mL min™?,
previously equilibrated with 10 CV of binding buffer and subsequently, the column was washed
with 12 bed volums of the same buffer at a flow rate of 5mLmin~!. Then, the bound
PBP2x*-GST fusionproteins were eluted with 14 mL of elution buffer and 2mL fractions were
collected and analyzed by SDS-PAGE. Protein containing fractions were pooled, purified by size
exclusion chromatography using PD-10 desalting colums (see section , the protein content

was determined, the protein solution was flash frozen, and stored at —80 °C.

4.5.5 Glycerol storage of bacterial cultures

For long-term storage of E. coli BL21(DE3) cells carrying the plasmid pGEX-6P-1 tet-PBP2x*,
glycerol cultures are the method of choice. Glycerol functions as cryoprotectant which reduces
damage from ice crystals. Additionally, plasmid DNA can be stored at —20°C for further
transformations. For a —80°C E. coli glycerol culture, 500 pL of an E. coli overnight culture

were mixed thoroughly with 500 pL of 40% glycerol solution (sterilized by autoclave; final glycerol
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concentration: 20% (v/v)) in a 1.5mL reaction tube and stored at —80°C. In order to verify
that the cells contain a plasmid construct (pGEX 6P-1 tet PBP2x), a mini-prep on a portion
of the same culture medium that was used to prepare the glycerol culture had to be performed.

These stocks could be reactivated by overnight growth at 37 °C on LBy plates.

4.5.6 Ultrafiltration

In order to remove the seceded GST from the protein solution containing PBP2x* and
PBP2x*-GST fusionprotein, ultrafiltration (MWCO 50kDa, 7,500 z g) was performed. Three
centrifugation steps 4 3 min were carried out and the protein solution containing proteins greater
than 50 kDa was each time diluted with 1 mL of 0.01 M PBS. The centrifugation was monitored
by LDS-PAGE.

4.6 Use of colloidal gold as detector reagent

Theory—Immunogold conjugation is used to couple proteins to gold nanoparticles in
order to produce an immunogold complex [4I]. 40nm AuC particles, commonly used in
lateral-flow-devices, offer maximum visibility with the least steric hindrance in case of IgG
conjugations [42], as shown in Figure In LFDs, AuC is required for visualization of the
interaction between the immunoreactive components. The gold particles are red in color due
to the localized surface plasmon resonance effect [17]. Colloidal gold (AuC), a sol comprised
of nanoparticles of Au’, is produced by controlled reduction of tetrachloroauric(III) acid
trihydrate with citrate [85], as described in chapter The electron-dense negatively charged
AuC particles [80] stay in solution through their mutual electrostatic repulsions [87, [88].
The net negative charge on their surface is generated by a layer of adsorbed negative ions
arising from the reducing agent [43]. Negation of charge repulsion by cations in salt solutions
triggers colloidal gold salt-mediated agglomeration [86], B8], which can be blocked by binding
of proteins or other stabilizing agents to the nanoparticles” surfaces by means of non-covalent
electrostatic adsorption [88] 89]. The labeling of proteins with AuC is based on three major
forces, as illustrated in Figure .9 First, charge attraction between the negative charges of
the AuC particles” surfaces and positively charged amino acids (e.g. lysine and arginine) of
the protein contribute to the stability of the gold particle protein conjugate. Further, proteins
will be strongly bound to the gold surface through hydrophobic interactions between the

nanoparticle surface and the apolar amino acids (e.g. tryptophan, valine, leucine, isoleucine,
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or phenylalanine). Additionally, the binding can be stabilized by dative bonds between sulfur
atoms and gold particles, if sulfur-containing amino acids (e.g. cysteine and methionine) are
present on the protein surface [43] 90]. The procedure for the determination of the optimum
protein concentration for labeling antibodies with AuC (pg ab/ml AuC), as described in chapter
[4.6.2] is based on the above mentioned salt induced agglomeration. If the protein concentration
is too low and therefore, the entire negatively charged AuC nanoparticles surface are not coated
with protein, the addition of positively charged sodium ions lead to agglomeration. Owing to
this reaction, the absorbance maximum of the gold sol changes, whose evaluation allows an
estimation of the optimal coupling ratio. After antibody gold labeling, the conjugate solution is

stabilized against aggregation by blocking non-specific binding sites by means of BSA addition,
as described in chapter

Figure 4.8: Relationship between particle size, visibility and steric hindrance of AuC. Figure
taken from [41].
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Figure 4.9: Binding forces between an antibody and a gold particle. Adapted from [43].
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4.6.1 Synthesis of colloidal gold

Colloidal gold particles were prepared by controlled reduction of tetrachloroauric(III) acid
trihydrate with citric acid trisodium salt [85] following a slightly modified procedure described by
Frens [91], as previously described by Rudolf et al. [92]. 200 ml of 0.01% (w/v) HAuCly solution
was heated till boiling under reflux conditions and was further allowed to boil for 10 min under
constant stirring. By adding a 1% (w/v) sodium citrate solution in a ratio of 1:100, the reduction
process from Au*" to Au® was induced. During the reaction, the color of the yellow HAuCly
solution changed to colorless, black-blue and finally to wine-red (Figure , the colloidal gold
solution was further boiled for 10 min and was then left to cool to room temperature. The
solution was alkalized to pH 8.5 by addition of 0.2M potassium carbonate and the UV /Vis
absorption spectra (350 nm to 800nm) of 1ml gold sol was recorded. Colloidal gold was stored

at the longest for one day at 4 °C until usage for titration and coupling.

Figure 4.10: Color reaction of the gold colloid production.

4.6.2 Titration of colloidal gold

Titration was performed as described by Rudolf et al. [92]. Briefly, antibody dilutions in a
concentration range from 0mgmL™' to 0.2mgmL~" in 0.05M PBS were prepared to a final
volume of 651l. Then, 650 ul of the colloidal gold solution was added to each dilution and
the mixture was thoroughly inverted and incubated for 15min at room temperature. After
adding 130l of 10% (w/v) sodium chloride, the mixture was allowed to react for 15 min. The
adsorption was measured at the maximum absorption of the colloidal gold solution (e.g. 529 nm)
and at 600 nm in triplicate on an ELISA plate reader. In order to evaluate the optimum ab/AuC
coupling ratio, the antibody concentration (pg ab/ml AuC) was plotted against the absorption
difference (abspax - absgoo). The subtraction of the absorbance at 600 nm from the absorbance

at 529 nm was necessary to reduce the signal to noise ratio [93].
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4.6.3 Protein-gold conjugation

For conjugation, 40 ml of AuC solution was compounded with the determined optimal amount of
antibody solution by overhead-shaking at 7 rpm for 30 min at room temperature. The remaining
binding sites were blocked by addition of a 1% (w/v) aqueous BSA solution in a ratio of 1:10
and incubation as stated before. Then, the solution was centrifuged (10,000 z g, 20 min, 4°C)
to separate unbound proteins form the gold colloid conjugate. The colorless supernatant was
discarded and the dark-red conjugate was washed twice with distilled water. Finally, the pellet
was resuspended in 400 pL of a 6% (w/v) BSA solution and 12 uL of 10% (w/v) sodium azide
as preservative solutions was added. ODs99 was determined and the antibody-gold conjugate
was stored at 4 °C until further use. Due to the fact that the AuC reacts very sensitively to ion

impurties, the coupling reaction must be performed in deionized water [90].

4.7 Lateral flow devices

Theory—The assay under investigation was based on the competitive principle (Figure .
Through the action of capillary forces, the sample and reporter particles were transported to
the ligand sites. At the test line (TL), the gold-conjugated anti-S-lactam antibody bound
to immobilized B-lactam-protein conjugate, forming a red line. The excess of the detector
reagent migrated farther and the gold labeled antibody was trapped by the goat anti-sheep

immunoglobulins to form the control line (CL).

4.7.1 Preparation of LFDs

CL and TL were sprayed with 0.5pLcm™! onto the AE99 nitrocellulose membrane
(20 mm z 300 mm) employing a dispenser. Prior to application, both the Pen G-BSA (MCR 1:50)
conjugate and the species-specific anti-sheep antibody were diluted to a concentration of
1mgmL~! with 0.01M PBS buffer. Membranes were dried at 37°C for 2d, and cut without
blocking of the entire membrane into strips of 4.5mm. The lateral flow dipsticks were stored
under dry conditions at room temperature until use. Other preparation procedures are

mentioned below.
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4.7.2 Assay procedure

For the lateral flow assay procedure 30% (v/v) antibody—gold-conjugate was diluted in the SBGT
assay buffer. 50 pLi of the sample (e.g. milk or water) were mixed with an equal volume of gold
mix in a well of a non-binding ELISA microtiter plate. One strip was dipped into the reaction
mixture and incubated for 5min. Results were either evaluated visually or with a photometric

reflectance strip reader after drying with a blow dryer for 1 min.

4.7.3 Protein binding to nitrocellulose membranes

In Section various factors that influence protein binding to nitrocellulose membranes are

listed. The following experiments were carried out according to the suggestions by Jones [44] [45].

4.7.3.1 Membrane effects

Theory—Six different membranes (FF85/100, AE98Fast, AE99, AE 100, Immunopore RP,
and CN95) were examined referring to their flow characteristics and their immobilization of
the TL and CL. The membranes AE 98, AE 99, and AE 100 only distinguish in their pore size.
Immunopore RP, and FF85/100 have an integrated plastic backing for higher stability and
better handling in assembling with an adhesive backing card. Each membrane consists of 100%
nitrocellulose with no post-manufacture treatments except of Immunopore RP. It includes a
proprietary polymer in the membrane matrix to ensure rapid rewetting and low background

signal-eliminating protein-binding interferences commonly experienced with surfactants [94].

Assays were performed twice with all six membranes under following conditions. The CL and the
TL (Pen G-BSA, MCR 1:50) were applied on each of the tested membrane as stated in Section
Since the standard blocking procedure (Section blocking the entire membrane
with 2% (w/v) BSA in 0.05 M PBS buffer containing 0.1% (w/v) NaN3) removed the TL reagent
during the blocking step from the NC membrane, and commonly used assay buffers as X-buffer
and MTP led to false positive results because of their stripping effect, all test were performed by

using non-blocked strip tests and the SBGT buffer according to the protocol mentioned above

(Section [4.7.2)).
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4.7.3.2 Evaluation of different hapten-protein conjugates and capture reagent application

buffer compositions

Theory—Hoffman et al. [95] figured out that proteins that were bound to NC in acidic buffer
were relatively resistant to milk stripping (displacement) form the NC membranes compared to
proteins bound in pH 7. Further, coprecipitating agents or crosslinking agents (e.g., alcohol,

glutaraldehyde) in the application buffer may improve protein binding to nitrocellulose [45].

Differences in the antibiotic coupled to the carrier protein were examined in the used carrier
proteins and in the MCR. Both the TL and CL were applied onto the membrane CN 95 with
a concentration of 1 mgmL~". All conjugates listed in Table were examined. Assays were

performed as stated in Section with water or milk as samples.

The PenG-BSA (MCR 1:50) conjugate in 0.01M PBS buffer was diluted in 0.1 M citric
acid/NagHPOy4 (pH 2.6, 3.0, 5.0, and 7.0) or in 0.1 M sodium carbonate/sodium bicarbonate
buffer (pH 9.2 or 10.1) (150 nL conjugate + 300 pL buffer) and 0.5 nL of each diluted conjugate
(final conc. 1 mgmL~!) were applied as a drop on blank AE99 test-strips, dried at 37°C for
2d, and examined in respect to the stripping effect of milk. Evaluation of the effective pH, was
carried out by mixing 0.01 M PBS buffer pH 7 with the appropriate buffer in the same ratio as
the conjugate. Assays were run using SBGT buffer with milk (0.9% fat content) or SGT buffer

as sample.

Pen G-BSA (MCR 1:50) conjugate in 0.01 M PBS buffer was supplemented with 5% ethanol or
1% glutaraldehyde, sprayed on AE 99 membranes and dried at 37°C for 2d. The assays were
performed as state in Section [4.7.2]

4.7.3.3 Blocking of the membrane

Theory— Blocking may be necessary to reduce non-specific background signal and should be
empirically determined for each test. If blocking is necessary, various blocking agents may be
used, including various buffer compositions, proteins, and synthetic compounds [47]: gelatin,
casein, BSA, IgG, PVP, and PVA [39]. Furthermore, the method employed for membrane
blocking is also a crucial factor. Generally, there are two possibilities where a blocking agent
can be applied: (1) blocking of the entire membrane after test and control line reagents have

been applied and dried; (2) addition of blocking reagent in the assay buffer. In the latter case,
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no redissolving of capture reagents may occur, but it is not as efficient as blocking the entire
membrane [45]. Since the blocker might interfere with the capture reagent applied on the
nitrocellulose membrane leading to false positive results, different blocking strategies has to be

considered.

All blocking experiments were carried out using the AE99 membrane, 1 mgmL~' anti-sheep
antibody as CL and 1mgmL~! Pen G-BSA (MCR 1:50) as test line reagent. After spraying
CL and TL onto the NC membrane, membranes were dried at 37°C for 2d. Then, membranes
were blocked in the blocking solution for 30 min and washed three times with 0.05 M PBS for
5min and dried again as stated above. Following blocking agents were dissolved in 0.05 M PBS
containing 0.1% (w/v) NaNs: 2% (w/v) BSA, 0.5% (w/v) PVP, and 1% (w/v) Ficoll. The SGT
assay buffer was used for assay performance. Alternatively, the blocking agent BSA was added

to the SGT assay buffer to a final mass concentration of 2% and 4%.

4.7.3.4 Influence of the assay buffer composition

Theory—If the binding-strength of the capture reagent onto the membrane is too low, or the
surfactant level in the assay buffer is too high, the capture reagent may be physically removed
from the membrane surface by the sample [45]. Hence, the optimal conditions must be figured

out.

The assays were performed employing commonly used assay buffers such as X-buffer, MTP buffer,
and SBGT buffer. Further, 1% SDS, 1% Span80, 0.2% Tween® 20, 0.51% Triton X-114, or 0.5%
Brij 58 were added to the SBGT buffer without Triton. All experiments were carried out using
test strips produced as stated in Section [4.7.1]

4.7.3.5 Effect of drying conditions

Theory—As the binding of the protein to nitrocellulose is related to drying conditions, Jones
[45] proposed to dry the membrane more vigorously after test line application. Increasing
the drying temperature may reduce the chance of the capture reagent not being efficiently

immobilized and therefore being removed by the sample or other agents.

Both the Pen G-KLH conjugate and the Pen G-BSA (MCR 1:50) were dried onto the AE 99
membrane under following conditions: at 24 °C for 4d, at 37 °C for 4d, and at 80 °C for 2h. The
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assays were performed as stated in Section [4.7.2]

4.7.3.6 Evaluation of beta-lactam antibody

Stock solution of penicillin G potassium salt (8 mgmL~!) was prepared in deionized water and
then diluted in SGT buffer to receive a working solutions of 800 ng mL~!. These working solutions
were further diluted to obtain the desired concentrations (0.5, 1, 2, 4, 5, and 8 ppb) and stored for
one hour at 4 °C prior to the assay procedure. Evaluation tests were performed in triplicate. Test
strips were read out on a photometric reflectance strip reader (AgraStrip® XReader ) under the
following assay conditions. Strip tests with immobilized anti-sheep IgG antibody (1 mgmL~™!) as
control line and BSA-Pen G conjugate (1 mgmL~!, MCR 1:50, in 0.01 M PBS) as test line on an
AE 99 membrane were used. 30% (v/v) anti-f-lactam ab labeled gold sol was diluted in SBGT
buffer. 50 nL spiked buffer were mixed with an equal volume of antibody-gold conjugate in SBGT
buffer. One strip was dipped into the reaction mixture and incubated for 20 min. Results were
quantified after drying for 1 min. The revised criteria of 657/2002/EC [52] for the validation of
analytical methods introduces CCa and CCpS to replace the LOD and LOQ, respectively. In
this thesis, the limit of detection (LOD) and the limit of quantification (LOQ) were calculated
according to L Hocine et al. [96]. The limit of detection (LOD) was calculated as the signal
of the blank (n=3) plus three times the standard deviation (SD) of the blank. The limit of

quantification (LOQ) is defined as the mean value of negative controls plus 3 SD of the mean.
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5.1 Characterization of analyte-protein conjugates

The analyte-protein conjugates prepared as stated in the Methods section [4.4| were characterized
by BCA assay, TNBSA assay, UV /Vis spectrophotometry, and LDS-PAGE analysis.

5.1.1 Determination of the protein amount in conjugate solutions

All synthesized bioconjugates and standards were determined in triplicate. Standard curves
were obtained by dilution of the appropriate protein (BSA, KLH, or OVA) in 0.01M PBS
buffer and a quadratic polynomial regression fit was calculated (Figure . The samples”
average values and the resulted standard deviations are outlined in Table The dilutions were
considered and a final standard concentration was specified for further experiments. Additionally,
the measured protein concentration was used to calculate the total protein recovery from the
synthesis reaction and the subsequent size exclusion purification in respect to the used amount of
protein for preparation of conjugates. For example, the recovery rate regarding all S-lactam-BSA
conjugates was greater than 94%. Summarizing, removing excess reagents of conjugation by
employing disposable PD-10 desalting columns according to the protocol stated in Section

was acceptable.
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5.1.2 Electrophoresis of the bioconjugates

LDS-PAGE analysis of BSA and OVA conjugates is shown in Figure Smears on the gel
could result from unwanted crosslinking of the proteins during the synthetic procedure, but
also the unconjugated BSA used to prepare bioconjugates (not shown) had not a clear band at
67 kDa. All hapten-BSA conjugates have almost the same pattern on the gel. The Pen G-OVA
conjugate has a smear between 40 kDa and 50 kDa compared to the BSA-conjugates. In order to
visualize different coupling ratios, gels with a higher resolution can be used. Another possibility

to characterize conjugates is MALDI-TOF, which was not performed in this thesis.

Figure 5.2: LDS-PAGE analysis (3-8% TA gel/TA buffer) of synthesized bioconjugates. Lane 1:
HiMark™ prestained protein standard; lane 2: TC-CDI-BSA; lane 3: TC-4-BSA;
lane 4: OVA-PenG; lane 6: BSA-Pen G 1:50; lane 7: BSA-PenG 1:25; lane 8:
BSA-Pen G 1:10; lane 9: BSA-Cef; lane 10: BSA-Cef in 0.1 M BB; lane 11: BSA-Amp
1:50.

5.1.3 Determination of free amine groups

The extent of conjugation was evaluated by quantification of free amines in the bioconjugate
sample, compared to a standard curve generated with unconjugated carrier proteins in series
of known concentrations. Calibration curves for BSA, OVA, and KLH are shown in Figure
Linear ranges were achieved between 0.05mgmL~" to 0.5mgmL~!, 0.0lmgmL~! to
0.75mgmL™!, and 0.1 mgmL~" to 1 mgmL~! for BSA, KLH, and OVA, respectively.

BSA contains 59 lysine residues of which only 30 to 35 are available for coupling reactions [67].

As outlined in Table coupling saturation was achieved with a MCR of 1:50 (BSA:hapten).
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5 Results and discussion

Regarding Pen G-BSA conjugates, the decreasing substitution rate (SR) was accompanied by the
decreasing MCR. Hence, the epitope density (number of hapten molecules per protein molecule)
was varied by different MCRs. In case of the Pen G-OVA conjugate, only the dilution with a
final concentration of 0.66 mgmL~! resulted in a detectable signal. The Pen G-OVA conjugate
synthesis according to Knecht et al. [69], using a great molar excess of penicillin G, NHS, and
EDC over the protein concentration (Section , resulted only in an epitope density of
5. With a coupling ratio of 1:50 the KLH protein (2,000 amines from lysine residues) was not

saturated with penicillin G.

o  BSA
© KLH
e A OVA —
——— BSA linear regression
fA| —— KLH linear regression
1,2 . .
’ —— OVA linear regression

y=0.4227x + 0.476
R*=0.9952

y = 0.084x + 0.0969
R? =0.9932

Protein concentration (mg/mL)

0.0 02 0.4 0,6 0.8 1,0

Absorbance (335 nm)

Figure 5.3: Calibration curves of the TNBSA assay. Standard deviations are smaller than 0.005
and hence, not shown.

Table 5.2: Determination of the coupling ratio by the TNBSA colorimetric assay.

Bioconjugates* MCR Working conc. Abs.pean®™* Std. dev. SR*** ED***

(mgmL~") (nm) (%)
BSA-PenG 1:50 0.22 0.2550 0.0001 56 33
BSA-PenG 1:25 0.22 0.3766 0.0005 34 20
BSA-PenG 1:10 0.22 0.4163 0.0008 27 16
TC-CDI-BSA 1:30 0.26 0.4098 0.0009 39 23

continued on next page ‘
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’ continued from previous page

Bioconjugates MCR* Working conc. Abs.pean®** Std. dev. SR*** ED***
(mgmL~") (nm) (%)

TC4-BSA 1:50 0.19 0.2295 0.0002 54 32
BSA-Amp 1:50 0.18 0.2566 0.0001 47 27
BSA-Cef 1:50 0.19 0.2192 0.0001 56 33
BSA-Cef in 0.1 M BB 1:50 0.18 0.2481 0.0001 47 28
KLH-PenG 1:50 0.12 0.1935 0.0008 63 1268
OVA-PenG 1:240 0.66 0.1163 0.0008 24 5

* Molar coupling ratio (MCR) is defined as moles of hapten per mole of protein
in the initial reaction mixture.

**n = 3.

*** Calculated according to equation given in Section 4.4.3.1l
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5.1.4 UV/Vis spectra of TC-protein conjugates

In case of the TC-4-BSA conjugate, TC was modified by introduction of 4-aminobenzoic
acid as diazo linkage to the ring D, prior to coupling with BSA (Figure . The synthetic
procedure resulted in 7 and 9-(4 “-carboxyphenylazo) products, which could not be separated.
The TC-CDI-BSA conjugate was synthesized employing CDI as linking and activation agent
(Figure . In the resulting conjugate, TC had been coupled to BSA via an one-carbon spacer.
The UV spectra recorded from 250 nm to 600 nm for TC, BSA, TC-4-BSA, and TC-CDI-BSA is
shown in Figure[5.4] It can bee seen that the BSA has a peak at 277 nm and TC has two peaks
at 275nm and 355nm. The red shift in UV/Vis absorbance was observed for the TC-4-BSA
bioconjugate (426 nm, 521 nm) as expected for diazo compounds. Similar results were obtained
by Zhang et al. [73]. The UV /Vis pattern for TC-CDI-BSA differs from that obtained by Zhang
et al. [73]. No obvious blue shift of the TC peak at 355 nm was measured, but a peak at 429 nm

appeared.

Figure 5.4: UV /Vis absorbance: a) BSA, b) TC, ¢) TC-CD4-BSA, and d) TC-CDI-BSA
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5.2 Recombinant production of the PBP2x*-GST fusionprotein

5.2.1 Expression of PBP2x* as GST-fusion protein

The PBP2x*-GST fusionprotein expressed in E. coli BL21(DE3) from pGEX-tet-6P1-PBP2x*
was composed of 954 aa (GST-tag: 220 aa, PreScission™ protease cleavage site: 14 aa, and
PBP2x*: 720 aa). Compared to the PBP2x of S. pneumoniae, the soluble derivative PBP2x* lacks
the transmembrane domain (A aa 19-48) [36], which was also demonstrated employing Clustal W
for sequence alignment (Annex [A.3). E. coli cells containing the pGEX-6P1-tet-PBP2x*
expression vector were grown in 1.5 L of 2xTY broth supplemented with 15 ugmL™! tetracycline
in a 5L Erlenmeyer baffled flask at 37°C with agitation at 250 rpm. The log phase cultures
(ODgoo = 0.58) were induced by addition of 1 mM IPTG and allowed to express PBP2x*-GST
fusionprotein for 4.75h. Growth was measured by determination of the ODggy of appropriate
dilutions of the cultures. The corresponding growth curve is illustrated in Figure [5.5] After
dilution of the preculture into fresh 2xTY medium (1:10), cell division was slow as the bacteria
adapted to the fresh medium (lag phase). The bacteria then started to divide more rapidly and
the culture entered logarithmic (log) phase (approx. 120 min after dilution). This fermentation
followed a begin-log phase induction strategy, hence, no distinct exponential growth was obtained.
Flattening of the growth curve was observed after addition of IPTG, because E. coli cells had
grew slower after protein induction. The culture was harvested before entering the stationary

phase.

5.2.2 Purification of PBP2x*-GST fusionprotein

The GST-PBP2x* was purified from the cell-free lysate by glutathione affinity chromatography
and the procedure was monitored by LDS-PAGE (Figure [5.7). Since the GST-PBP2x*
fusionprotein was not stable, several protein bands were observed in the eluted protein solution.
In addition to one major band at the expected molecular mass for the fusionprotein of 102 kDa,
two bands appeared at 78kDa and 26 kDa, respectively. Both were in good agreement with
the expected size for the PBP2x* protein and the GST-tag, respectively. Fractions (1 and 2;
6 and 7) were pooled and flash frozen, fractions 4, 5, and 6 were purified by size exclusion,
aliquoted and flash frozen. Further experiments, e.g labeling AuC with PBP2x* and 50kDa
cut-off filtration were performed with fraction 3 or 4. 10.8 mg of protein (sum of PBP2x*-GST,
GST, and PBP2x*) were obtained from 4.6 g cells (wet mass) yielding in 2.4 mg protein/g of wet

weight of cell mass.
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Figure 5.5: Growth curve of E. coli BL 21(DE3) containing pGEX-6P1-tet-PBP2x* in 2xTY
medium.

Figure 5.6: LDS-PAGE analysis of the expression of recombinant PBP2x*-GST fusionprotein
using E. coli (4-12% Bis-Tris gel/MES buffer). Lane 1: SeeBlue® Plus2 prestained
standard; lane 2: —; lane 3: bacterial pellet before IPTG induction; lane 4-7: bacterial
pellet 1h, 2h, 3h and 4.75h after IPTG induction.
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Figure 5.7: LDS-PAGE analysis of the purification of PBP2x* (4-12% Bis-Tris gel/MES buffer).
Lane 1: cell-free lysate; lane 2: flow-through; lane 3: wash with 10 CV binding buffer;
lane 4: wash with 10 ml binding buffer; lane 5-11: fraction 1-7; lane 12: wash with
10 ml binding buffer after elution; lane 13: SeeBlue® Plus2 pre-stained standard.

5.2.3 Plasmid isolation from E. coli

To amplify the plasmid for further transformations, miniprep was performed as stated in
Section [£.5.3] The presence of the 7464 bp vector was proved by agarose gel electrophoresis
(Figure . Additionally, glycerol stock cultures of E. coli BL21(DE3) cells containing the

pGEX-6P1-tet-PBP2x* expression vector were made for further experiments.

Figure 5.8: Agarose gel electrophoresis of the expression vector. GeneRuler™1 kb DNA ladder
(left) and 1% agarose gel with pGEX-tet-PBP2x* 7464 bp (right). Lane 1: DNA
Ladder; lane 2 and 3: expression vector.
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5.3 LDS-PAGE of commercially obtained antibodies

The purity of both commercially obtained antibodies (anti-g8-lactam ab and anti-TC ab) were
verified by LDS-PAGE analysis. Both showed two bands of approximately 170 kDa and 160 kDa,
being in conformity with the average molecular mass of about 150 kDa of IgG antibodies.
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Figure 5.9: LDS-PAGE (3-8% Tris-actetate gel/Tris-acetate SDS buffer) of purchased antibodies.

Lane 1: HiMark™ prestained protein standard; lane 2: anti-3-lactam antibody; lane 3:
anti-TC antibody.
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5.4 Gold conjugate

5.4.1 Colloidal gold characterization

Figure [5.10| shows the absorption spectra of the gold sol, which was prepared as described in
Section The plasmon absorbance peak in the visible region is representative for gold
particles in red gold sol. Generally, absorption maximum red-shifts with increasing particle
diameter [97] and therefore the correlation between particle size and absorbance maximum can be
examined by employing UV /Vis spectrometry. In case of particles with a 40 nm mean diameter,
the absorbance maximum correlates to approximately 529 nm under the stated assay conditions

[98].

Figure 5.10: UV /Vis absorption spectrum of 40-nm gold nanoparticles in water.

5.4.2 Protein-gold sol titration

The determination of the optimum protein concentration for labeling AuC with the PBP2x*-GST
fusionprotein, anti-8-lactam, or anti-TC antibodies was performed by addition of saturated
sodium chloride solution, as stated in Section The addition of positively charged

sodium ions resulted in aggregation of insufficiently coated particles, which possessed remaining
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negatively charged binding sites. In consequence of this reaction, the color changed from red to
blue-gray (Figure , which was photometrically measured in order to estimate the optimal
coupling ration. Commonly, a titration curve shows a strong rise at the lower concentrations
and stays steady at higher concentrations of the protein or antibody coupled to AuC, as
illustrated in Figure for the anti-SB-lactam antibody and the PBP2x*-GST fusionprotein. At
about 6 pg anti-S-lactam antibody/mL AuC and at about 40 ng PBP2x*-GST fusionprotein/mL
AuC the curves reached the beginning of the asymptotic region to the x-axis. Whereas, no
saturation curve could be obtained with the protein A purified sheep anti-tetracycline antibody.
Notwithstanding that, high amounts of antibody (20 pg antibody/mL AuC) were employed, it
did not bind efficiently to the AuC surface. This phenomena was already described by Rudolf
et al. [92] with Protein G affinity purified rabbit IgG. The PBP2x*-GST fusionprotein and the
B-lactam antibody were conjugated to colloidal gold at a ratio of 45 uLL/mL AuC and 8 uL/mL
AuC, respectively, as described in section [£.6.3] The tetracycline antibody was not used in LDF

system development.

Figure 5.11: Color change from blue-gray to red in titration experiments of PBP2x*-GST with
colloidal gold at pH 8.5. The corresponding titration curve is given in Figure [5.12b]
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Figure 5.12: Titration curves for AuC labeled with (a) S-lactam antibody or TC antibody and
(b) PBP2x*-GST/GST/PBP2x* solution.
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5.4.3 Labeling PBP2x* with AuC

At the outset, it was considered to use the entire PBP2x*-GST fusionprotein labeled with AuC
in the competitive receptor-based assay format and the commercially available antibody raised

against the glutathione-S-transferase (tag protein) as test line reagent.

Initial experiments were performed with the glutathione affinity chromatography purified
proteins (Section . However, the fusionprotein was not stable, as LDS-PAGE analysis
(Figure lanes 5-11) revealed two faster migrating protein bands in addition to one
major band at the expected apparent molecular mass of 102 kDa. Nevertheless, titration
experiments were carried out with fraction 3 (Figure lane 8) and resulted, as stated above,
in an optimal coupling ratio of 45pg PBP2x*-GST fusionprotein/mL AuC. Due to the fact
that no visible test line appeared, when performing the test as described in Section the
supernatant after the coupling step to AuC was examined by LDS-PAGE analysis combined with
silverstaining, as described in Section [£:2.3] The GST-tag predominantly attached to AuC and
PBP2x* and PBP2x*-GST proteins remained in the supernatant (Figure[5.13] lanes 7.8, and 10).

Figure 5.13: LDS-PAGE (4-12% Bis-Tris gel/MES running buffer) of the supernatant after
labeling PBP2x*-GST fusionprotein with AuC and after cut-off filtration (MWCO
50 kDa). Lane 1: fraction 3; lane 2: fraction 4 (10pg); lane 3-6: fraction 3
supernatant ultrafiltration; lane 7 and 8: 12pulL of AuC supernatant; lane 9: -;
lane 10: 10 pL of AuC supernatant; lane 11: -; lane 12: HiMark™ protein standard;
Concerning fraction 3 and 4 see Figure For ultrafiltration see Section For
AuC supernatant see Section @l

Robinson [41] suggested that those proteins with the highest level of the three amino acid residues

that regulate protein binding (lysine, cysteine, and tryptophan) to the colloid will conjugate most
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readily to the negatively charged gold nanoparticle. Table[5.3Joutlines the amino acid distribution
of the GST, PBP2x*, and PBP2x*-GST proteins regarding the three binding residues. GST
possesses all three essential amino acids for coupling to AuC compared to PBP2x*. Although
the fusionprotein contains both GST and PBP2x* binding residues, it does not apparently attach
to AuC. Therefore, it can be suggested that the sole GST protein contained sufficient amounts
of appropriately located lysine, tryptophan, and cysteine residues. Crystal structures of GST
and PBP2x with highlighted binding residues are shown in Figure The crystal structure
of recombinant Schistosoma japonicum GST from pGEX vectors has been determined and it
mathes that of the native protein [99]. No crystal structure of the fusionprotein expressed from

pGEX-tet-6P1-PBP2x* has yet been available.

Table 5.3: Amino acid distribution of PBP2x*, GST, and PBP2x*-GST.

GST PBP2x* Fusionprotein

Lysine 9.5% 6.9% 7.4%
Tryptophan 1.8% 0.8% 1.1%
Cysteine 0.8% 0% 0.42%

Summarizing, a solution of PBP2x*, GST-tag, and PBP2x*-GST fusionprotein could not be
employed in order to produce PBP2x* and/or PBP2x*-GST labeled AuC for its application
in receptor-based strip tests to detect S-lactam antibiotic residues. In order to use the gold
labeled PBP2x* protein in LFDs, it would be necessary to completely remove the GST-tag by
digestion and subsequent affinity chromatography as it is performed by Cacciatore et al. [I] for
PBP2x* protein’s application in an optical biosensor. In order to confirm the functionality
of the recombinant expressed and purified protein prior to labeling with AuC, an enzymatic
assay employing Bocillin™ could be performed according to Zhao et al. [100]. Additionally, the
utilization of 20nm colloid might be appropriate, because of the molecular weight less than

160 kDa. [41].

5.4.4 Ultrafiltration of PBP2x*

Further, ultrafiltration (MWCO 50kDa) was performed in order to remove GST. After several
ultrafiltraion steps (Section [4.5.6] Figure [5.13), the free GST was removed. However, the
remaining fusionprotein might break apart leading to PBP2x* (78 kDa) and free GST (26 kDa).

Considering that, further experiments with the one-step purified PBP2x* were not performed.
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(b) PBP2x

Figure 5.14: Crystal structures of the 26kDa glutathione S-transferase from Schistosoma
japonicum (PDB-Code: 1M99) and the 78 kDa Penicillin binding protein 2x from
Streptococcus pneumoniae (PDB-Code: 1QME). Amino acids which may play an
important role in binding proteins to colloidal gold particles [42] are highlighted.
Color code: Lysine, tryptophan and, cystein are accentuated in red, blue, and
yellow, respectively.
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5.5 Immunoassay development

5.5.1 Protein binding to nitrocellulose membranes

As already mentioned above the nitrocellulose membrane must irreversibly bind the TL and
CL reagent, because the test results thoroughly depend on it. Here, different tasks for the
development of the B-lactam lateral flow device in respect to used NC membranes, bioconjugates,
assay buffer compositions, capture reagent application buffer compositions, membrane blocking,
and drying conditions after spraying TL and CL onto the membrane are summarized. The assay

conditions for each experiment is given in Section [£.7.3]

The use of nitrocellulose membranes, which differed in pore size and in post-manufacture
treatment, led to false positive results with milk (fat content 0.9%) as sample and if MTP buffer

or X-buffer was used as assay buffer, whereas employing the SBGT buffer did not.

FEvaluation of different hapten-protein conjugates: [-lactam conjugates with difference in the
antibiotic coupled to the carrier protein, in the used carrier proteins, and in the MCR were
examined. In Figure the effect of milk (0.9% fat) is illustrated. It seems that milk displaced
proteins from NC or mask immobilized antibodies and the bioconjugate.
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Figure 5.15: Influence of milk on the assay performance. Assay conditions: Membrane: CN 95;
TL: 1mgmL~! Cef-BSA in 0.01 M PBS; CL: 1 mgmL~! anti-sheep antibody; Assay
buffer: SBGT; Sample 1: water; Sample 2: milk (fat content 0.9%).)

Blocking was performed as stated in Section 4.7.3.3] Displacement of the Pen G-BSA (cr 50:1)

conjugate form the membrane was observed after blocking of the entire membrane with 1%
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(w/v) BSA and 0.5% (w/v) PVP, both in 0.05 M PBS buffer. In case of PVP even the control
line was removed. Employing Ficoll as blocking agent (1% (w/v) in 0.05 M PBS), CL and TL
were visible after the assay was run as described in Section [£.7.2] with water as sample. Adding
4% (w/v) BSA to the SGT assay buffer resulted in false positive results, whereas adding 2%
(w/v) BSA did not.

The composition of the assay buffer also had an influence of the assay procedure. As already
mentioned above assay buffer containing Tween® (e.g. MTP buffer and X-buffer) led to false
positive results. In case of SGB buffer containing 1% SDS both TL and CL are removed under
the stated assay conditions (Section using water as sample. Adding 1% Span80, 0.2%
Tween® 20, 0.51% Triton X-114, or 0.5% Brij 58 to the SGB buffer leaded to visible TL and
CL lines.

Drying of the test membranes after spraying was performed at various temperatures as stated
in Section [£.7.3.5] However, the bioconjugate binding onto the membrane was not enhanced
when the drying temperature was increased from 37 °C to 80 °C. Milk as sample leaded to false

positive results.

Changing the capture reagent application buffer. Neither changing the pH nor the addition of
coprecipitating agents ethanol and the crosslinking agent glutaraldeyhde resulted in enhancement

of the protein binding in NC membranes.

The stripping effect of milk (fat content 0.9 %) might be based on the fact that milk contains
fat globules and casein micelles which interfere with protein binding by inhibiting binding forces
between the bioconjugate and the NC membrane. Hence, it may be necessary to treat the milk
sample prior to testing. Disrupting of fat globules may be achieved by addition of detergents
(surfactants such as Triton X-100 Triton X-114, sodium dodecyl sulfate and so on) or any other
reagents (e.g. bile acids) to the assay buffer. Casein may be precipitated by acidifying milk
below pH 4.3 using e.g. lactic acid, sulfuric acid, or vinegar [101]. It is also possible to apply
those reagents onto a sample pad or a conjugate pad in case of developing a lateral flow device.
Milk matrix effects have to be evaluated and overcome in further experiments, which will be

published elsewhere.
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5.5.2 Evaluation of the g-lactam antibody

The anti-B-lactam antibody was evaluated as stated in the Method section Figure [5.16
shows the resulting calibration curve and the corresponding strip tests. The regression curve
shows a satisfying linear relationship for low concentrations of penicillin G. LOD and LOQ were
0.3 ppb and 0.6 ppb, respectively. Since the MRL value for penicillin G in milk is 4 ppb, the
commercially available anti-3-lactam antibody is suitable for its application in the detection of

antibiotic residues.
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(a) Calibration curve. The line indicates the linear regression of Pen G dilutions
form 0-2 ppb.

(b) Strip tests for evaluating the anti-f-lactam antibody.

Figure 5.16: Evaluation of the S-lactam antibody.
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One part of this master thesis focused on the recombinant expression of the soluble derivative
of the penicillin binding protein 2x of Streptococcus pneumoniae. The E. coli BL21(DE3)
harboring the plasmid pGEX-6P1-tet-PBP2x* was used as host for the intracellular protein
production. The PBP2x*-GST fusionprotein was purified with GST-affinity purification. The
yield was 2.4mg of protein per gram wet cell mass. LDS-PAGE analysis showed that the
fusionprotein was not stable. The fusionprotein decomposed into PBP2x* and GST. An
enzymatic cleavage employing the digestion enzyme PreScission™ combined with a further
GST purification in order to get rid of the GST tag was not performed. Fractions containing
PBP2x*-GST fusionprotein, PBP2x*, and the GST protein were used for labeling with colloidal
gold. It was figured out that labeling PBP2x* (78 kDa) or PBP2x*-GST fusionprotein (102kDa)
with 40 nm gold particles employing those protein fractions was not feasible since mainly the
26 kDa GST-tag was attached to gold nanoparticles instead of the PBP2x* protein or the PBP
2x*-GST fusionprotein. Hence, it is suggested that either smaller molecules were preferentially
coupled to 40nm gold nanoparticles than larger proteins or the sole GST protein contained
sufficient amounts of appropriately located lysine, tryptophan, and cysteine residues, which
play a major role in protein binding to colloidal gold. Hence, the PBP2x* protein could not be

evaluated in a lateral flow system for the detection of S-lactam residues.

The second part of this thesis was the synthesis of §-lactam-protein and tetracycline-protein
conjugates. Penicillin G, ampicillin, and cefalexin were covalently bound to BSA via the
active ester method. Furthermore, penicillin G molecules were covalently coupled through their
carboxylic moiety to lysine residues of KLH. A diazospacer arm was coupled to TC to introduce
a carboxylic acid group and then the modified TC was coupled to BSA by means of the active
ester method. Another TC-BSA conjugate was prepared using CDI as linking reagent. The
total protein recovery, after synthesis and size exclusion chromatography, were determined for
each conjugate. It was figured out that the different synthesis procedures and the removal of

excess reagents of conjugation led to an average protein recovery of 94%. For evaluation of
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the extent of conjugation the TNBSA assay was performed and it was evaluated that each

conjugation procedure was successful.

In the third part of the thesis, a commercially purchased antibody was used to set up a lateral
flow device for the detection of S-lactam residues in milk. The use of commonly used buffers
(e.g. MTP and X-buffer) resulted in false positive results, because of their high surfactant
content. Due to that, an appropriate buffer was tested out and the evaluation of the antibody
was performed with assay buffer as sample. For the developed strip test a detection limit of
0.3 ppb and a quantification limit of 0.6 ppb was obtained for penicillin G. Tests with milk was
not performed, because milk is abundant in fat and casein and these influenced the test system.
It was shown that these milk components need to be separated in a pretreatment step for further
testing. In order to develop a rapid and simple test system, agents which destroy or withhold

casein and fat components may be applied on a sample pad compiled of glass fiber.

Summarizing, the preferable format of the strip test will consist of two components: the
lyophilized receptor-gold conjugate contained in microwells and the strip tests, which are
comprised of a short sample pad incorporating casein and fat restraining-agents, followed by a

layered membranes with a test line and a control line, and a wicking pad.
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A.1 DNA sequence of pGEX-6P1-tet-PBP2x*

The

sequence of pGEX-6P1-tet-PBP2x*

Kaiserslautern).

acgttatcga
aatcactgca
gcaaatattc
cacaggaaac
gaatatcttg
gggtttggag
tagctgacaa
attagatacg
aatgctgaaa
tgtatgacgc
cgtattgaag
cacgtttggt
tgaagtggac
ttagcgaagg
agtcecgatt

ctgcacggtg
taattcgtgt
tgaaatgagc
agtattcatg
aagaaaaata
tttcecaatce
gcacaacatg
gtgtttcgag
atgttcgaag
tcttgatgtt

ctatcccaca

ggtggegacce

was

provided from Prof.

caccaatgcet tctggegtca ggeagecate ggaagetgtg

cgctcaagge gceactecegt tectggataat
tgttgacaat taatcatcgg

tceectatac  taggttattg gaaaattaag

tgaagagcat ttgtatgage gcgatgaagg

ttecttatta tattgatggt gatgttaaat

ttgggtggtt gtccaaaaga gcegtgcagag
aattgcatat agtaaagact ttgaaactct
atcgtttatg tcataaaaca tatttaaatg
gttttataca tggacccaat gtgectggat
aattgataag tacttgaaat ccagcaagta

atcctccaaa atcggatctg gaagttetgt

aaaaagagta atccgttatg cgaccaaaaa tcggaaatcg

aagctaagaa ggttcatcaa accacccgta cagttcctge

gttttttgeg

ctcgtataat gtgtggaatt

ggccttgtge
tgataaatgg
taacacagtc

atttcaatgce
caaagttgat
gtgatcatgt
gegttcecaa

tatagcatgg
tccaggggcec

ccggggacag
caaacgtggg

gtatggctgt
ccgacatcat
gtgagcggat
aacccactcg
cgaaacaaaa
tatggccatce
ttgaaggagc
tttcttagea
aacccatcct
aattagtttg
cctttgecagg
cctgggatcee
gcactcgcett

actatttatg

gctgaggatg caacctetta taatgtctat geggtcattg atgagaacta taagtcagca

ttctttacgt agaaaaaaca caatttaaca aggttgcaga ggtctttcat aagtatctgg acatggaaga

agagagcaac tctcgcaacc taatctcaag caagtttcct ttggagcaaa gggaaatggg attacctatg

gtctatcaaa aaagaattgg aagctgcaga ggtcaagggg attgatttta caaccagtce caatcgtagt

gacaatttge ttctagtttt atcggectag ctcagctcca tgaaaatgaa gatggaageca agagettget

ggaatggaga gttccttgaa cagtattctt gcagggacag acggcattat tacctatgaa aaggatcgtc

Hackenbeck

(TU

gcaggtcgta
aacggttctg
aacaatttca
acttcttttg
agtttgaatt
atacgttata
gottttggat
agctacctga
gacttcatgt
ttttaaaaaa
getggceaage
ccggaattca
tggaacagat
accgaaatgg
acgggtaaga
atcctatgta
ccaatatgat
tacccaaacg
gggaacctct
tgggtaatat

tgtacccgga acagaacaag tttcccaacg aacgatggac ggtaaggatg tttatacaac catttccage ccectecagt

cctttatgga aacccagatg gatgcttttc aagagaaggt aaaaggaaag tacatgacag cgactttggt cagtgctaaa

acaggggaaa ttctggcaac aacgcaacga ccgacctttg atgcagatac aaaagaagge attacagagg actttgtttg
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gegtgatate ctttaccaaa gtaactatga gccaggttcc actatgaaag tgatgatgtt ggcetgetget

atacctttcc aggaggagaa gtctttaata gtagtgagtt aaaaattgca

gaaggattga ctggtggcag aatgatgact ttttctcaag gttttgeaca

gcaaaagatg ggagatgcta cctggettga ttatcttaat cgttttaaat

atgagtatge tggtcagett cctgeggata atattgtcaa cattgegeaa

cagacgcaaa tgattcgtge
tgatccaaat gatcaaactg
ctcggactaa catggttttg
actgttcctg ggcaaaatgt
gttaaccgac tatattttct
aacctgaaca ttattcaggt
ctcaatcttc aaacaacagc

ttcacctggt gatttagcag

ctttacagct
ctcggaaatce
gtagggacgg
agccctcaag
cggcetgtate

attcagttgg
taaggcetttg
aagaattgeg

attgctaatg acggtgtcat

tcaaaaagaa attgtgggaa

gatgccacga ttcgagattg
ctcaagtaac gttgggatga
ttggtgttcc gacccegttte

agctcatttg gacaagggat
gctggageet aaatttatta

atcctgtttc taaagatgca

atccggttta tggaaccatg tataaccaca gcacaggcaa

tctggtacgg ctcagattge tgacgagaaa aatggtggtt

gatgagtccg getgaaaatce
gagaatttge caatcctate

gagcaagtaa gtcaacaaag

ctgattttat cttgtatgtg
ttggageggg cttcagetat

tecttatect atgeccagtg

tcgeaatett gtacaaccca tegttgtggg aacaggaacg

acagttctge
gatatgtatg
ctctactgtg

aactcgagceg
gcagtcagge
ggcttggtta
gctagegceta
teetgetege

ggacgcatcg
tecgggetege
gegecatcete
caggagtege
catgactatc
tttteggega

gctcaagecet
getgggcetac
tegggatgee

gctettacca

gttggcatgg

cgacctgaat

tgaagaaggg aagaatcttg

gttggacaaa

cagaagcaag
gcegceteatg
accgtgtatg
tgeeggtact

tatgegttga

ggagactgct
atgttegtge

tttgacagct
aaatctaaca

geegggecte
tgcaatttct

ttcgetactt ggagcecacta
tggeeggeat caccggegece
cacttcggge tcatgagegce

cttgecatgeca ccattccttg

ataagggaga gcgtcgaccg atgeccttga gagecttcaa

ccecgaacca gcaagtectt atcttatctg ataaagcaga

gagacccttg
taacacagct
tatcatcgat
atgcgceteat
ttgegggata
atgcgcaccc

tcgactacge

acaggtgegg

ctaagtggct
atcaaggaca
aagctttaat
cgtcatccte
tegtecatte
gttctecggag
gatcatggcg
ttgetggege

caatatagaa cttgaatttc

ttaaaaaaat
geggtagttt
ggcaccgtca
cgacagcatc
cactgtcega

accacaccceg

tacattaact
atcacagtta
ccetggatge
gccagtcact
cegetttgge
teetgtggat

ctatatcgee gacatcaccg

ttgtttcgge gtgggtatgg tggcaggece cgtggeeggg

cggeggeggt

gctcaacggce

attgataata
ggacgttaat
cccteettga
ggtttgacgg
ttcagtgacc
gtgccattta
gctagtctaa
gccaactgta
atctagtcgg
acggtccaac
gaaagactct
tcaaggatat

aagattaaaa

ggaggttcca

aaggctcggg
ttaggagact

aattgctaac
tgtaggcata
atggegtgct
cgeegeecag
cctetacgee
atggggaaga
ggactgttgg

ctcaacctac tactgggctg cttectaatg

cccagtcage tectteeggt gggegegges

gtcgeegeac ttatgactgt cttetttatec atgcaactcg taggacaggt

geeggeageg

ctetgggtea

ggaccgettt cgetggageg cgacgatgat cggectgteg cttgeggtat teggaatcett geacgececte

tegtecactgg tccegecace aaacgttteg gegagaagcea ggecattate geceggeatgg cggecgacge

gtcttgetgg cgttegegac gegaggetgg atggecttee ccattatgat tettceteget tceggeggea

cgegttgeag gecatgetgt ccaggeaggt agatgacgac catcagggac agcttcaagg atcgetegeg

gectaactte gatcactgga ccgetgateg tcacggegat ttatgecgee teggegagea catggaacgg

attgtaggcg ccgeectata cettgtetge ctececgegt tgegtegegg tgeatggage cgggecacct

ggctgecagea atggcaacaa cgttgegcaa actattaact ggcegaactac ttactctage tteceggeaa
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caattaatag actggatgga ggcggataaa gttgcaggac cacttctgeg cteggeeett ceggetgget ggtttattge
tgataaatct ggagccggtg agcegtgggtc tegeggtate attgcagecac tggggecaga tggtaagecee teecgtateg
tagttatcta cacgacggge agtcaggcaa ctatggatga acgaaataga cagatcgetg agataggtge ctcactgatt
aagcattggt aactgtcaga ccaagtttac tcatatatac tttagattga tttaaaactt catttttaat ttaaaaggat
ctaggtgaag atcctttttg ataatctcat gaccaaaatc ccttaacgtg agttttegtt ccactgageg tcagacceeg
tagaaaagat caaaggatct tcttgagatc ctttttttct gegegtaate tgetgettge aaacaaaaaa accaccgcta
ccageggtge tttgtttgee ggatcaagag ctaccaacte ttttteccgaa ggtaactgge ttcagecagag cgcagatace
aaatactgtc cttctagtgt agccgtagtt aggccaccac ttcaagaact ctgtagcace gectacatac ctegetetge
taatcetgtt accagtgget gcetgecagtg gegataagtc gtgtettace gggttggact caagacgata gttaccggat
aaggcgcage ggtegggetg aacggggggt tegtgecacac agceccagett ggagegaacg acctacaccg aactgagata
cctacagegt gagctatgag aaagcgccac gettcececgaa gggagaaagg cggacaggta tecggtaage ggeagggteg
gaacaggaga gcgecacgagg gagcettccag ggggaaacge ctggtatett tatagtectg tcgggtttecg ccacctetga
cttgagegtc gatttttgtg atgctegtca gggeggcgga gectatggaa aaacgecage aacgeggecet ttttacggtt
cctggecettt tgetggecett ttgetecacat gttettteet gegttatece ctgattetgt ggataacegt attaccgecet ttgagtgage
tgataccget cgeegeagee gaacgaccga gegeagegag tcagtgageg aggaagegga agagegectg atgeggtatt
ttctecttac geatctgtge ggtatttcac accgecataaa ttccgacace atcgaatggt gcaaaacctt tegeggtatg
gcatgatagc gcccggaaga gagtcaattc agggtggtga atgtgaaacc agtaacgtta tacgatgtcg cagagtatge
cggtgtctet tatcagaccg tttececegegt ggtgaaccag gecagecacg tttetgegaa aacgegggaa aaagtggaag
cggegatgge ggagcetgaat tacattccca accgegtgge acaacaactg gegggeaaac agtegttget gattggegtt
gccaccteca gtetggeeet gceacgegeeg tegceaaattg tcgeggegat taaatctege gecgatcaac tgggtgecag
cgtggtggtg tcgatggtag aacgaagegg cgtcgaagee tgtaaagegg cggtgeacaa tcttectegeg caacgegtea
gtgggctgat cattaactat ccgcetggatg accaggatge cattgetgtg gaagetgeet gceactaatgt teeggegtta
tttcttgatg tctctgacca gacacccatc aacagtatta ttttctccca tgaagacggt acgegactgg gegtggagea
tctggtegea ttgggtcacce agcaaatcge gcetgttageg ggeccattaa gttetgtete ggegegtetg cgtetggetg
gctggeataa atatctcact cgcaatcaaa ttcagecgat agceggaacgg gaaggegact ggagtgecat gteeggtttt
caacaaacca tgcaaatget gaatgaggge atcgttccca ctgegatget ggttgecaac gatcagatgg cgetgggege
aatgegegee attaccgagt ccegggetgeg cgttggtgeg gatatctegg tagtgggata cgacgatacc gaagacagcet
catgttatat cccgeegtca accaccatca aacaggattt tcgectgetg gggcaaacca gegtggaccg cttgetgeaa
ctctctcagg gecaggeggt gaagggcaat cagetgttge cegtetcact ggtgaaaaga aaaaccacce tggegeccaa
tacgcaaacc gccteteece gegegttgge cgattcatta atgecagetgg cacgacaggt ttcecgactg gaaageggge
agtgagcgca acgcaattaa tgtgagttag ctcactcatt aggcacccca ggetttacac tttatgette cggetegtat
gttgtgtgga attgtgagcg gataacaatt tcacacagga aacagctatg accatgatta cggattcact ggecgtegtt

ttacaacgtc gtgactggga aaaccctgge gttacccaac ttaatcgeet tgecagcacat cccecttteg ccagetggeg
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taatagcgaa gaggcccgea ccgatcgeee ttecccaacag ttgegeagee tgaatggega atggegettt gectggtite
cggcaccaga agceggtgeeg gaaagetgge tggagtgega tcttectgag gecgatactg tegtegteee ctcaaactgg
cagatgcacg gttacgatge gcccatctac accaacgtaa cctatcccat tacggtcaat ccgeegtttg tteccacgga
gaatccgacg ggttgttact cgctcacatt taatgttgat gaaagctgge tacaggaagg ccagacgega attatttttg

atggegttgg aattt
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A.2 Sequence alignment - HSA and BSA

Clustal multiple sequence alignment results in 76% sequence homology between HSA and BSA.
Protein sequences of ovine serum albumin of bos taurus (GenBank: CAA76847.1) and albumin

of homo sapiens (GenBank: AAA98797.1) were aligned.

Homo MEWVIFISLLELESSAYSRGVERRDANKSEVAHRFEDLGEENFERLVLIAFAQYLOQCEE 60
Bos MEWVIFISLLLLESSAYSRGVERROTHKSE IRHRFEDLGEEHFEGLVLIAFSQYLQQCEE 60

dkddddddd ko kddhddhdddhdhdh b ko dhdkdddhhhohd ddddddohhdddhddd

Homo EDHVELVNEVIEFAKTCVADE SAENCDKSLHI LFGDELCTVATLREETYGEMADCCAKQEE 120
Bos DEHVELVNELTEFAKTCVADESHAGCEKSLHT LFGDELCKVASLRETYGDMADCCEKQEF 120
PakEERREK KKK RRRRERE Kok RRRARAA Ko hh KK AR A KR RARAE kR
Homo ERNECFLQHKDDNFNLERLVRPEVDVMCTAFHDNEETFLEKYLYETARRHFYFYAFELLF 180
Boa ERMECFLSHKDDSFDLEKLE-FDFNT LCDEFKADEKKFRGKY LYEIARRHFYFYAFELLY 179
L I T T B L T T T T ITTITI T
Homo FAKRYRARAFTECCQARDKARCLLPEKLDELRDEGKASSAKQRLECASLOKFGERAFEKRWAY 240
Bos YANKYNGVEQECCOAEDKGACLLFKIETMREKVLT S5ARQRLRCASIQKFGERALKANSY 239
rkeeks Kk kkkdkk Kk kkdkkdkea ke rhkER kI K r kAR kR AR I A K AR K
Homo ARLSQRFPKREFAEVSKLVIDLTEVHIECCHGDLLECADDRADLAKYTCENQDSISSKELK 300
Bos ARLSQKFPKREFVEVIKLVIDLTEVHKECCHGDLLECADDRADLAKYTCDNQDTISSKLK 299

LA A A L Ll N i bl e e e A

Homo CCEKPLLEKSHCIAEVENDEMPADT.PSTARDFVE SKDVCENYAERKTVFLGMFLYEYAR 360
Bos ECCDKFLLEKSHCIAEVEKDAIFENLEFPFLTADFAEDKDVCENYQEAKDAFLGSFLYEYSR 359

Fhkorddrddd A ddhkd ek ok ckk kakddk * dkEkkAEE Ak AF kkdk FaxrkkAak

Homo RHEDYSVVLLLRLAKTYETTLEKCCARARDPHECYAKVFLEFKFLVEEFQNLIKQNCELFE 420
Bos RHPEYAVSVLLRLAKEYEATLEECCAKDDPHACY STVFOELKHLVDEFQNLIKQHCDGFE 419

Hhkokak shkkhh huokkkahhd kR kk: hhkaod R kkkkakhhha: k%

Homo QLGEYKFQNALLVRYTEEVP(VST FILVEVSENLGEVGSKCCKHPERKEMPCAEDYLSVY 480
Boa KLGEYGFQNALIVRY TREVP(VST FILVEVSRESLGKVGTRCCTEPESERMPCTEDYLSLI 479
rRFEE Ak kFekkAkFa kA kA kA Ak A Ak A EE kdwkKa o kd ckF e kkIE kAR ER L.
Homo LNQLCVLHEKT FVSDEVIKCCTESLVNREFCFSALEVDETYVFKEFNAETFTFHADICTL 540
Bos LNRLCVLHEKT FVSEKVIKCCTESLVNREFCFSALTPFDETYVFEAFDEKLFTFHADICTL 539
hahkkkkhhhhhh: chuhhr kA h b hhhh  khhhhhd ko 1 hhkkkkkhid
Homo SERERQIKKQTALVE LVEHKFKATKEQLEAVMDDFARFVEKCCKADDEETCFAEEGEKLY 600
Boa POTEKQIKKQTALVELLKHKFKATEEQLETVMENFVAFVDKCCARDDEEACFAVEGEKLV 599

L Erk kR kb kAR kR A AR A R sk kAR kR e ek kK kEk kA kFokEk Hk Ak

Homo RASQRATGL 609
Bos VITQTALA- &07
Sie s

Figure A.1: Sequence alignment of HSA and BSA.
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A.3 Sequence alignment - PBP2x and PBP2x*

Clustal multiple sequence alignment show that the soluble derivative of PBP2x (PBP2x*) leaks
aa 19-48. Protein sequences of PBP2x (Swiss-Prot: P59676.1) and PBP2x* (Section [A.1]) were

aligned.
gi|FBP2x MKWTHRVIRYATKNRKSPAENRRRVGKSLSLLSVFVEAT FLVNFAVIIGTGTRFGTOLAK &0
gi| PBRZx* MEWT KRV IR ATKNRES P mmmmmmmmm mmmmmm e m e e GTGTRFGTDLAK 30
EE L s s s S RS S 2] khEkkhkrrkhrhh
gi|FBP2x EAKKVHQTTRTVPAKRGT [YDRNGVEI AEDATSYNVYAVIDENYKSATGKILYVEKTQFN 120
gi|PBR2x* EAKKVHQTTRTVERKRGT IYDRNGVEIAEDATSYNVYAVIDENYKSATGKILYVEKTQFN 90

EE R LR L R R

gi | FBFZx EVAEVFHEYLDMEESYVREQLSQFNLEQVS FGAKGNGI TYANMMS TKEELEAREVEGIDE 180

gi|PBP2x* EVRAEVFHEYLDMEESYVREQL QPN LKV FGAKGNGI TYANMMS TKKELEARFVEGIDE 150
HEKH AR R AR AR R R AR AR R R R AR A AR AR R R R AR R R R AR R A AR R R R Rk ke ®

gi |FBFZx TTSPNRSYPNGQFASSFIGLAQLHENEDGSKSLLGT SGMESSTNSITAGTDGIITYEEDR 240

gi| FBP2x* TTSFNRSYFNGRFASSFIGLAQLAENEDGSKSLLGT SGMESSINSILAGTDGIITYEKDR 210
LT e T T e P e T T e T e e P P T P T T T T e T

gi | PFBPZx LGNIVEGTEQVSQRTMDGKDVYTT ISSPLOSFMETQMDA FQERVEGKYMTATLVSAKTGE 300

gl | PBP2x* LGNIVEGIEQVSQRTMDGKIVYTT ISSFLOSFMETQMDAFQERKVEGHKYMTATLVSAKTGE 270
dkkkkhkkdkhkhhkhhkhkhhh ok khh ok ahhhdhhhhkhhkdhhkhhk ki h ok k ke k

gl |FBPZx ILATTORFTFDADTKEGITEDEVWRDILYQSNYEFGSTMEVMMLARRTONNTFPGGEVEN 360

gi|PEP2x* ILATTQRETFDADTKEGI TEDEVWRDILYQSNYEPGSTMEVMMLALATOINNT FPGEGEVEN 330
dkkkkhkkhhkkhkhhkhkhh ok khh kG k Rk Rk Rk hh ke kkhh ki h ok

gl | FBPZx SSELKIADAT IRDWDVNEGLIGGRMMI FSQGFAHSSNVEMILLEQEMGDATWLDYLNREE 420

gi|PBP2x* S5ELKTADATIRODWDWVNEGLT GGRMMT FSQGFRAHS SNVEGMT LLEQEMGOATWLDYILNEFE 390
HEE AR AR AR R R AR AR AR R AR AR AR R R IR A AR R R R Ak kR R Rk k®

gi |FBFZx FGVFIRFGLIDEYAGULEADNIVNIAQSSFGQGISVIQIQMIRAFTATANDGVMLEFKFL 480

gi|PBP2x* FGVETRFGLTDEYAGQLPADN TVNIAQSSFERGISVIQTOMIRAFTATANDGVMLEFEFT 450
HH KA AR R AR AR R R AR AR R AR AR AR IR AR R A AR R R AR R R R Rk ke

gi|FBPZx SAIYDENDQTARKSQKEIVGNFVIKDRASLTRTNMVLVGTDEFVYGTMYNHSTGEFTVIVE 540

gl | PBR2x* SAIYDENDQTARKSQKE IVGNEFVIKDAASLTRTHMVLVGT DEVYGIMYNHSTGKFTVIVE 510
dhkkkhkhh kA hh ok kh Rk kh kR hh ke h Rk ki ki k

gi| FBEF2x GONVALKSGTAQTADEKNGGY LVGLTDY IFSAVSMSFAENFDFILYVIVQQFEHYSGIQL 600

gl | PEP2x* GONVALKSGTAQTADERNGGY LVELI DY IFSAVIMSPAENFDFILYVIVOQPEHYSGIQL 570
dhkkkhkkhhkkhhkhkhkkh ok khh ok k Rk kR hh ok kkh Rk hhk

gl |PFBP2x GEFANPILERASAMKDSLNLOTTAKALEGVSQQSFY FMFSVEDISPGODLAEELRERNLVOQE 660

gi|PBP2x* GEFANPILERASAMEDSTHLOTTAKATEQVSQQSPFYPMPSVEDI SPGOLAEETLRENLVQE &30
B Y L L T e F e T ST TS S TIITII

gi | FBFZx IVVGEIGIEIEN S SAEEGENLAFNQUVLI LS DKREEVEFDMYGWIKETAETLAKWLNIELEF 720
gi | PBP2x* IVVGTGTEIENSSAEEGENLAFNQOVL.I LS DKREEVFDMYGWIKETAETLAKWLNIELEF &390

R R R A R R R A R A A A A A A A A A A I A F A I I A AT I A I H I I AT I I AT AT AT AT TS

gi|PBP2x QGSGSTVOHQDVEANTATKDIEEITLILGD 750
gl |PBP2x* RESESTVQHODVEANTATEDIKEITLILGD 720
BEKE AR AR AR R R AR AR R R R Rk

Figure A.2: Sequence alignment of PBP2x and PBP2x*.
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