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I1. Abstract

Dictyostelium discoideum is a well-studied social amoeba that upon starvation
undergoes a developmental shift in which it aggregates with thousands of other cells to
form a real multicellular organism in which subsets of cells differentiate and specialize
to perform certain tasks. During this developmental shift many of D. discoideum’s intra
and extracellular properties change as for instance its N-glycome. The majority of N-
glycans of single cellular D. discoideum carry an a-1,3-core-fucosylation, up to eight
mannoses and intersecting and bisecting N-acetylglucosamines. These glycan structures
change dramatically during cell differentiation leading to non-intersected and non-
bisected N-glycans with in total only five mannoses, but the a-1,3-core-fucose remains.
To date the biological function of the core-fucose and N-glycomic shift is a puzzle. It
seems more than certain that at least one specific N-glycan-binding lectin exists in this
organism. Here | show inhibition western blots that support this assumption. Hence |
performed an affinity chromatographical screening for lectins by offering HRP, a plant
protein carrying quite simple a-1,3-core-fucosylated N-glycans, to D. discoideum lysates.
Subsequent MALDI-TOF mass spectrometry protein mass fingerprint analysis and
MS/MS peptide sequencing identified isolated proteins. By this method the lectin
discoidin | could be identified as a potential D. discoideum-N-glycan-binding protein.
This protein is a well-known lectin of D. discoideum whose function is still unknown but
whose expression starts after aggregation of the amoeba and therefore might play a
role coordinated with the smaller N-glycan structures. Due to further investigations on
the biochemical properties of Discoidin |, dscA-1, one of three Discoidin | chains
occurring in the organism, has been expressed with an N-terminal His-tag in BL21 E. coli
expression strains and purified on Ni-NTA columns. The so purified Discoidin | was then
subject to simple examinations of its binding properties which led to unexpected results
that might be due to the expression system chosen or the experimental set up.
Additionally due to the complicated structure of discoidin |, actually consisting of 2
sugar-binding sites one at each terminus, two truncated discoidin | proteins comprising
either only one of the binding sites were expressed. In this thesis | present evidence for
a novel natural binding partner of discoidin | and provide expressed proteins which
might render future scientific breakthrough on developmental research of D.
discoideum possible.




II1. Introduction

The model organism Dictyostelium discoideum is a well-studied social amoeba which
inhabits soil, feeds on bacteria and is capable upon starvation to aggregate and form
with about 10.000 to 50.000 other cells a real multicellular organism (Kessin, 2001). One
developmental key stage of the multi-cellular D. discoideum, as a result of its slug-like
shape commonly known as “slug”, is capable of chemotaxis and phototaxis, shows a
simple form of immune system and consists of developmentally committed cells
(Muller-Taubenberger et al., 2007 ; Chen et al., 2013) . Once an appropriate location has
been reached the slug metamorphoses into a fruiting body composed of a rod
expanding towards the air and spore cells on its top. By its unique switch from uni- to
multicellularity and despite being a quite simple organism, Dictyostelium discoideum
drew scientific interest in topics like development, aggregation and cell-cell-
communication.

One of the fundamental differences between a unicellular life form and a multicellular is
the high amount of cell-cell-communication that is required (Van Haastert, 1991). When
a bunch of independent cells decide to start acting as a unit, the expression of a variety
of surface proteins and glycans has to change in order to handle the new tasks such as
uniform cell movement, adhesion, coordinated cell development and possibly substrate
exchange.

Previous investigations on the N-glycome of D. discoideum have revealed that its major
N-glycans are of oligomannosidic nature carrying al,3 core fucose as well as intersecting
and bisecting N-acetylglucosamine (Schiller, 2009). The glycosylation profile shifts during
development towards shorter N-glycans, with more accessible core-fucoses in the
multicellular form. Even though the reason for this developmental change in N-glycan
structure has not been elucidated yet, it may be associated with agglutination of this
otherwise independent amoeba. Corresponding lectins for N-glycans of D. discoideum
have not been identified. These lectins would help to clarify the role of glycosylation
shifts, and enlighten the still not well understood aggregation of this fascinating
creature.

I 3.1 Dictyostelium discoideum

Scientific classification

Domain: Eukarya
Kingdom: Amoebozoa
Superphylum: Conosa
Phylum: Mycetozoa
Family: Dictyosteliidae
Genus: Dictyostelium
Species: D. discoideum
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Dictyostelium discoideum is a free living amoeba inhabiting soil rich in humus of the
temperate zone and belongs to the phylum of mycetozoa (Raper, 1935). Due to the
former misjudgement that mycetozoans are part of the fungal kingdom, they are in
English commonly known as slime moulds. Today two ways of classification for
mycetozoans exist, a stricter, monophyletic one, sometimes referred to as true slime
moulds, and a wider, polyphyletic one (Stephenson and Stempen, 2000). The stricter
classification of the mycetozoan phylum distinguishes between three classes, the
plasmodial slime moulds, the cellular slime moulds, to which Dictyostelium belongs to,
and the protostelids. In the wider classification also some non-amoebozoan classes are
counted. What all mycetozoans have in common is a single cellular trophic stage lacking
a cell wall in which they remain as long as food is abundant; as soon as they run out of
food, they are able to form stalks that produce fruiting bodies releasing spores for
spreading.

Eukaryotes
T 1
Archaeplastida Unikonta Chromalveolata Excavata
1
I 1
Plantae Opisthokonts Amoebozoa
Green plants Fungi Animals Slime molds

Figure 3.1: Phylogenetic tree adapted from Keeling et al., 2009, Tree of Life Web Project
at http://tolweb.org/Eukaryotes/3

Figure 3.1 depicts the phylogenetic tree of eukaryotes showing that animals, fungi and
slime moulds all belong to the unikonta. Many of the biological phenomena have been
preserved since the last common ancestor, like signal transduction and pattern
formation, leading to many homologies within the taxonomic group of unikonts. In
some other regards slime moulds represent intermediates between plants and
opistokonts; for instance, as intracellular storage compounds, both trehalose, used by
fungi and plants, and glycogen, utilized by animals, are present in mycetozoans (Wright
B. et al., 1968). The group of dictyostelia can be divided into four groups based on
sequence analysis of rRNA (Schaap et al., 2006). Group 1, 2 and 3 are, from a



morphological point of view, quite similar. They can encyst upon rough environmental
conditions and thereby turn into a dormant stage to endure life-threatening
circumstances. Additionally they can also aggregate, form multi-cellular organisms and
partly develop into spores. The main distinguishing feature of group 4, the group D.
discoideum belongs to, is the use of different chemo-attractants for aggregation and the
large numbers of spores encapsulated in the spore coat (Devreotes, 1989; Manahan et
al., 2004).

The genome of D. discoideum was sequenced and published 2005 (Eichinger et al.,
2005). The size of the genome is approximately 33.8 Mb, larger than S. cerevisiae (12
Mb) but still smaller than A. thaliana (123 Mb), C. elegans (103 Mb) or D. melanogaster
(180 Mb). It carries around 12,500 genes which is more than half as much as humans
(around 21,000 genes), with introns in most of its genes (70%). Many human disease
encoding genes have highly similar orthologues in D. discoideum. Very surprising is the
amount of A+Ts which make up 78.8% of the genome (Urushihara, 2009).

In their natural environment, slime moulds feed on bacteria or yeast, which contain all
20 genetically encoded, proteinogenic amino acids; therefore, they lack the ability to
synthesise many by themselves (Payne, 2005). The following amino acids are essential
for D. discoideum: arginine, histidine, isoleucine, leucine, lysine, methionine,
phenylalanine, proline, threonine tryptophan and valin. Axenic strains which are able to
grow in the absence of other living organisms have been isolated and are now widely
used by the scientific community. Yeast extract and peptones are added to the media to
meet the high demand for complex components. The transparent nature of uni- and
multi-cellular stages allows the monitoring of protein expression, localization of proteins
and visualization using different tags such as fluorescence (Maeda et al., 2003).
Aggregation of single cellular D. discoideum is due to the secreted, chemoattractant
cAMP which binds to cAMP dependent G-Protein receptors (Konijn et al., 1969; Hereld,
2005). The extracellular use of cAMP is a unique feature of the dictyostelia family
(Schaap, 2011). During this process cAMP is produced in periodical pulses and results in
concentric cAMP circles that lead each cell to the centre of aggregation. The cells first
aggregate into a mound and in response to the continued cAMP emission from its top, a
tipped mound is formed. At this stage, the D. discoideum cells start to differentiate into
either prespore or prestalk cells. The prestalk cells migrate to the top and the prespore
cells migrate to the bottom, causing the mound to elongate. The so formed shape is
called “finger”. It soon falls over and starts migrating as a real multicellular organism in
the so-called “slug” stage (figure 3.2). In this stage it seeks for a suitable location to
sporulate, guided by its phototactical and chemotactical abilities. When such a location
has been found the slug ultimately forms a fruiting body in which about 20% of the cells
die in order to lift the spores; a process known as culmination.

Dictyostelium discoideum is also capable of sexual reproduction. If two different mating
types meet under cool and dark conditions, they fuse to form a giant cell (Saga et al.,
1983). This giant cell secretes cAMP to attract further amoeba, which are almost all
consumed by the giant cell. Some of the amoebae, though, form a cellulose wall around
the entire group. This is known as a macrocyst. The giant diploid cell eventually
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undergoes recombination, meiosis and then further divides through mitosis to produce
many haploid amoebae which hatch from the macrocyst (O’Day et al., 2011).

Cannibalization of
' attracted amoebae begins

Sexual fusion f —,

Haploid cells /

k.

Mitosis, N Cellulose wall formed
dmdlng cell R LY \ by victim cells
.._ SEXUAL CYCLE
VEGETATIVE '
CYCLE }

S e,
Macrocyst,
. cannibalism complete,
" recombination & meiosis
Soores gggJ \\ . /

) '\ /' Macrocyst hatches
e recombinant amoebae

Fruit lAggreguhon
body’ i SOCIALCYCLE Y

L & / ond
Y TSNS«

Slug

Finger

Figure 3.2: Life cycle of Dictyostelium discoideum from Dictybase.org

Dictyostelium discoideum is used as a cell biological model organism for cell-cell
adhesion, eukaryotic chemotaxis, eukaryotic cell motility, organelle and protein
dynamics, cytokinesis and it is also used as a model for biomedical research on cell
migration in health and disease, innate immunity, legionnaires’ disease and molecular
basis of neurodegenerative diseases (Miller-Taubenberger et al., 2013). D. discoideum
is easy to grow in liquid media and thus, a high cell number can fast be achieved. It is a
comparatively robust amoeba and its spores can be kept at -80°C for long-term storage.
The genome contains 6 chromosomes and is fully sequenced. D. discoideum is haploid
and mutants can therefore easily be obtained. Many molecular genetic techniques are
available, for instance: gene inactivation by homologous recombination, gene
replacement, antisense strategies, RNA interference, restriction enzyme-mediated
integration, library complementation and expression of GFP fusion proteins. Stocks of
wild-type and mutant strains are available and commercially available kits for RNA
extraction such as Trizol (Invitrogen) and RNeasy (QIAGEN) can be used (Gaudet et al.,
2008).



I 3.2 Glycosylation

Glycosylation is a very common post-translational modification performed by all
eukaryotic and many prokaryotic cells. In general it is an enzymatically-catalysed, site-
specific addition of carbohydrate residues. The saccharides being used and the resulting
so-called glycans depend on the enzymes present in the given cell and/or compartment
and the target of the glycosylation reaction.

Each sugar residue is linked to one another via glycosidic bonds, which are formed
between the anomeric carbon atom of one sugar and a hydroxyl-group of the other
sugar (figure 3.2.1). Depending on the angle of the bond, the linkage is called a or B.
Additionally the number of the linked carbon atom is stated.

CH,OH CH,OH CH,OH CH,OH
O, N H 0,
\
OH CI[1_ jl4 OH +H,0
OH et OH
OH 1-4 a-é;clny;%osidic
glucose glucose maltose water

Figure 3.2.1: Glycosidic bond formation between the hydroxyl group of C1 and C4 of two
glucose monosaccharides resulting in glucose disaccharide connected by an a-1,4-bond
(with the trivial name maltose) via an oxygen atom.

Oligosaccharides can be attached to proteins or lipids. The quantity of glycosylation
depends on the target. Examples for highly glycosylated proteins are proteoglycans,
whose functions are associated with water retention, resistance to compressive and
tensile forces as well as growth factor gradient formation (Yanagishita, 1993).

On proteins we distinguish between three classes of glycans: the O-glycans, the C-
glycans and the N-glycans. Sugars of O-glycans are added one by one on a serine or
threonine residue of proteins in the Golgi apparatus. C-glycans are rare modifications,
where one mannose is added to the carbon atom of a tryptophan. On the other hand,
the sugars of an N-glycan are attached as an oligosaccharide to asparagines of proteins
in the endoplasmic reticulum. Protein glycosylation plays an important biological role.
Glycosylation can be crucial for the correct folding of a protein, it can contribute in
stability and solubility, and it can carry information for localisation and represents
specific binding sites for lectins. Many enzymes involved in glycosylation are not
expressed constitutively. Therefore the glycome of a single cell can vary depending on
internal and external factors.

10/73



11/73

I 3.2.1 N-Glycosylation

The generation of an N-glycan is a multi-step process. The first steps are conserved
among eukaryotes. N-glycosylation was also discovered in prokaryotes, but there is still
not so much known about it (Wacker et al., 2002).

Ribosome

UDP ALGS GDP DPM1
'S UDP-. GDP-O

73 ?”ﬁs %%%13@?%

13
T ® ‘t z
ALGE ALGQ ALGTQ ALGQ ALGS

ER Lumen ‘.F"p..

3 1
® ALG? ALG13/14 ALGI ALG?2 ALG2 ALG11 .; ALG11
UDP-I UDP] GDP4 GDP-Q\' GDPa GDP{ ® GDP-e
5= Dolichol UMP ubP GDP GDP GDP GDP GDP
phosphate
G

OST = Oligosaccharyltransferase TP Cytoplasm
Man-1-P

- TCDG—Ia
Glc-6-P —Fruc-6-P—>Man-6-P

T

P-P-Dolichol

GlczMangGlcNAco

Figure 3.2.1.1 Process of precursor assembly at the ER membrane and all involved
enzymes. Taken from Essentials of Glycobiology, Second Edition, Chapter 8

In eukaryotes the formation of N-glycans starts on the cytosolic face of the rough
endoplasmic reticulum, where a glycan structure consisting of five mannoses (Man) and
two N-acetylglucosamines (GIcNAc) is carried by a dolichol pyrophosphate. This
structure is then flipped to the inside of the ER lumen where further mannoses and
glucoses are added in order to build the so-called precursor with the formula
GIcNAc;MangGlcs (figure 3.2.1.1). The oligosaccharyltransferase (OST) transfers the
whole precursor glycan to a nascent polypeptide carrying the peptide sequence Asn-X-
Ser/Thr or rarely Asn-X-Cys (Helenius and Aebi, 2004). Though this mechanism is highly
conserved, a few parasitic organisms have lost some glycosyltransferases activities,
resulting in truncated precursor structures (Samuelson et al., 2005). After the precursor
is transferred to the target protein, its glucoses are removed in the ER, a process related
to quality control. One glucose is reattached to incorrectly folded proteins till they fold



correctly or are degraded (Hersovics, 1999). Before the correctly folded protein is
transferred to the Golgi one mannose is removed (Tremblay and Hersovics, 1999). In the
Golgi several N-glycan modification steps occur which differ from organism to organism.

I 3.2.2 Glycosylation in Dictyostelium

Except for the absence of sialic acid, the D. discoideum overall carbohydrate
composition is similar to that of animals (West et al.,, 2005). Still the typical
oligomannosidic structures of D. discoideum have proven to be quite complicated with
charged N-glycans carrying sulphate and methyl phosphate (Feasly et al., 2010; Hykollari
et al.,, 2013) and with neutral N-glycans carrying both intersecting and bisecting N-
acetylglucosamine residues (figure 3.2.2.1) and a core al,3-fucose (Schiller et al., 2009).

N
. 0?: > m :
PMe o N B | GlcNAc
a3 || W Fuc

@ | Man
Figure 3.2.2.1 Typical N-glycan structure found in D. discoideum

A fascinating feature of D. discoideum is a developmental shift of the N-glycome. The
degree of sulphate and phosphate modifications decreased during late tip formation,
and whereas N-glycans from single cellular D. discoideum were endoglycosidase Endo H
resistant, they became sensitive during aggregation and culmination (lvatt et al. 1981).
Recently it has been shown by mass spectrometry that the major neutral N-glycan
structure shifts from MangGIlcNAcsFuc; towards MansGIcNAc,Fuc; (figure 3.2.2.2)
(Schiller et al., 2009).

LN

So- ®

= 5,

PMeo-2 .?=\H_: |::> O o8 + a3
+|a3 . ./ "’

Figure 3.2.2.2 N-Glycan trend during the development of D. discoideum

A unique glycosylation feature of D. discoideum is a pentasaccharide O-glycan linked to
hydroxyproline (Teng-umnuay et al., 1998). This unique Gal-a1,6-Gal-al-Fuc-al,2-Gal-
B1,3-GalNAc glycosylation has been found on the protein SKP1, a protein related to
ubiquitination. The biosynthetic pathway has been partly revealed showing that it takes
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place in the cytoplasm only (Ercan et al., 2006) and that it is important for oxygen
sensing (Xu et al., 2012).

Although not a form of protein glycosylation, still noteworthy are polysaccharides used
by D. discoideum. D. discoideum is capable of cellulose production, which it uses for
stalk and spore coat formation and during encystment (Zhang et al., 2001; O’Day et al.,
2012; Grimson et al., 1996). Even more particular is a heteropolysaccharide produced by
D. discoideum during spore formation, which consists of galactose and N-
acetylgalactosamine (West et al., 2009). This galactose-rich polysaccharide (GPS) is
important for spore integrity due to regulation of protein content of the coat and its
role in crystalline cellulose formation.

I 3.3 Lectins

The word lectin is derived from the Latin word legere and means “to select”. They were
first defined as proteins capable of binding reversibly to carbohydrates (Boyd and
Shapleigh, 1954). Today a protein must meet four conditions to be classified as a lectin
(Gabius et al., 2004):

1. Alectin is a protein that contains a carbohydrate recognition domain (CRD)
2. Alectinis not an immunoglobulin

3. Alectin does not modify the carbohydrates to which it binds

4. Alectinis no carrier for free mono- or oligosaccharides

Lectins are a very crucial class of protein and occur ubiquitously in nature. Their
biological function in eukaryotic cells is manifold, from regulation of cell adhesion over
binding of soluble extra- and intercellular glycoproteins, to intracellular signalling and
control of protein levels. Concanavalin A was the first lectin which was purified in large
scale and which is used till today extensively for purification and characterization of
sugar-containing molecules.

In animals the main functions of lectins are to enable cell-cell contact and to act in
innate immunity. Usually they contain two or more binding sites for carbohydrates via a
number relatively weak interactions that ensure specificity on the one hand but
reversibility on the other hand.

Plants and bacteria also contain lectins. In Plants they often act as strong insecticides,
whereas in bacteria many lectins contribute in adherence and are therefore often
associated with host-pathogen interactions. For example E. coli uses lectins to adhere to
epithelial cells in the gastrointestinal tract of mammals.

Due to the phylogenetically closer relation of D. discoideum towards animals and the
presence of homologues lectins, D. discoideum lectin function is presumably similar to
that of animals. The variety of functions of membrane-bound animal lectins is depicted
in figure 3.3.1.



[ Lectin -0\ Core oligosaccharide
0 Glycoprotein ®_lectin-binding structure
A B

Figure 3.3.1 Possible function of membrane bound lectins.
Taken from Essentials of Glycobiology, 2nd edition (Varki et al., 2009). A and B.) Cell-cell
interactions facilitated by lectin-glycan binding. C.) Binding of soluble glycoproteins
present in the environment. D.) Cell-cell interaction facilitated by a mediating
glycoprotein.

I 3.3.1 Discoidin I

Discoidin | is an often investigated, but in regards of its function or its natural binding
partner, never conclusively understood lectin of Dictyostelium discoideum. During the
single cell stage of D. discoideum when its food sources are abundant, discoidin | is
hardly detectable, but as soon as aggregation starts the expression of discoidin | is to
such an extent upregulated that it constitutes around 1% of the total protein in D.
discoideum (Rosen et al.,, 1973; Frazier et al.,, 1975). Discoidin | can immuno-
histochemically be already detected during early aggregation and was shown to be
intracellularly located in multilaminar bodies, from which it is released into the
extracellular space (Barondes et al., 1985). On the other hand in later developmental
stages starting from the slug, discoidin | is exclusively located on the surface of the
multicellular organism, but neither intracellularly nor intercellularly (Barondes et al.,
1983). The polymorphic nature of discoidin | is due to it actually being a product of a
small, coordinately regulated multigene family consisting of three isoforms: dscA, dscC
and dscD. The three isoforms differ in total 12 amino acids from each other, most of
them located N-terminally. All three isoforms are located on the 2nd chromosome and
are duplicated on the same chromosome in the laboratory strains Ax3 and Ax4 (Poole et
al., 1981; Tsang et al., 1981). Its expression is transcriptionally regulated by cAMP, PSF
(prestarvation factor) and CMF (conditioned medium factor), the three signalling key
players for regulating the initialization of aggregation upon starvation (Blusch et al.,
1995). Dscl is 253 amino acids long and contains an N-terminal discoidin domain and a
C-terminal H-type lectin domain (figure 3.3.1.1). Additionally it has an RGD (Arginine-
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Glycine-Aspartic acid) motif which is a common cell binding site in adhesive proteins
(Ruoslahti, 2003). The identified receptor for the RGD motif in D. discoideum is a 67 kDa
cell-surface glycoprotein (Gabius et al., 1985).

Figure 3.3.1.1: Crystal structure of discoidin | trimer (left) and a schematic graphic of it
(right). N-terminal discoidin domains are in light colours, C-terminal H-type lectin
domains are in dark colours. Taken from Mathieu et al. (2010).

The discoidin domain is a functionally diverse motif found in numerous proteins in both
eukaryotes and prokaryotes (Baumgartner et al., 1998). It shows interactions with a
wide range of molecules and is mainly involved in cell-surface-mediated regulatory
events and glycoconjugates binding. Two famous, medically highly relevant examples of
proteins carrying the discoidin domain are the blood coagulation factors V (Jenny et al.,
1987) and VIIl (Wood et al., 1984). Due to the conservation of the motif, serious
physiological consequences of related disorders and the ability to interact with a broad
range of ligands, it has become an intensively researched motif (Kiedzierska et al.,
2007). Some examples of eukaryotic proteins carrying the discoidin domain are shown
in figure 3.3.1.2). As shown in this figure it is present in a variety of very different
protein families, often in multi-domain proteins, sometimes in repeats and frequently in
combination with a signal peptide.
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Figure 3.3.1.2: Shows a series of phylogenetically and functionally not related proteins
carrying the discoidin domain (DSD). Taken from Kiedzierska et al. (2007).



Crystal structural analysis of discoidin | showed that the discoidin domain binding sites
are formed by surface loops protruding from a B-barrel (Mathieu et al., 2010). These
surface loops are highly variable in length in homologous proteins carrying this domain,
explaining the great variety of binding partners and biological functions. Those
structural homologues of discoidin that also form trimers are F-type fucose binding
lectins such as Anguilla anguilla agglutinin (AAA).

The H-type lectin domain has been closer characterized very recently in the snail Helix
pomatia (Sanchez et al., 2006). Besides Dictyostelium discoideum and Helix pomatia,
such a domain was also identified in corals. Even though binding affinities of the H-type
lectin  domain towards GalNAc monosaccharides and aGalNAc-containing
oligosaccharides were described, its function is still very uncertain. Glycan array analysis
and microcalorimetric analysis showed that in discoidin | affinity for GalB1-3GalNAc and
GalNAcB1-3Gal are actually 10-fold stronger than for GaINAc monosaccharides (Mathieu
et al.,, 2010).

I 3.4 Mass Spectrometry

Mass spectrometry (MS) is an analytical technique to determine the mass composition
of molecules in a sample. It gives information about the chemical composition of
samples and sometimes about their structure. First the compound is ionized to generate
charged molecules and molecule fragments and then the mass-to-charge ratio is
measured. In this thesis the mass spectrometric technique called matrix-assisted-laser-
desorption-ionization time-of-flight time-of-flight (MALDI-TOF-TOF) was used (Harvey,
2008). MALDI describes the ionization method, in which the analyte is covered by a
matrix. The sample/matrix crystal is targeted by a laser beam. The matrix transfers the
energy needed for ionization from the laser light to the sample molecules (figure 3.4.1).

Sample embedded in Excitation of matrix Desorption/protonation
light-absorbing matrix molecules by laser light of sample molecules

@ Sample molecule Laser

O Matrix molecule

Figure 3.4.1 Depicts the MALDI ionization procedure

The used lasers are mostly nitrogen lasers and Nd:YAG lasers (Holle et al., 2009). Many
different matrixes are used for MALDI depending on what kind of sample is ionized.
Each matrix type has its own specific energy threshold and has thus advantages and
disadvantages ionizing given sample. For peptides, for example, a-Cyano-4-hydroxy-
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cinnamic acid (ACH) matrix can be used, whereas for glycans 2-azathiothymine (ATT)
often shows better results.

In TOF after the ionization an electric field accelerates the sample and the time is
measured that the sample needs to reach the detector. The acceleration and therefore
the time needed to reach the detector depends on the analytes mass to charge ratio.
The bigger m/z is, the slower the ion flies. To improve the resolution of the mass
spectrogram pulsed ion extraction and a reflector can be used (figure 3.4.2). The
reflector is usually not used when the analytes (such as intact proteins) are not stable
enough to survive the energetic stress of deceleration and reacceleration in a high kV
electric field within nanoseconds.

lon source

Field-free drift region
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Figure 3.4.2 Depicts the linear TOF and TOF with reflector

TOF/TOF is a type of MS/MS which fragments a mother ion in order to the get further
details about chemical composition and structure. lons can be fragmented via various
methods, but most commonly collision-induced dissociation (CID), which is a post-
source fragmentation, and laser induced dissociation (LID), which is an in-source
fragmentation, are used. CID induces fragmentation due to collision with gas molecules.
LID induces fragmentation directly by high laser energy. Since fragments fly with the
same speed as their mother ion, the fragments of one mother ion can be separated
from other fragments by a timed ion gate that lets only ions of a specific time window
pass. Afterwards the fragments are accelerated again causing them to separate
according to their m/z.



IV. Material and Methods

I 4.1 Cultivation of Dictyostelium discoideum

Dictyostelium discoideum is relatively easy to grow. They can be cultivated both on solid
substrata covered with bacteria, which is closer to D. discoideum’s natural way of living,
or in rich liquid media, which yields higher cell numbers. Since D. discoideum is a free
living organism, it does not require controlled nitrogen or carbon dioxide conditions.
The cells can be grown at room temperature, not exceeding 25°C. The only strain which
was used in this master thesis was the AX3 strain which was obtained from the Dicty
stock center and is a “pseudo” wild type strain capable of axenic growth.

I 4.1.1 Maintenance on Agar Plate

In order to maintain the Ax3 strain, besides keeping a spore stock at -80°C, they have
been kept in their fruiting body developmental stage on an agar plate (Fey et al., 2007).
Their spores remain under dark, dry and room temperate conditions stable for about
one month and could be used to start a new liquid media culture line if needed.

First a colony of E. coli (OP50) was inoculated in sterile water. Then two or three spore
heads either from previous Ax3 agar plates or from a -80°C stock were added to the
bacterial suspension. In order to disperse the spores the suspension was vortexed for
several minutes, then spread over an SM plate (table 4.1.1.1) and incubated at room
temperature. The bacteria grow faster and expand to a lawn on the agar. After around
40 hours the bacterial lawn is consumed by Ax3 cells and the social developmental cycle
starts. After a further 24 hours, fruiting bodies are formed in which the spores remain
stable for about one month.

Table 4.1.1.1 11 SM agar

Glucose 2g
Bacto peptone 2g
Yeast extract 02g
MgSO4 01g
KH2PO4 19¢
KzHPO4 1 g
Agar 15g
Adjust to pH 6.5
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I 4.1.2 Axenic Growth in Liquid Media

The experimental procedure is according to Fey et al., 2007. To start an axenic culture
two to three spore heads of an agar plate with developed D. discoideum (as described in
4.1.1) were picked up by an sterile platinum wire and inoculated into a 24 well plate
with 1 ml HL 5 (table 4.1.2.1) and 50 pg/ml streptomycin sulphate (Sigma) in each well.
Cells were grown at room temperature without shaking. It took about 3 — 7 days,
depending on the age of the spores, till the cells started slowly to grow. The media of
those wells that showed good cell growth were transferred to a flask with HL 5 and 50
pug/ml streptomycin sulphate shaking at 100 rpm at room temperature to start
exponential growth.

To maintain axenic growth around 2 x 10* cells of in log phase cells growing (i.e. below 8
x 10° cell per ml (Watts and Ashworth, 1970)), were transferred from the old flask to a
new one containing 15 ml HL 5 and 50 pg/ml streptomycin sulphate and incubated at
room temperature shaking at 100 rpm.

Table 4.1.2.1 11 HL 5 medium

Proteose peptone 5g
Thiotone E peptone 5g
Glucose 10g
Yeast extract 5g
Na;HPO4*7H,0 035¢g
KH2PO4 035¢g
dihydrostreptomycin-sulphate | 0.05 g
Adjust to pH 6.5

I 4.1.3 Protein Extraction

1.25 x 10 cells per pl lysate were used. Cells were counted and the desired amount of
cells in HL5 was transferred from a shaking flask to a fresh Eppendorf tube. Cells in HL5
were centrifuged on 2000 g for 5 minutes; the supernatant was discarded and washed 2
times with KK2 buffer (table 4.1.3.1) with repeated centrifugation in between. The cell
pellet was resuspended in lysis buffer (table 4.1.3.2) to a final concentration of 1.25 x
10* cells per ul and left on ice with occasional vortexing for 30 minutes. In order to get
rid of cell fragments, the lysate was centrifuged with a benchtop centrifuge at 14.000
rpom, 4°C and for 30 minutes. The supernatant was transferred to a new Eppendorf tube
and stored at -20°C.



Table 4.1.3.1 11 KK2 Buffer

KH2P04 2.2 g
K2HPO4 0.7 g

Table 4.1.3.2 Lysis Buffer Recipe

Tris 50 mM

1M HCl Adjust to pH 7.5

NaCl 150 mM

Triton X-100 0.5%

Protease inhibitor cocktail 1% (added before use)

I 4.2 General Working Procedures with Lysates

I 4.2.1 SDS-PAGE (sodium dodecyl sulphate polyacrylamide gel electrophoresis)

The cell extracts were mixed 1:1 with a 2x sample buffer (Table 4.2.1.1) and cooked for
10 minutes at 95°C. The 12.5% resolving gels were mixed (Table 4.2.1.2), poured
between the glass plates, overlaid by 20% ethanol and left to polymerize for 45 minutes.
After the stacking gels were mixed, the ethanol was removed. Then the stacking gel was
poured on top of the resolving gel, the comb was put into place and left to polymerize
for 30 minutes. The finished gel was placed into the electrophoresis apparatus which
was then filled with electrode buffer (Table 4.2.1.3) and the comb was removed. The
pockets were filled depending on the protein concentration with 2 — 15 pl sample or 1.5
ul protein ladder (Figure 4.2.1.1). The SDS-PAGE ran for around 50 minutes under 200 V.

Table 4.2.1.1 2x Sample Buffer Recipe

Sodium dodecyl sulphate (SDS) 200 mg
Dithioerythritol (DTE) 155 mg
Stacking gel buffer 5 ml
87% Glycerol 3.6 ml
dH20 1.9 ml
Bromophenol blue (1% in 48% ethanol) | 1 drop
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Table 4.2.1.2 Preparation of 2 gels

Resolving gel Stacking &l

30% Acrylamide

1% Bis-Acrylamide

Resolving gel buffer (1.5 M Tris/HCI, pH 8.8)
Stacking gel buffer (0.5 M Tris/HCI, pH 6.8)
dH:0

10 % sodium dodecyl sulfate (SDS)

10% ammonium persulfate (APS)
N,N,N’,N’-tetramethyl-ethylenediamine (TEMED)

Table 4.2.1.3 Electrode Buffer Recipe

Tris(hydroxymethyl)aminomethane (Tris)
Glycine
Sodium dodecyl sulfate (SDS)

I 4.2.2 Coomassie Staining

3.75 ml 0.76 ml
1.17 ml 0.52 ml
2.25 ml /

/ 1.0 ml
1.71 ml 1.71 ml
90 pl 40 pl
54 ul 32 ul
5.4 ul 3.2 ul

Resolved in dH20

3g/l

14.4 g/1

1g/1

The gel was released from the glass plates and the stacking gel part was discarded. The
remaining resolving gel was washed shortly with dH,0, proteins were immobilized by
incubation in fixation solution (Table 4.2.2.1) for 30 minutes and afterwards again
washed shortly with dH,0.Then the gel was placed in Coomassie staining solution
(0.04% Coomassie Brilliant Blue G (Sigma) in 3.5% (w/v) perchloric acid) with rocking for
1 hour. Destaining was performed by rocking the stained gels in 5% (v/v) acetic acid until
the background disappeared and the bands were clearly visible.

Table 4.2.2.1 Fixation Solution Recipe For 11 Solution

Methanol
Acetic acid
dH20

I 4.2.3 Western Blotting

0.51
0.071
0.431

After SDS-PAGE the separated proteins were blotted in blotting buffer (table 4.2.3.1 and
4.2.3.2) from the gel on a nitrocellulose membrane via semi-dry blotting for 40 minutes
and 20 V. The membrane was then reversibly stained by Ponceau to control the blotting
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success and destained by H,0O. The membrane was blocked in 0.5% BSA. Rabbit anti-HRP
antibody (1:10.000) was added and incubated for 1 hour at room temperature.
Afterwards the membrane was washed 3 times 5 minutes with 5% TTBS (table 4.2.3.3
and 4.2.3.4), and incubated with an alkaline-phosphate-conjugated goat anti-rabbit
antibody (1:2000) for 1 hour at room temperature, washed again 3 times 5 minutes with

5% TTBS. Detection was carried out using SigmaFASTT'VI BCIP/NBT.

Table 4.2.3.1 10x Blotting-buffer Resolved in dH20

Tris/HCI
Glycine

250 mM
1.92 M

Table 4.2.3.2 Blotting-buffer For 11 Solution

10x Blotting-buffer
Methanol
dH:20

0.11
0.21
0.71

Table 4.2.3.3 10x Tris-buffered saline (TBS) Resolved in dH20

Tris-Base
Adjust with 37% HCI
NaCl

0.5 M
pH 7.4
1.5M

Table 4.2.3.4 Tween Tris-buffered saline (TTBS) For 11 Solution

10x TBS
dH;0
Tween 20

0.11
091
0.5ml
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Figure 4.2.3.1: Standard protein ladder used in this master thesis

I 4.2.4 Western Blotting with Inhibition by Neoglycoconjugates

Two different neoglycoconjugates (glycans cross-linked to BSA) have been used to
inhibit anti-horseradish peroxidase binding to specific epitopes. On the one hand MOXF;
has been used which fully occupies the binding site of the anti-horseradish peroxidase
and therefore fully inhibits its binding properties. On the other hand MOX has been
used which occupies only the binding site of anti-horseradish peroxidase for xylose, and
therefore makes the antibody specific for fucose only.

Figure 4.2.4.1 Neoglycoconjugates structures: Left-hand side:
MOXF; glycan structure carrying both Xylose and Fucose

| residue. Right-hand side: MOX glycan structure carrylng only
Xylose but no Fucose. = Mannose

. N-acetylglucosamine (GIcNAc), V— Fucose, "b'? Xylose




I 4.2.5 Tryptic Digest Protocol for Purified Protein

10 pl of protein solution (between 0.1 and 1.0 mg/ml) were mixed with 15 pl of 50mM
NH4HCOs and 1.5 pl of 100mM DTT. The samples were then incubated for 5 minutes at
95°C. 3 ul of freshly prepared 100mM iodoacetamide were added to the samples and
incubated in the dark for 20 minutes. 5 ul of Trypsin working solution are added and
incubated at 37°C for 3 hours.

I 4.2.6 Tryptic Digest of Excised Bands

First the Coomassie stained bands were excised from the SDS-PAGE gel and cut into
small pieces (Imm?). Then the pieces were destained by washing with 50 pl HQ H-0 for
5 minutes, 50 pl 50% acetonitrile for 15 minutes, 50 pl 100% for 15 minutes, 50 ul
freshly dissolved 100mM NH4HCO; for 5 minutes, 50 ul 100% acetonitrile for 15 minutes.
Each step was at room temperature and after each step the supernatant was discarded.
At the end the samples were dried with a SpeedVac for 10 minutes. For alkylation, for
50 ul 10 mM DTT (dithiothreitol) in 100 mM NH4HCO3 were added to the sample and
incubated for 60 minutes at 56°C; the supernatant was discarded and 50 ul 50 mM IAA
(iodoacetamide) in 100 mM NH4HCOs; was added and incubated at room temperature
for 45 minutes in the dark. Then gel pieces were again washed twice with 50 pl 50%
acetonitrile for 15 minutes and 50 pl 100% acetonitrile for 15 minutes. The samples
were dried by a SpeedVac for 10 minutes. The samples were then digested by adding 30
ul 12.5 ng/ul trypsin in 20 mM NH4HCOs, incubated with shaking at 37°C for 30 minutes.
The gel absorbs the trypsin solution, therefore at least 20 ul more 12.5 ng/ul trypsin in
20 mM NH4HCO3; were added to fully cover the sample and the incubation was
continued at 37°C for 16 hours. The supernatant was transferred to a fresh tube, 50 ul
50% acetonitrile with 0.1% TFA was added, and incubated for 30 minutes shaking at
room temperature. The combined supernatants were dried with a SpeedVac for 1 hour.
Finally the sample was dissolved in 20 ul HQ H,0 and spotted for MALDI MS.

I 4.2.7 PNGase A Digest

After the tryptic digest, samples were dissolved in about 15 — 20 pul HQ H,0. The trypsin
was inactivated by heating up to 95°C for 5 minutes. First 15 pl of 50 mM NH4Ac (pH 5.0)
was added and then 0.5 ul PNGase A (Roche) and incubated overnight at 37°C.
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I 4.2.8 PNGase F Digest

After the tryptic digest, samples were dissolved in about 15 — 20 ul HQ H,0. The trypsin
was inactivated by heating up to 95°C for 5 minutes. First 15 pl of 50 mM NH4HCOs (pH
8.0) was added and then 0.2 ul PNGase F (NEB) and incubated overnight at 37°C.

I 4.2.9 Glycan Purification

First a Dowex-LiChroprep mini-column was prepared. A column tip was filled with 40 —
50 ul of Dowex in 1% HAc, and was washed once with 250 pl of 1% HAc. Then 2 =3 mm
LiChroprep in pure MeOH was stacked on top and was washed by 3 x 100 pul MeOH. The
column was equilibrated with 5 x 100 pl of 1% HAc. If the sample was a PNGase F
product it needed to be acidified with 10% HAc before application. The sample was
dissolved in HQ H,O0 till a total volume of 200 ul and applied on the column. The flow
through was collected (approx. 200 pl). Then the sample was eluted by 250 ml HQ H,0
and collected. Additionally the sample was further eluted by 2 x 250 ul of 10% MeOH
and also collected. The fractions were dried with a SpeedVac, dissolved in HQ H,0 and
examined by MALDI MS.

I 4.2.10 Sepharose Matrix Affinity Chromatography

287 mg CNBr-activated Sepharose 4B powder (GE Healthcare) was suspended in 2 ml 1
mM HCI. After the sepharose medium swelled to about 1 ml volume it was washed with
about 60 ml 1mM HCI to remove additives. 10 mg HRP lyophilized powder was dissolved
in 1 ml coupling buffer (0.1 M NaHCOs;, pH 8.3, containing 0.5 M NacCl). 1 ml of the HRP
containing coupling solution was mixed with about 1 ml sepharose medium and mixed
end-over-end for 1 hour at room temperature. Excess ligands were washed away by 5
ml coupling buffer. Remaining active groups were blocked by 1 ml 1 M Tris-HCl buffer,
pH 8.0, for 2 hours. The medium is then washed by three cycles of alternating pH
consisting of 5 ml 0.1 M acetic acid / sodium acetate, pH 4.0 containing 0.5 M NaCl
followed by 5 ml 0.1 M Tris-HCl, pH 8.0 containing 0.5 M NaCl. 150 ul HRP-sepharose
beads were equilibrated with 1.5 ml TBS and incubated with 500 ul freshly prepared Ax3
lysate (see 4.1.3) rotating over night at 4°C. Remaining HRP-sepharose beads were
stored at 4°C after adding 1:500 NaNs. Flow through and the washing step with 1.5 ml
TBS (4.2.10.1) were collected. Beads were then mixed with 100 pl SDS-PAGE sample
buffer and boiled at 95°C for 10 minutes to release proteins bound to the matrix.
Proteins from input, flow through, final washing step and bead samples were separated
by SDS-PAGE.



4.2.10.1 Tris-Buffered Saline

Tris-Base 50 mM
Adjust with 1M HCI pH7.4-8.0
NaCl 150 mM

I 4.2.11 Acrylamide Matrix Affinity Chromatography

2 mg HRP lyophilized powder was dissolved in coupling buffer (4.2.11.1) and added to
an Eppendorf tube containing 150 mg acrylamide beads (Thermo Scientific, UltraLink
Biosupport). The beads were incubated with HRP rotating for 1 hour. The tube was
centrifuged on 1200 g for 5 — 10 minutes and the supernatant removed. The beads were
then blocked by 1.5 ml 1 M Tris-HCL buffer, pH 8.0, rotating for 2.5 hours. The tube was
centrifuged on 1200 g for 5 — 10 minutes and the supernatant removed. Then the beads
were washed by 1.5 ml PBS, 1.5 ml 1M NaCl, 1.5 ml PBS and again 1.5 ml PBS shaking for
15 minutes, respectively. After each washing step the tube was centrifuged on 1200 g
for 5 — 10 minutes and the supernatant removed. The beads were then equilibrated
with 1.5 ml TBS. 500 ul lysate was added and incubated over night on 4° C. On the next
day the supernatant was collected and the beads were washed twice with 1.5 ml TBS.
This wash was also collected. The beads were then cooked in SDS-Loading dye on 95° C
for 5 minutes. All collected fractions were separated by SDS-PAGE.

4.2.11.1 Coupling Buffer

NaHCO; 0.1M
Adjust with 1M HCI pH 8.3
NaCl 0.5M
Sodium citrate 0.6 M

I 4.2.12 Magnetic Beads Immuno Precipitation

The magnetic beads were commercially obtained (Pierce®Crosslink Magnetic IP/Co-IP
Kit) and the procedure was according to the attached manual. The bottle with magnetic
beads was vortexed and 25 pul beads were transferred to Eppendorf tubes. The solution
was discarded and the beads were washed two times with 500 pl 1x Modified Coupling
Buffer (4.2.12.1). The beads were coupled with 5 pg antibody in 100 ul 1x Modified
Coupling Buffer for 15 minutes at room temperature and unbound antibody were
washed away by once 100 ul and two times 300 ul 1x Modified Coupling Buffer. The
cross linking step was optional and unless stated otherwise omitted. Cross linking
contained of one 30 minutes incubation step with 20 uM DSS (disuccinimidyl suberate)
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followed by washing steps with three times 100 pl Elution Buffer and two times
Lysis/Wash Buffer. The antibody coupled beads where incubated for 3 hours at room
temperature with 500 pul lysate. Unbound proteins were cleared by 2 times washing with
50 pl Washing Buffer and one time washing with 50 pl HQ H,0. Bound proteins were
eluted by elution buffer with pH 2 and the eluate was subsequently neutralized by a
supplied neutralization buffer.

4.2.12.1 Modified Coupling Buffer

20x Coupling Buffer 0.1 ml
Lysis/Wash Buffer 0.1 ml
HQ H,0 1.8 ml

I 4.2.13 Methanol Protein Precipitation

To any protein solution that was desired in a higher protein concentration this
procedure was applied. First a 100% methanol volume 5 times the volume of the protein
solution was added and incubated at least 20 minutes at -20°C. Then the solution was
centrifuged 11.000 g for 30 minutes at 4°C. The supernatant was removed and in case of
high salt content 50 pl 100% methanol was added and centrifuged once more.
Supernatant was removed and the sample was dried at 60°C.

I 4.2.14 Silver Staining

The experimental procedure is according to Shevchenko et al., 1996. This is a SDS-PAGE
following protocol for whole-protein staining with higher sensitivity than Coomassie.
After SDS-PAGE the gel was fixated by 50% methanol and 5% acetic acid in water for 20
minutes, and washed by 50% methanol. Followed by sensitization via 0.02% sodium
thiosulfate for 1 minute, which enhances the resolution. Sensitization solution was
rinsed twice by HQ H,0. The gel was stained by incubation with cold 0.1% silver nitrate
for 20 minutes at 4°C. The staining solution was washed away by rinsing twice with HQ
H,0 and the gel was developed in 0.04% formalin in 2% sodium carbonate. As soon as
the developer turned yellow it was replaced by fresh one. The development was
terminated by discarding the developing solution and washing with 5% acetic acid.
Stained gels could be stored in 1% acetic acid at 4°C.



I 4.2.13 Tryptic Digest Protocol Subsequent to Silver Staining

The experimental procedure is according to Shevchenko et al., 2007. First the gel was
rinsed in water for several hours to remove remaining acid. Then the desired bands
were excised, sliced into mm?3 large cubes and transferred to Eppendorf tubes. 500 pl of
acetonitrile was added, and the gel pieces shrank for 10 minutes. Acetonitrile was
discarded and the gel pieces were vacuum dried for 10 minutes. To reduce the disulfide
bonds, 50 pl of 10 mM DTT in 100 mM NH4HCO;s was added and incubated at 56°C for
30 minutes. The DTT solution was then exchanged by acetonitrile and the gel pieces
shrank for 10 minutes. Acetonitrile was discarded and gel pieces were vacuum dried for
10 minutes. The thiol groups of cysteine residues were chemically modified and thus
inactivated by 50 pl of 50 mM iodoacetamide in 100 mM NH4HCOs incubated for 20
minutes. The gel pieces were once more shrunk by acetonitrile and vacuum dried.
Trypsin working solution consists of a 3:9:1 (vol/vol/vol) mixture of 12.5 ng/ul trypsin,
20 mM NH4HCOs3 and acetonitrile. The gel pieces were swollen in the trypsin working
solution for 30 minutes on ice. If necessary more trypsin working solution was added on
top of the gels so that they were completely covered and left for another 90 minutes on
ice. Then the trypsin working solution was discarded and the wet gel pieces were
covered with ammonium bicarbonate buffer and stored over night at 37°C.

I 4.2.14 Mass Spectrometry

The MS and the MS/MS analysis were performed with a Bruker Autoflex Speed MALDI-
TOF-TOF. This MALDI instrument has a SmartBeam laser, which is a modified Nd:YAG
laser emitting a wave length of 355 nm and is capable of laser induced dissociation (LID),
an MS/MS fragmentation by post-source decay. For analysis 1 pl of the tryptic digest
peptide fragments were spotted on a carrier plate, air dried for 5 minutes and covered
by 1 ul of a-Cyano-4-hydroxycinnamic acid (ACH) matrix (Table. 4.2.14.1), which also
crystallized within few minutes.

The MS/MS fragmentation analysis has an m/z window of + 0.6% m/z of the selected
peak. Two peaks that were closer than * 0.6% m/z were not fragmented separately.

4.2.14.1 ACH Matrix

ACH 0.5%
Acetonitrile 50%
TFA 0.1%

28/73



29/73

I 4.3 Cloning

I 4.3.1 Reverse Transcription

The reverse transcription was performed with 2 pug RNA template. 1 pl of 10 mM dNTP,
0.5 pl of 100 uM T18 primer and 11.5 ul of nuclease free water were added. The mixture
was heated to 65°C for 5 minutes and then cooled down on ice for 1 minute. 1 pl of
RNaseOUT, 4 ul of RT 5 x buffer, 1 ul of 1 M DTT and 1 pl of Superscript MMLV-RT were
added to the mixture. The reverse transcription ran at 50 °C for 1 hour. The reaction was
stopped and the enzymes inactivated by heating up the mixture to 70°C for 15 minutes.

I 4.3.2 PCR from cDNA

By reverse transcription produced cDNA was used as a template.

Following primers were used:

Discoidin | Primer Anealing T | Restriction
Forward | 5'-GTGCCATGGCTACCCAAGGTTTAGTTC-3’ : Ncol Site
Reverse | 5’-GACTCGAGTTATTCCAAAGCGGTAGC-3’ >1e Xhol Site
Q-GAPDH Primer

Forward | 5-CCGTGGGTTGAATCATATTTGAAC-3’ i

Reverse | 5'-GGTTGTCCCAATTGGTATTAATGG-3’ o0

Discoidin | N-terminal Primer

Forward | 5-GTGCCATGGCTACCCAAGGTTTAGTTC-3’ : Ncol Site
Reverse | 5'-TACCTCGAGTTAGCTTTGTACTGGTTGAGTGTAGA-3’ >ie Xhol Site
Discoidin | C-terminal Primer

Forward | 5'-GTGCCATGGTACAAAGCTCAGTCACTCAA-3/ . Ncol Site
Reverse | 5-GACTCGAGTTATTCCAAAGCGGTAGC-3’ >1e Xhol Site

The primers were ordered from Sigma-Aldrich. The PCR working solution was prepared
as shown in table 4.3.2.1 and the PCR programme is shown in table 4.3.2.2.




4.3.2.1 PCR working solution

HQ H,0 14.2 pl
5x Expand PCR buffer 4 ul
Primer forward 0.5 ul
Primer reverse 0.5 ul
10 mM dNTPs 0.4 pl
cDNA 0.2 ul
Expand PCR Polymerase 0.2 ul

4.3.2.2 PCR programme

95°C 120s once
51°C 30s

72°C 60 s 10 cycles
95°C 30s

51°C 30s

72°C | 60 s+ 5s/cycle 20 cycles
95°C 30s

72°C 300s once

I 4.3.3 Band Purification after PCR

As soon as the PCR was finished, a 6x SDS/DNA Loading Dye was added to the amplified
PCR mix and everything was loaded on a 1% agarose gel. The separation was performed
until the front marker migrated over 80% of the gel length. Under short observation in
the UV-light, the PCR bands were cut out and the contained DNA was isolated with a
GFX DNA purification kit (lllustra). The DNA was diluted in 20 ul of provided TRIS buffer.
Finally the DNA concentration was determined with the Nano-Drop spectrometer.

I 4.3.4 Digestion with Restriction Enzymes

The PCR amplified DNA fragment and the pET30a vector were digested in parallel
(4.3.4.1 and 4.3.4.2 respectively). The restriction mixtures were incubated for 3 hours at
37°C in which after 2 hours and 15 minutes 1 pl of shrimp alkaline phosphatase
(Promega) was added to the plasmid restriction mixture and also incubated for the
remaining 45 minutes. The mixtures were then heat inactivated at 65°C for 20 minutes
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and the DNA was isolated with a GFX DNA purification kit (Illustra). The fragment DNA
was diluted in 12 pl HQ H,0, the plasmid DNA in 15 pl HQ H,O and subsequently the
concentration was determined with the Nano-Drop spectrometer.

4.3.4.1 Restriction mixture for PCR amplified DNA fragment

Fragment DNA 15 ul
NEB Buffer 4 3ul
100x BSA 0.3 ul
Ncol Restriction Enzyme 0.75 ul
Xhol Restriction Enzyme 0.75 ul
HQ H,0 10.2 l

4.3.4.2 Restriction mixture for Plasmid

pET30a Plasmid 7 ul
NEB Buffer 4 3ul
100x BSA 0.3 ul
Ncol Restriction Enzyme 0.75 ul
Xhol Restriction Enzyme 0.75 ul
HQ H,0 18.2 pl

I 4.3.5 Ligation

Using the determined DNA concentrations of DNA fragment and plasmid the reaction
ligation was set up. Around 150 ng of pET30a was used with an equimolar or slightly
excess amount of DNA fragment. Since the cloned gene discoidin | is around 7 times
smaller than the used pET30a plasmid, at least 20 ng of this fragment was used. The
calculated amounts of plasmid and fragment were mixed, 1 ul 10x T4 DNA buffer was
added, and the mixture was made up to 9 ul with HQ H,0. Finally 1 ul of T4 DNA ligase
was added and incubated at 14°C overnight.

I 4.3.6 CaCl; Competent E. coli

In order to transform E. coli by heat-shock they have to be made competent first. 2 ml
of 10 ml LB overnight culture are transferred to fresh 200 ml LB and left shaking at 37°C
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till the OD600 reaches 0.5. Then the cells are transferred to sterile centrifugation tubes
and left on ice for 10 minutes. The cells are centrifuged for 10 minutes with 4000 g at
4°C and resuspended in 6 ml of 0.1 M CaCl,. 1.15 ml of sterile 87% glycerol was added.
The solution was aliquoted to 200 pul per sterile microcentrifugation tube, snap-frozen in
liquid nitrogen and stored at -80°C.

I 4.3.7 Transformation of Competent E. coli after Ligation

In this thesis competent JM109 E. coli were used for cloning the vector. 200 pl
competent JIM109 cells were thawed on ice, mixed with the ligation mixture and left for
further 15 minutes on ice. The heat-shock was performed for 1 minute at 42°C and
afterwards the cells were returned on ice for 2 minutes. The E. coli transformation tube
was made up to 1 ml with SOC medium and put at 37°C for 1 hour. To remove the
excess liquid the cells were pelletized via full speed centrifugation for 30 seconds. The
cell pellet was taken up again in the remaining 200 ul of media and plated on kanamycin
containing plates. Colonies were allowed to grow overnight at 37°C.

I 4.3.8 Screening for Transformed E. coli

E. coli colonies from the ligation/transformation were inoculated with a sterile toothpick
into 4 ul HQ H,0 of which 1 pul is used to set a point on the master plate, which is a
kanamycin LB plate streaked with all possibly positive transfectants. To the remaining 3
ul inoculated HQ H,0 1 ul of discoidin | forward and reverse primer respectively, and 5
ul green taq polymerase mix is added. With this mixture a PCR is performed and loaded
on a 1% agarose gel to check for the presence of the amplified discoidin | gene. Those E.
coli that are seemingly successfully transformed with a plasmid carrying a fragment are
further analysed. The plasmid was isolated via mini prep method (QlAprep Spin
Miniprep Kit, QIAGEN) and 15 pl of 50 — 100 ng/ul plasmid were send in for sequencing
(Eurofins MWG operons).

I 4.3.9 Transformation of Competent E. coli with Purified Plasmid

In this thesis competent BL21 E. coli were used for recombinant protein expression.
They were thawed on ice, mixed with 1ul of purified plasmid carrying the fragment and
left for further 15 minutes on ice. The heat-shock was performed for 1 minute at 42°C
and returned on ice for 2 minutes. The E. coli transformation tube was made up to 1 ml
with SOC media and incubated at 37°C for 1 hour. To remove the excess liquid the cells
were pelletized via full speed centrifugation for 30 seconds. The cell pellet was taken up
again in remaining 200 pl of media and plated on kanamycin containing plates. Colonies
were allowed to grow overnight at 37°C.
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I 4.3.10 Pilot Protein Expression

500 ul BL21 cells of an overnight culture were added to 10 ml LB containing 34 pg/ml
chloramphenicol and 50 pg/ml kanamycin for each expression series performed. Usually
4 expression series are performed in parallel: two different temperatures (24°C and
16°C) and each with or without 0.5 mM IPTG. The cells were grown until the OD600
reached a value between 0.5 and 0.8. As a zero point sample 1 ml of aliquot is removed
and stored at -80°C. After that 0.5 mM IPTG was added, except for the controls, and the
cells were placed in the incubator with the intended temperature (24°C and 16°C). At
each time point, which was usually every hour for cells at 24°C and every two hours and
one sample overnight for cells at 16°C, 1 ml of aliquot was taken and stored at -80°C. As
soon as all the samples were collected they were thawed on ice, supernatant after
centrifuging at 16.000 g was discarded and the cells were lysed in 200 pl Lysis Buffer for
20 min at 37°C under constant shaking and with subsequent sonification. Full-speed
centrifugation for 5 minutes separated the soluble from the insoluble fraction. The
result of the pilot expression was visualized on SDS-PAGE with Coomassie staining as
well as with western blotting to detect the His-Tag.

I 4.3.11 Large Scale Protein Expression

2.5 ml BL21 cells of overnight culture were added to 50 ml LB containing 34 ug/ml
chloramphenicol and 50 pg/ml kanamycin. The cells were grown until the OD600
reached a value between 0.5 and 0.8. Then 0.5 mM IPTG was added and the cells were
placed in an incubator with the temperature that has been shown by the pilot
expression to yield most recombinantly expressed and indentured protein. Also the
ideal duration of expression was determined by the pilot expression. After that the lysis
procedure (described 4.3.12) was repeated.

I 4.3.12 E. coli Lysis for Recombinant Protein

Before the E. coli lysis buffer was used, Phenylmethylsulfonyl fluoride (PMSF) was added
to a final concentration of 0.1mM. The harvested E. coli samples from the large scale
expression were thawed on ice and mixed with 200 ul E. coli lysis buffer (table 4.3.11.1)
with PMSF for each ml of E. coli suspension harvested. The pellet was resuspended in
the lysis buffer and incubated for around 20 minutes at 37°C with constant shaking.
Finally the solid phase was separated from the liquid phase by maximum speed (over
16.000 rpm) centrifugation for 5 minutes and stored in different tubes at -80°C.



4.3.12.1 E. coli lysis buffer

Tris

Adjust with HCI
EDTA

Trion X-100
MgCl,
Lysozyme
DNAse

50 mM

pH 7.4
0.5mM
0.1%
5mM

100 pg / ml
1.2u/ ml

I 4.3.13 His-Tag purification

1 ml of 50% Ni-NTA slurry was transferred to a 2 ml microcentrifuge tube. The beads
were spun down and the supernatant removed. The beads were washed four times by 1
ml of lysis buffer. After transferring the beads to a 15 ml falcon tube, lysates containing
His-tagged protein was added and constantly shaken for 60 minutes at 4°C. The lysate-
Ni-NTA mixture was moved to a 1 ml column and the flow-through was collected. The
column was then washed twice with 1 ml lysis buffer and twice with 2 ml wash buffer.
The proteins were then eluted with 4 times 0.5 ml elution buffer and stored at -80°C.

I 4.4 Websites and Software

TRIS buffer calculator: http://www.cytographica.com/lab/HHTris.html

Alignment: http://multalin.toulouse.inra.fr/multalin/

MS fingerprint: http://prospector.ucsf.edu/prospector/cgi-

bin/msform.cgi?form=msfitstandard

Reverse and complementary sequence:
http://www.bioinformatics.org/sms/rev_comp.html

Sequence translation: http://web.expasy.org/translate/

Protein Mass and pl: http://web.expasy.org/compute_pi/
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V. Results

I 5.1 Western Blot Inhibition Assay

High mannosidic N-glycans of D. discoideum have been shown to be anti-HRP positive
due to a core-a-1,3-fucose (Schiller et al., 2009). Western blotting experiments that
underline the presence, and show the distribution, of the anti-HRP epitope were
performed.

First in order to normalize the application volumes of different lysates from several
different organisms, SDS-PAGE with subsequent Coomassie staining was performed. The
used lysates were from Dictyostelium discoideum strain Ax3, Caenorhabditis elegans
strain N2 and Acanthamoeba castellanii strain Neff (Fig 5.1.1.A). This procedure was
repeated with additional crude-extracts from Drosophila melanogaster strain Canton-S
and after several adjustments normalization of the lysates could be achieved (Fig
5.1.1.B). Sample marked by asterisk and concentration shown have been used for
further blotting experiments.

Figure 5.1.1 Normalization of lysates

A 1 2 3 4 5 B S 1*2*3*4 5
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The application volumes of the lysates were normalized by SDS-PAGE with subsequent
Coomassie staining. A.) 1: Ax3; 2: N2; 3: Neff; 4: Neff; 5: Ax3. 5 ul of each sample has been
applied B.) 1: Ax3, 12 ul; 2: N2, 15 ul; 3: Neff, 4 ul; 4 and 5: Canton-S, 15 and 10 pl respectively.
Samples marked by an asterisk were used for further western blotting experiments.

10

Next | performed western blot experiments with the normalized lysates of D.
discoideum strain Ax3, C. elegans strain N2 and A. castellanii strain Neff detected with
anti-HRP primary antibody (figure 5.1.2 and 5.1.3). The anti-HRP antibody used here is
specific for the N-glycans of horseradish peroxidase; in particular it binds the
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oligosaccharide MMXF; epitope (Paschinger et al., 2008). This antibody has proven to be
a useful tool for the identification of these N-glycans in all kind of samples carrying this
and also very similar epitopes, e.g. it can bind to MOXF, MOF and MMF epitopes as well.
As shown by these western blots all three evolutionary very distinct organisms carry an
epitope recognized by the Anti-HRP antibody (figure 5.1.2 and 5.1.3). This is true for D.
discoideum and C. elegans because of core-a-1,3-fucosylated N-glycans (Schiller et al.,
2009; Yan et al., 2009), and in case of A. castellanii it is due to B-1,2-xylose (Schiller et
al,, 2012). To further probe these glycan structures, inhibition experiments were
routinely performed. Western blot-inhibition assays give additional information about
the binding epitope and have been well established for the anti-HRP antibody. The basis
of this experiment is that before the blotted sample is incubated with the primary
antibody, the primary antibody is inhibited by an antigenic molecule, in this case the
BSA neoglycoconjugates carrying MOX or MOXF (described in 4.2.4). If the binding site
with which the primary antibody detects the sample is blocked by the inhibitor, bands
which were visible in the normal western blot will disappear. On the other hand, if the
binding site is not or only partially blocked, bands will remain or slightly fade compared
to the uninhibited western blot.

Figure 5.1.2 Western Blot with anti-HRP and with or without MOX inhibition

Anti HRP + Anti HRP +
Anti HRP 5uM MOX 0.5 uM MOX
] | |

s"123?s 17 3 75T 3
- - ~
170 e | |
70 - {E - 0
20, o HERE | S

. €
25

P
15

Applied on each blot are the normalized volumes of 1: Ax3, 12 ul; 2: N2, 15 ul; 3: Neff, 4 pl.
The blots were incubated for 1 hour with rabbit anti-HRP primary antibody, and then for 1
hour with goat anti-rabbit secondary antibody coupled to alkaline phosphatase. For detection
the membrane was rinsed in BCIP/NBT solution for about 1 minute. In case of the 5 uM and
the 0.5 uM inhibited blots the primary antibody was mixed for 1 hour with the given
concentration of MOX glycoconjugate before it was added to the blots.

The MOX inhibitor clearly specifically inhibited the binding of anti-HRP to glycoprotein of
A. castellanii (figure 5.1.2). This is consistent with the fact that out of the used samples
only A. castellanii carries the B-1,2-xylose moiety and thus cannot be recognized by the
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antibody after blocking its xylose recognition site. By the inhibition western blotting
with MOXF in contrast it was expected that the detection of all three samples is cleared.
Although the bands detected by the normal anti-HRP western blot disappeared,
surprisingly low molecular mass bands appeared which had not been detected before
(figure 5.1.3).

Figure 5.1.3 Western Blot with anti-HRP and with or without MOXF inhibition

Anti HRP + Anti HRP +
Anti HRP 5uM MOXF; 0.5 uM MOXF;
| | |

123 S123

Applied on each blot were normalized volumes of 1: Ax3, 12 pl; 2: N2, 15 ul; 3: Neff, 4 ul. The
blots were incubated for 1 hour with rabbit anti-HRP primary antibody, and then for 1 hour
with goat anti-rabbit secondary antibody coupled to alkaline phosphatase. For detection the
membrane was incubated in BCIP/NBT solution for about 1 minute. In case of the 5 uM and
the 0.5 uM inhibited blots the primary antibody was mixed for 1 hour with the given
concentration of MOXF glyco-conjugate before it was added to the blots. Regions shown in
the red boxes are enlarged beneath and visually enhanced.

We hypothesized that these low molecular proteins were lectins that were able to bind
the multivalent MOXF, which in turn is bound by anti-HRP antibody. Three reasons led
to this conclusion: 1. The detected proteins cannot be detected by the anti-HRP
antibody directly, but only indirectly in presence of a glycoconjugate that is bound by
the antibody. It is likely that the detected protein therefore bound the glycoconjugate
itself. 2. The detected proteins where below 40 kDa. Lectins are often protein of low
molecular mass; for example ConA, a mannose binding lectin is 25 kDa in mass or AAL, a
fucose binding lectin, is 36 kDa in mass. 3. In previous experiments it was shown that



small lectins can retain even under denaturating conditions of an SDS-PAGE their
binding properties or at least regain them afterwards (West and McMahon, 1977).

I 5.2 HRP Quality Control ‘

Horseradish peroxidase (HRP) from the plant Armoracia rusticana was commercially
obtained in pure and lyophilized form (Sigma Aldrich). To confirm the quality, purity and
correct glycosylation of the protein for our purposes several tests have been performed.
Via SDS-PAGE and Coomassie staining the correct size and the presence of only one
protein were shown (figure 5.2.1). | then confirmed via MALDI-TOF spectrometry that
the tryptically digested protein shows the correct peptide mass fingerprint (PMF, figure
5.2.2) when compared to the in silico digest (table 5.2.1). It is therefore confirmed that
our commercially obtained protein is indeed pure HRP. Next we analysed the
glycosylation of our HRP by performing a PNGase digest (figure 5.2.3) with subsequent
MALDI-TOF and MS-MS. | hereby confirmed that the purchased HRP carries the desired
MMXF; sugar.

Figure 5.2.1 SDS-PAGE of HRP

The commercially obtained HRP was
diluted 0.5 pg / pl dH20, mixed 1:1
with loading buffer and loaded on the
gel. On lane 1, 2 pl have been loaded (1
pug HRP). On lane 2, 10 pl have been
loaded (5 pg HRP).

38/73



Table 5.2.1 In silico tryptic digest prediction of HRP (#MC, missed cleavages)
mass position #MC peptide sequence mass position  #MC Peptide sequence
2900.57 125-150 1 RDSLQAFLDLANANLPAPFFTLPQLK 1185.58 234-242 0 YYVNLEEQK
2833.46 208-233 1 GLCPLNGNLSALVDFDLRTPTIFDNK 1182.55 176-184 1 NQCRFIMDR
2744.46 126-150 0  DSLQAFLDLANANLPAPFFTLPQLK 1177.61 151-160 1 DSFRNVGLNR
2725.25  40-63 0  LHFHDCFVNGCDASILLDNTTSFR 1162.57 84-94 1 MKAAVESACPR
2642.35 185-207 0  LYNFSNTGLPDPTLNTTYLQTLR 1105.54 300-309 1 LNCRVVNSNS
2545.31  95-119 0  TVSCADLLTIAAQQSVTLAGGPSWR 1062.58 77-85 1 GFPVIDRMK
2501.29 243-265 0  GLIQSDQELFSSPNATDTIPLVR 1022.46 67-76 0 DAFGNANSAR
2299.08 1-20 0  MQLTPTFYDNSCPNVSNIVR 959.52 21-28 0 DTIVNELR
2182.99 266-284 0  SFANSTQTFFNAFVEAMDR 935.48 226-233 0 TPTIFDNK
2129.11 155-175 1 NVGLNRSSDLVALSGGHTFGK 903.44 86-94 0 AAVESACPR
2102.04 226-242 1 TPTIFDNKYYVNLEEQK 803.44 77-83 0 GFPVIDR
2073.07 285-303 1 MGNITPLTGTQGQIRLNCR 743.48 33-39 0 IAASILR
1976.96 161-179 1 SSDLVALSGGHTFGKNQCR 697.45 120-125 1 VPLGRR
1916.99 208-225 0  GLCPLNGNLSALVDFDLR 681.34 180-184 0 FIMDR
1806.89  67-83 1 DAFGNANSARGFPVIDR 672.38 155-160 0 NVGLNR
1586.83 285-299 0  MGNITPLTGTQGQIR 619.30 304-309 0 VVNSNS
1475.75 161-175 0  SSDLVALSGGHTFGK 541.35 120-124 0 VPLGR
141473  21-32 1 DTIVNELRSDPR 524.25 151-154 0 DSFR
1380.65 64-76 1 TEKDAFGNANSAR 520.23 176-179 0 NQCR
1198.69  29-39 1 SDPRIAASILR 505.26 300-303 0 LNCR
Figure 5.2.2 MALDI-TOF analysis of tryptically digested HRP
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The HRP sample was in-gel digested over night by trypsin. The obtained PMF (Peptide Mass Fingerprint)
shown here was compared with the in silico digest and the peptide sequences were assigned accordingly.
The protein mass coverage of peptides with no missed cleavages was around 29%.
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Figure 5.2.3 MS and MS/MS glycan analysis of HRP
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Peptides of tryptically digested HRP were further treated with PNGase A and the released
carbohydrates were purified as described in 4.2.6. A.) The carbohydrates were then analysed
by MS showing a peak at 1211.4, which is the mass of an MMXF; sugar. B.) The 1211.4 peak
was further analysed by MS/MS fragmentation and showed the characteristic fragmentation
of 1065.331 caused by the loss of fucose.

HRP is carrying an MMXF3; N-glycan which is an immunogenic epitope. | proved that the
purchased HRP also carries this oligosaccharide. Plant N-glycans are known to carry a
core B-1,2-xylose on the mannose and a core a-1,3-fucose on the proximal GIcNAc (as
shown in figure 5.2.4). This was necessary to confirm on the purchased HRP because it
was, due to its N-glycan moieties, used as a ligand to isolate and identify lectins.

Figure 5.2.4 Typical core-N-glycan of plants
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I 5.3 Affinity Chromatography

It has been described previously that lectins that bind core fucosylated N-glycans can be
isolated via HRP coupled affinity chromatography (Schubert et al.,, 2012). In order to
identify a lectin in D. discoideum that also binds this glycan moiety | performed two
different types of affinity chromatography. One was based on a sepharose matrix as
described in Schubert et al., and one was based on an acrylamide matrix.

I 5.3.1 Affinity Chromatography with Sepharose Matrix

The working procedure can be found at chapter 4.2.10. In this experiment sepharose
beads were coupled with HRP and then incubated with D. discoideum Ax3 lysate. For
comparative reasons this experiment was performed with N2 lysates in parallel. In
addition as a negative control beads, that were not coupled to HRP but in the remaining
steps treated similarly, were used. By this method two proteins of the N2 lysate and
four proteins of the Ax3 lysate could be isolated (figure 5.3.1.1). The Ax3 negative
control showed comparatively similar binding strength of two proteins from the actual
experiment (33 kDa and 27 kDa). The other two Ax3 proteins (37 kDa and 24 kDa)
showed similar sizes to the two proteins isolated from N2 lysate (also 37 kDa and 24

kDa).
Figure 5.3.1.1 Sepharose Affinity Chromatography
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Sepharose beads were coupled with HRP and incubated with C. elegans N2 lysate (A), or D.
discoideum Ax3 lysate (B). Negative controls were sepharose beads not coupled to HRP. The
annotation E, W and F stand for elution, wash and flow-through respectively. A.) Two proteins
with the approximate sizes of 37 kDa and 24 kDa eluted in the experiment. The elution in the
negative control is free of protein. B.) Four proteins with approximate sizes of 37 kDa, 33 kDa, 27
kDa and 24 kDa eluted in the experiment. In the negative control the 33 kDa protein and the 27
kDa protein eluted as well.
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To identify those proteins they were excised, washed and the peptides were digested in-
gel with trypsin. Subsequently PMF were obtained by MALDI-TOF analysis and screened
by the online software “MS-FIT” (see chapter 4.4). For the highest molecular weight
bands of Ax3 and N2 (both 37 kDa) no hits in databases comprising D. discoideum or C.
elegans PMFs could be found. But it stood out that both mass fingerprint spectra
showed highly similar trypsin digestion pattern to each other and to HRP tryptic digests
(figure 5.3.1.2). Due to the agreement of the size of the protein they have been
identified as HRP eluted from the beads.

Figure 5.3.1.2 PMF of 37 kDa Band of Affinity Chromatography with Sepharose Matrix

a A 1380.9 Stetan_Dicty BZ_2 0'G2 M5 Raw

007 861.0

5001803.5

959.6
0] 10225 1475.9
1587.1
o] - ' 3378.2
| |
Al il 1 (1
j‘ iy |'1,|Jr L) H-ML\"J J'ﬁ“ah"l In"m'Ju"ﬁ Hoad s |'1A.A'".-'*-_-lL_w,'1h“-.a .J\,'MJ,.\\-!,-_-A;-\ .LMJ*LMM.W‘%* AL e i et g st e Pl .
- 4

Stefan_Dicty HRP_1 0 F6 MS Raw

2 B 13806
: -
 yoa0-
a00-
9595
#00-
8034
1022.5 15868
sa0- 1475.7]
861.0
| [ ' 33783
_‘w'.ll-.-L,» |.-u...r. .J«l«-.k,'-hu»-Lvhhw“ RN | T TS | T Ol TR € WU VU T S ST P
|UIUU ' ' ' ' 1 5'00 ' ' ' ' 2 UIUU ' ' ' ' 2! 5'00 ' ' ' ' 30‘00 ' ' '

miir

Trypsin digestion mass fingerprints of the 37 kDa protein isolated by sepharose coupled with
HRP affinity chromatography and incubated with D. discoideum lysate (A) and purified HRP (B).
The two spectra are evidently highly similar showing identical mass fingerprints. Thus the 37 kDa
protein was identified as HRP.

Surprisingly the lowest molecular weight bands of Ax3 and N2 (both 24 kDa) also
showed similar PMFs as HRP, but three peaks (1185.59 m/z; 1586.83 m/z; 2033.95 m/z)
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were missing (figure 5.3.1.3). In addition HRP is 10 kDa larger than the 24 kDa protein.
Comparison of present and missing peptides and their location on the HRP primary
sequence solved the riddle. All those PMFs that were found in both HRP and 24 kDa
protein are located N-terminally, whereas all those PMFs that are solely found in HRP
are located C-terminally. In between lies a region that if proteolytically cleaved would
lead to a 24 kDa protein (figure 5.3.1.4). This strongly suggests that the 24 kDa protein is
in fact a truncated HRP protein.

Figure 5.3.1.3 PMF of 24 kDa Band of Affinity Chromatography with Sepharose Matrix
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Trypsin digestion mass fingerprints of the 24 kDa protein isolated by sepharose coupled with
HRP affinity chromatography and incubated with D. discoideum lysate (A) and purified HRP (B).
The two spectra are evidently very similar, but some peptides in the spectrum of intact HRP are
absent from the spectrum of the 24 kDa band. Those peptides were marked by boxes.
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Figure 5.3.1.4 HRP protein with annotated regions

MQLTPTFYDNSCPNVSNIVRDTIVNELRSDPRIAASILRLHFHDCFVNGCDASILLDNTTSFRTEKDAEG
NANSARGFPVIDRMKAAVESACPRTVSCADLLTIAAQQSVTLAGGPSWRVPLGRRDSLQAFLDLANANLP
APFFTLPQLKDSFRNVGLNRSSDLVALSGGHTFGKNQCRFIMDRLYNFSNTGLPDPTLNTTYLQTLRGLC
PLNGNLSALVDFDLRTPTIFDNKYYVNLEEQKGLIQSDQELFSSPNATDTIPLVRSFANSTQTFFNAFVE

AMDRMGNITPLTGTOGOIRLNCRVVNSNS

Primary sequence of the HRP protein starting from the N-terminus. Underlined in red are those
peptides cut by trypsin which are present in both HRP and 24 kDa band. Underlined in blue are
those peptides that are solely found in tryptic digest of HRP but not in tryptic digest of the 24
kDa band. The regional separation indicates strongly that the 24 kDa protein is a truncated HRP
protein lacking the C-terminal region. In the green box is the possible cleavage area which could
lead to a polypeptide with a mass of 24 kDa.

The two bands appearing exclusively in the Ax3 sample (33 kDa and 27 kDa) were shown
by the negative control to have an affinity to the sepharose matrix itself. PMF analysis of
the tryptically digested 33 kDa band showed in highly significant agreement that it is
discoidin | (figure 5.3.1.5 and table 5.3.1.1). To prove the correct identification the
1269.6 m/z peptide and the 2081.9 m/z peptide where fragmented by MS/MS (figure
5.3.1.6). The thereby ascertained amino acid sequence confirmed the correct
assignment.

Figure 5.3.1.5 PMF of 33 kDa Band of Affinity Chromatography with Sepharose Matrix
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Trypsin digestion mass fingerprints of the 33 kDa protein isolated by sepharose coupled with HRP
affinity chromatography and incubated with D. discoideum lysate. PMF analysis identified highly
significant discoidin | (MOWSE Score 10981; protein mass coverage of 40%). All those peaks
annotated with a masses were determined peptides of discoidin .
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Figure 5.3.1.6 MS/MS analysis of Discoidin | peptides to assure the correct identification
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MS/MS analysis of tryptic digest discoidin | peaks 1269.55 m/z (A) and 2081 m/z (B). A.) Shows
evidently the existence of DADGWVTSYK sequence by its y and b fragments. B.) Shows evidently
the y fragments of DQIDCcTDATNQT peptide

Table 5.3.1.1 PMF hits of 33 kDa Band with Discoidin |

m/z MH* Delta Start End #MC  Sequence
Submitted Matched ppm
1074.65 1074.55 89.0 105 115
1182.67 1182.58 81.7 70 79
1335.70 1335.60 74.8 80 90
1532.82 1532.70 78.7 93 104
1559.93 1559.80 84.4 116 128
1679.86 1679.72 86.5 227 239
2082.10 2081.96 70.3 198 215

(RINGAAITGVTDR(N)
(R)TEMC(Carbamidomethyl)VALQGR(G)
(R)GDHDQWVTSYK(I)
(R)YSLDNVTWSEYR(N)
(R)INTVVNHFEDTPIR(A)
(K)GEDC(Carbamidomethyl)VFYTWNENK(V)

(K)VALNFDQIDC(Carbamidomethyl) TDATNQ
TR(1)
(K)GTNTIDGSEAWC(Carbamidomethyl)SSIVD
TNQYIVAGC(Carbamidomethyl)EVPR(T)

O O O o oo oo

3299.74 3299.50 73.4 40 69

#MC, missed cleavages; 40% protein mass coverage
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http://prospector.ucsf.edu/prospector/cgi-bin/mssearch.cgi?search_name=msproduct&output_type=HTML&report_title=MS-Product&version=5.10.9%20Basic&instrument_name=MALDI-TOFTOF&use_instrument_ion_types=1&parent_mass_convert=monoisotopic&msms_peak_exclusion=0&msms_mass_exclusion=0&msms_matrix_exclusion=0&msms_join_peaks=0&msms_deisotope=0&max_charge=1&s=1&sequence=VALNFDQIDC%28Carbamidomethyl%29TDATNQTR&
http://prospector.ucsf.edu/prospector/cgi-bin/mssearch.cgi?search_name=msproduct&output_type=HTML&report_title=MS-Product&version=5.10.9%20Basic&instrument_name=MALDI-TOFTOF&use_instrument_ion_types=1&parent_mass_convert=monoisotopic&msms_peak_exclusion=0&msms_mass_exclusion=0&msms_matrix_exclusion=0&msms_join_peaks=0&msms_deisotope=0&max_charge=1&s=1&sequence=VALNFDQIDC%28Carbamidomethyl%29TDATNQTR&
http://prospector.ucsf.edu/prospector/cgi-bin/mssearch.cgi?search_name=msproduct&output_type=HTML&report_title=MS-Product&version=5.10.9%20Basic&instrument_name=MALDI-TOFTOF&use_instrument_ion_types=1&parent_mass_convert=monoisotopic&msms_peak_exclusion=0&msms_mass_exclusion=0&msms_matrix_exclusion=0&msms_join_peaks=0&msms_deisotope=0&max_charge=1&s=1&sequence=GTNTIDGSEAWC%28Carbamidomethyl%29SSIVDTNQYIVAGC%28Carbamidomethyl%29EVPR&
http://prospector.ucsf.edu/prospector/cgi-bin/mssearch.cgi?search_name=msproduct&output_type=HTML&report_title=MS-Product&version=5.10.9%20Basic&instrument_name=MALDI-TOFTOF&use_instrument_ion_types=1&parent_mass_convert=monoisotopic&msms_peak_exclusion=0&msms_mass_exclusion=0&msms_matrix_exclusion=0&msms_join_peaks=0&msms_deisotope=0&max_charge=1&s=1&sequence=GTNTIDGSEAWC%28Carbamidomethyl%29SSIVDTNQYIVAGC%28Carbamidomethyl%29EVPR&

Similarly the tryptically digested 28 kDa band was identified in good PMF agreement as
discoidin Il (figure 5.3.1.7 and table 5.3.1.2). Even though only two peptides where
assigned (1335.75 m/z and 1793.87 m/z) the subsequent MS/MS analysis revealed a
correct amino acid sequence, confirming discoidin Il as the 28 kDa protein (Fig. 5.3.1.8).

Discoidin | and discoidin Il are two often investigated lectins of D. discoideum, whose
function or natural binding partner were never conclusively understood. They are
known to have high affinity to galactose and galactose-containing polymers such as
sepharose, explaining their isolation even by the negative control.

Discoidin | and discoidin Il have both approximately 28 kDa determined by the sum of
their amino acid masses, but discoidin | displayed on the SDS-PAGE gel an apparent
molecular weight of 33 kDa. The reason for that is unknown but it might be because of
posttranslational modifications.

Figure 5.3.1.7 PMF of 28 kDa Band of Affinity Chromatography with Sepharose Matrix
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Trypsin digestion mass fingerprint of the 28 kDa protein isolated by sepharose coupled with
HRP affinity chromatography and incubated with D. discoideum lysate. PMF analysis identified
discoidin 1l with a protein mass coverage of 12.5%. The two peaks 1335.73 m/z and 1794.02
m/z were determined peptides of discoidin II.
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Table 5.3.1.2 PMF hits of 28 kDa Band with discoidin Il

m/z MH" Delta  Start End Missed Sequence
Submitted Matched ppm Cleavages
1335.7233 | 1335.5964  95.0 82 92 (R)JGDHDQWVTSYK(L)
1794.0191 | 1793.8664 85.1 158 174 (K)SYSNPSVQVGEVSIGDR(S)

Figure 5.3.1.8 MS/MS analysis of discoidin Il peptides to assure the correct identification
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MS/MS analysis of tryptic digest discoidin Il peaks 13355.75 m/z (A) and 1793.87 m/z (B). A.)
Proof of the correct identification of the discoidin Il peptide by showing the GDHDQWVTSY
amino acid sequence by its a, b and y fragments. B.) Proves also the correct identification of
discoidin Il by showing the SYSNPSVQVGEVSIGD amino acid sequence by its b and y fragments.

I 5.3.2 Affinity Chromatography with Acrylamide Matrix

In this experiment acrylamide beads were coupled with HRP and then incubated with D.
discoideum Ax3 lysate as described in 4.2.1.1. In addition as a negative control beads,
that were not coupled with HRP but in the remaining steps treated similarly, were used.
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By this method low amounts of several proteins could be isolated (figure 5.3.2.1). The
masses of these proteins were around 40 kDa, 37 kDa, 33 kDa, 28 kDa and 15 kDa. Of
these proteins only the 37 kDa protein and the 33 kDa protein seemed to be missing
from the negative control. In-gel tryptic digests of the three largest proteins (40 kDa, 37
kDa and 33 kDa) with subsequent MS analysis of the PMF revealed their identity.

Figure 5.3.2.1 Acrylamide affinity chromatography

Neg.c. Exp.

Experiment Neg. control
N )
w E F W E

Acrylamide beads were coupled with HRP and incubated with D. discoideum Ax3 lysate (A).
Negative controls were acrylamide beads not coupled to HRP. The annotation E, W and F stand
for elution, wash and flow-through respectively. Slightly enhanced visualization of the elution of
control and experiment (B). Even though the signal strength was quite low 2 proteins exclusively
present in the elution of the experiment were found (marked by two arrows). In order to obtain
enough material for protein determination by PMF several lanes were loaded with the elution of
the experiment (C), revealing more clearly the two proteins (marked by arrows).
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The 40 kDa protein is actin. This was revealed by MS PMF analysis and confirmed by
MS/MS (figure 5.3.2.2). An interaction of actin with glycans or acrylamide is very unlikely
and has never been published before. It can be found also on the negative control. It is
presumably background, due to the high actin concentration in lysates of eukaryotic
cells. It still remains unclear why actin so dominantly persists after washing whereas
other abundant proteins were cleared away.

Figure 5.3.2.2 MS PMF analysis of 40 kDa band of acrylamide affinity chromatography
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In-gel tryptic digest of a protein with a mass of 40 kDa isolated by affinity chromatography with HRP
coupled acrylamide. Due to low protein amounts, trypsin autolysis and other background peaks are
relatively abundant. Framed peaks are unique peaks of that spectrum (compared to the spectra of
the other bands). MS-Fingerprint analysis revealed highly significant an Actin-protein (MOWSE score
of 3431). The protein mass is also suiting (estimated: around 40kDa, actin: 41kDa). MS/MS analysis
confirmed that result.

The 37 kDa protein was identified as HRP protein by its PMF (figure 5.3.2.3). The co-
elution of HRP from HRP-coupled beads was experienced already with sepharose beads
(chapter 5.4.1). This explains its absence from the negative control, in which beads not
couple to HRP were used.
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Figure 5.3.2.3 MS PMF analysis of 37 kDa band of acrylamide affinity chromatography
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In-gel tryptic digest of a protein with a mass of 37 kDa isolated by affinity chromatography with HRP
coupled acrylamide. Due to low protein amounts trypsin autolysis and other background peaks are
relatively abundant. Framed peaks are unique peaks of that spectrogram (compared to the spectra of
the other bands). MS-Fingerprint analysis revealed highly significant the HRP-protein (MOWSE score of
3431). MS-Fingerprint analysis revealed highly significant HRP (MOWSE score of 838). Mass is suiting
(estimated: around 37kDa, HRP without posttranslational modifications: 34kDa). MS/MS analysis
confirmed that result.

The 33 kDa protein was identified as discoidin | by its PMF (figure 5.3.2.4). On
acrylamide matrix this lectin eluted solely on HRP coupled beads. The mass of discoidin |
as sum of its amino acid masses (28 kDa) is again slightly smaller than estimated by the
gel (33 kDa). This might be due to posttranslational modifications, or due to inaccuracy
of the estimation. That the 33 kDa band is truly discoidin | was confirmed by MS/MS
peptide sequence analysis of peak 1532.75 m/z (figure 5.3.2.5).
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Figure 5.3.2.4 MS PMF analysis of 33 kDa band of acrylamide affinity chromatography
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In-gel tryptic digest of a protein with a mass of 33 kDa isolated by affinity chromatography with HRP
coupled acrylamide. Due to low protein amounts trypsin autolysis and other background peaks are
relatively abundant. Framed peaks are unique peaks of that spectrogram (compared to the spectra of the
other bands). MS-Fingerprint analysis revealed highly significant discoidin | (MOWSE score of 441). Mass is
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suiting (estimated: around 33kDa, Disc1: 28kDa). MS/MS analysis confirmed result.

Figure 5.3.2.5 MS/MS analysis of discoidin | peptides to assure the correct identification
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MS/MS analysis of tryptic digest discoidin | peak 1532.75 m/z. Proves the correct identification of the
discoidin | peptide by showing the YSIDNVTWSEY amino acid sequence by its y fragments.




I 5.4 Investigation on Discoidin I

The identification of the lectin discoidin | (Dscl, described in detail in 3.3.1) as a protein
that may bind to MOXF3 glycan structures aroused our interest. In order to confirm
these binding properties and to investigate more deeply the biochemical characteristics
of discoidin I, there was a need for high amounts of tagged protein. | therefore started
cloning the open reading frame of discoidin | with the aim of obtaining an E. coli
expression strain transfected with an expression vector encoding N-terminal His tagged
discoidin I.

I 5.4.1 Cloning of Discoidin I

Wild type D. discoideum possesses 3 paralogous discoidin | genes, the so called A-Chain
(dscA-1), B/C-Chain (dscC-1) and D-Chain (dscD-1). All 3 gene products consist of a 253
amino acid chain and they differ in less than 5% of their primary sequence. In D.
discoideum Ax3 cells all three paralogues are present duplicated, with no further
mutation. Since all three discoidin | genes seemed to have the same or at least
extremely similar binding properties, there was no preference in which of these
discoidin | genes were actually cloned. Besides it was not possible to design selective
primer for only one paralogue, the obtained form had to be determined after cloning it.

First total RNA of Ax3 supplied by Alba Hykollari was reverse transcribed. The resulting
cDNA had a concentration of 843.3 ng/ul (nano-drop). Then a PCR was performed as
described in 4.3.2 with an annealing temperature gradient and with either a pair for
discoidin | or, as a positive control, a GAPDH primer pair (figure 5.4.1.1).
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Figure 5.4.1.1 Gradient PCR with Discoidin | primers

A-E.) Gradient PCR with discoidin | primer. Annealing temperatures from A to E were 49°C; 51°C;
53,8°C; 56,6°C; 59,1°C respectively. It is not clear what the band above the specific PCR product
is, but it could be seen in all samples, independent of primers or template. The specific bands
show the correct size of around 760 bp. F and G.) The positive control with GAPDH primers with
the freshly prepared cDNA template (F) and with an older cDNA template that has been proven
to work (G)

Seemingly annealing temperatures from 49°C to 59.1°C all lead to specific amplification
of the discoidin | genes. In all further PCR amplifications 51°C was used. Another PCR
was started to obtain large amounts of amplified discoidin | product (figure 5.4.1.2). Gel
pieces containing the band of the size expected for the discoidin open reading frame
were excised, and the DNA was purified. DNA concentration measurement with Nano-
Drop revealed a concentration of 5.0 ng/ul. 25 pl of discoidin | DNA (around 120 ng) and
2 ul of pET30a vector (176 ng) were then digested with Ncol and Xhol and incubated
together with ligase. The whole ligation mix was added to competent JM101 E. coli cells,
heat shock treated and grown under kanamycin selection. All grown colonies were
screened via PCR for the presence of discoidin | gene. Through this procedure four
positive clones could be isolated (figure 5.4.1.3).

Figure 5.4.1.2 PCR for large amounts of amplified discoidin |
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Lane 1 to 5: Discl amplifying PCR from Ax3 cDNA.
Lane 6: Control PCR with GAPDH primer.
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Screening for clones carrying the pET30a vector with Discl using PCR with Discl primer.
Thereby 4 positive clones could be identified (lane 2, 3, 11 and 19). Lane number
corresponds to the used clone number denotation.

Clone number 2, 3, 11 and 19 were successfully transfected with a vector carrying the
discoidin | fragment. After overnight culturing of the four clones in 4 ml LB each, the
plasmids were collected via miniprep. The yield was 50 pl of 90.8 ng/ul, 86.2 ng/ul, 97.0
ng/ul and 81.8 ng/ul respectively. The inserts of the plasmids were sequenced in both
directions using T7 promoter and T7 terminator primer. The sequence analysis showed
that in all 4 cases the open reading frame of the A-Chain was cloned (figure 5.4.1.4)

| Sequence of Clone 3

1 10 20 30 40 50 60 70 80 0 100 110 120 130

| |

DscA=-1 ATGTCTACCCARGGTTTAGTTCARCTCCTCGCARATGCTCAATGCCATTTARGARCCTCARCCAAT TACARTGGTGTCCACACTCARTTTARTTCTGCCT TAAACTACARARACARTGGTACCARTACCA
Clone3Seq ATGGCTACCCARGGTTTAGTTCARCTCCTCGCARATGCTCARTGCCATTTARGARCCTCAACCARTTACARTGGTGTCCACACTCARTTTARTTCTGCCTTAAACTACARARACARTGGTACCARTACCA
DscC-1 ATGTCTACCCARGGTTTAGTTCARCTTATCTCARATGCTCARTGTCATTTARGARCCTCAACCAATTACARTGATGTCCACACTCARTTTARTGCTGTTTTARACTATARARACARAGGTACCARTACTA
DseD-1 ATGTCTACCCARGGTTTAGTTACACTTCTCGGARATGCTCARTGTCATTTARGARCCTCARCCARTTACARTGGTGTCCACACTCARTTTARTGCTGCTTTARACTATARARACARAGGTACCARTACTA
Consensus ATGLCTACCCARGGTTTAGT TeaACTLeTCgcARATGCTCARTGECATTTARGARCCTCARCCAAT TACARTGg TRTCCACACTCARTTTARTEC TG TTARACTALARARACARAGG TACCARTACER

131 140 150 160 170 180 190 200 210 220 230 240 250 260

| |

DscA-1 TTGATGGTTCAGARGCTTEGTGTTCATCARTCGTAGATACCAACCAATACATTGTTGCTGGT TGTGAAGT TCCACGTACTTTTATGTGTGT TGCTCTCCARGGTCGTGGTGATGCTGATCAATGGG T TAC
Clone3Seq TTGATGGTTCAGARGCTTGGTGTTCATCARTCGTAGATACCAACCAATACATTGTTGCTGGTTGTGARGTTCCACGTACTTTTATGTGTGTTGCTCTCCARGGTCGTGGTGATGCTGATCAATGGGTTAC
DscC-1 TTGATGGTTCAGARGCTTEGTGTTCATCARTCGTAGATACCAACCAATACATTGTTGCTGGTTGTGARGTTCCACGTACTTTTATGTGTGTTGCTCTCCARGGTCGTGGTGATCATGATCAATGGGTTAC
DscD-1 TTGATGGTTCAGARGCTTEGTGTTCATCARTCGTAGATACTAACCAATACATTGTTGCTEGTTETGARGTTCCACGTACTTTTATGTGTGTTGCTCTCCARGGTCGTGGTGATCATGATCAATGGGTTAC
Consensus TTGATGGTTCAGARGCTTGGTGTTCATCARTCGTAGATACCAACCAATACATTGTTGCTGGT TETGARGT TCCACGTACTTTTATGTGTGT TGCTCTCCARGGTCGTGGTGATcaTGATCAATGGGTTAC

261 270 280 290 300 310 320 330 340 350 360 370 380 390

| |

DscA-1 ATCATACAARATCCGTTATTCATTAGATARTGTTTCCTGGYTTGARTATCGTAATGGTGCTGCTGT TACTGGTGTAACTGATCGTARCACTGTTGTTAATCATTTCTTTGATACTCCARTTAGAGCTCGT
Clone3Seq RATCATACAARATCCGTTATTCATTAGATARTGTTTCCTGGTTTGARTATCGTAATGGTGCTGCTGTTACTGGTGTAACTGATCGTAARCACTGTTGTTAATCATTTCTTTGATACTCCARTTAGAGCTCGT
DscC-1 ATCATACAARATCCGTTATTCATTAGATARTGTTACCTGGTCTGARTATCGTAATGGTGCTGCTATTACTGGTGTAACTGATCGTARCACTGTTGTTAATCATTTCTTTGATACTCCARTTAGAGCTCGT
DscD-1 ATCATACAARATCCGTTATTCATTAGATARTGTTACCTGGTCTGARTATCGTAATGGTGCTGCTATTACTGGTGTAACTGATCGTARCACTGTTGTTAATCATTTCTTTGATACTCCARTTAGAGCTCGT
Consensus ATCATACAARATCCGTTATTCATTAGATARTGTTaCCTGGTcTGARTATCGTAATGGTGCTGCTaT TACTGGTGTAACTGATCGTARCACTGTTGTTAATCATTTCTTTGATACTCCARTTAGAGCTCGT

391 400 410 420 430 440 450 460 470 480 430 500 510 520

| |

DscA-1 TCAATTGCTATCCACCCATTARCCTGGARTGGTCACATTTCATTARGATGTGAATTCTACACTCARCCAGTACARAGCTCAGTCACTCARGT TRGTGCAGATATTTACACTGGTGATAACTGTGCCTTAR
Clone3Seq TCAATTGCTATCCACCCATTAACCTGGARTGGTCACATTTCATTARGATGTGAATTCTACACTCARCCAGTACARAGCTCAGTCACTCARGT TGGTGCAGATATTTACACTGGTGATARCTGTGCCTTAR
DscC~=1 TCAATTGCTATCCACCCATTARCCTGGARTAACCACATTTCATTARGATGTGAATTCTACACTCARCCAGTACARAGCTCAGTCACTCARGTTGGTGCAGATATTTACACTGGCGATARCTGTGCCTTAR
DscD-1 TCAATTGCTATCCACCCATTARCCTGGARTAACCACATTTCATTARGATGTGAATTCTACACTCARCCAGTACARAGCTCAGTCACTCARGTTGGTGCAGATATTTACACTGGCGATARCTGTGCCTTAR
Consensus TCAATTGCTATCCACCCATTARCCTGGAATaacCACATTTCATTARGATGTGAATTCTACACTCARCCAGTACARAGCTCAGTCACTCARGTTRGTGCAGATATTTACACTGGCGATARCTGTGCCTTAR

521 530 540 550 560 570 580 590 600 610 620 630 640 650

| |

DscA-1 ATACCGGTTCAGGTAAACETGAAGTTGTTETCCCAGTTARATTCCAATTTGARTTTGCTACTCTCCCARAGGTTGCTCTCARCTTTGATCARATCGATTGTACTGATGCCACCAATCARACCCGTATTGE
Clone3Seq ATACCGGTTCAGGTARACGTGAAGTTGTTGTCCCAGTTARATTCCAATTTGARTTTGCTACTCTCCCARAGGT TGCTCTCARCTTTGATCARATCGATTGTACTGATGCCACCAATCARACCCGTATTGE
DscC~=1 ATACCGGTTCAGGTAARCGTGAAGTTGTTGTCCCAGTTARATTCCARTTTGARTTTGCTACTCTCCCARAGGTTGCCCTCARCTTTGATCARATCGATTGTACTGATGCTACCARTCARACTCGTATTGE
DscD-1 ATACCGGTTCAGGTAAACGTGARGTTGTTGTCCCAGTTARATTCCAATTTGARTTTGCTACTCTCCCARAGGTTGCCCTCARCTTTGATCARATCGATTGTACTGATGCTACCAATCARACTCGTATTGE
Consensus ATACCGGTTCAGGTAAACETGAAGTTGTTETCCCAGTTARATTCCAATTTGARTTTGCTACTCTCCCARAGGTTGCcCTCARCTTTEATCARATCGATTGTACTEATGCEACCAATCARACLCGTATTGE

651 660 670 680 630 700 710 720 730 70 790 76862
|

|
DscA-1 TGTCCARCCARGARATATTACCACCAARGETTTTGATTGTGTTTTCTACACTTGGAATGAARACARAGTTTACTCATTARGAGCTGATTACATTGCTACCGCTTTGGAATAR
Clone3Seq TGTCCARCCARGARATATTACCACCAARGGTTTTGATTGTGTTTTCTACACT TGGAATGAARACARAGTTTACTCATTARGAGCTGATTACATTGCTACCGCTTTGGAATAR
DscC~=1 TGTTCARCCARGARACATTACCACCAARGGTTTCGATTGTGTTTTCTACACTTGGARTGCTARCARAGTCTATTCATTARGAGCTGAT TACATTGCTACTGCTTTAGAATAR
DscD-1  TGTTCARCCARGARACATTACCACCAARAGGTTTTGATTGTGTTTTCTACACTTGGARTGAARACAARGTCTATTCATTARGAGCTGATTACATTGCCACCGCTTTAGAATAR
Consensus TGTLCARCCARGARACATTACCACCAARGGTTTEGATTGTGTTTTCTACACTTGGAATGaaRRCARRGTcTALTCATTARGAGCTGATTACATTGCLACCGCTTTaGAATAR

Sequence alighnment of the three discoidin | chains and the discoidin | sequence of clone 3
showing high similarity between the cloned sequence and the A chain with only 3 different bases,
one of them inevitably caused by the primer sequence, the two other are silent mutations. With
the C and D chain the cloned sequence has 32 and 30 differences respectively.
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Whereas Clone 2, 11 and 19 unfortunately had missense mutations, Clone 3 showed
two silent mutations at position 309 and 342, which happened both to be in wobble
positions (figure 5.4.1.5 A). As proven by in-silico translation the primary amino acid
sequence of dscA-1 and the fragment are identical except the one amino acid
substitution caused by the primer sequence (figure 5.4.1.5 B).

Discoidin | A-Chain and the Discoidin | Sequence of Cl

A 191 priz]c] 218 2206 236 248 256 266 278 28@ 285
| |

D=c1A ATGTCTACCCARGGTTTAGTTCAACTCCTCGCARATGCTCARTGCCAT T TARGAACCTCAARCCART TACARTGGTGTCCACACTCAA
Clone3_Sequenced ACARGGCCATGCCTACCCAAGGTTTAGTTCARCTCCTCGCARATGCTCARTGCCAT T TARGAACCTCARCCART TACARTGGTGTCCACACTCAR
CONSENSUS  +vauaans ATGOCTACCCARGGTTTAGTTCAACTCCTCGCARATGCTCARTGCCAT T TARGAACCTCAACCART TACART GG TGTCCACACTCAA

236 235 385 315 325 335 345 355 365 373 388

| |

D=c1A  TTTAATTCTGCCTTARAC TACARRRACARTGGTACCARTACCAT TCATGGT TCAGAARGCT TGGTGTTCATCARTCGTAGATACCARCCAATACAT
Clone3_Sequenced TTTAATTCTGCCTTARRCTACARARACAATGGTACCARTACCAT TGATGGTTCAGAAGCT TGGTGTTCATCARTCGTAGATACCARCCAATACAT
Conzensus  TTTAARTTCTGCCTTARAC TACARARARCAAT GG TACCARTACCATTCATGGT TCAGAAGCTTEGTGTTCATCARTCGTAGATACCARCCARTACAT

351 398 488 418 428 438 EE L] 458 458 47a 4735
|
D=clA TETTGCTGGTTGTGAAGT TCCACGTACTTTTATGTGTGT TGCTCTCCARGGTCGTGGTGATGCTGATCARTGGGTTACATCATACAARRATCCGTT
Clone3_Sequenced TGTTGCTGGTTGTGAAGT TCCACGTACTTTTATGTGTGT TGCTCTCCARGETCGTGETEATGCTGATCARTGEGGTTACATCATACARARRTCCGTT
Conzensus  TGTTGCTGGTTGTGAAGTTCCACGTACT TTTATGTGTGTTGCTCTCCARGG TCGTGETGATGCTGATCART GGG TTACATCATACARRATCCGTT

476 485 495 SE3 519 525 533 45 j=t=ta} 563 SvE
|
D=clA ATTCATTAGATAATGT TTCCTGGTTTGARTATCGTARTGCTGCTGCTGTTACTGGTGTARCTGATCGTARCACTGTTGTTARTCATTTCTTTGAT
Clone3_Sequenced ATTCATTAGATAARTGTTTCCTGGTTTGAATACCGTARTGGTGCTGCTGTTACTGGTGTARCTGACCGTARCACTGTTGTTARTCATTTCTTTGAT
Conzensus  ATTCATTAGATARTGTTTCCTGGTTTGAATACCGTARTGGTGCTGCTGTTACTGGTGTRACTGACCGTARCACTGTTGTTARTCATTTCTTTGAT

571 528 598 [=1a 1] &18 &28 [=3ci] £ &58 [=11= B )
| |
D=c1A  ACTCCAARTTAGAGCTCGTTCAARTTGCTATCCACCCATTARCCTGCARTCGTCACATTTCATTARGATGTEAARTTCTACACTCARCCAGTACARARG
Clone3_Sequenced ACTCCARTTAGAGCTCGTTCARTTGCTATCCACCCATTARCC TGGAARTGGTCACATTTCATTARGATGTCAATTCTACACTCAACCAGTACARRG
Conzensus  ACTCCARTTAGAGCTCGTTCAART TGCTATCCACCCATTARCC TGGARTGGTCACAT T TCATTARGATGTGAATTCTACACTCAACCAGTACAARAG

=11 675 635 &35 Tas 715 TZ23 T35 T45 T35 T8
|
D=clA  CTCAGTCACTCAAGTTGCGTGCAGATATTTACACTGGTGATARCTGTGCCT TARATACCGG TTCAGGTRAARCGTGARGTTGTTGTCCCAGTTAARART
Clone3_Sequenced CTCAGTCACTCARGTTGGTGCAGATATTTACACTGGTGATARCTGTGCCTTARATACCGGT TCAGGTARARCGTCARGTTGTTGTCCCAGTTAART
Conzensus  CTCAGTCACTCARGT TGETGCAGATATT TACACTGCTGATARCTCTECCT TARATACCGETTCAGETARRCGTGARGTTGTTETCCCAGTTAAAT

Tel Tve Taa TIa 288 218 28 238 S48 858 835
| |
D=clA TCCAARTTTGAATTTGCTACTCTCCCARAGGTTGCTCTCARCTTTGATCARATCGAT TGTACTGATGCCACCARTCARACCCGTATTGGTGTCCARA
Clone3_Sequenced TCCARTTTGAATTTGCTACTCTCCCARAGGTTGCTCTCARCT TTGATCARATCGATTETACTGATGCCACCARTCARACCCGTATTGGTGTCCAR
Conzensus  TCCARTTTGARTTTGCTACTCTCCCARAGGTTGCTCTCARCT TTGATCARATCGAT TGTACTGATGCCACCARTCARACCCGTATTGGTGTCCAA

256 BE5 275 833 895 85 15 925 35 245 958
| |
DsclA  CCARGAAARTATTACCACCARAGGTTTTGATTGTGTTTTCTACACT TGGARTGARRRCARAGT TTACTCATTARGAGCTGATTACATTGCTACCGE
Clone3_Sequenced CCARGARATATTACCACCAARGGTTTTGATTGTGTTTTCTACACT TGGARTGARARRCARAGT TTACTCATTARGAGCTGATTACATTGCTACCGE
Conzensus  CCARGARATATTACCACCARARGGTTTTGATTGTGTTTTCTACACT TGGART GARARCARAGT TTACTCAT TARGAGCTGATTACATTGCTACCGE

251 G 7@ 36 238 16688 i81@ 1826 1826

|

D=clA TTTGGAATAA
Clone2_Sequenced TTTGGAARTAACTCGAGCACCACCACCACCACCACTGAGATCCCGC TGCTAARCARAGC CCGARAGAAGCTATGGTTT
Consensus TTTGGARATAR. o iuieiiaetaetantaaraaransansansansansanssassassassnsnnsansanans

B

1 10 20 30 40 50 60 0 80 90 100 110 120 130

I 1

DscA=1 HSTOGLYOLLANAOCHLRTSTHYNGYHTOFNSALMYKNHGTNTIDGSERHCSSIVDTHOY IYAGCEYPRTFHCYALOGRGDADOHY TSYKIRYSLONYSHFEYRNGARY TGYTDRNTYYNHFFDTPIRAR
Clone3Seq HATOGLYOLLANAQCHLRTSTHYNGYHTOFHSALMYKNHGTHTIDGSEAHCSSIVDTHOYIYAGCEYPRTFHCYALOGRGDADOHYTSYKIRYSLONYSHFEYRHGARY TGYTDRNTYYNHFFDTPIRAR
Consensus HaTAGLYALLANAACHLRTSTHYHGYHTAFHSALHYKHHGTHTIDGSEAHCSSTYDTHAY TYAGCEYPRTFHCYALAGRGDADOHY TSYKIRYSLDNYSHFE YRHGARY TGYTDRHTYYHHFFDTPIRAR

131 140 150 160 170 180 190 200 210 220 230 240 250253
I

|
DscA-1 SIATHPLTHHGHISLRCEFYTOPYOSSYTOVGADIYTGDHCALHTGSGKREVYYPVKFOFEFATLPKVALNFDOIDCTDATHOTRIGYOPRHITTKGFDCYFYTHHEHKVYSLRADYIATALE
Clone3Seq SIAIHPLTHHGHISLRCEFYTOPYOSSYTOYGADIYTGDNCALNTGSGKREYYYPYKFOQFEFATLPKYALNFDOLIDCTDATHOTRIGYOPRNITTKGFDCYFY THHENKYYSLRADYIATALE
Consensus  SIAIHPLTHHGHISLRCEFYTOPYQSSYTOYGADIYTGDNCALNTGSGKREYYYPYKFOFEFATLPKYALNFDOIDCTDATHOTRIGYOPRNITTKGFDCYFY THHENKYYSLRADYIATALE

A.) The alignment between dscl A-chain and the dscl sequence of clone 3 reveals the 3 different
bases. At position 4 the change from T to C causes a change from serine to alanine in the
translated protein; this mutation was due to the primer in order to have an N-terminal in frame
restriction site. The mutations at position 309 and 342, both T to C, caused no change in the
amino acid sequence. B.) Primary sequence alignment of discoidin | and the cloned version
showing only one mutation at the very N-terminal end.
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Clone 2 showed a mutation in position 383 which leads in the protein to a substitution
of an arginine by an isoleucine at position 128. This amino acid is located in the beta-
sheet of the N-terminal domain.

The plasmids of clone 2 and 3 were used to transfect the expression strain BL21. From
the grown plate, 4 colonies were picked for pilot expression at 16°C and 24°C. Western
blot and Coomassie staining of the soluble fraction of the lysates showed that the dscA-
1 of clone 2, which carried a missense point mutation, had problems being expressed
(figure 5.4.1.6). On the other hand, dscA-1 from clone 3 carrying the silent mutation was
expressed to high amounts and was soluble at 24°C as well as on 16°C.

Figure 5.4.1.6 Pilot expression

Coomassie Anti-His WB Merge

Discoidin | pilot expression of clone 2 and 3. Soluble fractions of lysates are shown Coomassie
stained and anti-His western blotted. Lanes: 1 — 4: controls, 1: clone 2, 24°C, 4h; 2: clone 2, 16°C,
o.n.; 3: clone 3, 24°C, 4h; 4: clone 3, 16°C, o.n.; 5 — 7: three different colonies of clone 2 IPTG
induced, 24°C, 4h; 8: clone 2 IPTG induced, 16°C, o.n.; 9 — 11: three different colonies of clone 3
IPTG induced, 24°C, 4h; 12: clone 3 IPTG induced, 16°C, o.n.

A time series was performed with the most efficiently expressing clone of the previous
pilot expression experiment (figure 5.4.1.7). Due to the good results of 24°C, yielding
high amounts of soluble protein, this condition was used for the large scale expression.
The time series also showed that the amount of soluble protein increases even after 4
hours, indicating that the BL21 strain has no problems expressing DscA-1 that may have
been caused by toxicity of the lectin itself or by strong formation of inclusion bodies.
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Figure 5.4.1.7 Pilot expression clone 3 |

Ponceau Anti-His WB

Pilot expression of discoidin | of clone 3 with a 24°C time series. The control was not induced
with IPTG but grown under the same conditions for 4 hours. The time series shows how the
amount of discoidin | increases with the time after induction. The amount of E. coli proteins
remains more or less unchanged. The optimal discoidin | expression seems to be at 24°C for at
least 4 hours with clone 3.

The large scale expression was performed for 4 hours at 24°C. The soluble fraction of
the lysate was collected and discoidin | protein was isolated by His-tag purification using
a Ni-NTA column. This procedure yielded 2 ml of highly purified and concentrated
discoidin I (2 pg/ul) (figure 5.4.1.8).

Figure 5.4.1.8 Large scale expression

Ponceau Anti-His WB Merge

Large scale expression of discoidin | of clone 3 for 4 hours at 24°C. The soluble fraction of the
lysate was loaded onto a Ni-NTA column, washed several times, and eluted with an imidazole
containing buffer. The annotation L, F, W and E stand for lysate, flow-through, wash and elution
respectively. Through this procedure highly purified and concentrated discoidin | was obtained.



DscA-1 with His-tag expressed in E. coli showed the predicted size of around 38 kDa. A
final PMF and MS/MS sequence analysis confirmed that the purified protein was
discoidin | (figure 5.4.1.9).

Figure 5.4.1.9 Recombinant Discoidin 1 A fingerprint
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A.) PMF confirms that the expressed protein is discoidin | A. The 1182 m/z, 1196 m/z, 1559 m/z
and 1578 m/z peaks were also found in the spectra for native discoidin I. B.) MS/MS digest of
peak 1578.69 m/z and 1559.75 m/z emphasizes the correct identification. The mass of the
peaks are within the 0.6% window, and therefore there is some overlap in the MS/MS spectra.
Anyway the sequence for both peaks could be sequenced (YSIDNVSWFEY and NTVVNHFFDTPI)
and further approved the correct PMF.
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I 5.4.2 Cloning of Discoidin I N and C terminus

Discoidin | is a lectin carrying two sugar binding motifs. On the N-terminus it has the so
called discoidin domain, which is a widely distributed domain amongst eukaryotes
whose exact binding properties vary from protein to protein; the C-terminus is an H-
type lectin domain, known to have affinity towards Gal, GaINAc and their polymers. In
order to make a more specific analysis of discoidin binding properties and biological
function in the future the two domains were cloned separately.

As a template for discoidin | A-Chain C-terminus and N-terminus, henceforth referred to
as DscA-1/C and DscA-1/N respectively, pET30a vector with cloned DscA-1 gene was
used (described in chapter 5.4.1). The primers and the PCR programme are described in
chapter 4.3.2. After the PCR of the 485 bp large DscA-1/N and 319 bp large DscA-1/N
(figure 5.4.2.1) the gel containing the fragments were excised and the DNA purified.
Both fragments and the pET30a vector were cut by Ncol and Xhol and ligated.

Figure 5.4.2.1 PCR amplified discoidin | C-terminus and N-terminus

PCR amplified DscA-1/C and DscA-1/N on separated on an agarose gel.

The whole ligation mix was added to competent JIM101 E. coli cells, heat shock treated
and grown under kanamycin selection. All grown colonies were screened via PCR for the
presence of DscA-1/C or N fragment. Through this procedure 12 positive clones carrying
DscA-1/C and 6 positive clones carrying DscA-1/N could be identified (figure 5.4.2.2).

Figure 5.5.2.2 PCR screening for positive clones
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Screening for clones carrying the pET30a vector with either DscA-1/N or DscA-1/C using PCR
with respective primer pair. Thereby 6 positive clones for N-terminus (lane 1, 3, 6, 8, 9 and 10)
and 12 positive clones for the C-terminus (all). Lane number corresponds to the used henceforth
used clone number denotation.



The plasmids of DscA-1/N clone 1 and DscA-1/C clone 7 and 9 were used to transfect the
expression strain BL21. Of the overnight grown LB kanamycin plate one colony per clone
was picked for pilot expression at 16°C and 24°C. Western blot and Coomassie staining
of the soluble fraction of the lysates were analysed. At 24°C no protein was found in the
soluble phase, neither for DscA-1/N nor for C (data not shown). However, at 16°C
soluble DscA-1/N (figure 5.4.2.3) and DscA-1/C (figure 5.4.2.4) were obtained.

Figure 5.4.2.3 Pilot expression DscA-1/N soluble fraction

Ponceau Anti-His WB
kDa N.4h 2h
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Soluble fraction of the DscA-1/N clone 1 pilot expression at 16°C. The control was not induced
with IPTG but grown under the same conditions over night. The time series shows that
detectable amount of DscA-1/N was achieved by overnight expression. The amount of E. coli
proteins remains more or less unchanged.

Figure 5.4.2.4 Pilot expression DscA-1/C soluble fraction

Soluble fraction of the DscA-1/C clone 7 and clone 9 pilot expression at 16°C overnight. Soluble
DscA-1/C was expressed by both clones under these conditions.
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I 5.4.3 Binding affinity of Discoidin I A to HRP

After the His-Tag purification of recombinant DscA-1 via a Ni-NTA column and the
confirmation that the correct protein was expressed judging from its size on SDS-PAGE
and parts of its peptide sequence revealed by MS/MS, the next step was to confirm the
binding property of the recombinant DscA-1 towards the N-glycan of HRP. For this
purpose | coupled acrylamide beads with HRP and performed an affinity
chromatography using the His-tag purified DscA-1 as the analyte. This experiment
displayed very weak binding interaction between DscA-1 and HRP.

Figure 5.4.2.1 HRP Acrylamide Affinity Chromatography with recombinant DscA-1

Flow through Elution
DscA-1 “+ + N + D
HRP + - + + - +

Acrylamide beads coupled with HRP and incubated for 1 hour at room temperature with His-tag
purified recombinant DscA-1. The flow through shows that weak binding interactions exist
between the recombinant DscA-1 and HRP resulting in only a small amount of DscA-1 detected
in the elution fraction. Picture section marked by asterisk is the elution fraction better visualized
due to higher contrast.

Repetition of this experiment as well as modifying the experimental parameters did not
enhance the outcome. Possible reasons for the low binding affinity of the recombinant
discoidin | are addressed in the discussion part.



VI. Discussion

Dictyostelium discoideum is one of the oldest still used molecular biological model
organisms. First results concerning chemotaxis, aggregation and development date back
to the year 1947 (Bonner, 1947). Since that time many researchers revealed one
molecular biological puzzle piece by one, slowly but constantly helping to assemble the
big picture of development in D. discoideum. Even though many data have been
collected over the past 60 years, some crucial links are still missing making development
in D. discoideum not understood throughout the whole process. As for example many
spatio-temporal gene expression changes have been identified (Rosen et al., 1973;
Mathieu et al., 2010), but their functions are still unknown. Another example is that an
N-glycomic shift from single to multi-cellular stage is proven, without any hint for a
reason (Schiller et al., 2009). To solve the latter uncharted issue, it would be necessary
to identify a compound that is able to interact specifically with these glycans, in all
likelihood a specifically binding lectin.

The glycosylation profile shifts during development towards shorter N-glycans, with
more accessible core-region and core-al,3-fucoses in the multicellular form. This leads
to an Endo-H sensitivity of the otherwise resistant D. discoideum glycans during
aggregation and culmination (lvatt et al. 1981). Especially the core-al,3-fucose drew our
interest, because it is a moiety that appears in many, very different species, for example
in nematodes, plants and slime moulds (Paschinger et al., 2008; Sturm et al., 1992;
Schiller et al., 2009), but in some evolutionary more closely related organisms it is lost,
as in Acanthamoeba (Schiller et al., 2012), which happens to be like D. discoideum also
an amoebozoa, or in snails (Van Kuik et al., 1985) that just as nematodes are member of
the protostomia clade of animals.

It is without doubt that this fucose moiety possesses a function, simply due to its
reoccurrence all across the eukaryotic domain. In D. melanogaster for example, core-
al,3-fucosylation occurs specifically in the embryonic nervous system. A spatio or
temporal change of the core-al,3-fucose expression leads to a series of disorders
(Rendic et al., 2010). Also as shown before in D. discoideum mutant strains lacking core-
al,3-fucose growth rate was reduced, the germination of older spores was impaired and
the slime sheath accumulation delayed (Schiller et al., 2009; Gonzales-Yanes et al., 1989;
Champion et al., 1995). This may correlate with my experiment with a glucosidase I
inhibitor shown to decrease doubling time of inhibited cells by more than 60% (see
appendix).

The core-region of N-glycans in D. discoideum and in plants is quite similar. They differ
by only one xylose moiety that exists in plants. The similarity is to such an extent that
antibodies specific for the N-glycan of HRP (a plant peroxidase) are strongly cross-
reacting with that of D. discoideum. Using HRP N-glycans to identify lectins that may
bind the core-region of D. discoideum is therefore an admissible procedure and has
been successfully used to identify a similar fungal lectin before (Schubert et al., 2012).
The performed inhibition blots hinted at the existence of lectins that bind this core-
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region. It was shown by West and McMahon (1977) that some lectins are in fact able to
refold after SDS-PAGE and recover their binding specificity. Interestingly the protein
examined in that study with this refolding property is discoidin I. As a matter of fact the
strongest band revealed by the inhibition blot shows to have the same molecular mass
as the discoidin |l isolated by affinity chromatography (figure 6.1).

Figure 6.1

35kDa [

25 kDa ke -~ -

Comparison of discoidin | (left) and most dominant
band from inhibition blot (right). Discoidin Il is also
shown just below discoidin |, but without
corresponding inhibition blot band.

Lectin binding strengths are, compared to that of antibodies, very low. Bound lectins are
easily washed away rendering affinity purification for lectins a challenging task. In
natural environments binding strength of lectins often arises through avidity rather than
affinity. The low concentration of a lectin in the total absence of more abundant
proteins as yielded by affinity chromatography with acrylamide matrix can therefore be
deemed as a significant evidence for specific binding towards the presented glycan.

It is rather difficult to determine a protein mass with an accuracy of +5 kDa by its
appearance on an SDS-PAGE gel. That also applies for discoidin | when identified in-gel.
The databases predict a molecular mass of approximately 28 kDa but on the SDS-PAGE
that followed the affinity chromatography it appeared to be around 33 kDa. A
reasonable suspicion, because discoidin Il happens also to have approximately 28 kDa
but definitely showed to be around 5 kDa smaller than discoidin | (figure 6.1). Post-
translational modifications have not been reported for discoidin I, but they might very
well exist. Phosphorylation may occur, but with a molecular mass of 80 Da per
phosphate even multiple phosphorylations cannot be accountable for a shift of 5 kDa.
Ubiquitination and sumoylation two highly conserved protein modification processes
also occurring in D. discoideum seem also improbable (Clark et al., 1997; Sobko et al.,
2002), because they usually add a mass of 8 to 12 kDa per protein, which would cause a
stronger shift. On the other hand single or multiple glycosylations could theoretically
cause a 5 kDa shift. For example the major N-glycan structure found in D. discoideum
comprises a mass of around 2.5 kDa (H8N4F). Discoidin | carries no terminal signal
sequence and has been shown to leave the cell via multilaminar bodies (Barondes et al.,
1985). There are also signs for transport via normal secretory vesicles besides
multilaminar body though (Fukuzawa and Ochiai, 1993). However, due to the lack of a
signal sequence discoidin | seems not to enter the ER and should therefore not carry any
N-glycosylation. Another not particularly likely possibility would be O-glycosylation
which can be assembled on cytoplasmic proteins in D. discoideum (Teng-umnuay et al.,
1998). This question must be left unanswered in this thesis, but the mass shift and post-



translational modification on discoidin | in general should be investigated in the future,
as they might have a strong influence on its specificity and function. An attempt to
examine the size of native discoidin | by MALDI-TOF MS was not successful, although the
recombinant protein could be analyzed by this technique (data not shown).

Discoidin |, which is a potential N-glycan-core binding protein, was expressed for
confirmation of this prediction and further examination in an E. coli expression strain
BL21. E. coli expression lacks post translational modification of eukaryotes, and
comprises different intracellular conditions, but due to its speed of execution it was the
method of choice. Besides, discoidin | has been expressed before in E. coli by Mathieu
et. al. (2010) and vyielded fully folded proteins suitable for crystallographic studies.
During the cloning procedure 2 silent mutations occurred, besides the one mutation
that was introduced during PCR to achieve a restriction site. This N-terminal point
mutation was shown to have no influence on the folding in discoidin | (Mathieu et al.,
2010). In addition our recombinantly expressed discoidin | carried a 4.9 kDa N-terminal
tail containing His-tag and S-tag resulting in a 33 kDa protein. Polyhistidine affinity tags
are routinely used for purification of recombinantly expressed proteins and have shown
to rarely influence protein structure or function (Lichty et al., 2005). Also the S-tag is
known to usually leave structure and function of the target protein uninfluenced but to
increase its solubility (Raines et al., 2000). Despite the experience that these tags rarely
interfere with the target protein function, it cannot be excluded, especially because the
tag constitutes around 17% of the mass of the relatively small target protein, discoidin I.
For examination of the binding affinity of the recombinant protein the initial experiment
using a HRP coupled acrylamide affinity chromatography, with which discoidin | was
identified as a potential HRP N-glycan binding protein, was conducted. This resulted in
only very low binding by recombinant discoidin |, close to the limit of detection of the
subsequent western blot analysis. Undoubtedly the affinity of the recombinant protein
was much weaker than that of in Dictyostelium discoideum expressed discoidin I. There
is a series of reasons that could be responsible for that: First, as mentioned above, could
the 4.9 kDa large N-terminal His- and S-Tag interfere with folding and lectin binding,
especially if the N-glycan binding domain is on the N-terminal domain. Second, E. coli as
an expression strain lacks correct post-translational modifications which are often
required for proteins to function. Third, discoidin | is known to form trimers, but it is not
known whether a monomer is sufficient for specific oligosaccharide binding or only the
trimer. An inability of the recombinant discoidin | to form trimers, be it due to the lack
of post-translational modifications, or tags that disturb the protein-protein-interaction,
or simply because of an improper chemical environment, could explain the loss of
binding affinity. Fourth, it was not possible to distinguish via MS and MS/MS which of
the three discoidin | isoforms bound to the HRP coupled column. The binding affinities
of the isoforms may differ and the expressed discoidin | A isoform may therefore lack
the required MOXF3 binding ability.
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Future studies can address these questions by using a cleavable tag that is cleaved after
protein purification, by using an expression system that applies similar post-translational
modifications as D. discoideum, by determining whether the expressed protein
assembles into a trimer via native PAGE and by expressing all three isoforms of discoidin
l.

It was previously stated that discoidin | might have an affinity towards core-N-glycans
carrying B1,2-xylose (Amatayakul-Chantler et. al, 1991). These glycans with a core-B1,2-
xylose moiety are found on plant proteins, such as HRP, but not on proteins of D.
discoideum. Previous glycan array analysis used mammalian printed arrays which do not
comprise any form of xylosylated glycans. It therefore cannot be excluded that discoidin
| bound to the HRP-affinity-column due to its xylose moiety.

Finally, through cloning each of the two binding domains of discoidin | separately and
their successful expression in pilot experiments | laid the foundation stone for future
domain specific investigations, which may help to elucidate discoidin | biological
function.
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VIII. Appendix

I 8.1 Growth Kinetics of Ax3

According to Ashworth and Watts 1970, axenic growing Dictyostelium discoideum have
a doubling time of 8 to 12 hours depending on the exact temperature, medium and
presence of selective drugs. To confirm that simple growth kinetics measurements were
done with the used Ax3 strain. Ax3 was cultured as described in chapter 4.1 with an
initial number of 9 x 10* cells per ml. The cells were grown for about 4 and a half day
(108 hours) till they reached the stationary phase of over 10 cells per ml. The results are
shown in table 5.1.1 and figure 5.1.1. Excluding the non-log-phase growth, which is
reached above 8 x 10° cells per ml, the doubling time was calculated. In comparison the
growth kinetics of Ax3 grown in the presence of N-butyl-deoxynojirimycin (NB-DNJ)
glucosidase Il inhibitor revealed a decrease in growth rate. The doubling times for Ax3
and Ax3 with glucosidase Il inhibitor are 11.39 hours and 17.82 hours respectively.

Table 5.1.1 Growth kinetics ©Oh 36h 44h 60h 84h 108h
Ax3 9*10* 5.8*10° 7.9¥10° 2.55*10° 1.1*10° 1.83*10’
Ax3 with NB-DNJ 9*10* 1.7*10° 2.6*10° 2.8*10° 8.6*10° 2.93*10°

Figure 5.1.1 Growth curve Ax3 and Ax3 with glucosidase inhibitor
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On logarithmic scale growth kinetics of Ax3 (blue diamonds) and Ax3 treated with glucosidase inhibitor
(red square) are shown. The cells were grown for 108 hours at room temperature with constant
shaking in HL5 media containing streptomycin.
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As clearly shown by the graph due to the slower growth rate a gap in cell number of up
to ten fold arose.

Glucosidase Il removes distal glucoses, rendering fucosylation possible. The reason for
the impaired growth rate in presence of glucosidase Il inhibitor remains unsolved, but it
might correlate with a reduction of the core-a-1,3-fucose moiety or other effects.

I 8.2 Abstract in German

Dictyostelium discoideum ist eine seit vielen Jahren erforschte Amdbe, welche,
ausgeldst durch Hungerstress, in der Lage ist in einen Lebenszyklus zu wechseln, in
welchem es mit tausenden anderen Zellen aggregiert und einen echten vielzelligen
Organismus bildet. In dieser vielzelligen Entwicklungsphase differenzieren und
spezialisieren sich einzelne Zellverbdnde unterschiedlich, was zu intra- und
extrazellularen Veranderungen fiihrt. Zum Beispiel verdandert sich das N-Glykom.
Wahrend in der einzelligen Amoébe die neutralen N-Glykane vor allem a-1,3-Kern-
fucosyliert sind und bis zu acht Mannosen und sogenannte ,intersecting” und
,bisecting” N-Acetylglucosamine tragen, tragen die neutralen N-Glykane der
differenzierten Zellen keine ,,intersecting” und ,,bisecting” N-Acetylglucosamine und nur
noch bis zu fiinf Mannosen. Lediglich die a-1,3-Kern-fucosylierung bleibt unverandert.

Die Funktion dieser a-1,3-Kern-fucosylierung ist nachwievor unklar, jedoch scheint es
sicher, dass in Dictyostelium discoideum zumindest ein Lektin existiert, welches an
dieser funktionellen Gruppe binden kann. In meiner Arbeit bekraftige ich diese
Annahme mittels Westernblot-Experimenten. Des Weiteren habe ich durch
Affinitdtschromatographie im D. discoideum Lysat nach Lektinen gesucht die in der Lage
sind an HRP, einem Pflanzenprotein das a-1,3-Kern-fucosylierte N-Glykane tragt, zu
binden. Die so isolierten Proteine wurden anschlieRend massenspektrometrisch
analysiert. Hierdurch konnte ich tatsachlich ein potentiell a-1,3-Kern-fucosylierungs-
bindendes Lektin identifizieren mit dem Namen Discoidin I. Um weitere biochemische
Analysen mit dem Protein durchzufiihren wurde eines der drei Discoidin | Gene, das
dscA-1 Gen, mit einem N-terminalen His-tag in dem E. coli Expressionsstamm BL21
exprimiert und mittels Ni-NTA-Saule aufgereinigt. Abschliefend wurden einige einfache
Versuche Uiber das Bindungsverhalten des Proteins durchgefiihrt die zu unerwarteten
Ergebnissen fihrten. Da Discoidin | einen relativ komplexen Aufbau hat, bestehend aus
zwei Zuckerbindungsstellen, eine N- und eine C-Terminal, wurden zusatzlich die Termini
separat kloniert.

In dieser Arbeit erbringe ich Beweise fir einen neuen, natilirlich vorkommenden
Bindungspartner von Discoidin |, und stelle der wissenschaftlichen Nachwelt
rekombinante Discoidin | Expressionsstimme zur Verfligung mit deren Hilfe grole
Fortschritte in der entwicklungsbiologischen Aufklarung von Dictyostelium discoideum
gemacht werden kénnten.
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