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Introduction

1. Introduction

The brain is of a stunning elaborateness. It hasbthe largest diversities of cell types
throughout the body. A total of about 80% of gemmeshe genome is expressed in the
nervous system (Lein, Hawrylycz et al. 2007). Buere this high degree of diversity is
easily outshined by the complexity of connectiorsateen neuronal cells. In the human
cerebral cortex about 1 billion synapses per cubitimetre can be found (Alonso-
Nanclares, Gonzalez-Soriano et al. 2008).

A major attribute of the brain is its neuronal pisy, the ability to modulate and remodel
neuronal circuits depending on external or inteinplts. These adaptive changes are not
restricted to developmental processes, they alsturoin adulthood, building the
foundation of learning and memory (Martin, Grimwoet al. 2000). One of the most
fascinating questions concerning the brain is hio& toncert of assembly and reduction,
as well as the stabilisation of desired structusespntrolled.

In 1949 Hebb proposed a model, in which correlaetivity dependent alteration of
synaptic strength and formation of new synapses weaderlying this plasticity (Hebb
1949). Experimental proof for Hebb’s postulate wgagen in 1973. In the hippocampal
formation a tetanic stimulation dependent form wiaptic plasticity, the so called long-
term potentiation (LTP), was discovered (Bliss &aodno 1973). LTP is the enhancement
of synaptic transmission between a presynaptic apdstsynaptic neuron, triggered by
brief tetanic pulses. LTP comprises biochemical ngles, like recruitment of new
neurotransmitter receptors (Collingridge, Isaaale004), and morphological alterations,
such as enlargement of synapses or the formafiorew ones (Yuste and Bonhoeffer
2001; Matsuzaki, Honkura et al. 2004; Park, Salgstdad. 2006).

The morphological changes are mainly investigatedeadritic spines, which form the
postsynaptic contacts for most excitatory synapsethe central nervous system. Key
factors for the synaptic remodelling are the cy&bston, mainly actin (Matus 1999), and
adhesion proteins, especially cadherins (OkamuasaaRa et al. 2004). Local remodelling
of the actin network respectively stabilisation aiftin fibres affect the morphological
plasticity of dendritic spines, thereby attenuatthg transmission efficiency. To put it
simply, larger spines contain stronger synapses #maller ones (Harris and Stevens
1989). LTP induction varies in different cell typasd brain regions, it is even age
dependent (Bliss and Lomo 1973; Matsuoka, Kaba. 41987; Rogan, Staubli et al. 1997;
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Bence and Levelt 2005). One major signalling mdieau LTP is calcium (Lynch, Larson
et al. 1983). Not surprisingly intracellular calecidevels have a great impact on actin fibre
stability and the association of different proteinsthe actin cytoskeleton (Matus 2000).
Therefore in order to further enlighten LTP, thedstigation of calcium dependent actin-
modifying enzymes is of great interest. Possibég@is could be transglutaminases.
Transglutaminases present a family of calcium deéeen cross-linking enzymes,
catalysing a transamidation reaction, which linke tarboxamide moiety of a protein-
bound glutamine residue to a primary amine (Sarkdayke et al. 1957; Lorand and
Graham 2003). If the primary amine is a lysine(g-glutamyl)lysine isopeptide bridge is
formed (Pisano, Finlayson et al. 1968). Thereftamsglutaminases were mainly seen as
“biological glues” for a long time, based on thability to cross-link proteins in this way
(Griffin, Casadio et al. 2002). But in the last sedhe number of known processes
involving transglutaminase activity has been broadesignificantly (Mehta, Fok et al.
2006).

Various transglutaminases have been found in tisswesides their initially known
locations and by now transglutaminase activityasnid to be associated with diverse
processes like immune response (Novogrodsky, uitet al. 1978; Cordella-Miele,
Miele et al. 1993; Mehta, Fok et al. 2006), apoist¢ggesus and Szondy 2005) or cancer
(Mehta 1994; Jiang, Ablin et al. 2009). Besidesirthie vivo roles, transglutaminases
become increasingly important in industrial and m&dapplications like food processing
(Lantto, Puolanne et al. 2005) or wound healingg@asen, Aeschlimann et al. 1997).

One recent focus of transglutaminase researcheiscéimtral nervous system. Different
transglutaminases have been found in the humam bitéim, Grant et al. 1999;
Hadjivassiliou, Aeschlimann et al. 2008). They areolved in developmental processes
(Tucholski, Kuret et al. 1999; Mahoney, Wilkinsonha. 2000; Tucholski and Johnson
2003) and synaptic plasticity (Friedrich, Fesusletl991; Festoff, Suo et al. 2001). But
probably most interestingly is the correlation efghtened transglutaminase activity in the
brain and neurodegenerative disorders (JeitnertoPaet al. 2009). Nevertheless, our
understanding of transglutaminase activity in thairbis still limited, especially as the
investigation of transglutaminases in the nervoystesn has been concentrated on only
one type, the tissue transglutaminases also cadedglutaminase 2.
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1.1 The transglutaminase family

Transglutaminases can be found throughout thedfdie, in microorganisms (Kanaji,
Ozaki et al. 1993), plants (Serafini-Fracassini &l Duca 2008), invertebrates (Singh
and Mehta 1994) and vertebrates (Sarkar, Clarka.et957; Puszkin and Raghuraman
1985; Yasueda, Nakanishi et al. 1995; Zhang anduME297). In humans there are nine
known members of the transglutaminase family, thesglutaminases 1 to 7, the factor
Xllla and the erythrocyte band 4.2 (Fig. 1). All mieers go back to a common ancestor
(Grenard, Bates et al. 2001), possessing a higledey structural homology.
Transglutaminase 1 is also named keratinocyte dgtataninase based on its first
discovered location. It is expressed in terminfedentiating keratinocytes in the granular
layer of the skin (Thacher 1989) and in culturedakaocytes under differentiating
conditions, like heightened calcium levels (Liewdaramanishi 1992; Yada, Polakowska
et al. 1993). The role of this enzyme in the slanwell studied. Transglutaminase 1
participates in the formation of the cornified cefivelope (CE), a ~15 nm thick structure
around the cell membrane of dead corneocytes (patndifferentiated keratinocytes) in
the cornified layer of the skin (Nemes and Steia®89). The CE consists of a 10 nm thick
protein envelope (PE), made of cross-linked stmattoroteins (Rice and Green 1977), and
a 5 nm thick lipid envelope (LE) linking the prateenvelope to intercellular lipids. The
CE provides mechanical stability and water impefoiigg to the outer layer of the skin.
Transglutaminase 1 plays a critical role in asserglthe PE (Candi, Melino et al. 1995;
Candi, Tarcsa et al. 1999) and in the cross-linkihgeramides of the LE to proteins of the
PE (Nemes, Marekov et al. 1999). Mutations in ttamdglutaminase 1 gene are linked
with the severe disease of lamellar ichthyosigjitgato scaling of the skin and diminished
skin barrier function (Russell, DiGiovanna et a@94). A transglutaminase 1 knock-out
mouse model dies shortly after birth due to fatatew loss, based on a dysfunction in CE
assembly (Matsuki, Yamashita et al. 1998).

Beside its localisation in the skin, transglutamsmal can be found in other epithelial
tissues (Hiiragi, Sasaki et al. 1999; Martinet, Bawrd et al. 2003) and some parts of the
vascular endothelium (Baumgartner, Golenhofen .e@04), where it is associated with
intercellular junctions, most likely stabilisingaitm by cross-linking activity (Baumgartner
and Weth 2007).
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Fig. 1.1: Evolutionary distances between the members of the transglutaminase family. The
evolutionary distances between the cDNA sequences of all nine human transglutaminases were
calculated using MEGA 4.1 (www.megasoftware.net). The numbers at the joints are bootstrap

values.

Transglutaminase 2, also named tissue transglugemjrwas the first enzyme discovered
with transglutaminase activity (Sarkar, Clarkeletl857). It is the best investigated family
member and expressed throughout the body. Besglagamsamidating activity, it can also
bind and hydrolyse guanosine triphosphate (GTP)kéNka, Perez et al. 1994).
Transglutaminase 2 is mainly an intracellular prgtéocalised in the cytosol. A small
portion can also be found in the nucleus (Lesottaavanich et al. 1998). Here it can
modify histones (Ballestar, Abad et al. 1996) anathgcription factors (Tatsukawa, Fukaya
et al. 2009). Additionally transglutaminase 2 cantly be found extracellularly (Martinez,
Chalupowicz et al. 1994). Given that transglutarsn@ lacks a leader sequence, the
enzyme is not secreted over the normal endoplasmeitculum/golgi pathway. Currently
the export mechanism is still unknown. Extracelluteansglutaminase 2 is mostly
associated to membrane-proteins, primarily integAkimov, Krylov et al. 2000).

The diverse localisations of transglutaminase 2 @in idea of the manifold functions this
enzyme has. Transglutaminase 2 shows pro- as welhtapoptotic properties (Fesus and
Szondy 2005), depending on its localisation andviggt It plays a role in cell-matrix
interactions (Zemskov, Janiak et al. 2006), is ived in signalling processes (Nakaoka,
Perez et al. 1994; Kojima, Inui et al. 1997), inflaation (Lee, Kim et al. 2004) and can
cross-link various cytoskeletal proteins, includiagtin (Nemes, Adany et al. 1997).
Nevertheless, far more target proteins than funstifor transglutaminase 2 are known.
Additionally reports suggest that transglutamindsean also act as a protein disulphide
isomerase (Hasegawa, Suwa et al. 2003) and hasrarsic kinase activity (Mishra and
Murphy 2004).
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Tranglutaminase 3 is expressed throughout the epidgChung and Folk 1972; Ogawa
and Goldsmith 1976; Tarcsa, Marekov et al. 199¢)s linvolved in the CE formation
(Candi, Tarcsa et al. 1999) and it hardens therirow sheath in hair follicles (Chung and
Folk 1972; Tarcsa, Marekov et al. 1997).

In humans transglutaminase 4 is mainly expressekdeimprostate (Dubbink, Verkaik et al.
1996). Its function is relatively unclear, but peie cancer cells overexpressing
transglutaminase 4 are more readily adhering tothetlal cells, resulting in a higher
invasiveness (Jiang, Ablin et al. 2009). In rodangmsglutaminase 4 is involved in the
formation of the copulatory plug (Williams-Ashma@8y).

Transglutaminase 5, like transglutaminase 1 amdi3 be found in the skin (Candi, Oddi et
al. 2001), where it seems to be important for tdeesion between the granular and
cornified layer (Cassidy, van Steensel et al. 2005)

Transglutaminase 6 and 7 are largely uncharacte(Seenard, Bates et al. 2001).

The enzymatic active A subunit of the blood clatirfactor Xlll, possesses
transglutaminase activity and can cross-link filftiorand, Urayama et al. 1966), leading
to blood clotting (Lorand 2001).

The erythrocyte band 4.2 is an enzymatic inactieentoer of the family and functions as a
structural protein in membranes. In red blood céllinks CD47 to the cytoskeleton
(Mouro-Chanteloup, Delaunay et al. 2003).

1.2 Structure and catalytic activity of transglutamnases

Typically transglutaminases consist of four domaars N-terminaB-sandwich domain, a
catalytic core and two C-termingl-barrel domains (Yee, Pedersen et al. 1994; Liu,
Cerione et al. 2002; Ahvazi and Steinert 2003). Thee domain includes the reaction
centre, comprising a catalytic triad of a cysteimstidine and aspartate (Pedersen, Yee et
al. 1994). The cysteine residue can attack theetajigtamate, thereby forming a thiol-acyl
enzyme intermediate, which is again attacked byueeophilic substrate (Folk 1969).
Possible nucleophiles are a protein-bound lysir@mnall primary amine, water or, at least
in transglutaminase 1, a-hydroxy ceramide (see Fig. 2 for reaction mechmas)s
Additionally a polyamine can be linked to the ghatae and in a second step another

amino group of the polyamine is linked to a secghgtamine, forming a cross-link
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between two glutamines in a two step reaction (Mett Beninati et al. 1990). The
transglutaminase reaction is relatively slow (Kikim et al. 1994), with about one
reaction cycle every three to four seconds. Thestsate specificity is based mainly upon
the glutamate residue (Coussons, Price et al. 1998g specificity of different
transglutaminases shows overlapping substrate rapdmit even at the same protein, it
occurs that different transglutaminases targetedbfit glutamines (Hitomi, Horio et al.
2001).

Transglutaminases need high calcium levels, irdthéle digit UM range, to become fully
active (Candi, Paradisi et al. 2004). The bindirfgtlree calcium ions leads to a
conformational change in the protein, opening aeporthe catalytic core (Ahvazi and
Steinert 2003), so that the enzyme becomes achivéhe cytosol the transamidating
activity is presumably blocked most of the time,endas extracellular transglutaminases
should always be active.

Besides calcium, at least transglutaminase 2 aateSable to bind and hydrolyse GTP
(Achyuthan and Greenberg 1987; Candi, Paradisi.e20®4). GTP blocks the calcium
binding and, therefore, inhibits the transamidatewtivity of these transglutaminases
(Hitomi, Ikura et al. 2000). From transglutamin@si is also known, that it can act as a G-
protein (Nakaoka, Perez et al. 1994) in signalpngcesses.

Protein
Protein /O NH Cross-linking
‘\—\/ + Protein T i + NH;
NH, O% NH/\/\/F'rotein
Protein //O Amidation Protein /O
‘\_\ R —NH2 —— _\_\/ —+ NH3
NH, NH-R
Protein 8] Deamination Protein 0]
_\_r</ HQO — _\_/\7 + NH3
NH, OH
Protein 0 Esterification Protein 0
—\—</ HO —Ceramide —— _\_</ + NHg
NH, O —=Ceramide

Fig. 1.2: Reaction mechanisms of transglutaminases. Transglutaminases target specific glutamine

residues in proteins, which they bind covalently to a protein-bound lysine (cross-linking) or to small

primary (poly)amines (amidation). With water the glutamine can be deaminated to a glutamate

(deamination). At least transglutaminase 1 can create an ester-bond to w-hydroxy ceramides

(esterification).
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But transglutaminase activity is not only modulatsdcalcium and GTP concentrations.
Some transglutaminases (e.g. transglutaminas@rd 3actor XlIl) must be proteolytically
processed to become fully active (Lorand, Urayatral.€1966; Kim, Gorman et al. 1993;
Kim, Kim et al. 1994). Additionally various factorsave been found to influence
transglutaminase activity and substrate specififitgi, Bielawska et al. 1997; Nemes,
Demeny et al. 2000; Sturniolo, Chandraratna e2@D5; Antonyak, Li et al. 2009). This
leads to the assumption, that transglutaminasesadictn in vivo can be much more
complicated than expected.

Transglutaminase 1 is larger in size than other beemof the transglutaminase family.
Most additional sequences lie at the N- respegti@terminus of the protein (Kim, Idler
et al. 1991). As a unique feature, it can be bdondembranes, by acylation with myrisitc
or palmitic acid (Chakravarty and Rice 1989). Theme transglutaminase 1 seems to be
constitutively N-myristilated at a cluster of cyise residues at the N-terminus of the
protein. Additionally it can also be S-myristilatear the myristilation can be exchanged
with an S-palmytilation. At least in the skin, tkeshanges seem to be dependent on the
activity state of the enzyme (Steinert, Kim etl#l96).

To become fully active, transglutaminase 1 hasdacleaved at two distinct sites by a
protease, resulting in three fragments: a 10 kBgrfirent containing the membrane anchor,
a 67 kDa fragment with the catalytic core and &Ba fragment spanning bofhbarrel
domains (Kim, Chung et al. 1995; Boeshans, Mueisatl. 2007). The three fragments can
stay associated, limiting transglutaminase 1 agtia the membrane, or the 67 and 33 kDa
fragments can detach together from the membrandioanaesulting in cytosolic
transglutaminase 1 activity. The activity of themirane bound 67/33/10 kDa complex is
about hundred times and that of the soluble 67/38 komplex is still about ten times
higher than the full-length protein (Steinert, Cut al. 1996).
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1.3 Transglutaminases in the central nervous system

Besides the previous discussed locations of expressansglutaminase 1, 2, 3 and 6 can
also be found in the mammalian brain (Kim, Grant at 1999; Hadjivassiliou,
Aeschlimann et al. 2008). The most abundant famigynber here is transglutaminase 2, at
least two third of total transglutaminase activity the mouse forebrain is based on
transglutaminase 2 (Bailey, Graham et al. 2004wds found in neuronal (Mahoney,
Wilkinson et al. 2000) and glial (Monsonego, Shetral. 1997) cell types.

One field of action for transglutaminase 2 seemd$dothe development of the brain.
During the brain development the expression anwigcof transglutaminase 2 changes
significantly in various regions (Mahoney, Wilkinset al. 2000; Citron, Zoloty et al.
2005). Transglutaminase 2 was found to stabilisebtatransamidation (Tucholski, Kuret
et al. 1999) and could thereby affect axonal owttino Furthermore, transglutaminase 2
can stabilise new developing neurites (Mahoney,kMgbn et al. 2000), indicating its
potential role in wiring of the brain. Transglutarase 2 can also regulate CAMP response
element-binding protein (CREB), giving it a rolenauronal cell differentiation (Tucholski
and Johnson 2003).

Much less is known about the other members of idi@sglutaminase family in the brain.
Transglutaminase 1 was found mainly in the cerabelland the corpus callosum,
transglutaminase 3 in the amygdala (Kim, Grant.e1209). Their functions in the central
nervous system are unknown.

The best investigated field regarding transglutas@s in the brain are neurodegenerative
disorders. Elevated transglutaminase expressiororarattivity have been found in
Alzheimer’'s disease (AD), Huntington’s disease (HPparkinson's disease (PD) and
amyotrophic lateral sclerosis (ALS) (Fujita, Honelaal. 1998; Kim, Grant et al. 1999;
Lesort, Chun et al. 1999; Junn, Ronchetti et ab3200riginally it was proposed that
transglutaminase activity could facilitate prot@iggregation (Kahlem, Terre et al. 1996;
Junn, Ronchetti et al. 2003), a common charadeastthese disorders. In AD, amyloid
beta and tau are targets for transglutaminaseitycfidudek and Johnson 1993; Dudek and
Johnson 1994) and transglutaminase 2 expressionaetinvty colocalises with senile
plaques and neurofibrillary tangles in AD brainsilj@Imus, Grunberg et al. 2009). But
surprisingly in HD mouse models the knock-out ahsglutaminase 2 produces even more

protein aggregates (Lai, Tucker et al. 2004) anehd shown that transglutaminase activity
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can inhibit the formation of amyloid-type proteiggaegations in AD (Konno, Morii et al.
2005). Meanwhile soluble protein oligomers are ssEethe toxic species in these disorders
(Michalik and Van Broeckhoven 2003) and there av&lences that transglutaminase
activity could stabilise these soluble oligomersifiiko, Morii et al. 2005).

An additional connection between neurodegeneratigserders and transglutaminases is
indicated by a frequently dysregulation in the iaitt homeostasis in this diseases
(Palotas, Penke et al. 2004), probably leading tgathologic overactivation of
transglutaminases.

Nevertheless, the role of transglutaminases irbtha in general is poorly understood and
their exact function in neurodegenerative disehassstill to be elucidated.

1.4 Aim of the thesis

The aim of this work is to further elucidate thepeession pattern of transglutaminases in
the central nervous system and their activity iruroes, with a special regard to
transglutaminase 1. Investigations of neural trataminase 1 expression were so far
restricted to the human brain in context of neugeterative disorders. In this work the
expression of transglutaminase 1 in the murinenbimistudied for the first time, using
immunohistochemical stainings of cryostatic brdines. Additionally the transamidating
activity of transglutaminases in primary neuronal cultures of mice and chicken are to
be investigated. Finally a substrate for neuromahdglutaminase 1 is identified and

characterised.
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2. Materials and Methods

2.1 Materials

2.1.1 Chemicals and enzymes

Chemical/Enzyme

Company

5-(biotinamido)pentylamine EZ-link

Fisher Scientific (Schwerte, Germany)

A23187 calcium ionophore

Sigma-Aldrich (St. Louis, MO, USA)

Acetone >99.5%

Applichem (Darmstadt, Germany)

Adenosine tri-phosphate magnesium salt >95%

Sigma-Aldrich (St. Louis, MO, USA)

Adenosine tri-phosphate sodium salt >98%

Applichem (Darmstadt, Germany)

Albumin fraction V (BSA) 98%

Carl Roth (Karlsruhe, Germany)

Albumin from bovine serum 96%

Sigma-Aldrich (St. Louis, MO, USA)

all trans-Retinal

Sigma-Aldrich (St. Louis, MO, USA)

Ammonium peroxide sulphate (APS)

Carl Roth (Karlsruhe, Germany)

Ampicillin sodium salt

Sigma-Aldrich (St. Louis, MO, USA)

Aprotinin

Applichem (Darmstadt, Germany)

Arabinosyl cytosine hydrochloride (araC)

Sigma-Aldrich (St. Louis, MO, USA)

Azure |l

Fluka (St. Louis, MO, USA)

BamHlI

Fermentas (St. Leon-Rot, Germany)

Bovine brain acetone powder

Sigma-Aldrich (St. Louis, MO, USA)

Bovine calf serum

Hyclone (Logan, Utah, USA)

Bromophenol blue soidum salt

Carl Roth (Karlsruhe, Germany)

Calcium chloride dihydrate

Merck (Darmstadt, Germany)

Casein

Sigma-Aldrich (St. Louis, MO, USA)

Cellfectin

Invitrogen (Karslruhe, Germany)

Coelenterazine fcp

Sigma-Aldrich (St. Louis, MO, USA)

Developer LX24

Kodak (Stuttgart, Germany)

D-Glucose

Carl Roth (Karlsruhe, Germany)

Dimethyl caseine

Sigma-Aldrich (St. Louis, MO, USA)

Dimethyl sulfoxide

Applichem (Darmstadt, Germany)

Di-sodium hydrogen phosphate dihydrate

Carl Roth (Karlsruhe, Germany)

Di-sodium tetra borate 10-hydrat

Merck (Darmstadt, Germany)

Dithiothreitol

Carl Roth (Karlsruhe, Germany)

DMEM: Ham's F12

Invitrogen (Karslruhe, Germany)

Dnase | from bovine pancreas

Sigma-Aldrich (St. Louis, MO, USA)

Donor horse serum

Biochrom (Berlin, Germany)

Dulbeccos modified eagles medium (DMEM)

Lonza (Basel, Suisse)

EcoRl

Fermentas (St. Leon-Rot, Germany)

Ethanol >99.8%

Carl Roth (Karlsruhe, Germany)

Ethidium bromide solution 10mg/ml

Sigma-Aldrich (St. Louis, MO, USA)

Ethylene diamine tetracetic acid (EDTA)

Carl Roth (Karlsruhe, Germany)

Ethylene glycol tetracetic acid (EGTA)

Carl Roth (Karlsruhe, Germany)

Fetal calf serum (FCS)

Biochrom (Berlin, Germany)

Fixer AL4

Kodak (Stuttgart, Germany)
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Gentamycin

Sigma-Aldrich (St. Louis, MO, USA)

Glacial acetic acid

Riedel-de Haén (Seelze, Germany)

Glycerol 86%

Carl Roth (Karlsruhe, Germany)

Glycine

Applichem (Darmstadt, Germany)

Grace's insect medium unsupplemented

Invitrogen (Karslruhe, Germany)

Hanks balance salts

Applichem (Darmstadt, Germany)

HEPES

Applichem (Darmstadt, Germany)

Herculase Il polymerase

Stratagene (La Jolla, CA, USA)

Hexamine cobalt (Ill) chloride

Applichem (Darmstadt, Germany)

HindlIl

Fermentas (St. Leon-Rot, Germany)

Hydrochloric acid 25%

Carl Roth (Karlsruhe, Germany)

Hydrogen peroxide 30%

Sigma-Aldrich (St. Louis, MO, USA)

Imidazole Carl Roth (Karlsruhe, Germany)
IPTG Carl Roth (Karlsruhe, Germany)
Isopentan Applichem (Darmstadt, Germany)
Isopropanol Carl Roth (Karlsruhe, Germany)
Kanamycin Sigma-Aldrich (St. Louis, MO, USA)
Leupeptin Sigma-Aldrich (St. Louis, MO, USA)
L-Glutamine Applichem (Darmstadt, Germany)

Lipofectamine 2000

Invitrogen (Karslruhe, Germany)

Low melting agarose

Invitrogen (Karslruhe, Germany)

Luminol 98%

Fluka (St. Louis, MO, USA)

Lysozyme molecular grade

Applichem (Darmstadt, Germany)

Magnesium chloride hexahydrate >99%

Carl Roth (Karlsruhe, Germany)

Magnesium sulphate

Merck (Darmstadt, Germany)

Maleic acid

Sigma-Aldrich (St. Louis, MO, USA)

Manganese (I1) chloride

Merck (Darmstadt, Germany)

Methanol 99%

Carl Roth (Karlsruhe, Germany)

Methylenblue hydrate

Riedel-de Haén (Seelze, Germany)

Neomycin

Carl Roth (Karlsruhe, Germany)

Nerve growth factor 7S from murine submaxil. gland

Sigma-Aldrich (St. Louis, MO, USA)

Neutral red

Carl Roth (Karlsruhe, Germany)

Nhel

Fermentas (St. Leon-Rot, Germany)

Nickel-NTA agarose

Qiagen (Hilden, Germany)

Normal goat serum

Sigma-Aldrich (St. Louis, MO, USA)

Notl

Fermentas (St. Leon-Rot, Germany)

N-propyl gallat

Fluka (St. Louis, MO, USA)

Paraformaldehyde

Merck (Darmstadt, Germany)

p-Coumaric acid

Sigma-Aldrich (St. Louis, MO, USA)

Penicilline G potassium salt

Serva (Heidelberg, Germany)

Pepstatin A 99%

Applichem (Darmstadt, Germany)

Poly-L-lysine hydrobromide MW:30.000-70.000

Sigma-Aldrich (St. Louis, MO, USA)

Poly-L-lysine solution 0.1%

Sigma-Aldrich (St. Louis, MO, USA)

Ponceau S

Carl Roth (Karlsruhe, Germany)

Potassium acetate

Applichem (Darmstadt, Germany)

Potassium chloride

Carl Roth (Karlsruhe, Germany)

Potassium dihydrogen phosphate

Carl Roth (Karlsruhe, Germany)

RedTag DNA Polymerase Premix

Sigma-Aldrich (St. Louis, MO, USA)

Rnase A Dnase free

Sigma-Aldrich (St. Louis, MO, USA)

Rotiphorese gel 30

Carl Roth (Karlsruhe, Germany)

Serva blue

Serva (Heidelberg, Germany)

Sf900 I SFM (1.3x)

Invitrogen (Karslruhe, Germany)

Sf-900 Il SFM insect medium

Invitrogen (Karslruhe, Germany)
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Skimmed milk

Applichem (Darmstadt, Germany)

Sodium acetate

Merck (Darmstadt, Germany)

Sodium azide

Carl Roth (Karlsruhe, Germany)

Sodium chloride

Carl Roth (Karlsruhe, Germany)

Sodium dicarbonate water free

Merck (Darmstadt, Germany)

Sodium dihydrogen phosphate dihydrate

Carl Roth (Karlsruhe, Germany)

Sodiumdodecylsulphate (SDS) ultra pure

Carl Roth (Karlsruhe, Germany)

Sodiumhydroxid

Carl Roth (Karlsruhe, Germany)

Streptomycine sulfate

Serva (Heidelberg, Germany)

Supplement B27

Invitrogen (Karslruhe, Germany)

T4 DNA ligase

Applichem (Darmstadt, Germany)

Tetracycline

Sigma-Aldrich (St. Louis, MO, USA)

Tetramethylethylenediamine (TEMED)

Carl Roth (Karlsruhe, Germany)

Trichlor acetic acid

Applichem (Darmstadt, Germany)

Tris ultra qualtiy

Carl Roth (Karlsruhe, Germany)

Tri-sodium citrate

Carl Roth (Karlsruhe, Germany)

Triton X-100

Carl Roth (Karlsruhe, Germany)

Trypan blue

Applichem (Darmstadt, Germany)

Trypsin 1:250

Applichem (Darmstadt, Germany)

Trypsin from bovine pancreas >9000 BAEE units/mg

Sigma-Aldrich (St. Louis, MO, USA)

Trypsin inhibitor from soybean, cell culture tested

Sigma-Aldrich (St. Louis, MO, USA)

Tween 20 Carl Roth (Karlsruhe, Germany)
X-Gal Carl Roth (Karlsruhe, Germany)
Xhol Fermentas (St. Leon-Rot, Germany)

Xylene cyanol FF for molecular biology

Sigma-Aldrich (St. Louis, MO, USA)

Yeast extract

2.1.2 Devices

Device

Applichem (Darmstadt, Germany)

Company

Thermocycler Primus 25

MWG (Ebersberg, Germany)

Power source PPC 300/200.4

Northumbria Biologicals Limited (Cramlington, UK)

Semidry blot apparatus Trans-Blot SD Cell

Bio-Rad (Miinchen, Germany)

PAGE aparatus Mini Protean |l

Bio-Rad (Minchen, Germany)

Horicontal shaker 3017

GFC (Burgwedel, Germany)

UV table TFP-M/WL

LTF Labortechnik (Wasserburg, Germany)

Heating block

Stuart Scientific (Stone, UK)

Exposing cassette Special/Rapid 200

Dr. Goos Suprema (Heidelberg, Germany)

Fluorescence microscope 102 M

Motic (Wetzlar, Germany)

Table top centrifuge 5415C

Eppendorf (Hamburg, Germany)

Environmental shaker ES-20

MS Laborgerate (Wiesloch, Germany)

Incubator Hera Cell

Heraeus (Hanau, Germany)

Laminar flow cabinet BSB6

Gelaire (Syndney, AUS)

Centrifuge 3-15

Sigma (Osterode am Harz, Germany)

Ultracentrifuge TL-100

Beckmann (Fullerton, CA, USA)

Amplifier SEC-05LX

npi electronic GmbH (Tamm, Germany)

Oscilloscope HM 1507

Hameg Instruments (Mainhausen, Germany)

Cryostat CM 3050

Leica Microsystems (Wetzlar, Germany)
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2.1.3 Kits
Kit

Company

Genomic DNA isolation: Geno/mini DNA
Isolation Spin Kit

Applichen (Darmstadt, Germany)

Plasmid Isolation (mini): Zyppy Plasmid Mini
Prep Kit

Zymo Research (Orange, CA, USA)

Plasmid Isolation (midi): Plasmid Midi Kit

Qiagen (Hilden, Germany)

DNA purification: High Pure PCR Product
Purification Kit

Roche Applied Science (Penzberg, Germany)

Gel DNA extraction: Agarose Gel DNA
Extraction Kit

Roche Applied Science (Penzberg, Germany)

Southern Blot: DIG High Prime DNA Labelling
and Detection Starter Kit Il

2.1.4 Antibodies

Roche Applied Science (Penzberg, Germany)

Antibody Species [dilution Clone/Cat. no. | Company
anti-Trans- rat ICC/IHC/WB: TG1E-1 Hybridoma supernatant [Hiiragi
glutaminase 1 undiluted 1999]

. ICC/IHC: . .
anti-Mtap 2ab mouse 1:200 MT-01 Exbio (Vestec, Czech Republic)
anti-GFAP rabbit ;CSCC;(I)%C ab7260 Abcam (Cambridge, MA, USA)

. . ICC/IHC: Sigma-Aldrich (St. Louis, MO,
anti-Synaptophysin | mouse 1:1000 SVP-38 USA)

. . . ICC/IHC: Sigma-Aldrich (St. Louis, MO,
anti-Synapsin 1 rabbit 1:500 S193 USA)

. . WB: Sigma-Aldrich (St. Louis, MO,
anti-p-actin mouse 1:5000 AC-15 USA)
anti-GFP rabbit \1/\/;3000 598 MBL (Woburn, MA, USA)
anti-Rat-Cy2 goat ICC/IHC: Jackson ImmunoResearch

1:200 (West Grove, PA, USA)
anti-Rat-Cy3 goat ICC/IHC: Jackson ImmunoResearch
1:300 (West Grove, PA, USA)
anti-Rat-Pox goat WB: Jackson ImmunoResearch
1:30.000 (West Grove, PA, USA)
anti-Mouse-Cy2 goat ICC/IHC: Jackson ImmunoResearch
1:200 (West Grove, PA, USA)
anti-Mouse-Pox goat WB: Jackson ImmunoResearch
1:30.000 (West Grove, PA, USA)
anti-rabbit-Cy2 goat ICC/IHC: Jackson ImmunoResearch
1:200 (West Grove, PA, USA)
anti-Rabbit-Pox goat WB: Jackson ImmunoResearch
1:40.000 (West Grove, PA, USA)
Streptavidin-Cy2 / ICC/IHC: Jackson ImmunoResearch
1:500 (West Grove, PA, USA)
Streptavidin-Cy3 / ICC/IHC: Jackson ImmunoResearch
1:2.000 (West Grove, PA, USA)
Streptavidin-Pox / WB: Jackson ImmunoResearch
1:70.000 (West Grove, PA, USA)

Cy2: green fluorescent marker; Cy3: red fluoresceatker; Pox: horseradish peroxidase

13



Materials and Methods

2.1.5 Primer

Primer Sequence Annealing temp.
TG1 KO L fw CTC GAG ACC GAT ATATAC AGG GTT 47T
TG1 KO L rev CTC GAG ACT ATG AAT CCG GCA CCA 47
TG1 KO M fw GTC GAC ATAGTG CTC CCC TAG TGC 47
TG1 KO M rev GTC GAC GGT GGG TACATC TCT GTAA 47T
TG1 KO R fw GGA TCC CAC ATGV CCACCACTGGTCTT 51C
TG1 KO R rev GCG GCC GCA AAG CCATAGTACTTG GATA 51C
TG1 SB S1 fw CGG ACTCTGTGACCATGCCT 50C
TG1 SB S1rev CCG ACATTG AGG ACC TTG GG 50C
TG1 SB S2 fw TAG CAA GGT GGA GAG GAG GTT TT 50C
TG1 SB S2 rev TTT ACA CCACTG CCC CGA GA 50C

fw: forward primer; rev: reverse primer

All primers were purchased at Eurofins MWG Operghdrsberg, Germany).

2.1.6 Animals

Mice (Mus musculus):

For cryostatic slices, the brains of adult maleerfrom the strain C57BL/6 were used. For
cerebellar granule cell cultures brains of babyenpostnatal day five (P5) were used. The
cultures used for the immocytochemical stainingirsgaransglutaminase 1 (Fig. 9) and

for the transglutaminase activity staining (Fig) t&re from BALB/c mice, those used for

the immunocytochemical doublestainings (Fig. 10)efeom C57BL/6 mice.

Chicken Gallus gallus):
For the isolation of telencephalic cell culturestiised eggs from white leghorns were
purchased from a local poultry and incubated imradd draft incubator for 7 to 9 days

before preparation.
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2.2 Cell culture

2.2.1 General cell culture solutions

Phosphate-buffered salt solution (PBS):

80 g/L Sodium chloride

0.2g/L Potassium chloride

1.7 g/L Disodium hydrogen phosphate
0.2 g/L Potassium dihydrogen phosphate

The pH was checked (should be between 7.2-7.4jrensdolution was autoclaved.

Hanks balanced salt solution (HBSS):
9.82 g/L Hanks Balanced Salts
0.35g/L Sodium bicarbonate

The solution was sterile filtrated.

Trypsin/EDTA:
0.5¢g/L Trypsin 1:250
0.2 g/L Ethylenediaminetetraacetic acid (EDTA)ydirate

Dissolved in PBSThe pH was adjusted to 7.2 with sodium hydroxide e solution was

sterile filtrated.

Pen/Strep (100x):
10 mg/mi Penicillin G, sodium salt
10,000 U/mi Streptomycin

Dissolved in PBS. The solution was sterile filtchte
Trypan blue solution:

0.4% (wi/v) Trypan blue
Dissolved in PBS. The solution was filtrated thrbw@g0.4 um syringe filter.
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2.2.2 PC12 cell culture

2.2.2.1 Maintenance of PC12 cell culture

Solutions

PC12 medium:

6% (v/v) Donor horse serum

6% (V/V) Bovine calf serum

1% (v/v) Pen/Strep 100x (see 2.2.1)

The solutions were diluted under a clean benchténils Dulbecco’'s Modified Eagle
Medium (DMEM) with high glucose and glutamine.

Procedure

To split a PC12 culture the medium was aspiratebthe cells were washed one time with
PBS. 1 ml (25 crflask) or 3 ml (75 crhflask) Trypsin/EDTA was spread over the cell
layer. Quickly the excessive liquid was aspirated the cells were incubated for 1-2 min
until they began to detach from the surface. THis egere washed of with 5 ml (25 ém
flask) or 15 ml (75 crflask) of 37°C warm PC12 medium and divided iraiorof 1:4 to
1:10 into new flasks.

The cells were cultivated into 5 ml (25 titask) or 15 ml (75¢ fmflask) PC12 medium at
37°C and 5% C@in a humidified incubator. Every 2-3 days the niadiwas exchanged.

Shortly before reaching confluency the cells waassaged again.
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2.2.2.2 Transferring PC12 cells to glass cover stip

Solutions

Poly-I-lysine solution:
10 mg/mi Poly-I-lysine hydrobromide

Dissolved under the clean bench in sterile dould&lldd water.

Procedure

The cover slips were cleaned and chemically stedliin an ultrasonic cleaner in 80%
ethanol (v/v). Four cover slips at a time were $farred in the 30 mm dishes and washed
with sterile double distilled water. The glass shpere covered with poly-I-lysine solution
and incubated at 37°C for 1-2 h. Afterwards thénlgsolution was aspirated and the cover
slips were washed three times for 10 min with Eexiater. The cover slips were air dried
over night under sterile conditions.

A PC12 culture (see 2.2.2.1) was splitted and teairexd to a dish with lysine coated cover
slips. After 30min the cells attached to the swefand they were cultivated in 2 ml PC12

medium as described in 2.2.2.1

2.2.2.3 Differentiating PC12 cells

Solutions

NGF solution (1000x):

50 pg/ml Nerve growth factor 7S
1% Bovine serum albumin
Dissolved in DMEM and sterile filtrated.

Procedure

To differentiate the PC12 cells into their neurgolaénotype the cell layer was washed one
time with PBS. New PC12 medium laced with 50 nghfdF was added to the cells. The
cells were cultivated as described above (see.2)2ut medium with NGF was used.
After 2 days the first neurites could be obser/dabut 10 days after the first addition of
NGF the cells stopped dividing.
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2.2.2.4 Transfection of PC12 cells

Procedure

2x10° PC12 cells per well were seeded in a 24-well pdaied cultivated for one day. The

culture medium was exchanged with 0.5 ml fresh P@&2lium. 2 pg vector DNA was

diluted in DMEM, additionally 4 ul Lipofectamine Q0 was diluted in another 50 pl of
DMEM. The solutions were incubated for 5 min atnotemperature. Afterwards they
were mixed together and incubated for another 20 ifie mixture was added to the cells
and cultivated for 3 h. Afterwards the cells werastved one time with PC12 medium.
Fresh medium was added and the cells were culthfate48-72 h.

Prior to analysis transfected cells containing ttleannelrhodopsin construct were
incubated with all-trans retinal and cells contaghthe aequorin/GFP fusionprotein were

incubated with coelenterazine fcp for 1h in thekd#r activate the proteins.

2.2.2.5 Whole cell current clamp recordings of PC12ells

Solutions

Extracellular solution:

140 mM Sodium chloride
2.8 mM Potassium chloride
2mM Calcium chloride
2mM Magnesium chloride
10 mM HEPES

10 mM D-Glucose

The pH was adjusted to 7.2 with sodium hydroxide.

18



Materials and Methods

Intracellular solution:

140 mM Potassium chloride

2 mM Magnesium chloride

1 mM Calcium chloride

11 mM Ethylene glycol tetraacedic acid (EGTA)
10 mM HEPES

2 mM Disodium adenosine triphosphate

3mM Magnesium adenosine triphosphate

The pH was adjusted to 7.2 with potassium hydraxide

Procedure

PC12 cells were cultured on cover slips as destribe.2.2.2. The cells were transferred
to a chamber containing warm extracellular solutiGiass electrodes with an input
resistance of 3-8 K were made in a puller and filled with intracellulsolution. The
electrodes were droved up to the cells using aam@nipulator. A light negative pressure
was applied at the electrode to achieve a sealdsgtwell membrane and electrode. The
membrane was severed locally by the applicatiora aftrong negative pressure. The
successful access to the cell was controlled sigesting potential, which was typically in
the range of -30 to -80 mV. Afterwards the readtiaf the cell to depolarising or
hyperpolarising pulses were recorded.

To record Channelrhodopsin-2 expressing cellscétis were transfected with pBK-CMV
Chop2-YFP like described in 2.2.2.4. 30 min beftre recording was performed 1 pM
all-trans retinal was added to the cells, and theye incubated at 37°C in the dark. The
cells were transferred to the recording chamber r@edrded like described above. To

stimulate the cells they were illuminated with arauey arc lamp.

2.2.3 Sf9 cell culture

Procedure

To passage Sf9 cells, the medium was aspired andells were washed of with 3 ml (25
cnt flask) or 10 ml (75 ciflask) Sf-900 Il SFM. The cells were split in dioaof 1:2 to
1:4 into new flasks and cultivated in 5 ml (25°dtask) or 15 ml (75 crflask) of Sf-900

[ SFM at 27°C in a humidified incubator. If necagsthe medium was exchanged ever 4-

5 days. At 80-90% confluency the cells were passagain.
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2.2.4 Isolation of chicken telencephalic cells

Solutions

Stop Bulffer:

10% (v/v) Fetal calf serum (FCS)

Dissolved in Dulbeccos Modified Eagles Medium/Hafi (1:1 mixture) under the clean

bench.

Telencephalic Media:

2% (v/v) 50x B27-Supplement

50 U/ml Penicillin

50 pg/ml Streptomycin

Dissolved in Dulbeccos Modified Eagles Medium/Haf (1:1 mixture) under the clean
bench.

Procedure

5 ml and 15 ml of HBSS (see 2.2.1) were aliquotedentrifugation tubes and cooled on
ice. Two microscopy dishes were filled with cold &B8. The egg was opened at the flat
end and the embryo was fetched, decapitated antiethe was transferred to one of the
dishes. The skull was opened. The telencephaloniswated and carried over to the
second dish. The meninges were removed and theceglbalon was transferred to the tube
containing 5ml HBSS. The tube was returned to ¢tbeafterwards.

Under the clean bench the tissue was washed twestimith 1ml cold HBSS. Afterwards
the solution was replaced with 1 ml Trypsin/EDTAE<.2.1) and incubated eight minutes
on ice and another eight minutes at 37°C in thebator.

The Trypsin/EDTA was aspired and the digestion gtopwith 1 ml Stop buffer. To
separate the cells, the solution was passed 2038k tthrough a 1000 pl Eppendorf
pipette. The suspension was centrifuged 5 min @tgB3d he supernatant was discarded and
the cells were resuspended in 1 ml HBSS. The solwtias again centrifuged for 5 min at
300 g. The HBSS was aspired and the cells resusdemd 0 ml warm telencephalic

medium.
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The cell suspension was counted and seeded incemation of 2.5-5x10cells per crh
in poly-I-lysine coated dishes or flasks. The celtze cultivated at 37°C and 5% € a

water saturated incubator.

2.2.5 Isolation of murine cerebellar granule cells

Solutions

10x Krebs Ringer:

1.2 M Sodium chloride

50 mM Potassium chloride

12 mM Potassium dihydrogen phosphate
0.25M Sodium bicarbonate

0.14 M D-Glucose

A small amount (tip of a spatula) of phenolred wedded.

MgSQy-Solution:
3.82% (wi/v) Magnesium sulphate, 3

CaCb-Solution:

1.6% (w/v) Calcium chloride, 240
KCI-Solution:
1.34 M Potassium chloride

Dissolved in Basal Eagles Medium and sterile fiéida

100x Gentamycin-Solution:
10 mg/mi Gentamycin sulphate

Dissolved in double distilled water and sterilérfited.

100x AraC-Solution:
1mM Cytosine-arabinofuranoside/HCI
16 pl/ml KCI-Solution

Dissolved in Basal Eagles Medium and sterile fiéida
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Solution 1:

30 ml 10x Krebs-Ringer

09g¢g Albumin from bovine serurh96%, cell culture tested
2.4 ml MgSQ.-Solution

Dissolved in 300 ml double distilled water and igcfiltrated.

Solution T:

0.025% (w/v) Trypsin from bovine pancrea8000 BAEE units/mg protein, cell
culture tested.

Dissolved in Solution 1 and sterile filtrated.

Inhibitor-Solution:

0.008% (w/v) Deoxyribonuclease | from bovine paaste2000 Kunitz units/mg
protein

0.052% (w/v) Trypsin inhibitor fronGlycine max, cell culture tested

1% (v/v) MgSQ-Solution

Dissolved in Solution 1 and sterile filtrated.

Thinned-Inhibitor-Solution:
3.2% (V/Iv) Inhibitor-Solution
Dissolved in Solution 1 and sterile filtrated.

Solution Ca:
0.8% (v/v) MgSQ-Solution
0.12% (v/v) CaGClSolution

Dissolved in Solution 1 and sterile filtrated.

Granule Cell Medium:

10% (v/v) Fetal Calf Serum

2mM L-Glutamine, cell culture tested
1% (viv) 100x Gentamycin-Solution
1.65% (v/v) KCI-Solution

Diluted in Basal Eagles Medium under the clean benc
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Procedure

The mouse was decapitated. The scull was openetharmrebellum transferred to a dish
with cold Solution 1. The meninges were removed thedissue was transferred to a 15ml
centrifugation tube containing 10ml cold SolutianThe tube was kept on ice until further
treatments. Up to five brains were pooled for farthrocessing.

The solution with the tissue was transferred tdearc bench and poured in a 6 cm Petri
dish. The brain was chopped with a scalpel andgubbiack into the tube. The solution
was centrifuged for 3 min at 150 g and the supamaivas aspirated. The tissue was
resuspended in 7 ml Solution T and transferred n@wa 6 cm Petri dish. The tissue was
incubated for 13 min at 37°C under occasional #gita

To stop the trypsin reaction 7 ml of the Thinnedilhitor Solution was added and the
sample was transferred to a 15 ml centrifuge titbeas centrifuged for 3 min at 150 g.
The supernatant was aspirated and replaced withd? imhibitor Solution. The cells were
triturated by passing them 25 times through a flpwleshed Pasteur pipette. After 10 min
the supernatant was transferred to a new centrifuigee and 3 ml Solution Ca were added.
To the pellet another 2 ml of Inhibitor-Solution svadded and it was again passed 25
times through a flame polished pipette. Both cedipensions were united. After another 10
min the supernatant was transferred to a new tadecantrifuged 10 min at 150 g. The
supernatant was aspirated and the cells resuspandeam Granule Cell Medium.

The cell suspension was counted and seeded incemiation of 2.5x10cells per crhin
poly-I-lysine coated dishes or flasks. The cellsenveultivated at 37°C and 5% G a

water saturated incubator. On the nest day 1% 20a&-Solution was added.
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2.3 General methods

2.3.1 Discontinuous sodium dodecyl sulphate polyadamide gel electrophoresis

Solutions

Loading buffer (3x):

187 mM Tris
208 mM SDS
37.8% (w/v) Glycerol

The chemicals were dissolved in double distilledevand the pH was adjusted to 6.9 with
hydrochloric acid. 0.4 mg/ml bromophenol blue and feductive conditions 1.5 mg/ml

dithiotreithol were added.

Electrophoresis buffer (5x):

0.5% SDS

0.96 M Glycine

124 mM Tris

Stacking gel:

3.6% (v/v) Acrylamide/bisacrylamide (37.5:1)
125 mM Tris/HCI pH 6.8

0.1% (wi/v) SDS

1.5 pl/ml Tetramethylethylendiamine (TEMED)
3 ul/ml 10% ammonium persulphate (APS)

After the addition of TEMED and APS the gel wastedsmmediately.
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Resolving gel (10%):

10% (v/v) Acrylamide/bisacrylamide (37.5:1)
375 mM Tris/HCI pH 8.8

0.1% (w/v) SDS

1.5 pl/ml TEMED

3 pl/ml 10% APS

After the addition of TEMED and APS the gel wastedsmmediately.

Procedure

The resolving gel was mixed and immediately pousetiveen glass plates. The gel was
overlaid with water. After 30 min the water was paul off, the stacking gel was mixed,
poured immediately on top of the resolving gel #mel comb was inserted. After another
30 min the comb was removed and the gel was traesf¢o a horizontal electrophoresis
tank. The tank was filled with 1x electrophoresisfér.

The samples were mixed with loading buffer and teed at 95°C for 5 min. The
denatured samples were filled into the wells of geé Additionally 4 ul of the protein
ladder was injected into one well.

A voltage of 80 V was applied until the samples leftithe stacking gel. Afterwards the
voltage was raised to 100-160 V. The electrophsresis stopped when the blue band of
the loading buffer left the gel. After the electihopesis the gel was stained with Coomassie

blue (see 2.3.2) or the proteins were blotted nitracellulose membrane (see 2.3.3)

2.3.2 Coomassie brilliant blue staining of polyactamide gels

Solutions

Staining solution:

2.5¢g/L Serva blue
45.4% (viv) Isopropanol
9.2% (V/v) Glacial acetic acid

Destaining solution:
5% (v/v) Glacial acetic acid
7.5% (VIv) Ethanol
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Procedure

The polyacrylamide gel was transferred to a disthwtaining solution and stained for
10min on a horizontal shaker. The staining solutias transfused and replaced at first
with tap water and afterwards with destaining sotut The gel was destained on a
horizontal shaker and the destaining solution \egsilarly changed until the protein bands

were clearly visible.

2.2.3 Western Blot

Solutions

Transfer buffer:

25 mM Tris

192 mM Glycine

20% (v/v) Methanol

0.1% (w/v) SDS

Ponceau S:

0.5% (wi/v) Ponceau S

3% (w/v) Trichloracetic acid
PBST:

0.05% (w/v) Tween 20

Dissolve in PBS (see 2.2.1)

Blocking solution:
5% (w/v) skimmed milk
Dissolved in PBST

ECL I:

2.5 mM Luminol

0.396 mM p-Coumaric acid
0.1 M Tris pH 8.5
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ECL II:

0.0192% (v/v) Hydrogen peroxide
0.1 M Tris pH 8.5
Procedure

Six Whatman papers and a nitrocellulose membrane s@aked into transfer buffer and
stacked with a polyacrylamide gel in the followiogder: three whatman papers, the
nitrocellulose membrane, the gel and another thwhatman papers. The stack was
transferred to a semidry blotting chamber and btb&t 47 mA for 90 min.

After the blotting the membrane was transferred tdish with Ponceau S solution and
stained for about 1 min. The staining solution wasired back and the membrane was
washed several times with double distilled wateramhaker, until the protein bands were
clearly visible. If necessary the lanes were sdpdravith a scalpel and marked with a
pencil. To unstain the membrane completely, it washed in PBS.

The PBS was exchanged with blocking solution aedtlembrane was blocked for 30 min
on a shaker. The primary antibody was diluted iwcking solution. The membrane was
transferred to a sealing bag and the antibody wdakedch The primary antibody was
incubated for 3 h at room temperature or over nagl#°C on a shaker. The membrane was
transferred to a dish with PBST and washed thmaedifor 10 min under shaking. The
peroxidase labelled secondary antibody was diliteBBST. Afterwards the membrane
was transferred again to a sealing bag contaifagécondary antibody and incubated for
90 min at room temperature. The blot was finallysaed three times for 10 min in a dish
with PBST and stored in PBS until chemiluminesceshetection.

For detection both ECL solutions were mixed in @oraf 1:1 and the blot was incubated
for 1 min in this solution. Afterwards the membramas covered with saran wrap and an
x-ray film. The bands of the protein weight markere transferred with a pen to the film.
The membrane was exposed for 10 sec to 15 minhenfilin was developed afterwards.
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2.3.4 Polymerase chain reaction

Procedure

The template DNA was mixed with 0.25 pM of eachnini (200 pmol/ul) respectively, 10
ul of the Herculase reaction buffer and 0.5 plhaf éNTP Mix (25uM each dNTP) were
added. The reaction volume was brought to 49 1 dduble distilled water. Afterwards 1
ul of the polymerase was added. The tube was taesfto a thermocycler and following

program was run.

Step Temperature Time Cycles
Denaturing 95 °C 2 min /
Denaturing 95°C 20 sec

Annealing Primer dependerjit 20 sec 25-35
Elongation 72°C 30 sec/kb DNA

Tab. 2.1: Thermocycler program for polymerase chain reaction

The annealing temperature depended on the melong pf the used primer pair. The

elongation time depended on the length of the diaglfragment.

2.3.5 Agarose gel electrophoresis

Solutions

50x TAE buffer:

2M Tris
1M Acetic acid
0.1 M EDTA

The pH was adjusted to 8.3 with acetic acid.

6x Loading buffer:

10 mM TrispH 7.6

60 mM EDTA pH 7.6
0.03% (w/v) Bromophenolblue
0.03% (w/v) Xylene cyanol FF
60% (w/v) Glycerol
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Ethidiumbromide staining solution:
0.5 pg/ml Ethidiumbromide
Dissolved in tap water. Ethidiumbromide is carcienig.

Procedure

Agarose was added to 1x TAE and dissolved by hgatina microwave oven. The
concentration of the agarose in the solution vafi@in 0.8% (w/v) for large DNA
fragments to 2% (w/v) for very small fragments. Thelution was poured in the
electrophoresis chamber and a comb was insertadr &fe gel had solidified the comb
was removed and the gel was overlaid with 1x TAHdou

The DNA was mixed with loading buffer and puttetbia well. To be able to estimate the
length of the DNA a DNA weight marker was addea iah additional well. The DNA was
separated at about 5V/cm electrode distance fonihido 90 min.

After the electrophoresis, the gel was transfete@ dish containing ethidiumbromide
staining solution and stained for 15min in the dakkerwards it was moved to another
dish with tap water, destained for another 15mithendark and visualised on an UV table.
For preparatory purpose the desired DNA band wasuwiof the gel with a clean scalpel
and the DNA was isolated with a commercial avadaDNA extraction kit (e.g. Roche
agarose gel DNA extraction Kit).
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2.4 Immunofluorescence stainings

2.4.1 Immunocytochemical stainings of cultured cedl

Solutions

Formaldehyde fixative:

2% (wiv) Paraformaldehyde

Mixed in PBS (see 2.2.1). The solution was heatgdou60°C. 1 N NaOH was slowly
added until the Paraformaldehyde dissolved. Aftedwahe solution was filtrated.

Permeabilistation buffer:
0.1% (wi/v) Triton X-100
Dissolved in PBS.

Blocking solution:

1% (w/v) bovine albumin fraction V (BSA)
1% (v/iv) normal goat serum (NGS)
Dissolved in PBS.

Mounting solution:

1.5% (v/v) N-propyl gallat
60% (w/v) Glycerine
Dissolved in PBS.

Procedure

The cells were cultivated in 30 mm tissue cultushes on polylysine coated glass cover
slips. The cultures were washed two times with 3W&m PBS. Afterwards they were
fixed for 10 min at room temperature in 2% forméalgde. Alternatively they were fixed in
100% Methanol at -20°C for 5 min. The fixed celleres washed three times with PBS at
room temperature. Formaldehyde fixed cells werenpabilised with 0.1% Triton X-100

for 5 min at room temperature and were washed atage times with PBS, before they
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were transferred to slides in the humid chamberkdadked with 25 pl blocking solution
for 30 min at room temperature. Methanol fixedelere blocked directly.

The blocking solution was replaced with 20 pl oé tprimary antibody diluted in an
antibody dependent ratio in PBS. The antibody wiaabated for 3 h at room temperature
or over night at 4°C. Afterwards the cells were ek one time for 10 min and two times
for 5 min with PBS at room temperature. For dowibenings the cells were incubated
with the second primary antibody as described albavthe first one.

The cells were incubated with 20 pl of the secop@datibody, diluted in PBS, for 90 min
at room temperature in the dark. Afterwards theyaweashed three times for 5 min in the
dark. The cover slips were shortly dipped into deuttistilled water and mounted on a
drop of mounting solution on a slide with the a@lered surface facing downwards. The

stainings were stored at 4°C in the dark and wbsekved at a fluorescence microscope.

2.4.2 Cryostatic brain slices and immunohistochemiry

Solutions

Methylenblue solution:

Solution 1:

1% (w/v) Methyleneblue

1% (w/v) Disodium tetraborate
Solution 2:

1% (w/v) Azure Il

1% (w/v) Disodium tetraborate

Solution 1 and 2 are mixed in a ratio of 1:1 atieifed.

TG1-P incubation buffer:

0.1 M Tris pH 8.0
5 mM Calcium chloride
1mM Dithiothreitol

Stable for one week.
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TG1-P control buffer:

0.1 M Tris pH 8.0
1 mM Dithiothreitol
1mM EDTA pH 8.0

Stable for one week.

Procedure

Isopentan was cooled down in liquid nitrogen to wbel00°C. The animal was
anesthetised and sacrificed. The brain was isolated frozen in cold isopentan.
Afterwards the brain was transferred directly imiguid nitrogen for at laest 10 min.
Finally, the tissue was stored at -80°C in a deemperature freezer.

The brain was cut into 7 um thick slices using yostat. The slices were transferred to
poly-I-lysine coated slides.

For methylenblue staining the slides were incubate80°C for 10 min and afterwards
stained for about 2 min in methylenblue solutioheBlides were washed with tap water
and dried.

For staining with the transglutaminase 1 speciéptgle TG1-P the slices were incubated
at 30°C for 10 min and afterwards blocked for 3@ mith blocking solution (see 2.4.1).
10 uM TG1-P was diluted in TG1-P incubation buffier the specific staining) or TG1-P
control buffer (for the negative control). The ko buffer was replaced with the TG1-P
solutions and the slices were incubated for 90 ati87°C in the dark. Afterwards the
slides were washed 3 times for 10 min with PBS &2€l) in the dark.

For immunohistochemical stainings the slices wixatéd at -20°C in acetone and washed
three times for 5 min with PBS. Afterwards they /étocked for 30 min with blocking
solution and incubated with primary antibody in antidd chamber for 3 h at room
temperature or over night at 4°C. The slides wemsh&d three times for 5 min with PBS
and afterwards incubated for 90 min with the seaop@ntibody. The slides were washed
three times for 5 min with PBS.

The stainings were overlaid with a drop of mountsafution (see 2.4.1) and a glass cover

slip and were documented at a fluorescence micpasco
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2.5 Analysis of transglutaminase activity

2.5.1 Biotinylation of transglutaminase target progins in cell culture

Procedure

Mouse cerebellar granule or chicken telencephalils evere cultured as described before
(see 2.2.4 and 2.2.5). To analyse the transglusairactivity the culture medium was
renewed and supplemented with 1.3 mg/ml 5-(biotidappentylamine (5-BPA) and 0.1
ul/ml R281 (a transglutaminase inhibitor). As negaicontrol, only R281 was added to
the medium. The cells were incubated over night aftetwards analysed by SDS-PAGE
and Western Blot (see 2.3.1 and 2.3.2) with a &ixégin coupled to a peroxidase, or by
imunocytochemistry (see 2.4.1) with a fluorophou@ed streptavidin.

2.5.2 Purification of biotinylated proteins

Solutions

Phosphate buffer:

0.1 M Sodium dihydrogen phosphate
0.15M Sodium chloride

The pH was adjusted to 7.2.

Procedure

Cell cultures were labelled with 5-BPA as describedsection 2.5.1. The cells were
collected with the help of a rubber policeman irogphate buffer containing protease
inhibitors and homogenised by sonification. The kyslate was pelleted at 10,000g for 10
min. The supernatant was transferred to a new totreptavidin agarose was equilibrated
for 30 min with phosphate buffer. The agarose wadded to the cell lysate solution. The
mixture was incubated over night at 4°C and adadily 3h at room temperature under
constant agitation. The streptavidin agarose wéstpéd at 4,000g for 5 min and washed
two times with phosphate buffer. Afterwards the lwvaslution was exchanged with SDS

loading buffer (see 2.3.1) containing dithiothreaad the sample was incubated for 8 min
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at 95°C. The agarose was pelleted at 14,0009 foinland the supernatant was transferred
into a new tube. The supernatant was analysed [§-FAGE and Western blot with an

antibody againgt-actin or a streptavidin.

2.6 Generation and analysation of recombinant humatransglutaminase 1

2.6.1 Cloning of TG1 cDNA into pFastBacl

Procedure

The cDNA sequence of human transglutaminase 1 icomgaan N-terminal His6-tag was
excised out of the vector pGEM-T fl hTGk His \htl and EcoRIl. The DNA fragment
containing the cDNA was purified over an agarose(gge 2.3.5). The vector pFastBac 1
was also cut wittNotl andEcoRI and column purified with a commercial availakie
Afterwards the transglutaminase 1 cDNA was ligateih pFastBacl (see 2.7.4). The
emerging clones were screened via analytical plhspreparation (see 2.7.3) and

restriction analyses and positive clones were sexpek to verify the correct insert.

2.6.2 Generation of the recombinant bacmid

Solutions

LB Agar Plates:
See 2.7.2, after cooling to 60°C following solusomere added:

50 pg/ml Kanamycin
7 nug/ml Gentamicin
10 pg/ml Tetracycline
40 pg/ml IPTG

X ug/ml X-Gal

The plates were poured immediately.
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Procedure

TheE. coli DH10Bac were thawed on ice. 100 ul DH10Bac suspemnzer transformation
was transferred to a cooled 12 ml round bottomsfamation tube. 1 ng of the pFastBacl
construct or 5 pl sterile double distilled water tbe negative control were added to the
cells and mixed. The cell suspension was incubtle@0min on ice and afterwards heat
shocked for exactly 45sec at 42°C without shakKirte cells were transferred back on ice
and cooled down for 2 min. 900ul room temperatu@Snedium was added and the
tubes were shaked at 37°C at about 200rpm for 4 h.

A tenfold serial dilution (18 to 10°) of the cells in SOC medium was prepared and 100 p
of each dilution was plated on LB plates. The @atere incubated for 48h at 37°C and
for about 1h at 4°C.

Ten white colonies were chosen from the platesrastteaked on fresh LB agar plates.
The plates were incubated over night at 37°C. Faosingle colony confirmed to have a

white phenotype the bacmid was isolated (see 2.6.3)

2.6.3 Isolation of recombinant bacmid

Solutions

LB media:

See 2.7.2, before inoculation following solutionsrevadded:
50 pg/ml Kanamycin

7 ug/mi Gentamicin

10 pg/ml Tetracycline

Solution [

15 mM Tris/HCI pH 8.0

10 mM EDTA pH 8.0

100 pg/ml RNase A, DNase free

The solution was filter sterilised.

35



Materials and Methods

Solution I
0.2 M NaOH
1% (w/v) SDS

The solution was filter sterilised.

Potassium Acetate:
3M Potassium acetate
The pH was adjusted to 5.5 and the solution wasciaued.

Procedure

2 ml LB media was inoculated with successfully sfanmed DH10Bac. The culture was
grown over night at 37°C and about 200 rpm. 1.50fmthe culture was transferred to a
microcentrifuge tube and centrifuged for 1 min 4000 g. The supernatant was removed
and the pellet resuspended in 300 ul of Solutiofollyse the cells 300ul of Solution II
was added and the sample was incubated for 5Smovoat temperature. Afterwards 300 pl
3M potassium acetate was slowly added and gentkganin the meantime. The solution
was incubated on ice for 5 to 10 min and afterwasdgrifuged for 10 min at 14,000 g.

800 ul isopropanol was placed in a microcentrifugee and the supernatant was added.
The solution was mixed by inverting it a few timééterwards it was incubated on ice for
5 to 10 min. The mixture was centrifuged for 15 rain14,000 g. The supernatant was
discarded and the pellet was washed with 500 ul dtanol. After another centrifugation
step of 5 min at 14,000 g, the supernatant wasuibreemoved completely and the pellet
was air dried for about 10 min. The pellet, contairthe desired DNA, was dissolved in
40 ul TE buffer and stored at 4°C.

The bacmid was analysed by a PCR (2.3.4) with fipeprimers and a subsequent
gelelectrophoresis (2.3.5), to verify the corrensertion of the transglutaminase 1

sequence.
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2.6.4 Transfecting Sf9 cells and isolating P1 viratock

Procedure

9x1@ cells per well in a six-well plate were seededSf900 II SFM. After 1h the cells
had attach. 2 pg of the recombinant bacmid weretatil in 100 pl unsupplemented
Grace’s medium. Additionally 6 pl of cellfectin gent were diluted in 100 pl
unsupplemented Grace’s medium. The DNA and thdecéih solution were combined,
gently mixed and incubated for about 30 min at raemperature. In the meantime the
cells were washed once with unsupplemented Gracetium.

800 ul of unsupplemented Grace’s medium were atloi¢de sample. The wash solution
was removed from the cells and the DNA/cellfectiixtore was added. The cells were
incubated for 5 h at 27°C. Afterwards the transtecinedia was replaced with 2 ml Sf-
900 Il SFM.

After 96 h the medium, containing the recombinaatubovirus, was collected and
transferred to a 15 ml tube. To remove cells armtisethe medium was clarified for 5 min
at 500 g. The supernatant was transferred to allbewl tube. 2% (v/v) fetal bovine serum

was added and this P1 viral stock was stored airtke dark.

2.6.5 Amplifying the baculoviral stock

Procedure

1.4x10 Sf9 cells were seeded in a 75%fiask. After 1 h 2.8x1Dvirus particles (pfu)
were added to the cells. The virus concentratiothefP1 viral stock was assumed with
1x10 pfu/ml. The cells were incubated for 96 h at 272®erwards the medium was
removed and clarified at 500 g for 5 min. The sop&nt was transferred to a new 15 ml
tube and stored at 4°C in the dark. The virus bfahis P2 viral stock should be about ten
times higher compared to the original stock. Thes/iconcentration was determined by a

viral plaque assay.
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2.6.6 Viral plaque assay

Solutions

4% Agarose Gel:
4% (wiv) Low melting agarose

The solution was autoclaved.

Neutral Red:
1 mg/mi Neutral Red

Procedure

1.2x16 Sf9 cells per well are seeded in two 6-well plategenfold serial dilution from
10° to 10® was prepared from the baculoviral stock in Sf-80BFM. After the cells had
attached the medium in the 6-well plates was exgpbadrwith 2 ml of the diluted viral
solutions. Two wells per dilution were used anddblis were incubated for 1 h.

In the meanwhile the agarose gel was dissolvednmiceowave oven and the 1.3x Sf-900
medium was heated to 37°C. Three parts of the $fPB0O0 medium were combined with
one part of the liquefied agarose. The solution ma®d and placed in a 37°C water bath.
Sequentially starting from the highest dilutiorg thral solution was exchanged with 2 ml
of Sf-900 agarose medium. The overlay was allonedharden for about 15 min,
afterwards the plates were moved to an incubatirasubated for 10 days at 27°C.

After 10 days 500 pul of neutral red solution wadetito each well and incubated for 2 h.
The excess stain was removed. Viral plaques appearéright spots in a red background.
The viral titer of the baculoviral stock was cakteld.

pfu _ numberof plaqued dilution factor

Viral titer: = -
ml ml of inoculun

Baculoviral stocks with a lower titer than 1XIffu/m| were amplified again (see 2.6.5).
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2.6.7 Expression of recombinant transglutaminase 1

Procedure

2.25x10 cells were seeded in a 75 Titask. After 1 h the cells were rinsed once with
medium. Afterwards 15 ml fresh medium was addec Baculoviral stock solution was
added to gain a viral titer of 4.5x1pfu per flask. The cells were incubated for 96 he
medium was aspirated and the cells were harvest&d0 pl 3x SDS PAGE buffer. The
expression was analysed by Western Blot using &éiftransglutaminase 1 antibody (see
2.3.3)

2.6.8 Purification of recombinant transglutaminasel

Solutions

Lysis buffer:

50 mM Sodium dihydrogen phosphate
300mM Sodium chloride

10mM Imidazole

The pH was adjusted to 8.0 with sodium hydroxidéte’ApH adjustment 1% (w/v)
Nonidet P40 was added.

Wash buffer:

50 mM Sodium dihydrogen phosphate
300mM Sodium chloride

20mM Imidazole

The pH was adjusted to 8.0 with sodium hydroxide.

Elution buffer:

50 mM Sodium dihydrogen phosphate
300mM Sodium chloride
250mM Imidazole

The pH was adjusted to 8.0 with sodium hydroxide.
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Procedure

The recombinant protein was expressed as desaiibsection 2.6.7, but, instead, of 3x
SDS PAGE buffer 8 ml lysis buffer was used to hartke cells. The cell suspension was
incubated for 10 min on ice and afterwards cergeflifor 10 min at 10,000 g and 4°C.
The supernatant was transferred to a new tube.

400 ul of Ni-NTA agarose was equilibrated with 10 BBS. The equilibrated Ni-NTA
agarose was transferred to the tube containingckbared lysate and incubated under
shaking for 2h at 4°C.

The mixture was loaded onto a 3 ml column and tbe-through was collected for
analysis. The column was washed three times withl wash buffer, each time collecting
the wash fraction for analysis. Afterwards the enmotwas eluted four times with 200 pl
elution buffer. The eluates were collected sepbrafene purification was analysed by
SDS-PAGE with Coomassie staining (see 2.3.2) anst&vie Blot (see 2.3.3).

Eluate fractions containing transglutaminase 1 wweled and protease inhibitors were
added to the solution.

2.6.9 Cross-linking of actin with recombinant tranglutaminase 1

Solutions

Extraction buffer:

2 mM Tris pH 8.0

0.2 mM Adenosine triphosphate sodium salt
0.5mM Dithiothreitol

0.2mM Calcium chloride

0.01% (w/v) Sodium azide

Procedure

20 ml extraction buffer was prechilled on ice watelg acetone powder was added to the
buffer and stirred on ice for 30 min. The solutwas clarified for 10 min at 10.000 g. The
supernatant was filtered through glass wool ingpaduated cylinder and the volume was
determined. Under stirring potassium chloride wddea to a final concentration of 50
mM. Afterwards magnesium chloride was added torecentration of 2 mM and adenosine

triphosphate to a concentration of 1 mM.
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The solution was incubated at room temperatur@®min and for 90 min at 4°C without
stirring. Afterwards the solution was stirred slgvdt 4°C and potassium chloride was
added to a final concentration of 0.6 M. The solutivas incubated another 90 min at 4°C,
this time with stirring. For experiments with F4acthis solution was used. Otherwise the
solution was centrifuged for 3 h at 84.000 g arelghpernatant was discarded. The pellet
was washed one time with chilled extraction buHiad afterwards soaked in 1 ml buffer
for 1 h. Subsequently the pellet was resuspendaty s Dounce homogenizer. The
suspension was transferred to a dialysing membaadedialysed in extraction buffer at
4°C for 3 days. The buffer was changed every day.clarify the solution it was
centrifuged at 84.000 g for 3 h. The supernatarst tnansferred to a new tube and stored at
-20°C.

To cross-link the purified actin, 1/10 volume ofettactin solution and 100 ng/ml
recombinant transglutaminase 1 was added to TQic#&bation buffer and the solution
was incubated for 2h at 37°C. To tag the targetaghate of actin with a biotin group
additionally 1 mg/ml 5-(biotinamido)pentylamine wexded.

2.7 Cloning of DNA fragments

2.7.1 Generation of competent cells

Solutions

FSB buffer:

100 mM Potassium chloride

45 mM Manganese dichloride

10 mM Calcium dichloride

3 mM Hexamine cobalt trichloride
10 mM Potassium acetate

10% (w/v) Glycerine

The pH was adjusted to 6.5 with acetate and thdisalwas sterile filtrated.
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DMSO:
Aliquots of 500 ul of dimethyl sulfoxide (DMSO) wenerated with nitrogen and stored at
-20°C.

SOB medium:

20 g/L Casein

5g/L Yeast extract

10 mM Sodium chloride
2.5 mM Potassium chloride

The medium was autoclaved and after cooling folimnsterile solutions were added.

0.5% (v/v) 1 M magnesium chloride
0.5% (v/v) 1 M magnesium sulphate
SOB agar:

16 g/L agar were mixed with SOB basal medium artdcdaved. Afterwards magnesium

chloride and sulphate were added and the agarsphsee poured.

Procedure

A fresh SOB agar plate was inoculated vistherichia coli DH50 and incubated at 37°C
over night. 50 ml SOB medium was inoculated witrefcolonies from the agar plate and
incubated at 37°C on a shaker. Theg@R), of the culture was continuously checked and
the incubation was stopped at an OD of 0.44-0.%®yal-6 h). The suspension was
transferred to a Falcon tube and cooled on iceeriftrds it was pelleted at about 1000 g
for 12 min at 4°C. The supernatant was discardeflthe pellet dissolved in 14 ml cold
FSB buffer. The suspension was incubated for 15 enince and afterwards centrifuged
again at 1000 g and 4°C for 10 min. The supernatead discarded and the pellet
resuspended in 3.36 ml FSB buffer. The solution iesbated on ice for 5 min. 117.6 pl
DMSO were added, mixed well and incubated for agoth min on ice. This step was
repeated once. The suspension was portioned iuRaliquots and immediately frozen in

liquid nitrogen. Afterwards the aliquots were triamsed to a -80°C freezer.
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2.7.2 Transformation of competent cells

Solutions

LB medium:

10 g/L Casein

5g/L Yeast extract
10 g/L Sodium chloride

The pH was adjusted to 7.4 with sodium hydroxide tre solution was autoclaved.

Ampicillin solution:
50 mg/ml Ampicillin

The solution was sterile filtrated.

Kanamycin solution:
70 mg/ml Kanamycin

The solution was sterile filtrated.

LB agar plates:
15 g/L agar were added to LB medium and the salutias autoclaved. After the solution
cooled down to about 60°C 1 ul/ml antibiotic sadati was added (ampicillin or

kanamycin) and the plates were poured.

SOC medium:
10 pl/ml sterile 2M glucose solution was added @BSnedium (see 3.2.1)

Procedure

Two agar plates per transformation and an additiptede for the negative control were
poured. The competent cells were thawed on icaull@f a ligation reaction (see 2.7.4)
were filled into a transformation tube and cooledice, for negative control additionally
10 ul sterile double distilled water were used. p0@ompetent cells were added to the
tubes and incubated for 40 min on ice. The celleevireat shocked for exactly 90 sec in a
42°C water bath and afterwards cooled immediatelice for 3 min. 900 pul SOC medium

were added and incubated on a shaker at 37°C fori®0100 ul of the solution was plated
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on a agar plate, the remaining 900 ul were pelleesuspended in 100 pl SOC medium
and plated on a second agar plate. The plates iwmeubated over night at 37°C. Clones
were picked for analysis (see 2.7.3) and the platre stored at 4°C.

2.7.3 Analytical plasmid preparation

Solutions

STET buffer:

0.1 M Sodium chloride

10 mM Tris/HCI pH 8.0

1mM Ethylene diamine tetraacetic acid pH 8.0 TRD
5% (w/v) Triton X-100

Lysozyme solution:
10 mg/mi Lysozyme
Dissolved in STET buffer.

TE buffer:
10 mM Trsi/HCI pH 8.0
1 mM EDTA pH 8.0

RNase A solution:
20 pg/ml Ribonuclease A DNase free
Dissolved in TE buffer.

Sodium acetate solution:

3M Sodium acetate

The pH was adjusted to 5.2 with acetate.
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Procedure

5 ml of antibiotic containing LB media was inoc@dtwith the desired bacteria and
incubated over night at 37°C on a shaker. 1.5 nihefculture was pelleted at 120009 for 1
min. The supernatant was discarded and resuspend&30 pl STET buffer. 25 ul
lysozyme solution was added. The tube was place@Gaec in a boiling water bath and
afterwards centrifuged at 12000g for 10 min. Thdélepevas removed with a sterile
toothpick and 40 pl sodium acetate and 420 pl gmgonol were added. After incubating 5
min at room temperature, the tube was centrifuggainaat 12000g for 15 min. The
supernatant was removed and the pellet washed Wwitll 70% ethanol. After another
centrifugation step at 12000g for 5 min the supmawas completely removed and the
pellet dried for 5-10 min and resuspended in 4GRNhse A solution. The solution was
incubated for 10 min at 37°C and stored at -20°C.

The isolated vector was investigated by restricamalysis with a commercial available

restriction enzyme and subsequent agarose get@dbctresis (see 2.3.5).

2.7.4 Ligation of DNA fragments into a vector

Procedure

The vector and insert DNA were digested with theeaestriction enzymes and column or
gel purified. 100ng of the vector were mixed wille {3-4 molar excess of the insert. The
reaction volume was brought to 17.5 ul with doubistilled water. The sample was
incubated at 45°C for 5 min. 2 ul of 10x Ligasefeutind 0.5 pl of T4 DNA Ligase (0.5
units) was added. The ligation was performed atC1&r 4 h or over night at 4°C.
Afterwards the sample was heated to 65°C for 10 dlnul of this ligation reaction was

used for transformation (see 2.7.2).
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2.8 Conditional transglutaminase 1 knock-out mouse

2.8.1 Assembly of the transglutaminase 1 knock-owector

Procedure

Genomic DNA of C57BL/6 mice was isolated with a gerc DNA isolation kit. Via a
PCR reaction (see 2.2.4) three DNA fragments (Lamn R) were amplified and cloned
into a vector (see 2.7). The used primer pairs W&&& KO L, TG1 KO M and TG1 KO R
(see 2.1.5). With the help of the PCR primers se@striction sites were inserted at the
ends of the fragments (see 2.1.5, underlined segsgnVith these restriction enzymes the
fragments were consecutively subcloned into thérEgn vector pTarget.

The emerging vector pTarget TG1-KO was isolatedhftbe bacteria with a commercial
available midi prep kit and linearised winwotl. Afterwards the vector was electroporated
into mouse stem cells and the cells were cultivatechedium containing the selective
antibiotic G418. The evolving clones were singslad and their DNA was isolated and

analysed.

2.8.2 Analysis of stem cell clones via Southern blo

Solutions

Depurination solution:
0.125 M Hydrochloric acid

Denaturation solution:
87.66 g/L Sodium chloride
20 g/L Sodium hydroxide

Neutralisation buffer:

87.66 g/L Sodium chloride

60.5 g/L Tris

The pH was adjusted to 7.5 with hydrochloric acid.
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20x SSC:
3M Sodium chloride
0.3 M tri-Sodium citrate dihydrate

The pH was adjusted to 7.0 with hydrochloric acid ¢he solution was autoclaved.

Low stringency wash buffer:
0.1% (wi/v) Sodium dodecylsulphate
2X SSC

High stringency wash buffer:
0.1 % (w/v) Sodium dodecylsulphate
0.5x SSC

Maleic acid buffer:
0.1 M Maleic acid
0.15 M Sodium chloride

The pH was adjusted to 7.5 with sodium hydroxide thre solution was autoclaved.

Antibody wash buffer:
0.3% (wi/v) Tween 20

Diluted in maleic acid buffer.

Blocking buffer:
10% (v/v) 10x blocking buffer (Roche)

Diluted in maleic acid buffer.

Detection buffer:

0.1 M Tris

0.1 M Sodium chloride

The pH was adjusted to 9.5 with hydrochloric acid.
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Procedure

Genomic DNA of C57BL/6 mice was isolated with a eoercial available kit and two
DNA fragments (S1 and S2) were amplified over arRR€action (see 2.3.4) and cloned
(see 2.7). The used primer pairs were TGl SB S1Ta&il SB S2. The constructs
containing these fragments were isolated and tgarients were excised wiBamHI and
Notl and gel purified. A Digoxygenin labelling reaatiavith the DIG high prime DNA
labelling and detection kit was performed, follogithe random prime method. The
labelled probes were purified with a PCR Purifioatkit.

The genomic DNA of the stem cell clones (see 2.84d9 digested witBamHI (for S1) or
Hindlll (for S2) andseparated over an agarose gel (see 2.3.5). Theageincubated for
10 min in depurination buffer, for 30 min in denation buffer, for 30 min in
neutralisation buffer and finally for 15 min in 2B8C. Afterwards the separated DNA was
blotted in a capillary blot to a nylon membraneefidiore, in a dish filled with 20xSSC a
platform was created. On this platform two crosBedges of whatman papers, their ends
hanging into the 20xSSC solution, were build upthé crossing of the bridges a pile of
three soaked whatman papers, the gel, the membaauther three soaked whatman
papers and a 5 cm stack of paper towels was bpil®ua top of the pile a weight of about
500g was placed. The gel was blotted over night.

The next day the pile was dismantled and the nglembrane was fixated at 80°C for 2 h.
Afterwards the membrane was transferred to a hiatidn bag and prehybridised with
DIG Easy Hyb hybridization solution at 38°C for aba@ h under shaking. About 25 ng
DIG labelled DNA probe per ml hybridization solutiowas transferred to a new
microcentrifuge tube and denaturated in a boilirger bath for 5 min. Afterwards the
probe was cooled on ice water and diluted in DIGyHdyb hybridisation solution. The
prehybridisation solution was exchanged with thbérigysation solution and the blot was
hybridised over night at 38°C under constant aigitat

The next day the blot was washed two times for 1® imlow stringency buffer at room
temperature and two times for 30 min in high semgy buffer at 68°C on a shaker.
Afterwards the blot was washed in antibody washtswh for 3 min at 38°C and blocked
for 30 min in blocking solution. The blocking sant was exchanged with the antibody
solution consisting of anti-Digoxygenin antibodyutked 1:10000 in blocking solution. The
blot was incubated for another 30 min with the laody at 38°C. Afterwards it was
washed two times for 15 min at 38°C in antibody wag buffer and additionally

incubated for 3 min with detection buffer.
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The detection buffer was poured of and the hybaitiin bag was cut open. The membrane
was covered with CSPD chemiluminescence bufferiamdediately covered again with
the bag. After 5 min of incubation the bag wasegagain and the blot was incubated for

another 10 min. Afterwards the blot was exposed-tay film for 20-45 min.
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3. Results

3.1 Transglutaminase 1 expression in the murine bra

So far only limited data are available for the egsion pattern of tranglutaminase 1 in the
brain. Transglutaminase 1 has been detected ircdhebral cortex, the corpus callosum
and the cerebellum (Kim, Grant et al. 1999). It basen found in neuronal and glial cells.
However, its definite expression pattern remaingnomwn.

To further elucidate the occurrence of transglutese 1 in the brain, 7 um thick coronal
sections of the brain of an adult male C57BL/6 neousere prepared and
immunohistochemically stained against transglutasen1l and microtubule-associated
protein 2 (Mtap2) respectively glial fibrilary adidprotein (GFAP). Mtap2 is a neuronal
marker. It appears mainly in dendritic microtubulEsedrich and Aszodi 1991). GFAP on
the other hand is a glial marker, primarily for rasytes, occurring in intermediate
filaments (Eng, Ghirnikar et al. 2000). To back tpe findings with the anti-
transglutaminase 1 antibody a synthetic peptidelfPGsequence: YEQHKLPSSWPF),
known to be a preferred substrate of transglutaseiria (Sugimura, Hosono et al. 2008),
was used to visualise transglutaminase 1 via tigigc The glutamine in TG1-P is a target
for transglutaminase 1 activity, but not for thensglutaminases 2 and 3, as well as factor
Xllla. Transglutaminase 1 cross-links the peptidentarby proteins. This activity is
visualised via a fluorescein marker at the C-teusiof the peptide.

Throughout the brain the anti-translgutaminasetibady stained the endothelial lining of
blood vessels (see Fig. 3.1). The signal was ldcatehe membranes of endothelial cells.
Additionally transglutaminase 1 stainings were alsand in parts of the ventricular
system in ependymal cells, like in the lateral vietlg in figure 3.1. Similar to the
endothelium the signal was located at the membrdngsnost common at the basal side.
So it seems that a membrane-bound form of traremgiuse 1 is expressed in endothelial

and ependymal cells of the brain.
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Fig. 3.1: Transglutaminase 1 expression in blood vessels and ventricles.

Detection of transglutaminase 1 activity with TG1-P (A+C) and
immunohistochemical stainings against transglutaminase 1 (B+D) in cryostatic
slices of the mouse brain.

Scale bar: 10 pm

Other prominent signals of the anti-transglutamenasantibody were found in different
fibre tracts, like the corpus callosum (see Fig),3he amygdala capsule and the external
capsule (see Fig. 3.3). A streak like staining Wicashd. The intensity of these streaks
decreased towards the borders and could not bedittkkspecific structures or cell borders,
although they colocalised at least partly with GFa&nings.

In addition transglutaminase 1 staining was foungarts of the caudoputamen (Fig. 3.3).
Like the structures before the expression was maestricted to nerve fibres. But again
the signal was only found sparsely in a streakepuoictuated pattern and not throughout
all of the fibres.

Even though these stainings look rather unspedifie, immunohistochemcial findings
were supported by transglutaminase 1 activity stggrusing TG1-P. Additionally both
negative controls, an immunohistochemical stainuiitpout primary antibody and a TG1-
P staining with EDTA (to inhibit the calcium depemd transglutaminase activity), were
negative in this regions. It seems that transglinase 1 is expressed in parts of nerve
fibres. It is partially localised in astrocytes,tbar the most parts in GFAP and Mtap2

negative regions, presumably axons.
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Transglutaminase 1 tap2/GFAP
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Fig. 3.2: Double staining in the region of the corpus callosum. Cryostatic slices of a mouse brain
were immunohistochemically stained against A: transglutaminase 1, B: Mtap 2, C: overlay of A+B,
D: transglutaminase 1, E: GFAP, F: overlay of D+E. G: Staining of transglutaminase activity with
TG1-P, H: phase contrast image, I: overlay of G+H, J: negative control for anti-transglutaminase 1
staining (corpus callosum in the upper half), K: negative control for TG1-P staining (corpus
callosum on the left side)

Scale bar: 10pm (A-C, J+K) or 20pum (D-I).
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T Fig. 3.3: Double staining in the region of the external capsule and the caudoputamen. Cryostatic
slices of a mouse brain were immunohistochemically stained against transglutaminase 1 (A, D, K
and N), Mtap 2 (B and L) and GFAP (E and O). Additionally transglutaminase activity was
visualised with TG1-P (H and Q), | and R are phase contrast images of the TG1-P stainings. The
pictures in the last row are overlays of the two previous pictures. The stainings A-J were in the
region of the external capsule, the stainings K-S were in the caudoputamen.

Scale bar: 10pum.

Transglutaminase 1 tap2/GFAP overlay

-
Fig. 3.4: Double staining of the cerebral cortex and the cerebellum. Cryostatic slices of a mouse
brain were immunohistochemically stained against A: transglutaminase 1, B: Mtap 2, C: overlay of
A+B, D: transglutaminase 1, E: GFAP, F: overlay of D+E. G: Staining of transglutaminase activity

with TG1-P, H: phase contrast image, I: overlay of G+H.
Scale bar: 10pm (A-C and G-I) or 20pum (D-F)
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Besides these prominent stainings far-scatteresggiataminase 1 positive astrocytes were
found in the cerebral cortex and in the cerebellsee Fig. 3.4). Few positive neurons
were also found in the granular layer of the ceiebe(see Fig. 3.4). In contrast to the
endothelial and ependymal cells, no clear membl@aisation of the signal was visible.
Summing up in the murine brain membrane-bound glateminase 1 was found in
endothelial cells of the brain vascular system gadgtly in ependymal cells of the
ventricular system. In neural cell types some agtes of the cerebral cortex and the
cerebellum, as well as few neurons of the cerebgitnule layer were transglutaminase 1
positive. But most striking was the transglutamedsstaining found in different fibre

tracts, most likely in projecting axons.
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3.2 Transglutaminase 1 expression in cerebellar gnale cell culture

To further investigate the role of transglutaminase the brain, considering its expression
in some cells of the cerebellum, cell cultures afmary cerebellar granule cells were
chosen. The cells were isolated form five daysballdly mice and cultivated for up to four
weeks. Figure 3.5 shows anti-transglutaminase ihistgs at various time points in this

culture.

A

Fig. 3.5: Time dependent expression of transglutaminase 1 in murine cerebellar granule cells. Cell
cultures of cerebellar granule cells where fixed and stained against transglutaminase 1 at various
time points. A: DiV 1; B: DiV 3; C: DiV 5; D: DiV 9; E: DiV 14; F: DiV 28. The * marks cells with a
weak transglutaminase 1 expression. G: Western Blot of 14 days old granule cell cultures against
transglutaminase 1. 72 and 95 kDa are marked in the blot.

Scale bar: 10 ym
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During the first five days only a faint staining @thandful of cells was visible, becoming
stronger and more frequent over cultivation tinmedestingly the staining mostly showed
no clear membrane localisation of transglutaminake therein reflecting the
immunohistochemical stainings, indicating that ahhipercentage of the expressed
transglutaminase 1 exists in its soluble form. a&tef time point (>1 week) groups of
transglutaminase 1 positive cells were observegugetly. The expression intensity could
then be divided roughly in three groups, transghitese 1 negative cells, cells with a low
expression of transglutaminase 1 (Fig. 3.5 D+Escelarked with an asterisk) and cells
with a high expression of transglutaminase 1 (Fg3+F). Western Blot analysis of later
cultures with an anti-transglutaminase 1 antiboglyealed a single band at about 92 kDa
(Fig 3.5 G), which matched the calculated mas$&®fbluble transglutaminase 1 protein.

Tranglutaminase 1 ABPPAMItap?2 overla

Fig. 3.6: Double stainings of murine cerebellar granule cells. 5 days old cultures (A-C) and 9 days
old cultures (D-I) of cerebellar granule cells were stained against A: transglutaminase 1, B: GFAP,
C: overlay of A+B, D: transglutaminase 1, E: GFAP, F: overlay D+E, G: transglutaminase 1, H:
Mtap2, I: overlay of G+H.

Scale bar: 10um.
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Double stainings against transglutaminase 1 andp2itaespectively GFAP gave
information about the cell types of transglutamenaspositive cells. In the first eight days
of the culture only glial cells were found to bartsglutaminase 1 positive (Fig. 3.6 A-C).
At day nine in culture the first transglutaminasgakitive neurons were found (Fig. 3.6 G-
). But even though the total number of neuronseexed the number of glial cells in the
culture, the number of transglutaminase 1 positieerons remained relatively low during
the cultivation time, compared to transglutaminageositive astrocytes. Additionally the

average signal strength in glial cells lay cleatbpve the expression in neuronal cell types.
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3.3 Transglutaminase activity in neuronal cell culires

Transglutaminase 1 is normally dormant intracetijuland has to be activated by

heightened calcium levels. Therefore, the activityransglutaminase 1 in the cell culture
was analysed. A synthetic substrate for transglmases named 5-

(biotinamido)pentylamine (5-BPA) was used for thegperiments. The molecule consists
of a small primary amine which gets linked to ayé&rglutamine of transglutaminases by
their activity. For detection purpose this aminecaupled to a biotin, which can be

detected with streptavidin. The 5-BPA is membraeemgable and can be added directly
to the cell culture. Given that 5-BPA is a substrat all members of the transglutaminase
family, prior to testing the activity, the expremsiof other transglutaminases known to be
found in the cerebellum, namely transglutaminadea®,to be checked. Therefore, granule

cell cultures were stained against transglutami@a$eg. 3.7).

Fig. 3.7: Transglutaminase 2
expression in  murine cerebellar
granule cells. Immunocytochemical
stainings of granular cell cultures (DiV
10: A+B, DiV 21: C-E) against
transglutaminase 1 (A+C) and trans-
glutaminase 2 (B,D,E). The white
arrow points to the  weak
transglutaminase 2 staining in the
soma of a cell.

Scale bar: 10 pum.
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In young cultures there was no transglutaminasigrzakdetectable (Fig. 3.7 B). Only in
cultures older than two weeks a spotted stainingensoma of some cells was visible (Fig.
3.7 E). Transglutaminase 2 is partly expressedaegliulary, so it is most likely that in
these cells the transglutaminase 2 is located mmestype of secretory vesicles. To block
this presumed extracellular activity of transgluitamse 2 a membrane impermeable
inhibitor of transglutaminases called R281 was ddt® the cultures in all activity

experiments.

Fig. 3.8: Transglutaminase activity in murine cerebellar granule cells. Granule cell cultures (DiV 21)

preincubated with 5-biotinamidopentylamine (A-C and G-J) or without preincubation (D-F), were
stained against biotin (A,D,G,I) and synaptophysin (B+E) or transglutaminase 1 (H+J). C and F are
overlays of A+B, respectively D+E.

Scale bar: 10 um
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For these experiments cultures were incubated &ithmM 5-BPA for 16 hours, before
the cells were fixed and stained with streptavidietecting the biotin group of the 5-BPA
and thereby visualising the transglutaminase agt{#ig. 3.8). The streptavidin stainings
showed a punctuated pattern colocalised with synaparkers (Fig. 3.8 A-C) and a
streaked pattern, suggesting staining of cytos&klstructures. These staining patterns
were also found in culture which were not preincatavith 5-BPA (Fig. 3.8 D-F). They
most likely display naturally biotinylated proteinBhe direct comparison of streptavidin
stainings of cells expressing transglutaminase ify. (8.8 G+H) with cells lacking
transglutaminase 1 (Fig. 3.8 1+J), led to the casion that the transglutaminase 1 in this
cell culture was inactive under normal cultivatmnditions. So the cerebellar granule cell
culture seems to be an improper model system tcestigate the activity of
transglutaminase 1 in neural cells.

Alternatively a telencephalic cell culture from thkicken was tested. These cells were
isolated from chicken embryos at embryonic day tetghnine and cultured under serum
free conditions. There is no specific antibody Elde against chicken transglutaminase 1
so far. Several different transglutaminase antié®avere tested in this cell culture, but no
specific signal was detectable with one of them sfilb be able to visualise the potential
transglutaminase 1 expression in these cells #msgtutaminase 1 specific peptide TG1-P
was used. Staining with TG1-P revealed a solemmynbrane associated signal (see Fig.
3.9). This signal could be prevented by additiofEDITA or R281, so it seems to be based
on transglutaminase activity. However, TG1-P wast nested with chicken
transglutaminases, so these stainings are no demence for transglutaminase 1
expression. Nevertheless, a membrane-bound traasghase was expressed in this cell
culture, so it was tested for transglutaminasevéigtivith 5-BPA (Fig. 3.10).

Streptavidin stainings of cultures incubated wHBPBA showed a specific staining of some
nuclei (Fig. 3.10 B), most likely due to transglaiaase 2 activity, which can also act as a
transcription regulator in the nucleus. In addit@rpunctuated staining of neurites was
found (Fig. 3.10 E). This staining was colocaliseith the synaptic marker synapsin I.
Thus transglutaminase activity is localised in fitaendings of chicken telencephalic

cells.
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Fig. 3.9: TG1-P staining of chicken telencephalic cultures. Telencephalic cultures (DiV 13) were
stained with TG1-P. The fluorescent labelled peptide is cross-linked to the membranes of the cells
due to transglutaminase activity (A+B). By addition of R281 the transglutaminase activity is blocked
and the staining disappears (C).

Scale bar: 10 ym

A

Fig. 3.10: Transglutaminase activity in chicken telencephalic
cultures. Telencephalic cell cultures (DiV 18) preincubated with 5-
biotinamidopentylamine (A-F) or without preincubation (G) and
stained against synapsin | (A,D) or biotin (B,E,G). C and F are
overlays of A+B respectively D+E.

Scale bar: 12.5 um (A-C and G) or 5 um (D-F).
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Fig. 3.11: Target proteins for transglutaminases in chicken telencephalic
cultures. A: Cell lysates of telencephalic cell cultures (DiV 14) with (+) or
without (-) 5-biotinamidopentylamine preincubation (see first row) were
blotted against biotin (S) or B-actin (A) (see second row). In a second step
the lysates were purified over a streptavidin column (see third row) and
blotted afterwards. The black arrow points at the band of the same height
as B-actin in the streptavidin blot. B: Cell lysates of organotypic cultures of
chicken telencephalon cultivated for 20 days, incubated for one day with 5-
BPA and purified over a streptavidin column. The eluate was blotted
against B-actin. The numbers indicate the positions of a molecular weight

marker in kDa.
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To identify the proteins that are transamidated ttgnsglutaminase activity, cells
preincubated with 5-BPA were lysed. The proteinemhseparated by a polyacrylamide
gel, blotted and stained against biotin via strapia (Fig. 3.11 A). The comparison
between the streptavidin staining of cell lysatesubated with 5-BPA and the negative
control showed several bands which only occur atitition of 5-BPA, indicating that
these proteins were biotinylated over a transglutase dependent cross-linking of 5-
BPA. One of the biotinylated bands in the stremtewvblot was found to be at the same
height ag3-actin (Fig. 3.11, black arrow). To clarify the neg of this band the cell lysate
was purified over a streptavidin agarose columerehy isolating all biotinylated proteins
and the eluates of this column were blotted agdiresttin (Fig. 3.11 A, second blot). In
contrast to the negative control, in the eluateadis preincubated with 5-BPBractin was
detectable, although the addition of 5-BPA had ffiece on the expression level pfactin
(Fig. 3.11 A, second blot lane 3 and 4). 5-BPA segrio be cross-linked t®-actin via
transglutaminase activity. Combining these facts imost likely thag-actin is one target
protein for transglutaminases at least in telenakphcell cultures of the chicken.
Regarding its membrane localisation transglutaneirfasould be the enzyme cross-linking
synapticp-actin. Purification of 5-BPA incubated chicken angtypic slice cultures of the
telencephalon over a streptavidin column showedstrae results concerning the cross-
linking of 5-BPA top-actin (Fig. 3.11 B).

To unravel the exact cross linking mechanismpedctin column purified lysates of
telencephalic cultures incubated with 5-BPA wengasated over a polyacrylamide gel and
the B-actin band was cut out. The protein was extrabitad the gel, digested with trypsin
and analysed with a mass spectrometer (Tab. 3nE)target glutamine becomes linked to
the 5-BPA through transglutaminase activity andahg the mass of the protein fragment
containing the target glutamine should depart mijstishable from the normal value.
Unfortunately only some fragments of the actin wiexend by the mass spectrometer, not
including any altered one. But at least five glutanresidues can be excluded as targets
for transglutaminase activity in the telencephalalls, sparing seven potential target

glutamines.
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GNERF RCPEA LFOQPS FLGVE SCA H ETTEN SI MKC DVDI R KDLYA NTVLS
310 320 330 340 350
GGITM YPA A DRMXK ElI TAL APSTM KI KI | APPER KYSVW | GGSI LASLS
360 370

TFQOM W SKO EYDES GPSI V. HRKCE

Tab. 3.1: Mass spectrometer analysis of B-actin from chicken. Marked in red are the protein
fragments found in the mass spectrometer. Glutamines detected in the MS are marked

green, undetected glutamines are marked blue.

To clarify if p-actin is really a target for transglutaminase écombinant human
transglutaminase 1 was expressed in Sf9 cells, thigthhelp of the baculovirus method.
The recombinant transglutaminase contains a Hig6g@a it could be purified over a Ni-
NTA column. The transfected Sf9 cells showed asgarntaminase 1 positive band in the
Western Blot at the predicted height (Fig. 3.12lake 1). After column purification no
other band was detectable via Coomassie stainumpriSingly after prolonged storage the
transglutaminase band at about 92 kDa diminishdsaanew band appears with a much
higher molecular weight, hardly entering the stagkgel (Fig 3.12 A, lane 4). This band is
also transglutaminase 1 positive. The most likelpl@nation is that tranglutaminase 1
cross-links itself forming high molecular complexesen though the storage buffer does
not contain any calcium, so the activity level diddae rather low.

To test the activity of the recombinant proteinmdthylcaseine, a known target for
transglutaminases used in many activity assays, imasbated with 5-BPA and the
expressed transglutaminase (Fig 3.13 A). Dimetls@iree consists of several different
proteins. The recombinant transglutaminase crog®di the 5-BPA mainly to a protein of
about 30 kDa, such cross-link was not found in damwithout transglutaminase 1. Thus

the recombinant transglutaminase was functional.
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Fig. 3.12: Expression of recombinant transglutaminase 1 and extraction of actin. A: Western Blot of
cell lysates of transglutaminase 1 expressing Sf9 cells (lane 1), eluate fractions 3 and 4 after
purification of the lysates over a Ni-NTA column (lane 2+3) and eluate after prolonged storage
(lane 4) the blot was stained against transglutaminase 1. B: Coomassie stained gel of an actin
extraction from brain acetone powder. The arrow marks the actin band. The numbers indicate the

mass of a molecular weight marker in kDa.
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Fig. 3.13: Activity of recombinant transglutaminase 1. A: Molecular weight marker (lane 1),
Coomassie staining of DMC (lane 2), DMC incubated with 100 ng transglutaminase 1 and 5-BPA
(lane 3), DMC incubated with 10 ng transglutaminase 1 and 5-BPA (lane 4) and DMC incubated
without transglutaminase 1 and with 5-BPA (lane 5). B: Western Blot stained with Streptavidin of G-
actin with transglutaminase 1 and 5-BPA (lane 1), F-actin with transglutaminase 1 and 5-BPA (lane
2), F-actin without transglutaminase 1 but with 5-BPA (lane 3) and F-actin incubated with

transglutaminase 1 and without 5-BPA (lane 4) stained against B-actin.
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To check if the expressed transglutaminase alsssdnoksp-actin, actin was purified from
brain acetone powder by successive polymerisatidrdapolymerisation (Fig. 3.12 B) and
incubated with 5-BPA and the recombinant transghinase. Globular actin (G-actin) was
only weakly cross-linked with 5-BPA (Fig 3.13 Bnk 1), in contrast F-actin was by far
stronger labelled (Fig. 3.13 B, lane 2). $eactin is a target for recombinant
transglutaminase ih vitro and F-actin is a better substrate than G-actircldiafy whether
inter- or intramolecular bonds are catalysed bgdgéutaminase 1, incubations of F-actin
and transglutaminase 1 without 5-BPA were perforngadsequent Western blot analysis
revealed only a single band of about 45 kDa (FI3 3B, lane 4), representing an actin
monomer, showing that actin was not cross-linkedry other protein in the sample, but
rather intermolecular.
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3.4 Synaptic activity dependent activation of tranglutaminases

Combining the calcium dependency of transglutang@gagith the synaptic localisation at
least in chicken telencephalic cultures an elegagilatory mechanism seems possible. In
glutamatergic neurons synaptic activity leads to iaflux of calcium in pre- and
postsynaptic endings, heightening the local inthalee calcium level to an extent where
transglutaminases could be activated.

To check this hypothesis about neuronal activitpethelent transglutaminase activation,
neurons in culture had to be stimulated over aopged time. To reach this goal a light
gated cation channel named channelrhodopsin 2 @hops used (Nagel, Szellas et al.
2003). Chop2 is sensitive for blue light and leafter activation to a depolarisation of
cells by influx of cations. This depolarisation shb activate voltage gated channels in
neurons, leading to an action potential (Boyderarighet al. 2005). To easily detect this
activation another construct was used, a fusiotepraf aequorin and a modified green
fluorescent protein (eGFP). Both originate from thelyfish Aequorea victoria
(Shimomura, Johnson et al. 1962; Chalfie 1995). ubeig is a calcium dependent
chemiluminescent protein (Jones, Hibbert et al.9)98ble to detect the calcium influx
attending the activation of a neuron. The aequsignal, however, is very weak and hard
to detect. Therefore, an eGFP was fused to theoamqulhe energy of the excited
aequorin is transferred radiationless via fluoraseeresonance energy transfer (FRET) to
the eGFP. The emerging green fluorescence is dibtimes stronger than the aequorin
signal alone (Baubet, Le Mouellic et al. 2000).

Non dividing primary cells are very hard to tramsfevith a vector, therefore, a new model
system was chosen for these experiments, a cedl dalled PC12. PC1l2s are rat
pheochromocytoma cells. They can be reversiblyedifitiated into a neuronal phenotype
(Greene and Tischler 1976), by addition of nenaagin factor (NGF) to the medium. It is
known that PC12 cells express transglutaminasedl 2aiiByrd and Lichti 1987). To
transfect these cells with Chop2 respectively asglelGFP two constructs were used
(Fig. 3.14), containing the proteins under the mrf the cytomegalovirus immediately
early promoter (CMV) (Boshart, Weber et al. 198%) éxpression in eukaryotic cells. The
vector pBK-CMV/Chop2-YFP contains additionally dlges fluorescent protein (YFP) as
a marker gene, to check the transfection and egjoregfficiency.
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pBK-CMV/Chop2+YFP

"Chop2+YFP"
"Neo/Kan"

"Kan/Neo"

Fig. 3.14: Vector maps of pBK-CMV/Chop2+YFP and pGCA2. Maps of the vectors for
expressing the Channelrhodopsin 2 YFP and the Aequorin eGFP fusion proteins in PC12 cells
under the control of a CMV promoter.
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Fig. 3.15: Transfections of PC12 cells with Channelrhodopsin-2/YFP and
Aequorin/eGFP. Undifferentiated PC12 cells were transfected with the vector pBK-

CMV/Chop2+YFP (A+B) respectively pGCA2 (C+D). Scale bar: 50 um.
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PC12 cells were tranfected separately with bothstants (Fig. 3.15). The membrane
bound localisation of the channelrhodopsin/YFP wbearly distinguishable from the
cytosolic expression of the aequorin/eGFP. The esgwon strength varied within the
culture, but the transfection efficiency seemedigeht to induce network activity and
monitor it respectively.

To check the Chop2 activity, differentiated PC12Iscevere transfected with pBK-
CMV/Chop2+YFP and recorded via patch clamp 72 haftex transfection, at the peak of
Chop2 expression. Prior to recordings the cellsewecubated with all-trans retinal for
half an hour to activate the Chop2. Retinal isabdactor of Chop2. Only cells showing a
strong YFP signal were chosen for recording. Tloedls were stimulated with white light
from a mercury-arc lamp, normally used for fluoersme excitation. Figure 3.16 shows
recordings of two stimulated cells. llluminatiorsuéted in an initial strong depolarisation
to the extent of maximally 10 mV (black arrows), igéh declined to a solid state after
about 100 ms. This behaviour fits well to the knadasensitisation of the channel. There
was no active response from the cell to the depsaldon visible. The first recording
shows the behaviour in response to two consecibirainations, spaced by one second.
The reaction to the second illumination had a lowméral depolarisation, demonstrating
that the channel needed more time to recover cdeipleHowever, with recovery times
above ten seconds the cells could be activatedraewnes in a row showing a
comparable response pattern. Nevertheless, nceaetbponse of the stimulated cells was
recordable.

To further characterise the cells electrophysiaally, fully differentiated untransfected
PC12 cells were recorded with the whole cell pat@dmp technique (Fig. 3.18). The
resting potentials of the recorded cells lay betwe) and -80 mV, with the median at
about -40 mV. Not all recorded cells showed anypoase to depolarising stimuli. But in
all positive cases, a depolarisation to -20 mV lmove@ was necessary to evoke an active
response. This shows that the depolarisation ofimmex10 mV, achieved by activation of
Chop2, is not strong enough to stimulate the cellparticular because most cells showed
a reaction comparable to the second record of digui6, with a depolarisation below 5
mV. Furthermore, no recorded PC12 cell showed aimaaiction potential. Only relative
broad and low voltage peaks could be evoked, gastiime doubt that the cells possess
real synaptic activity. The reactivity of the aefjueGFP fusion protein was tested using

the calcium ionophore A23187. This ionophore assesitself into the membrane of cells
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and allows divalent cations (mostly Kin C&* and Md") to enter the cell (Reed and
Lardy 1972).
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Fig. 3.16: Whole cell patch clamp recordings of Channelrhodopsin 2
transfected PC12 cells. Seven days differentiated PC12 cells where
transfected with pBK-CMV/Chop2+YFP. 72h after transfection retinal
was added. Under a fluorescence microscope transfected cells were
selected and stimulated with white light. Electrophysiological recordings
were performed intracellulary with a sharp electrode. The black arrows

indicate the initial depolarization at stimulation.

Fig. 3.17: Western Blot of PC12 cells transfected with
Aequorin/eGFP. Undifferentiated PC12 cells were

95== transfected with pGCA2 and 72h after transfection the
cells were lysed and the lysates blotted against an
50 anti-GFP antibody. The numbers indicate the mass of
u a molecular weight marker in kDa.
3 —
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The cells were investigated under a microscopherdark and the ionophore was added to
the medium. The inflow of calcium should activale taequorin and leads to a green
fluorescence. However, no reaction was visible.nEwath long exposed images of a
camera, no signal was detectable. To investigate fhnctional expression of
aequorin/eGFP, PC12 cells were transfected with AZ%@nd cell lysates were blotted
against an anti-GFP antibody (Fig. 3.17). Insteafda single band at about 50 kDa,
representing the fusion protein, three differentdsaranging from over 50 to 33 kDa were
visible. The highest band presumably representcdngplete protein. The smaller bands
were most likely products of an incomplete transosn or degradation products of
protease activity. So only about one third of thetgin seems to be complete and thereby
functional, probably this reduces the aequorin/eGigRal under the detection limit.
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Fig. 3.18: Whole cell patch clamp recordings of PC12 cells. Electrophysiological recordings from
ten days differentiated PC12 cells. The stimulus ranged from 0.2 nA to 0.8 nA and lasted for 200

ms.
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3.5 Transglutaminase 1 knock-out mouse

Probably the best method to investigateithevo function of a protein is the generation of
a knock-out mutant. The developing phenotype caaalea lot about the role of a protein
in an organism. The classical example for such @anmiuis a knock-out mouse. Via
recombination the original gene is replaced withoa-functional construct, leading to a
system wide knock-out of this gene. In the casegavfsglutaminase 1 such a constitutively
knock-out already exists (Matsuki, Yamashita et1898). Unfortunately the developing
mice are not viable postnatal due to skin defezslihg to fatal water loss. To overcome
this problem we plan to use a conditional knock+outtant of transglutaminase 1 (Lobe

and Nagy 1998), utilising the Cre/lox-system.

pTarget/TG1 KO

O m i [T [0 I 0T 00 D
L m R D

Fig. 3.19: Vector map of the transglutaminase 1 knock-out

construct. The pTarget/TG1 KO vector containing both
homology regions (L+R) the knockout region (M) flanked by
loxP sites (in green) and the Neomycin resistance cassette
flanked by FRT sites (in . Under it the organisation of the
tranglutaminase 1 gene with it's exons (orange boxes) and the
regions spanned by the KO construct with the KO region (M)

containing the exons Ill and IV.
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To interrupt the gene about 1800 base pairs inctudine exons Il and IV should be
deleted (Fig 3.19). This leads to a frame-shiftatiah in the coding sequence, introducing
a premature stop codon. The remaining fragmensl#wk catalytic core and should posses
no enzymatic activity. To achieve this knock-ouvector was constructed (Fig. 3.19)
containing a ~1 kb long homologous fragment upstrétagment L) and a ~5 kb long
homologous fragment downstream (fragment R) of tdwgeted knock-out fragment
(fragment M). Fragment M is bordered by two loxEesi enabling to excise this part by
Cre recombinase activity. Additionally a neomycesistance cassette was inserted, to
screen the stem cells with G418 after transfecfldns cassette is flanked by FRT sites to

delete it after successful transfection via FLIEorabinase activity.
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Fig. 3.20: Amplification of DNA fragments for
the  knock-out construct. A: Agarose
electrophoresis of the PCR for the L (lane 1)
and M (lane 2) fragment of pTarget/TG1 KO. B:
Agarose gel electrophoresis of the PCR for the
R (lane 1) fragment of pTarget/TG1 KO. The
numbers are masses in base pairs of a

molecular weight marker.
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The fragments L, M and R were amplified from C57@8lgenomic DNA (Fig. 3.20) and

cloned individually into the vector pPCR-Script Amip validate the DNA sequences the
cloned fragments were completely sequenced (seemfgp for sequence information).

Afterwards the three fragments were excised wititrigtion enzymes and subcloned into
the knock-out vector pTarget, which already corgdifoxP sites and the resistance
cassette. The correct insertion of the fragments again validated by sequencing. The
complete construct was electroporated into mouse stells and the cells were cultured
with the selective antibiotic G418. Evolving clongere separated and the genomic DNA

of these clones was isolated.

Fig 3.21: Southern Blot analysis of
transglutaminase 1 knock-out clones.
Genomic DNA of stem cell clones

transfected with the knock-out construct

were analysed via Southern Blot with probe
1. Four clones (14, 23, 30 and 132 from left
to right) were positive for the recombination.
The lower band is the recombinant one.
The numbers are masses in basepairs of a

molecular weight marker.

To analyse the clones for a correct recombinatidhe construct into the transglutaminase
1 gene, the genomic DNA was digested vddmHI (for southern blot probe 1) ¢tindlll

(for southern blot probe 2) and two southern ble¢se performed, detecting additionally
binding sites for these restriction enzymes in fpasiclones. With probe 1 four positive

clones (14, 23, 30 and 132) were detected (Figl)3.2his blot verifies that the part

upstream of the knock-out fragment was successindigrted into the gene. The analysis
of a correct recombination of the part downstredrthe knock-out fragment could not be

completed in time.
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4. Discussion

4.1 Expression of transglutaminase 1 in the murinbrain and cerebellar granule cells

Until now studies regarding the expression of thatagninase 1 in the CNS were mainly
restricted to the human brain in the context ofrodegenerative diseases (Kim, Grant et
al. 1999; Zemaitaitis, Kim et al. 2003; WilhelmuSrunberg et al. 2009; Wilhelmus,
Verhaar et al. 2009). To further elucidate theritistion of transglutaminase 1 in the
murine CNS cryostatic slices of mouse brains weepgred and double-stained against
transglutaminase 1 and Mtap2, respectively GFAPdithahally the occurrence of
transglutaminase 1 was investigated by its crodsAg activity with a fluoresceine
labelled peptide (TG1-P). TG1-P is not efficientlpss-linked by the transglutaminases 2
and 3 as well as factor Xllla (Sugimura, HosonaleR008), therefore, at least in the brain
it should be specific for transglutaminase 1.

A prominent location of transglutaminase 1 exp@s$s the endothelium. Throughout the
brain vascular system transglutaminase 1 can bedfedi the membranes of endothelial
cells. Transglutaminase 1 expression has beenqusyidescribed in the endothelium of
the mouse myocard (Baumgartner, Golenhofen etO8i4R It is shown to be localised at
adherens junctions and one target of its crossAglactivity wasp-actin (Baumgartner
and Weth 2007). At adherens junctions clustersagherins are associated intracellulary
over catenins with actin fibres (F-actin) (Hiraidgse et al. 1987; Rimm, Koslov et al.
1995). The cadherin-dependent adhesion at thestgna depends on the association with
the cytoskeleton (Baumgartner, Schutz et al. 20U8schke, Curry et al. 2005). In the
endothelium inflammatory signals lead to the asdgmibcontractile actin stress fibres and
disassembly of the junctional F-actin network. Tleakened junctions can then be
disrupted by the contractile apparatus, resultm@ heightened endothelial permeability.
Elevated calcium levels are a key signal for teisponse (Curry 1992; Sandoval, Malik et
al. 2001).1n vitro it was shown that endothelial cells expressingsgédutaminase 1 are
more resistant to barrier breaking effects than odralial cells with silenced
transglutaminase 1 expression (Baumgartner, Gofenhet al. 2004). It is hypothesised
that the increased calcium concentration activatassglutaminase 1, which then can
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cross-link and stabilise F-actin, resulting in artn@cement of the VE-cadherin adhesion
at the adherens junctions.

In the brain endothelial cells form the blood-brdiarrier, rigorously controlling the
diffusion of molecules between blood stream andnbtizsue. This barrier can also be
disrupted by inflammatory signals (Abbott 2000) eTthansglutaminase 1 expression in the
brain endothelium was not found to be concentrateddherens junctions. Nevertheless,
the most likely role of transglutaminase 1 hereem@sles its role in the myocard,
stabilising adherens junctions by its cross-linkiagtivity. Transglutaminase 1 could
thereby be an important factor in sustaining tteottbrain barrier.

Besides the endothelium, transglutaminase 1 cafol&l in parts of the ependyma, the
lining of the ventricular system. The expressiomoisnd at the membranes of ependymal
cells and is mainly concentrated at the basal Jitee ependyma resembles epithelial
membranes in other tissues. It is assumed thatuiid$ up a barrier between the
cerebrospinal fluid and the brain, resembling th@odh-brain barrier (Del Bigio 1995;
Bruni 1998). So transglutaminase 1 could play alamnole here like in the endothelium,
stabilising intercellular junctions. Regarding ltcation at the basal site it could also
enhance the adhesion of the cells to the basah&aniowever, it remains unclear why
transglutaminase 1 is restricted to certain pdrthke@ependyma.

Even more ambiguous is the localisation of trartsghinase 1 in parts of fibre tracts. It
was reported before, that transglutaminase 1 sepien the corpus callosum (Kim, Grant
et al. 1999). Nevertheless, the found expressidtenmain the mouse brain did not
resemble the pattern in human brain. Only partitdl expression was limited to cellular
structures, namely astrocytes. Most parts of thmisig were streak-like and could not be
ascribed to a distinct structure. The transglutasenseems to be located in axons, yet only
in parts of them, but not in defined tracts. Trantgninase 1 positive neurons, projecting
these axons were not found anywhere on the slides.anti-transglutaminase 1 staining
would be implausible, if the activity dependentirstey would not display the same
picture. It is not to be excluded that both stagsirwere unspecific, even though the
negativity of the control staining with TG1-P andheut calcium is a good argument for
the specificity of the staining. Another possilyilis that the antibody and the TG1-P could
not penetrate the tissue completely, showing oalyspof the existent transglutaminase 1.
But this seems very unlikely, regarding the thidsef only 7 um of the slices. However,

it is hard to draw any conclusions further thaansglutaminase 1 is expressed at least in
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parts of different fibre tracts, including the cospcallosum, the external capsule and parts
of the caudoputamen.

The expression of transglutaminase 1 in glial cebemed to be randomly scattered.
Furthermore, it is unclear why only a handful ofirens in the cerebellum were expressing
it. Therein these results mirror the literature, vilich also a clear constriction of
transglutaminase 1 expression to definite cell sypiethe brain is lacking. It seems certain
that transglutaminase 1 is not permanently expdessespecific cell types. Rather
unknown events have to initiate the expression. ffdmesglutaminase 1 promoter contains
a AP1-like site and two Spl-like sites (Medvedeau®lers et al. 1999; Phillips, Jessen et
al. 2004). Transcription factors able to bind asth sites are involved in several different
processes, leaving plenty of room for speculatié#s1 and Spl activity is linked among
other things to cell differentiation, proliferatiosurvival, migration, apoptosis and immune
response (Opitz and Rustgi 2000; Herdegen and \\ga2@01; Shaulian and Karin 2002;
Kaczynski, Cook et al. 2003; Wagner and Eferl 2008) the brain AP-1 activation
corresponds to neuronal activity (Alberini 20093 as found in neuronal development, as
well as neurodegeneration and apoptosis (Herdeggheah 1998). Primary cell cultures
are a promising tool to investigate the initiatmfrtransglutaminase 1 expression.

In recent literature only transglutaminase 2 exgshas been investigated in cerebellar
granule cells cultivated on a specific substragrfp Mahoney et al. 1995). In these cells
transglutaminase 2 is found to be involved in retoutgrowth (Mahoney, Wilkinson et
al. 2000) and excitotoxicity (lentile, Caccamo et2802). Transglutaminase 1 expression
has been described generally in the cerebellumndbiuin cerebellar granule cell cultures.
In the cerebellum of baby mice (P5) as well as wung granule cell cultures
transglutaminase 1 was only found in some astrecyBeginning from day nina vitro
(DiV9) the first neurons expressing transglutaménas were found. The onset of
transglutaminase 1 expression seems to depend eorditferentiation process of the
neurons in culture. Interestingly the expressiors waainly cytosolic. Western blots of
granule cell cultures showed only a single bangkegenting the full-length protein. Hence
transglutaminase 1 was not proteolytically actigat@lthough it is known that even
unprocessed transglutaminase 1 can cycle betwessndrane-bound and a soluble state
(Steinert, Chung et al. 1996), it is surprisingt thialy small amounts of transglutaminase 1
were membrane bound in these cells. However, thastitotively myristilation of

transglutaminase 1 is only shown in keratinocy&eifert, Kim et al. 1996), so probably
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most parts of transglutaminase 1 in these cultwere not acylated by fatty acids, leading
to the mainly cytosolic localisation.

The number of transglutaminase 1 positive cellsyel as the expression strength, rises
with cultivation time. In later cultures cluster$ toansglutaminase 1 positive cells were
found surprisingly frequently. One possible exptaomawould be a lateral induction of the
expression. However, the mechanisms underlyingrégeilation of transglutaminase 1
remained unclear. Just as the differences betwaasglutaminase 1 positive and negative
cells. To further characterise the neuronal popmiabf the culture, stainings against
vesicular glutamate transporter 1 (VGLUT-1), a pnegptic protein of glutamatergic
synapses, were performed. VGLUT-1 is expressed drgbellar granule cellsn vivo
(Hioki, Fujiyama et al. 2003). However, in contrast VGLUT-1 expression found in
cryostatic slices, no VGLUT-1 was detectable in tal culture. The most likely
explanation would be that at least no functionaltayhatergic postsynaptic sites are
formed. It remained unclear if the transglutaminiagmsitive neurons belong to a specific
subtype. Also there were no phenotypic differencetectable between glial cells
expressing transglutaminase 1 and those that do not

Especially than vivo expression of transglutaminase 1 remained enigmidbt only has
the diffuse expression in projecting axons of filr&cts raised questions, but also the
absence of transglutaminase 1 in the somas of nguoontside the cerebellum was
surprising. The later especially because in thezditire there are evidences of neuronal
transglutaminase 1 expression in the cerebral x¢Ken, Grant et al. 1999; Wilhelmus,
Verhaar et al. 2009). To further characterise stpression pattern of transglutaminase 1 in
the brain, western blots and quantitative real ti@Rs of interesting brain regions would
be the methods of choice.

Granule cell cultures mirrored the transglutaminasexpression of the cerebellum quite
well, even though the density of transglutaminaspogitive cells in later cultures is
significant higher thann vivo. The main question remaining is about the diffeeen
between transglutaminase 1 positive and negatills. d&/hat processes or signalling
molecules trigger the onset of the expressionhEuxtharacterisation of transglutaminase
1 expressing cells could reveal certain subtypeseafonal or glial cells being positive for
transglutaminase 1. More likely the transglutaménds expression is locally induced.
Identifying those induction mechanisms would beaadhtask. But the investigation of
transcription factors binding to AP1 or Spl elemsewmbuld reveal the regulatory

mechanism controlling transglutaminase 1 expressidinese cells and in the brain.
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4.2 Transglutaminase 1 knock-out mouse

The constitutive transglutaminase 1 knock-out mofreen Matsuki et al. (Matsuki,
Yamashita et al. 1998) clarified the importancdrahsglutaminase 1 in the formation of
the cornified cell envelope. But besides the defecstratum corneum of the skin no
abnormalities in other transglutaminase 1 expregssgsues were found. It is known that
transglutaminases can partially be replaced i fhections by other family members. For
example a transglutaminase 2 knock-out mouse slaomearly unaltered phenotype (De
Laurenzi and Melino 2001), despite the various fioms of transglutaminase 2. This could
also be the case in the transglutaminase 1 knotk-tmwever, another possibility is that
abnormalities would primary develop at later tinoénps. The neonatal death of the knock-
out mouse would hide those alterations. To avoid groblem we are developing a
conditional knock-out of transglutaminase 1. Uniogtely the completion of the knock-
out could not be accomplished in time. But at l@eakhock-out construct was cloned and
successfully inserted into mouse stem cells. Inciiing months the knock-out mouse
has to be finished and analysed.

Hopefully, the knock-out gives insight into theeadf transglutaminase 1 in the brain. It
could clarify the expression and function of trdosgminase 1 in fibre tracts and it could
probably reveal the events underlying the activatd transglutaminase 1 expression in

glial cells and neurons.
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4.3 Transglutaminase activity in neuronal cell culires

Usually transglutaminase activity is monitored widbelled transglutaminase substrates,
small primary amines in general. 5-(biotinamido}gtamine (5-BPA) is such a molecule.
It consists of a cadaverine linked to a biotin. BAB is a known substrate of
transglutaminases (Slaughter, Achyuthan et al. 1992e to its membrane permeability, it
is a good tool to monitor intracellular transglutaase activity in cell cultures. 5-BPA
shows no specificity towards a certain transglutese subtype, so it can give no
information about the transglutaminase it is criadsed by.

In cerebellar granule cell cultures the most likelyurce for transglutaminase activity
besides transglutaminase 1 is transglutaminase \2vo transglutaminase 2 was found in
the first two weeks postnatal in the cerebellunrifeviahoney et al. 1995)n vitro it is
found only under specific cultivation conditiongel the addition of retinoic acid or the
cultivation on a special biomatrix (Perry, Mahoretyal. 1995; Mahoney, Wilkinson et al.
2000). Transglutaminase 2 stainings of granule celtures revealed only a faint
expression in later cultures, located in vesidte Btructures. Most likely transglutaminase
2 is secreted into the extracellular space. ltwiactould thereby easily be blocked by the
membrane impermeable transglutaminase inhibitorlRB&cause transglutaminase 3 and
6 are not expressed in the cerebellum, transglatsei 1 should be the only source of
intracellular transglutaminase activity.

To display transglutaminase activity cerebellamngta cell cultures were incubated with 5-
BPA and stained afterwards with a fluorophor cod@aeptavidin. There was no visible
differences in the staining of cells preincubatethvb-BPA compared to control cells,
independent from the transglutaminase expressiontheke cells. Apparently the
transglutaminase 1 in these cells was inactivechvis not much of a surprise considering
the relatively low cytosolic calcium concentratioR®r an activation of transglutaminase 1
at least a local elevation of calcium levels wobddnecessary.

In neurons such a heightened calcium level candbeeed by synaptic activity. The
influx of calcium through glutamate receptors amdtage-gated calcium channels could
activate the transglutaminase. Although the celabgtanule cells in culture were positive
for the synaptic markers synapsin 1 and synaptaphy® VGLUT-1 expression was
detectable, additionally they were also negative gostsynaptic density-95 (PSD95), a
protein of the postsynaptic site. Hence it is goestble if these cells develop functional
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synapses in culture. Additionally granule cells evetultivated at high potassium
concentrations (Gallo, Kingsbury et al. 198W). vivo mature granule cells need the
association to purkinje cells, otherwise they didén and Hillman 1989). Granule cells
cultured under low potassium conditions also diber€&fore, the cells are kept in a
premature state, by cultivating them under depsilagi conditions, comparable to not fully
differentiated granule cells (Okazawa, Abe et BD9). On the one hand such a treatment
keeps them alive, on the other hand, these cdlsairtotally differentiated (Mellor, Merlo
et al. 1998). In organotypic cultures of granuliscehronic depolarisation is shown to
impair synaptogenesis (Okazawa, Abe et al. 2008)gesting the conclusion that these
cells fail to form fully functional synapses in thmulture. Attempts to activate the
transglutaminasen vitro by elevating the potassium levels to further dapsé the cells
and evoke synaptic activity failed, just as attesriptfurther differentiate the granule cells
by lowering the potassium concentrations afterdi&ys in culture.

A further investigation of transglutaminase 1 atyiin neurons was achieved with another
cell culture model, using chicken telencephalicroaa. Cortical neurons of chicken are
known to develop functional synapses in culturek{dka, Matsuo et al. 1993). A major
drawback of this model system is that until nowtremsglutaminase 1 homologue was
found in the chicken. Transglutaminases of the tiyjaee known from mammals and some
fish, but were not found in any birds or reptiles far. The only evidence for
transglutaminase 1 expression in the chicken iviged by a work on cornification
proteins in the avian epidermis (Alibardi and T@004). Immunohistochemical stainings
of the chicken skin revealed a transglutaminas&eldattern of expression. Nevertheless,
it remains unclear, if this staining was really dchon transglutaminase 1 expression.
Attempts using various transglutaminase 1 antitepdés well as reverse transcription
polymerase chain reactions with primers homologue donserved regions of
transglutaminase 1 remained unsuccessful.

A characterisation of a potential transglutaminhgxpression in the telencephalic cultures
nonetheless, was implemented by using TG1-P. Tethad showed a membrane-bound
transglutaminase activity in these cells, althoitglemained unclear if this activity was
really based on a transglutaminase 1 homologueeiptoThere are no reports about
transglutaminases in the avian brain. However, sggataminase 2 would be another
candidate, besides transglutaminase 1, for thigitydin telencephalic neurons.

5-BPA incubations showed transglutaminase activitghe nucleus and in synapses of

chicken telencephalic cell cultures. Because tratesginase 2 is the only family member
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known to be transported into the nucleus, the mucketivity originates, without much
doubt, from it. The synaptic transglutaminase agtigould be caused by the membrane-
bound assumed transglutaminase 1. Although dis&tbover the whole membrane, the

transglutaminase could be locally activated by ptinaactivity.
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4.4B-Actin is a target for transglutaminase activity in chicken telencephalic cell
cultures

Purification of telencephalic cell lysates overteegtavidin-column revealed thftactin
was only biotinylated after the addition of 5-BR#Athe medium. This implied that 5-BPA
was cross-linked top-actin by synaptic transglutaminase activity in tlealture.
Additionally recombinant human transglutaminase dswable to cross-link 5-BPA to F-
actin, purified from brain acetone powder. Actirmig&nown target for transglutaminase 1,
2 and factor Xllla (Cohen, Blankenberg et al. 1980rman and Folk 1980; Baumgartner
and Weth 2007), but here it is shown for the firste that synapti-actin functioned as a
substrate for transglutaminases. The cross-linking-BPA to -actin was also found in
organotypic cultures of chicken forebrain (see FIF. B), suggesting that synaptic
transglutaminase activity also occums/ivo.

The attempt to characterise the target glutamirtbinvB-actin was unsuccessful, but at
least some glutamate residues could be excludadvitro it was shown that
transglutaminase 2 cross-links small primary amtoggutamine 41 of actin, resulting in a
higher polymerisation rate and lower requirememstioe actin concentration for the
polymerisation initiation (Takashi 1988). Bacteritlansglutaminases can form an
intramolecular cross-link in globular actin betweba glutamine residue 41 and the lysine
residue 50 (Eli-Berchoer, Hegyi et al. 2000). Tim®rmolecular bridge has no effect on
the polymerisation of actin, but it leads to highbermo-stability and an enhanced
resistance against proteolysis. In endothelialscglis shown, that transglutaminase 1 is
able to stabilise the actin network (Baumgartned &veth 2007). Additionally actin-
associated proteins can be cross-linked to actiyosivi is shown to be cross-linked to
glutamine 41 of actin through transglutaminasevagt{(Eligula, Chuang et al. 1998).
These cross-linking reactions all take place undetificial conditions and not
intracellulary. Also transglutaminase 1 and 2 astehave partial differing substrate
specificities (Sugimura, Hosono et al. 2006; Sugamtiosono et al. 2008). However, it is
likely that glutamine 41 is a common target fomgglutaminase activity and our mass
spectroscopy data did not exclude this residubeasarget glutamine in telencephalic cells.
Although the identification of the cross-linked gmine residue g8-actin would be very
interesting, 5-BPA is an artificial cross-linkingpner of actin, so the function of the
vivo cross-link can only be assumed. In Western blpeerments cell lysates of chicken

telencephalic cultures showed only a single bandg-attin, which is contrary to the
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possibility that actin is linked to an associatedt@n. Additionally incubation of-actin
with recombinant transglutaminase 1 showed no dmkmg of actin monomers among
each other or to other proteins. So the most lik@lgsamidating reaction is the formation
of an intramolecular bond between glutamine 41 Igathe 50. Assuming that this cross-
link is formed at synapses and that it stabiliseactin against network disrupting
mechanisms, still leaves a plenty of different jmbtes for the effect of transglutaminase
activity at synapses.

Actin is a key molecule for many modulating proessat the synapse. At the presynaptic
site it was shown that the actin conformation ieflues the neurotransmitter release
(Bernstein, DeWit et al. 1998). F-Actin disasserabd¢ the active zone during synaptic
activity and repolymerise again at prolonged degsdéion of the cell, leading to a decline
in neurotransmitter release. Experiments with Faadisrupting and stabilising agents
show that F-actin can act as a physical barrierwden the readily-releasable
neurotransmitter vesicle pool at the active sitel atorage pools. Only after partial
depolymerisation of the actin network at the acsite, the readily-releasable pool can be
replenished (Bernstein, DeWit et al. 1998).

At the postsynaptic site actin is associated widmynproteins of the postsynaptic density.
NMDA and AMPA receptors, the neurotransmitter reoep of glutamatergic synapses,
are coupled to it. The activity of these receptesls to an uncoupling of them from the
cytoskeleton, resulting in a displacement of threepgors out of the active zone and thereby
in an activity-dependent negative feedback loop séRound and Westbrook 1993;
Furukawa, Fu et al. 1997). Besides these directutatidns of neurotransmitter signalling,
actin reorganisation also underlies the morpholdgaasticity of dendritic spines (Fischer,
Kaech et al. 1998). Therefore, actin is importanttie formation of new spines, as well as
the activity-dependent enlargement of existing diNésonenko, Jourdain et al. 2002).
Interestingly most of the actin reorganisation psses underlying these modulatory
functions are regulated by locally increased cafciconcentrations, thus linking these
mechanisms to synaptic, as well as transglutamiaetd@ty. Therefore, transglutaminases
could play a counterpart against calcium dependesntiption of the actin cytoskeleton by

stabilising F-actin via cross-linking activity.
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1.) In the dormant synapse cadherin dimers are
flanking the active site.

. I
2.) Following activation Ca’*-ions stream into the
presynapse over voltage-gated Ca’‘-channels
and to the postsynapse over NMDA receptors.

Ca2+

N
3.) The influx leads to the depletion of Ca®" in
the synaptic cleft, thus disrupting the cadherin
adhesion. Intracellulary the heightened ca”
level activates actin severing proteins like
gelsolin and F-actin depolymerises. Thereby the
connection of cadherins to the actin cytoskeleton
is disrupted. The cadherin monomers can diffuse

2+
Ca

4.) In regions bordering the active site, the Ca
concentrations intra- and extracellulary are at
normal levels. Cadherin monomers diffusing in
these regions will form dimers and they can
attach to the intact cytoskeleton again.

Repetitive activations could consequently lead to
an enlargement of the synapse.

ZN

laterally along the membrane.

—

3b) In neurons expressing transglutaminase 1,
the transglutaminase is activated by the
heightened calcium level. Actin is cross-linked
intramoleculary and thereby stabilised. The
depolymerisation of F-actin is prevented. The
cadherin molecules stay attached to the
cytoskeleton and the morphology of the synapse
is preserved.

Actin filament Cadherin

Neurotransmittd
vesicle

AMPA-
receptor

NMDA-
receptor

Calcium-
channel

Fig. 4.1: Hypothesis for the role of transglutaminase 1 in synaptic endings.
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But perhaps the most interesting potential functioh actin stabilisation by
transglutaminase activity relates to the adhesrotems of synapses. Synaptic connections
resemble adherens junctions as they can be fouaditihelial cells (Tepass, Truong et al.
2000). Cadherins, mostly flank the active sites angl the main adhesion proteins of
synapses (Uchida, Honjo et al. 1996). They are ciést®al intracellulary to the actin
cytoskeleton via catenins and actin binding prateiBome published work, therefore,
propose that the synapse is a specific adaptafi@pithelial adherens junctions (Fannon
and Colman 1996). The role of synaptic cadherinsoislimited to the development and
maintenance of synaptic endings. In the last yeme¥$ adhesion-dependant and —
independent roles of cadherins in synaptic pldagtaie revealed (Arikkath and Reichardt
2008; Tai, Kim et al. 2008).

NMDA receptor activity can trigger the expansionspine heads, thereby enhancing the
synaptic efficacy. This process is dependent oim gctymerisation and cadherin adhesion
(Okamura, Tanaka et al. 2004). A possible mechanisderlying the spine enlargement is
a calcium-dependent disruption and reconstitutibncadherin adhesion. Adhesion of
cadherins is calcium-dependent. Upon calcium bopdirs- and trans-dimerisation of
cadherin molecules is stabilised and the adhesi@mhanced. During synaptic activity the
extracellular calcium concentration in the synapleft drops from 1.5-2 mM to 0.3 - 0.8
mM (Nicholson, ten Bruggencate et al. 1978; Rusakuy Fine 2003), due to the influx of
calcium ions into the synapse. Such a drop in gaidievels leads to a reduction of the
adhesion strength of 40% to 85% for N-Cadherinntlagor cadherin of synapses (Heupel,
Baumgartner et al. 2008). Simultaneously the ieflaar heightened calcium
concentrations could lead to a depolymerisatiosyofptic actin, for example via gelsolin
(Furukawa, Fu et al. 1997). Cadherin molecules dalgtach from their binding partners
extracellulary and from the cytoskeleton intradelly. The free cadherins could diffuse
laterally in the synaptic cleft. In the peripheftloe active zone the intra- and extracellular
calcium concentrations would be normal. Free cadleeaching this zone would dimerise
again and attach to actin. Subsequent activationkl ¢hereby enlarge the area of cadherin
adhesion around the active site. N-Cadherin bindiraple to recruit AMPA receptors to
the membrane (Saglietti, Dequidt et al. 2007), l#® @nlargement of the adhesive area
could lead to an enlargement of the active zorta@tynapse.

What would be the role of transglutaminase actiwitysuch a model? Most likely the
influx of calcium ions after the activation of ttsynapse would activate the previous

dormant transglutaminase. Intercellular cross-figkof actin could stabilise F-actin and
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thereby prevent the dissociation of the cadheriafia complex from the cytoskeleton.
The cadherin-dependent adhesion would be strengthamd the lateral diffusion of
cadherins should be prevented (see Fig 4.1 for aleto Therefore, synaptic
transglutaminase activity could be a regulatory maeesm limiting the activity-driven
cadherin remodelling at synapses. Interestingly,ossilinks introduced by
transglutaminases into a protein can not be reddrgeany known proteinase. This means
that the modification and so the stabilisation ctirawould persist throughout the life of
the protein, leading to a long lasting stabilisatiof the synaptic morphology. The
stabilising effect of transglutaminase 1 activityhm a@adherin adhesion is already
hypothesised in endo- and epithelial adherens ipmgt(Hiiragi, Sasaki et al. 1999;
Baumgartner, Golenhofen et al. 2004). Therefore, rivle of transglutaminase activity at
synapses would not be a totally new one.

The next step in investigating synaptic transglutase activity could be a further
characterisation of actin cross-linking. It is Istihknown if the assumed intramolecular
cross-link is really formed. Furthermore, westerotd of telencephalic cell lysates
preincubated with 5-BPA showed various biotinylapedteins besidg-actin, which were
not identified so far. It would be interesting ®esf actin associated proteins like catenins
or a-actinin, which links NMDA receptors to the cytogen (Allison, Gelfand et al.
1998), are under these cross-linked proteins. Kiaatharacterisation of tha vivo cross-
linking activity at synapses could be achieved tmynunoprecipitation of synaptosomal
proteins with an antibody against th€y-glutamyl)lysine isopeptide bridge, formed by
transglutaminases. Unfortunately such ar-(y-glutamyl)lysine antibody tested in our
lab, was found to be too unspecific for this task.
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4.5 Synaptic activity dependent activation of tranglutaminases

The induction of transglutaminase cross-linkingivéigt by neuronal activation is an
obvious assumption. Nevertheless, this hypotheas th be verified. With the light-
dependent cation-channel channelrhodopsin 2 (Chap®ect activation of neuronal cells
is possible (Nagel, Szellas et al. 2003; Boydergnghet al. 2005). To avoid the difficult
transfection of primary neurons, the cell line PC#das used. PC12 cells can be
differentiated in a neuronal phenotype (Greeneachler 1976; Greene and Rein 1977).
They express voltage-gated calcium and potassilann&is (Streit and Lux 1987; Hoshi
and Aldrich 1988), as well as transglutaminase d anByrd and Lichti 1987). Hence
light-induced depolarisation of Chop2-expressindlPCells should lead to an influx of
calcium ions, thereby activating both transgluteanas.

Unfortunately the depolarisation achieved by Chapfvity is not sufficient to cause an
activation of these cells. The utilisation of aosger light source could lead to a
depolarisation strong enough to cross the threslmidactivation. Alternatively and
probably more promising, the replacement of PC1I2 geth primary neurons could solve
the problem. Even though this means that the tcéiofe method has to be changed. An
adeno- or lentiviral system seems to be most deifalb such transfection. An exchange of

the model system could also prevent the degradafitme aequorin/eGFP fusionprotein.
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4.6 Conclusions

The results from murine and chicken neural celsn&d a diverse picture. In the murine
brain the situation remained inconclusive. The egpion and even more the function of
transglutaminase 1 in nerve fibre tracts are anduigu as well as the expression in
neuronal and glial cells of the cerebellum. It seamartain that transglutaminase 1 is not
permanently expressed in specific cell types. Ratilknown events have to initiate the
expression. Otherwise in endothelial and ependymiéd the role of transglutaminase 1 is
by far clearer. The predicted function as a stsduilof intercellular junctions suits well to
the membrane localisation and is consistent wighkilown role of transglutaminase 1 in
other endothelial and epithelial tissues. The diomual transglutaminase 1 knock-out
mouse is a promising tool to investigate the opsgstjons.

In chicken forebrain cultures transglutaminase esgion and activity could be described
comparatively well, even though the final prooftthiiee activity bases on transglutaminase
1 is still pending. However, transglutaminase atgtiwas clearly localised at synaptic
endings an@-actin is one of the substrates for the transgliutase.p-Actin is at least a
target for recombinant human transglutaminase 4edims likely that transglutaminase 1
also cross-links actim vivo. The exact cross-linking mechanism as well aspibesible
connection with synaptic activity remained uncleBzen so an intracellular linkage
between glutamine 41 and lysine 50 is not onlyntwost likely possibility it is also in line
with the experimental findings. The activity depend stabilisation of the actin
cytoskeleton is a consequential hypothesis andsthkilisation of synaptic intercellular
junctions is an elegant model to link the potentodd of transglutaminase 1 in endothelial

and epithelial cells with its role in neurons.
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5. Summary

The transglutaminases family includes calcium-ddpah cross-linking enzymes
catalysing a transamidation reaction between aeprdtound glutamine residue and a
small primary amine or a protein-bound lysine rasidTransglutaminase 1, a member of
this family, is expressed in different epitheliahda endothelial tissues. Recently
transglutaminase 1 was also identified in the brhiere its activity was found to be up
regulated in correlation with neurodegenerativeases. However, little is known about
the distribution and the function of transglutansi@d in the nervous system. The aim of
this study was the characterisation of the expoessf transglutaminase 1 in the brain and
the analysis of transglutaminase activity in neaeddl cultures.

To investigate the distribution of transglutaminakein the central nervous system,
cryostatic slices of mouse brains were immunohisoucally stained against
transglutaminase 1 and neuronal, as well as glakers. Transglutaminase 1 expression
was found in scattered astrocytes throughout thebeal cortex and the cerebellum, in few
neurons inside the granular layer of the cerebelltra caudoputamen and in parts of
different fibre tracts, like the corpus callosundahe external capsule. The function of
transglutaminase 1 in these cell types remainegheatic.

Transglutaminase 1 was also found in endothelitd oé the brain vascular system and in
parts of the ependymal lining of the ventriculasteyn. Transglutaminase 1 is associated
with adherens junctions in endothelial and epitiatells of other tissues. Therefore we
assume that the transglutaminase 1 found in theulsrsand ventricular system of the
brain is also involved in the stabilisation of imtllular junctions.

To clarify the role of transglutaminase 1 in therme brain, a construct for a conditional
knock-out mutant of transglutaminase 1 was cloned successfully transfected into
mouse stem cells. Unfortunately the knock-out mauae not finished in time.

To investigate the activity of transglutaminase wvilo tprimary cell cultures, murine
cerebellar granule cells and chicken telencephadits were established. Neurons and
astrocytes of the granule cell culture were showvpartly express transglutaminase 1, but
the enzyme was inactive in this culture. In thenekphalic cultures a membrane bound
transglutaminase 1 staining was detected and adi#taminase activity located in
synaptic endings was found. In additi@ractin was found to be a substrate for this

synaptic transglutaminase activity. This findingswaupported with the expression of a
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recombinant transglutaminase 1, which was abledsselink a small primary amine f
actin.

A model was proposed for the activation of trantghinase 1 via calcium influx
following synaptic activity and for the stabilisai of F-actin through transglutaminase 1
catalysed intramolecular cross-links between glitam1 and lysine 50 df-actin. In this
way transglutaminase 1 could stabilise the morgholaf synaptic endings in a neuronal

activity dependent fashion.
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Transglutaminasen sind calciumabhéangige Quervarnggproteine, die eine
Transamidierungsreaktion zwischen spezifischeneprgebundenen Glutaminresten und
kleinen primaren Aminen, bzw. einem proteingeburtehysin, katalysieren kdnnen.
Transglutaminase 1 wird in unterschiedlichen Epigineund Endothelien expremiert. Des
Weiteren wurde es auch im Gehirn entdeckt. Hieeisthseine Expression und Aktivitat
im Zusammenhang mit verschiedenen neurodegenrafvaankungen, wie z.BMorbus
Alzheimer oderMorbus Parkinson, erhéht zu sein. Bisher liegen jedoch wenige D étesr
die normale Expression und Funktion von Transglutase 1 im Gehirn vor. Ziel dieser
Arbeit war daher die Untersuchung des Expressiostm von Transglutaminase 1 im
Gehirn und seiner Aktivitat in neuronalen Zellkuén.

Zur Aufklarung der Verteilung von Transglutaminageim Gehirnin vivo wurden
Kryostatschnitte von Mausehirnen angefertigt und mimhistochemisch gegen
Transglutaminase 1 und verschiedene Marker fur d&demr und Gliazellen angefarbt.
Vereinzelte Transglutaminase 1 positive Astrocytemden dabei im cerebralen Cortex
und im Kleinhirn gefunden. Des Weiteren wurde Tghmsminase 1 in einzelnen
Neuronen im Kleinhirn, sowie in verschieden Fas&ten des Gehirns, wie dem Corpus
Callosum, der externen Kapsel oder dem Caudoputdestgestellt. Die Funktion der
Transglutaminase in diesen Zellen blieb jedochesetiaft.

Zusatzlich wurde Transglutaminase 1 Expression aomdéndothelzellen der Blutgefalie
und in Ependymzellen des Ventrikularsystems entde@kansglutaminase 1 ist in
Endothelien und Epithelien anderer Gewebe mit AelherJunctions assoziiert, daher
nehmen wir an das auch im Gehirn interzellulare tkte im Endothel und Ependym
stabilisiert werden.

Fur die ndhere Untersuchung der Funktion von Thateginase 1 im murinen Gehirn
wurde ein Vektorkonstrukt fur eine konditionelleafsglutaminase 1 knockout Maus
kloniert und erfolgreich in Mausestammzellen rekordst. Leider konnte die knockout
Maus nicht im Rahmen der Doktorarbeit fertig gdstedrden.

Die neuronale Aktivitdt von Transglutaminase 1 veurchit Hilfe zweier primarer
Zellkulturen, zum einen Kornerzellen aus dem Klemhder Maus, zum anderen
Telencephalonkulturen aus dem Huhnchen, untersiichtler Kdrnerzellkultur wurden
vereinzelte Transglutaminase 1 positive Neuronem ustrocyten entdeckt, diese
Transglutaminase 1 zeigte aber vitro keinerlei Transamidierungsaktivitat. In den
Telencephalonkulturen wurde eine membranlokalsi@iransglutaminase 1 Farbung und

eine synaptische Transglutaminaseaktivitat nachegem. Es wurde festgestellt, dfiss
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Aktin ein Zielprotein fir diese Transglutaminaseakit und das F-Aktin ein Substrat fur
rekombinant expremierte Transglutaminase 1 ist.

Eine Hypothese wurde vorgeschlagen, wonach newrofighnsglutaminase 1 durch
aktivtatsabhangigen Einstrom von Calcium in Synapsktiviert wird und dort
intramolekular Aktin zwischen Glutamin 41 und Lyst® quervernetzt. Die dadurch
zustande kommende Stabiliserung von F-Aktin kéreiteen Mechanismus darstellen,
wodurch die Morphologie von Synapsen aktivitatsailgigi gefestigt wird.
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Sequences of used constructs and vectors

PGEM-T TGaselfl-His6, in bold the insert

GGGCGAAT TGEGCCCGACGT CGCAT GCT CCCGGRCCGCCAT GGCCGCGGGATACATAAGT CACT TACCAGGT CT
GT CCCTGOGGCAT CCAGT CTGT GGGT CCTGTCCCAT CCATCCTGACCT GTTCCATCTCAGCCCCAGGACTCAG
TACT GOGGT TGCCAACACT GCTGCCAGGCAT GAT GGAT GGGCCACGT TCCGAT GT GGGCCGT TGGGGT GGCAA
CCCCTTGCAGCCCCCTACCACGCCAT CTCCAGAGCCAGAGCCAGAGCCAGACGGACGCT CTCGCAGAGGAGGA
GGCCGT TCCTTCTGGGCT CGCT GCTGTGGCTGCT GT TCAT GOCCGAAAT GOGGCAGAT GACGACT GGGGACCTG
AACCCTCTGACT CCAGGGGT CGAGGGT CCAGCT CTGGCACT CGAAGACCT GECT CCCGGGGCT CAGACT CCCG
CCGGCCT GTAT CCCGGGGCAGCGGT GTCAAT GCAGCT GGAGAT GGCACCAT CCGAGAGGGCATGCTAGTAGT G
AACGGT GT GGACT TGCT GAGCT CGCGCT CGGACCAGAACCGCCGAGAGCACCACACAGACGAGTATGAGTACG
ACGAGCTGATAGT GCGCCGCGGECAGCCT TTCCATATGCTCCTCCTCCTGT CCCGGACCTATGAATCCTCTGA
TCGCATCACCCT TGAGT TACT CAT CGGAAACAACCCCGAGGT GGGCAAGGGCACGCACGT GATCATCCCAGT G
GGCAAGGGGGGCAGT GGAGGCT GGAAAGCCCAGGT GGT CAAGGCCAGT GGGCAGAAT CTGAACCT GCGGGT CC
ACACTTCCCCCAACGCCAT CATCGGCAAGT TTCAGT TCACAGT CCGCACACAAT CAGACGCT GGGGAGT TCCA
GTTGCCCTTTGACCCCCGCAAT GAGATCTACAT CCTCTTCAACCCCT GGTGCCCAGAGGACATTGTGTACGT G
GACCAT GAGGAT TGGCGGCAGGAGTATGT TCTTAAT GAGT CTGGGAGAAT TTACT ACGGGACCGAAGCACAGA
TTGGT GAGCGGACCT GGAACT ACGGCCAGT TTGACCACGGGGT GCT GGATGCCTGCTTATACATCCTGGACCG
GCGGGGGAT GCCATAT GGAGGCCGT GGAGACCCAGT CAAT GT CTCCCGGGT CATCT CTGCCATGGTGAACTCC
CTGGATGACAATGGAGT CCTGAT TGGGAACT GGT CTGGT GAT TACT CCCGAGGCACCAACCCAT CAGCGT GGG
TGGGCAGCGT GGAGAT CCTGCTTAGCTACCTACGCACGGGATAT TCCGT CCCCTATGGCCAGT GCTGGGTCTT
TGCT GECGT GACCACCACAGT GCT GCGCT GCCTGGGT CT GGCCACCCGT ACT GT CACCAACT TCAACT CCGCC
CACGACACAGACACATCCCTTACCAT GGACATCTACT TCGACGAGAACAT GAAGCCCCT GGAGCACCT GAACC
ATGATTCTGTCTGGAACTTCCATGT GT GGAACGACT GCT GGAT GAAGAGGCCGGATCTGCCCTCGRGCTTTGA
TGGGT GGCAGGT GGT GGAT GCCACACCCCAAGAGACTAGCAGT GGCATCTTCTGCTGCGGCCCCTGCTCTGIG
GAGTCCATCAAGAAT GGCCTGGTCTACAT GAAGTACGACACGCCT TTCATTTTTGCTGAGGT GAATAGT GACA
AGGT GTACT GGCAGCGGCAGGAT GATGGCAGCT TCAAGAT TGT TTAT GT GGAGGAGAAGGCCATCGGCACACT
CATTGT CACAAAGGCCAT CAGCT CCAACAT GCGGGAGGACATCACCT ACCT CTATAAGCACCCAGAAGGCTCA
GACGCAGAGCGGAAGGCAGT AGAGACAGCAGCAGCCCACGGCAGCAAACCCAAT GT GTAT GCCAACCGGGGCT
CAGCGGAGGAT GT GGCCAT GCAGGT GGAGGCACAGGACGCGGT GATGGGGCAGGAT CTGATGGT CTCTGT GAT
GCTGATCAAT CACAGCAGCAGCCGCCGCACAGT GAAACT GCACCT CTACCT CTCAGTCACTTTCTATACTGGT
GT CAGT GGTACCAT CTTCAAGGAGACCAAGAAGGAAGT GGAGCT GGCACCAGGGGECCT CGGACCGT GTGACCA
TGCCAGT GGCCTACAAGGAATACCGGCCCCAT CTTGT GGACCAGGGGGECCATGCT GCTCAAT GTCTCAGGCCA
CGT CAAGGAGAGCGGGCAGGT GCTGECCAAGCAGCACACCT TCCGTCT GCGCACCCCAGACCT CTCCCTCACG
TTACT GGGAGCAGCAGT GGT TGGCCAGGAGT GTGAAGT ACAGAT TGT CTTCAAGAACCCCCT TCCCGT CACCC
TCACCAATGTCGT CTTCCGGCTCGAAGGCT CT GGGT TACAGAGGCCCAAGATCCT CAACGT TGGGGACATTGG
AGGCAATGAAACAGT GACACT GCGCCAGT CGT TTGT GCCTGT GCGACCAGGCCCCCGCCAGCT CAT TGCCAGC
TTGGACAGCCCACAGCT CTCCCAGGT GCACGGT GT CATCCAGGT GGAT GT GGCCCCAGCCCCT GGGGAT GGGG
GCTTCTTCTCAGACGCT GGAGGT GACAGT CACT TAGGAGAGACCATCCCTATGGCATCTCGAGGTGGAGCTTA
GCCCTGT GCCAGGAGCAAT GGGACT GGAGT CAGAT GAGCAAGGACAT TGCCCCAAGATAGGGGCACACTACAG
AGCAGCTCCCCAGGAGCT CAGGT GGGGAGT CCAGGGCT CCCGGAGGGRGAGT CCAGGGCT CCCGGAGAGGGAG
TCAGTCTTCACTTGCACTGGGGGAACAGATGCTAATAAACTGT TTTTTAATGAAATCCACCACCACCACCACC
ACACT AGT GCGGCCGCCT GCAGGT CGACCAT AT GGGAGAGCT CCCAACGCGT TGGATGCATAGCT TGAGTATT
CTATAGT GTCACCTAAATAGCT TGGCGTAATCATGGT CATAGCT GTTTCCT GTGT GAAATTGT TATCCGCTCA
CAATTCCACACAACATACGAGCCGGAAGCATAAAGT GTAAAGCCT GGGGT GCCTAAT GAGT GAGCTAACTCAC
ATTAATTGCGT TGCGCT CACT GCCCGCT TTCCAGT CGGGAAACCT GT CGT GCCAGCT GCATTAATGAATCGGC
CAACGCGOGGGGAGAGGECGGT TTGCGTATTGGGECGCT CTTCOGCT TCCTCGCT CACT GACT CGCTGCGCTCGG
TCGT TCGGCT GCGGCGAGCGGT AT CAGCT CACT CAAAGGCGGT AATACGGT TATCCACAGAAT CAGGGGATAA
CGCAGGAAAGAACAT GT GAGCAAAAGGCCAGCAAAAGGCCAGGAACCGT AMAAGGCCGCGT TGCTGRCGT TT
TTCCATAGGCT CCGCCCCCCT GACGAGCAT CACAAAAAT CGACGCT CAAGT CAGAGGT GGCGAAACCCGACAG
GACTATAAAGATACCAGGCGT TTCCCCCT GGAAGCT CCCTCGTGCGCTCTCCTGT TCCGACCCT GCCGCTTAC
CGGATACCTGTCCGCCTTTCTCCCT TCGGGAAGCGT GGCGCT TTCTCATAGCT CACGCT GTAGGTATCTCAGT
TCGGT GTAGGT CGT TCGCT CCAAGCT GGGCT GT GT GCACGAACCCCCOGT TCAGCCCGACCGCTGCGCCT TAT
CCGGTAACTATCGT CTTGAGT CCAACCCGGT AAGACACGACT TAT CGCCACT GGCAGCAGCCACTGGTAACAG
GATTAGCAGAGCGAGGT ATGT AGGCGGT GCTACAGAGT TCT TGAAGT GGTGGCCTAACTACGGCTACACTAGA
AGAACAGTATTTGGTATCTGCGCT CTGCTGAAGCCAGT TACCT TCGGAAAAAGAGT TGGTAGCTCTTGATCCG
GCAAACAAACCACCGCT GGTAGCGGT GGTTTTTTTGT TTGCAAGCAGCAGAT TACGCGCAGAAAAAAAGGATC
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TCAAGAAGATCCTTTGATCTTTTCTACGGEGGT CTGACGCT CAGT GGAACGAAAACT CACGT TAAGGGATTTTG
GICATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGT TTTAAATCAATCTAAA
GITATATATGAGTAAACTTGGT CTGACAGT TACCAATGCT TAATCAGT GAGGCACCTATCTCAGCGATCTGTCT
ATTTCGI TCATCCATAGI TGCCTGACT CCCCGT CGTGTAGATAACTACGATACGGEGAGGEECTTACCATCTGEC
CCCAGT GCTGCAAT GATACCGCGAGACCCACGCT CACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCG
GAAGGGCCGAGCGCAGAAGT GGT CCTGCAACT TTATCCGCCTCCATCCAGT CTATTAATTGT TGCCGGGAAGC
TAGAGTAAGTAGT TCGCCAGT TAATAGT TTGCGCAACGT TGT TGCCAT TGCTACAGGECATCGTGGTGTCACGC
TCGTCGTTTGGTATGGCTTCATTCAGCT CCGGT TCCCAACGAT CAAGCCGAGT TACATGATCCCCCATGI TGT
GCAAAAAAGCGGT TAGCTCCT TCGGT CCTCCGATCGT TGT CAGAAGT AAGT TGGCCGCAGT GT TATCACT CAT
GGI TATGGCAGCACTGCATAATTCTCTTACTGT CATGCCATCCGTAAGATCCTTTTCTGTGACTGGTGAGTAC
TCAACCAAGT CATTCTGAGAATAGT GTAT GCGECGACCGAGT TGCTCTTGCCCGGECGT CAATACGGGATAATA
CCGCGCCACATAGCAGAACT TTAAAAGT GCTCATCAT TGGAAAACGT TCT TCGGGEGCGAAAACT CTCAAGGAT
CTTACCCCTGI TGAGATCCAGT TCGATGTAACCCACT CGT GCACCCAACTGATCTTCAGCATCTTTTACTTTC
ACCAGCCGTTTCT GGGT GAGCAAAAACAGGAAGCCAAAAT GCCGCAAAAAAGGGAAT AAGGCCGACACGGAAAT
GITGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGT TATTGI CTCATGAGCGGATA
CATATTTGAATGTATTTAGAAAAATAAACAAAT AGGGEGT TCCGCGCACAT T TCCCCGAAAAGT GCCACCTGAT
GCGGT GTGAAATACCGCACAGAT GCGT AAGGAGAAAATACCGCAT CAGGAAATTGTAAGCGT TAATATTTTGT
TAAAATTCCCGT TAAATTTTTGT TAAATCAGCTCATTTTTTAACCAATAGGCCGAAAT CGGCAAAATCCCTTA
TAAATCAAAAGAATAGACCGAGATAGGGT TGAGT GT TGT TCCAGT TTGGAACAAGAGT CCACTATTAAAGAAC
GTGGACT CCAACGT CAAAGGGCGAAAAACCGT CTATCAGGGCGAT GGCCCACTACGT GAACCATCACCCT AAT
CAAGT TTTTTGGGEGT CGAGGT GCCGTAAAGCACT AAAT CGGAACCCT AAAGGGAGCCCCCGATTTAGAGCTTG
ACGCGGGAAAGCCGECGAACGT GGCGAGAAAGGAAGGEGAAGAAAGCGAAAGGAGCGEGECECTAGGECECTGECA
AGT GTAGCGGT CACGCT GCGCGT AACCACCACACCCGCCCCGCT TAATGCGCCGCTACAGGGECCGCGTCCATTC
GCCAT TCAGGCTGCCCAACT GT TGEGAAGGGCGAT CGGT GCGEGECCT CTTCGCTAT TACGCCAGCT GGCGAAA
GGGGGAT GT GCTGCAAGGCGATTAAGT TGGGT AACGCCAGGGT TTTCCCAGT CACGACGT TGTAAAACGACGG
CCAGTGAATTGTAATACGACTCACTATA

pBK-CMV Chop2(315)+YFP, in bold the insert

GATCCACTAGCGGATCTGACGGT TCACTAAACCAGCTCTGCTTATATAGACCT CCCACCGT ACACGCCTACCG
CCCATTTGCGT CAAT GGGGCGGAGT TGTTACGACAT TTTGGAAAGT CCCGTTGATTTTGGT GCCAAAACAAAC
TCCCATTGACGT CAATGGGGT GGAGACT TGGAAAT CCCCGT GAGT CAAACCGCTATCCACGCCCATTGATGTA
CTGCCAAAACCGCAT CACCAT GGTAATAGCGAT GACTAATACGT AGATGT ACT GCCAAGTAGGAAAGT CCCAT
AAGGTCATGTACTGGGCATAAT GCCAGGCGGGCCAT TTACCGT CAT TGACGT CAATAGGGGGCGTACT TGGCA
TATGATACACTTGATGTACT GCCAAGT GGGCAGT TTACCGTAAATACT CCACCCAT TGACGT CAATGGAAAGT
CCCTATTGGCGT TACTATGGGAACATACGT CAT TAT TGACGT CAAT GGGCGGGGGT CGT TGEGCGGT CAGCCA
GGCGGGCCATTTACCGTAAGT TATGTAACGCGGAACT CCATATATGGGCTATGAACTAATGACCCCGTAATTG
ATTACTATTAATAACTAATGCAT GGCGGT AATACGGT TATCCACAGAAT CAGGGGATAACGCAGGAAAGAACA
TGT GAGCAAAAGGCCAGCAAAAGGCCAGGAACCGT AAAAAGGCCGCGT TGCTGGCGT TTTTCCATAGGCTCCG
CCCCCCT GACGAGCAT CACAAAAAT CGACGCT CAAGT CAGAGGT GGCGAAACCCGACAGGACTATAAAGATAC
CAGGCGT TTCCCCCTGGAAGCT CCCTCGT GCGCTCT CCTGT TCCGACCCT GCCGCTTACCGGATACCTGTCCG
CCTTTCTCCCT TCGGGAAGCGT GGCGCT TTCTCATAGCT CACGCT GTAGGTATCTCAGT TCGGT GTAGGT CGT
TCGCTCCAAGCT GGGCT GTGT GCACGAACCCCCCGT TCAGCCCGACCGCT GCGCCT TATCCGGTAACTATCGT
CTTGAGT CCAACCCGGT AAGACACGACT TATCGCCACT GGCAGCAGCCACT GGTAACAGGAT TAGCAGAGCGA
GGTATGTAGGCGGT GCTACAGAGT TCTTGAAGT GGT GGCCTAACTACGGCTACACTAGAAGGACAGTATTTGG
TATCTGCGCTCTGCT GAAGCCAGT TACCT TCGGAAAAAGAGT TGGT AGCTCT TGATCCGGCAAACAAACCACC
GCTGGTAGCGGTGGTTTTTTTGI TTGCAAGCAGCAGAT TACGCGCAGAAAAAAAGGAT CTCAAGAAGATCCTT
TGATCTTTTCTACGGGGT CTGACGCT CAGT GGAACGAAAACT CACGT TAAGGGATTTTGGTCATGAGATTATC
AAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGT TTTAAATCAATCTAAAGTATATATGAGTAA
CCTGAGGCTAT GGCAGGGCCT GCCGCCCCGACGT TGECT GCGAGCCCT GGGCCT TCACCCGAACT TGGGRGGT
GGGGT GGGGAAAAGGAAGAAACGCGGGECGT AT TGGCCCCAAT GGGGT CTCGGT GGGGTATCGACAGAGT GCCA
GCCCT GGGACCGAACCCCGCGT TTATGAACAAACGACCCAACACCGT GCGTTTTATTCTGTCTTTTTATTGCC
GTCATAGCGCGGGT TCCTTCCGGTATTGTCTCCTTCCGT GT TTCAGT TAGCCT CCCCCTAGGGT GGGCGAAGA
ACT CCAGCAT GAGAT CCCCGCGCT GGAGGAT CAT CCAGCCGGCGT CCCGGAAAACGAT TCCGAAGCCCAACCT
TTCATAGAAGGCGGCGGT GGAAT CGAAAT CTCGT GAT GGCAGGT TGGGCGT CGCTTGGT CGGTCATTTCGAAC
CCCAGAGT CCCGCTCAGAAGAACT CGT CAAGAAGGCGAT AGAAGGCGAT GCGCT GCGAAT CGGGAGCGGCGAT
ACCGT AAAGCACGAGGAAGCGGT CAGCCCAT TCGCCGCCAAGCTCT TCAGCAAT AT CACGGGTAGCCAACGCT
ATGT CCT GATAGCGGT CCGCCACACCCAGCCGGCCACAGT CGATGAAT CCAGAAAAGCGGCCATTTTCCACCA
TGATATTCGGCAAGCAGGCAT CGCCATGGGT CACGACGAGAT CCTCGCCGT CGBGCATGCTCGCCTTGAGCCT
GGCGAACAGT TCGGCT GGCGCGAGCCCCTGATGCT CTTCGT CCAGAT CATCCT GATCGACAAGACCGGCTTCC
ATCCGAGTACGT GCTCGCTCGATGCGATGT TTCGCT TGGT GGT CGAAT GGGCAGGT AGCCGGATCAAGCGT AT
GCAGCCGCCGCATTGCAT CAGCCAT GATGGATACT TTCT CGGCAGGAGCAAGGT GAGATGACAGGAGATCCTG
CCCCGGCACT TCGCCCAAT AGCAGCCAGT CCCT TCCCGCT TCAGT GACAACGT CGAGCACAGCT GCGCAAGGA

106



Appendix

ACGCCCGT CGT GGCCAGCCACGATAGCCGCGCT GCCTCGT CTTGCAGT TCATTCAGGGCACCGGACAGGT CGG
TCTTGACAAAAAGAACCGGEECGCCCCT GCGCT GACAGCCGGAACACGGECGECAT CAGAGCAGCCGATTGTICTG
TTGIGCCCAGT CATAGCCGAATAGCCT CTCCACCCAAGCGECCGGAGAACCTGCGTGCAATCCATCTTGTTCA
ATCATGCGAAACGATCCTCATCCTGICTCTTGATCGATCTTTGCAAAAGCCT AGGCCT CCAAAAAAGCCTCCT
CACTACTTCTGGAATAGCT CAGAGGCCGAGGCGEGECCT CGGCCT CTGCATAAATAAAAAAAAT TAGT CAGCCAT
GGCCCGGAGAAT GECCEGAACT GGGECCGAGT TAGGGGECGGGAT GGGCGGAGT TAGGEGCGEGACTATGGI TGC
TGACTAATTGAGATGCATCCTTTGCATACT TCTGCCT GCT GGGGAGCCT GGEGACT TTCCACACCTGGT TGCT
GACTAATTGAGATGCATCCTTTGCATACT TCTGCCT GCT GCGGAGCCT GGGGACT TTCCACACCCTAACTGAC
ACACATTCCACACCTGGTTCTTTCCGCCTCAGGACTCTTCCTTTTTCAATATTATTGAAGCAT TTATCAGGGT
TATTGICTCATGAGCGGATACATATTTGAATGTATTTAGAAAAAT AAACAAAT AGGECGT TCCGCCCACATTTC
CCCGAAAAGT GCCACCT GACGCGCCCT GTAGCGGECGCAT TAAGCGCGECGEEGT GT GGT GGT TACGCGCAGCGT
GACCCGCTACACT TECCAGCGCCCTAGCGCCCECTCCTTTCCCTTTCTTCCCTTCCTTTCTCGCCACGT TCGCC
GCCTTTCCCCGTCAAGCT CTAAAT CGEGEECTCCCTTTAGGGT TCCGATTTAGT GCTTTACGGCACCTCGACC
CCAAAAAACTTGATTAGGGTGATGGT TCACGTAGT GGGCCATCGCCCTGATAGACGGT TTTTCGCCCTTTGAC
GITGGAGTCCACGT TCTTTAATAGT GGACTCTTGI TCCAAACT GGAACAACACTCAACCCTATCTCGGTCTAT
TCTTTTGATTTATAAGCGATTTTGCCGATTTCGGCCTAT TGGT TAAAAAATGAGCTGATTTAACAAAAATTTA
ACCCGAATTTTAACAAAATATTAACGCTTACAATTTACGCGT TAAGATACATTGATGAGT TTGGACAAACCAC
AACTAGAATGCAGT GAAAAAAATCCTTTATTTGTGAAATTTGTGATGCTATTCCTTTATTTGTAACCATTATA
AGCTGCAATAAACAAGT TAACAACAACAATTGCATTCATTTTATGI TTCAGGT TCAGGGEGGAGGT GT GGGAGG
TTTTTTAAAGCAAGTAAAACCT CTACAAATGTGGTATGGCTGATTATGATCATGAACAGACT GTGAGGACTGA
GGGGCCTGAAATGAGCCT TGGGACT GTGAAT CTAAAATACACAAACAAT TAGAATCAGTAGT TTAACACATTA
TACACTTAAAAATTGGATCTCCATTCGCCAT TCAGGCT GCGCAACT GT TGCGAAGGGECGAT CGGT GCGEECCT
CTTCCGCTATTACGCCAGCT GGCGAAAGGCGGEGAT GT GCTGCAAGCCGATTAAGT TGGGTAACGCCAGCGTTTTC
CCAGT CACGACGT TGTAAAACGACGGCCAGT GAAT TGTAATACGACT CACTATAGGGCGAATTGGGTACACT T
ACCTGGTACCCCACCCGGGT GGAAAAT CGAT GEGCCCGCGECCGCTCTAGAAGTACT CTCGAGAACGCTTACTT
GCCGGECCECCCCTTTACTTGTACAGCT CGTCCATGCCGAGAGT GATCCCGECGEECGGT CACGAACT CCAGCAG
GACCATGTGATCGCCCTTCTCGT TGEEGT CTTTGCT CAGGECGGACTGGTAGCT CAGGTAGT GGT TGTCGEEC
AGCAGCACGGEEECCGT CGCCGAT GEEEGT GT TCTGCT GGTAGT GGT CGECGAGCT GCACGCT GCCGT CCTCGA
TGTTGTGECCGATCT TGAAGI TCACCT TGATGCCGT TCT TCTGCT TGTCGGCCATGATATAGACGT TGT GGCT
GITGTAGI TGTACTCCAGCT TGI GCCCCAGGATGI TGCCGT CCTCCT TGAAGT CGATGCCCTTCAGCTCGATG
CGGT TCACCAGGGT GTCGCCCTCGAACT TCACCT CGECCCAEEGT CTTGTAGT TGCCGT CGT CCTTGAAGAAGA
TGGTGCGECTCCTGGACGT AGCCT TCGGEGECAT GGCCGACT TGAAGAAGT CGTGCTCCTTCATGT GGT CGGGGTA
GCGGECGAAGCACT GCAGECCGT AGCCGAAGGT GGT CACGAGGEGT GGGCCAGGEECACGEEECAGCT TGLCCGGET G
GTGCAGATGAACT TCAGGGT CAGCT TGCCGT AGGT GGCAT CGCCCT CGCCCT CGCCGGACACCCTGAACTTGT
GGCCGTTTACGT CGCCGT CCAGCT CGACCAGGAT GGGCACCACCCCGGT GAACAGCTCCTCGCCCTTGCTCAC
CATGGT GECEECCECEEGET ACCGCECCAGCCT CGECCT CGT CCTCCACCAGCGT CTCGACCTCAATCTCAGT G
CCACCAATGITCAATTTGGTGGT CTTGCGAAT GT CGCCGT GGAT GAGGATAT GCT CGT GGAT CAGCACGCGCA
GGTAGT GGCCGAGCAGACCCCAGCAGT TCTTCGACAT CAGGT CAATGATGGT GT GGCCGACGGT GGAGCCGTA
CACGCT CAGGACGCCGAAGCCCT CGECECCGAGGAT GAACAGGAT GCGGAACATACCCCATGATACGAAGAAG
AGCCAAGCCAT GCCAGT CACCACCT GGCGACACCGEGECCCT TCEECACGGT GTGGTAACCCT CGATGTAGGCCT
TGGCAGCGT GAAAGAACGT GT TAGCACCATAACACAGACCCAGGCAGAAGAAGATGACCTTGACGTATCCGGT
GGCCAT GGCCGAAGT GGCGECCCCACACAATTGT GCCAATAT CAGACACAAGCAGACCCATGGT GCECCTCLCTG
TAGT CGT TGGACAAGCCCGT CAGGT TTGACAGGT GAAT GAGAAT GACCGGGCAGGT GAGAAGCCACT CGECGT
AACGCAACCACT GGACCCGGT GECCTGT GGCTAGATACAGCAT GGACGCEGT TCTTAAACT CGAAGAAGAACTC
GAGAATCACCTTGACCATCTCGATAGCGCACACATAGATCTCCTCCCAGCCGCAGGT TGACTTCCATGI TTGG
TAGGCGTAAAACATAAGCAGT AGGATGGAGAAGCCAGCAGCAAGCCATTGCAGCACGT TCGACGCCGTTTGGEG
CACCGT TTGT GCCACGCGACT CAATCCAGCCCGCGCAGT AACACT GGT CCTCAGGCACAAGT ACAGAGCCATT
GACGACTACTGGGT TCGT TACAAATAGCAGCT CGCGCCCAACGGECACT CAGGECGCCTCCATAATCCATG

pGCAZ2, in bold the insert

TAGTTATTAATAGTAAT CAAT TACGGGGT CATTAGT TCATAGCCCATATAT GGAGT TCCGCGT TACATAACTT
ACGGT AAAT GGCCCGCCT GGCT GACCGCCCAACGACCCCCGCCCAT TGACGT CAATAAT GACGTATGT TCCCA
TAGTAACGCCAAT AGGGACT TTCCATTGACGT CAAT GGGT GGAGTAT TTACGGT AAACT GCCCACT TGGCAGT
ACATCAAGT GTATCATATGCCAAGTACGCCCCCTAT TGACGT CAAT GACGGT AAAT GGCCCGCCT GGCATTAT
GCCCAGTACATGACCTTATGGGACT TTCCTACT TGGCAGTACATCTACGTATTAGT CATCGCTATTACCATGG
TGATGCGGT TTTGGCAGTACATCAAT GGGCGT GGATAGCGGT TTGACT CACGGGGAT TTCCAAGT CTCCACCC
CATTGACGT CAATGGGAGT TTGT TTTGGCACCAAAAT CAACGGGACT TTCCAAAAT GTCGTAACAACT CCGCC
CCATTGACGCAAAT GGGCGGT AGGCGT GTACGGT GGGAGGT CTATATAAGCAGAGCT GGT TTAGTGAACCGTC
AGAT COGCT AGCGCTACCGCGGGCCACCAT GAGCAAGGGCGAGGAGCT GT TCACCGGGGT GGTGCCCATCCTG
GT CGAGCT GGACGGCGACGT AAACGGCCACAAGT TCAGCGT GTCCGGCGAGGGECGAGGGECGAT GCCACCTACG
GCAAGCT GACCCT GAAGT TCAT CTGCACCACCGGCAAGCT GCCCGT GCCCT GGCCCACCCTCGT GACCACCCT
GACCTACGGCGT GCAGT GCTTCAGCCGCTACCCCGACCACAT GAAGCAGCACGACT TCTTCAAGTCCGCCATG
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CCCGAAGCGCTACGT CCAGGAGCGCACCAT CTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGT GA
AGT TCGAGGGECGACACCCT GGT GAACCGCAT CGAGCT GAAGGGCAT CGACT TCAAGGAGGACGGECAACATCCT
GGGGCACAAGCT GGAGTACAACT ACAACAGCCACAACGT CTATAT CATGGCCGACAAGCAGAAGAACGGCATC
AAGGT GAACT TCAAGAT CCGCCACAACAT CGAGGACGGCAGCGT GCAGCT CGCCGACCACTACCAGCAGAACA
CCCCCAT CGECGACGGCCCCGT GCT GCTGCCCGACAACCACT ACCT GAGCACCCAGT CCGCCCTGAGCAAAGA
CCCCAACGAGAAGCGCGATCACATGGT CCTCCTGGAGT TCGT GACCGCCGCCGEEGATCACT CTCGGCATGGAC
GAGCTGTACAAGT CCGGCEEGAGCGGAT CCGECGECCAGT CCGECCEGAGCGGAT CCEECGEECCAGT CCGECG
GGAGCGGAT CCGECGECCAGT CCEECECGAGCGGAT CCGECGECCAGT CCGECCEGAGCGGAT CCEECGEECCA
GTCCGGACT CAGATCTGTCAAACT TACAT CAGACT TCGACAACCCAAGAT GGATTGGACGACACAACCATATG
TTCAATTTCCT TGATGT CAACCACAAT GGAAAAAT CTCTCT TGACGAGATGGT CTACAAGCCATCTGATATTG
TCATCAATAACCT TGGAGCAACACCT GAGCAAGCCAAACGACACAAAGATGCTGTAGAAGCCTTCTTCGGAGG
AGCTGGAATGAAATATGGT GTGGAAACT GATTGGCCT GCATATAT TGAAGGAT GGAAAAAATTGGECTACT GAT
GAATTGGAGAAATACGCCAAAAACGAACCAACCCTCATCCCCATCTGGEGTGATGCTTTGTTTGATATCGT TG
ACAAAGAT CAAAAT GGAGCCATTACACT GGATGAAT GGAAAGCATACACCAAAGCTCCTGGTATCATCCAATC
ATCAGAAGATTGCGAGGAAACAT TCAGAGT GTGCGATAT TGATGAAAGT GGACAACT CGATGT TGATGAGATG
ACAAGACAACATTTAGGAT TTTGGTACACCATGGATCCT GCTTGCGAAAAGCT CTACGGT GGAGCTGT CCCCT
AATCTCGACGGEGGAT CCACCGGATCTAGATAACT GATCATAAT CAGCCATACCACATTTGTAGAGGT TTTACT
TGCTTTAAAAAACCT CCCACACCT CCCCCTGAACCT GAAACATAAAATGAATCCAATTGTTGTTGI TAACT TG
TTTATTGCAGCTTATAATGGT TACAAATAAAGCAATAGCATCACAAATTTCACAAATAAACCATTTTTTTCAC
TGCATTCTAGT TGTGGT TTGI CCAAACT CATCAATGTATCT TAACGCGTAAATTGTAAGCGT TAATATTTTGT
TAAAATTCCCGTTAAATTTTTGT TAAATCAGCTCATTTTTTAACCAATAGGCCGAAAT CGCCAAAATCCCTTA
TAAATCAAAAGAATAGACCGAGATAGCGT TGAGT GT TGT TCCAGT TTGGAACAAGAGT CCACTATTAAAGAAC
GTI'GGACT CCAACGT CAAAGGGCGAAAAACCGT CTAT CAGGGCGAT GGCCCACTACGT GAACCATCACCCT AAT
CAAGT TTTTTGGGEGT CGAGGT GCCGTAAAGCACT AAAT CGGAACCCT AAAGGGAGCCCCCGATTTAGAGCTTG
ACGGCGAAAGCCCGCGAACGT GGCGAGAAAGGAAGGEGAAGAAAGCGAAAGGAGCGEEECGECT AGEECGCTGGLA
AGT GT AGCGGT CACGCT GCGCGT AACCACCACACCCGCCGCGCT TAAT GCGCCGCT ACAGGGCGCGT CAGGT G
GCACTTTTCGGEGGAAATGT GCCGCGGAACCCCTATTTGT TTATTTTTCTAAATACATTCAAATATGTATCCGCT
CATGAGACAATAACCCTGATAAATGCTTCAATAATAT TGAAAAAGGAAGAGT CCTGAGGCGGAAAGAACCAGC
TGTGGAATGT GT GT CAGT TAGGGT GT GGAAAGT CCCCAGGCT CCCCAGCAGGCAGAAGTATGCAAAGCATGCA
TCTCAATTAGT CAGCAACCAGGT GT GGAAAGT CCCCAGGCT CCCCAGCAGGCAGAAGT ATGCAAAGCAT GCAT
CTCAATTAGT CAGCAACCATAGT CCCGCCCCTAACT CCGCCCATCCCGCCCCTAACT CCGCCCAGI TCCGCCC
ATTCTCCGCCCCATGECTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCGECCTCTGAGCTATT
CCAGAAGTAGT GAGGAGCCTTTTTTGGAGGCCTAGCCTTTTGCAAAGAT CGATCAAGAGACAGGATGAGGATC
GTTTCGCATGATTGAACAAGAT GGAT TGCACGCAGGT TCTCCGGCCCGCT TGGEGT GGAGAGGCTATTCGGCTAT
GACTGGGCACAACAGACAAT CGCCTGCTCTGATGCCGCCGT GT TCCGECT GTCAGCGCAGEEECECCCEETTC
TTTTTGI CAAGACCGACCT GT CCGGT GCCCT GAAT GAACT GCCAAGACGAGGECAGCGCGGECTATCGTGECTGEC
CACGACGGGECGT TCCTTGCCCAGCT GT GCCTCGACGT TGT CACT GAAGCGGEGAAGGGACTGECTGCTATTGEEC
GAAGT GCCGEEGCAGGATCTCCTGTCATCTCACCT TGCT CCTGCCGAGAAAGT ATCCATCATGGCTGATGCAA
TGCGECGEECTGCATACCCT TGAT CCGGECT ACCT GCCCAT TCGACCACCAAGCGAAACAT CCCATCGAGCGAGC
ACGTACT CCGATGGAAGCCGGT CTTGT CGAT CAGGAT GAT CTGGACGAAGAGCAT CAGGGEECT CGCGCCAGCC
GAACT GT TCGCCAGGCT CAAGGCGAGCAT GCCCGACGECGAGGAT CTCGT CGT GACCCATGGCGATGCCTCCT
TGCCGAATAT CATGGT GGAAAAT GGCCGECT TTTCTGGATTCAT CGACT GT GECCGCECT GEGT GTGECGGACCG
CTATCAGGACATAGCGT TGECTACCCGT GATATTGCT GAAGAGCT TGECGEECGAATGEECTGACCECTTCCTC
GTCCTTTACGGTATCGCCCGCT CCCGATTCGCAGCCCATCGCCTTCTATCGCCTTCTTGACGAGI TCTTCTGAG
CGGGACT CT GCGGT TCGAAAT GACCGACCAAGCGACGCCCAACCT GCCATCACGAGATTTCGAT TCCACCGCC
GCCTTCTATGAAAGGT TGEECTTCGGAATCGT TTTCCGGGACGCCGECT GGAT GAT CCTCCAGCGCGGEGEGATC
TCATGCTGGAGT TCT TCGCCCACCCT AGGGCEGAGECT AACT GAAACACGGAAGGAGACAATACCGGAAGGAAC
CCGCCCTATGACGGCAATAAAAAGACAGAAT AAAACGCACCGTGT TGGGT CGT TTGT TCATAAACGCGGEEGT T
CGGTCCCAGGCECTGECACT CTGT CGATACCCCACCGAGACCCCAT TGGEECCAATACGCCCCCGT TTCTTCCT
TTTCCCCACCCCACCCCCCAAGT TCCGEGT GAAGGCCCAGGEECT CGCAGCCAACGT CCEEECGECAGECCCTGC
CATAGCCTCAGGT TACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGT G
AAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGT TTTCGT TCCACT GAGCGT CAGACCCCG
TAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGT AAT CTGCTGCT TGCAAACAAAAAAACC
ACCGCTACCAGCCGTGGT TTGI TTGCCGGAT CAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGC
AGAGCGCAGATACCAAATACTGT CCTTCTAGT GTAGCCGT AGT TAGGCCACCACT TCAAGAACTCTGTAGCAC
CGCCTACATACCT CCCTCTGCTAAT CCTGT TACCAGT GCCTGCTGCCAGT GGCGATAAGT CGTGTCTTACCGG
GITGGACTCAAGACGATAGT TACCGGAT AAGGECGCAGCGGT CGEECT GAACGEGEEGEGET TCGT GCACACAGCCC
AGCTTGGAGCGAACGACCT ACACCGAACT GAGATACCT ACAGCGT GAGCT AT GAGAAAGCGCCACCCTTCCCG
AAGGGAGAAAGGCGGACAGGT AT CCGGT AAGCGGCAGGGT CCGGAACAGGAGAGCGCACGAGGGAGCT TCCAGG
GGGAAACGCCTGGTATCTTTATAGT CCTGTCGGGT TTCGCCACCTCTGACT TGAGCGTCGATTTTTGTGATGC
TCGT CAGGGEGEECCGACCCT ATGGAAAAACGCCAGCAACGCGECCTTTTTACGGT TCCTGECCTTTTGCTGEC
CTTTTGCTCACATGITCTTTCCTGCGT TATCCCCTGATTCTGTGGATAACCGT AT TACCGCCATGCAT
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pPCR Script Amp SK+ (empty vector), * marks theemsite

CTAAATTGTAAGCGT TAATATTTTGT TAAAATTCGCGT TAAATTTTTGT TAAATCAGCTCATTTTTTAACCAA
TAGGCCGAAATCGGCAAAAT CCCT TATAAAT CAAAAGAAT AGACCGAGATAGGGT TGAGTGTTGTTCCAGT TT
GGAACAAGAGT CCACTAT TAAAGAACGT GGACT CCAACGT CAAAGGGCGAAAAACCGT CTATCAGGGCGATGG
CCCACTACGT GAACCAT CACCCTAATCAAGT TTTTTGGGGT CGAGGT GCCGT AAAGCACT AAAT CGGAACCCT
AAAGGGAGCCCCCGAT T TAGAGCT TGACGGGGAAAGCCGGECGAACGT GGCGAGAAAGGAAGGGAAGAAAGCGA
AAGGAGCGGGECGCT AGGGCGCT GGCAAGT GTAGCGGT CACGCT GCGCGT AACCACCACACCCGCCGOGCTTAA
TGCGCCGCT ACAGGGCGCGT CCCAT TCGCCAT TCAGGCT GCGCAACT GT TGGGAAGGGCGAT CGGT GCGGGCC
TCTTCGCTATTACGCCAGCT GGCGAAAGGGGGAT GT GCT GCAAGGCGAT TAAGT TGGGTAACGCCAGGGT TTT
CCCAGT CACGACGT TGT AAAACGACGGCCAGT GAGCGCGCGTAATACGACT CACTATAGGGCGAATTGGGTAC
CGGGCCCCCCCTCGAGGT CGACGGT ATCGATAAGCT TGATATCGAAT TCCT GCAGCCCGGGGGATCCGCCCH G
GGCTAGAGCGGECCGCCACCGCGGT GRAGCT CCAGCT TTTGT TCCCTTTAGT GAGGGT TAATTGCGCGCTTGGC
GTAATCATGGTCATAGCTGT TTCCTGTGTGAAAT TGT TATCCGCT CACAAT TCCACACAACAT ACGAGCCGGA
AGCATAAAGT GTAAAGCCT GGGGT GCCTAAT GAGT GAGCTAACT CACAT TAAT TGOGT TGCGCTCACTGCCCG
CTTTCCAGT CGGGAAACCT GT CGT GCCAGCTGCAT TAAT GAAT CGGCCAACGCGCGRGGAGAGECGGT TTGCG
TATTGGGCGCTCTTCCGCTTCCTCGCTCACT GACT CGCT GCGCT CGGT CGT TCGGRCT GCGGCGAGCGGTATCA
GCTCACT CAAAGGCGGTAATACGGT TATCCACAGAAT CAGGGGAT AACGCAGGAAAGAACAT GT GAGCAAAAG
GCCAGCAAAAGGCCAGGAACCGT AAAAAGGCCGOGT TGCTGECGT TTTTCCATAGGCT CCGCCCCCCT GACGA
GCATCACAAAAAT CGACGCT CAAGT CAGAGGT GGCGAAACCCGACAGGACTATAAAGATACCAGGCGT TTCCC
CCTGGAAGCT CCCTCGT GOGCT CTCCTGT TCCGACCCT GCCGCT TACCGGATACCT GTCCGCCTTTCTCCCTT
CGGGAAGCGT GGCGCTTTCTCATAGCTCACGCT GTAGGTAT CTCAGT TCGGT GTAGGT CGTTCGCTCCAAGCT
GGGCTGT GTGCACGAACCCCCCGT TCAGCCCGACCGCT GCGCCT TATCCGGTAACTATCGT CTTGAGT CCAAC
CCGGTAAGACACGACT TATCGCCACT GGCAGCAGCCACT GGTAACAGGAT TAGCAGAGCGAGGT ATGTAGGCG
GTGCTACAGAGT TCTTGAAGT GGT GGCCTAACT ACGGCTACACT AGAAGGACAGTATTTGGTATCTGCGCTCT
GCTGAAGCCAGT TACCT TCGGAAAAAGAGT TGGTAGCT CTTGAT CCGGCAAACAAACCACCGCT GGTAGCGGT
GGTTTTTTTGT TTGCAAGCAGCAGAT TACGCGCAGAAAAAAAGGATCT CAAGAAGATCCTTTGATCTTTTCTA
CGGGGT CTGACGCT CAGT GGAACGAAAACT CACGT TAAGGGAT TTTGGT CATGAGATTATCAAAAAGGATCTT
CACCTAGATCCTTTTAAATTAAAAAT GAAGT TTTAAATCAATCTAAAGT ATATATGAGTAAACT TGGTCTGAC
AGTTACCAATGCT TAAT CAGT GAGGCACCTATCTCAGCGATCTGTCTATTTCGT TCATCCATAGT TGCCTGAC
TCCCCGTCGTGTAGATAACT ACGATACGGGAGGGCT TACCAT CTGGCCCCAGT GCTGCAAT GATACCGCGAGA
CCCACGCTCACCGGCTCCAGAT TTAT CAGCAAT AAACCAGCCAGCCGGAAGGGECCGAGCGCAGAAGT GGTCCT
GCAACTTTATCCGCCTCCATCCAGT CTATTAATTGT TGCCGGGAAGCT AGAGTAAGTAGT TCGCCAGT TAATA
GTTTGCGCAACGT TGT TGCCAT TGCTACAGGCAT CGT GGT GTCACGCTCGT CGTTTGGTATGGCTTCATTCAG
CTCCGGT TCCCAACGAT CAAGGCGAGT TACAT GATCCCCCATGT TGT GCAAAAAAGCGGT TAGCTCCTTCGGT
CCTCCGATCGT TGT CAGAAGT AAGT TGGCCGCAGT GT TATCACT CATGGT TATGGCAGCACTGCATAATTCTC
TTACTGTCATGCCATCCGTAAGATGCTTTTCT GTGACT GGTGAGTACTCAACCAAGT CATTCTGAGAATAGT G
TATGCGGCGACCGAGT TGCT CTTGCCCGGRCGT CAATACGGGAT AATACCGCGCCACATAGCAGAACT TTAAAA
GTGCTCATCAT TGGAAAACGT TCTTCGGGGCGAAAACT CTCAAGGAT CTTACCGCT GT TGAGATCCAGT TCGA
TGTAACCCACT CGTGCACCCAACT GATCTTCAGCATCTTTTACT TTCACCAGCGT TTCTGGGTGAGCAAAAAC
AGGAAGGCAAAAT GCCGCAAAAAAGGGAAT AAGGGCGACACGGAAAT GTTGAATACTCATACTCTTCCTTTTT
CAATATTATTGAAGCATTTATCAGGGT TATTGT CTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATA
AACAAAT AGGGGT TCCGCGCACAT TTCCCCGAAAAGT GCCAC

Insert of pPCR Script TG1 KO L, in bold the redina sites for subcloning
CTCGAGACCGATATATACAGGGT TTGGAGGTGT TCTCTTAGGCAACTGTGCATTTCCTCAGATGGATCTTCAA
TGGTTTCTCCACTGGACATCTGTTTTTTAGTATGATTTGAGAGT GT CTATAGCAAGGT GGAGAGGAGGTTTTT
CTCTGCAATATAAGGT GCTTCTTCTGGGTGACT GAATAGGGT CTTTGGGGCAT CTCAGGGT GAGAATGTGATT
ATCCCAGTCACCTAGCT GGTACT GAACCAAT TTCTCTGGATAGAGT TTCTGGGT GGGT GGGATGGACATCCCA
GGCACAGGAGATCTGAGT GAAT GAGCACCCT CTGT CTCT TCTACACAGGCACAAT GGAAGGT CCTCGCTCAGA
CGT GGGECCGCT GGEGCAGGAGCCCCT GECAGCCCCCTACAACACCGT CACCGGAGCCAGAGCCGGT GCCGGAG
CCAGACAGACGCT CGCGCT CCCGCCGAGGAGGAGGCCGCTCCTTCTGEGCTCGT TGT TGTGECTGCTGCTCAT
GT GGGAACAGAGGGGACGAT GACT GGGGACCT GAACCT TCT GGCT CCAGAAGCAGAGGGACCAGCT CCCGGGG
TAGGGACT CT CGGGGT GGCCGAAGACCCGAGT CTCGGGGCAGT GGT GTAAAT GCAGCT GGAGATGGCACCATC
CGAGGTGAGAT TACACACCT TAACCTAGAGCT GAGCCT TTATGGAACCTAAGGT TTATCCTGGCATCTCTAAG
GGGGCTTCTGAGACT TCTGAGGAGGGACT GGGCTCT TCGTGAACTCTTCACT GACCCATGGATGTGGTTTCAC
AGAGGGAATGCTGGT TGT GACTGGT GT GGAT CTGCTGT GCTCACGAT CAGACCAGAACCGCCGAGAGCACCAC
ACGGATGAGT TTGAATATGATGAGCT GAT TGT GCGCCGT GGGCAGCCCT TCCACATGATCCTTTTCTTGAACC
GGGAATATGAGT CCTCTGATCGCAT TGCCCT TGAGCT CCTCAT TGGT GAGT GGGACCT GGAAT GGGAAGGGTA
AAGCCCCTAGACT TGAAGGGCTGGT GT TAGGT TAGAGAGGT CTTTAGGCT CCTCCCCGGCACT CCTCACCTCT
GCCAAAAGAGGCTGGTGCCGGATTCATAGTCTCGAG
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Insert of pPCR Script TG1 KO M, in bold the redioa sites for subcloning
GTCGACATAGT GCTCCCCTAGT GGT GCTCTCAGAAAAGATGT GGTCCTGCAGT TTCCTCAAGCTGGCTTTCCA
CAAGCCT CCAGAGGCAACT GT CTTTCTCACAGT GCTGGCCCCTGT GT CTCCT TCAGCACGGT TGACTCCATGT
CTCCATGTGCCCCTCTTTCTGGGT CTTGCT GGGT CATCCCCCTAGCCCCCATCTATCAATCTCTCTGCCTTTT
TATCACAAGGCCCAAGGCAGGT GCCTCCCTCACCATGT TGCCT GGT GACCGT TGACTGCTCAGGCTGGTGATT
ATACAGCTACT GGGGGECGGEECGEGTGACTCTTCTAACCCT TTGAT TACAGCCCAGCCAT GCACACCCCAGTCT
CTAATTTCCCAGGTACCCCTACCACCT CCAGAAAT GCT CTGGGCT CTAGAAGCAGT GACCCCAGAGAGCCACT
CTGCCCTTTAGTATCTGGAGTATTCTTTCCTATGGGGCAAATGGATTGGATTCAATTCTCTCCTTTTAGTCCT
GT AGGACAGT AGT GACAAT GGCCCCAGT GT CCCCTCCCCACT TGAGT TCAT T GT CGGGGAAACAGGT TTGGGA
TGTTGGACTGGGGT TCTGOCCTGACAT GCGGGAGAGCACGGEGEGECGGECCACCAAGCT GOCCTAAGGAAGATTGT
CACAGGCTGGT GTGGTAACTACT TAGGGACACATAAAT TGGCTCATAGACACT GGGTGGGGTTGAATGAATTC
CTAGTCTCTCCCCACT TCCAGAGCGACT CGCTCACTGCCTAGT TGCTGGTCTTGT TACTCTAGGAAGCAATCC
GGAGGT GGGCAAGGGCACCCACGT GATCAT CCCAGT GGGTAAGGGAGGCAGT GGT GGCTGGAAGGCCCAAGT G
ACTAAGAACAACGGACACAACCT AAACCT ACGCGT CCACACCT CCCCCAAT GCCAT CATTGGCAAGT TTCAGT
TCACTGTCCGCACCCGCTCTGAAGCT GGAGAGT TCCAGT TGCCCT T TGACCCCCGCAAT GAGATCTACATCCT
CTTCAATCCCT GGT GCCCAGGT AAGCCAGCT GGGGT CAAGAGCAGAGGGCAGGT GGGTCAGGACTTCCTTTCC
TGAGATCCAGGT GGGTGT CTGGACAT CTGGT CATAGGAAAAGACACCCT CCCAT TGT CCAGGAGAGGAGACTG
AGGCCCAGT ATAGAAAAGAGT CCCACCT CACT TCTGATAAAGGGT CCT GGCCACAGCCAATCTTTCTCACCAT
CCTTCCTTAGAGCAGT CCGAT TAGGCT AGAAGCACCCCCAAT CCCACCCCCACCCCCACCCCATAGGGATGAG
TCCTGCAGACCCGGCAGAGGGGAAGGCAGGGECCCT TGAAGAAAATAGATAGGAT TTGCAATTTATTTTCTGGG
GATACAGAGGACATAGT GT AT GT GGACCAT GAGGACT GGOGGCAAGAATATGT GCTTAATGAGT CTGGAAGAA
TCTACTATGGAACAGAAGCACAGAT TGGCGAACGAACCT GGAACTATGGT CAGGTATGGCTGGGCTCGCATCC
CTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTTTCTCTCTCTCTCTCTCTC
TCTCTCTCTCTCTCTCTTACTTTCCTTCTTTTTTTCTTCCTTTCTCTCTCTTTTGITTTGITTTTTTGITTGT
TTGTTTGITTTGEGTTTTTTTTTTTTGAGACAGGATTTCTCTGTGTAGT GT TGGCT GTCCTGGAACTCACTCT
GTGGACCAGACTGGCCTTGAACT TACAGAGATCTACCCACCGTCGAC

Insert of pPCR Script TG1 KO R, in bold the regtois sites for subcloning

GGATCCCACAT GCCACCACTGGTCT TGCACACT CAT TAAAGGGAGAT AGAAGT GAGGGACAT GGTGGGCCGAC
ACTAGCCTTTGGT TTGAGCATCACT TGAGGAGCT GTCATGACCTCTGCCCTCCTGCCTTCTAGT TTGACCATG
GGGT GCTGGATGCCTGCCT GTACAT CCT GGAT CGGAGGGGGAT GCCATAT GGAGGT CGT GGGGACCCAGT CAG
TGTCTCTCGGGT TGT CTCTGCCATGGT GAGCACCT CTGTATCTCTAAGCCCTATCTGTGCCTTCCTGCCCTGC
CCTTTATGGATTTTCCATCCCT GT CCCTGAAGAGAT TTTTCACCCCT TCTCCCTCCCCT CCCCAACCCCCTCT
ATCCCACCTCACCTTTCATTGT TTCTGTCCTGGCTCCT TTGGAAT GTAAGGCGCCAAACCCCAAACT TGGCAC
ACCCAGT GTTCACAT TCCAGT GT TACAGCAGAT GGGT TGGGGGAGGGAT GGGCAGGT TTAAGT TGACCTCTCA
AGAGGT TGCAGT GT TAGGGGT TGGGGAAT CCAGAAGGT CCTAAGCACCT CCCCAAAT CCAGCCGCACCCTATC
TTTTCCTGGGCAGGT GAACT CCCTGGAT GACAAT GGAGT TCT GAT TGGGAACT GGACCGGTGACTACTCTCGA
GGCACCAACCCCT CAGCGT GGGT GGGCAGT GT GGAGAT CCTGCT CAGCTACCTACGCACCGGCTATTCCGTCC
CCTACGGCCAATGCTGGGT CTTTGCCOGGT GTGACCACCACAGGT AGT ACAGGGAAT GGGCCAGGAATAGCCTG
GGCTCTATGAGGAGGGAAGGGT TCTATTTCTGCCCAGCCCAACT AT GGCTACAGGATAGGGT GCCACTAAGGG
TGGATGATAGCATGACCT TAATTATCAT TAAT TAGT GT CT GCAACT GAGAGGCCTAAGGGAGAGAAAGAAGAG
GCAATAGT CCGGGT CTGT GTCAAGCAGGT GGCT TTGTAACCCACACT GCT TTGCAGCCCAAAGGACACCT GGG
TCTTCTGACCCCTAACT GTGATGGT CCCT CCAAGCT TGGCAAGT TCAGCACCCT TTTCTTCCTGCGGATGCCG
CACACACAGCCAACCT CTGCCCCAGCCCT TACCCCT GGCTCT TCCACAGT GCTCCGATGTCTGGGECTTCGCTA
CCOGT ACCGT CACCAACT TCAACT CTGCACACGACACAGACACCT CCCTCACTATGGACATCTACTTTGATGA
GAACATGAAGCCACT TGAACATCTGAACCATGATTCTGT TTGGT GAGCACAGGGT GAGGGGTGECCTGTCATG
TGCCCT GAAGAT GACCT GAGGCT TGAGT AT GGAT CGGGGCT GGGAGGACCT GAAT GGGAACCT CAGGCCCAGA
GCCCCCTCCTTGCCCCTCTAGGAACT TCCACGT GT GGAACGACT GCT GGAT GAAGAGGCCAGATCTGCCCTCA
GGCTTTGATGGGT GGCAGGT TGT GGAT GCCACACCCCAGGAGACCAGCAGT GGTAAGGCAGGCCTTGCOCCAGA
CCCTATCCAGAACATCTCCAGCTCCTGTATGT TAGCCCCGGT CTTGGCTAGACAGCCAAATCTATAGITCTTT
GTATGGATTTATCAACT GAACCACCACCAAGCCATTAGT TTATTTTCCTCTCTTTAGCTACTTGACTTAATTT
TATTTTATAATTTATAATGGT TAATATACTGAGAT GGT TCAAAAGT CAAAAGAGAT TCAAGAATATTCAGTAA
GAGGTTTCCCTTTCCTGATAAGCTCATTATTCTTACTTGCTTTTTTTTGTTTGTTTGCTTTGCTTCGCTTTTT
TCGAGACAGGGT TTCTCTGT GTAGCCCTGGCTGT CCTGGAACT CTCTCTATAGACTAGGCTGGCCTCTAATTC
AGAGTACTGGGATTAAAGGT CACACCACACT GCCCAGT TCTTACTTGCTTTTTAATTTATATATCCCAGATAC
AATTAAT TAAAAGACACGCATACAGAGAGAAAAGT TATGAGT AATAAAT GT GT GAAT GGAAGGACAAAACGGT
ATTGAATTGAATAAGATAAAATATAACAGT TTCTTATTTTCCCTTAGATGT CTTTAAAGTAAATTTCTATGGG
GGGGAGT CCCAGGAGT CCCACCCAAAATCTTTTCATCAGTCT TGGT CCATCAGATTTCCAGCAATAGGATCTA
GTAGTATGTATCTATTTCTTCCCAGTCCTGGT TTTGAACCT GGGGCT TTGAGCATGCTCAGCATCCATTTTTC
ATTCTCTATTTCAAAAGT TCCTGGTAATTCTTATGGACACCCATGT TTGGAACAAACCT CCATGCCAATGGAA
CACAT GGT AAAT GCGGCT CTGGGAGGCAGAAT GGCT TTGT CTGGGT CTCCAGCAGAAT GAGGCCTAGI TTCCC
TTCTTTTTGI TCCCCTGT TCACT GCATTCAT GTGCAGTATAGAGAAAT CAGGGCT CAGGCAGAAAACAGCTCT
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GTAACTGT CAGAT CTGACCTGGECGACACGACCTGTCAGT CGCTTATCTCT TCTCTGCATCCGCAAATGCTGT
CTCCATAGCAGTAGCCCTGITCTTGECTCTGCCCTCGTGACCTCCTCTCCCTCTGECT GCAATGCTCCCTCCA
GGTTACTCAGCCTGICCCACCAGCTACTTCCTTCTCTCCTCCACCTTCCTAGAGT CAGACAGCCTTGGCCTGA
CTTACATTCTTCTGCCCATTTCCCAGAACCCTCCCTGTI CAATCATCTATGT AAAAAGGT GTCCTGGGT TGCAT
AACCTAGCAAT GCTCACCGT GGACT TGGAGACT TGATCT CTGGT CCAGCT CTAAGAAGT AATGGCGTAGGT GT
CAGGCAGGGEGECCCT CACAGGAT GGCCAGGEGECT TCGGT CTACCACGAT TACT TCTTAGATGAGT GATATTGGCA
AGGAAGTACCTTACACCTTTGIGITTTGTATTCTGTGTGTGTGTGTGTGTGTGT GT GTACTAGAGACCATATG
GI'GTGGT TGCGAGGAT TAAATGGACACCATGTAGCAT GTAGCAT GCTGACAACAT TACAGCT GCTAAGT CGGT
AGAACCTTTCCCAGCTGITCTTATAAGGT CTTGCECATCCGT CACACTGGCTAGGCCTGI TTCCCCATCTGCCGA
AGGAGGCCAGAGCATTAGGTGT TAAGGT TCTTTCCTATTGGATAGCCCTCACCTCCTGI TTTCACTTTCTGTIC
CCAGCCTGCCCATTTCAGCCAGCTCGCCATGGT CCTCGGTAGGGAACCCT CCTGAGTATAAGGACAGT CCCTT
CTTGCCCACCACCCTTCTCATTTCCCAAT CAGGAAAT CAGAGAGT CCTGCAAACGCTGAGGT GT TTCTGAAGGG
GI'GCTCGATGGTGCTACCACT GCT CTCAGCCAACCAGAACCATTATAGGT CCTGGATTGATTGTGATGAAAGA
CTGGGEGGAGGEGT GTCCTGCACT CTGAGAT TCATGGACAGT GCAGCCT GCCAGCT CAGAGAATGT GCTAACAAC
CTGGT TATCAAGT TGGGECT GT CCGCAGGCCCCT CCCACT CCCACCCT GCTGI TGGAGCCTCGT GTGGCCTCTA
GACCAGACCACAAGAGGACCCCTTGECCT TCTTAGACCCATCCCCTCCTTCATTTCCTAGGCATCTTCTGCTG
TGGECCCCTGT TCTGT GGAGT CCGT CAAGAATGGCT TAGT CTACATGAAGTATGACACACCTTTCATTTTTCGCT
GAGGT GAGGGECTGEECTCTAGGT GCCTCCTCTAGCAAACAGT CTGAAGT GACCAGAGCCTTGECTTCAGT CCT
GAACACTCTGGTCTTGACT TCCCCGCTGACT GACTAGCT GT GTAACCT CGGGCAAGT CACTCATTCTAGAGTC
ATGGTI TTCCTCAACT GTAAAAAGGAGATAATAATGGECTGCCTCGCT TCCTGT CCTCAGGATCAAAAGAGATAA
TGGATATGCGGECTCGCTTCATTAGT TATAAAGCAAGCGAATACGCACAAGGAATTACTGT TATTAATGCCAAAA
TGGGCTACAAGGAGCCT CCTAGECAAGCTTCTTCCCCTGCT TTCAGAGCAT GECAGGT TGECCCTGCCTGCAG
TCCCTAGAGT TGAGGGAAGGTACCGGEEGTCTCGECTCCCCTGTCTTCCTGECCCTTCAGTCCTGCTGACCTTTG
CTCACCACAGGT AAATAGCGATAAGGT ATACT GGCAGCCGCAGGATGATGCCAGCT TTAAGATAGT GTACGT G
GAAGAGAAAGCCATTGGCACACT CATTGT CACAAAGGCGAT CCACT CCAACAAT CGAGAGGACAT CACCCACA
TCTATAAGCACCCAGAAGGTAACAT GCTCCCAGCCCAGCCCGCT CCT GECT GAGGEGT CCCCGCAGAGCCTGT G
CCTACCCCAGCCAGAGCT CAAACGCACCT TTGACCT CAACCCCCAGGCT CAGAAGCAGAGCGGAGEECTGT GG
AGAAGGCGGCAGCCCATGECAGCAAACCT AATGT GTATGCCACCCGEGEGACT CCECTGAGGATGTGGCAATGCA
GGT GGAGGCGCAGGACGCT GT GATGEGGECAGGAT CTGECTGT CTCTGT GGT GCTGACCAATCGTGGTAGTAGC
CGACGCACTGITGAAGT TGCACCTCTACCT TTGT GTCACCTACTACACTGGT GT CTCTGGGCCTACCTTCAAGG
AGGCCAAAAAGGAAGT GACAT TAGCCCCAGGAGCCT GTAAGT GGTCCTTCCTCAATCCTGI CCCTAGATGGTA
TTCCCTCTACCTAGATGGT GCTCCCTTCCCAGCCCT GCCCCTAGAT GGT GCTCCCTCCCAGCCCTGCCCCTAA
ATGGT GCTCCCACCCCAGCCCT GCCCCTAAAT GGT GCTCCCACCCCAGCACT GTCCCTAGATGGT GCTCCCAC
CCCAGCCCT GCCCCTAGATGGTGCTCCTATCCCAGCCCT GCCCCTAGAT GGT GCTCCCACCCCAGCACTGTCC
CTAGATGGT GCTTCCACCCCAGCT CTGCCCCTAGATGGT GCTCCCACCCCAGCCCTGCCCCTAGATGGTACTC
CCTTCCCAGCTCTGCCCCTAGATGGTACTCCCTCTCCTGCCCTGCCTCTGEGTATCCAAGTACTATCCCTTTG
CGECCEC

Insert of pPCR Script TG1 SB S1

CGGACTCT GT GACCAT GCCTGT GGCCTACAAGGAAT ACAAGCCCCACCT TGT GGACCAGGGGGCAATGT TGCT
CAATGTCT CAGGCCAT GT CAAGGAGAGT GGGCAGGT ACT AGCCAAGCAACACACCT TCCGT TTGCGCACCCCA
GACCTTTCTCTTACGGT GAGT GCAGCT TTCTGGGACT CATGGGGGT AAAT AGAGACCCAGAGCT TGAGGCTAA
GGAAAACT GT GGGECAAGGGGAGCACGCT AAGCCT GAGACAAGT TACCCT GATGAGCCT TTTCGGAGAAGGTTA
AAGT CCAGATCTGGCCTTAGT TTCCTCATCAATAAAATGGGT TCTCAGGTCCAATTCTGT TTCATATTCAGAT
TGCAGAATGAATATGAGT TGCCTCCTCAATTTTTGAGGTAGCT TCTCTGAAGGACT GAAATGT GGAACTTGGC
GAGATTTTGAACCAAACACATTTCTCCCTTGGGTACAAACT GT GGGCTGECCAGGGT CTCT GATGAGGGGT GG
ATTTCTCTCTCACTCAGT TACTGGGAGCAGCAGT TGT TGGT CAGGAAT GTGGAGTACAGATCGTGTTCAAGAA
CCCCCTGCCT GTCACCCTCACCAACGT CGT CTTCCGGCT CGAAGGT TCTGGAT TACAGAGACCCAAGGTCCTC
AATGTCGG

Insert of pPCR Script TG1 SB S2

TAGCAAGGT GGAGAGGAGGT TTTTCTCTGCAATATAAGGT GCTTCTTCTGGGT GACTGAATAGGGT CTTTGGG
GCATCTCAGGGT GAGAAT GTGATTATCCCAGT CACCTAGCT GGTACTGAACCAATTTCTCTGGATAGAGT TTC
TGGGT GGGT GGGAT GGACAT CCCAGGCACAGGAGAT CTGAGT GAATGAGCACCCT CTGTCTCT TCTACACAGG
CACAAT GGAAGGT CCTCGCTCAGACGT GBGCCGCT GEGGCAGGAGCCCCT GGCAGCCCCCTACAACACCGT CA
CCGGAGCCAGAGCCGGT GCCGGAGCCAGACAGACGCT CGCGCT CCOGCCGAGGAGGAGGCCGCTCCTTCTGRG
CTCGTTGTTGT GGCTGCT GCT CATGT GGGAACAGAGGGGACGAT GACT GGGGACCT GAACCT TCTGGCTCCAG
AAGCAGAGGGACCAGCT CCCGGEGTAGGGACT CTCGGGEGT GGCCGAAGACCCGAGT CTCGGGGECAGT GGTGTA
AA
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pTarget TG1 KO

GTGGCACT TTTCGGGGAAAT GT GCGCGGAACCCCTATTTGT TTATTTTTCTAAATACATTCAAATATGTATCC
GCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTC
CGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGT TTTTGCTCACCCAGAAACGCT GGTGAAAG
TAAAAGAT GCTGAAGAT CAGT TGGGT GCACGAGT GGGT TACAT CGAACT GGAT CTCAACAGCGGT AAGATCCT
TGAGAGT TTTCGCCCCGAAGAACGT TTTCCAATGATGAGCACT TTTAAAGT TCTGCTATGTGGCGCGGTATTA
TCCCGTATTGACGCCGGGCAAGAGCAACT CGGT CGCCGCATACACTATTCTCAGAATGACT TGGT TGAGTACT
CACCAGT CACAGAAAAGCATCTTACGGAT GGCAT GACAGT AAGAGAAT TATGCAGT GCTGCCATAACCATGAG
TGATAACACT GCGGCCAACT TACT TCT GACAACGAT CGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAAC
ATGGGGGATCATGTAACT CGCCT TGAT CGT TGGGAACCGGAGCT GAATGAAGCCATACCAAACGACGAGCGT G
ACACCACGATGCCT GTAGCAAT GGCAACAACGT TGCGCAAACTAT TAACTGGCGAACTACTTACTCTAGCTTC
CCGGCAACAATTAATAGACT GGAT GGAGGCGGATAAAGT TGCAGGACCACT TCTGCGCT CGGCCCT TCCGGCT
GGCTGGTTTATTGCTGATAAAT CT GGAGCCGGT GAGCGT GGGT CTCGCGGTATCAT TGCAGCACT GGGGCCAG
ATGGTAAGCCCT CCCGTATCGTAGT TATCTACACGACGGGGAGT CAGGCAACT AT GGATGAACGAAATAGACA
GATCGCTGAGATAGGTGCCTCACT GATTAAGCAT TGGTAACT GTCAGACCAAGT TTACTCATATATACTTTAG
ATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGT GAAGATCCTTTTTGATAATCTCATGACCAAAA
TCCCTTAACGTGAGT TTTCGT TCCACT GAGCGT CAGACCCCGT AGAAAAGATCAAAGGATCTTCTTGAGATCC
TTTTTTTCTGCGCGTAAT CTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGT GGT TTGT TTGCCGGAT
CAAGAGCTACCAACTCTTTTTCCGAAGGTAACT GGCT TCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAG
TGTAGCCGTAGT TAGGCCACCACT TCAAGAACT CTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGI T
ACCAGTGGCT GCTGCCAGT GGCGATAAGT CGT GT CT TACCGGGT TGGACT CAAGACGATAGT TACCGGATAAG
GCGCAGCGGT CGGGCT GAACGGGGGGT TCGT GCACACAGCCCAGCT TGGAGCGAACGACCTACACCGAACTGA
GATACCTACAGCGT GAGCTAT GAGAAAGCGCCACGCT TCCCGAAGGGAGAAAGGCGGACAGGT ATCCGGT AAG
CGGCAGGGT CGGAACAGGAGAGCGCACGAGGGAGCT TCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTC
GGGT TTCGCCACCTCTGACT TGAGCGTCGATTTTTGT GATGCT CGT CAGGGGGGCGGAGCCTATGGAAAAACG
CCAGCAACGCGGCCTTTTTACGGT TCCTGGCCTTTTGCTGGCCT TTTGCTCACATGT TCTTTCCTGCGITATC
CCCTGATTCTGTGGATAACCGT AT TACCGCCT TTGAGT GAGCT GATACCGCT CGCCGCAGCCGAACGACCGAG
CGCAGCGAGT CAGT GAGCGAGGAAGCGGAAGAGCGCCCAAT ACGCAAACCGCCT CTCCCCGCGCGT TGGCCGA
TTCATTAAT GCAGCT GGCACGACAGGT TTCCCGACT GGAAAGCGGGCAGT GAGCGCAACGCAATTAATGTGAG
TTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCT TCCGGCTCGTATGT TGTGTGGAATTGTGAGC
GGATAACAAT TTCACACAGGAAACAGCT AT GACCAT GAT TACGCCAAGCGCGCAAT TAACCCT CACTAAAGGG
AACAAAAGCT GGAGCT CCACCGCGGT GCGECCGCAAAGCCATAGT ACT TGGATACCCAGAGGCAGGGCAGGAG
AGGGAGT ACCAT CT AGGGGCAGAGCT GGGAAGGGAGT ACCAT CTAGGGGCAGGGCT GGGGT GGGAGCACCATC
TAGGGGCAGAGCT GGGGT GGAAGCACCAT CTAGGGACAGT GCT GGGGT GGGAGCACCAT CTAGGGGCAGGGCT
GGGATAGGAGCACCAT CTAGGGGCAGGGECT GGGGT GGGAGCACCAT CTAGGGACAGT GCTGGGGT GGGAGCAC
CATTTAGGGGCAGGGECT GGGGT GGGAGCACCAT TTAGGGGCAGGGCT GGGAGGGAGCACCATCTAGGGGCAGG
GCTGGGAAGGGAGCACCAT CTAGGT AGAGGGAATACCAT CTAGGGACAGGAT TGAGGAAGGACCACT TACAGG
CTCCTGGGGCTAATGTCACTTCCTTTTTGGCCT CCTTGAAGGT AGGCCCAGAGACACCAGT GTAGTAGGT GAC
ACAAAGGT AGAGGT GCAACT TCACAGT GCGT CGGCTACTACCACGAT TGGT CAGCACCACAGAGACAGCCAGA
TCCTGCCCCAT CACAGCGT CCTGCGCCTCCACCT GCAT TGCCACAT CCT CAGCGGAGT CCCGGGT GGCATACA
CATTAGGT TTGCTGCCATGGGECT GCCGCCT TCTCCACAGCCCT CCGCT CTGCTTCTGAGCCT GEGRGT TGAGG
TCAAAGGT GCGT TTGAGCT CTGGCT GGGGT AGGCACAGGECT CT GCGGGGACCCT CAGCCAGGAGCGGGCTGEG
CTGGGAGCATGT TACCT TCTGGGT GCTTATAGAT GTGGGT GATGT CCTCTCGATTGT TGGAGT GGATCGCCTT
TGTGACAAT GAGT GTGCCAATGGCTTTCTCTTCCACGTACACTATCTTAAAGCT GCCATCATCCTGCCGCTGC
CAGTATACCTTATCGCTAT TTACCT GT GGT GAGCAAAGGT CAGCAGGACT GAAGGGCCAGGAAGACAGGCGAG
CGAGACCCCGGTACCTTCCCT CAACT CTAGGGACT GCAGGCAGGGCCAACCT GCCAT GCTCTGAAAGCAGGGG
AAGAAGCTTGCCTAGGAGGCTCCTTGTAGCCCAT TTTGGCATTAATAACAGTAATTCCTTGT GCGTATTCGCT
TGCTTTATAACTAATGAAGCAGCCCCATATCCATTATCTCTTTTGATCCTGAGGACAGGAAGCGAGGCAGCCA
TTATTATCTCCTTTTTACAGT TGAGGAAACCAT GACT CTAGAATGAGT GACT TGCCCGAGGT TACACAGCTAG
TCAGT CAGCGGGGAAGT CAAGACCAGAGT GT TCAGGACT GAAGCCAAGGCT CTGGTCACTTCAGACTGTTTGC
TAGAGGAGGCACCT AGAGCCCAGCCCT CACCT CAGCAAAAAT GAAAGGT GTGTCATACTTCATGTAGACTAAG
CCATTCTTGACGGACT CCACAGAACAGGGGCCACAGCAGAAGAT GCCT AGGAAAT GAAGCAGGCGAT GGGTCT
AAGAAGGCCAAGGGGT CCTCTTGTGGT CTGGT CTAGAGGCCACACGAGGCT CCAACAGCAGGGT GGGAGT GGG
AGGGGCCT GCGGACAGCCCAACT TGATAACCAGGT TGT TAGCACAT TCTCTGAGCT GGCAGGCTGCACTGTCC
ATGAATCTCAGAGT GCAGGACACCCTCCCCCAGT CTTTCATCACAATCAATCCAGGACCTATAATGGTTCTGG
TTGGCTGAGAGCAGT GGTAGCACCATCGAGCACCCCT TCAGAAACACCT CAGCT TTGCAGCACTCTCTGATTT
CCTGATTGGGAAAT GAGAAGGGT GGT GGGCAAGAAGGGACT GT CCT TATACT CAGGAGGGT TCCCTACCGAGG
ACCAT GGCGAGCT GGCTGAAAT GGGCAGGCT GGGACAGAAAGT GAAAACAGGAGGT GAGGGCTATCCAATAGG
AAAGAACCTTAACACCTAAT GCTCTGGCCT CCTTCGGCAGAT GGGGAAACAGGCCT AGCCAGT GTGACGGATG
CCAAGACCTTATAAGACAGCT GGGAAAGCT TCTACCGACT TAGCAGCT GTAATGT TGTCAGCATGCTACATGC
TACATGGTGT CCATTTAATCCTCCCAACCACACCATATGGT CTCTAGTACACACACACACACACACACACACA
GAATACAAAACACAAAGGT GTAAGGTACTTCCT TGCCAATATCACT CATCTAAGAAGT AAT CGTGGTAGACCG
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AAGCCCT GCCCATCCT GT GAGGGECCCCT GCCTGACACCTACCCCATTACT TCTTAGAGCT GGACCAGAGATCA
AGTCTCCAAGT CCACGGT GAGCATTGCTAGGT TATGCAACCCAGGACACCTTTTTACATAGATGATTGACAGG
GAGGGT TCTGGGAAAT GGGCAGAAGAAT GTAAGT CAGGCCAAGCCT GT CTGACT CTAGGAAGGT GGAGGAGAG
AAGGAAGT AGCT GGT GCGACAGGCT GAGT AACCT GGAGGGAGCAT TGCAGCCAGAGGGAGAGGAGGT CACGAG
GGCAGAGCCAAGAACAGGCCTACTGCTATGGAGACAGCAT T TGCGGATGCAGAGAAGAGATAAGCGACT GACA
GGT CGTGT CGCCCAGGT CAGATCTGACAGI TACAGAGCTGT TTTCTGCCTGAGCCCTGATTTCTCTATACTGC
ACATGAATGCAGT GAACAGGGGAACAAAAAGAAGGGAAACT AGGECCTCATTCT GCTGGAGACCCAGACAAACC
CATTCTGCCTCCCAGAGCCGCATTTACCATGT GT TCCATTGGCATGGAGGT TTGI TCCAAACATGGEGTGT CCA
TAAGAATTACCAGGAACT TTTGAAATAGAGAAT GAAAAAT GGAT GCTGAGCAT GCTCAAAGCCCCAGGT TCAA
AACCAGGACT GGGAAGAAATAGATACATACTACTAGATCCTAT TCCTGGAAAT CTGATGGACCAAGACT GATG
AAAAGAT TTTGGEGT GGGACT CCTGCGACT CCCCCCCATAGAAATTTACT TTAAAGACAT CTAAGCGAAAATAA
GAAACTGT TATATTTTATCTTATTCAATTCAATACCGTTTTGTCCTTCCATTCACACATTTATTACTCATAAC
TTTTCTCTCTGTATGCGTGTCTTTTAATTAATTGTATCTGGGATATATAAATTAAAAAGCAAGT AAGAACT GG
GCAGT GTGGTGTGACCTTTAATCCCAGTACT CTGAAT TAGAGGCCAGCCTAGT CTATAGAGAGAGT TCCAGGA
CAGCCAGGGCTACACAGAGAAACCCT GT CTCGAAAAAAGCGAAGCAAAGCAAACAAACAAAAAAAAGCAAGT A
AGAATAATGAGCT TATCAGGAAAGCGAAACCTCTTACTGAATATTCTTGAATCTCTTTTGACT TTTGAACCAT
CTCAGTATATTAACCATTATAAATTATAAAATAAAAT TAAGT CAAGTAGCTAAAGAGAGGAAAATAAACT AAT
GCCTTGGTGGT GGT TCAGT TGATAAAT CCATACAAAGAACT ATAGAT TTGGCT GT CTAGCCAAGACCGGEGEECT
AACATACAGGAGCTGGAGATGI TCTGGATAGGGT CTGGECAAGGCCT GCCT TACCACTGCTGGT CTCCT GGG
TGT GCCATCCACAACCT GCCACCCAT CAAAGCCT GAGGGCAGATCTGGECCTCTTCATCCAGCAGI CGTTCCAC
ACGT GGAAGT TCCTAGAGGEGEECAAGGAGEEEECT CTGEGECCT GAGGT TCCCAT TCAGGT CCTCCCAGCCCCGA
TCCATACTCAAGCCT CAGGT CATCT TCAGGGCACAT GACAGGECCACCCCT CACCCTGT GCTCACCAAACAGAA
TCATGGTTCAGATGT TCAAGTGGECTTCATGT TCTCATCAAAGT AGATGT CCATAGT GAGGGAGGTGTCTGTGT
CGT GT GCAGAGT TGAAGT TGGT GACGGT ACCGGT AGCGAAGCCCAGACAT CGGAGCACT GT GGAAGAGCCAGG
GGT AAGGGCT GGEGCAGAGGT TGECT GT GT GTGCGGCAT CCGCAGGAAGAAAAGGGT GCTGAACT TGCCAAGC
TTGGAGGGACCAT CACAGT TAGGEGEGT CAGAAGACCCAGGT GTCCTTTGGGCT GCAAAGCAGT GTGGGTTACAA
AGCCACCTCCTTGACACAGACCCGCGACTATTGCCTCTTCTTTCTCTCCCTTAGGCCT CTCAGT TGCAGACACT
AATTAATGATAATTAAGGT CATGCTATCATCCACCCT TAGT GGCACCCTATCCTGTAGCCATAGT TGECECTGG
GCAGAAATAGAACCCTTCCCT CCTCATAGAGCCCAGGCTAT TCCTGECCCATTCCCTGTACTACCTGIGGT GG
TCACACCGGCAAAGACCCAGCAT TGECCGT AGCGGACGGAATAGCCGEGT GCGTAGGT AGCTGAGCAGGATCTC
CACACT GCCCACCCACGCT GAGCGGT TGGT GCCTCGAGAGT AGT CACCGGT CCAGT TCCCAATCAGAACT CCA
TTGICATCCAGGGAGT TCACCT GCCCAGGAAAAGAT AGGEGT GCGECTGGAT TTGGGCGAGGT GCTTAGGACCT T
CTGGATTCCCCAACCCCT AACACT GCAACCT CTTGAGAGGT CAACT TAAACCT GCCCATCCCTCCCCCAACCC
ATCTCCTGTAACACT GGAATGTGAACACT GGGT GT GCCAAGT TTGGGEGT TTGECGCCT TACAT TCCAAAGGAG
CCAGGACAGAAACAAT GAAAGGT GAGGT GGGATAGAGGEGEGEGT TGECGAGGGGAGCGAGAAGGGGT GAAAAATC
TCTTCAGGGACAGGGAT GGAAAAT CCATAAAGCGCAGGGECAGGAAGGCACAGATAGCCECT TAGAGATACAGAG
GTI' GCTCACCAT GGCAGAGACAACCCGAGAGACACT GACTGGGT CCCCACGACCT CCATATGGCATCCCCCTCC
GATCCAGGAT GTACAGGCAGGCAT CCAGCACCCCAT GGT CAAACTAGAAGGCAGGAGGEGCAGAGGT CATGACA
GCTCCTCAAGT GATGCTCAAACCAAAGCCTAGT GTCGECCCACCATGICCCTCACTTCTATCTCCCTTTAATG
AGT GT GCAAGACCAGT GGT GCCATGT GGGAT CCTGAAGT TCCTATACTTTCTAGAGAATAGGAACT TCGAATT
CTACCGGGT AGGGGAGGECCCT TTTCCCAAGCCAGT CTGGAGCATGCCCT TTAGCAGCCCCGCTGGEGECACT TGS
CCCTACACAAT GTGCCTCT GGCCT CGCACACAT TCCACAGCCACCGGT AGGCGCCAACCGECTCCGITCTTAG
GI'GGCCCCTTCGCGECCACCT TCTACT CCTCCCCTAGT CAGGAAGT TCCCCCCCGCCCCCCAGCTCECGTCGT G
CAGGACGT GACAAAT GGAAGT AGCACGT CTCACTAGT CTCGT GCAGAT GGACAGCACCCCTGAGCAATGGAAG
CGGGTAGGCCT TTGCGEECAGCGECCAATAGCAGCT TTGCTCCTTCGCT T TCTGGEGECT TCAGAGGCT GGGAAGG
GGT GGEGT CCCEEEECEEECT CAGGEECEEECT CAGGEECEET CGEGCGCCCGAAGGT CCTCCGGAGGCCCGEL
ATTCTGCACGCT TCAAAAGCGCACGT CTGCCCCECTGI TCTCCTCTTCCTCATCTCCGGEECCTTTCGACCTGC
ATCCCGCCACCATGAAAAAGCCT GAACT CACCGCGACGT CTGT CGAGAAGT TTCTGATCGAAAAGT TCGACAG
CGT CTCCGACCTGATGCAGCT CT CGGAGGEGCGAAGAATCTCGT GCTTTCAGCT TCGATGTAVGAGGGCGT GGA
TATGI CCTGCCGGGTAAATAGCTGCCCCGATGGT TTCTACAAAGATCGT TATGT TTATCGGCACT TTGCATCGG
CCGCGCTCCCGAT TCCGGAAGT CCT TGACAT TGEGGAAT TCAGCGAGAGCCTGACCTATTGCATCTCCCGCCG
TGCACAGGGT GTCACGT TGCAAGACCT GCCTGAAACCGAACT GCCCGCT GT TCTGCAGCCGGT CECGGAGECC
ATGGATGCGATCGCT GCGECCGAT CTTAGCCAGACGAGCGEGT TCGGCCCAT TCGGACCGCAAGGAATCGGTC
AATACACTACATGCCCGTGATTTCATATGCGCGATTGCTGATCCCCATGT GTATCACTGTGAAGT TCCTATACT
TTCTAGAGAATAGGAACT TCCCCGGCCAATAACT TCGTATAATGTATGCTATACGAAGT TATGT CGACGGT GG
GTAGATCTCTGTAAGT TCAAGGCCAGT CTGGT CCACAGAGT GAGT TCCAGGACAGCCAACACTACACAGAGAA
ATCCTGT CTCAAAAAAAAAAAACCCAAAACAAACAAACAAACAAAAAAACAAAACAAAAGAGAGAGAAAGGAA
GAAAAAAAGAAGGAAAGT AAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAGAAAGAAAGAAAGAAAGAAAG
AAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGCGAT GCCGAGCCCAGCCATACCTGACCATAGT TCCAGG
TTCGITCGCCAATCTGIGCTTCTGI TCCATAGTAGATTCTTCCAGACT CATTAAGCACATATTCTTGCCGCCA
GTCCTCATGGT CCACATACACTATGT CCTCTGTATCCCCAGAAAATAAATTGCAAATCCTATCTATTTTCTTC
AAGGGCCCTGCCTTCCCCT CTGCCGGEGT CTGCAGGACT CATCCCT AT GEGGT GEEEGT GGEEGT GCGAT TGCEG
GGTGCTTCTAGCCTAATCGGACT GCTCTAAGGAAGGAT GGT GAGAAAGAT TGECT GT GECCAGGACCCTTTAT
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CAGAAGT GAGGTGGGACTCTTTTCTATACTGGGCCTCAGT CTCCTCTCCTGGACAATGCGAGCGTGICTTTTC
CTATGACCAGATGT CCAGACACCCACCT GGAT CTCAGGAAAGGAAGT CCTGACCCACCTGCCCTCTCCTCTTG
ACCCCAGCTGCECTTACCT GGGCACCAGGGAT TGAAGAGGAT GTAGAT CT CAT TGCGEGEEGET CAAAGGGCAACT
GGAACT CTCCAGCT TCAGAGCGGEGT GCGGACAGT GAACT GAAACT TGCCAAT GATGGCAT TGCGGEGAGGTGT G
GACCCGTAGGT TTAGGT TGTGTCCGTTGT TCTTAGT CACT TGGGCCT TCCAGCCACCACTGCCTCCCTTACCC
ACTGCGATGAT CACGT GGGTGCCCT TGCCCACCT CCCGATTGCTTCCTAGAGT AACAAGACCAGCAACTAGEC
AGT GAGCGAGT CGCT CTGGAAGT CCGGAGAGACT AGGAAT TCAT TCAACCCCACCCAGT GT CTATGAGCCAAT
TTATGIGTCCCTAAGTAGI TACCACACCAGCCTGTGACAATCTTCCTTAGGGCAGCT TGGT GECCGCCCCGTG
CTCTCCCGCAT GT CAGGGCAGAACCCCAGT CCAACAT CCCAAACCT GT TTCCCCGACAATGAACT CAAGT GGG
GAGGGGACACT GGGCCCATTGTCACTACT GT CCTACAGGACT AAAAGGAGAGAAT TGAATCCAATCCATTTGC
CCCATAGGAAAGAATACT CCAGATACT AAAGGGECAGAGT GGCTCTCTGGEGEGT CACTGCTTCTAGAGCCCAGAG
CATTTCTGGAGGT GGTAGGEGGT ACCT GCGAAAT TAGAGACT GGGGT GTGCAT GECTGEGCT GTAAT CAAAGGG
TTAGAAGAGT CACCCGCCCGCCCCCAGTAGCT GTATAAT CACCAGCCT GAGCAGT CAACGGT CACCAGGCAAC
ATGGT GAGCGAGGCACCT GCCT TGGCECCT TGT GATAAAAAGGCAGAGAGAT TGATAGAT GCGGGGECTAGGGGEEA
TGACCCAGCAAGACCCAGAAAGAGGGGECACAT GGAGACAT GGAGT CAACCGT GCTGAAGGAGACACAGEEECC
AGCACTGT GAGAAAGACAGT TGCCT CT GGAGGCT TGT GGAAAGCCAGCT TGAGGAAACT GCAGGACCACATCT
TTTCTGAGAGCACCACTAGGGGAGCCACTATGT CGACTATAACT TCGTATAATGTATGCTATACGAAGTI TATAA
GCTTGCGECCEECCECCT CGAGACT AT GAAT CCGGCACCAGCCTCTTTTGGCAGAGGT GAGGAGT GCCGEEEA
GGAGCCTAAAGACCT CTCTAACCTAACACCAGCCCTTCAAGT CTAGGGGECTTTACCCTTCCCATTCCAGGT CC
CACTCACCAAT GAGGAGCT CAAGGGCAAT GCGATCAGAGGACT CATATTCCCGGT TCAAGAAAAGGATCATGT
GGAAGGCECT GCCCACGGECGCACAAT CAGCTCATCATATTCAAACT CATCCGTGTGGTGCTCTCGECGGT TCTG
GTI'CTGATCGT GAGCACAGCAGAT CCACACCAGT CACAACCAGCAT TCCCTCTGI GAAACCACATCCATGEGTC
AGTGAAGAGT TCACGAAGAGCCCAGT CCCTCCTCAGAAGT CTCAGAAGCCCCCT TAGAGATGCCAGGATAAAC
CTTAGGI TCCATAAAGGCT CAGCTCTAGGT TAAGGT GT GTAATCTCACCT CGGATGGT GCCATCTCCAGCTGC
ATTTACACCACT GCCCCGAGACT CGGGT CTTCGGECCACCCCGAGAGT CCCTACCCCGGEGAGCTGGTCCCTCTG
CTTCTGGAGCCAGAAGGT TCAGGT CCCCAGT CATCGT CCCCTCTGI TCCCACAT GAGCAGCAGCCACAACAAC
GAGCCCAGAAGGAGCGGECCT CCT CCT CCECEEGAGCECGAGCGT CTGT CTGECT CCGECACCGEECTCTGECTC
CCGTGACGGT GTTGT AGGEGEGECT GCCAGGEGEECT CCTGCCCCAGCGEECCCACGT CTGAGCGAGGACCTTCCATT
GTGCCTGT GTAGAAGAGACAGAGGGT GCTCATTCACT CAGATCTCCT GT GCCTGGGAT GT CCATCCCACCCAC
CCAGAAACT CTATCCAGAGAAAT TGGT TCAGTACCAGCTAGGT GACT GGGATAATCACATTCTCACCCTGAGA
TGCCCCAAAGACCCTAT TCAGT CACCCAGAAGAAGCACCT TATAT TGCAGAGAAAAACCTCCTCTCCACCTTG
CTATAGACACT CTCAAATCATACTAAAAAACAGAT GT CCAGT GGAGAAACCAT TGAAGATCCATCT GAGGAAA
TGCACAGTTGCCTAAGAGAACACCT CCAAACCCTGTATATATCGGT CT CGAGGGEGEEEECCCGEGTACCCAATTC
GCCCTATAGTGAGTCGTAT TACGCGCGCTCACTGECCGT CGT TTTACAACGT CGT GACT GGGAAAACCCTGGEC
GTTACCCAACTTAATCGCCT TGCAGCACATCCCCCT T TCGCCAGCT GGCGT AATAGCGAAGAGGCCCGCACCG
ATCGCCCTTCCCAACAGT TGCGCAGCCT GAAT GGCGAAT GCGACGCGCCCT GT AGCGGCGCAT TAAGCGCGEEC
GGGTGT GGTGGT TACGCGCAGCGT GACCGCTACACT TGCCAGCGCCCTAGCGCCCGCTCCTTTCCCTTTCTTC
CCTTCCTTTCTCGCCACGT TCGCCGCECT TTCCCCGT CAAGCT CTAAAT CGGGECCTCCCTTTAGGGT TCCGAT
TTAGIGCTTTACGGCACCT CGACCCCAAAAAACT TGATTAGGGT GATGGT TCACGT AGT GGGCCATCGCCCTG
ATAGACGGTITTTTCGCCCT TTGACGT TGGAGTCCACGT TCTTTAATAGI GGACTCTTGT TCCAAACTGGAACA
ACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGCGATTTTGCCGATTTCGGCCTATTGGT TAAAAA
ATGAGCTGATTTAACAAAAATTTAACCCGAATTTTAACAAAATATTAACGCTTACAATTTAG
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