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CHAPTER 5

INVESTIGATING SNARE-INTERACTIONS BY FUNCTIONAL
COMPLEMENTATION IN Saccharomyces cerevisiae
AND PULL-DOWN ASSAYS WITH «-SNAP

5.1. INTRODUCTION

In 1977 it was shown that a gene from a higher eukaryote could be expressed in a
microorganism, Escherichia coli to produce a biologically active protein, somatostatin
(Kingsman et al. 1985). It appears, however, that £ co/i may not be the most suitable host
for the expression of all eukaryotic proteins. A disadvantage of the E. coli system is the
necessity to renature the heterologous polypeptides, since in most cases this organism was
found to be unable to produce the proteins in a properly folded, soluble form (i.e. not in
inclusion bodies). Moreover, many eukaryotic proteins depend on post-translational
modifications such as glycosylation, which prokaryotic hosts are unable to synthesize
(Gellissen et al. 1992). In many instances yeast became the preferred hosts for heterologous
protein and gene expression. The best-characterized species, Saccharomyces cerevisiae, was
the first to be used for the successful production of eukaryotic proteins such as human a-
interferon, hepatitis B surface antigens and enzymes like calf pro-chymosin and Aspergillus
glucoamylase (Gellissen et al. 1992). Furthermore, the availability of the entire genome
sequence of S. cerevisiae, as well as the S. cerevisiae genome deletion project, enables

researchers to perform functional complementation in yeast.

5.1.1. S. cerevisiae: A model organism for studying protein transport

A basic feature of all eukaryotic cells is compartmental organization, which requires
mechanisms for the correct sorting and distribution of molecules to the appropriate target
organelle. Due to an impressive conservation of the molecular transport machinery across
phyla (Rothman 1996), a great deal of knowledge on the functional interactions has been
acquired by the study of S. cerevisiae. This yeast is a unicellular eukaryote, organized into
the same major membrane-bounded compartments as all other eukaryotic cells and shares

the same metabolic processes (Kucharczyk and Rytka 2001).
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In S. cerevisiae delivery of cargo to the recipient organelle is accomplished by membrane
recognition processes known as tethering, docking and fusion, similar to those described in
mammalian cells. Tethering factors are peripherally membrane-associated protein
complexes, containing up to 10 different subunits. The docking stage involves two specific
sets of membrane-anchored SNARE proteins. Firstly the family of v-SNAREs (or
synaptobrevin-related receptors) on the vesicle membranes and secondly, the t-SNAREs (or
plasma membrane syntaxin related receptors) on the target membrane. The formation of a
stable four-helical bundle between the v- and t-SNAREs is believed to generate enough
energy to initiate mixing of the lipid bilayers of the fusing membranes (Sutton et a/ 1998).
In yeast, the proteins Sec18p and Secl17p, which are required at all transport steps, regulate
complex formation. ATP hydrolysis by Sec18p disassembles the complex, similar to NSF in
higher eukaryotic cells. In yeast, similar to mammalian cells, SNARE binding has been proven
to be promiscuous and that multi-protein complexes determine the specificity of membrane
fusion (Kucharczyk and Rytka 2001). The various interactions between v- and t-SNAREs in
yeast are summarized in Figure 5.1. Apart from the functional similarities between yeast
SNARESs and those of higher eukaryotes, the remarkable structural similarities have also been
well described (Rossi et al. 1997; Katz and Brennwald 2000; Antonin et al. 2002; Fasshauer
2003).

Apart from the homologous SNAREs in yeast, the small monomeric Rab GTPases (200-230
amino acids) found in higher eukaryotic cells also occur in yeast i.e. the Ypt GTPases. These
small Ypt GTPases belong to the Ras-related protein superfamily and play key regulatory
roles at the different stages of trafficking. In S. cerevisiae this superfamily contains 29
members of which eleven are Ypt GTPases. Other families belonging to this superfamily
include Ras that has a regulatory role in the cell cycle, Ran which regulates nuclear import,
Arf/Sar which functions during vesicle budding and Rho, which regulates cytoskeletal

organization and cell wall biogenesis (Kucharczyk and Rytka 2001).
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Figure 5.1. Interactions of v- and t-SNAREs in yeast (Kucharczyk and Rytka 2001). Compartment
abbreviations: (ER) endoplasmic reticulum, (PM) plasma membrane and (MVB) multivesicular body. The various

yeast v- and t-SNAREs are indicated.

Similar to higher eukaryotic GTPases, the transport GTPases in yeast also cycle between
active GTP-bound and inactive GDP-bound conformations. Furthermore, the cycle is
regulated in an identical manner as in mammalian cells by means of GDP-dissociation
inhibitors (GDI), GDI displacement factors (GDF) and GTPase-activating proteins (GAP), as
described in Chapter 2 (Kucharczyk and Rytka 2001). A high degree of conserved sequence
motifs occur between Ras proteins from different species (Table 5.1), enabling functional

complementation studies.

Table 5.1. Conserved sequence motifs in Ras proteins from different species (Kucharczyk and Rytka
2001). GI binds « and B phosphates of GTE/GDP; G2 is the effector domain essential for GTP hydrolysis; G3
binds y phosphate of GTP; G4 binds the guanine ring; G5 stabilizes the guanine-G4 interaction.

G1 G2 G3 G4 G5
Ypt7 (Yeast) GDSGVGKT YKATI WDTAGQE GNKID FL-TSAK
p21/ras (Rat) | GAGGVGKS YDPTI LDTAGQE GNKCD FIETSAK
RhoH (Human) | GDGGCGKT YTPTV WDTAGQD GCKTD YHRGQEM
Ran (Mouse) GDGGTGKT YVATL WDTAGQE GNKVD YYDISAR

196




University of Pretoria etd — Maritz-Olivier, C (2005)
Chapter 5: Functional complementation and Pull-down assays

Apart from the conserved proteins involved in trafficking, yeast also exhibits signal regulation
of the various trafficking steps, i.e. clathrin, Vps34p phosphatidylinositol 3-kinase and the
Vps15 protein kinase which has been indicated to regulate the formation of Golgi vesicles,
which carry cargo to the multi vesicular body (Conibear and Stevens 1995). It is proposed
that Vps15p and Vps34p function together as components of a membrane-associated signal
transduction complex that regulates intracellular protein trafficking through protein and lipid
phosphorylation (Kucharczyk and Rytka 2001).

The lipid constituents of the plasma membrane, i.e. phosphatidylinositols (PI), sphingolipids
and sterols are not only present in S. cerevisiae, but have also been proven to be important
transport regulators, similar to higher eukaryotic cells (Kucharczyk and Rytka 2001). This
confirms that in all eukaryotes, not only proteins, but also lipids play a vital role in trafficking.
PIs, which are substrates for various PI kinases and PI phosphatases have been studied
extensively. In S. cerevisiae, it has been shown that PI-4,5-P, plays a role in internalization
of clathrin-mediated endocytosis and that PI-3-P functions at a post-internalization step of
endocytosis as well as endosomal/vacuolar trafficking. Spingolipids and ergosterol form
sterol-sphingolipid-rich domains (rafts) in the plasma membrane. These rafts are believed to
define the membrane spatial specificity by recruiting the endocytic machinery to a distinct
membrane site and also delivery of some proteins to the plasma membrane (Kucharczyk and
Rytka 2001).

Other multi cellular processes linked to transport and trafficking, including actin cytoskeletal
dynamics and ubiquitylation, have also been studied extensively in yeast and were shown to

resemble processes in higher eukaryotes (Shaw et a/. 2001).

5.1.2. Functional complementation

Functional complementation involves the controlled expression of a heterologous (e.g. non-
yeast) proteins in mutated or knockout cells (e.g. yeast cells) in order to rescue a particular
phenotype.

Yeast vectors used for heterologous protein expression
Five common types of plasmids are used for yeast transformation. Vectors of the YIp type
(yeast integration plasmid) integrates by homologous recombination of complementation

genes contained on the plasmid at the respective mutant loci of suitable auxotrophic
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acceptor strains. Integrative transformants are extremely stable and therefore often used as
production strains containing or producing a heterologous protein. Vectors of the YRp type
(yeast replication plasmid) remain in an extra-chromosomal state after transformation due to
the presence of a sequence for autonomous replication (ARS). They are present in 3-20
copies, but are very unstable due to abnormal segregation during mitosis or meiosis. The
plasmid stability was improved with the addition of a yeast centromeric sequence, leading to
the YCp (yeast centromeric plasmid) vectors. Addition of telomeric structures in YAC (yeast
artificial chromosomes) lead to linear vectors that can harbour DNA fragments up to 200 kb
in size. The most commonly used vectors in yeast engineering are derived from the 2 um
plasmid, termed YEp (yeast episomal plasmid) vectors. They can transform yeast at a
frequency of 5 000 — 20 000 recombinants per ug of DNA and transformants contain an
average of 40 copies per cell and also exhibit high stability (Gellissen et al 1992). For
expression, a heterologous gene is fused to a promoter obtained from a highly expressed S.

cerevisiae gene (see Chapter 4) as well as a yeast derived termination sequence.

In this study we investigated the use of the pRS 413 plasmid, which is an autonomously

replicating single copy centromeric (YCp) plasmid (http://www.atcc.org/Products/prs.cfm). It

is also an S. cerevisiae | E. coli shuttle vector which allows ampicillin and blue/white
selection in £. coli (lacZ). It contains the ADH-promoter and termination fragments, as well

as a HIS3 selection marker in S. cerevisiae (Figure 5.2).
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Figure 5.2. Plasmid map of the S. cerevisiae | E. coli shuttle vector pRS 413 (Clontech Laboratories
1997a).

Subcellular localization of heterologous proteins

It has been shown that the presence or absence of a ‘classical’ signal sequence on a
heterologous protein does not necessarily determine the subcellular localization in S.
cerevisiae (Kingsman et al. 1985). For example, the proteins preprochymosin, prochymosin
and chymosin have all been expressed in S. cerevisiae, and all forms located to the cell
membrane and none in the cytoplasm. Similar results were obtained during the expression of
hepatitis B surface antigen, which lacks a signal sequence. Expression of these constructs in
a yeast strain with the pep4-3 mutation (which is deficient in vacuolar proteases) increased
the yields, indicating that proteolytic degradation of foreign proteins occurs (Kingsman et al.
1985).

Glycosylation

Evidence for the glycosylation of heterologous proteins in S. cerevisiae comes from studies

on as-antitrypsin and mouse immunoglobulins. Expression of the latter yielded high
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molecular weight forms which were not present in tunicamysin-treated cultures or after
endoglycosidase H or chemical de-glycosylation (Kingsman et a/. 1985). It must be noted
that the percentage of glycosylation is low and heterogeneous. Also, S. cerevisiae
glycoproteins are of the high-mannose type, whereas higher eukaryotic glycoproteins contain
a variety of glycosyl residues with complex branching. It is therefore unlikely that
glycosylation of heterologous proteins in S. cerevisiae will contribute to any biological
activity, which requires complex and specific carbohydrate modifications (Kingsman et ai.
1985).

5.1.3. Functional complementation of SNAREs and trafficking proteins in yeast

In spite of all the obstacles, functional complementation of both SSO-1 and SSO-2 (yeast
syntaxin) as well as a pep12 (homologue of yeast and mammalian syntaxins) mutants were
successful. In the case of the temperature-sensitive mutations in the yeast syntaxin 1,
homologous Ssolp and Sso2p, a screen for high copy number suppressors of the phenotype
yielded three genes from a genomic yeast library that are involved in the terminal step of
secretion: SVC1, SNC2 (synaptobrevin homologues) and SEC9 (a SNAP25 homologue) (Jantti
et al. 2002).

The yeast protein pepl2 is a syntaxin homologue, which may function in the trafficking of
vesicles from the trans-Golgi network to the vacuole. By means of functional
complementation of the yeast pepl12 mutant with an Arabidopsis thaliana cDNA library, a
pepl2 homologue was identified. The Arabidopsis cDNA encodes a 31 kDa protein which is
homologous to yeast pepl2 and other members of the syntaxin family (Bassham et al.
1995). The existence of plant homologues of syntaxins indicates firstly, that the basic vesicle
docking and fusion machinery may be conserved in plants as it is in yeast and mammals and
secondly, that cross-species expression and functional complementation of syntaxin

homologues are feasible in yeast.

In another functional complementation study using S. cerevisiae and an Arabidopsis thaliana
cDNA library, a homologue that complements the sec’4 mutant was identified. AtSEC14 was
able to restore the growth of sec14 temperature sensitive mutants, partly restored protein
secretion and enhanced the phosphatidylinositol-transfer activity that is impaired in seci4

mutants. Interestingly, the best sequence similarity between yeast sec14 and AtSecl4 is
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found at the amino acid level (36.5% similar) and not the genomic level (Jouannic et al.

1998). Our results obtained by the two-hybrid assay (Chapter 4) are similar to the latter.

Transport between secretory pathways also requires SNAREs. By means of functional
complementation in YK76 knockout yeast (which encodes a novel SNARE involved in ER to
Golgi transport), three SNAREs, p14, p28 and p26 were identified from human cDNA
libraries. These proteins were found to be homologous to their yeast counterparts, Sftlp,
Goslp and Yktép. Important to note is that the SNARE, Ykt6p, which requires membrane
localization for protein function, still localized to the membrane in yeast without the
isoprenylation signal. Furthermore, this study demonstrated that Ykt6p and its homologues
are highly conserved between yeast and human and it is the first example of a human
SNARE protein functionally replacing a yeast SNARE. This observation implies that the
specific details of the vesicle targeting code, like the genetic code, are conserved in evolution
(McNew et al. 1997).

In a study by Pullikuth et a/. the in vivo role of the insect NSF (MsNSF), isolated from the
insect Manduca sexta (the so-called tabacco hormworm) was investigated by heterologous
expression in SEC18 mutated yeast. M. sexta MsNSF is believed to regulate hormone release
from the endocrine/paracrine cells of the corpora allata. MsNSF was shown to be functional
in yeast membrane fusion /7 vivo and rectified defects in the mutated yeast at nearly all
discernable steps where Sec18p has been implicated in the biosynthetic route (Pullikuth and
Gill 2002).

5.1.4. a-SNAP: Functional properties

It has long been known that /7 vitro a-SNAP binds directly to syntaxin and SNAP25, but not
to VAMP (McMahon and Sudhof 1995). Upon formation of a a.-SNAP-syntaxin complex, VAMP
can be bound. In the presence of all three SNAREs as well as NSF, pull-down assays using
immobilized a-SNAP results in the purification of all three SNAREs and NSF. This indicates
that syntaxin, VAMP and SNAP25 are SNAP receptors (Hanson et a/. 1995; McMahon and
Sudhof 1995).

Despite limited overall sequence similarity among SNAREs on different membranes, all

SNARE complexes examined to date bind o-SNAP and can be disassembled by NSF (Marz et
al. 2003). All SNARE complexes contain four SNARE helices, are rod-shaped and held
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together by interactions among conserved, mostly hydrophobic residues, within the core of
the complex. Crystal structures of both the neuronal and endosomal SNARE complexes
indicated that these complexes have largely acidic surface potentials, but contain few
conserved residues on the outer solvent-exposed surfaces (Antonin et a/. 2002; Marz et al.
2003).

To date, little is known about how a-SNAP recognizes the variety of SNARE complexes. By
means of deletion studies in bovine a-SNAP and structural modeling of the data on the
Secl7p (yeast a-SNAP homologue) crystal structure, Marz et al. were able to show that
shape complementarity, sequence conservation and overall surface charge distribution are

important factors for protein interactions (Marz et a/. 2003).

The model proposed for a-SNAP binding to SNARE complexes shows that o-SNAP binds
SNAREs in an anti-parralel orientation, positioning the N-terminal near the membrane and
the C-terminal away from the membrane where it interacts with NSF. By mutating basic
residues, SNARE binding was reduced up to 20% indicating that charged «-SNAP residues
(which are distributed over the concave surface) are involved in the binding of SNARE

complexes (Figure 5.3).

SNAP-25 §.-
N helix~gg
" C helix+_

syntaxin

syntaptobrevin

Site 1 Site 2. ;Site 3
SNARE complex

Figure 5.3. Putative a-SNAP binding sites on the SNARE complex (Marz et al. 2003). Left, ribbon
diagram of a-SNAP homology model, showing basic residues (blue) whose mutation reduces SNARE complex
binding. Right, conserved acidic residues on the SNARE complex define three potential binding sites for a-SNAP.
These sites are designated Site 1 (red, syntaxin Asp-214, Asp-218; synaptobrevin Asp-51, Glu-55; SNAP-25 C-
terminal helix Glu-183), Site 2 (orange, SNAP-25 N-terminal helix Glu-38, Asp-41; syntaxin Glu-228;
synaptobrevin Asp-65), and Site 3 (yellow, SNAP-25 C-terminal helix Asp-166;, SNAP-25 N-terminal helix Asp-51,
Glu-52, Glu-55; syntaxin Glu-238).
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Previous studies indicated that each 20S complex consists of one SNARE complex, three o-
SNAPs and one NSF hexamer (Marz et al. 2003). The model created by Marz et a/. indicated
that the basic residues of a-SNAP form a diagonal band across the face of the a-SNAP sheet
domain and that this band pairs with a diagonal band of acidic residues on the SNARE
complex (Marz et a/. 2003). Pairing of the charged diagonal bands allowed the authors to
align three o-SNAP twisted sheet domains with a single SNARE complex (Figure 5.4). In this
arrangement, shape complementarity is maximized and is substantially greater than when
SNAPs are placed directly parallel to individual SNARE helixes. This may explain why o-SNAP
binding to individual SNAREs is weaker than to the SNARE complex and why a-SNAP

dissociates after complex disassembly.

Figure 5.4. Proposed SNAP-SNARE binding model (Marz et al. 2003). Indicated are the three a-SNAP
twisted sheet domains bound to the SNARE complex. Each a-SNAP is color-coded according to the SNARE
complex site to which it binds. Lines through the model show where slices were made to generate axial views (i)
and (ii). Views are from the N-terminal and cytoplasmic ends of the SNARE complex. Basic residues whose

mutations reduce SNARE complex binding, are colored blue. The SNARE complex ionic layer is colored black.

Taking into account all of the above listed properties of a-SNAP, we decided on exploiting
recombinant rat brain a-SNAP in order to isolate all of its binding partners from the salivary

glands of O. savignyi by means of affinity chromatography (pull-down assays).
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5.2, HYPOTHESIS

e We hypothesize that the SNARE proteins and «-SNAP of O. savignyi share both
structural and functional similarity to the SNAREs of other eukaryotic cells, such as

yeast and rat brain.

5.3. AIMS

e Functional complementation of the syntaxin 1 homology SSO-1 and SSO-2 mutated
yeast strains using an O. savignyi salivary gland cDNA library.

e Expression of rat brain a-SNAP.

e Isolation of o-SNAP binding proteins from O. savignyi salivary glands using affinity

chromatography (pull-down assays) with immobilized recombinant rat brain o-SNAP.
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5.4. MATERIALS

The SSO1 and SSO2 mutated yeast strains H603 and H902 were obtained from Dr. Jussi
Jantti of the VTT Technical Research Centre of Finland, VTT Biotechnology, Finland and Prof.
Hans Ronne from the Department of Plant Biology, Swedish University of Agricultural
Sciences, Sweden. Yeast expression plasmids were a kind gift from Prof. Carol Sibley,
Department of Genetics, University of Washington, Seattle, USA. The Super SMART™ cDNA
synthesis kit was obtained from Clontech (Southern Cross Biotechnology). KC8 £. coli cells
were a kind gift from Dr. Hannelie Moolman-Smook, University of Stellenbosh, South Africa.
Recombinant a-SNAP was a kind gift from Proff. Whiteheart and Rothman at the Memorial
Sloan-Kettering Cancer Institute, New York, USA. NucleoSpin® Plasmid Quick Pure,
NucleoBond® PC2000, NucleoSpin® Extract kits and Protino® Ni 150 columns were from
Macherey-Nagel, Germany (Separations). PCR nucleotide mix (10 mM deoxynucleotide
solution), Sfi I restriction enzyme and Shrimp alkaline phosphatase were from Roche
Diagnostics. Peptone, agar and yeast nitrogen base without amino acids were from Difco
(Labretoria). Yeast extract and tryptone were purchased from Oxoid Ltd. (England).
Deoxyribonucleic acid sodium salt type III from salmon testes, 3-amino-1,2,4-triazole (3-AT),
cycloheximide, , RNase Inhibitor, PEG4000, 425-600 micron glass beads, Triton X-100 and all
the wvarious amino acids used were from Sigma. Dextrose, Isopropyl pB-D-
thiogalactopyranoside (IPTG), 5-bromo-4-chloro-3-indolyl-p-D-galactopyranoside (X-gal), L-
adenine hemisulphate, lithium acetate, ammonium acetate and ampicillin were from ICN
(Separations). DNA polymerase I large (Klenow) fragment, 7ag Polymerase, Pfu DNA
polymerase, Proteinase K and various restriction enzymes were from Promega (Wisconsin,
USA). BugBuster™ was from Novagen, USA. TaKaRa Ex Taq (5 U/ul) and T4 DNA Ligase
(350 U/ul) were from Takara Bio Inc., Japan (Separations). All primers were synthesized by
Ingaba Biotech (Pretoria, South Africa). Anti-IgG (whole molecule) conjugated to peroxidase
was from Cappel (Separations). The GelCode® SilverSNAP™ stain kit was from Pierce, USA

(Separations).

5.5. METHODS

5.5.1. 0. savignyi salivary gland cDNA library construction

cDNA libraries were constructed using the Super SMART™ system, as described previously
(Chapter 3 and 4). In order to directionally clone the inserts into the pRS413 vector, various
restriction enzyme recognition sequences were incorporated into the CDS and SMART

primers, respectively. The properties of the primers are listed in Table 5.2.
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5.5.2. Growth and maintenance of SSO-mutated yeast cells

The SSO1 and SSO2 mutated yeast exhibit a temperature-sensitive phenotype. Therefore,
cells from both H603 and H902 strains were grown at 24°C in a shaking incubator in adenine
supplemented YPD media (YPDA, 20 g/l peptone, 10 g/l yeast extract, 20 g/I agar, 20g/I
dextrose, 0,03g/l adenine hemisulphate). In order to obtain sufficient cells for library

transformation, cells were grown for 4 - 6 days.

5.5.3. Transformation, selection and screening

Large-scale yeast transformation was performed as described in Chapter 4. Following
transformation, cells were plated on SD/-His and incubated at 30°C in order to identify
positive transformants with a suppressed phenotype. Clones were screened using nested
PCR (see Chapter 4) and unique clones were selected and grown at 30°C in SD/-His at 30°C,
in a shaking incubator. Plasmid isolation from the positive yeast clones was done as decribed
in Chapter 4 and transformed into £. coli cells in order to obtain sufficient plasmid for DNA

sequencing.

5.5.4. Data analysis

Sequences obtained were analyzed using the BioEdit Program. DNA and deduced protein
sequences were analyzed using BLAST-P, PSI-BLAST (www.ncbi.nlm.nih.gov/BLAST) and the
threading program 3D-PSSM Web Server V 2.6.0 (www.igb.uci.edu/tools/scratch/). All

alignments were performed with Clustal W (www.ebi.ac.uk/clustalw/).

5.5.5. Expression of rat brain a-SNAP

Rat brain a-SNAP (cloned into the pQE-9 vector) was transformed into BL21 E. co/i cells.
Colonies selected from ampicillin-agar plates were grown for 12 hours at 30°C in 5 ml LB-
Broth containing 1:1 000 ampicillin. Four milliliters of culture were diluted into 50 ml LB-
Broth and incubated at 30°C in a shaking incubator until Ag ~ 0.6. Isopropryl-p-D-
thiogalactopyranoside was added to a final concentration of 2.5 mM and cultures incubated
for another 3 hours. The cells were collected by centrifugation (10 000 x g, 10 min) and
aspirated, before determining the wet weight of the pellet. Cells were completely
resuspended in 5 ml BugBuster™ per gram of wet cell paste containing 10 ug/ml DNAse, 1
ug/ml leupeptin, 20 pug/ml aprotonin and 0.5 mM PMSF (phenylmethylsulfonyl fluoride). Cells

were incubated on a rotating mixer at 8°C overnight. Insoluble debris was removed by
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centrifugation (13 000 x g, 20 min, 4°C) and the supernatant transferred to a fresh tube.

The supernatant was loaded directly onto a Ni-column or stored at —70°C until needed.

5.5.6. Salivary gland homogenate preparation

Salivary glands (~20 glands) were dissected from female, unfed O. savignyi ticks. Glands
were suspended in homogenization buffer (20 mM HEPES pH 7.4, 100 mM KCI, 5 mM ATP, 1
mM mercapto-ethanol, 0,5% Triton X100) containing 1 ug/ml Leupeptin, 20 ug/ml aprotonin
and 0.5 mM PMSF and incubated overnight at 8°C on a rotating platform. Insoluble debris
was removed by centrifugation (13 000 x g, 20 minutes, 4°C) and the supernatant was used

immediately for affinity chromatography or stored at —70°C.

5.5.7. Affinity chromatography (Pull-down assays)

Polyhistidine-tagged recombinant a-SNAP was isolated using the Protino® Ni 150 pre-packed
columns from Macherey-Nagel. Columns were equilibrated in 320 ul LEW buffer (50 mM
NaH,PO4, 300 mM NaCl, pH 8.0) and the cell lysate, prepared with BugBuster™, was loaded
and allowed to elute with gravity. Columns were washed once with 320 ul of LEW before
loading the clarified salivary gland homogenates. Non-specific bound proteins were removed
by washing the column two times with 320 ul LEW. Specifically bound protein was eluted
with 800 nl elution buffer (50 mM NaH,PO,4, 300 mM NaCl, 250 mM imidazole, pH 8.0).

5.5.8. ELISA

Samples obtained after affinity chromatography were distributed into a 96 well microtiter
plate (50 ul /well), dried under a 150 W lamp in a stream of air generated by an electric fan,
and subsequently blocked with 300 ul of TBS (pH 7.4) containing 0.5% casein for 60
minutes. Blocking medium was replaced with 50 pl of primary antibody containing medium
(diluted 1:1 000 in blocking buffer) and incubated at 37°C for 60 minutes. Plates were
washed three times in blocking buffer and incubated with an appropriate anti-IgG (whole
molecule) peroxidase conjugate at a 1:10 000 dilution. After a second washing step, 100 pl
developing buffer (10 ml citrate, 10 mg OPD and 8 mg H,0,, pH 4.5) was added and the
reaction monitored at 450 nm.

5.5.9. SDS-PAGE

Samples obtained after affinity chromatography were dialyzed against 20 mM Tris-HCI (pH 8)
overnight at 8°C with stirring and freeze dried prior to SDS-PAGE. SDS-PAGE was performed
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using a 5% stacking gel (0.625 M Tris-HCI, 0.5% SDS, pH 6.8) and 12% separating gel (1.88
M Tris-HCl, 0.5% SDS, pH 8.8). The acrylamide gels and the electrophoresis buffer were
prepared from an acrylamide stock (30% acrylamide, 0.8% N’,N-methylene bisacrylamide)
and electrophoresis buffer stock (0.02M Tris-HCI, 0.06% SDS, 0.1 M glycine, pH 8.3). The
gel solutions were polymerized with the addition of 30 ul of 10% ammonium persulphate
and 5 ul TEMED. Samples were resuspended in reducing sample buffer (0.06 M Tris-HCI, 2%
SDS, 0.1% glycerol, 0.05% B-mercaptoethanol, 0.025% bromophenol blue) and boiled at
950C for 5 minutes. Pre-stained molecular mass markers (Pierce, USA) were dissolved in 10
ul water. Electrophoresis was carried out in a Biometra electrophoresis system (Biometra
GmbH, Germany) with an initial voltage of 60 V for 45 minutes and thereafter a voltage of
100 V until the bromophenol blue marker reached the bottom of the gel. Gels were stained

using the GelCode® SilverSNAP™ stain from Pierce.
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5.6. RESULTS AND DISCUSSION

5.6.1. cDNA library construction

Although a cDNA library constructed in the two-hybrid plasmid (pACT2) was available for
performing functional complementation studies in the SSO-mutant yeast, we decided to
create a new cDNA library that does not contain the DNA-AD domain. In order to clone the
inserts directionally, SMART and CDS primers containing BarmHI and EcoRI sites were
designed and used for cDNA and ds DNA construction using the SMART system as described

previously. The properties of the primers are listed in Table 5.2.

Table 5.2. Properties of the primers used for SMART cDNA synthesis of the BanmH 1/ EcoR 1 library.

Name Sequence Tm (°C)
AAG CAG TGG TAT CAA CGC AGA GTC GGATCC GGG G 74.3
BamH 1 SMART
BamH 1
AAG CAG TGG TAT CAA CGC AGA GTG AAT TC(T)18 VN 67.3
EcoR 1 CDS R 1
C

During amplification of the cDNA, a smear ranging from 200 to 2000 bp were obtained
(Figure 5.5.i). This is identical to the results described previously (Chapters 3 and 4). After
digestion with BamHI and EcoRlI, the library was digested to such an extent that it was
regarded as inadequate for cloning (Figure 5.5.ii). This indicates that there are multiple
digestion/recognition sites for BamHI and EcoRI in the ds cDNA of O. savignyi salivary
glands.

Based on the list of frequency of restriction enzyme cutters from Biolabs,

(http://www.neb.com/neb/tech/tech resource/restriction/properties), we designed a new

SMART primer which contains a low frequency Sac I restriction site. As a CDS primer, we
used the CDSIII primer which is decribed in Chapters 3 and 4. This primer contains not only
an S/l site, but also Xbal and Nco 1 sites. The properties of the primers are listed in Table
5.3.
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Figure 5.5. Agarose gel electrophoresis of (i) the ds SMART cDNA synthesized using the BamH I
SMART- and EcoR 1 CDS primers and (ii) the SMART ds DNA after BamH I and EcoR I digestion.

Table 5.3. Properties of the primers used for SMART cDNA synthesis of the Sac1/Xbal library.

Name Sequence Tm (°C)
AAG CAG TGG TAT CAA CGC AGA GTC GAG CTC GGG G 74.3
Sac1 SMART
Sacl
CDS III / 3'PCR 5" ATT CTA GAG GCC TCC ATG GCC GAC ATG (T)3oNN 3’ 67.3
Xbal Sfil Ncol

After cDNA synthesis and LD-PCR amplification we obtained a smear ranging between 200
and 2000 bp (Figure 5.6). Following digestion of the library with Sac I and Xba I (which is
present on the pRS 413 plasmid), the library was completely digested into very small
fragments (i.e. SacI and Xba I are frequent cutters) and again not regarded as useful for
cloning. In order to clone the salivary gland cDNA library, one would need to incorporate a
suitable rare cutter restriction enzyme site for O. savignyi (such as Sf7i 1) into the pRS413
plasmid, since it does not contain a suitable restriction site. Prior to altering the plasmid, we
decided to exploit the possibility of using the full-length S5f71 two-hybrid fusion library for the
functional complementation studies. Based on the findings in literature that fusion
constructs, such as GFP tagged proteins, do not interfere with SNARE binding, localization or
function, we decided on using the two-hybrid full-length S I cDNA library cloned into the
pACT2 vector.
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Figure 5.6. Agarose gel electrophoresis of the ds SMART cDNA synthesized using the SacI SMART-
and CDS III primer. Lane 1 corresponds to the molecular mass standards, and lane 2 to the cDNA library
obtained after 24 cycles using the Sac I SMART- and CDS III primers.

5.6.2. Growth and maintenance of syntaxin knockout yeast

During the study of Jantti ef a/., various 5SSOI and SSO2 mutants were generated (Jantti ef
al. 2002). They were able to show that Ssolp is essential for sporulation, while Sso2p is
important for protein secretion. Only two strains were used during this functional
complementation study, i.e. H603 and H902 that both contain deletions of the 5501 gene
and contain a mutated SSOZ gene. The properties of the two strains are listed in Table 5.4.
The strains differ in their origin, i.e. H603 is derived from the W303 strain while H902 is
derived from the NY179 strain, which contribute the various markers (Table 5.4). Therefore,
by performing complementation in both strains, the W303 and NY179 background effects

can be investigated. Cells were grown in a shaking incubator in YPDA medium at 24°C.

Table 5.4. Properties of the SSO-mutated temperature sensitive yeast strains

Name Genotype Markers

adez-1, can 1-100, his3-11, 15/leu2-3, 112 trpl-1
H603 a, ssol-A1:: HIS3 sso2-1

ura3-1
H902 a, ssol1-Al::LEUZ sso2-1 leuz-3, 112, ura3-52

5.6.3. Transformation, selection and screening

Mutated H603 cells were transformed with the pACT2 full-length S/ 1 salivary gland cDNA
library from fully engorged, female O. savignyi salivary glands using the 30x library scale
TRAFCO transformation protocol (Chapter 4). Positive H603 transformants were selected on

SD/-Leu/-His plates and grown at 37°C to select inserts that suppress the temperature
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sensitive phenotype. Nested PCR directly from positive clones were performed using the
pACT2-nested primers (Chapter 4). Restriction enzyme mapping (BamHI and Hindlll) of
some 40 clones identified four unique inserts (Figure 5.7). These were isolated and
transformed into KC8 E£. coli cells in order to obtain sufficient plasmid for DNA sequencing.
Restriction enzyme mapping of the inserts from KC8 cells confirmed the presence of four
unique clones (Figure 5.8), which were isolated and sequenced.

21227
5148

2027, 1584, 1375
947, 831 [ |
564

21227
5148
2027, 1584, 1375

947, 831
564

pACT2

Figure 5.7. Agarose electrophoresis of the nested PCR products from suppressed H603 cells. For each
clone the undigested as well as the BamH I/Hind III digested inserts are shown. Unigue inserts (coloured blocks)
are indicated.

-+ -+ -+ -+ -+ -+ -+ -+

Figure 5.8. Agarose electrophoresis of the nested PCR products from KC8 cells.
Undligested (-) BamH I and Hind III djgested (+) and unique inserts (coloured blocks) are shown.
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5.6.4. Data analysis

The deduced amino acid sequences of the four unique inserts were determined and are
listed in Table 5.5. These correspond to 30, 81, 135 and 91 amino acid peptides for clone 5,
20, 23 and 27, respectively. The peptides were further analyzed by multiple sequence
alignment of the syntaxin family (obtained from Pfam) using Clustal X. By aligning the
peptide sequences with the syntaxin family sequences (Figure 5.9) and calculating the
similarity and identity between various sequences, we were able to show that clones 20, 23
and 27 share homology with syntaxins sso2 from yeast, syntaxin 7 from human and syntaxin

from fungi, respectively (Table 5.6).

Sequence comparisons between various mammalian full-length syntaxins indicated that they
share 27-44% similarity (Advani ef al. 1998). When non-mammalian syntaxins are included,
the similarity is reduced to 30-35%. Since the calculated values (given in Table 5.6) are
representative of the identified protein fragment (domain) vs. the full-length syntaxins, the

calculated values are decreased, but still significant (see Figure 5.10 and 5.11).

Table 5.5. Deduced amino acid sequence of inserts that suppressed the SSO1 temperature sensitive

phenotype of H603 cells.

Name Amino acid sequence

Clone 5 AGHVTRSLTVKLNKWQQRKKKXKKKKKKHV

Clone 20 WSHGPVKVAADAVRGQYSELLEAGSLPHQPKQRVLGLSRVYIRCTCAPCTASTKEKKPGVDVLRCKYLRNGALNKCGSCQA

WGLHPNMVLKCPEITDKDKIYKTLPQPSCIYYCGQEEESGRYKYGFLRDNSTCKLAPTLNGYCYKGHCYKYPGGQQV TEA
GVTEKSTGRPSQTRRPSPTRRPSPTRRPSPTKKTKATKKPSDQKKKKKKKKN

Clone 23

Clone 27 GQQADCRNSRAFEKTERRRGAKKAGGRSQNQGRRRSGAFEARETEARARTQREEETERKGKEKLHLQRKLRSQRRKKKKKKK
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Table 5.6. Calculated similarities and identities between identified protein domains and various full-

length syntaxin isoforms. 7he encoded protein sequence of the knockout clones that suppressed the

temperature sensitive phenotype, was compared to that of various known syntaxins (column 1) of varfous

organism. The similarity and identity between the isolated fragment (domain) and the full-length syntaxin was

calculated using the BioEdit program.

Clone 20 Clone 23 Clone 27
% Identity | % Similarity % Identity | % Similarity | % Identity % Similarity
SSO2_Yeast/36-131 14 30 12 27 10 26
SSO1_Yeast/32-127 7 20 13 26 7 33
Q9P8G5/59-154
14 24 16 27 17 35
(Fungi)
Q9vu45/43-135
13 27 13 25 17 32
(Drosophila)
070319/11-107
13 24 14 26 15 33
(Rat)
1Dn1_B/Syntaxin 1
8 13 12 19 9 18
(Human)
STX7_Human/7-101 16 27 16 29 19 34
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Q9Z5D5/33-140
$121_ARATH/43-150
$122 ARATH/A2-149
$123 ARATH/35-142
$124_ARATH/32-139

Q9ISML5/39-146
S111_ARATH/44-147
S131_ARATH/34-141
S132_ARATH/33-140
$112 ARATH/46-151
PSY1 SCHPO/17-117

Q963E1/30-132
STXA DROME/32-134

046345/32-134

001390/35-137
ST1A_MOUSE/29-131

035525/28-130

016153/28-130

016000/31-132
EPMO_HUMAN/28-130

STX3 RAT/31-131
STX4_MOUSE/37-138
STX4 CAEEL/23-123

QB8NAC7/41-148
STXB_HUMAN/35-143
STX2 _CAEEL/38-141

Q9PBG5/59-154

Q9HEGB/73-168

Q9VU45/43-135

Q9VP33/19-112

070319/11-107

QBLJR4/13- :o
SY23_ARATH/19-120
SY21_ARATH/22-123

096189/56-155
Q9VRI0/55-161
STXF_HUMAN/74-179
QOP6P1/54-153
Q8NIV9/79-187
SYA1_ARATH/75-170
SYA2_ARATH/72-168
Q855Y3/64-165
TLG2_YEAST/68-174
Q91Y08/74-175
SY32_ARATH/54-162
QILGF8/58-164
SY31 ARATH/43-149
SED5_YEAST/50-161
STX3 CAEEL/143-246
STX5 RAT/36-140
Q24509/196-301
013644/39-142
Q854W3/35-140
VAMS3 YEAST/17-122
0756905/76-175
H603 20
H60323
H603-27
ruler

- NEDKFIFE IKDE IKEEEKI S SlE6S SHEKS KT LIHNAKAVKEL RS NVDNDVS VAL KKAKF | KVRIEEAL DRSNAANRS L PECEPES S S DRT RT S VVNELERKKIIGES V-
- NLDKFFEDVESVKEELKELDRLNET LSS CHE €S KT LHNAKAVKCL RS KNDEDVEVAL KKAKM KVKLEAL DRANAANRS L PECEPES S S DRT RT SVL NGLRKKLIVCS IV-
- NLDT FEL NEDL KELDRL GHNLRS SNESS KT LHNANAVKEL KKKNDADVT AAL KT ARRL KENLEAL DRANEVNRS L PES GPES SSDRERT S VVNEL RKKL K DE N-
- NLDEFFEYVES VKE DNKAVDEI HKRLEDANEES KT MHDSKAVKKL RARMDSS VT EVL KRVKM KT KLVAL EKSNAAGRKVAEGCEP €S SADRT RT SVVSEL EGKKLKEM

- NLDKEFEDVENVKDNNKEVET L ¥KS LEDS NEE CKTVHNAKKVKEL RAKNDEDVASVL KRVKM KGKLEAL EKANANSRNVS GCEPES ST DRT RT SVVSEL GKKLKCL

- NLT AFLEEAEKVKVENNSI KDl LRRLEDT NEESKSLTKPEAL KSVRNLI NSDI L AVLT KARAI RSGLEENDRSNAI NRRL SECKEET PVDRT RF AVT NGLRKKL KEL IV-
- NLSSFLEEAEYVKAENEL | SETLARI ESYHEESKEVHKAESVKSLRNKI SNEI VSEL RKAKS| KSKLEENDKANKE! KRL SET PVYRSRT AVT NEL RKKLKEVM- - - -
- ELSEFFK EET KAVT KAPAMKSI KERVERDVDEVERI SRFI KEKI EEL DRENL ENRT KPECEKET EVDRT RT AT T1 AVKKKFKEK

- GLEDFFKKVEVI DKEYDKLDKL LKKLEAS HEESKSVT KAPAMKAI KKT NEKDVDEVES| ARFI KEKLEEL DRENL ANREKPECAKES GVDRSRT AT T L S LKKKLKCKIV-
-NLSEFFSEI BT I KTLIEENT HLEL DLGNLNEET KSIBHSTKI LREL RDRVESNI VT 1 SRKANT VKT L I'ET L EKRNVANRT SFKEES CVERT RT SI TNGVRKKL RDT M-
- SMGEFFEE| BHI RDAI REI EDNVERI EMLHSSSL GEI DEANI AATTRHL EGYT SDTRRL 6T SVEL Al RS L ES GNNVGL PPDNDT AT RKT €T EAVKKKFNDG - - - - - -

E| m_ANm KLDKHLNKL/GG,

- HNEEFFGEVEE I RENI EKI' ST NVEEVKKKHSAI L SAPST EEKVKGEL EDL MADI KKS ANKVRT KL KVMVEGNL EGL EGT RMVSADFRI RKT GHSIML S 6KF VE VN
- YNDDEFAGVEE | REM DKVEDNVEEVKKKHSAI L SAPET DEKT KGEL EDL MADI KKNANRVREKL Kl EENI ESEESENKSSADLRI RKT GHST L S RKF VEVN
- FNEEEFEGVEE| RAM DKI'S DNVDAVKKKHS DI L SAPST DDENKEEL EEL M DI KRT ANKVREKL Kl ELNI ESEEHSNKSSADLRI RKTSYST | SRKFVEVN
- FNEEFEE I REM DKI'AVDVDEVKKKHSAI L SAPST DDKT KEEL EDL NAEI KKT ANKVRGKL KVIL EGKI EGEEET NKSSADLRI RKT GHST | LRKF I EVN
- FNDEFFEGVEE| REF | DKI' AENVEEVKRKHSAI L ASPNPDEKT KEEL EEL MSDI KKT ANKVRSKLKSI EES| EGEEEL NRSSADLRI RKT GHST L SRKF VEVN
- FNAEFFEGVEE | RECI EKLS EDVERVEESHSAI L AAPKPDEKT KGEL EDLTADI KKT ANKVRS KL KAl ESEl EGEEEL NRSSADLRYRTTGHST VS RNF VEVN
- FNEEFFEGVEEVRNNI DKI'S KNVDEVKKKHS DI L SAPGADEKVKDEL EEL MSDI KKT ANKVRVKL KMVYES| ERRRVL RRT &T DVRI RKT GHST L S RKF VEVN
- YNEEFFEGVEE| RESVDI | ANNVEEVKKKHSAI L SNPVNDGKT KEEL DEL MAVI KRAANKVREKL KLI ENAI DHDE SEAEGNADL RI RKT 6HSTLSRRFVEVN-
- FINDDEFHGVEE FRNS FDKIST SYMEEVKKNHS| | LSAPNPEEKI KEEL EDLNKEI KKT ANKI RAKL KAl EGS FDGDESENRT SVDLRI RRTGHSVL S RKF VEAN

- FNDEFFSE| EERRLNI DKI'SEHVEEAKKLKSI | LSAPI PEPKT KDDLEGLTT EI KKRANNVRNKL KSMEKHI EEDEVRSSADL RI RKS €HS VL SRKFVEVN- -
- PCDEFES RGT NAKLESKVRELEK | LABPL PEESNKGEL GNL REEI KEL GREVRAGL KAl EPSKEEADENYNSVNT RMKKT GHEVL SGEFVELI -
- SEGSFLANVEBEI RHVLT TLSADRHAI'Y MEGVES L AAGCS DT AKCRKL NDHVDKF | AGARE! RRRLADASEEL VEYPESRVES ERARHEGI GMLI VSLEGIIN- - - - - - - - - oo m oo
- YEREPVAERHL HEI GKL GES1 NNL ADNVEKF €GEecKSL VASMRRFSLLKRESTI TKEI KI GAEY! NRSL NDL VKE VKKSEVENGPSSVVT Rl LKSGHAANFRHEGE] N- - - - - - === == e e cm e e e e
- FETDHI|L ESLYRDI RDI GDENGEL VADVKRL GKGNARFLT SMRRLSSI KRDT NSI AKAI KARGEVI HCKL RAMKEL SEAAEAGHEPHSAVARI SRAGYNALT L [iF GRAN- -

- m_uw._x./w _._uzz_nmm<zz>_ ASVREE| EKLRRDSSHVLALTI ADPRCKNI LENGI €T | RRRT EDL RKL VREAEDDFL EFTKEVESVT EKRMRENGL EL L KDNLNKL

- SESEFLINSVRDVE GHI 6GFRANLDG] RT LHSSSL SDT SERPPPEL EGLSAVT EGLKSGI KT EVDNL WS DAT RT EDET FNT KKRGAERL RDL YKDAI
- SPTEENSLSEDI GHNI'T Al HS SHKSLEKGLKL | €T SKESPNLREKVHT | NT KCNARVET TS 6DL GRLEAVVRHEDREEKL 6L EKLTREFHEVV- - -
- SEI DEGRLAGI | AT S| 6KVSSNVST NGRIMVNGL NTPGDSPEL KKEL HGl NT YT NGL VT DT NNG| NEVDKCKERHL KI GRDRL VDEFT AALTAFG- - - -
- RPRDENS| | 6T CSENI GRI S Sl KNL NSEL GTKEDSSKL SENL €6F EHSTNGLAKETNEL LKELESL PL PLSASE SREEKL GKERL MNDFSSAL -
- VEEDPAGL AGRI SSNI 6Kl T SCSVEI 6RT LNGL GT PEDSPEL REGL €eKESYTNSLAKET DKY| KEFGSLPTTPSEGRERKI GKDRLVAEFTTSL - = == = mm c e e e e e e e e e
- EERAGAAAAGACASGAVASEVFGI ”c» _mmz_.<z._._.m._. PKDTPDLRERI HKT REHI T 6L VKLT S EKL KEASEADHRVEVSASKKI ADAKL AKDF GAVEKEFG- - - - - - - - - - - - - oo e oo

- GSRRELIVNNGKEDPT GAVAAC! F6l FSRL VNT L GT PKDT PDL REKLHKT RLHI €6L VKDT SAKL KGASDI DHHAEVNAS KKI ADAKL AKDF GAVLKEF G- -
-NI memmzﬂw SDVASEl FSI NTSVST F HRLVNT BGT PKDT PEL REKL HKTRL Y1 G6L VKDT SAKLKEAS ET DHEREVNEKKKI VDAKL AKDF GAVLKEF6- -
1
|

- REERPSSR SEVAAGI FRI STAVNSFERLVNS| GT PKDT L EL RDKL 6KT RL 6l SEL VKNT SAKLKEAS EADL HESAS 61 KKI ADAKL AKDF €SVLKEF 6-
- DEVAENNKI NS IINANL SRYENI IINGl DAGHKDL LT GVSEEGENMEL RRSL DDY| SGAT DL 6Y 6L KADI KDAGRDEL HCS NKGAGAENCREKFLKL| G- - - - === == === mm oo e e
- DFVEFNNKI S €] NRDL DKYDHT | NGVDS L HKRL L TEVNEEGAS HL RHSL DNFVAGAT DL 6F KL KNEI' KSAGRDE! HCT NKGAGAENSRERFLKL| €= == = === == oo e e e e e e e e e e
- DLRI ¥VDKVEBS | KNEI'KKI'GKNVDEI'SCLKNKI NI S| TVEGENEL S| ELNKLI KDTNDLI NI | KI DI RNLRKKYVLRSKESFYI KKAI YDNVI NI FKKSls- - - - - - -
- TPPAWLDKFEEAGYT NSKI KPKLDELESL HARHL LRPAFDDGRCDECDI EVL Sl VSKLI T ST HRHIEGCVRS S| Q\mmx—,\mmn_._.<z><_.§_._.m_.mm_._,m\x_"z>mm

- PPPKWDEVEE | €YDVER| KSKIVKELAS L HDKHL NRPTLDDSSEEEHAI EI TTGEI T 6L FHRCERAVGPCRAGPEPAPSRREECL ET WCL VAGAL GEL SRS FRHAG-
- LAPRWT VEGE I'DSL EL NRRRNENL EDKSYAKHVL PSFSDKT EGENEI GRLT | €1 TSDFERCEKL L EVT KAGT NSAT ESEAL NAKNFLSNLASRI €TES
- LPPRWADS SBE VAEL LADI ARKS €KLERL HEKHVL PGF DDDEAKRDEEREI EELT €51 TKEFHCCHRVI 6RI EGSMVRE GKHNEENSRADEVINAKNI €1 NLAT RVEGEASA-
- LPPAWDVSEEI SVNI \GRART KNAELG] KAL MNPSF EDEKECSHNI ESLT GEI TFLLKKSEKGL 6RL SASEPSECSNVRKNVGRSLATDLGLLS- - - - === == === ---
- MPPAWDDSEE I T FNI 6KVRDKIVNELA KAL NPT FEDNKEl HREVEMLT HEI TDLL RKSEKRL 6M. STREPSEESNL RKNVERSLATDLENLS V- - - - -

- VEPAWNGRVNDI DVNLT KI' SS6l EKLKEYHDKNL LPDNSMEDGSDLERS| EI TTAET TRLFHKTHDNI KNL @EKET | L SAEDMKMVKKNI 6SSKSAKL &S IISL
- LPPI FI\DI AcDVDDYLL EVRRL SEGLAKVYRKNSL PGFEDKSHCEAL | EDLSFKVI GML 6KCYAVIVKRL KT | YNS GFVDEKGL SREEL| | LDNL 6KI YAEKI GHESN-
- EEPVMI HT ABEVE FEVE RVGRREDE LEGEAGRKHI SRPNFEDEAFEKEEKENESTTEGI TEM.THCERLI RM SESHNKEKPMSRKLRENAAATLSLTLSEl T----- - - --

- NKSEENKRASHI GL Al NGIS GKLSKLAKL AKRT SVEDDPT GEl GELTVVI KGEI SAL NSAL VDL GL FRS S GNDE ENNSRDRDKS T HSAT VVDDL KY RL VDT T KE F KDV - -
- EENRRASKI €L €l HSRS SKLARLAKL AKRT S VEDDPT VEI GELT AVI KKDI TAL NSAVVDLGVLCNSENESENL SKDT T NHSTT VVDNL KNRL zw»_xm_"xms.. ---

- PESEENKKASRI GL Gl KERS SKI T RLAKLAKSST | ENDRT VEI 6ELT VLI RNDI T €L NVAL S DL 6T LENNVEL ADENYS SDEVEHYTAVCDDL KT RL ME
- SMSEFGKKASEl AHE| SSFAGLLSKLAVL AKRKPMENDNPVEI AEL SFLI KRKI YAl EGSLVEL SELKKT DVNENT SNGS SKSPSAVEHSKNVVNL L NT GVKNIES €S EKDVL-
- ESVEENGL AKRI GKEL S SRCAKIVEKLAEYAKKKS QEERS &I DHLSSI VKSDI T ELNKGI €6L 6EF SKRRAGNVKNENS EHI 6L VWEL 6SKLANVEKDYSSVL- - - - - - - - -
- GESEFML MARRI GKDL'SNIFAKLEKLT | LAKRKSLFDDKAVEI EELTYI | KEDI NSL NKG| AGL GDFVRAKESGSERHL 6THSNT | VVSLESKLASNS
.nmmm_" IMVARF | GKNI'AS RY AKLEKLT MLAKKKS L EDDRPGEI €ELT YI | KEDL NAL NG6I ARL €DI' SKDERRHT NEKHL VSHS SNWL AL ESKL ASNSIDFKEI L-
SEFRR!I AGKIANG| NGRGEKL GKLS GL AKRKT L FDDRPVEI GELTF G| KGSLSSLNSLCI AS L GGVVKENRNKPAGNNGHS ENVVVS L GNSLANT S M FKDI

- ENAGE S Dl SKEMY GASKRLISSLT SLVRENNMVENDPT EAI NEL AAL VKKDI T DI NVSL DNL GE¥I NSKRESAPSREAARHS DAl VSL NKSNL NATT REFKDI
- GEPSESTNGKTKELSNLI ET FAESSRVL EKECT KI €SKRDSKELRYKI ETEL | PNCT SVRDKI ESNILI HENGKL SADFKNL KT _A<Mm_.mnw<zmzxm_._nv_.x-1_

- _Az._. DisL NPYT EIRSSIAGIAANBET MNRNAGT VNL RT FNE NE MDE L HNKNL RL ENGL NT RFNDF KANL PAENDYSL EARMKRT L FYELHGTFIi- -
WS n WVRESYISELL EAGSL PHEPKERVL ELSRVY| RCT CAPCT AST KEKKPEVLVL RCKY IRNEAL NKCESCEA- - = - === = = = = m e m o e e oo mmm oo m
WE Iv22< PE| TDKDKILYKT LPGPSCI MYCESEEESERYKY EFL RDNST CKL APT L NGY CYKEHCYKYPEESEVT T TTEAGVT EKST GRPSET RRPS PT RRPS PT RRP§P IIKKIIKANKKPSBEKKKKKKKKN

ECEADERNS RAF EKT ERRREAKKAGERS SNGERRRSEAF EARET EARART GREEET ERKEKEKL HL GRKL RS ERRKKKKKKKKKNNSANEA- - - - - - - - - - - o e oo e oo oo oo oo -
T.......10........20,........80........40........50........60........70........80........90.......100, . ..... 110, . ..... 120, . ... .. 130. .. ..

000000

00

Figure 5.9. Multiple sequence alignment of syntaxins and knockout suppressor peptides. Non polar-
(blue), negative charged- (purple), uncharged — (green), positive charged — (orange) and proline (yellow)
residues are indicated. The three isolated peptides (H603 clones 20, 23 and 27) as well as a similarity scale are

shown.
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Alignment of the peptide encoded by clone 20 with the human syntaxin 1 (1Dn1_B, used for
modelling in Chapter 4) indicated the aligned regions of the sequences to share 23% identity
and 38% similarity with the C-terminal domain (residues 237-273) of syntaxin 1 (Figure
5.10). Similarly, the peptide encoded by clone 27 shares 19% identity and 37% similarity to
the aligned N-terminal domain (residues 27-83) of human syntaxin 1 (Figure 5.11). Clone 23

did not align to human syntaxin 1.

1pnl1 B 237 -RIEYNVEHEVEYNVERAVSETKA--UxEOshrRRx<EM 273
H603_20 6 W-sHGPVVEABAVRGOYSHLLEAGSEPjorolvics 44

Figure 5.10. Multiple sequence alignments of clone 20 (H603_20) and human syntaxin 1 (1Dn1_B).
Non-polar (green), negative charged (red), positive charged (blue) and polar uncharged (grey) residues are
indicated.

1Dnl_B REMDEFH FID I2ENVEEVK]ESATLASPNPEERTEELEELSDT 83
H603_27 1 CRNSRAH GGRSQNOGRSGAFEARET TOREEETERK 59
ipnl_ B 84 KETANKVSHERS1EQST GLNRSSEDLR 115
H603_27 60 GEEKLHLQ SQRIKK KKKNMSAMEA 91

Figure 5.11 Multiple sequence alignments of clone 27 (H603_27) and human syntaxin 1 (1Dn1_B).

Non-polar (green), negative charged (red), positive charged (blue) and polar uncharged (grey) residues are
indicated.

Secondary structure prediction of the peptides indicated that clones 20 and 27, which align
best with the syntaxins, are rich in alpha helical structure (Figure 5.12). Both clones 20 and
27 contain two a-helical domains while clone 23 only contains a short 9 residue C-terminal

a-helix.

Threading analysis of clone 20 did not identify any significant similarities, but clone 23 was
found to share 24% structural identity to the SH3 domain of human intersectin 2 (which acts
as a scaffold during Clathrin mediated endocytosis). Clone 27 shares 29% structural identity
to the complexin/SNARE complex, also known as the synaphin/SNARE complex (Figure
5.13). The latter complex contains the normal four-helix SNARE complex with complexin
bound in an anti-parallel a-helical conformation in the groove between VAMP and syntaxin
helices. Complexin is believed to stabilize the interface between the latter two helices, which

bears the repulsive forces between the opposed membranes (Chen et al. 2002).
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Figure 5.12. Secondary structure prediction of the knockout suppressor peptides. Line 1. The 1-letter
code of the protein primary sequence. Line 2: 8-class secondary structure prediction (H: alpha helix, E: extended

strand, T: turn, S: bend, G: 310-helix). Line 3. Prediction of relative solvent accessibility. Symbols corresponds to

Clone 20:

WSHGPVKVAADAVRGQYSELLEAGSLPHQPKQRVLGLSRVYIRCTCAPCTASTKEKKPGV
...S.HHHHHHHHHHHHHHHHHTT. ..... T.EEEEEEEEEEEEE............ TT.
ceceeecee--—ce-cee-ce-—ceceeceeeceee-ee-—e-—-e-e-ce-ceeceeeeeeee

DVLRCKYLRNGALNKCGSCQA
.EEEHHHHHHHHHHTTS. . ..
e--e-eec-ceceeecee-ee-ee

Clone 23:

WGLHPNMVLKCPEITDKDKIYKTLPQPSCIYYCGQEEESGRYKYGFLRDNSTCKLAPTLN
....TTEEEE...... TTHEEEE..... EEEEE. .EEETSEEEEEEEE.T...EE....T
cceecece—--c-eec-cecece-cee—eceece————- ccececece-e-—--ceceece-ce-ce-¢e

GYCYKGHCYKYPGGQQVTTTTEAGVTEKSTGRPSQTRRPSPTRRPSPTRRPSPTKKTKAT
EEEEETEEEE.TT. .EEEEEEETTEEE. . .S. ... ..ttt E..
—e--e-e--—e-ceeece-ceceece—ceeccecceceeceececceceeceecceceeeceee

KKPSDQKKKKKKKKNV
....HHHHHHHHHT. .
ceceecceceeeceeeceee

Clone 27:

GQQADCRNSRAFEKTERRRGAKKAGGRSQNQGRRRSGAFEARETEARARTQREEETERKG
...... T..HHHHHHHHHHT .HHTT.....TT....HHHHHHHHHHHHHH. . HHHHHHHT
eeeee—eee e —eeeee eeeeee ceeeeeceeeeeee

KEKLHLQRKLRSQRRKKKKKKKKKNMSAMEA
HHHHHHHHHHHHHHHHHHHHHHHHHHHHH. .
eceeee-eceeceeeeeceeceeeeeeecee—eeeee

(-) the residue is buried, and (e) the residue is exposed.

®

(i)

L@ A" \k\w‘w‘h‘v\ 5 B
WY A

¢ T

Figure 5.13. Structure of the Complexin / SNARE Complex (Chen et a/. 2002). (i) Ribbon diagram with
the following coloring code: yellow, syntaxin; red, synaptobrevin; blue, SNAP-25 N-terminal SNARE motif; green,
SNAP-25 C-terminal SNARE motif; pink, complexin. (ii) Space filling model of the complexin/ SNARE complex.

Finally, we modeled the peptide encoded by clone 27 on the known crystal structure of

syntaxin 1A using Modeller. From the model it is clear that the peptide share structural

homology to the N-terminal domain of syntaxin 1A (Figure 5.14).
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Figure 5.14. Modeled structure of the knockout fragment encoded by clone 27. Superimposed model of
the backbone structure of the knockout peptide from clone 27 (brown) on that of syntaxin 1A crystal structure
(blue). The horizontal view (i), horizontal view (i), N-terminal (N), C-termianl (C) and the single region for which
no crystal data is available (arrow) is indicated. Structures were generated using Modeller and viewed using
PyMol.

In order to finally classify clone 20 and 27 as syntaxins, we need to obtain the full-length
sequence of the encoded transcript and also investigate their effect on protein secretion
from the H603 cells, as described by Jantti ef a/ (Jantti ef a/. 2002). To confirm that the
suppressor effects are not due to the W303 cell background, these plasmids must be tested
in H902 cells as well. The data obtained during this study is inconclusive in suggesting a
possible identity for clone 23. Determining the entire open reading frame of the transcript is
essential for identification. Regarding clone 5, no significant analysis could be performed due

to the short length of the deduced peptide.

5.6.5. Pull-down assays

Isolation of the SNAREs from O. savigny/ salivary glands were done by affinity
chromatography, using immobilized recombinant rat brain o-SNAP and allowing salivary
gland homogenates to bind. Eluates were investigated for the presence of SNAREs using
ELISA and SDS-PAGE. ELISA with syntaxin, SNAP25, VAMP and Rab3a (negative control)
polyclonal antibodies indicated signals 2.6 and 22.7 fold that of the negative control (Figure

5.15), confirming the presence of all three SNARE proteins in the eluate.
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Figure 5.15. ELISA of pull-down eluates using polyclonal antibodies against the various SNAREs and
Rab3a.

SDS-PAGE of the eluate confirmed the ELISA results. In the absence of salivary gland
homogenates only recombinant o-SNAP is detected, but the three tick SNAREs (as
determined by Western blotting, results not shown) are detected in samples obtained after
performing the pull-down assay (Figure 5.16). The elevated level of VAMP is visible,
explaining the high signal obtained during ELISA. In all cases, the migration rate of a-SNAP
increased (lane 2), possibly due to proteolytic cleavage of a-SNAP by a protease present in

the salivary gland homogenate. This must however be confirmed during future studies.

100, 70
55
40 0-SNAP (Rat Brain)
35 Syntaxin (O. savigny:

SNAP25 (O. savignyi)
VAMP (O. savignyi)

25

15

Figure 5.16. SDS-PAGE of pull-down eluates. Lane 1 corresponds to recombinant a-SNAP isolated using the
nickel column, while lane (2) corresponds to the eluate obtained after pull-down assays with O. savignyi salivary

gland homogenates.
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Interestingly, very high amounts of VAMP were isolated compared with that of syntaxin and
SNAP25. This can be explained from literature where it has been shown that the o-SNAP-
syntaxin as well as the a-SNAP-syntaxin-SNAP25 complexes forms high affinity biding sites
for VAMP (Hanson et al/. 1995; McMahon and Sudhof 1995). Future studies will entail the
protein sequencing of these SNAREs, amplification of their encoding transcripts and
comparing their sequences to those of known SNAREs and those identified during functional

complementation and two-hybrid studies.
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5.7. CONCLUSION

During this study, functional complementation was used to successfully identify fragments of
a putative syntaxin homologue from an O. savignyi salivary gland cDNA library. This /n vivo
system requires a functional protein domain in order to rescue the phenotype (temperature
sensitive, secretion impaired), indicating that the identified domain is biologically capable of
doing so. The syntaxin homologue identified differs from the syntaxin homologue that was
identified using the two-hybrid system with a-SNAP as bait (Figure 5.17). The two domains

share a similar charge distribution, but only 25% similarity and 13% identity to each other.

Knockout 1  —————mmmmmmmmmm GQOBD---CRNE-JAFEREERRRGA- 21
aSNAP 1  GLTTMHTNIKDIKSDLKTTENNISILSARAESIEANVASLGKVHEAVDLTEESENLSAN 60
Knockout 21 --—--[AGGRSONOCHMREGAEEAR-BTEARARTORBEETERKGIEKEE—-E-orRBE-JB 72
aSNAP 61 VDFLEKTDDF SHLVEYGIPEDPAETWAQSELEV IJLCEONIGKVVKPESIERA 120
Knockout 73 OR-BKK 77
aSNAP 121 H§SEpL 126

Figure 5.17. Multiple sequence alignment of the putative syntaxins isolated from O. savignyi
salivary glands. 7he seqguence identified during functional complementation (Knockout) and two-hybrid
screening using a-SNAP as bait (aSNAP) is shown. Non-polar (green), negative charged (red), positive charged

(blue) and polar uncharged (gray) residues are indicated.

Binding of syntaxin to «-SNAP is promiscuous and does not specifically relate to interactions
occurring at the plasma membrane, while functional complementation requires biological
activity in rescuing secretion at the plasma membrane of the yeast. It could therefore be that
the two domains are representative of two different syntaxin isoforms. This must be further
investigated by determining the entire coding regions of the domains and amino acid

sequence comparison.

A novel feature of the knockout yeast used during this study is the possibility of investigating
the effect of the various domains on protein secretion. These studies will be conducted

during future investigations, in order to confirm their biological relevance.
By using affinity chromatography with o-SNAP we were able to identify the protein

homologue of syntaxin, VAMP and SNAP25 from crude homogenates of O. savignyi salivary

glands. These proteins share structural similarity to SNAREs found in rat brain, since they
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cross-reacted with anti-rat brain SNARE antibodies. Amino acid sequencing of these will be

indispensable for further cloning and investigations on the SNAREs of O. savignyi.

222



University of Pretoria etd — Maritz-Olivier, C (2005)
Chapter 5: Functional complementation and Pull-down assays

5.8. REFERENCES

Advani, R.J., Bae, H.R., Bock, 1.B., Chao, D.S., Doung, Y.C., Prekeris, R., Yoo, 1.S., Scheller, R.H.
(1998). Seven novel mammalian SNARE proteins localize to distinct membrane compartments. 7he
Journal of Biological Chemistry 273(17): 10317-10324.

Antonin, W., Fasshauer, D., Becker, S., Jahn, R., Schneider, T.R. (2002). Crystal structure of the
endosomal SNARE complex reveals common structural principles of all SNAREs. Nature Structural
Biology 9(2): 107-111.

Bassham, D., Gal, S., Conceicao, A., Raikhel, N.V. (1995). An Arabidopsis syntaxin homologue isolated
by functional complementation of a yeast pep12 mutant. Proceedings of the National Academy of
Science of the United States of America 92: 7262-7266.

Chen, X., Tomchick, D.R., Kovrigin, E., Arac, D., Machius, M., Sudhof, T.C., Rizo, J. (2002). Three-
dimensional structure of the complexin/SNARE complex. Neuron 33: 397-409.

Clontech Laboratories, 1. (1997a). Matchmaker Gal4 Two-hybrid vectors handbook (PT3062-1).

Conibear, E., Stevens, T.H. (1995). Vacuolar biogenesis in yeast: Sorting out the sorting proteins. Ce//
83: 513-516.

Fasshauer, D. (2003). Structural insights into the SNARE mechanism. Biochimica et Biophysica Acta
1641: 87-97.

Gellissen, G., Melber, K., Janowicz, Z.A., Dahlems, U.M., Weydemann, U., Piontek, M., Strasse,
A.W.M., Hollenberg, C.P. (1992). Heterologous protein production in yeast. Antonie van Leeuwenhoek
62: 79-93.

Hanson, P.I., Otto, H., Barton, N., Jahn, R. (1995). The N-ethylmaleimide sensitive fusion protein and
alpha-SNAP induce a conformational change in syntaxin. 7he Journal of Biological Chemistry 270(28):
16955-16961.

Jantti, J., Aalto, M.K., Oyen, M., Sundqyvist, L., Keranen, S., Ronne, H. (2002). Characterization of
temperature-sensitive mutations in the yeast syntaxin 1 homologues Ssolp and Sso2p, and evidence
of a distinct function for Ssolp in sporulation. Journal of Cell Science 115: 409-420.

Jouannic, N., Lepetit, M., Vergnolle, C., Cantrel, C., Gardies, A.M., Kader, J.C., Arondel, V. (1998).
Isolation of a cDNA from Arabidopsis thaliana that complements the sec14 mutant of yeast. European
Journal of Biochemistry 258: 402-410.

Katz, L., Brennwald (2000). Testing the 3Q:1R Rule: Mutational analysis of the ionic zero layer in the
yeast exocytic SNARE complex reveals no requirement for arginine. Molecular Biology of the Cell 11:
3849-3858.

Kingsman, S.M., Kingsman, A.J., Dobson, M.J., Mellor, J., Roberts, N.A. (1985). Heterologous gene
expression in Saccharomyces cerevisiae. Biotechnology and Genetic Engineering Reviews 3: 377-416.

Kucharczyk, R., Rytka, J. (2001). Saccharomyces cerevisiae - a model organism for the studies on
vacuolar transport. Acta Biochimica Polonica 48(4): 1025-1042.

Marz, K.E., Lauer, J.M., Hanson, P.I. (2003). Defining the SNARE complex binding of alpha-SNAP. 7he
Journal of Biological Chemistry 278(29): 27000-27008.

McMahon, H.T., Sudhof, T.C. (1995). Synaptic core complex of synaptobrevin, syntaxin and SNAP25
forms high affinity alpha-SNAP binding site. The Journal of Biological Chemistry 270(5): 2213-2217.

223



University of Pretoria etd — Maritz-Olivier, C (2005)
Chapter 5: Functional complementation and Pull-down assays

McNew, J.A., Sogaard, M., Lampen, N.M., Machida, S., Ye, R.R., Lacomis, L., Tempst, P., Rothman,
J.E., Sollner, T. (1997). Ykt6p, a prenylated SNARE essential for endoplasmic reticulum - Golgi
transport. 7he Journal of Biological Chemistry 272(28): 17776-17783.

Pullikuth, A.K., Gill, S.S. (2002). In vivo membrane trafficking role for an insect N-ethylmaleimide
sensitive factor which is developmentally regulated in endocrine cells. 7he Journal of Experimental
Biology 205: 911-926.

Rossi, G., Saliminen, A., Rice, L.M., Brunger, A.T., Brennwald, P. (1997). Analysis of a yeast SNARE
complex reveals remarkable similiarity to the neuronal SNARE complex and a novel function for the C
terminus of the SNAP-25 homolog, Sec9. The Journal of Biological Chemistry 272(26): 16610-16617.

Rothman, J.E. (1996). The protein machinery of vesicle budding and fusion. Protein Science 5: 185-
194.

Shaw, 1.D., Cummings, K.B., Huyer, G., Michaelis, S., Wendland, B. (2001). Yeast as a model system
for studying endocytosis. Experimental Cell Research 271: 1-9.

Sutton, R.B., Fasshauer, D., Jahn, R., Brunger, A.T. (1998). Crystal structure of a SNARE complex
involved in synaptic exocytosis at 2.4 A. Nature 395: 347-353.

224



	Front
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	CHAPTER 5
	5.1. INTRODUCTION
	5.2. HYPOTHESIS
	5.3. AIMS
	5.4. MATERIALS
	5.5. METHODS
	5.6. RESULTS AND DISCUSSION
	5.7. CONCLUSION
	5.8. REFERENCES

	Chapter 6
	Back

