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Abstract

Sphingolipids are ubiquitous and essential components of eukaryotic cells. They are major
components of the membrane, and have also been identified to be important in signalling.
Until recently, very little has been known about IPCS in plants. The activity has been
characterized in bean microsomes in 2003 by Bromley et al., but until now no genes
encoding IPCS have been identified. Here the three Arabidopsis thaliana genes potentially
encoding IPCS, which is responsible for a step in sphingolipid synthesis have been
characterized and the expression level has been identified. Genes have been cloned and
transformed into the yeast-E. coli shuttle vector pRS426 MET for investigating the
encoded activity. In vivo and metabolic labelling in vitro studies of the complementation
studies of AURI of these IPCS genes demonstrated that IPCS function as AURI. Although
salt tolerance in vivo studies and metabolic labelling in vitro studies of ISCI
complementation studies showed that IPCS did not function as ISC1, IPC-PLC. By
designing gene specific primer sets, tissue-specific expression patterns for these genes have
been identified for the first time and suggest that the expression of particular IPCS genes
are regulated in a tissue-specific and developmental-étage manner, Furthermore, A.
thaliana TPCS was found to be resistant to the anti-fungal agent aureobasidin A (AbA).
This may provide important aspects to future management and prevention of fungal
diseases in plants. Identifying the functions and characteristics of A. thaliana IPCS
provides important aspects of sphingolipid synthesis and signalling in plants.



Introduction

1. Introduction

1.1 What are Sphingolipids?

Sphingolipids are ubiquitous constituents of eukaryotic cells, and are present in almost all
eukaryotes as well as a few prokaryotes (Lynch and Dunn 2004). They are niajor
components of the plasma membrane, tonoplast, and other endomembranes. The name
“sphingolipid” was given due to its enigmatic (sphinx-like) chemical structure (Hakomori
1983). Over 300 different sphingolipids have been characterized structurally (A. H.
Jr.Merrill 1996), and when variations in the LCB and acyl chain are also considered, the
possible molecular species number in the thousands (Vesper et al. 1999).

Sphingolipids are based on long-chain sphingoid bases and constituents of phospholipids
and glycolipids (Huwiler et al. 2000b; Huwiler et al. 2000a). In mammals the predominant
sphingolipid classes are sphingomyelin and many neutral and acidic glycolipids (Hakomori
1983; A. H. Jr.Merrill 1996).

In fungi, sphingolipids consist of glucosylceramides and inositolphosphorylceramides
(IPCs) (Sakaki et al. 2001), but in Saccharomyces cerevisiae they are exclusively IPCs
(Lester and Dickson 1993).

Howévér in plants, the major long-chain bases (LCBs), trihydroxy 18:1(18E/Z isoforms)
and dihydroxy 18:2(4E/(E/Z)) in plants are not found in animals and yeast (Markham et al.
2006). In plants, the predominant complex sphingolipid is glucosylceramide (Warnecke
and Heinz 2003). Complex (polar) glycophosphosphingolipids (glycosylated IPC species)
have been isolated as well (Lester and Dickson 1993). Further research in A. thaliana has
revealed only one major anionic sphingolipid class, hexose-hexuronic-
inositolphosphoceramide. This was identified using hydrolysis of sphingolipids, high
performance liquid chromatography analysis and mass spectrometry (Markham et al.
2006).

By developing a single solvent system with reversed-phase high performance liquid
chromatography coupled to electrospray ionization tandem mass spectrometry detection,
168 sphingolipids from crude A. thaliana samples were separated and measured (Markham
and Jaworski 2007). Major sphingolipid classes, glycosylinositolphosphoceramides,
glucosylceramides, hydroxyceramides and ceramides and other minor but potentially
important free long-chain bases sphingolipids and their phosphorylated derivates were
identified.
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At first sphingolipids were thought to serve primarily as inert structural compounds,
contributing to mechanical stabilisation and chemical resistance of the outer leaflet of the
plasma membrane (Karlsson 1970). Since 1986 however, it has been established that
sphingolipids function as bioactive molecules in animal cells (Hannun et al. 1986). In
neuronal tissue, sphingolipids and their anabolic compounds are also important
components and are closely associated with nerve function. The sphingolipids,
sphingomyelin and gangliosides are important components of nerve myelin sheaths and
play a crucial role in the development of the neuronal tissue and its function and stability in

the mature organism (Milstien et al. 2007).

1.2 Sphingolipid Biosynthesis in Yeast
A diagram of the sphingolipid biosynthesis in yeast is shown below Figure 1. In yeast, as

in mammalian cells, the first step in sphingolipid metabolism involves the condensation of
serine and palmitoyl-CoA in the endoplasmic reticulum (ER) by serine palmitoyl

transferase (SPT) (Dickson and Lester 1999). For this activity, two LCBs, LCB!I and LCB2,
found in all organisms that make sphingolipids, are required (Nagiec et al. 1994). After the
initial condensation of serine and palmitoyl-CoA into 3-keto dihydrosphingosine, the
enzyme 3-keto reductase (TSC gene) converts it into dihydrosphingesine which is also

carried out in the ER (Beeler ef al. 1998).

The next step in yeast, which is different to that of the mammalian reaction, is that either
dihydrosphingosine or dihydroceramide are hydroxylated by the ceramide synthase,

SUR2/SYR2 into phytosphingosine or phytoceramide, respectively (Haak et al. 1997,

Grilley et al. 1998). Then the LCB, phytosphingosine is acylated to phytoceramide. This

step is also different to mammalian cells, which involves very long-chain fatty acids. This

enzyme is encoded by LAGI] and its homologue LAC1 (Guillas et al. 2001). Finally
ceramides in yeast are incorporated into complex sphingolipids such as

inositolphosophorylceramide (IPC). The enzyme involved in this step is encoded by AUR1

which is an essential yeast gene (Nagiec ef al. 1997). This enzyme, which is not present in
mammalian cells, is a target for aureobasidin, a fungal toxin (Zhong et al. 2000). Therefore,
it has a potential importance for anti-fungal drugs. IPC is further mannosylated to MIPC

and MIP,C in the Golgi by GDP mannose. .

ISC1 (YERO019w), an enzyme involved in the breakdown of sphingolipids have been
identified. This enzyme hydrolyses IPC back to ceramide (Sawai et al. 2000b).
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Serine + Palmitoyl-CoA

J LCB1, LCB2

Keto-dihydrosphingosine
lTSCﬂ)

Dihydrosphingosine (DHS) ., | .. DHS-I-'l:)P1 Ethanolamine-1-P
Jsrma.sune — = ¢

LCB3, YSR2, LBP1 Hexadecanal

Phytosphingosine (PHS) PH 1-P

LAG1, LAC1 \
YPC1
LAG1, LAC1 &

Dihydroceramide Phytoceramide

Inositolphosphorylceramide (IPC)

‘CSGZ SUR1

Mannosylated [PC (MIPC)

IPT1

M(IP),C

AUR1 TISO1

Figure 1 Yeast Sphingolipid Metabolism

The first step in sphingolipid metabolism involves the condensation of serine and palmitoyl-CoA in the
endoplasmic reticulum by SPT, which is encoded by two LCB, /ch! and Ich2. After the initial condensation
of serine and palmitoyl-CoA into 3-keto diliydrosphingosine, the enzyme 3-keto reductase (tsc) converts it
into DHS, which is also carried out in the ER. Next step is either dihydrosphingosine or dihydroceramide are
hydroxylated by the ceramide synthase, SUR2/SYR2 into phytosphingosine or phytoceramide, respectively.
This is different to the reaction of that in mammals. Then the LCB, phytosphingosine is acylated to
phytoceramide. This enzyme is encoded by Jag! and its homologue /ac!, Finally ceramides are incorporated
into complex sphingolipids such as IPC encoded by aur! which is an essential yeast gene. ISC1 encodes
inositolphosphosphingolipids phospholipase C. IPC is further mannosylated to MIPC and MIP,C in the Golgi
by GDP mannose. Figure adapted from (Obeid et al. 2002a)
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Sphingolipid LCBs are known as signalling molecules for regulating growth (Sun et al.
2000), response to stress (Aerts et al. 2006) and cell wall synthesis and repair (Schmelzle
et al. 2002).

Other roles have recently been discovered such as protein trafficking/exocytosis (Skrzypek
et al. 1997), lipid rafts or microdomanis, which constitutes cholesterol and sphingolipids.
(Hearn et al. 2003), calcium homeostasis (Futerman 2005), longevity and cellular aging
(Jiang et al. 2004), nutrient uptake (Chung e? al. 2001), cross talk with sterols (Kihara and
Igarashi 2004) and the action of some antifungal agents (Nagiec ef al. 2003a).

Fungal toxins that target sphingolipid metabolism are shown in Table 1 (Obeid er al.
2002a).

Table 1 Fungal toxins that target sphingolipid metabolism

Toxin Enzyme target

Myriocin Serine palnlitoyltransferase (Lcblp)
Syringomycin E Dihydrosphingosine hydroxylase (Sur2p/Syr2p)
Fumonisin B Ceramide synthase

Australifungin Ceramide synthase

Aureobasidin Inesitol phosphoceramide synthase (Aurlp)

1.3 Sphingolipids in Plants

1.3.1 Metabolism of Sphingolipid

A diagram of the sphingolipid metabolism pathways in plants is shown below (Figure 2).
The metabolic pathway is constructed of three parts which is synthesis and fates of
sphinganine, conversion of ceramide to complex sphingolipids, and LCB and acyl-chain
modification.

As in yeast, sphingolipid biosynthesis starts with the condensation of palmitoyl-CoA and
serine to yield 3-ketosphinganine, catalyzed by SPT. Plants have one homolog of the yeast
LCB1 and two homologs of LCB2. A. thaliana LCBI encodes a genuine subunit of SPT
that rescues the sphingolipid LCB auxotrophy of Saccharomyces cerevisiae SPT mutants
when coexpressed with Arabidopsis LCB2. Non lethal reduction of At LCBI expression

results in profound alterations in the growth and development of Arabidopsis and in the
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LCB composition of complex sphingolipids which show that sphingolipids are essential in
Arabidopsis (Chen et al. 2006).

In the next step, 3-ketosphinganine is reduced with NADPH by KSR to yield sphinganine.
Two homologs of the yeast gene TSC10 are found in A. thaliana, but their functions have
not been demonstrated.

In the next step, the amino group of sphinganine is acylated to yield ceramide. The activity
of sphinganine N-acyltransferases in 4. thaliana has been demonstrated in microsomal
membrane (Sessler et al. 1993).

Following the acylation of sphinganine, the resulting ceramide serves as substrate for the
formation of glucosylceramide and IPC. Activity of IPC synthase has been demonstrated
by monitoring the incorporation of fluorescent NBD-C ceramide or [*H]inositolphosphate
from radiolabeled phosphatidylinositel (PI) into product identified by TLC. Also, two
fungal IPC inhibitors, AbA and rustmicin have been shown to inhibit the enzyme activity

in bean microsomes (Bromley ef al. 2003).
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Figure 2 Sphingolipid Metabolism in Plants

Plant sphingolipid biosynthesis starts with the condensation of palmitoyl-CoA and serine to yield 3-
ketosphinganine as in yeast, Plants have one homolog of the yeast LCB1 and two homologs of LCB2.
Next, 3-ketosphinganine is reduced with NADPH by KSR to yield sphinganine. Then the amino group of
sphinganine is acylated to yield ceramide. Following the acylation of sphinganine, the resulting ceramide
serves as substrate for the formation of glucosylceramide and IPC., Known yeast gene orthologues are
listed in brackets. Abbreviations: CERase, ceramidase; GCase, glucosylceramidase; GCS,
glucosylceramide synthase; IPCS, inositolphophorylceramide synthase; KSR, 3-ketosphinganine
reductase; LCBK, long-chain base kinase; LCBPL; long-chain base-phosphate lyase; LCBPP, long-chain
base-phosphate phosphatase; PLC, phospholipase C; SAT, sphinganine acyltransferase; SH, sphinganine
hydroxylase; SPT, serine palmitoyltransferase. Figure adapted from (Dunn et al. 2004)
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1.3.2 Function of Sphingolipids in Plants

Roles of sphingolipids in plants include membrane structural components (Borner et al.
2005), cell signaling (Bille ez al. 1992; Wang et al. 1996), stress response (Borner et al.
2002), pathogenesis (Birch et al. 1999) and apoptosis (Wang et al. 1996).

In A. thaliana, glycosylinositolphosphoceramides are the most abundant sphingolipid class
with the major species being hexose-hexuronic-inositolphosphoceramide, and then
monohexosylceramides, and ceramides accounted for 69%, 31%, and 2% of the total
sphingolipids, respectively, suggesting there is an important role for the anionic
sphingolipids in plant membranes (Markham et al. 2006). ‘

In membranes, sphingolipids are known to serve as structural components. They are
synthesized in the endoplasmic reticulum and the Golgi but are enriched in plasma
membrane and endosomes which would indicate they travel between organelles where they
perform many of their functions. This is how the function of rafts and translocators were
proposed (van Meer and Lisman 2002).

In mammals and fungi, sphingolipids associate with cholesterol or ergosterol, respectively,
and form clusters of rafi-like domains, These domains, which are enriched in GPI-linked
proteins have been found to facilitate lateral sorting of proteins, membrane trafficking and
signal transduction (van Meer and Lisman 2002). Such domains exist in plants as well
though in plants they contain sterols in addition to cholesterol (Peskan et al. 2000). Plant
sterols are known to stabilize raft structure effectively (Xu et al. 2001). As detergent-
resistant sphingolipid- and sterol-rich membrane domains are associated with the
trafficking and function of cell surface proteins in eukaryotic cells, evidence of lipid
domains in plant membranes were researched (Borner et al. 2005). Using proteomic
approaches, in A. thaliana, eight GPl-anchored proteins, several plasma membrane
ATPases, multidrug resistance  proteins, and proteins of the
stomatin/prohibitin/hypersensitive response family were found in detergent:resistant-

membranes (Borner ef al. 2005).

Sphingolipids also play a role in cell signalling. Sphingolipid signalling is thought to be a
complex multifactorial signal derived from the interaction of several different
sphingolipids, making the examination of all sphingolipids a critical factor in the dissection
of sphingolipid function (Markham et al. 2006).
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The important signalling molecules in eukaryotic organisms are sphingoid LCBs and their
phosphorylated derivatives (LCB-Ps). In plants, SIP is a key sphingolipid second
messenger. The knock-out of an A. thaliana gene coding for a protein accelerating in vitro
(E)-sphing-4-enine transfer between membranes caused activation of cell death and
defense (Brodersen et al. 2002). Also S1P has been shown to be a Ca’’-mobilizing
messenger active in stomatal guard cell in drought and abscisic acid signalling in
Commelina communis (Ng et al, 2001). In animals, the action of S1P is mediated largely
through G protein-coupled receptors (GPCRs) of the S1P receptor family (Kluk and Hla
2001). In A. thaliana, the enzyme responsible for S1P production, sphingosine kinase
(SphK), is activated by abscisic acid, and is involved in both abscisic acid inhibition of
stomatal opening and promotion of stomatal closure (Coursol ez al. 2003).
Glycophosphosphingolipids and their metabolites in plants may also be involved in cell
signalling or cell-cell recognition as there is a similarity to animal complex sphingolipids
(Hetherington and Drobak 1992), though at present, no direct evidence have been shown
that these sphingolipids are signalling molecules (Worrall et al. 2003).

Recent evidence suggests that mycotoxin-induced and PCD results from alterations in
sphingolipid metabolism and that PCD is associated with accumulation of free sphingoid
bases, dihydrosphingosine and 3-ketodihydrosphingosine. Interestingly, mycotoxin-
induced PCD can be rescued by ceramide (Brandwagt et al. 2000), suggesting that cellular
levels of ceramide and sphingoid bases can function as a rheostat to determine PCD or
survival, similar to the S1P-ceramide rheostat proposed in mammalian cells (Maceyka ez
al. 2002).

Sphinganine-analogous mycotoxins are known to induce necrosis, DNA fragmentation and
accumulation of free long chain unsaturated bases in different plant tissues (Moore et al.
1999). This could be attributed to a competitive inhibition of the sphinganine N-
acyltransferase (ceramide synthase) activity (Gable et al. 2000). .

In plants, sphingolipids are essential for the establishment and maintenance of cell polarity
by controlling actin cytoskeleton. Accumulation of ceramide is likely to be responsible for
arresting the first step of the cell cycle, G1, in which the genes are expressed and proteins
are synthesised (Cheng et al. 2001).
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1.5 Sphingolipids and Diseases

Sphingolipids are involved in disorders and diseases such as globoid cell leukodystrophy
(GLD) and Krabbe’s disease (Clementi et al. 2003). The multinuclear cells associated with
GLD are called globoid cells, from which the name derives from. It is found that GLD is a
neurological disease characterized by severe myelin loss, and mental and motor
deterioration in infants (Suzuki 1998). The primary defect of GLD is a deficiency of
galactosylceramidase, which is the lysosomal enzyme that catalyzes the hydrolysis of
GalCer to Gal and ceramide (Mitsuo er al. 1989). The GalCer deficiency leads to
disruption of the metabolism of GalCer-related sphingolipids and therefore results in the
accumulation of lysosphingolipid psychosine. Disturbances of the fragile balance in myelin
components are directly linked with various disorders of central nervous system (CNS)
(Kinney et al. 1994).

Sphingolipids may be used for the development of therapeutic approaches which is based
on the role of ceramide in processes for cancer, ischemia-reperfusion injury, and diseases
of the immune system (Kester and Kolesnick 2003). They also may play a key role in
transmission of HIV infection (Ono and Freed 2001).

In plants, sphingolipids and its phosphorylated derivatives, synthesised in plants through
ceramide biosynthetic pathway, were the signal molecules that trigger the endogenous
PCD during susceptible disease response (Khurana et al. 2005).

A disease resistant gene Asc-1 is known to prevent the disruption of sphingolipid
metabolism during AAL (a nectrotrophic fungus Alternaria alternate f.sp. lycopersici)-
toxin-induced programmed cell death, The interaction between or a sensing of the levels of
ceramide and free LCBs trigger apoptosis (Spassieva et al. 2002). The presence of Asc-1 is
able to relieve an AAL-toxin-induced block on sphingolipid synthesis which would
otherwise lead to PCD. In Arabidopsis, mutant Accelerated Cell Death 11 (ACD11) is
deficient in putative sphingolipid LCB transfer protein (Brodersen et al. 2002). And ACDS5
gene has been identified as a ‘lipid kinase with specificity for short-chain fatty acyl
ceramides (Liang et al, 2003),

1.6 What is known about IPC synthase

Inositol-containing sphingolipids are present in fungi, protozoa and plants. IPCS

(phosphatidylinositol ceramide inositolphosphate transferase), is an enzyme which
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catalyzes the reaction between phosphatidylinositol and ceramide, such as nonhydroxy
fatty acid-containing ceramide, hydroxy fatty acid-containing ceramide, and NBD-Cg
ceramide, to complex sphingolipids producing diacylglycerol (Figure 3).

Many complex IPC derivatives have been found in plant tissues which show a large
structural diversity (Kondo and Nakano 1987). These derivatives are components of plant
cell membranes, especially the plasma membrane and tonoplast. In S. cerevisiae, M(IP),C
is the major sphingolipid and is prevalent in the plasma membrane, while MIPC and IPC
are minor sphingolipids and are enriched in the Golgi and tonoplast (Obeid et al. 2002b),

o ~CHg-CHe(CHg) e~ CHo
ﬂ‘-‘é—m"' -

Phosphatidylinositdl ~ Diacylglycerol —0
=GHg=CHa=(CH2)12~CHa, ;
R—CG—NH—C—H D=&-—O‘
CHOH OH OH
Ceramideo IPCS @
OH
inositolphosphoryiceramide
(IPC)

Figure 3 Reaction Catalyzed by IPC Synthase
IPC synthase catalyzes the transfer of inositolphosphate from phosphatidylinosito! to ceramide producing
diacylglycerol and IPC. Figure adapted from (Lynch and Dunn 2004)
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IPCS is encoded by the AUR1 gene, and when IPC synthesis was inhibited, it led to
lethality which would suggest that it is vital in S. cerevisiae (Mandala et al. 1998). Not
much has been known about IPCSin plants, but it is thought to be similar to its yeast
counterpart in many respects (Bromley ef al. 2003). In animal cells, ceramide is a substrate
for SM which is catalyzed by SM synthase. As these IPC derivatives are absent in animals
and required in various fungi, this gives IPCS a great potential for antifungal agents. AbA,
a fungal inhibitor, is known to inhibit IPCS in yeast (Zhong et al. 1999) and bean
microsomes 9Bromley et al. 2003), but is resistant to Leishmania donovani TPCS (J. G.
Mina Unpublished).

Research by Bromley et al., suggests that light does not affect the enzyme levels in the
tissue as the IPC detected in 4 day old bean hypocotyl and 3 weeks old leaf were the same.
Also the enzyme may be less active in menocots than dicots as corn and onion produce less
IPC compared to bean, red bell pepper fruit and spinach respects (Bromley et al. 2003).
Also it was demonstrated that IPCS does not exhibit any strict substrate specificity as all
three types of ceramides (HFA-Cer, NHFA-Cer, and NBD-Cy) served as substrate.

A. thaliana TPCS was identified with the predicted protein sequence of Leishmania IPCS
using the Arabidopsis genome database (http://www.tigr.org/tdb/e2k1/ath1/). Four open
reading frames encoding three highly related sequence orthologues, At IPCS1, At IPCS2,
At IPCS3 and At IPCS4 were identified J. G. Mina Unpublished. The AGI numbers of
these genes were, At IPCS1 (4r3g54020), At IPCS2 (A:2g37940), At IPCS3 (Ar2g29525.1)
and At IPCS4 (412g29525.2).

1.7 Aim of Study

The aim of this study was to clone plant orthologues of yeast AURI gene to test whether
plant IPCS can functionally complement yeast AUR1 mutant and to see if plant IPCS have
activity of PLC (ISC1). To quantify the expression of these IPCS genes in plant tissue,
gene specific PCR primer sets for IPCS 1, 2, and 3 were developed.

11
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2. Materials and Methods

2.1 Growing Arabidopsis thaliana

Arabidopsis thaliana seeds were sterilised before planting; seeds were placed in a 7.5ml
plastic bijou bottle and immersed in 70% ethanol for 30 seconds. The ethanol was removed
with a pasteur pipette, and the pipette was kept in the tube for subsequent changes of
solutions and for spreading the seeds on the petri dish. The tubes were then filled with 10%
commercial bleach and 1 drop of tween 20 (a surfactant) and left for 20 minutes. Then the
bleach was removed with the pasteur pipette and the seeds were rinsed twice with sterile
distilled water. Enough water was left to spread out the seeds using the pasteur pipette onto
the surface of growth media 2 MS 10 agar plates, The formulation of this media is
described in the appendix, Preparing Media.

Once spread, plates were sealed with micropore tape and incubated for one week in the
dark at 4°C. This was to facilitate the stratification of the seeds. Then plates were
transferred into the tissue culture room which was set at 22°C with intensive light for 24

hours to germinate.

2.2 Planting Arabidopsis

Plants were transferred into soil after they had grown to approximately lcm on tissue
culture media. One part sand was added to four parts of sieved soil then the soil was
transferred into containers and was soaked in water. 0.2g/l of intercept70WG (Levington)
per batch was poured on top of the soil to avoid insects and then plants were carefully
planted from the growth media into the soil.

After the rosette leaves had developed, araconbases and aracontubes (Arasystem) were put
around individual plants to avoid cross fertilisation of the plants and to aid seed collection.
Water was provided regularly and the plants were growing in a regulated green house; 16
hours of day light, 6 hours of auxiliary lights. Day temperature was regulated at 23°C and
night temperature was 18°C.,

12
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2.3 Purification of RNA from Plant Material

RNA from plants was purified using an RNeasy Plant Mini Kit (Qiagen). Plant tissue was
immediately placed in liquid nitrogen and was ground thoroughly with an autoclaved
mortar and pestle. The tissue powder was decanted into an RNase-free 2ml
microcentrifuge tube.

The extraction of RNA from plant material was carried out according to the manufacture’s
protocol. Buffer RLT was used for A. thaliana. Buffer RLT contains guanidine thiocyanate
and it disrupts cells and denatures properties.

To elute RNA, RNeasy spin column was placed in a new 1.5 ml collection tube. 30 ul of
RNase-free water was added directly to the spin column membrane and centrifuged for 1
min at >10,000 rpm twice. Then RNA was quantified by NanoDrop ND-1000
Spectrophotometer (Labtech International) to check the purity and quantity and samples

were stored at -20°C.

2.4 RNA Precipitation

RNA precipitation was carried out for subsequent use where RNA yield was low.

Milli Q water (MQ) was added to DNase treated RNA (described below) to make a volume
of 100 ul. Equal amount of phenol: chloroform: isoamyl alcohol (25: 24: 1 v/v) was added
and vortexed and briefly centrifuged. The aqueous phase was transferred into a new
eppendorf tube and RNA was re-extracted from sample. 4M LiCl was added to the
extracted RNA to make a final concentration of 0.5M LiCl and left on ice for 30 min.
Samples were centrifuged at 4°C for 20 min at 16kg. Pellet was washed with 80% EtOH
and air dried for 2 min. The pellet was re-suspended in smaller volume of MQ. Purity and
quantity of RNA was checked by looking at the A260/280 and A260/230 value using
NanoDrop ND-1000 Spectrophotometer. See 2.14 for further details.

2.5 Reverse Transcriptase (RT) Reaction

RT-reactions were carried out to prepare cDNA from extracted RNA. 1.0ul of 500ug/ml
oligo dT (Invitrogen), ~1.0ug of total plant RNA (2 ug for QPCR)and MQ were added to a
final volume of 11pl. Samples were incubated at 65 °C for 5 min and then quenched on ice
for 5 min. 4.0 ul of RT buffer, 2.0ul of 0.1M DTT (Invitrogen), 1.0ul of 10mM dNTPs,
1.0¢1 of RNasin (40u/ pl, Promega) and 1.0u1 of superscriptIIl (200u/ pl, Invitrogen) were

13
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added, which made a final concentration of 10mM DTT and 0.5mM dNTPs, and samples
were incubated at 42 °C for 90min, and then 72 °C for 15min.
If there was genomic DNA contamination in the cDNA, DNase treatment of the RNA

samples were carried out during the extraction.

2.6 DNase Treatment

DNase treatment using RQ1 RNase-Free DNase (Promega) was carried out according to
the manufacture’s protocol. All procedures were done in RNase free condition.

An on-column DNase digest was carried for Q-PCR RNA samples, according to the
manufacturers prdtocol (QIAGEN).

2.7 Polymerase Chain Reaction (PCR) amplification of DNA

2.7.1 PXE 0.5 Thermal Cycler

PCR was carried out using BIOTAQ DNA polymerase (Bioline) and a PXE 0.5 Thermal
Cycler (Thermo Electron Corporation) PCR machine. As a general reaction mixture, 5 pl
of 10 x NH, reaction buffer, 1.5 pl of 50mM MgCl;, 1 ul of 10mM dNTPs, 1 ul of DNA, 1
pl of forward primer, 1 pl of reverse primer, 0.2 ul of TAQ, and MQ to make up to 50 ul.
This gave a final concentration of 1.5mM MgCl, 0.2mM dNTPs and 0.4uM primer. The
amount of MgCl,, Primers and DNA were altered to obtain the strongest band. The general
programme was, 1 cycle of 5 min of 95°C, 30 cycles of 30 sec of 95 °C, 30 sec of annealing
temperature and 90 sec of 72 °C, and 1 cycle of 72 °C for 5 min. The annealing temperature

was calculated from the sequence of the primer sets.

2.7.2 Robocycler Gradient 96 PCR

A robocycler gradient 96 (Stratagene) was used to optimise the annealing temperature of
primer sets. The general solutions used were the same as a thermal cycler. The general
programme used was, 1 cycle of 95 °C for 6 min, 30 cycles of 50 sec of 95 °C, 70 sec of
44-66 °C, 90 sec of 72 °C, and 1 cycle of Smin of 72 °C. MgCl, was optimised for each

primer sets.
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2.7.3 Colony PCR

Colony PCR was carried out to confirm successful yeast transformation with recombinant
plasmids.

A standard PCR solution (stated above) was prepared with 1 ul of water instead of 1 ul of
DNA. 20 ul of solution was placed into eppendorf tubes, and cells from the colonies with
no prior heat treatment were added with an autoclaved tooth pick.

A normal PCR programme was used and colonies with insertion were determined by

agarose gel electrophorosis of the PCR product.

2.7.4 Quantitative PCR

To quantify the steady-state levels of RNA for each IPCS gene in plant material, a real
time Quantitative PCR was carried out using Rotor-Gene RG-3000 (CORBETT
RESEARCH).

For the general reaction solution, 2 ul of 10 x NH,4 reaction buffer, 0.6 ul of 50mM MgCl,,
0.4 pul of 10mM dNTPs, 4 ul of appropriately diluted DNA, 0.4 pl of forward primer, 0.4
pl of reverse primer, 0.08 ul of TAQ, 0.2ul of SYBR Green and MQ to make up to 20 ul.
SYBR Green I nucleic acid gel stain (Invitrogen) was diluted 600 fold). Final
concentration of each solution was, 1.5mM MgCl,, 0.2mM dNTPs and 0.4uM primer, The
amount of MgCl, used with each primer pair was based on the end point PCR, and primer
sets and DNA were optimised to obtain the best results. The general programme was, 1
cycle of 10 min of 95°C, 30 cycles of 10 sec of 95 °C, 15 sec of annealing température and
20 sec of 72 °C, melt analysis was 1 cycle of 72 °C to 95 °C rising 1 °C each step and
waiting for 45sec on first step and then waiting for 5sec for each step onwards. The
annealing temperature was set from end point PCR results for each primer pair

concentration.

2.8 Gel Electrophoresis

After PCR, products were generally electrophorsesed through a 0.8% agarose gel to check
band size. Gels were made from agarose multi-purpose (Bioline) and 1xTAE (4.84g Tris,
1.142ml glacial acetic acid and 2ml 0.5M of pH8.0 EDTA in a litre). The solution was
heated and dissolved in the microwave, and once it had cooled, 0.07ul/ml of 10mg/ml
ethdium bromide was added and poured into the plates to give a final concentration of
0.7ug/ml. 1x TAE was used for buffer. '
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10p1 of PCR product was mixed with 1ul of 10-times orange G loading buffer (4g sucrose,
20mg orange G dye topped up to 10ml MQ) and was carefully loaded into wells. An
appropriate marker was chosen, and the gel electrophoresis was run at 120V for 30 to 40
min. The gel was then examined under UV light to determine the band size in comparison
to the appropriate size molecular markers (@X x HAEIIl, Lamda x HinDIII and
Hyperladder V - Bioline).

2.9 Purifying DNA form Agarose Gel
DNA was purified from agarose gels using a Perfectprep Gel Cleanup Kit (Eppendorf)

following the manufacture’s protocol. DNA was eluted in 30ul elution buffer, and
quantified using NanoDrop ND-1000 Spectrophotometer and stored at -20°C.

2.10 Ligation and Transformation

Ligations of PCR products were set using pGEM-TEasy vectors (Promega) according to
the manufacturer’s protocol. Samples were incubated at 4°C overnight and transformation
was carried out using E. coli XL1-blue made competent by calcium chloride treatment
(Hanahan 1983). Competent E. coli XL1-blue cells were thawed on ice for 5 min. 5ul of
ligation was carefully added to 50ul of competent E. coli XL1-blue cells and placed on ice
for 30 min, Using a heat-shock method, eppendorf tubes were placed in a 42 °C water bath
to allow the plasmid to transform competent E. coli XL1-blue cells. Then tubes were
placed on ice for 2 min and 900ul of LB broth was added to tubes and were incubated at 37
°C for 1 hour with shaking.

After incubation, cells were centrifuged at 10,000xg and gently re-suspended with 300ul of
the incubated LB broth. Then 100ul of sample was plated on to ampicillin, IPTG and X-
Gal containing LB plates (50mg/ml ampicillin, 200pM IPTG and 20mg/ml X-Gal), and
incubated at 37 °C overnight.

White and light blue cells were selected and inoculated into ampicillin containing LB
media and on LB plates. Media/ plates were incubated at 37 °C overnight with shaking,
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2,11 Purifying Plasmid from E. coli cells

After the cells have grown in ampicillin containing LB broth, plasmid was purified using
Wizard Plus SV Minipreps DNA Purification System (Promega). DNA was eluted in 30ul
x 3 of water, quantified by NanoDrop ND-1000 Spectrophotometer and stored at -20°C.

2,12 Restriction Enzyme Digestion

To confirm the success of ligation/transformation, restriction enzyme digestion was carried
out. 1.2 ul of the appropriate buffer, 2 ul of the plasmid, 1 ul of appropriate restriction
enzyme and 7.8 pul of water was added. Digestion was incubated at 37°C for 2 to 3 hours.

2.13 Sequencing

Sequencing was sent to an internal sequencing lab, and was carried out using pUC/M13
forward and reverse primers. Specific primers were designed to confirm the sequence in
pRS426 MET (Figure 4) prior to cloning into yeast mutant cells (Details in Results).
Sequence was checked using NCBI-Blast to confirm the correct sequence. An alignment
was carried out with the forward and reverse primer results, and sequences were

determined.

2-micron
(1068-6200)

p426 MET25
6338 bp
CYGI-Tom

Xho | {2265
g sal )
IET!S-PnQ - J&Cal (2277

Figure 4 Map of Plasmid pRS426 MET
EcoRI and Sall sites were used to clone IPCS. Figure adapted from Mumberg 1994.
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2,14 NanoDrop ND-1000 Spectrophotometer
To determine the quantity of RNA or DNA, a NanoDrop ND-1000 Spectrophotometer

(Labtech International) was used.

The surface of the NanoDrop was cleaned and initialized with water prior to use. Using 2
ul of the eluted solution, a blank was measured, and samples were measured placing 2 ul
on the spectrophotometer. Each time before measuring a new sample, the

spectrophotometer was cleaned with water.

2.15 Preparation of Yeast Competent Cells for Transformation
Yeast cells, strain YPH499-HIS-GAL-AURI1 S. cerevisea and YERO19w were made

competent by following the small-scale yeast transformation protocol from Invitrogen
(pYD1 Yeast Display Vector Kit).

Cells were grown in 50ml of media (YPD for ISC1 and YPGR for AUR1) overnight and
the culture was diluted to an ODgy of 0.4 in 50ml of medium and was grown for an
additional 2 hours. Cells were plated on selective plates (SD-Ura for ISC1 and SD-His-
Ura/ Gal Raf for AUR1) and incubated at 30°C until colonies formed.

2.16 Spotting Yeast on Plates

For testing the function of IPCS in yeast mutant cells (AUR1 or ISC1), were grown to log-
phase and spotted onto agar plates of various compositions. The ODgq of the grown yeast
cells were measured and all yeast samples were adjusted to the same ODgg so the yeast
density will be equal. A dilution series was carried out using 0.9% NaCl (filter sterilised),

and 10 ul of the yeast cells were spotted onto each plate.

2,17 Agar Diffusion Assay

The conditional AUR1 mutant strain YPH499-HIS-GAL-AUR1 complemented with
ScAURI or At IPCS were assayed for susceptibility to AbA (Takara Bio Inc.) (Denny et al.
2006) and myriocin (MYR) (Sigma) as previously described (Nagiec et al. 2003b). 2.4 x
10’ logarithmically dividing cells were embedded in 15 mi of SD-His-Ura/Glc cooled to
42°C on 100-mm? square petri dishes (Sarstedt). Inhibitors were applied in DMSO and the
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dishes incubated at 30 °C for 3 to 4 days. Inhibitors applied were volumes of 1, 2, and 3 ul
of 25 uM AbA, 1mM MYR and DMSO (control).

2,18 Fluorescence Labelling

2.18.1 Fluorescence Labelling for AURI1

For metabolic labelling experiments AUR1 cells were grown in 10ml SD-His-Ura/Glu
media for 72 hours with shaking. The ODggp was measured and at ODggo 2.5 cells were
pelleted. The pellet was re-suspended in 250 gl SD-His-Ura/Glu and 2.5 pl of 5SmM (6-
((N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino)hexanoyl)sphingosine) (NBD-Cs-Ceramide)
was added. Samples were incubated at 30 °C for 2 hours. Cells were then transferred into a
1.5ml eppendorf tube and pelleted and washed with water three times. 250 ul of
chloroform: methanol: water (C/M/W) 10:10:3 (v/v/v) was added to the pellet and then
sonicated for 15min in the sonic bath.

Samples were centrifuged and the solvent phase was transferred into a new tube. The
organic extracts were dried in a Concentrator 5301 (Eppendorf) and re-suspended in 20 ul
of C/M/W 10:10:3 (v/v/v). Fluorescence was measured using Fusion® o plate reader at
excitation 466nm and emission 536nm. _

Equal amounts of fluorescent reaction products were spotted on HPTLC silica plates
(Merck) after equilibration. The TLC plate was run using eluent system

chloroform/methanol/aqueous 0.25% KCl 55:45:10 (v/v/v).

2.18.2 Fluorescence Labelling for ISC1

Cells were inoculated into 10 ml SD-Ura media and incubated with shaking overnight at

30°C. The ODggo was measured and the cell density was adjusted to approximately 2 x 10’
cells in 400ul SD-Ura. 2.0ul of 2.5uM NBD-C4-SM (BODIPY® FLCi,-sphingomyelin,

(Molecular Probes) was added and cells were incubated at 30°C for 1 hour with shaking.

Cells were pelleted and washed with SD-Ura three times, then re-suspended in 400p1 of 1:1
chloroform: methanol (v/v). Approximately 100ul of 0.5mm glass beads (BioSpec) were
added and 10 cycles of 10sec vortexing and 10sec on ice was carried out to break the cell
wall to increase the lipid extraction. 100ul of MQ was added to separate the phases and the

solvent phase (bottom phase) was extracted into a new tube. The mixture was re-extracted
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with another 400pl of 1:1 C: M (v/v). To clean the solution, 100ul of MQ was added and
the solvent phase was removed into a new tube.

Solvent was dried using a Concentrator 5301 (eppendorf) at 45°C for 10 min and the pellet
was re-suspended in 30pl of 10:10:3 C: M: W (v/v/v).

The fluorescence was measured using Fusion® o plate reader and equal amount of the
reaction products were spotted onto HPTLC silica plates (Merck) after equilibration. The
TLC plate was run using eluent system chloroform/methanol/15mM CaCl; 60:35:8 (v/v/v).

2.19 Preparation of Membranes for ISC1 Assay

Media was prepared for growing yeast cells to prepare membranes for assay.
Table 2 Selected Media for Yeast Cells

Type of Cell Selected Media
Wild Type (JS91) YPD

Mutant (DZY1) YPD

Mutant + Arabidopsis IPCS1 SD-Ura
Mutant + Arabidopsis IPCS2 SD-Ura
Mutant + Arabidopsis IPCS3 SD-Ura

To determine if IPCS in A. thaliana also encodes for an ISC1 function, crude membranes
of ISC1 mutant cells complemented with A. thaliana IPCS1, 2 and 3 were prepared in
appropriate media. A single colony was inoculated into 200 ml liquid media, and was
incubated at 30°C for 24 hours with shaking,

Crude membranes were prepared by carrying out various speed of centrifugation after cell
breakage. 200ml of culture was harvested by centrifugation (Beckman Avanti 30
Centrifuge, F0650) at 5000 x g, 4°C for 10min. The pellets obtained were washed with
cold PBS (2 x 4 ml). The sediment was suspended in 0.5 ml STE buffer (25mM Tris/HCI,
250mM sucrose and 1mM EDTA) and the cells were disrupted with 0.5 g of chilled 0.5mm
glass beads (BioSpec) using a vortex mixer for 10 cycles (1 min vortex followed by I min
rest on ice). The mixture was centrifuged (Beckman Avanti 30 Centrifuge, F2402) at 2,800
x g at 4°C for 15 min and the supernatant was collected. The pellet was re-extracted with
another 0.5 ml of STE buffer for another 10 cycles followed by centrifugation (Beckman
Avanti 30 Centrifuge, F2402) at 2,800 x g at 4°C for 15 min. The supernatant was
extracted and combined with the first extraction and were centrifuged as follows.
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An initial centrifugation (Beckman Optima TLX Ultracentrifuge, F2402) of 27,000 x g at
4°C for 30min removed large granular fraction of cell components. The supernatant was
then centrifuged (Beckman Optima TLX Ultracentrifuge, F2402) at 150,000 x g at 4°C for
90 min to sediment the small granular fraction enriched in microsomal membranes. The
obtained pellets were then suspended in storage buffer (S0mM Tris/HCI, 10%w/v glycerol
and 5mM MgCl,) and protein contents were prepared for quantification using RC DC
Protein Assay (BIO RAD). The membranes were flash frozen in liquid nitrogen and stored

at -80 °C until use.

2.20 Preparation of STE Buffer and Storage Buffer

STE buffer was prepared using 1.25ml of 1M Tris/HCI, 12.5g of 1M sucrose, 100 pl of
0.5M EDTA and 1 tab of complete® protease inhibitor cocktail (Roche Applied Science)
and distilled water was added to make 50ml. The final concentration was 25mM Tris/HCl,
250mM sucrose and 1mM EDTA.

Storage buffer was prepared using 2.5ml of 1M Tris/HCl, 6.25ml of 80%w/v glycerol,
0.25ml of 1M MgCl; and 1 tab of complete® protease inhibitor cocktail and distilled water
was added to make 50ml. The final concentration was S0mM Tris/HCl, 10%w/v glycerol
and SmM MgCl,.

2.21 Labelling Prepared Microsomes for NBD—C,—Sphingomyelin
Fluorescence Assay

Microsomes were labelled with NBD-Cg-sphingomyelin (Molecular Probes) to examine
the ISC1 function of IPCS. NBD-Cg-sphingomyelin; (6-((N-(7-nitrobenz-2-oxa-1,3-diazol-
4-yl)amino)hexanoyl)sphingosyl phesphocholine) is used for following sphingelipid
metabolism in cells.

1 pl of 50mM PI was evaporated into each reaction tube. 20 pl of Tris/EDTA/BSA buffer
was added to the dried PI. The solution was sonicated for 2 min in a sonicating water bath
then rested on ice for 1min. 20 pg of the microsomal preparation was added and distilled
water was added to finalize the volume to 49 pl. The reaction was started by the addition of
1pl of SmM NBD-Cs-sphingomyelin. The assay final volume was 50 uL and final
concentrations were 1 mM PI, 100 mM Tris/HCl buffer and 100 yuM NBD-Ce-
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sphingomyelin. The reaction mixture was incubated at 30 °C for 60 min. The reaction was
quenched by the addition of 150 ul of chloroform/methanol/water 10:10:3 (v/v/v).

The resultant mixture was vortexed and then centrifuged to separate phases. The organic
layer was collected and the aqueous phase was re-extracted with 50 ul of chloroform.
Combined organic extracts were dried in a Concentrator 5301 (Eppendorf) and re-
suspended in 20 ul of the C/M/W 10:10:3. Reaction products were spotted on HPTLC
silica plates (Merck) after equilibration. The TLC plate was run using the slovent system
chloroform/methanol/aqueous 0.25% KC1 55:45:10 (v/v/v). The plate was scanned using a
Typhoon 9400 Variable Mode Imager (GE Healthcare). The excitation and emission of
NBD- Cg-sphingomyelin is 466nm and 536nm respectively. The Ry values for the excess
NBD-Cg-sphingomyelin and NBD-Cs-IPC were 0.93, 0.37 respectively.

2.22 Measuring fluorescence

The amount of fluorescence in each sample was measured using Fusion® O plate reader
(Packard Bioscience) using a black plate (OptiPlate-96 F from Perkin Elmer). 2.0 ul of
sample was added to 100 ul of methanol.

2.23 Scanning TLC plates

TLC plates were scanned on Typhoon 9400 Variable Mode Imager (GE Healthcare).
520BP40/ Blue2 (488nm) was selected for the laser, platen was selected for focal plane
and the plate was pressed. Sensitivity was adjusted for each sample by changing the pixel

size and resolution so none of the data was saturated.
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3.1.1 Designing Primer Pairs

After identifying the three possible IPCS genes, primer sets were designed to clone the full
length ORF of each. As the pRS426 MET plasmid has EcoRI and Sa/l site, EcoRlI site was
attached to the 5’ prime end of the forward primers, and Sa/l site was attached to the 3’
prime end of the reverse primers to allow directional cloning into the appropriately
digested vector (Table 3).

Table 3 Primer Paris Designed for each IPCS Gene
Forward: GAATTCATGACGCTTTATATTCGCCGCG
Reverse: GTCGACGAGCAGAGATCTCATGTGCC
“Forward: GAATTCATGACACTTTATATTCGTCGTG
. Reverse: GTCGACTCACGCGCCATTCATTGTG
[Forward: GAATTCATGCCGGTTTACGTTGATCGCG
Reverse: GTCGACTCAATGATCATCTGCTACATTG

IPCS 1

IPCS 2

IPCS 3

3.1.2 Optimising Primers for Cloning Full Length IPCS Genes

A PCR using the standard method was carried out to clone full length IPCS genes from 4.
thaliana cDNA which was prepared from total leaf RNA by RT-PCR.

The annealing temperature was calculated using {2(A+T) + 4(G+C)}-5. -5 was added as
the annealing temperature was too high without it.

Using this formula, for full-length IPCS genes, an annealing temperature of 64°C was
selected. PCR products were electrophoresised on a 0.8% agarose gel (Figure 6). For full
length IPCS1 and 2, a band size of 918bp and for IPCS3, a PCR product of 870bp were
expected, but no product or only a very faint band was observed, when analysed by
agarose gel electrophoresis. This could be due to too high annealing temperature or sub-
optimal MgCl, concentration. Thereforé a PCR using the temperature gradient function of
a robocycler gradient 96 (Stratagene) was carried out to optimise each of the pairs with

respect to temperature and MgCl, concentrations.
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A temperature gradient and MgCl, optimisation experiment was carried out using a
robocycler with a range of annealing temperatures from 58 °C to 66 °C and MgCl,
concentration of 1.5mM to 3mM. Single primer controls were carried out at 58°C with
MgCl; of 3mM. From these results, an optimal temperature and MgCl; concentration were
determined (Table 4).

Table 4 Optimal Primer Pair Conditions

Temperature(°C) | MgCl(mM) .
TPCS 1 Full Length Primer Pairs 64 2 |
TPCS 2 Full Length Primer Pairs 60 3
IPCS 3 Full Length Primer Pairs 54 3

To clone full length IPCS ORFs, a PCR using the PXE 0.5 thermal cycler (Thermo
Electron Corporation) PCR machine was carried out under the above conditions, and 50 ul
of PCR product was separated on 0.8% agarose gel.

The appropriate band sizes were cut out from the gel and DNA was purified using
perfectprep gel cleanup kit (Eppendorf), following the manufacture protocol. The amount
of DNA purified was measured using a NanoDrop ND-1000 Spectrophotometer (Table 5).

Table 5 Quantity of Purified IPCS

Quantity (ng/pl)
[Pcst| 312
IPCS2 315
IPCS3 132
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3.1.3 Cloning Full Length IPCS cDNAs into pGEM-TEasy
Subsequently, the purified cDNA for IPCS genes 1-3 were ligated into T-vectors, and

transformed into competent E. coli XL1-blue cells. Cells were plated on LB medium
containing AIX (Ampicillin, IPTG and X-GAL). As these plasmid/host combination
allowed for selection of recombinant plasmids, white colonies on the transformation plates
were inoculated into ampicillin containing LB broth, and incubated overnight at 37°C with
shaking.

Plasmid preparations and restriction enzyme digestion using EcoR[(was carried out to
confirm the presence of inserts. As the vector has two EcoRlI sites, only a single digestion
was carried out to confirm insertion. As an example, restriction digest of IPCS3 is shown
in Figure 7. An insertion in 3.2 was confirmed.

IPCS1 and 2 were also successfully cloned into vectors (Figure 7).

After confirming an insertion from digestion, samples were sent for DNA sequencing.
Results were analysed using NCBI-Blast, and results confirmed that each three IPCS genes
were successfully cloned. By aligning the sequence, sequencing errors were corrected and

the complete gene was identified.
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3.1.4 Cloning into pRS426 MET Plasmid

The IPCS 1-3 cDNAs were cloned into the yeast —E. coli shuttle vector pRS426 MET
using EcoRI and Sall to release the cDNA from the T-vector and subsequent ligation into
the same sites of the recipient plasmid.

Recombinant pRS426 MET plasmids were transformed into E. coli XL1-blue and colony
PCR was carried out using full length IPCS primer pairs to check for the presence of
inserts. Although there was an expected band size for the control, there were no bands in
any colony PCR product. This would indicate that the ligation, transformation did not work.
As there are EcoRI and Sall sites in the DNA and plasmid, it is doubtful to think the
ligation did not work. Therefore the plasmid was checked to see if there was EcoR1 and
Sall site by carrying out a single enzyme digestion. From this result, it was concluded that
EcoRlI site was cut, but Sall site was not cut. As Xhol has a compatible ligation end to Sall,
a restriction enzyme digestion with Xho1 was carried out, and the plasmid was successfully
cut (Figure 8).

Plasmid pRS426 MET was cut with EcoRI and Xhol and a ligation was set with the 3 IPCS
DNA digested with EcoRI-Sa/l. Transformation was carried out and colony PCR was set to
confirm the insertion. Results show that all 3 IPCS genes were successfully cloned into
pRS426 MET (Figure 9). Plasmids were then sequenced to confirm the sequence which
showed 100% similarity (Figure 10).
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A IPCS1l and At3g54020

IPCS1
At3g54020

IPCS1
At3g54020

IPCS1
At3g54020

IPCS1
At3g54020

IPCS1
At3g54020

IPCS1
At3g54020

IPCSY
At3g54020

IPCS1
At3g54020

IPCS1
At3g54020

IPCS1
At3g54020

IPCSl
At3g54020

IPCS1
At3g54020

IPCS1
At3g54020

IPCS1
At3g54020

IPCS1
At3g54020

IPCS1
At3g54020

ATGACNCTTTATATTCGCCGCGAAGCTTCCAAGCTATGGAGGAGATTTTGTTCGGAAATA
ATGACGCTTTATATTCGCCGCGAAGCTTCCAAGCTATGGAGGAGATTTTGTTCGGAAATA

Hodd ek deokokodok kv d % ok ok ko o Rk Aok ok b ok ok ok ok ok ok o ok ok o O ok b ok ok ok o B ok ok o ke ok

ACAACGGAGATTGGTCTCCTCGCTGAGAACTGGAAATACCTTCTTGCTGGTCTTCTCTGT
ACAACGGAGATTGGTCTCCTCGCTGAGAACTGGAAATACCTTCTTGCTGGTCTTCTCTGT

LA A AR RS R RS R R RS E AR R 2R X 2 X222 XA 2R X222

CAGTATATTCATGGTTTAGCTGCCAGGGGAGTTCATTATATTCATCGGCCAGGACCAACG
CAGTATATTCATGGTTTAGCTGCCAGGGGAGTTCATTATATTCATCGGCCAGGACCAACG

LAA AR R AR AR AR REAR R R RRRAR SRR RSs X222 AR R ]

CTTCAAGATTCTGGCTTTTTTGTTCTTCCGGAGCTTGGTCAAGATAAAGGCTTCATAAGT
CTTCAAGATTCTGGCTTTTTTGTTCTTCCCGGAGCTTGGTCAAGATAAAGGCTTCATAAGT

KEERARKRKRRARNARR AR IR RE AT h Rk kb AT bk hkhkhkhkhkhkrd

GAAACTGTGTTCACTTGTGTATTTCTTTCATTTTTCCTGTGGACTTTCCATCCTTTCATC
GAAACTGTGTTCACTTGTGTATTTCTTTCATTTTTCCTGTGGACTTTCCATCCTTTCATC

LA A A AL A AR R AR AR AR RARR AR ARttt iR i sttt 2]

GTGAAAAGCAAGAAGATATACACTGTGTTGATATGATGCAGGGTTCTCGCCTTCTTAGTT
GTGAAAAGCAAGAAGATATACACTGTGTTGATATGGTGCAGGGTTCTCGCCTTCTTAGTT

L2222 R SR AR AR R ARt Rt R R Rt il R RN 2]

GCTTGTCAGTTTCTCCGTGTTATAACATTCTATTCAACTCAGCTTCCTGGCCCTAACTAT
GCTTGTCAGTTTCTCCGTGTTATAACATTCTATTCAACTCAGCTTCCTGGCCCTAACTAT

L EE SRR RS XS ERA22 22222 R st i AR RS AR R AR R R 2 2

CACTGTCGAGAGGGTTCTGAGCTTGCCAGGTTGCCAAGGCCACATAACGTTCTTGAGGTT
CACTGTCGAGAGGGTTCTGAGCTTGCCAGGTTGCCAAGGCCACATAACGTTCTTGAGGTT

L L

CTCTTGCTCAACTTTCCTCGTGGTGTGATATACGGATGTGGAGACCTGATTTTCTCATCG

CTCTTGCTCAACTTTCCTCGTGGTGTGATATACGGATGTGGAGACCTGATTTTCTCATCG
e L Y T T e

CACATGATATTCACATTAGTCTTTGTCCGCACTTACCAGAAATACGGTTCTAAAAGGTTC
CACATGATATTCACACTAGTCTTTGTCCGCACTTACCAGAAATACGGTTCTAAAAGGTTC

LA RS R RS R SRR RE RS RRRARE RS AR SRRl SRS SRS

ATAAAGCTGTTAGGTTGGGTCATTGCCATCTTGCAAAGCCTCTTGATTATTGCGTCCCGT
ATAAAGCTGTTAGGTTGGGTCATTGCCATCTTGCAAAGCCTCTTGATTATTGCGTCCCGT

o dede v de e d Yot e v e e W A o ok ok o ek ok ok e kb e kb b ek ek e dede b b o Ve de ek o e ol ok

AAACATTACACTCTTGATATGGTTGTTGCGTGGTATACTGTGAACTTGGTTGTCTTCTTC
AAACATTACACTGTTGATGTGGTTGTTGCGTCGTATACTGTGAACTTGGTTGTCTTCTTC

L2 2SR A SRS RSS2 st X222 XA RS R R RS

CTCGACAAGAAATTACCAGAATTGCCTGATCGAACAACGGCATTGCTCCCTGTGATCTCN
CTCGACAAGAAATTACCAGAATTGCCTGATCGAACAACGGCATTGCTCCCTGTGATCTCA

(222 SR AR RARZ SRR RS R SRR AR a2 Rt sl S ] S

AAAAGACAGAACCAAAGAAGAGAGTCACNAAACTCTTGAATGGGAACGGTGTTGATCCTG
AAA-GACAGAACCAAAGAAGAGAGTCACAAA-CTCTTGAATGGGAACGCGTGTTGATCCTC

ThEk AKAKARARKAARRAKRRRAKAERARE Ak AHAA AR IR A AR AEAART A ALK R AKL

CAGATCGGAGACCGAGGGCTCAAGTGAATGGCAAA-ACAGCAATGGAGGTC~CACTGATA
CAGATCGGAGACCGAGGGCTCAAGTGAATGGCAAAGACAGCAATGGAGGTCACACTGATA

LR R L Y A SRR

ATGCTACTAATGGCACATGA
ATGCTACTAATGGCACATGA

Khhkhh AR RN KRRk Kk kokk kK
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B IPCS2 and At2g37940

IPCS2
AT2G37940:

IPCS2
AT2G37940

‘IPCS2
AT2G37940

IPCS2
AT2G37940

IPCS2
AT2G37940

IPCS2
AT2G37940

TPCS2
AT2G37940

IPCS2
AT2G37940

IPCS2
AT2G37940

IPCS2
AT2G37940

IPCS2
AT2G37940

IPCS2
AT2G37940

IPCS2
AT2G37940

IPCS2
AT2G37940

IPCS2
AT2G37940

IPCS2
AT2G37940

_ ATGACACTTTATATTCGTCGTGAATCTTCCAAGC TATGGAAGAGATTTTGCTCTGAGATA

ATGACACTTTATATTCGTCGTGAATCTTCCAAGCTATGGAAGAGATTTTGCTCTGAGATA
L L T e T T T

TCGACGGAGATTGGTCTTCTTGCTGAGAACTGGAAATATC T TCTCGCTGGTCTTATCTGT
TCGACGGAGATTGATCTTCTTGCTGAGAACTGGAAATATCTTCTCGCTGGTCTTATCTGT

de deidek de de de de kW Rk hk Rk dh R AR A A KA Ad ki d ko hkk ko d hdhd d ok dedohk

CAGTACATTCATGGTTTAGCTGCTAAAGGAGTTCATTATATTCATCGCCCGGGACCGACA
CAGTACATTCATGGTTTAGCTGCTAAAGGAGTTCATTATATTCATCGCCCGGGACCGACA

R L R Y R R AR ]

- CTTCAGGATCTTGGCTTCTTTCTTCTTCCGGAGCTTGGTCAAGAGAGAAGCTACATAAGT

CTTCAGGATCTTGGCTTCTTTCTTCTTCCGGAGCTTGGTCAAGAGAGAAGCTACATAAGT

******i*****i#***************************J******************

GAAACCGTGTTCACTAGTGTGTTTCTPTCGTTTTTCCTGTGGACTTTCCATCCATTCATT
GAAACCGTGTTCACTAGTGTGTTTCTTTCATTTTTCCTGTGGACTTTCCATCCATTCATT

AL SRR ARE SRR S RERARRRREE S SRR RS SERRXERRnARRRRRRR S SRR RN 2]

CTGAAAACCAAAAAGATATACACCGTTTTGATATGGTGCAGAGTTCTAGCATTCTTAGTT
CTGAAAACCAAAAAGATATACACCGT T TTGATATGGTGCAGAGTTCTAGCATTCTTAGTT

LA EZ SR SRR RS2 S XX SR X XS XX RS R A R A RS XA I RSS2 222 22 XS

GCCTGCCAGTTTCTCCGTGTTATAACTTTCTATTCAACTCAGCTTCCTGGCCCTAACTAT
GCCTGCCAGTTTCTCCGTGTTATAACTTTCTATTCAACTCAGETTCCTGGCCCTAACTAT

R R R A Ry X e X X X A R e Ry

CACTGCCGTGAGGGCTCTAAAGTTTC TAGGTTGCCATGGCCCAAAAGCGCTCTTGAGGTT
CACTGCCGTGAGGGCTCTAAAGTTTCTAGGTTGCCATGGCCCAAAAGCGCTCTTGAGGTT

ek gk ddedkdh oAk kA KA Rk k& dedokd K R o o o e ko Y ok ik ok e ke ek ok b e o ik ok ok ok ok ki W

CTCGAGATTAACCCTCATGGGGTGATGTATGGATGCGGAGACCTGATTTTCTCATCGCAC
CTCGAGATTAACCCTCATGGGGTGATGTATGGATGCGGAGACCTGATTTTCTCATCGCAC

Ak ook e ek e A ik e ek o e Rk e o o e e o e ok ok ek K oA ek Rk ke R AW R R Rk ok

ATGATATTCACTCTAGTCTTTGTCCGTACTTACCAGARATATGGCACTAAAAGGTTCATA
ATGATATTCACTCTAGTCTTTGTCCGTACTTACCAGAAATATGGCACTAAAAGGTTCATA

LB A2 AR AR R RAS SRRl R SRR RARRRERRRRR SRR RARERSRRRERERSEER]

AAGCTGTTTGGETGGCTCACTACAATTGTGCAGAGCCTCTTGATCATTGCCTCTCGTAAA -
AAGCTGTTTGGGTEGCTCACTGCAATTGTGCAGAGCCTCTTGATCATTGCCTCTCGTAAR

r***********M&*i************%************************f****}**‘”

CATTACAGTGTCGATGTAGTTGTTGCATGGTATACTGTGAATTTGGTGGTGTTCTGTCTA
CATTACAGTGTCGATGTAGTTGTTGCATGGTATACTGTGAATTTGGTGGTGTTCTGTCTA

*************@**********i***********************************

GACAAGAAATTACCAGAATTACCAGATCGGACTGCTGTGTTGCTCCCAGTAATCTCAAAA
GACAAGAAATTACCAGAATTACCAGATCGGACTGCTGTGTTGCTCCCAGTAATCTCAAAA
e 22X X 22 2 R X Y R A X R R N X R R R

GACAGAACAAAAGAAGAGAACCACAAGCTGTTGAATGGAAACGGTGTTGACCCTGCTGAT
GACAGAACAAAAGAAGAGAACCACAAGCTGTTGAATGGAAACGGTGTTGACCCTGCTGAT
LR R

'TGGAGACCGAGGGCTCAGGTGAAGGGGAAGATTGACAGCAACGGAGTTCACACGGATAAC

TGGAGACCGAGGGCTCAGGTGAACGGGAAGATTGACAGCAACGGAGTTCACACGGATAAC

R AR AR SRR R R R A R X R R R AR Y R A R R R R A ]

ACAATGAATGGCGCGTGA
ACAATGAATGGCGCGTGA
ER T Z 2R3 R F X
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C IPCS3 and At2g29525

LA XA RAREELARASER AR R R RS

Figure 10 Alignment of Cloned IPCS Genes and Sequence of each Gene

IpCS3 ATGCCGGTTTACGTTGATCGCGAAGCTCCTAAGC TATGGAGACGAATTTACTCAGAAGCG 60
A£2329525 ATGCCGGTTTACGTTGATCGCGAAGCTCCTAAGCTATGGAGACGAATTTACTCAGAAGCG 60
*****ﬁ*****t***i*******f*************ﬁ***t*******w**********
IPCS3 ACATTAGAAGCTTCTCTTCTTGCTGAAARATGGAAGCTTGTTCTTGCTGGACTTGTATTT 120
At2g29525 ACATTAGAAGCTTCTCTTCTTGCTGAAAARATGGAAGCTTGTTCTTGCTGGACTTGTATTT 120
P L R R X R R R R R R R R R R A T R T X
IPCS3 CAGTACATTCATGGACTTGCTGCTCATGGAGTTCACTACTTACACCGACCTGGTCCTACT 180
At2g29525 CAGTACATTCATGGACTTGCTGCTCATGGAGTTCACTACTTACACCGACCTGGTCCTACT 180
W g Yeiodede v i e e e % o de ki ok ok e ok W ok e e b b Y ok e ek ke T ek ok e e b Ak o o v kR ok ok e ok ok
¥pCs3 CTTCAAGATGCTGGTTTCTTTATTCTTCCAGCACTTGGGCAAGATAAAGCATTTTTCAGT 240
At2g29525 CTTCAAGATGCTGGTTTCTTTATTCTTCCAGCACTTGGGCAAGATAAAGCATTTTTCAGT 240
% K e W e dede e ok v de ek b ok R AR ek de o e ok ik vk g ki R e R ARk R ARk o e ek ok Rk Rk
IPCS3 GAAACTGTGTTTGTCACTATCTTTGGATCATTTATCTTGTGGACATTTCATCCTTITGTT 300
At2g29525 GAAACTGTGTTTGTCACTATCTTTGGATCATTTATCTTGTGGACATTTCATCCTTTTGTT 300
*********&****@&i**&******#**************&ﬁ*t***i*********ﬁ*
IPCS3 'TCCCACAGTAAAAAGATTTGTACAGTTTTGATATGGTGGAGAGTTTTTGTTTATTTAGCT 360
At2g29525 TCCCACAGTAAAAAGATTTGTACAGTTTTGATATGGTGCAGAGTTTTTGTTTATTTAGCT 360
**********t******t****f*************************************
IPCS3 GCTTCTCAAAGTCTGAGGATCATAACATTCTTTGCAACACAGCTTCCTGGGCCGAATTAT 420
At2g29525 GCTTCTCAAAGTCTGAGGATCATAACATTCTTTGCAACACAGCTTCCTGGGCCGAATTAT 420
ki A ok o o ok ek o K ek A etk ok ok ok ki o ek e R R R A R R i Kk kR
IPCS3 CATTGTCGAGAAGGCTCCAAGCTCGCCAAGATTCCACCTCCAAAGAATGTTCTTGAAGTA 480
At2g29525. CATTGTCGAGAAGGCTCCAAGCTCGCCAAGATTCCACCTCCAAAGAATGTTCTTGAAGTA 480
WA v g gk A gk ok ek gk ok KK A K KA KN KK Kk ko kAR ke ko ke ok ke ke ok k R RiR kK
IPCS3 CTCTTGATTAACTTTCCTGATGGAGTTATATATGGTTGTGGAGATCTGATATTTTCATCA 540
At2g29525 CTCTTGATTAACTTTCCTGATGGAGTTATATATGGTTGTGGAGATCTGATATTTTCATCA 540!
************************&**********&************************
IPCS3 CATACGATATTCACCTTAGTCTTTGTACGCACATATCAAAGATACGGCACACGAAGGTGG: 600
At2g29525 CATACGATATTCACCTTAGTCTTTGTACGCACATATCAAAGATACGGCACACGAAGGTGG 600
FRK A K EIAR KA RAR KA AR A TR ERERRAEARRRARR R IR R hd ok hdhokd k ok okokok ok okdedn b &
IPCS3 ATCAAGCACTTGGCTTGGCTTATGGCAGTAATACAGAGCATATTGATTATAGCATCARGG 660
At2g29525 ATCAAGCACTTGGCTTGGCTTATGGCAGTAATACAGAGCATATTGATTATAGCATCAAGG '660
e ek ek ke KAk ok Rk kR kKR ok Rk Rk AR R AR R AR ERN R AT AR FAF TN T
IPCS3 AAACATTACACAGTTGACATTGTTCTTGCATGGTATACTGTGAACCTTGTAATGTTCTAC 720
At2g29525 AAACATTACACAGTTGACATTGTTGTTGCATGGTATACTATGAACCTTGTAATGTTCTAC 720
**Q********i****************ﬁ***t*ﬁ*t*t****t***tt**&***i****
IPCS3 GTTGACAGTAAACTGCCAGAAATGGCAGAACGTTCTAGTGGACCTTCTCCTACGCCTTTA. 780
At2g29525 GTTGACAGTAAACTGCCAGARATGGCAGAACGTTCTAGTGGACCTTCTCCTACGCCTTTA 780
ek ok e v e o e ek e vk o e ok e Rk e e e ek W vk Wkl kel W e Rk Wk e ke dkk e ek h ok ok ok
IPCS3 CTTCCACTGAGCACAAAGGACAGTAAGAACAAGAGCAAAGAAGATCATCAGAGACTTCTA 840
At2g29525 CTTCCACTGAGCACAAAGGACAGTAAGAACAAGAGCAAAGAAGATCATCAGAGACTTCTA 840
Wik ok kikokdk ok ok kR R Ak kdok ok ke kR R kR Ak ok kR ke Rk e ok v b e ik e ok e deikikok e ek ke ko :
IPCS3 AACGAGAACAATGTAGCAGATGATCATTGA 870
At2g29525 ARCGAGAACAATGTAGCAGATGATCATTGA 870

The alignment of each IPCS genes cloned and each of the gene models are
shown. The * shows the similarity of the sequences. From this alignment, all

genes: were confirmed to be successfully ¢loned. A:IPCS1, B:IPCS2 and C:IPCS3.
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3.2 Characterizing the Function of IPCS

3.2.1 AUR1 Mutant Cells Complemented with Arabidopsis thaliana IPCS
Genes

AURLI is the gene which eﬁcodes the IPCS in fungi which was first discovered in S.
cerevisiae. It is-a vital gene, in which mutation will be lethal (Heidler and Radding 1995).
The AURI mutant strain which was used for this experiment was YPH499-HIS-GAL-
AURI1 S cerevisea strain. This was constructed in YPH499 (Mat a; ura3-52; lys2-
801amber, ade2-101ochre; trp1-63; his3-200; leu2-1) (Stratagene). The AURI promoter in
the yeast genome was e’xdhan'ged by a HIS/GAL cassette which allowed the expression of
the AUR1 gene uhd‘er a strict control of the GAL1 promoter. The GAL1 promoter is
repressed in the presence of Glu (Denny et al. 2()06); Theréfore, YPH499-HIS-GAL-
AURI1 was maintained in minimal medium lacking His with Gal and Raf (See methods) to
allow expression of the AURI1 gene. '

Only when the 4. thaliana IPCS gene was successfully transformed, and exprcssed the
same charactenstlc as AUR], the YPH499-HIS-GAL-AUR1 was able to grow in Glu

containing medlum.

3.2.1.1 Transforming pRS426 MET plasmids into AUR1 Yeast Cells

AURI mutant yeast cells were grown in YPGR medium overnight and the culture were

diluted to an ODggo of 0.4 i in 50ml fresh YPGR medium and were grown for an additional 2
~~hours. Cells were made competent and the transformation was carried out followmg. the

small-scale yeast transformation protocol from Invitrogen. Cells were plated onto SD-His-

Ura medium containing Gal Raf and incubated at 30°C for a week.

Colonies formed on the plates were sub-cultured onto SD-His-Ura with Gal Raf and SD-

His-Ura with Gl¢ and incubated at 30°C for a week. Also a colony PCR was carried. out

and PCR products were separated by agarose gel electrophoresis to confirm the presence of

IPCS inserts (Figure 11).
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3.2.1.3Biochemical Assay of Metabolic Labelling

Further biochemical tests were carried out to confirm the in vitro results of the AURI.
Metabolic labelling was carried out to confirm the complementation of 4. thaliana IPCS
genes in AUR1 mutant cells.

AURI1 mutant cells were grown in SD-His-Ura with Gal Raf, mutant cells complementgd
with S. cerevisiae IPCS and A. thaliana IPCS genes were grown in SD-His-Ura with Glc.
For negative control, mutant cells were grown in SD-His‘Ura with Glc. From this
experiment, mutant cells grown in SD-His-Ura with ‘Gal Raf, and mutant cells
complemented with S. cerevisiae IPCS. were expected to show a band with the same
mobility as IPC. As Glu represses the GAL promoter, mutant cells gro’Wﬁ in SD-His-Ura
with Glc were expected'to show no IPC product. From previous experiments by J. G. Mina
Unpublished and in vitro complementation assay, mutant cells complemented with A4. |
thaliana TPCS genes were expected to show a band with the same mobility as IPC. Lipids
were separated by TLC chloroform/ methanol/ 0.25% KCl:. 55: 45: 10 (v/v/v) (Figui‘e 14).
The Rf values for the excess NBD-Cg-ceramide and NBD-Ce-IPC were taken from J. 'G.
Mina Unpublished, and were 0.96, 0.57 respectively.
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The positive control; S. cerevisiae AUR1 grown in SD-His-Ura with Gal Raf, and AURI

complemented with S. cerevisiae AUR1 grown in SD-His-Ura with Glc, gives a Rf value
of which represents the IPC product and these were used as the positive control. AUR1
complemented with S. cerevisiae gives a stronger band. When the AUR1 mutant was
grown in SD-His-Ura with Glc no band of IPC product was produced and this is the
negative control, AUR1. Complementation of the mutant with A. thaliana IPCS gives an Rf |
value of the same mobility as IPC which indicates that the A. thaliana cDNA encodes an
IPCS activity. Among, three IPCS genes, IPCS2 appears to have the strongést band' then
IPCS3 and then IPCS1.

3.2.1.4 Sensitivity of A¢ IPCS to Aureobasidin A

An agar diffusion assay was carried out to test the sensitivity of Arabidopsis IPCS to a
known inhibiter of the fungal enzyme; AbA. The . cerevisiae IPCS and A. thaliana IPCS
complemented AUR1 mutant yeast were imbedded into SD-His-Ura with Glc medium and
volumes of 1, 2, and 3 pul of 25 yM AbA, ImM MYR, and a control of DMSO were
spotted onto the surface of the plates. The plates were incubated for 3 to 4 days at 30°C and
inhibition was determined by lack of growth at the site of application of inhibitor.

From Figure 15, S. cerevisiae IPCS complemented AUR1 mutant yeast cells were;sensitive
to AbA, and MYR, but not DMSO. 4. thaliana TPCS1, 2 and 3 complemented AUR1
mutant yeast cells were resistant to AbA but sensitive to MYR. MYR is known to inhibit
SPT and this characteristic has not changed in A# IPCS complemented cells. Although AbA
is known to inhibit I“P-CS,; At IPCS complemented cells are resistant to AbA.
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3.2.2 Testing Phospolipase Activity in Arabidopsis thaliana IPCS Genes

ISC1 (YERO19w) is a gene which has been identified to encode inositol
phosphosphingolipid phospholipase C (IPS-PLC) in .S. cerevisiae (Sawai et al. 2000a).
Cells deleted in ISC1 have demonstrated negligible neutral SMase activity (Sawai et al.
2000a). Though SM does not exist in S. cerevisiae, the existence of N-SMase has been
reported (Ella K 1997).

This raised the possibility that N-SMase activity may be an in vitro activity of yeast IPS
phospholipase C (IPS-PLC) (Sawai et al. 2000a).

Studies from Hirofumi Sawai et al., show that overexpression of ISC1 in S, cerevisiae
dramatically increased PLC activities on IPS. And the deletion of ISC1 completely
eliminated all IPS-PLC activities Sawai et al. 2000a.

Therefore by éomplementing‘ At IPCS genes into ISC1 cells, it is possible to test whether
At TIPCS contain an IPC-PLC activity. ‘

3.2.2.1 Transforming pRS426 MET plasmids into ISC1 Yeast Cells

A transformation was carried out using wild type (JS91) yeast cells and ISC1 (DZY1)
yeast cells using empty pRS426 plasmid and 4. thaliana IPCS 1-3 recombinant pRS426
plasmids. Transformed cells with empty plasmids in wild type was called J426 and in
mutant cells were called D426, transformed cells with IPCS genes in mutant cells were
called D1, D2 and D3.

3.2.2.2-In vivo-Complementation-of ISC1 - Salt Tolerance Test ——~ ~~— ~ ~ ~
In S cerevisiae, toxic concentrations.of Na* or Li* ions induce the expression of the cation-
extrusion ATPase gene, ENAI (Haro et al. 1991). ISCI is involved in stimulation of ENAI
expression and, consequently, in mediating Na* and Li" tolerance in yeast (Betz et al.
2002). Deletion of ISCI decreased cellular Na* and Li* tolerance and growth was severely
impaired (Betz et al. 2002). Therefore, if At IPCS functioned as TPC-PLC, ISCI, the
mutant cells (DZY l) will recover its tolerance to salt and should grow to the same density
as wild type. Therefore, ISC1 mutant cells complemented with Az IPCS genes were grown

on various concentrations of NaCl and' LiCl to test the sensitivity.

Wild type and mutant cells were grown in YPD media and cells with plasmid were grown

in SD-Ura media overnight. Their densities were measured (ODgoo) and adjusted where
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necessary to equivalent densities with 0.9% NaCl. Cultures were then spotted onto SD-His,
various YPD (Figure 16) and SD-Met plates (Figure 17) incubated at 30°C overnight.

On SD-His plates, wild type (J) and wild type with an empty plasmid (J426) did not grow
but mutant cells (D) and mutant cells with an empty plasmid (D426) grew. This is because
the ISC1 gene is knocked out by a His cassette and therefore can produce His on its own
without it being added to the media. Mutant cells with 4. thaliana IPCS 1-3 genes (D1-D3)
also grew on SD-His plates due to the His cassette.

Oh YPD plates containing various concentrations of salts, J grew to a high density except
on high salt plates, 0.8M NaCl and 0.25M LiCl. J426 grew to the same density as J, D and
D426 cells which would confirm there was no effect of pRS426 on growth, Both cell types
were sensitive to salt-as the growth on all NaCl and LiCl plates were low. J grows on 0.4M
and 0.5M NaCl and 0.01M LiCl, but D does not. Therefore this is the minimum
complementation that would be expected if the At IPCS functions as ISCL. For all 4t IPCS
transformants, D1, D2 and D3, are sensitive to salt as D cells. From Betz et al. 2002, isc1A
cells are sensitive to salt. If 4¢ IPCS functioned as ISC1, cells would have grown as wild
type, tolerant to salt. As the transformed cells were sensitive to salt, it would suggest that
At TPCS does not have the function of ISC1.

42






Identiﬁzing, Cloning &‘ Characterisation of IPCS

As plasmid pRS426 MET is known to be suppressed by the existence of Met (Schwank et
al. l¥§97), plates with SD-Met containing various salt concentrations were prepared and
yeast cells were spotted as YPD plates. |

This was conducted to eliminate the possibility of the transformed cells being sensitive to
salt due to the promoter being suppresséd by Met and not allowing At TPCS genes to be
expressed. As all cells grew to a similar density on YPD, it would be expected that Met
will not have a massive effect on suppressing the promoter of pRS426.

As cells were grown on minimal media, the density was not as high of that of YPD. J and
J426 show growth in the presence of 0.4M, ‘0.5M and 0.8M NaCl and 0.01M LiCl, but D
and D426 do not. There is no difference in the growth of D and D1, D2, D3 which confirm
the results on YPD plates that A¢ IPCS does not have the function of ISC1.
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3.2.2.3 Biochemical Assay of IPC-PLC Activity by Metabolic Labelling

Further biochemical tests were carried out to confirm the in vivo complementation results
of ISC1. Metabolic labelling was carried out to confirm the non complementationx of 4.
thaliana TPCS genes in ISC1 mutant cells by testing an increase in N-SMase activity in At
IPCS containing ISC1 mutant cells.

All cells J426, D426, D1, D2 and D3 were grown in SD-Ura. 2 x 10" cells were labelled
with 2.5iM NBD-C-SM and incubated for 1 hour. Following lipid extraction, equal
amounts of fluorescence were spotted and lipids were separated by TLC with a solvent of
chloroform/methanol/15mM CaCl, 60:35:8 (v/v/v) (Figure 18).

The positive control, J426 gives an Rf value of which represents ceramide (0.93). The
negative control D426, gives no band of ceramide, and the complementation of mutant
with 4. thaliana IPCS does not give a band size of ceramide.

From these results, ceramide was detected only in wild type (J426). All mutant types,
D426, D1, D2 and D3, did not give a Rf value of ceramide. This would support the salt
tolerance test that Az IPCS does not function as ISC1. The Rf value calculated was,
ceramide 0.92 and NBD-C4-SM 0.37.

46






Expression of IPCS

4. Results - Expression of IPCS Genes in Arabidopsis thaliana

The expression level of these A. thaliana IPCS genes have never been quantified before.
Only one gene type, At2g37940 (IPCS2), can be found at genevestigator
(h
arbitrary units that are scaled to the total abundance of transcripts within a sample. The

s://www.genevestigator.ethz.ch/) for microarray data. The éi?gnal intensity values have

mean signal value is set as 1000, and the background range is 0-100. From this data, IPCS2
was found to be expressed highly in sénescent leaf of approximately 4,200. Expression of
cauline leaf, rosette leaf and roots was approximately‘z,400, and stem, flower, and siliques
were approximately 1,000. Also from genevestigator data, mutation in fls2-17 resultedin a
four times lower ‘expressi'.gn of IPCS2. This value is also calculated when the mean signal
value is set as 1,000. FLS2 is a flagellin receptor gene and fls2-17 is a flagellin-insensitive
mutant, A mutation in cpr5:scvl (cpr5, constitutive expressers of pathogenesis-related gene,
encodes a novel transmembrane protein which is involved in cell prolifération and cell
death control and scvl is .S. cerevisiae virus 1) increased the expression three times.
Treatment with anoxia(+), UV filtered WG327 and heat decreased the expression twice.
Whereas chitin (+) and ozone increased the expression three times, and cycloheximide (+)
and syringolin (+) increased the expression four times. Other various chemicals and stress
do not have a severe impact on‘the expression-of IPCS but, a few do and by identifying the
effect of these stimulants, can lead to further understanding of these genes.

To understand the expression of all three IPCS genes-in various plant tissues, a Q-PCR was

carried-out with various 4. theliana plant material. - — - - - - - - -~ SRR

To be able to compare the expression of gene in each material, standard curves were
created. Also each primer sets were optimised to its highest efficiency to compare the

expression level of different genes within the sample.

4.1 Gehe.Speciﬁc Primers for Real Time PCR
For real time PCR, primer sets which amplify approximately 150 bp were designed. These

primers were designed to amplify each specific gene to allow gene-specific
characterisation of transcripts.

As the figure below shows (Figure 19), there is a high homology between these three genes,
therefore primer sets were carefully designed so that the targeted gene would be

specifically amplified.

48









Expression of IPCS

4.2 Optimising Primers for 150bp IPCS Amplicons

A PCR using the standard method was carried out to confirm the specificity of these
primer sets. '

The annealing temperature was calculated using {2(A+T) + 4(G+C)}-5.

From this formula, an annealing temperature of 56 °C was selected, which would cover all
three primer sets. PCR products were electrophoresed on a 1.5% agarose gel to separate the

bands as the amplicon size was small (Figure 20). 1.5% agarose gel was sufficient to

 resolve these bands as the minimum difference in PCR product size is 100 — 200bp

(www.gel-electrophoresis.com/gels/articles/agarose-gel-electrophoresis/),

Only a faint band and some non-specific bands were found. These non-specific bands were
confirmed as genomic DNA contamination as calculating the basépai‘rs of gDNA gave the
band size of the product. The band size of gDNA is IPCS1: 208bp, IPCS2: 331bp and
IPCS3: 228bp. For cDNA the expected band size was IPCS1: 145bp, IPCS2: 145bp and}
IPCS3: 141bp. | .
Following this conclusion, a DNase treatment was carried out on the RNA according to
methods and another RT-reaction followed by PCR was carried out to compare the results.
The RT-PCR ﬁsing both DNase treated RNA, and a non treated RNA was carried out using
3 mM of MgCl, at 52°C (Figure 21). Temperature was lowered as the bands were faint at
56°C.

From this result, it was clear that the RNA preparation was contaminated with gDNA, and
for ,smubs_equpnt procedures, an on-column DNas,e, digest was,‘carried out to remove.gDNA

contamination.
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Further to obtain a stronger band, a robocycler was carried out to optimise the temperature
and MgCl, concentrations for each primer pair. The optimal temperature and MgCly

concentration for each primer sets were determined as below Table 7.

Table 7 Optimised Primer Set Conditions

- . Temperature("C) | MgCly(mM)
| IPCS1 150bp Primer Sets: | 52 3

H IPCS2 150bp Primer Sets , 52 3

| 1PCS3 150bp Primer Sets 52 4

No bands were observed with single primer controls or no target controls.

4.3 Confirming specificity of 150bp Primers

To confirm these primer pairs specifically amplified the specific IPCS gene, a PCR was
carried out using the three cloned full length IPCS cDNAs as templates with all three
primer pairs. The results confirmed that these primers are gene specific (Figure 22). The
expected band size of the PCR products were IPCS1: 145bp, IPCS2: 145bp and IPCS3:
141bp.
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4.4 Expression of IPCS genes in Arabidopsis tissues (QPCR)

After optimizing the primer pairs for the targeted gene, Q-PCR was conducted to quantify

the expression of each gene in various plant tissues.

4.5 Preparing Samples

Samples of plant tissues from root, rosette leaf, cauline leaf, stem, flower, seed siliques and
senescing leaf were collected at each development stage. These target points were
determined using (Boyes et al. 2001). Rosette leaves were collected at stage 3.90, cauline
leaves and stem were collected at stage 5.10, roots and flowers were collected at stage 6.50,
siliques were collected at stage 8.00, and senescing leaves were collected when a quarter of
the leaf was starting to senesce. From these samples, RNA was isolated according to
manufacturer protocol (QIAGEN). As it was demonstrated that gDNA would be carried
over, an on-column DNase step was included into the RNA extraction procedure.

The quality and quantity of RNA are described in Table 8. The A260/280 shows the purity
of the RNA and when between 1.7 and 2.0 it is considered good RNA. A260/230 shows
polysaccharide contamination and between 2.0 and 2.3 indicates good RNA (Agilent
Fluorescent Direct Label Kit Protocol). From this, it was considered the quality of RNA

was sufficient enough to carry out subsequent experiments.

Table 8 Extracted RNA Samplés

Sambol o/ul 260 | 260
ample ng/u '

Amp s 230 | 280
Roots 230 2.34 2.13

Rosette Leaves 203 2.36 2.14
Cauline Leaves 502 2.35 2.08

Stem 907 244 | 2.14
Flower Buds 711 235 | 2.14
Siliques 169 1.84 | 2.08

Senescing Leaf 311 | 217 | 1.66

The RNA yield of senescing leaf was extremely low. Several RNA extractions were

carried out and RNA was precipitated using LiCl. Sample was re-suspended in 10u1 of MQ
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and the quantity shown in Table 8 is after precipitation. Using 2ug of total RNA, a RT-

Reaction was carried out and cDNA were prepared.

4.6 RT-PCR

To quantify the expression of each RNA in the tissue, real-time PCR was carried out.

4.7 Primer Optimization

Prior to this, the primer concentrations were optimised to the optimum sensitivity for each
primer template concentration. This is due to the fact that primers have different binding
efficiency depending on their sequence. As optimization of real-time PCR is crucial for
reliable and reproducible results, it is important to optimise primer and sample
concentrations as well as temperatures and times (Chini et al. 2007),

It is known that by changing a single nucleotide in the primer can change the Cr value
(Werbrouck et al. 2007). For end-point PCR, primer optimization is not a crucial step, but
for real-time PCR, it can havé a big effect on the Cr value. If each primer was not
optimised to its most sensitive concentration, the amplification efficiency would be
variable and therefore thé results between different genes will not be comparable. |
Various primer concentrations were prepared as desctl'ibed,in- methods, and a RT-PCR ‘was
carried out to find the optimal primer concentrations using each cloned plasmid DNA as
the:terﬁplate. | | _

From these results, it was confirmed that the highe,St primer _concentration combinations.
(6uM of forward and reverse primer) gave the lowest Cr values (Figure 23). Therefore,
subsequently higher primer concentrations were carried out (Figure 24).

Results of the Cr value and the efficiency suggested that for IPCS1, 10uM of forward and
10uM of reverse primer, for [PCS2, 8uM of forward and 8uM of reverse and for IPCS3,

81M of forward and 10pM of reverse primers were the optimal primer concentrations.
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4.8 Creating Standard Curve

After the optimal primer concentrations were determined, a standard curve was created for
each IPCS gene.

A serial dilution of each gene specific plasmid DNA were prepared from 107 to. 10, As
the amount of each RNA added to the reaction is known, by making a serial dilution, a
standard curve can be created. Once a standard curve is created, by comparing the
fluorescence produced, the amount of sample can bé determined.

A result of the IPCS3 standard curve is shown in Figure 25.

The values of each standard curve are shown below (Table 9).

Table 9 Values of Standard Curve

i IPCS1 | IPCS2 | IPCS3

R | 09 | 099 | 099

R* | 0.99 0.99 0.99

M 312 | 279 | -3.19
Efficiency | 1.09 1.28 1.06.

The optimal value for M and R? are -3.322 and 0.99 respectively. This is the slope of the

formula which represents the efficiency of the amplification. When the M value is higher

than -3.322, primers and probe concentrations, MgCl, or SYBR-Green I concentrations

should be optimized. When the M -value is lower than -3.322; it suggests that-there-isa — —— - -
disproportionate digestion of probe compared to the amplicon produced (Operator Manual
Rotor-Gene™ 3000 Real Time Thermal Cycler). Although for IPCS2, the M value is low,

as the R value is:close to optimal, the standard curve was used to quantify the samples.

These standard curves were imported into the sample run to quantify each gene expressed

in samples.
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) . [croingAFAWSYr Page 1
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Figure 25 Standard Curve

A standard curve was created by a serial dilution of gene specific plasmid DNA. As the amount of DNA in
the plasmid is known, the number of target molecules can be calculated to quantlfy the samples. As the
details of the standard curve are given in table 9, only the graph of IPCS3 is given. Both-IPCS1 and'2 show
. similar results to IPCS3.
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4.9 Quantitative PCR

After optimising the primers and creating a standard curve, a quantitative PCR (Q-PCR)
was éan‘i‘edxout to quantify the IPCS expressed in each tissue.

cDNA synthesized from 0.4pg total RNA was added to each sample. As not enough
material was collected for triplicate results on senescing leaves, only one Q-PCR was

carried out. Triplicates were carried out for other material.

4.10 Quantification of IPCS Gene Expressed

‘The expression levels: of .each IPCS gene in different plant materials were calciilated by
importing the standard curves. The moles of each cDNA was calculated from the fact that
1pg of 1Kb DNA is 1.5pmol. By using the avogadro numbers, the copy number of each
gene was calculated.

Although an absolute qUantiﬁcatibn can be calculated by importing standard curves, as the
amplification efficiency and the efficiency of the reverse transcript for each gene is
different, it is extremely difficult to carry out absolute quantification among other genes.
Although, for the reverse transcript, as the three genes have highly similar sequences, it
could be assumed that the efficiency of the reaction is similar. For the amplification
efficiency, although the M value for IPCS2 is lower, as each primer sets were optimised,
and fhe R? value is 0.99, it could be assumed that the efficiency of the amplification of
these genes were similar. |

Another thing to consider when importing a_standard -curve is that the variations of
reagents, primers, and probe (sequence alterations and fluorescence mtens1ty), day-to-day
or sample—to-sample variations will not be covered (Pfaﬁl 2004)

Under the understanding of the possible efficiency dlfferences, all expressed genes were
quantified and compared (Figure 26). It should be noted that the (Y) axis is in logarifhmic
scale. From these results, IPCS2 is the most expressed gene among the thi'ée». In root,
IPCS1 is expressed only 1% of IPCS2. IPCS2 is Jhigh‘iy expressed in root, cauline leaf and
rosette leaf. Although IPCS2 is the most abundant gene, for stem and flower, IPCS3 is
expressed as much: as IPCS2.

EST and cDNA data of these genes from TAIR support these results where IPCS2 is the
predominant gene and then IPCS1 and TPCS3 (Table 10). In IPCS1, cDNA was found
using whole plants (2). In IPCS2, cDNA was found using whole plant (4), flower & buds
(1) .and when a:éallils was treated with hormone. In IPCS3, cDNA was found :ﬁsiﬁg whole
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plant (4) and flower & buds (3). The EST in IPCS1 comes from, whole plant (58%) and
rosette leaf (42%). For IPCS2, whole plant (65%), rosette leaf (26%), seedlings (5%) and
senescence leaf (3%). For IPCS3, whole plant (44%), floral buds and roots (44%) and
rosette leaf (12%).

Table 10 EST and cDNA in each IPCS Gene

EST | cDNA

IPCS1 32 2
IPCS2 57 6
- IPCS3 25 7

Microarray data is only available for IPCS2 in genevestigator. The data for each tissue is
shown in Table 11. The signal intensity values have arbitrary units that are scaled to the
total abundance of transcripts within a sample. The mean signal value is set as 1000, and
the background range is 0-100.

Table 11 Microarray Data for IPCS2 ,
Root | Rosette Leaf Cauline Leaf “ Stem | Flower Srizliques; | Sénéscing Leaf

2383 2135 2500 | 1167 | 998 705 4236
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Although the results here are not a perfect match to the data obtained, the general trend
appears to be similar, Whe'ré‘-root,' rosette leaf and cauline leaf are expressed most and then
stem, flowet and siliques. In microarray data cauline leaf is expressed higher thanroot, but
as the assay is only done three times, the results are not as reliable. Also as the expression -
level varies depending on the development stage of the tissue, if'the data collected for the
microarray waé a different developmental stage to the samples which were been tested, this
would have affected the results. For seeds, results obtained in Q-PCR are higher than stem
and flower, but in microarray data it is lower. This may also. be due to: different
developmental stages. For senescing leaf, in microarray data, it is expressed the' most
where as in‘Q-PCR it was the lowest. This could be due to the difficulty in collecting the
samples and due to low quality RNA. As mentioned in 4.2, extraction of RNA from
senescing leaf was extremely difficult and only low amount and low quality‘ RNA was
obtained. As only single experiments were carried out for senescing leaf, further
experiments are needed to test and confirm the expression level.

Comparing the data to the cDNA obtained from genevestigator, the high expression of
IPCS3 in flower matches the data for cDNA in IPCS3 as three cDNAs were found in
flower. This could suggest that IPCS3 is predominately expressed in flower tissue. Also
the higher cDNA found in IPCS2 compared to IPCS1 matches the QPCR results where
IPCS2 is constantly highly expressed compared to IPCSI.
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S. Discussion

In recent years, many sphingolipids have been discovered, and their importance has been
understood using mutant yeast cells to identify and .characterize plant :sphingolipids.
Recently plant IPCS activity has been measured in plant extracts (Bromley et al. 2003), but
no plant orthologue of the yeast gene encoding this activity was visible in databases
(Lynch and Dunn 2004), Identification of an TPCS in Leiskmania (Denny et al. 2006) has
subsequently allowed orthologous IPCS. genes to be identified in 4. thaliana (J. G. Mina
Unpublished). ' | _

The three highly related IPCS sequence orthologues were cloned from A. thaliana cDNA
and transformed into the yeast-E. coli shuttle vector pRS426 MET as a basis for

investigating the encoded activity.

5.1 Function of At IPCS

Results from rescuing YPH499-HIS-GAL-AUR1 S. cerevisiae with At IPCS-pRS426
indicate that the three At IPCS sequences complem_ent the function of AUR1, which is the
IPCS that catalyzes the transfer of i,nositolphosﬁhate from phosphatidylinositol to ceramide
producing diacylglycerol and IPC. Also further studies in in vitro metabolic labelling
supported the results that At IPCS functionally complement AUR1L. As there is no
functional equivalent of IPCS in animals, this raises the possibility of developing specific

inhibiters that do not affect mammals which will act as an herbicide.

__As the mammalian sphingomyelin synthase_equivalent to- IPCS, carries out the (reverse) =

phospholipase reaction, the function of reverse reaction of IPCS, inositol
phosphoshingo‘liipid phospholipase C(IPS-PLC), was tested for further characterization of
At IPCS. As iscld ; iscl deletion mutant has been shown to be sensitive to: salt (Betz et al.
2002), a salt tolerance test was carried out and these results suggests that 4¢ IPCS does not
have IPS-PLC function; in vitro metabolic labelling also supports these results. This would
et.al. 2000b). However, this enzyme has yet to be identified. From anionic phospholipid-
selective binding study of ISC! in yeast demonstrated that the interaction of the N-terminus
and the C-terminus is required for activity of Isclp, and the second transmembrane domain
(TM2) and the C terminus are required for phosphatidylserine (PS) binding (Okamoto et al.
2002). Isclp was found to interact specifically and directly with PS/ cardiolipin /
phosphatidylglycerol by lipid-protein overlay assays (Sawai et al. 2000b), which suggests
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that the catalytic domain in the N terminus of Isclp is pulled to the membrane to interact
with substrate in the presence of PS/ CI/ PG (Okamoto ef al. 2002). By looking at the
rsequéné‘e' of the TM2, C terminus and N terminus, it mlght be possible to~iidentify'ISCj1 in
plants. As IPCS was identified in plants by aligning many species, employing the same
method might also facilitate in identifying ISC in plants. ,.

Results from experiments with an inhibitor of yeast AUR1 activity (Figure 15) showed that
At IPCS is resistant to the fungal inhibitor. This will potentially allow the development of
fungal pathogen inhibitors that will have no plant toxicity. Howevet, IPCS activity in
golden butter wax bean seed microsomes demonstrate sensitivity to AbA (Bromley et al.
2003). As the wax béag IPCS sequence is as yet unknown, the reason for this. diifference;’in
sensitivity is unclear, but as the bean assay was carried out using microsomal membranes
rather than by in vivo, the :differenée befWeeﬂ the experimental methods may have caused
the different results. | '
The amino acid sequences of these IPCS enzymes were compared, but no conserved
homology was found between At IPCS and Sc IPCS (Figure 27). This is why the plant

IPCS has never been identified using yeast sequences to interrogate plant databases.
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All of the 4t IPCS genes were shown to have a kinase binding sité¢ Erk D-domain, whereas
AUR1 did net. Erk- is an extracellular signal-regulated kinase invelved in functions
including the regulation of meiosis, mitosis, and postmitotic functions in differentiated
cells. Looking at the predicted domains in 4¢ IPCS, PAP2 and PGA_cap domains ‘were
found in IPCS1, PGA_cap domain was identified in IPCS2 and o domains were predicted
in IPCS3. The PAP2 superfamily includes the enzyme type 2 phosphatidic acid
phosphatase (PAP2), Glu-6-phosphatase, phosphatidylglycerophosphatase B and bacterial
acid phosphatase, and this superfamily has been identified as a lipid phosphatase in yeast
(Stukey and Carman 1997). PGA_cap is. a putative poly-gamma-glutamate cai)sule
biosynthesis protein found in bacteria. It is a surface-associated protein and may be
involved in virulence and be associated with bacterial survival in high salt concentrations
(Candela and Fouet 2006). As IPCS is thought to be located in the golgi, it is unlikely that
these domains cause the resistance to AbA.

Although the sequence of At IPCS is dissimilar to that of AURI, when aligned with
various. other species, the conserved areas D3 and D4 were found (J. G. Mina
Unpublished). These motifs D3 and D4 are shown in boxes in Figure 27. When only 4.
thaliana and 8. cerevisiae are aligned, thése domains do not match. Motifs D3 and D4 are
highly conserved throughout the: sphingomyelin synthases (Huzitenia et al. 2004), éndr are
part of the catalytic site in SM synthesis responsible for liberating cholinephosphate from
phesphatidylcholine. These motifs are similar to the'C2 and C3 motifs in lipid phosphate
pliosphatase (LPP) (Huitema et al. 2004). LPP possesses a three-domain lipid phosphatase
motif that is localized to the hydrophilic surface of the membrane (Han et al. 2004).-The- -
conserved motifs D3 -and .D4-.!in Homo sapiens, A. thaliana, S. cerevisiae and the LPP

motifs'C2 and C3 are shown in Figure 29.
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5.2 Expression of At IPCS
Results from 'Q-PCR have been presented for the expression of each A¢ IPCS gene in

various plant tissues. From these results, IPCS2 was the predominantly expressed gene,
being highly expressed in root, rosette leaf and cauline leaf. Publicly available microarray

data (https://www.genevestigator.ethz.ch/) also. suppoft these tissue level expression results.

Results of IPCS1 and IPCS3 are completely new data, as no microarray data for these
genes are currently available. From the results of Q-PCR experiments, the expression of
IPCS1 and IPCS3 are moré than 10-times less than that of IPCS2 in root, rosette leaf;
cauline leaf and siliques. Although in stem and flower, IPCS3 is expressed as much as
IPCSZ; Comparing the expression levels of IPCS1 and IPCS3, IPCS1 appears to be more
active in the early development stages 1 to 5 and IPCS3 is meore active in the later
development stages 6 to 9. Stages were taken from as described in Boyes er al. 2001.
These results .suggést that these IPCS genes. are expressed in a tissue dependent manner.
Activity measurements carried out on bean extracts (Bromley et al. 2003) suggest that light
has no effect on TIPCS activity, while data from microarray suggest that UV light decreases
the expression level of IPCS2. Although the light used in the experiments was natural light
(Bromley et al. 2003), this may suggest that depending on the environment conditions :and
different stress conditions, the expressed IPCS genes maybe selected or affected. Also,
since plants have three functional IPCS genes, it seems highly likely that IPCS is -an
important activity enabling them to deal with various environmental conditions.

- Further -éxpeﬁments would be needed to.confirm the selection of these.genes, but it-canibe -
conjectured that these IPCS genes are expressed in a tissue dependent manner and that the

surroimding environment may also have an effect on how the genes are expressed,

Finally, identification of the gene sequence of IPCS in A. thaliana will facilitate
identifying other IPCS genes in other plant species. Also the function and expression of
IPCS in 4. thaliana will facilitate the understanding of the role played by this protein, such
as in secondary signalling molecules and' lipid rafts. The expression level will give insight
into how the gene responds to various stresses. Furthermore as A. thaliana IPCS was found
to be insensitive to the anti-fungal agent AbA, understanding the mechanism of this will
become a key in managing fungal diseases in plants in future.
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6. Future Work

Further work should be carried out to understand the expression levels of these IPCS genes
under various stress conditions. As IPCS is a vital gene, the ge_né-will have to be able to
bear stress for the plant to survive. By doing this, the impoftance of this gene in plants can
be identified and the selection of the three genes under various stress cOnditi‘o’ns can be
determined. As this is the first time a plant IPCS gene has been identified, using its
orthologue other IPCS genes in various plants can also be identiﬁédt Also as plant IPCS
does not code for IPS-PLC, it will be impoftant to identify the gene coding for IPS-PC.

As A. thaliana IPCS was resistant to AbA, further study should be conducted to identify
the mechanism of this. As described in discussion, the hydropathy index appears to be
important in' AbA resistance. Therefore by -carrying out an agar diffusion assay with
various species that are hydrophobic and hydrophilic at the Sc 158 position may give
insight to AbA resistance. |

As plant IPCS has only been identified recently, further study of this gene can be
conducted to analyze the function and impertance of sphingolipids in plants.
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Appendix I - Preparation of Media

14 MS (Murashige and Skoog Basal Salt Mixture) 10 Media for Plants

¥ MS 10 plates were prepared for Arabidopsis growth media. 2.2g of MS salts, 9.5g of
LP0011 Agar Bacteriological (Agar No.1) (OXOI{D) and 10g of sucrose were added to 1
litre of distilled water. The pH was adjusted to 5.6.

The media was autoclaved at 121°C for 20mins. Once the media had cooled to 60°C; media
were poured into standard petri dishes (Bibby Sterilin) in the flow cabinet. Plates were left
with the lid offin the flow cabinet until set. |

Plates could be stored in a 4°C room for a month before use; any condensation that

occurred during storage was dried out in the flow cabinet before use.

LB (Luria-Bertani Broth) Media and Plates

LB plates: were prepared for transformation. 1L of LB broth was prepared with 10g
Bactotrypton, Sg Bacto-Yeast Extract and 10g NaCl. pH was adjusted to 7.5 with NaOH,
which was approXirnateliy' 0.2 ml of 5N. When agar was needed, it was added to 1.5%
(w/v). Both LB media and agar were autoclaved at 151b/in’. Plates were stored at 4°C.

YPD (Yeast Peptone Dextrose) Media and Plates ,
For 1 litre of YPD plates, 10g LP0021 Yeast Extract (OXOID), 20g BBL™ Trypticase™

peptone (BD), 20g D-(+)-Glucose (SIGMA) and 20g LP0011 Agar Bacteriological (Agar

No.1) (OXOID) was used. YPD Media was prepared without agar. Solutions. were
autoclaved at 121 for 15 min and were stored at 4°C. ' _
For checking the IPCS. reverse reaction, YPD plates with various salt concentrations were
prepared. These plates were prepared the same as YPD plates with the addition of
‘approp'riate salts, 0.4M NaCl, 0.5M NaCl, 0.8M NaCl, 0.01M LiCl and 0.25M LiCl.

YPGR (Yeast Peptone Galactose and Raffinose) Media and Plates

To cultivate AUR1 yeast strains, YPGR media was made. For 1 litre of YPGR, A: 10g
LP0021 Yeast Extract (OXOID), 20g BBL™ Trypticase™ peptone ('BD), B: 40g D-(+)-
Galactose (Fluka) and 20g D-(+)-Raffinose pentahydrate (Fluka) was used. A and B were
autoclaved separately and mixed after. For plates, 20g LP0011 Agar Bacteriological (Agar
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No. 1) (OXOID) was added to solution A. Solutions: were autoclaved at 121°C for 15 min

and were stored at 4°C.

Scientifically Defined (SD) Media and Plates

SD-His and SD-Met plates were prepared for analysing the IPC-PLC activity.

1 litre of SD-His plates were made by 20g D-(+)-Glucose (SIGMA) and 20g LP0011 Agar
Bacteriological (Agar No.1) (OXOID), 1.7g Difco™ Yeast Nitrogen Base w/o :amino

Acids (BD), 5.0g NH4S0, (SIGMA) and appropriate amino acid stocks (10mL adenine

sulphate, 10mL uracil, 2mL L-tryptophan, 4mL L-arginine, 2mL L-methionine, 25mL L-

tyrosine, 6mL L-leucine, 6mL L-isoleucine, 5SmL L—lycine,!SmL L-phenylalanine, 10mL
L-aspartic, 10mL L-glutamic acid, SmL L-valine, SmL L-threonine and SmL L-sefine)

were added to the media. SD-Met plates were made as above with the deletion of 2mL L-

methionine but with 2mL L-histidine. | '

SD-His-Ura plates with Glu and SD-His-Ura plates with Gal and Raf were made to test the:
Arabidopsis TPCS complementation of yeast AUR1 genes, 1 litre of SD-His-Ura with Glu
was made as above by. not adding His and Ura. SD-His-Ura with Gal and Raf were
prepx;redﬁ by adding 40g D-(+)-Galactese (Fluka) and 20g D-(+)-Raffinose- pentahydrate-
(Fluka) instead of Glu. Selutions were autoclaved at 121°C for 15 min and were stored at
4°C.

The concentration of the stock amino acids were, 2mg/mL adenine sulphate, 2mg/mL
uracil, 10mg/mL L-tryptophan, 10mg/mL L-arginine, 10mg/mL Lmethi‘oni’n‘e, 2mg/mL L-

tyrosinie, 10mg/mL. L-leucine, 10mg/mL. L-isoleucine, 10mg/mL L-lycine, 10mghnL L-~
phenylalanine, 0.01lmg/mL L-aspartic, 10mg/mL L-glutamic acid, 310mg/m£ L-valine,
40mg/mL L-threonine and 80mg/mL L-serine)

82




