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Abstract

Sulfur is a fundamental element for all living organisms. It is
acquired as sulfate, which is also the most abundant S form in
the ocean, and 1s assimilated as sulfide, which 1s fixed in the
S-amino acid cysteine. Sulfate assimilation thus requires its
reduction to sulfide. For sulfate to be reduced, it needs to be
activated to Adenosine PhosphoSulfate (APS). This reaction is
catalyzed by ATP-Sulfurylase, which in eukaryotic algae and
oceanic cyanobacteria, differently from all other organisms are
subject to redox regulation. The other steps of the sulfate
assimilation pathways are believed not to differ in algae, as
compared to embryophytes. The only other step on which the
lack of information leaves crucial open questions is the
synthesis of cysteine. Cysteine synthesis is catalyzed by two
enzymes, Serine Acetyl Transferase (SAT) and O-Acetyl Serine
(Thiol) Lyase (OAS-TL), which in embryophytes form a
complex, the Cysteine Synthase Complex (CSC). My thesis will
focus on these two steps, with special attention to cysteine
synthesis.

With respect to ATP-sulfurylase, I have tried to assess if redox
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regulation is mediated by the redox state of the plastoquinon
pool of thylakoids. My results suggest that this is not the case.
The in vivo blockage of PQ reduction through the use of DCMU,
a specific inhibitor of electron transfer from QA to QB, did not
affect ATP-S activity.

As for the enzymes of cysteine synthesis, my bioinformatic
analysis showed that the phylogeny of SAT and OAS-TL are
probably difficult to reconstruct due to the shuffling of these
genes across groups with the possible contribution of horizontal
gene transfer. By analyzing the protein sequences, I determined
that the C-terminal domain of algal SAT, which is believed to be
responsible for the interaction with OAS-TL, 1s very similar to
that of embryophytes. This suggests that the interaction of SAT
and OAS-TL occurs in algae as in embryophytes. However, the
N-terminus of algal SAT, which is believed to be involved in the
SAT/SAT interaction, is not equally conserved; therefore,
differences in the assemblage of the CSC in algae are possible.
In order to clarify this point, I purified OAS-TL from the
freshwater cyanobacterium Synechocystis sp. PCC 6803, the
green marine algae Tetraselmis suecica and Dunaliella
tertiolecta, the green freshwater algac Chlamydomonas

reinhardtii, the marine diatoms Thalassiosira pseudonana and
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Phaeodactylum tricornutum, and from the marine dinoflagellate
Amphidinium klebsii. These purified proteins showed some
differences in mass, which was however always within the
35-44 kDa range. All the purified proteins were active, although
specific activity differed among species. Interestingly, the
activity, in most cases, was higher when the enzyme was more
diluted; the enzyme is more active, as it also happens in
embryophytes. For embryophytes, this has been interpreted as
an indication that OAS-TL activity is modulated through
protein-protein interaction. To verify the hypothesis that algae
have CSC like embryophytes, I studied the ability of algae
OAS-TL to form a complex with Arabidopsis thaliana SAT
(overexpressed in E. coli). In all cases, a complex was formed,
although the strength of the interaction between SAT and
OAS-TL appeared to be different for different algal species. The
presence of OAS-TL and SAT in the purified native complexes
was confirmed by immunodetection of both proteins. The
cysteine synthase complexes that were formed in these
experiments were appreciably larger (approximately 600 kDa vs
320 kDa) than those of embryophytes. Further experiments will
be required to ascertain the actual stoichiometry and structure of

the algal CSC. However, based on the above observation, I



propose that algal CSC is composed by two SAT trimers, with
an OAS-TL dimer bound to each SAT monomer. This
configuration would give a mass of about 600 kDa, compatible
with the results obtained in our CSCS purification experiments.

It is also noteworthy that the strength of the binding of algal
OAS-TL to AtSATS was greater in green algae than in algae of
the red lineage. This may be an indication of the fact that a
greater proportion of OAS-TL is in the free form, in red-lineage
algae, leading to a higher flux of S into cysteines. At this stage,

this is only a hypothesis that requires further confirmation.
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1. Introduction

1.1. Impact of sulfur availability on algae ecology, evolution

and radiation

Photosynthetic organisms acquire the macronutrient sulfur (S) as sulfate (SO4>), with
the highest oxidation number of +6. Sulfur, however, is assimilated into organic
matter (in cysteine) as sulfide (S?). Consequently, a conspicuous amount of reducing
power is needed to support S assimilation. In embryophytes, this reducing power can
derive from linear electron transport, from the pentose phosphate shunt or from the
mitochondrial electron transfer chain (Schmidt, 1979). Sulfur assimilation in algae is
believed to be more strictly dependent on photosynthesis (Schmidt, 1979).

On average, S is typically below 1 mM (sometimes, much below this value) in
freshwater, but it is very abundant in the ocean (about 29 mmol L™"). This makes S
never limited in the ocean, although in oligotrophic freshwaters, there are indications
that S-limitation may be possible (Giordano, 2005).

The concentration of S in the oceans has not always been so high (Ratti et al., 2011).
Sulfate concentration was probably around 200 pmol L™ when the first cyanobacteria
appeared (Habicht et al., 2002), and raised to less than 5 mM in the Proterozoic Era
and to 10-15 mM in the late Palaecozoic Era (Shen et al., 2002; Canfield, 2004; Kah et
al., 2004). At the beginning of the Mesozoic, sulfate concentration increased stepwise
to a concentration of 13-27 mM (Giordano & Prioretti, 2016.) In concomitance with
the Mesozoic increase of oceanic S, phytoplankton composition changed and a
domination shift from green algae to the red-lineage algae occurred (Giordano, 2005;
Ratti et al., 2011; Knoll et al., 2017). It has been proposed that this shift in dominance

was favored, although not fully determined, by the sulfate increase (Sulfate



Facilitation Hypothesis, Ratti et al., 2011; Prioretti et al., 2014).

It is still not clear if the influence of S on phytoplankton radiation was associated with
differences in the S metabolism of red-lineage algae compared to green algae or if the
increased S availability exerted an indirect effect on the success of some clades
(Giordano & Prioretti, 2016); the indirect effect of S may have been associated to the
higher S quotas of red lineage algae, which allocate a large portion of S to
dimethylsulfoniopropionate (DMSP) (Ratti et al., 2011; Norici et al., 2005). The
synthesis of DMSP may have been a response to ocean oxygenation, which led to a
decrease of N availability: DMSP, under these circumstances, would have been a
cheaper osmolyte than the N-containing glycine betaine (Andreae, 1986; Dacey et al.,
1987; Turner & Beidel, 1988; Grone & Kirst, 1992; Andreae & Meinrat, 1990; Liss et
al., 1997; McNeil et al., 1999). DMSP, when a cell is lysed due to predation or other
causes, is degraded by bacterial lyases (de Souza & Yoch, 1995a, b; Yoch et al., 1997)
and marine algae DMSP lyases (Steinke et al., 1996; Steinke & Kirst, 1996; Stefels,
2000); the products of such degradation are DMS and acrylate, both capable of
anti-grazing activity (Steinke et al., 2002a; Steinke et al., 2002b).

Thus, the increased grazing pressures exerted by some micrograzers (especially
copepods) at the beginning of the Mesozoic era (see Giordano et al., 2018 for a
discussion on this event) may have exerted a selective pressure in favor of those
phytoplankton clades more capable of responding to the challenge, among these those
groups with a higher S cell quota and thus a higher DMSP content (Prioretti &
Giordano, 2016).

1.2. Sulfur metabolism

1.2.1. Sulfate acquisition



Three main types of sulfate transporters have been identified in algae. As described in
Fig. 1-1. In the plasmalemma of eukaryotic algae, H/SO,*” (SULTR) and Na' /SO,
(SLT) co-transporters have been identified; the expression of both types of
transporters is induced by low sulfate availability. The proton gradients across the
plasmalemma possibly energize, more or less directly, these transporters. In
Cyanobacteria, sulfate transport is carried out by an ATP-binding-cassette (ABC)
transporter, with a transmembrane channel constituted by the SulP and SulP2 proteins
(SULP stands for sulfate permeases). A sulfate binding protein (Sbp) is linked to the
Sup and SulP2 proteins, on the side of the protein emerging on the extracellular face
of plasmalemma; ATP-binding proteins (Sabc) are instead present on the cytosolic
portion of Sulp and Sulp2; the Sabc catalyzes the hydrolysis of ATP, which energizes
the transport of sulfate (Melis & Chen, 2005). Interesting, a similar type of transporter
is present on the inner chloroplast membrane of Chlamydomonas reinhardtii

(Lindberg & Melis, 2008).

1.2.2. Sulfate reduction

In photosynthetic organisms, sulfate reduction occurs in the chloroplast. The only
known exception is Euglena gracilis, which reduces sulfate in the mitochondrion
(Takahashi et al., 2011). Sulfate reduction is a rather complicated process, due to the
fact that the redox potential of the sulfate/sulfite pair is too negative (E¢’ = -0.454) for
the cell electron donors to provide the energy for this chemical transformation. For
sulfate to be reduced to sulfite, it needs to be activated to adenosine 5 -phosphosulfate
(APS. E¢’ = -0.060) (Schmidt & Jager, 1992). This sulfate adenylation was catalyzed
by the enzyme ATP sulfurylase (ATPS; EC 2.7.7.4). Algal ATPS differ from those of
vascular plants (Prioretti et al., 2014). Among the most typical features of algal ATPS
is the high number of cysteine residues. It has been shown that, in oceanic

cyanobacteria and in eukaryotic algae, some of these cysteine residues are involved in



the redox regulation of ATPS (Giordano & Prioretti, 2016; Prioretti et al., 2016). The
ATPS of dinoflagellates and freshwater and coastal cyanobacteria, instead, appears
not to be subject to redox regulation (Giordano & Prioretti, 2016; Prioretti et al.,
2016).

The APS generated in the reaction of ATPS is then reduced to sulfite with the
intervention of APS reductase (APR; EC 1.8.4.9). In vascular plants, glutathione is
used as the donor of reducing power in this reaction; no direct evidence on whether
this is the case in algae exists. The sulfite generated in the reaction catalyzed by APR
is further reduced to sulfide by a ferredoxin-dependent sulfite reductase (EC 1.8.7.1);

6 electrons are required for this reduction.

Instead of being used for the production of reduced S, APS can also initiate the
sulfation pathway. In this case, APS is probably produced by different isoforms of
ATPS from those used in the plastid for sulfate reduction, mostly located in the
cytosol; unfortunately, not much is known on sulfation in algae and thus I can only
provide limited and anecdotical information on this pathway. Sulfation, in vascular
plants, requires that APS is further phosphorylated by APS kinase (APK; EC 2.7.1.25);
3 -phosphoadenosine 5’-phosphosulfate is thus produced PAPS; (Takahashi et al.,
2011). PAPS is used by sulfotransferases (EC 2.8.2.24) to donate sulfate groups to all
sorts of different molecules (Giordano & Prioretti, 2016). This is mostly done to
increase the polar character of molecules and make them more soluble (Dahl et al.,

2008).

1.2.3. Cysteine synthesis

Once sulfide is produced, it is assimilated into organic matter by the production of the
S-amino acid cysteine. Cysteine synthesis requires two reactions. The first reaction is

catalyzed by the enzyme serine acetyltransferase (SAT; EC 2.3.1.30), which produces



O-acetylserine (OAS) from serine and acetyl-CoA (Fig. 1-1,). O-acetylserine, together
with sulfide, then acts as the substrate of OAS-(thiol) lyase (OAS-TL; EC 4.2.99.8),
which catalyzes the synthesis of cysteine (Leustek et al., 2000; Kopriva, 2006). SAT
and OAS-TL are regulated through the assemblage and disassemblage of a complex,
the so called Cysteine Synthase Complex (CSC) (Bogdanova & Hell, 1997). The
complex does not facilitate the reaction by substrate channeling, because the OAS-TL
is not functional when complexed with SAT; the synthesis of cysteine is only
accomplished by free OAS-TL (Droux et al., 1998; Wirtz et al., 2001).

In vascular plants, SAT is a hexamer of 29 kDa subunits. It is a member of the
hexapeptide acyltransferase enzyme family (Olsen et al., 2004). The functional
analysis of SAT domains, using the yeast two-hybrid system, showed that the
N-terminal o-helical domain of SAT is involved in SAT/SAT interaction; the
C-terminal domain, instead appears to be responsible for both enzymatic activity and
SAT/OAS-TL interaction (Bogdanova & Hell, 1997). The idea of a bifunctional
C-terminal SAT domain was further strengthened by the modelling of the C-terminus
of plant SAT using bacterial acyltransferase structures as templates (Hell & Wirtz,
2008). The location of SAT is already known in different higher plants: Arabidopsis
SAT isoform located in mitochondria (Roberts & Wray, 1996; Noji et al., 1998; Wirtz
et al., 2001; Krueger et al., 2009), Arabidopsis SAT located in the plastid (Murillo et
al., 1997; Noji et al., 1998; Krueger et al., 2009), Arabidopsis SAT located in the
cytosol (Howarth et al.,, 1997; Noji et al., 1998; Howarth et al., 2003), Citrullus
vulgaris (watermelon) SAT2 (Saito et al., 1995), spinach SATase Allium tuberosum
ASATS5 (Urano et al., 2000), Glycine max cytosolic isoform SATasel (Chronis &
Krishnan, 2004), through the domain analised of O. parapolymorpha SAT (OpSatlp)
and other fungal SATs the new research data revealed a mitochondrial targeting
sequence (MTS) at the N-terminus and an o/f hydrolase one domain at the C-terminal
region possessed in the fungal (Yeon et al., 2018).

O-acetylserine (thiol) lyase (EC 4.2.99.8) (OAS-TL) is also known as O-acetylserine
sulthydrylase or cysteine synthase (CSase) belongs to the family of B-replacement

enzymes (Kopriva et al., 2008). OAS-TL, in embryophytes, is a homodimer with 35



kDa subunits (Leon et al., 1987). In higher plants and algae, isoforms of OAS-TL are
located in the cytosol (Alvarez et al., 2010), mitochondria (Alvarez et al., 2012), and

plastids (Heeg et al., 2008).

The structure of the first plant OAS-TL was recently resolved, demonstrating a high
degree of conformational similarities between plant and enterobacterial OAS-TL
(Bonner et al., 2005); such similarities allow plant and bacteria OAS-TL to form
stable homodimers, with a molecular weight from 68 to 75 kDa. Crystallization of
OAS-TL from bacteria showed that each OAS-TL subunit carries a tightly bound
pyridoxal 5'-phosphate at the catalytic site (Hatzfeld et al., 2000). The conservation of
the active site residues strongly supports the idea that the same prokaryotic and
eukaryotic OAS-TLs share the same kinetic mechanism.

SAT and OAS-TL of bacteria and embryophytes form CSC of similar size (Becker et
al., 1968; Kredich et al., 1969). By using size-exclusion chromatography, a total
molecular weight of 309 kDa for the hetero-oligomeric CSC was determined from
Salmonella typhimurium (Kredich et al., 1969); 160 kDa were attributed to two SAT
trimer and 68 kDa were due to a OAS-TL dimer (Kredich & Becker, 1969). In
Arabidopsis thaliana, the Cysteine Synthase Complex is formed when an excess of
sulfide is present and is disassembled when OAS accumulates in the cell (Droux et al.,

1998; Hell & Wirtz, 2011).



Fig. 1-1. Sulphate metabolism in algal cells.

An overall view of sulphur assimilation and of sulphation is depicted here (Giordano & Prioretti, 2016): the enzymes are indicated in red, metabolites in blue
and transporters in black. The light blue lines indicate the reactions of the reductive sulphate assimilation pathway; the dark purple lines indicate reactions of
the sulphation pathway; dashed lines indicate putative pathways for metabolite transport that are not been incon- trovertibly demonstrated. ABC ATP-binding
cassette SO, transporter, APK APS kinase, APR APS reductase, APS adenosine 5'-phosphosulphate, ATPS ATP sulphurylase, CBL cystathionine B-lyase,
CGS cystathionine y-synthase, CLT thiol transporter (chloroquine resistance transporter-like transporter, Cys cysteine, Cyst cystathionine, y-ECS
v-glutamylcysteine synthetase, GGT y-glutamyltransferase, Glu glutamate, y-Glu-Cys y-glutamylcysteine, GSH glutathione, GSHS glutathione synthetase,



GST glutathione-S- transferase, GS-X glutathione conjugate, Hcy homocysteine, Met methionine, MRP multidrug resistance-associated protein, MS methio-
nine synthase, OAS O-acetylserine, OAS-TL OAS (thiol) lyase, OPH O-phosphohomoserine, PAPS 3’-phosphoadenosine 5’-phosphosulphate, R-OH
hydroxylated precursor, SAM S-adenosylmethionine, SAT serine acetyltrans- ferase, Ser serine, SiR sulphite reductase, SLT Na/SO,*" transporter, SOT
sulphotransferase, SULTR H'/SO,* transporter, Thr threonine, TS threo- nine synthase, X-Cys-Gly cysteinylglycine conjugate.
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2. Hypotheses

In this thesis, I focused on the first and on the last step of the S assimilation pathway.

The first step, the one catalyzed by ATPS, still requires to be elucidated with
respect to the invivo mechanisms for redox regulation. By similarity with other

enzymes (e.g. nitrate reductase; Giordano et al., 2005), I hypothesize that:

Hp 1: the perception of the availability of redox power for the initiation of
sulfate assimilation is constituted by the redox state of the plastoquinone pool of

the electron transfer chain in the chloroplast.

The reduction state of the plastoquinone pool is the indicator of the rate of electron
transport and of the level of reduction of ferredoxin, which possibly is the main donor
of electrons for sulfate assimilation. It would, therefore, be a good sensor for the
overall availability of electrons available for the reduction of sulfate to sulfide. If
such a regulation mechanisms exists, this would represent a major difference with
respect to embryophytes: in embryophytes, the main control step of sulfate reduction
is at APR reduction (Takahashi et al. 2011); if ATPS activity is finely regulated in
vivo via the redox state of the plastoquinone pool, this would move the first control
step of the pathway already at sulfate activation. This is intriguing because it would
suggest that a greater control on energy investment exists on S assimilation in algae,
which would not commit to the use of ATP for sulfate activation, unless sufficient

redox power for the completion of the pathway is available.

The last step of S assimilation is that of cysteine synthesis. In the absence of any
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data on SAT and OAS-TL from algae, it is not possible to generalize the regulatory
mechanism proposed for embryophytes to all photosynthetic organisms. I thus
intended to verify whether a CSC is involved in cysteine synthesis in algae and test

the following hypothesis:

HP 2: Cysteine synthesis of algae works through the constitution of a CSC.
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3. Materials and methods

3.1. Bioinformatic methods

3.1.1. Protein sequences and phylogenetic trees

All protein sequences were obtained from the NCBI Protein Database
(http://www.ncbi.nlm.nih.gov/protein/), both by looking for the SAT and OAS-TL
sequences of specific organisms and by using BLASTP (protein-Basic Local
Alignment Search Tool) (Altschul et al., 1990; Goujon et al., 2010; Sievers et al.,
2011). The phylogenetic analysis was conducted using the MEGA 5.0 software
(Tamura et al., 2011). The Maximum Likely hood method was used for the
construction of phylogenetic trees (Saitou & Nei, 1987; Sanderson & Driskell, 2003).
The bootstrap values (Fron et al., 1996) shown on the tree branches represented the
confidence level of clades, i.e. the number of reiterations (out of 100) of data analysis
that gives the same branch (Karlin & Altschul, 1990). The evolutionary distance
between branches (corresponding to the branch length) was computed using the
Poisson correction method (Zuckerkandl & Pauling, 1965) and expressed in terms of
the number of amino acid substitutions per site. All positions containing gaps and

missing data were eliminated.

3.1.2. Predictions on the location of SAT and OAS-TL

proteins

Prediction of sub-cellular localization of proteins was performed with the Target P 1.1
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online software (http://www.cbs.dtu.dk/services/TargetP/), as described in
Emanuelsson and coauthors, 2007. Also, the on line software identified the sequences
signal peptides and prediction of their cleavage sites (Nielsen et al., 1997).

The http://mobyle.pasteur.fr/cgi-bin/portal.py#jobs::boxshade online software was
used to acquire the bioinformatic about the proteins and then to identify protein
homogeneity predicting evolutionary relationship among different species (Koonin &

Galperin, 2003).

3.1.3. Analysis of SAT and OAS-TL algae sequences

Fig. 4-4 and Fig. 4-5 showed the degree of SAT and OAS-TL conserved area in
different species, respectively. Multiple sequence alignment was done with the
T-Coffee on line software (http://tcoffee.crg.cat/apps/tcotfee/do:regular) (Notredame
et al., 2000; Felix et al., 2005; Moretti et al., 2011; Weimbs & Santa, 2012).
Representation of the alignment was done wusing the Boxshade program
(http://www.ch.embnet.org/software/BOX form.html). In the Boxshade figures, for
clarity, only some species were shown for each algal clade.

Pairwise Sequence Alignment through  the on line software
(https://www.ebi.ac.uk/Tools/psa/emboss matcher/) EMBOSS Matcher identifies
local similarities between two sequences using a rigorous algorithm based on the

LALIGN application (Koonin, & Galperin, 2003; Kleckner et al., 2016).
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3.2 Experimental organisms

3.2.1. Synechocystis sp. PCC 6803

Fig. 3-1. Synechocystis sp. PCC 6803.

The cyanobacterium Synechocystis (phylum Cyanobacteria, order Chroococcales)
(Fig. 3-1) (Selim et al., 2018) is a freshwater organism with cells of about 2 um in
diameter, and coccoid in shape. The cells blue-green color is mainly due to
phycocyanin, abundant in the antenna complex of photosystem II (PSII). In this thesis
I used strain PCC 6803, which is the first photoautotrophic organism whose genome
was fully sequenced (Nakamura et al., 1998); the size of Synechocystis PCC 6803
genome is 3.57 Mbp. The ease with which this organism can be cultivated and
genetically manipulated (Kufryk et al, 2002) made it a model for the study of

physiology and genetics of photosynthetic organisms.

3.2.2. Chlamydomonas reinhardtii

The Chlamydomonas reinhardtii (phylum Chlorophyta, class Chlorophyceae, order
Volvocales) (Fig. 3-2) is a ubiquitous freshwater green algae, with ovoid, biflagellate

cells of about 10 um in diameter (Harris et al., 2009). Its mitochondrial (15.8 Kbps;

)



Trans & Land, 1988; Rochaix, 1995), plastidial (203.4 Kbps; Maul et al., 2002) and
nuclear (121 Mbps; Merchant et al., 2010) genomes have been sequenced and a large

collection of mutants is available.

Fig. 3-2. Chlamydomonas reinhardtii.

3.2.3. Dunaliella tertiolecta

Unicellular green algae Dunaliella belong to the Chlorophytes (Oren-shamir et al.,
1990; Oren, 2005). The algae were first described (Dunal, 1838), but it was not until
1905 that the name Dunaliella was given by Teodoresco (1905). Dunaliella tertiolecta
(phylum Chlorophyta, class Chlorophyceae, order Volvocales) (Fig. 3-3) (Mesquita et
al., 2013) is a marine green flagellate with a cell size of 10—12 pm. This genus is
characterized by the absence of a rigid polysaccharide wall (Gibbs & Duffus, 1976),
instead, cells are covered by the amorphous mucilaginous layer of variable thickness
called a glycocalyx. Dunaliella cells are motile with two equally long flagella. In
2017 (Yao et al, 2017), RNA-Seq technology data were de novo assembled and
annotated, 17,845 protein-coding transcripts resulted in Dunaliella tertiolecta (~95%

completeness).
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Fig. 3-3. Dunaliella tertiolecta.

3.2.4. Tetraselmis suecica

Tetraselmis suecica Strain 1878 (phylum Chlorophyta, class Chlorodendrophyceae,
order Chlorodendrales) (Fig. 3-4) (Mesquita et al., 2013) is a green marine flagellate
alga. It is often classified in the informal group of Chlorella pyrenoidosa
prasinophytes, some members of which belong to the basal Chlorophyta. A

transcriptome was produced by M. Giordano and C. Delwiche (unpublished).

Fig. 3-4. Tetraselmis suecica.

(Photo by David Patterson and Bob Andersen via Encyclopedia of Life).

3.2. 5. Thalassiosira pseudonana

Thalassiosira  pseudonana  Cleve 1873  (phylum  Heterokonta, class

)



Coscinodiscusphyceae, order Thalassiosirales) (Fig. 3-5). Thalassiosira pseudonana
is a small centric diatom with an average cell diameter of 2-15 um. This diatom is
found both as a single cell or chain colony of up to 6 cells. It is especially abundant in

coastal waters. Its genome has been sequenced (Armbrust et al., 2004).

~6p

Fig. 3-5. Thalassiosira pseudonana.

(SEM Photo by N. Kroger, Alfred Wegener Institute, Germany).

3.2.6. Phaeodactylum tricornutum

Phaeodactylum  tricornutum  Bohlin 1897  (phylum  Heterokonta, class
Bacillariophyceae, order Naviculales) (Fig. 3-6) (Miyahara et al., 2014) is a pennate
marine diatom, with little silicified cells (Lewin et al., 1958), and four morphotypes:
oval, fusiform, triradiate and cruciform, the latter being rarely reported (He et al.,

2014). P, tricornutum genome has been sequenced (Daboussi et al., 2014).

10 pm

Fig. 3-6. Phaeodactylum tricornutum.
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3.2.7. Amphidinium klebsii

The dinoflagellate group encompasses a variety of morphologically very dissimilar
organisms. It includes marine and freshwater species; autotrophic, mixotrophic, and
heterotrophic modes of nutrition; pelagic and benthic forms. Amphidinium kiebsii
(phylum Miozoa, Class Dinoflagellata, order Gymmnodiniaceae) (Fig. 3-7) is a
common dinoflagellate in temperate and tropical marine waters. The cell diameter is
around 10-15 um. A transcriptome was produced by M. Giordano and C. Delwiche

(unpublished).

Fig. 3-7. Amphidinum klebsii.

(photo by Jacob Larsen).

3.3. Cultures

3.3.1. Culture conditions

Prior to any experiment/measurement, algae were allowed to acclimate to their
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culture conditions for at least 4 generations.

3.3.1.1. Synechocystis sp. PCC 6803

Synechocystis sp. PCC 6803 was cultured in batch, in 250 mL Erlenmeyer flasks
containing 150 mL of algal suspension. Only for protein purification, for all species,
larger (4 L) vessels were used. The growth temperature was 20 + 0.5 ‘C. Cultures
were illuminated continuously with PAR (340-700 nm) light at an irradiance of 50
pmol photons m™ s71. The irradiance was measured with a quantometer (LI-250 Light
Meter; LI-COR, Inc.). Cultures were bubbled with filter-sterilized air. As for all

species, experiments were conducted on exponentially growing cells.

3.3.1.2. Eukaryotic algae

All eukaryotic species were cultured in the same conditions used for Synechocystis,

except for the irradiance, which was 120 pmol photons m™ s (PAR).

3.3.2. Growth media.

3.3.2.1. BG-11 medium

For Synechocystis PCC 6803, BG-11 medium (Stanier et al., 1971) was used. BG-11
medium contained: NaNO; (17.65 mmol L7) K,HPO, (0.23 mmol L),
MgS04+7H,0 (0.304 mmol L™), CaCl, (0.245 mmol L™, citric acid (0.031 mmol L™),
Ammonium Ferric Citrate (6 mg L), EDTANay*2H,0 (0.0027 mmol L), Na,COs

21



(0.0189 mmol L™), and trace metals. The trace metal solution had the following
composition: H3;BO; (0.0463 mmol L), MnClLe4H,O (0.0091 mmol L™),
ZnS04*7H,0 (0.00077 mmol L), Na;MoO4+2H,0 (0.0016 mmol L™), CuSO45H,0
(0.00032 mmol L™), Co(C1),*6H,0 (0.000172 mmol L™), Tris-HC1 pH 7.6 (10 mmol

L™); 0.5 ml of this trace metal solution was used in 1 L of BG-11.

3.3.2.2. TAP and TP medium

Chlamydomonas reinhardtii was cultured in either Tris-Acetate-Phosphate (TAP)
medium or Tris-Phosphate (TP) minimal medium (Gorman & Levine, 1965). TAP
medium contained: Trizma base (17.67 mmol L), NH4Cl (7.48 mmol L), CaCl,
(0.45 mmol L), MgSO47H,0 (0.41 mmol L"), Na,EDTA (0.13 mmol L),
FeS04+7H,0 (0.018 mmol L™), ZnSO4+7H,0 (0.077 mmol L™), H;BO; (0.18 mmol
L"), MnClL*4H,0 (0.026 mmol L), MnCl,*4H,0 (8.04 mmol L™), CuSO4*5H,0
(0.0064 mmol L), Na;MoO4*2H,0 (0.0032 mmol L), CoCl*6H,0 (0.012 mmol
L™), potassium phosphate buffer (1 mmol L™), pH 7.2; 0.1% (v/v) glacial acetic acid
was added to the medium to adjust the pH to 7.2, after the medium was autoclaved.
TP medium had the same composition as TAP, with the exception of the acetic acid,
which was omitted; the pH of TP medium was adjusted with HCI, after the medium

was autoclaved, to obtain a final pH of 7.2.

3.3.2.3. Artificial Multipurpose Complement for the Nutrition of

Algae (AMCONA)

All other species were cultured in AMCONA medium (Fanesi et al., 2014). The

composition of this medium was as follows: NaCl (363 mmol L"), Na,SO4 (8.04
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mmol L), KC1 (8.04 mmol L), NaHCO; (2.07 mmol L), KBr (725 pumol L),
H;BO; (372 pmol L), NaF (65.7 pmol L), MgChL*6H,0 (41.2 mmol L),
CaClL+2H,0 (9.14 mmol L"), SrCL*6H,0 (82 pmol L), NaNO; (549 pmol L™),
NaH,PO4+*H,0 (21 pmol L™), NaSiO3+9H,0 (205 pmol L), CuSO4+5H,0 (40 nmol
L™), Tris-HCL, Ph 8.0 (10 mmol L™), FeCl;*6H,0 (6.56 mmol L), Na,EDTA+2H,0
(6.56 mmol L), ZnSO47H,0 (254 pmol L), CoSO47H,O (5.69 pmol L™),
MnSO4+4H,0 (6.1 pmol L™), Na;MoO4+2H,0 (6.1 umol L™), Na;SeOs (1 umol L™,
NiCl,*6H,0 (6.3 pmol L), Na,EDTA2H,0 (8.29 mmol L™), Thiamine-HCI (297
pmol L™, Biotin (4.09 pmol L), B12 (1.47 pmol L™).

3.3.3. Determination of cell concentration

Since the cyanobacteria Synechocystis sp. PCC 6803 cell size is too small to be easily
counted with an optical microscope and also counts with an automatic cell counter
are not fully reliable, because cells are undistinguishable from debris and occasional
bacteria, cell concentration of Symechocystis was routinely measured as optical
density at 750 nm with a Beckman DU 640 Spectrophotometer (Beckman Coulter)
(Zerulla & Ludt, 2016). At 750 nm, photosynthetic pigments do not significantly
absorb light (Rabinowitch & Govindjee, 1969; Govindjee, 2004). In order to convert
optical density to cell number, a calibration curve was made with samples containing
serially diluted subsamples of a concentrated culture of Synechocystis sp. PCC 6803
of known cell concentration. The cell concentration of the reference Synechocystis sp
PCC 6803 culture was determined by counts under a microscope (Zeiss Axioskop,
Germany) applying the following equation:

Cell concentration (cell ml™) = [NxS1/ S2]/ V1

Where S1 is the slide area (mm?); V1 is the sample volume (ml); S2 is 5 times the
field area at a 400x magnification (mm®); N is the total cell number counted in 5 field

arcas.
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Freshly made, 0.2 pum filtered cell free BG-11 medium was used as the blank.

Slide area (mm®) was 24x40, the field area was 400 mm”.

To determine cell concentration of all the others experimental algae, cells were
counted with an automatic cell counter CASY TT (Roche Innovatis, Mannheim,
Germany). An aliquot of 100 pl of culture was diluted in 10 ml of CASYton, an
electrolyte solution specifically developed by the counter manufacturer. The sample
was sucked into the counter through a measuring capillary (60 um pore size), at a
constant flow rate. Then a pulsed low voltage (1 MHz) was applied between two
platinum electrodes; the electrolyte provided the background electrical resistance.
When a cell intersected the electric field in the capillary, the cell acted as an insulator
and increased resistance between the electrodes. The number of cells was determined
from the number of events of current disturbance. The duration of this change in
conductivity is proportional to the size of cells (corresponding to the volume of
electrolytes displaced by cells). This allowed the determination of a cell volume.
Since dead cells are partially empty, they exert a lower resistance to the current and
can therefore be discriminated from live cells. Cell concentration was determined

twice or thrice per day and used to construct growth curved.

3.3.4. Growth rate determination

The specific growth rate, p, was calculated from the equation below (Magsood,

1974):

_ InX1 — LnX2
M= " (day)

Where X is the cell number at time 1 and X, is cell number at time 2. Both time
points were chosen to be in the exponential growth phase; t is the time expressed in

days.
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3.3.5. Biomass harvesting

For all measurements/experiments, algae acclimated to the growth conditions were
collected by centrifugation using are refrigerated centrifuge (Beckman, California,
USA) equipped with a JA-10 rotor (Beckman, California, USA). The algal
suspension was centrifuged at 5000 g, for 10 min, at 4 “C. The pellet was collected

and frozen -80 °C until used.

3.4. Overexpression of AtSATS

In order to purifty OAS-TL, Arabidopsis thaliana SATS (AtSATS or SAT-5) was used
as the ligand in the affinity column. This protein was modified by a histidine tag, in
view of its utilization as a ligand in affinity chromatography. It was then
overexpressed in E. coli, after transfection of the bacterium with the plasmid pET28a,
into which the AtSATS5 gene had been inserted (Fig. 3-8). The plasmid containing the
His-Tagged AtSATS was kindly donated by Prof. Ruediger Hell, Heidelberg
University.

The amount of plasmid was determined by reading the DNA concentration in MilliQ
water using a NANODROP 1000 spectrophotometer V3.8 (Thermofisher,

Massachusetts, USA). The concentration used for the transformation was 20 ng/pl.

3.4.1. Primer design
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In order to verify that the gene of interest was in the plasmid and then in the
transformed cells, primers specific for AtSATS5 (Gene ID: 835778, SAT 5:
AT5G56760) (Tabata et al., 2000) were designed with the Prim Primer, 5.0 software.
Their sequences were shown in Table. 3-1. the gene regions that these primers
amplified were located at the beginning, middle and end of the AtSATS DNA

sequence.

Table. 3-1. Primer for AtSAT5 amplification

Gene Name Length Primer sequence

AtSATS5-1 187 bp FW: AAACAGCGGTGATTGGGAAC; RV: ATCAGCACAACAGAACCAGC

AtSAT5-2 307 bp FW: CAGAAGCAGCGTCAGC; RV: TCACGAACACGAGCAG

AtSAT5-3 285 bp FW: TCCGATGAAGCAGAAG; RV: GGTGGCGTTACGAAGAG

AtSATS-4 322 bp FW: ACAATCACGGAAGCCATTAGCAT; RV: GTCAATCAGCACAACAGAACCAG
Vector FW: (T7) TAATACGACTCACTATAG; RV: (T7 terminator) GCTAGTTATTGCTCAGCGG

FW = forward primer, RV = reverse primer. T7 = T7 RNA Polymerase.

3.4.2. AtSATS Colony transformation assessment in E. coli

The pET28a plasmid (Wirtz, 2004) (Fig. 3-8) was used for the insertion of the AtSATS
gene into E. coli. This plasmid was donated by Prof. Ruediger Hell, Heidelberg

University.
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Fig. 3-8. AtSAT5-pET28" construct map.

Cloning was conducted using E.coli DH10 competent cells, according to the protocol
shown below:

~N
\/ * 40 ul E.coli DH10 competent cells were mixed with 1
Incubation pl of plasmid solution (20 ng/ pL) and put on ice for
30 minutes )
. &
N
» this mix was then heated to 42 “C for 30 seconds
Heat shock
J
.
N
* then put on ice again for 2 minutes
‘ Recovery )

Subsequently, 950 ul of Super Optimal Broth with Catabolite (SOC) medium
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(Sambrook & Russell, 2001) were added to the E. coli/plasmid mix and incubated at
37°C, for 1 hour, in an incubator (SSI5 SHEL LAB Floor Model Shaking Incubator, 5
Cu.Ft.), under continuous shaking at 250 rpm. The SOC medium included the
following components: 2% Tryptone, 0.5% Yeast extract, 10 mM NaCl, 2.5 mM KCI,
20 mM MgSOy4, 10 mM MgCl, 20 mM glucose.

After incubation, 50 pl of transformed E. coli were loaded onto a Lysogeny Broch
(LB) agar plate, which contained the antibiotic kanamycin. Additional 250 pl of E.
coli culture were loaded on another LB agar plate with kanamycin. The LB plates
contained 1% Tryptone, 0.5% Yeast extract, 1% NaCl, 1.5% agar. The plates were
incubated overnight at 37 ‘C. The following day, if colonies appeared, they were
transferred with a sterilized toothpick into a 2 ml sterile Eppendorf tube containing
Iml of 2xTY (1.6% Tryptone, 1% Yeast extract, 0.5% NaCl) medium with
Kanamycin. The Eppendorf tube was whirly mixed for 10 minutes; then the toothpick
was removed. The Eppendorf tube was put in an incubator (SSI5 SHEL LAB Floor
Model Shaking Incubator, 5 Cu.Ft.) at 37 °C, under shaking at 700 rpm, for 3 hours.
The E.coli DH10 transformed culture was then resuspended 1:1 in a 40% Glycerol

solution. This “cloning stock™ was stored at -80 C.
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3.4.3. Colony PCR

Polymerase = Chain  Reaction (PCR) was carried out using the
Invitrogen "Platinum’SuperFi'™ PCR Master Mix Kit (Invitrogen, Massachusetts,
USA). This kit was designed to work at room temperature. It was a hot-start kit and it
was suited for cloning.

The reaction mix had this composition:

3 ul of nuclease-free water

12.5 pul of 2xPlatinum"™SuperFi"™ PCR Master Mix

1.25 pl of 10 uM forward primer

1.25 pl of 10 uM reverse primer

2 ul of Template DNA

5 ul of 5xSuperFi™ GC Enhancer

The following PCR protocol was applied:

Initial denaturation 98 C

Denaturation 98 C
Annealing 55°C P X35 cycles
Extension 20T

Final extension 72 C
Store 47T

Agarose gels (2%) were used to assess the size of the PCR products. The DNA
Ladder with a range 200-300 bp was produced. The gels were run at 100 V for 30
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minutes. Then a picture was taken with a Bio-Rad Gel System (Biorad, California,

USA).

3.4.4. AtSATS overexpression

As expression vector, E.coli BL-21(DE3) plysS was used. These cells were kindly
provided by Dr. Tiziana Cacciamani, MaSByc, DISVA, Universita Politecnica delle
Marche. BL-21(DE3) pLysS is a chemically competent E. coli strain. The
BL-21(DE3) pLysS strain allowed inducible protein expression from the gene of
interest, under the control of the lac UVS5 promoter, via the T7 RNA polymerase. The
pLysS plasmid also contained the T7 lysozyme gene (lysozyme had the function of
repressing low-level transcription prior to induction), a chloramphenicol resistance
gene and a pl5SA replication origin which was compatible with those found in
pBR322 and pUC derived plasmids.

This competent strain could be made permeable to exogenous DNA through the

following procedure:

( )

Incubation

* 20 ul of E.coli BL-21(DE3) PlySs competent cell were mixed with 1pl of the

plasmid mix and incubated on ice for 30 minutes

h

Heat shock

* the mix was put at 42 “C for 45 seconds

A4

Recovery

* The mix was then put on ice for 2 minutes
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Subsequently, 90 pl of SOC medium was added to the mix. This suspension was
incubated for 1 hour at 37 °C, under continuous shaking at 600 rpm. Then, 600 pl
of 2xTY medium containing kanamycin and chloramphenicol, were added. A
further incubation at 37 ‘C and 400 rpm was conducted overnight. The next
morning, 40 pl of the culture incubated overnight was added to an Eppendorf tube
containing 2xTY medium and kanamycin and chloramphenicol. These cultures
were allowed to grow to an optical density (600 nm) of 1. At that point, 100 pul of
100 mM isopropyl-1-thio-p-D-galactopyranoside (IPTG) was added to induce the
expression of AtSATS protein. The incubation at 37 'C and 400 rpm was continued
for 4 hours. The suspension was then centrifuged at 4500 g, 4 °C, for 10 min; the
pellet, containing the E. coli cells overexpressing AtSATS, was collected and

stored at -80 °C.

The production of the AtSATS5 containing E. coli was scaled up by New Brunswick™
Innova® 44/44R Shaker, setting the shaking speed at 250 RPM and a temperature of
37°C. When the ODgo reached 0.6-0.8, 250 ul of 1 M IPTG were added into the
culture (250 ml) for inducing the protein SATS5 expression. The incubation at 37 C
and 400 rpm was continued for 4 hours. The suspension was then centrifuged at 4500
g, 4 C, for 10 min; the pellet, containing the E. coli cells overexpressing AtSATS,
was collected and stored at -80 °C, these pellets were used for the followed

purification experiment.

3.4.5. Extraction of AtSATS protein from E. coli

The E. coli cells were resuspended in 10 ml of binding buffer (buffer B: 20 mM
Imidazole, 50 mM Tris (pH 8.0) and 250 mM NacCl), then used for the affinity

(binding) chromatography. To protect the proteins, buffer B was added containing 10
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pul of 500 mM phenylmethylsulfonyl fluoride (PMSF) protease inhibitor (VWR,
USA). The PMSF stock solution was prepared in ethanol, filtered through 0.2 pm
filter (sterilized, USA) and kept at -20 °C till used. Cells in buffer B were sonicated
on ice using a SONICS Vibra-Cell™ (SONICS & MATERIALS INC, Newton, CT,
USA), with an energy of 60% amplitude for 5 minutes, with 5 seconds bursts and 10
seconds intervals. The slurry was spun down at 12000 g, for 10 min, at 4 °C, in a
J2-MC Beckman centrifuge equipped with a JA-20 rotor (Beckman, California, USA).
The supernatant was filtrated through a 0.45 pm membrane filter (VWR, Pennylvania,
USA), and then again through a 0.2 um filter (VWR, Pennsylvania, USA) (Fig. 3-9).
Then, 10 pl of 500 mM PMSF was added to the filtered crude extract and the samples

were stored at -20 °C, until they were used.

3.4.6. OAS-TL purification

The purification of OAS-TL was carried out by affinity chromatography, using the
protein overexpressed in E. coli as the ligand. A 1 ml HiTrap'™ Chelating Column
(GE Healthcare, Buckinghamshire, UK) was used (Fig. 3-9). Prior to its utilization,
the column was washed with MilliQ water for 5 min, at a flow rate of 1 ml/min
(which was maintained for all the following steps). The column was then loaded with
50 mM NiCl,, for 5 min. Subsequently, the column was equilibrated with the binding
buffer (buffer B: 20 mM Imidazole, 50 mM Tris (pH 8.0), and 250 mM NacCl), for 10

min.
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Fig. 3-9. Protein loading onto the affinity chromatography column.

The His-tagged AtSATS was then loaded onto the column. The loading lasted 1.5
hour. The column was conditioned with washing buffer (Washing buffer: 80 mM
Imidazol, 50 mM Tris (pH 8.0), and 250 mM NacCl). Subsequently, the column was
washed for 5 minutes with the same buffer (Washing buffer) used for conditioning.
Finally, a volume of 5 ml washing buffer containing 10 mM O-Acetylserine was
added; this step was applied to remove any residual bacterial OAS-TL. The column
was finally washed for 5 minutes with the same washing buffer and the algal extract

was loaded.



E. coli crude extract

Fig. 3-10. Procedure followed for affinity chromatography.

3.4.7. Algal OAS-TL extraction

Algae in mid-exponential growth phase were used for the extraction of OAS-TL.
Cells were harvested by centrifugation in a J2-MC Beckman centrifuge with a JA-10
rotor (Beckman, California, USA), at 5000 g, 4 °C, for 10 minutes. The pellet was
stored at -80 °C until it could be processed further.

When needed, the pellets were resuspended in 10 ml of buffer B additioned with 50
mM PMSEF, 0.001 mM MgCl,, 0.1% Triton-100 (v/v), and 1% Glycerol (v/v) and
subject to sonication, centrifugation, and filtration as described above for the
extraction of AtSATS from E. coli.

About 10 ml of crude extract were then loaded onto the column, with a flow rate of
Iml/min. The extract was allowed to circulate through the columns for 1.5 hours (Fig.
3-10). The column was then washed for 10 minutes with 10 mL buffer W, which
contained 80 mM Imidazole, 50 mM Tris (pH 8.0), and 250 mM NaCl; this was done

to wash out unbound proteins. The column was then washed for 5 min with 5 ml of
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Buffer W added with 10 mM OAS; this step was necessary to displace the protein
OAS-TL bound to the affinity ligand. The eluted solution was collected in 10
fractions of 500 pl each. A further 5 min wash with Buffer W followed. Finally, the
His-tagged AtSATS protein was eluted with 5 ml Buffer E, which contained 400 mM
Imidazole, 50 mM Tris (pH 8.0), and 250 mM NaCl.

3.4.8. Determination of protein content

Proteins were determined according to the method by Peterson (1977), a modification
of Lowry’s method (Lowry et al.,, 1951). The denaturing power of SDS in
combination with NaOH allowed the complete disruption of membranes. To 480 ul of
a solution containing 1% SDS and 0.1 M NaOH, a volume of 20 pl of sample was
added, followed by 500 ul of reagent A (Table. 3-2); the solution was let sit for 10
min. Reagent A was a mixture of copper and Na-K tartrate: the former specifically
binds to proteins in an alkaline environment; the tartrate was used to stabilize the Cu
ions (Lowry et al., 1951). Subsequently, 250 ul of solution B (Table. 3-2) were added.
Solution B contained the Folin & Ciocalteu’s phenol reagent (Sigma-Aldrich) and
carried out the oxidation of the Cu-protein complexes; this gave, almost
instantaneously, a blue color to the protein solution (Lowry et al., 1951). The samples
were incubated for about 30 minutes at room temperature to allow a complete
development of the blue color. Finally, the absorbance was measured at 750 nm in a

Beckman DU 640 Spectrophotometer (Beckman Coulter, California, USA).

Protein concentration was calculated by interpolating the samples’ absorbances into a
calibration curve constructed with known quantities of bovine serum albumin (BSA).
The BSA standards were prepared as the samples. Standard curves were made for all
the buffers employed in the various purification steps, to take into account possible

interferences by all buffer components.
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Table. 3-2. Reagents for Peterson’s protein assay

Reagents Stock solution

Solubilizing solution 1% SDS, 0.1 M NaOH
a: CTC (CopperTartrate/Carbonate)
0.1% CuSO, 5 H,O
0.2% NaKTartrate 4 H,O
Reagent A (v/v) (a:b:c:d=1:1:1:1) 10% Na,COs
b: 10% SDS
c: 0.8 M NaOH
d: MilliQH,0
Reagent B (v/v) (d:e=5:1) e: Folin-Ciocalteu reagent (1 Folin-Ciocalteu :5 MilliQ H,0)

3.4.9. SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE)

OAS-TL purity was assessed through SDS-Polyacrylamide Gel Electrophoresis
(SDS-PAGE). Proteins were denatured by mixing the samples with 4 volumes of 5X
Laemmli Sample Buffer containing 10% (w/v) SDS, 20% (v/v) Glycerol, 100 mM
Tris pH 7, 0.1% (w/v) Bromophenol blue, 25% (v/v) B-Mercaptoethanol (Laemmli,
1970). The mixture was quickly whirly mixed for 1 min, then incubated for 10
minutes at 95.5 °C, transferred on ice for 2 minutes and finally centrifuged at 12,000
g at room temperature. Samples were then loaded on a 12% polyacrylamide gel.
Resolving gel and stacking gel buffers were prepared as described in Table. 3-3 and
3-4. First, an appropriate volume (Table. 3-5) of resolving gel was loaded into the
electrophoresis sandwich; a thin layer of isopropanol was deposited on its surface to
ensure that the surface was flat and horizontal. After the gel polymerized, isopropanol
was removed with the syringe. The stacking gel was then added (Table. 3-6). After
polymerization, the gel sandwich was placed in an electrophoresis chamber (Bio-Rad
Laboratories Inc., California, USA). The running buffer contained 25 mM Tris-HCl
pH 8.3, 192 mM glycine and 0.1% (W/V) SDS. The electrophoresis was performed at

80 V for 30 min (or until samples ran through the stacking gel) and at 120 V for
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additional 120 min or until bromophenol blue ran out of the gel. Protein pre-stained
molecular weight markers (10-180 kDa, Abcam, Cambridge, UK) were used to
identify the mass of the proteins in the samples.

Protein bands were visualized by Coomassie Staining (Table. 3-7). The Coomassie
Staining was stopped when the first protein bands became visible, by washing the gel
three times with tap water. The Coomassie destaining solution was then added to the

stained gel (Table. 3-8).
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Table. 3-3. Recipe for the SDS-PAGE resolving gel buffer

1 x Resolving Gel Buffer Final concentration For 100 ml
Tris pH 8.8 1.5M 18.18 g
SDS 0.4% (w/v) 04¢g

Table. 3-4. Recipe for the SDS-PAGE Stacking gel buffer

1 x Stacking Gel Buffer Final concentration Add to 100 ml
Tris pH 6.8 0.5M 6.06 g
SDS 0.4 % (w/v) 04¢g

Add few grains of bromphenol blue

Table. 3-5. Resolving gel (for 2 gels in the Protean minigel system)

Resolving Gel H,O Resolving Gel Buffer Acrylamide solution, 30% (w/v) 10% APS TEMED
12% 4.73 ml 3.3 ml 5.37 ml 90 ul 16 ul
Table. 3-6. Stacking gel (for 2 gels in the Protean minigel system)

Stacking Gel H,O Stacking gel buffer Acrylamide solution, 30% (w/v) 10% APS TEMED
4% 2.61 ml 0.72 ml 1.13 ml 45 ul 9ul

Table. 3-7. Coomassie Staining solution

Final concentration AddtolL
Methanol 50% (v/v) 500 ml
Acetic acid 1% (v/v) 10 ml
Coomassie Brilliant Bleu R-250 (more sensitive) 0.1% (w/v) 0.lg

Table. 3-8. Coomassie Destaining solution

Coomassie Destaining Solution recipe Final concentration Addtol1L
Ethanol 20% (v/v) 200 ml
Acetic acid 10% (v/v) 100 ml
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3.4.10. Western Blots

The transfer of protein from the gel to a 0.45 um PVDF membrane (Amersham, GE
Healthcare, Buckinghamshire, UK) for immune detection was carried out in a wet
system (Bio-RAD, California, USA). The transfer sandwich was assembled as shown
in Fig. 3-11. The PVDF membrane was activated by soaking in methanol before the
blotting sandwich was assembled. Subsequently, the blotting sandwich was put in the
transfer chamber (Biorad, California, USA). The transfer was conducted at 350 mA

for 1 hour, at 4 °C.

N\

Sponge
Negative Positive
/ Whatman platc late
paper —_—
/ PVDF
membrane >
Gel Wet transfer in
/ € transfer buffer
‘Whatman
paper
/ Sponge
/

Fig. 3-11. Assembly of a western blot sandwich.

This scheme was modified from Mahmood, 2012.

The membrane was blocked by soaking for 1 hour in a blocking solution containing 5%
(w/v) BSA, 0.5% (v/v) Tween 20 in TBS (20 mM Tris, pH7.6, 0.137 M NaCl) while

slowly shaking at room temperature. After blocking, the membrane was washed with
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0.5% TBS-T three times, for 5 min each time. As primary antibody, OAS-TL-A
antibodies (from rabbit) were used. The membrane was incubated overnight in TBS-T
buffer, containing 0.05% (v/v) Tween-20, 0.5% (w/v) BSA and the primary antibody
(OAS-TL A as 1:5000 dilution), at 4 °C. It was then washed 3 times, for 5 min each
time, with 1x TBS-T. Then the secondary antibody (goat anti-rabbit Horse Radish
Peroxidase (HRP), HRP-conjugate (Pierce), Abcam, Cambridge, UK) was added in a
1:10000 dilution. The membrane was incubated for 1 hour in TBS-T buffer
containing 0.05% (v/v) Tween-20, 0.5% (w/v) BSA and the secondary antibody. It
was then washed 3 times for 5 min with TBS-T buffer (TBS-T contained 0.05% (v/v)
Tween-20).

An identical procedure was used for the immunodetection of SATS. The primary
antibody in this case had a 1:5000 dilution.

Immunodetection was carried out with Amersham™ ECL™ start Western blotting
detection reagent (Amersham, GE Healthcare, Buckinghamshire, UK). The basic

principle of operation of this detection kit was shown in Fig. 3-12.

Chemiluminescence

Amersham ECL start

Western blotting ;
detection reagent { p

Horseradish peroxidase
[HRP)-linked secondary
antibody

Primary antibody

Torget protein ! \)X a
X

Fig. 3-12. Principle of operation of the Amersham ECL Western blotting detection
reagent.
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After the addition of 1 ml luminol peroxide detection reagent on the membrane, the
HRP enzyme catalyzes the oxidation of luminol, which generates the emission of

photons at a wave number of 428 nm.

After the membrane was wetted with 1 ml of ECL reagent, the membrane was
wrapped in the transparent plastic film and incubated in the dark for 5 min. The
excess of working solution was then removed with a pipette, and the membrane was
transferred in a light-tight photographic cassette and fixed into position with tape. A
photographic film was located on the membranes and the cassette was closed. All
these operations were conducted in a dark room. The film was exposed to the
membranes for several seconds to minutes, depending on signal strength. The film
was then developed with ChemiDoc™ XRS+ imaging system (BIO-RAD, California,
USA).

The Molecular weight of proteins was determined by comparing the position of
protein bands of unknown mass with prestained marker proteins of known molecular
weight (Garfin, 1990). A standard curve was prepared by measuring the Retention
Factor (Rf) of prestained marker protein bands. The sample Ry was interpolated
Log(Mr) vs Ry standard curve to estimate the molecular weight of the protein of

interest (Garfin, 1990; Lord, 2003).

3.5. OAS-TL activity measurements

OAS-TL uses sulfide and O-acetylserine (OAS) as substrates (Kredich, 1966). OAS
is generated from the reaction between serine and acetyl coenzyme A catalyzed by
SAT (Kredich, 1966; Hell et al., 2002; Droux, 2004). The measurement of OAS-TL
activity was based on the spectrophotometric determination of cysteine production. In

fact, what was measured was the change of absorbance consequent to the reaction

41



ofthe cysteine produced by OAS-TL with ninhydrin (cat. 485-47-2, Sigma-Aldrich,
MO, USA). Ninhydrin reacted with the primary amino group of cysteine. As a
product, Ruhemanns purple was formed, which absorbed at 560 nm (Gaitonde, 1967).
O-acetylserine (thiol) lyase activity was measured as described in (Rolland et al.,
1996; Droux et al., 1998) the reaction mix contained 50 mM Hepes-KOH, pH 7.5, 5
mM Na,S, 10 mM O-Acetyl serine (OAS), 5 mM DTT, 10 pl of crude extract or
purified OAS-TL protein, in a total volume of 100 ul. The reaction mixture was
incubated, in the absence of sulfide, for 5 min, at 25 °C. The reaction was initiated by
the addition of Na,S; the reaction was allowed to run for 10 min at 25 °C and was
stopped by the addition of 50 ul of 20% trichloroacetic acid (TCA). In the blank,
TCA was added before Na,S. Samples and blank, after completion of the reaction,
were centrifuged (Microfuge* 20, Beckman Coulter, California, USA) at room
temperature, at 13,000 rpm, for 5 min. The supernatant was then added to a 0.07 M
Ninhydrin solution, which was composed of 12 M HCI and 100% acetic acid in a 1:3
(v/v) ratio, incubated at 95.5 °C for 10 min and cooled down for 1-2 min on ice. A
volume of 550 pl of 100% ethanol was added to the mixture and the absorbance at
560 nm was measured in a glass cuvette. OAS-TL activity was expressed as g
cysteine -g” protein -min”'; the amount of cysteine produced was derived from the

equivalence: 1 unit of Absorbance at 560 nm = 36.6 nmol cysteine (Wirtz & Droux,

2004).

3.6. Cysteine Synthase Complex purification

Purification of CSCs from all the experimental species was conducted by Fast Protein
Liquid Chromatography (FPLC) (AKTA pure system GE Healthcare,
Buckinghamshire, UK), using a size exclusion column. The basic principle of size
exclusion chromatography is depicted in Fig. 3-13. Gel filtration does not rely on the

chemical interaction of the protein with the mobile phase; rather it is based on the
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effective molecular radius of the protein, which, for most typical globular proteins,

relates to mass.

“Gel Filtration™

initial mixture
-«—— of large and small
molecules

- gel filtration
resin

small molecules
are “included”

/ and elute last

large molecules
are “‘excluded”™
and elute first

~—

Fig. 3-13. Basic principles of size exclusion chromagraphy.

(http://www.mikeblaber.org/oldwine/bch5425/lect31/lect31.htm) (BCH5425 Molecular
Biology and Biotechnology Spring 1998 Dr. Michael Blaber)

The running buffer contained 20 mM Tris-HCI and 150 mM NaCl; the pH was
adjusted to 7.5. The column used for this analysis was a Superdex 200 5/150 GL (GE
Healthcare, Buckinghamshire, UK), with 3 ml of bed volume, with a protein
separation size range from 10 to 600 kDa. The choice was based on what known for
A. thaliana CSC having a mass of about 320 kDa (Wirtz et al., 2010). The flow rate
of the mobile phase was set at 0.1 ml/ min, and fraction collection was such that each

fraction contained 0.1 ml of elution buffer.

The previous algal OAS-TL purified samples (section 3.4.7) were centrifuged for 10

min at 10000 g, at room temperature. The supernatant containing OAS-TL (100 pl)
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was mixed with AtSAT 5 according to the concentration ratio 2 dimer (OAS-TL) to 1
hexamer (AtSAT 5) (Wirtz et al., 2010) and then it was loaded onto the FPLC column
with a syringe, as shown in Fig. 3-14. The fractions were collected with Fraction

collector F9-R (GE Healthcare, Buckinghamshire, UK).

Fig. 3-14. Fast Protein Liquid Chromatography (FPLC).

(AKTA pure system, GE Healthcare, Buckinghamhire, UK).

A LMW Gel Filtration Calibration Kit (Cat. No. 17-0442-01, Amersham,
Buckinghamshire, UK) was used to calibrate the column (Fig. 3-15 and Fig. 3-16); a
regression curve was generated, which was used to calculate the molecular weight of
the proteins in the eluate. The following protein standards were contained in the
LMW Kit: 1. Ferritin (440 kDa) 0.4 mg/ml; 2. Aldolase (158 kDa) 4 mg/ml; 3.
Ovalbumin (43 kDa) 4 mg/ml; 4. Ribonuclease A (13.7 kDa) 3 mg/mL. The average
elution volume was corrected by the total bed column volume and the void volume

(Kav). Kav was calculated with the following equation:

Elution volume protein — Void volume

Kav protein = Column Bed volume — Void volume

)



The Column Void Volume was measured with a blue dextran solution (2000 kDa).

Proteins were detected at 280 nm, using the UV detector of the AKTA pure system

(GE Healthcare, Buckinghamshire, UK).

Asy oy IMAL)

250— 4
200—
150
100 —
50 |

0 -

] I T T | T
00 05 1.0 15 20 25 30 ml

Fig. 3-15. FPLC Protein standards for column calibration.

1, Ferritin (440 kDa) 0.4 mg/ml; 2, Aldolase (158 kDa) 4 mg/ml; 3, Ovalbumin (43 kDa) 4
mg/ml; 4, Ribonuclease A (13.7 kDa) 3 mg/ml; See text for details.
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Fig. 3-16. FPLC column calibration curve.

Each dot represents a standard; from left to right: Ribonuclease A (13.7 kDa); Ovalbumin (43
kDa); Aldolase (158 kDa); Ferritin (440 kDa). The average elution volume corrected by the

45



total bed column volume and the void volume (Kav) is shown on the Y-axis, as a function of
the protein mass in kDaltons (on the X-axis).

The Protein fractions were then subject to SDS-PAGE, according to the protocol
described in (3.4.9.) paragraph 1. The proteins were transferred onto a PVDF
membrane and identified by immunodetection (see section 3.4.10).

Before loading the sample, the column was equilibrated with running buffer; 5

column volumes (CV) of running buffer were used.

3.7. Determination of the impact of the plastoquinone redox

state on ATPS activity

In order to assess whether ATPS redox regulation (Prioretti et al., 2016) is mediated
by the redox state of the plastoquinone pool, Thalassiosira pseuodonana cultures
were treated with 3-(3' 4'-dichlorophenyl)-1, 1-dimethylurea (DCMU), which
specifically and effectively inhibits Qg reduction at PSII (Fig. 3-17). DCMU was
dissolved in 100% DMSO to obtain a stock concentration of 20 mM. An amount of
DCMU stock equivalent to 0.5%o of the total culture volume was added, so that the

final DCMU concentration in the culture was 10 pM.

T. pseudonana was chosen as the experimental organism because its ATPS is likely
to be redox-regulated (Prioretti et al., 2016). To control cultures, 0.5%o (v/v) DMSO

was added.
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Fig. 3-17. DCMU blocks the electron transfer from Q4 to Qg.

The ATPS enzyme activity was measured after 0, 1, 3 and 6 hours from the addition
of the inhibitor (or just the solvent for the controls). The concentration of DCMU that
consistently stopped PSII electron transfer rate, as determined with a Dual-PAM-100
fluorimeter (Heinz Walz GmbH, Effeltrich Germany), was used in the experiment.

Cells were collected by centrifugation at 3500 g for 10 minutes. The pellet was
washed three times with a 0.5 mM NacCl solution and then resuspended in 800 ul of
an extraction medium containing: 50 mM Tris-HCI (pH 8), | mM EDTA, 10 mM
MgCl, (Giordano et al., 2000). The resuspended pellet was frozen by the addition of
liquid N, and, while frozen, it was homogenized with a ceramic mortar and pestle.
The slurry was transferred into a 1.5 ml plastic tube to which Triton X-100 (0.1% v/v)
and glycerol (10% v/v) were added to a final volume of 1 ml. Samples were then kept
on ice for 30 minutes to allow the Triton to completely solubilize the proteins.
Subsequently, the slurry was centrifuged for 15 minutes at 12000 g, at 4 °C. The
supernatant was collected and stored at -20 °C until used. The protein concentration

in the crude extract was determined by the Peterson’s method (Peterson, 1977).

ATP sulfurylase (ATPS) activity was measured spectrophotometrically at 25 °C,

according to Burnell (1984). The reaction mixture contained: APS (1 mM), Sodium
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diphosphate tetrabasic (PPi, 1 mM), MgCl, (5 mM), glucose (5 mM), Nicotinamide
adenine dinucleotide phosphate (NADP, 300 uM), hexokinase and glucose-6-P
dehydrogenase from baker's yeast (5 units, H8629 Sigma-Aldrich), Tris-HCI pH 8 (50
mM). The volume of crude extract added to the assay mixture was 40 ul for a final
volume in the cuvette of 0.5 ml.

Since it is difficult to determine ATPS activity in the forward direction, the reverse
reaction was used. The ATPS reaction was coupled with the reactions catalyzed by
hexokinase and glucose-6-P dehydrogenase; the adenosine 5-phosphosulfate
(APS)-depending reduction of NADP to NADPH was measured as the change in

absorbance at 340 nm.

ATPS 5
1) APS + PPi—ATP + SO4

Hexokinase

2) Glucose + ATP————Glucose-6-P + ADP

Glucose —6—p dehydrogenase
3) Glucose-6-P + NADP 6-phosphogluconate + NADPH

The rate of NADPH production was recorded for 10 minutes at 340 nm, using a
Beckman DU 640 Spectrophotometer (Beckman Coulter). The values of absorbance

were converted to enzyme activity using the Lambert-Beer law:

AA340 nm]_[ Vtot
eNADH -d- "V sample

Enzyme activity (umol min™ mI™") =T

Where: AA340 nm is the rate of NADPH production per minute measured at 340 nm;
eNADH (6.22 mM™ cm™) is the extinction coefficient of NADPH at 340 nm; d (1 cm)
is the optical path length; Vi, (500 pl) is the total volume in the reaction vessel,
Vample (40 pl) is the volume of crude extract used for the assay. The activity of the
enzyme per unit of protein was calculated by dividing the results of the above
equation (with units of nmol min" mlI™") by the concentration of protein in the sample
(mg ml™); the final results thus had units of pmol NADH min™ (mg protein)™.

Three different types of blanks were tested: 1) using boiled crude extract, 2) assaying
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the crude extract without APS, 3) assaying the complete mixture without enzyme
extract. All three types of blanks gave very similar results; for the experiments,

blanks were prepared without APS in the assay mixture.
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4. Results

4.1. Bioinformatics

4.1.1. Phylogeny of Serine Acetyltransferase

The phylogenetic tree of SAT showed two main branches (Fig. 4-1).

1) The first branch showed two main sub-branches. The first one (from the top)
comprise sequences from early-diverging chlorophytes, such as the prasinophyte
Tetraselmis suecica, core-Chlorophyceae belonging to Trebuxiophyceae and
Chlorophyceae (Leliaert et al., 2003) and embryophytes (i.e. Arabidopsis thaliana
and Glycine max). The first sub-branch could be divided into two further groups, only
the first one of which included embryophyte sequences.

The second sub-branch was constituted by red algae and algae of the red lincage
(diatoms and brown algae), but it also includes sequences from the marine

cyanobacterium Lyngbya confervoides.

2) The second branch of the SAT tree was more heterogeneous; it could be separated
into two sub-branches. The first sub-branch from the top included sequences from
terrestrial and oceanic cyanobacteria (Scytonema millei VB511283, Prochlorococcus
sp. Scb245), green algae (Ostreoccus tauri and Micromonrias sp.) cryptophytes
(Guillardia theta), prymnesiophytes (Emiliania huxleyi and Chrysochromulina sp.),
brown algae such as Ectocarpus siliquosus (also present in the first branch), and the
diatom Thalassiosira pseudonana (also in the first branch).

The second sub-branch contained sequences from mamiellophyceae green algae

(Micromonas sp., Bathyococcus prasinos and Ostreococcus tauri), which constituted
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a compact group somewhat distant from the heterokonts Aureococcus
anophagefferens (Pekagophyceae) and Ectocarpus siliquosus (Phaeophyceae) and

even more distant from the diatom Thalassiosira oceanica.
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Fig. 4-1. Serine Acetyltransferase phylogenetic tree.

Dark green lines indicated green algae and higher plant; light green lines indicated green

algae; red lines indicated lineage algae; blue lines indicated Cyanobacteria.



4.1.2. Phylogeny of O-Acetylserine (thiol) lyase

O-Acetylserine (thiol) lyases phylogenetic tree showed two main branches (Fig. 4-2).

1) In the first branch, Bacillus cereus sequence constituted a sister clade of a more
composite group that included most of the species used to build the tree (Fig. 4-2).

In this group, two sub-branches could be identified: the branch in the lower position
included dinoflagellates, diatoms, and prymnesiophytes; the green freshwater algae

Monoraphidium neglectum constituted a sister group to these species.

In the other sub-branch, several groups could be distinguished: all cyanobacteria
sequences grouped together. Another group was represented by sequences from green
algae (the freshwater species Chlamydomonas reinhardtii, the marine species
Coccomyxa subellipsoidea C-169, Ostreococcus tauri, Ostreococcu slucimarinus
CCE9901, Tetraselmis sp. GSLO18, Coccomyxa subellipsoidea C-169 and
Tetralsemis suecica) and several sequences from the embryophyte Arabidopsis
thaliana (due to the presence of different isoforms, in this organism). A third group
was given by sequences from red algae and algae of the red lineage
(Porphyrapurpurea, Chondrus crispus, Galdieria sulphuraria, Cyanidioschyzon
merolae strain 10D), with the green mixotrophc algae Auxenochlorella protothecoides

as the only intruder.

2) The second branch was formed by species belonging to heterogenous taxa: the
freshwater green algae Auxenochlorella protothecoides, Chlamydomonas reinhardtii,
Monoraphidium neglectum, the marine green algae Tetraselmis suecica, Bathycoccus
prasinos and Nannochloropsis gaditana, the dinoflagellate Amphidinium klebsii, the
diatom Phaeodactylum tricornutum, the red algae Cyanidioschyzon merolae,
thebrown algae Ectocarpus siliculosus, the amoeba Dictyostelium discoideum, the

protozoan Thecamonas trahens, the ascomycete Aspergillus fumigates. No obvious
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connection could be found between the position of the OAS-TL sequences in this
branch and the known phylogeny of the organisms, suggesting a shuffling of genes

through horizontal gene transfer.
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Fig. 4-2. The O-Acetylserine (thiol) lyase phylogenetic tree.
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The dark green lines indicated green algae and higher plant; light green lines indicated green
algae; red lines indicated red lineage algae; purple lines indicated dinoflagellates; the blue
triangle indicated Cyanobacteria. The species of cyanobacteria included in this analysis were
shown in the Table. 4-2.

4.1.3. Observations on SAT and OAS-TL protein sequences

4.1.3.1. Number of cysteine residues in algae SAT sequences

The number of cysteines represents an indication of the presence of potential
disulfide bonds in the protein and of possible sites for redox regulation. For this
reason, | verified whether a trend could be identified with respect to the number of
cysteine residues (Table. 4-1). In Cyanobacteria, terrestrial, marine and freshwater
species contained more or less similar numbers of Cys residues. In Chlorophyta, the
SAT sequences from freshwater species had more Cys residues (typically 8 or 9) than
marine species (5 to 7 residues). Somewhat interestingly, species able to grow both in
freshwaters and marine environments (e.g. Monoraphidium neglectum) had the
lowest number of cysteine residues (2 or 3) in their SAT sequences. In the red algae
and in their descendants, the number of Cys residues was in the most case between 4
and 6. Only sequences from Emiliania (7 and 11), Cyanidioschizon (9) and some

sequence from Thalassiosira (7 and 8) contained higher numbers of Cys.

4.1.3.2. Predicted location of SAT proteins

As shown in Table. 4-1, Cyanobacteria, being prokaryotes, did not have organellar
localization of proteins (Table. 4-1). The SAT sequences of Cyanobacteria were

between 238 and 272 amino acids (aa)-long. In Chlorophyta, SAT protein contained
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229-480 aa and its location was in the chloroplasts or in mitochondria, depending on
the species. In the case of Tetraselmis suecica, it was not possible to obtain a reliable
location for SAT. The haptophyte Emiliania huxley SAT protein sequence was 344 to
656 aa-long; all two Emiliania huxleyi CCMP 1516 sequences appeared to be located
in the mitochondrion. In Rhodophyta, SAT protein was from 323 to 406 aa. In
Heterokontophyta, the amino acid number varied greatly, from 183 to 603 aa.

Prediction software was unable to identify the location of heterokonts SAT.
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Table. 4-1. Number of Cysteines residues, sequence length and location of algae serine acetyltransferase (SAT)

Phylum Name Environment Total CY'S number Len cTP mTP SP other Loc RC TPlen
Lyngbia sp. M 5 272 - - - - - - -
Scytonema millei T 4 269 - - - - - - -
Scytonema millei VB511283 T 4 264 - - - - - - -

Cyanobacteria Synechocystis sp. PCC 6803 F 3 249 - - - - - - -
Synechococcus sp. PCC 7803 M 3 247 - - - - - - -
Prochlorococcus sp. scB245a_518D8 M 3 238 - - - - - - -
Auxenochlorella protothecoides F 7 271 0.077 0.522 0.076 0.039 M 3 38
Auxenochlorella protothecoides F 3 355 0.243 0.199 0.018 0.064 _ 4 38
Bathycoccus prasinos M 5 370 0.803 0.097 0.028 0.207 C 3 9
Bathycoccus prasinos M 7 286 0.098 0.191 0.032 0.886 _ 2 9
Chlamydomonas reinhardtii F 8 392 0.915 0.202 0.002 0.044 C 2 26
Chlamydomonas reinhardtii F 8 480 0.810 0.503 0.006 0.009 C 4 26
Chrysochromulina sp.CCMP 291 M/F 3 416 0.240 0.213 0.061 0.087 C 5 26
Coccomyxa subellipsoidea C169 F 8 296 0.023 0.419 0.022 0.772 _ 4 -
Helicosporidium sp. ATCC 50920 T 5 309 0.643 0.136 0.017 0.210 C 3 17
Helicosporidium sp. ATCC 50920 T 6 307 0.061 0.076 0.019 0.877 _ 1 17
Micromona spusilla CCMP 1545 M 4 350 0.341 0.480 0.012 0.098 M 5 117

Chlorophyta Micromona spusilla CCMP 1545 M 2 306 0.103 0.144 0.046 0.860 _ 2 117
Micromonas sp. RCC 299 M 1 258 0.069 0.054 0.438 0.721 _ 4 117
Micromonas sp. RCC 299 M 3 363 0.846 0.236 0.006 0.039 C 2 117
Micromonas sp. RCC 299 M 5 276 0.107 0.109 0.027 0.858 _ 2 117
Monoraphidium neglectum F 2 318 0.025 0.456 0.120 0.327 M 5 11
Monoraphidium neglectum F 3 471 0.261 0.082 0.163 0.676 _ 3 11
Ostreococcus lucimarinus CCE 9901 M 2 374 0.842 0.257 0.005 0.033 C 3 18
Ostreococcus lucimarinus CCE 9901 M 3 270 0.112 0315 0.066 0.668 _ 4 18
Ostreococcus lucimarinus CCE 9901 M 5 265 0.154 0.120 0.032 0.827 _ 2 18
Ostreococcus tauri M 5 284 0.045 0.473 0.014 0.105 5 18
Ostreococcus tauri M 6 436 0.702 0.235 0.014 0.105 C 3 18
Tetraselmis suecica-1 M 6 308 0.121 0.225 0.083 0.597 4 -
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Tetraselmis suecica-2 M 5 303 0.097 0.148 0.060 0.798 _ 2 -
Tetraselmis suecica-3 M 5 251 0.069 0.161 0.133 0.614 _ 3 -
Tetraselmis suecica-4 M 5 234 0.058 0.276 0.093 0.739 _ 3 -
Tetraselmis suecica-5 M 5 250 0.058 0.276 0.093 0.739 _ 3 -
Tetraselmis suecica-6 M 5 229 0.012 0.090 0.680 0.700 _ 5 -
Tetraselmis suecica-7 M 4 258 0.058 0.276 0.093 0.739 _ 3 -
Tetraselmis suecica-8 M 7 283 0.106 0.440 0.012 0.582 B 5 -
Chondrus crispus M 5 380 0.492 0.177 0.016 0.019 C 4 26
Cyanidioschyzon meroiae 10D M 4 402 0.565 0.881 0.001 0.022 M 4 38
Rhodophyta Cyanidios chyzon meroiae M 9 406 0.751 0.616 0.003 0.030 C 5 38
Galdieria sulphuraria M 3 323 0.104 0.082 0.148 0.909 _ 2 62
Galdieria sulphuraria M 6 344 0.667 0.327 0.019 0.089 C 4 62
Emiliania huxleyi CCMP 1516 M 11 656 0.030 0.843 0.014 0.218 M 2 117
Haptophyta
Emiliania huxleyi CCMP 1516 M 7 344 0.291 0.863 0.008 0.010 M 3 117
Ectocarpus siliculosus M 5 479 0.539 0.083 0.049 0.549 _ 5 -
Ectocarpus siliculosus M 6 333 0.317 0.130 0.036 0.715 _ 4 -
Thalassiosira oceanic THAOC 04795 M 7 554 0.017 0.673 0.011 0.737 _ 5 26
Heterokontophyta
Thalassiosira pseudonana CCMP 1335 M 4 234 0.034 0.113 0.170 0.887 _ 2 26
Thalassiosira pseudonana CCMP 1335 M 8 603 0.020 0.025 0.821 0.079 S 2 26
Phaeodactylum tricornutum CCAP 1055/1 M 4 539 0.042 0.325 0.353 0.075 S 5 18

The column “Environment” indicates whether the species is marine (M), freshwater (F) or terrestrial (T). The column “Number of Cys” refers to the number
of cysteine residues in the sequence; Len, sequence length; cTP, chloroplast transit peptide; mTP, mitochondrial targeting peptide; SP, secretory pathway
signal peptide; C, Chloroplast; M, Mitochondrial; RC, reliability class ranging area, from (1 to 5); Tplen, predicted presequence length. If the sequence
contained a chloroplast or mitochondrion transit peptides, cTP or mTP score was assigned; if the sequence contained a secretory pathway signal peptide, a SP
score was assigned; for any other location an “other” score was assigned. The reliability class RC ranged from (1 to 5), with the higher number indicating a
more robust prediction. RC was measured calculating the difference between the highest and the second highest output scores: reliability was 1 when the
difference was > 0.800; reliability was 2 when the difference was between 0.600 and 0.800; a reliability score of 3 indicates that the difference was between
0.400 and 0.600; a reliability of 4 was attributed when the difference was between 0.200 and 0.400; a reliability of 5 corresponds to a difference between the
two highest scores < 0.200. The cleavage site was predicted and the presequence length (TPlen) reported.
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4.1.3.3. Number of cysteine residues in algal OAS-TL sequences

As shown in Table. 4-2. all Cyanobacteria, both marine and freshwater species, showed less than 3
cysteine residues in their OAS-TL sequences; some sequences contained no Cys residues at all. The
cysteine number in the OAS-TL sequences of Chlorophyta was extremely variable: with no obvious
difference between marine and freshwater species. Rhodophyta and their descendants of the red lineage
contained an extremely variable number of cysteines. This heterogeneity may reflect the presence of
different isoforms. A finer phylogenetic analysis and possibly more sequences (at least for certain groups)
were required to ascertain whether the different number of cysteine is associated with different origins of

the proteins.

4.1.3.4. Predicted OAS-TL location

As shown in Table. 4-2, Cyanobacteria, being prokaryotes, did not have organellar localization of proteins
(Table. 4-2). Cyanobacteria OAS-TL sequence length was between 307 and 336 aa. In Chlorophyta the
protein length was between 307 and 491 aa; the predicted location was more often in mitochondria than in
chloroplasts, some sequences could not be located in any particular compartment. In Dinophyta the
sequences ranged from 331 to 388 aa; the predicted location was mostly in chloroplasts. In Emiliania
huxleyi CCMP 1516 the sequence length was 382 aa and it was predicted to be located in mitochondria;
Rhodophyta showed the OAS-TL length ranging from 326 to 390 aa, located both in chloroplasts and

mitochondria. In Heterokontophyta, the sequences were 342-428 aa long.
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Table. 4-2. O-acetylserine (thiol) lyase (OAS-TL) of algae with different taxonomy, ecology, and the location prediction

Phylum Name Environment Total CYS number Len cTP mTP SP other Loc RC TPlen
Acaryochloris marina M 3 336
Anabaena 90 F 2 313
Anabaena 90 F 0 320
Anabaena variabilis ATCC 29413 M 2 320
Anabaena sp. Wal02 F 2 320
Bacilluscereus group M 1 307
Calothrix sp. 336/3 F 2 313
Calothrix sp. PCC 7507 F 1 320
Chlorogloeopsis fritschii M 2 320
Cyanobacterium PCC 7702 M 2 320
Cylindrospermopsis raciborskii F 2 314
Cylindrospermum stagnale F 2 32
Thermosynechococcus sp. NK55a M 2 321
Dactylococcopsis salina F 3 317
Dolichospermum circinale F 1 313
Fischerella F 2 311
Fischerella muscicola F 0 320
Fischerella muscicola F 2 319
Fischerella sp.JSC-11 F 3 34
Fischerella sp. PCC 9605 F 2 320

Cyanobacteria
Fischerella sp. PCC 9431 F 0 320
Fischerella sp.PCC 9339 F 0 313
Halothece sp. PCC 7418 M 3 32
Hapalosiphon sp. MRB220 F 0 320
Hassalliabyssoidea VB512170 M 0 319
Mastigocladopsis repens F 2 320
Mastigocladus laminosus F 0 320
Microchaete sp. PCC 7126 F 1 320
Microcoleus vaginatus F 1 32
Microcystis panniformis F 2 319
Myxosarcina sp. GI1 F 1 321
Nodulariaspumigena F 0 320
Nostocpunctiforme F/M 0 320
Nostoc sp. PCC 7107 FM 0 315
Nostoc sp. PCC 7120 FM 1 320
Nostoc sp. PCC 7120 F/M 2 319
Nostoc sp. PCC 7524 F/M 1 320
Oscillatorianigroviridis sp. PCC 7112 F 1 32
Planktothrix agardhii F 2 311
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Planktothrix agardhii NIVA-CYA 126/8 F 2 311

Planktothrix F 2 319

Pleurocapsa sp. PCC 7319 1 332

Pseudanabaena sp. PCC 6802 M/E 1 320

Raphidiopsis brookii F 2 314

Rivularia sp. PCC 7116 F 3 320

Scytonema hofmanni F 0 320

Scytonema hofimanni UTEX B 1581 F 1 319

Scytonema millei M 0 320

Scytonema millei M 1 320

Scytonema tolypothrichoides F 1 317

Stigonematales F 2 319

Synechococcus sp. CC9605 M 4 32

Synechococcus JA-3-3Ab F 1 32

Synechococcus sp. PCC 6312 F 2 320

Synechococcus sp. PCC 7335 F 3 346

Synechococcus sp. PCC 7336 F 1 320

Synechococcus sp. WH 8109 M 4 32

Synechocystis sp. PCC 6714 F 2 312

Synechocystis sp. PCC 6803 F 0 331

Thecamonastrahens ATCC_50062 M 5 38

Thermosynechococcus sp. NK55a M 2 321

Tolypothrix bouteillei M 2 320

Tolypothrix campylonemoides VB511288 M 2 320

Tolypothrix sp. PCC 7601 F 2 320

Trichormus azollae F 2 320

Xenococcus sp.PCCT305 M 2 321

Auxenochlorella protothecoides M 1 3R 0034 0037 0760 0057 S 2 26

Auxenochlorella protothecoides M 5 361 0308 0067 0038 0644 _ 4 26

Bathycoccus prasinos F 10 3% 049 0175 0034 0236 C 4 13

Bathycoccus prasinos F 8 91 0067 004 0235 0444 _ 4 -

Chlamydomonas reinhardtii F 7 359 0032 0863 0029 0064 M 2 11

Chlamydomonas reinhardtii F 6 414 0885 0.100 0003 0070 C 2 53
Chlorophyta Chlamydomonas reinhardtii F 8 3R 0016 0293 0612 0018 S 4 26

Chlamydomonas reinhardtii F 6 387 0136 0890 0036 0072 M 2 3

Chlorella variabilis F 0 38 0085 0115 0035 0860 _ 2 -

Coccomyxa subellipsoidea C-169 F 4 405 0534 0335 0006 0102 C 5 60

Coccomyxa subellipsoidea C-169 F 1 RY 0081 0.167 0.111 0587 _ 3 60

Monoraphidium neglectum F 3 406 0077 0171 0283 000 S 5 23

Monoraphidium neglectum M 7 440 0414 07% 0003 0015 M 4 7
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Nannochloropsis gaditana M 9 40 0081 0210 0058 0209 M 5 43
Ostreococcus lucimarinus CCE9901 F 3 305 0028 0141 022 0818 _ 3 -
Ostreococcus tauri F 4 440 0156 0281 0011 0510 _ 4 -
Ostreococeus tauri F 5 345 0150 0675 0039 0033 M 3 9
Tetraselmis sp. GSLO M 11 428 0319 0393 0002 004 M 5 17
Tetraselmis suecica-1 M 3 314 0121 0064 0180 0715 _ 3 -
Tetraselmis suecica-2 M 3 315 0137 0069 0.147 0762 _ 2 -
Tetraselmis suecicia-3 M 2 297 0036 0415 0145 0391 M 5 21
Tetraselmis suecicia-4 M 6 345 0239 0517 0023 0119 M 4 26
Tetraselmis suecicia-5 M 3 333 0121 0064 0180 0715 3 -
Amphidinium Klebsii-1 M 3 347 0019 0.1% 0053 0950 _ 2 -
Amphidinium Klebsii-2 M 3 331 0018 0058 0125 0948 _ 1 -
Amphidinium Klebsii-3 M 3 34 0018 038 0125 0948 _ 1 -
Amphidinium Klebsii-4 M 3 39 0184 0207 0051 0266 _ 5 -
Amphidinium Klebsii-5 M 3 34 0018 0058 0125 0948 _ 1 -
) Amphidinium Klebsii-6 M 3 3% 0018 03% 0045 0878 3 -
Dinophya Amphidinium Klebsii-7 M 3 355 0016 0403 0043 0893 _ 3
Amphidinium klebsii-8 M 7 343 0025 0037 0.129 0936 _ 1 -
Karlodinium veneficum M 4 357 0838 0198 0036 0058 C 2 46
Karlodinium veneficum M 4 38 0432 0305 0074 0346 C 5 4
Noctiluca scintillan M 8 3% 002 0716 002 0531 M 5 12
Oxyrrhis marina M 4 385 0860 027 0037 0037 C 3 5
Chondrus crispus M 6 3% 0238 004 0111 0486 _ 4 -
Rhadophyta Cyanidioschyzon meroiae 10D M 7 39 0541 0432 0031 0.139 C 5 20
Cyanidioschyzon meroiae M 4 389 0837 0037 0023 0025 C 2 20
Galdieria sulphuraria M 9 38 0211 0402 0042 0.186 M 5 a3
Haptophyta Emiliania huxleyi CCMP 1516 M 9 3R 0035 0806 0014 0009 M 2 17
Ectocarpus siliculosus M 6 345 0.1% 0035 0.116 0751 _ 3 -
Ectocarpus siliculosus M 13 40 0014 004 0576 0010 S 3 26
Heterokontophyta Ectocarpus siliculosus M 8 34 0646 0087 0285 0.156 C 4 10
Phaeodactylum tricornutum CCAP 1055/1 M 3 k%) 0052 0427 0014 0575 _ 5 -
Phacodactylum tricornutum CCAP 1055/1 M 6 3% 0265 0060 0107 0450 _ 5 -
Thalassiosira pseudonana CCMP 1335 M 6 355 0160 0211 0052 0589 4 -

The column “Environment” indicates whether the species is marine (M), freshwater (F) or terrestrial (T). The column “Number of Cys” refers to the number
of cysteine residues in the sequence; Len, sequence length; cTP, chloroplast transit peptide; mTP, mitochondrial targeting peptide; SP, secretory pathway
signal peptide; C, Chloroplast; M, Mitochondrial; RC, reliability class ranging area, from (1 to 5); Tplen, predictedpresequence length. If the sequence
contained a chloroplast or mitochlondrion transit peptides, cTP or mTP score was assigned; if the sequence contained a secretory pathway signal peptide, a SP
score was assigned; for any other location an “other” score was assigned. The reliability class RC ranged from (1 to 5), with the higher number indicating a
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more robust prediction. RC was measured calculating the difference between the highest and the second highest output scores: reliability was 1 when the
difference was > 0.800; reliability was 2 when the difference was between 0.600 and 0.800; a reliability score of 3 indicates that the difference was between
0.400 and 0.600; a reliability of 4 was attributed when the difference was between 0.200 and 0.400; a reliability of 5 corresponds to a difference between the
two highest scores < 0.200. The cleavage site was predicted and the presequence length (TPlen) reported.
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4.1.4. Comparison of SAT and OAS-TL sequences among

algae and with A. thaliana sequences

4.1.4.1. Alignment of the SAT sequences of Cyanobacteria with A.

thaliana SAT isoforms

The alignment of the SAT sequence of freshwater cyanobacteriums Synechocystis sp.
PCC 6803 and the marine cyanobacterium Synechococcus sp. WH 7803 with the SAT
sequences of the higher plant model organism A. thaliana (Mayer et al., 1999; Lin et
al., 1999; Rhee et al., 2000; Theologis et al., 2000) was performed in order to observe
the homology. The Table. 4-3 showed the details of this analysis. 4. thaliana SAT
sequences carried an amino-terminal extension (112-192 aa) that was not present in
the cyanobacterial sequence. Symechocystis sp. PCC 6803 SAT contained a
C-terminus extension that ranged 1-27 aa. The alignment of Synechocystis sp. PCC
6803 SAT protein with one of the A. thaliana SAT protein is shown in Fig. 4-3. When
hypothetical deletions are omitted, a 168 amino acid-long region with the identity of
42.2% (70 identical amino acids) could be found. If the 32 additional equivalent
amino acids were included in the identity analysis (i.e. equivalent amino acids are
considered equal), the homology was 61.4%. The amino acid alignment with the other
four A. thaliana SAT isoforms showed 41.3%, 42.4%, 44.6%, 46.7% identity,
respectively (Table. 4-4). If the additional equivalent amino acids were included, the
homology was (Table. 4-4) 61%, 60.3%, 63.6%, 63.5%. A. thaliana SAT sequences
had an amino-terminal extension (112-192 aa) which was not present in the
Synechococcus sp. WH 7803 sequence. Synechococcus sp. WH 7803 had a
C-terminus extension of 2-29 amino acid residues. The identity of Synechococcus sp.
WH 7803 SAT amino acid sequence to the five SAT isoforms of 4. thaliana, ranged

between 40.1% and 47.9%; if the equivalent amino acids were included, the
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homology range was 56.3-64.2% (See supplementary data for details). The

alignments of all other algae species were shown in Table. 4-4.

SAT1-A.thalia 143 SSIRLDVQAFKDRDPACLSYSSATLHLKGYLALQAYRVAHKILWKQGRKELL 1582
¥ laes] aew e W 1 & e me sen wws [e b s lue b e sl s oy s
Synechocystis 3 NSLIADFRIIFERDPAARNWLEVLFCYEGLQALLTHRFSHRLYTLGLPFF 52
SAT1-A.thalia 193 ALALQSRVSEVFGIDIHPARRIGKGILLDHGTGVVIGETAVIGDRVSILHE 242
Ny 11— 2 O e . o . O W ) 0 PP i
Synechocystis 53 PRIMSHLARFFTGIETHPGAQIGQGVFIDHGMGVVIGETAIVGDYSLIYQ 102
SAT1-A.thalia 243 GVTLGGTGKETGDRHPNIGDGALLGACVTILGNIKIGAGAMVARGSLVLE 282
1 HIEE B 2] 1] s 8 Sewise BT s w800 0T Lol Povomnans &) B3] 3 10
Synechocystis 103 GVTLGGTGKESGKRHPTLGENVVVGAGAKVLGNIAIGDNVRIGAGSVVLR 152
SAT1-A.thalia 293 DVPSHSMVAGNPAKLI 308
I - e
Synechocystis 153 DVPADFTVVGVPGRMV 168

Fig. 4-3. Alignment of the SAT protein of the freshwater cyanobacterium Synechocystis sp.
PCC 6803 and the SAT protein of A. thaliana.

Identical amino acids are marked with a vertical line; equivalent amino acids are marked with
a semicolon; positions with lower identity are identified by a point.

4.1.4.2. Alignment of the SAT sequences of green algae with A.

thaliana SAT isoforms

Two of the A. thaliana SAT sequences (SAT-1, SAT-3) had an amino-terminal
extension which was not present in C. reinhardtii SAT1. The alignment data indicated
that C. reinhardtii SAT1 and SAT2 had an N-terminal extension (2-95 aa) that was not
present in the other three 4. Thaliana sequences. C. reinhardtii SAT sequences also
showed a C-terminus extension of 4-117 amino acid residues. The identity of the two
C. reinhardtii SAT sequences to the five SAT isoforms of A. thaliana, ranged between
50.2% and 59.1%; if the equivalent amino acids were included, the homology
increased to 71.7-78.7%. Only one of the three SAT sequences of 7. suecica carried an
amino-terminal extension (around 20 aa), which was not present in one of 4. thaliana
SAT sequences. Also, the 7. suecica SAT sequence showed a shorter C-terminus than

A. thaliana (Table. 4-3). The identity of the three 7. suecica SATs to the five SAT
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isoforms of A. thaliana, ranged between 48.6% and 62.7%; it increased to 67.9-76.3%
if the equivalent aa were considered identical (Table. 4-4), (See supplementary data

for details).

4.1.4.3. Alignment of the SAT sequences of red algae and red-lineage

algae with A. thaliana SAT isoforms

A. thaliana SAT sequences carried an N-terminus extension (45-83 aa) (Table. 4-3)
that was not present in the C. merolae strain 10D. C. merolae strain 10D showed a
4-30 aa C-terminus extension. The identity of C.merolae strain 10D SAT sequences to
the five SAT isoforms of A. thaliana ranged between 45.3% and 57.0% (65.8%-74.3%.
with equivalent amino acids). 7. pseudonana CCMP 1335 SAT had an N-terminal
extension (199-295 aa), which was not present in three out of five A. thaliana SAT
sequences. 1. pseudonana CCMP 1335 also had a C-terminal extension.

The identity of 7. pseudonana CCMP 1335 SAT with A. thaliana isoforms ranged
between 46.7% and 52.1% (70.9%-74.2%. with equivalent amino acids). The SAT
sequence of the diatom P. tricornutum CCAP 1055/1 carried N-terminus (164-231 aa)
and C-terminus (16-127 aa) extension compared to A. thaliana sequences (Table. 4-3).
The identity of the P tricornutum CCAP 1055/1 SAT with the five A. thaliana
isoforms ranged between 26.3% and 50.8% (41.9%-72.6% with equivalent amino
acids) (Table. 4-4). A. thaliana SAT sequences carried N-terminus (13-18 aa) and
C-terminus (21-26 aa) extensions that were not present in the E. huxleyi CCMP 1516
sequence (Table. 4-3). The identity of E. huxleyi CCMP 1516 SAT to the five A.
thaliana sequences ranged between 44.1% and 47.7% (58.8%-61.1% with the

equivalent amino acids) (Table. 4-4), (See supplementary data for details).
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Table. 4-3. Comparasion of N’-terminus and C’-terminus sequences of algal SAT the corresponding regions as A. thaliana SAT isoforms

SAT1-A. thaliana SAT2-A. thaliana SAT3-A. thaliana SAT4-A. thaliana SATS5-A. thaliana
N’-terminal C’-terminal N’-terminal C’-terminal N’-terminal  C’-terminal N’-terminal C’-terminal N’-terminal ~ C’-terminal

Synechocystis sp. PCC 6803 -140 +6 -103 +1 -192 +27 -115 +27 -112 +27
Synechococcus sp. WH 7803 -140 +17 -103 +12 -192 +29 -116 +29 -112 +29
1-C. reinhardtii -6 -17 +86 22 -34 +4 +20 +4 +42 +4
2-C. reinhardtii +2 +95 +64 +90 -11 +117 +22 +117 +41 +117
I-T. suecica -14 21 +17 -26 =75 0 -15 0 -6 0
2-T suecica -17 -32 +20 -37 -74 -11 -15 -11 -5 -11
3-T. suecica -68 -35 231 -40 -120 -14 -14 -14 -40 -14
1-C. merolae strain 10D +46 +4 +83 -3 0 +30 +45 +30 +70 +30
2-C. merolae strain 10D +40 +16 +77 +11 0 +22 +39 +22 +69 +22
T. pseudonana CCMP 1335 +263 -17 +295 -26 +199 +5 +263 +5 +278 +5
I-P. tricornutum CCAP 1055/1 +208 -16 +240 21 +164 +8 +228 +8 +228 +8
2-P. tricornutum CCAP 1055/1 +205 -122 +243 -127 +168 -107 +231 -106 +231 -107
E. huxleyi CCMP 1516 +14 21 +18 26 -45 0 +13 0 +18 0

In this table, the positive numbers indicate the numbers of additional residues in algae sequences when aligned with their counterparts, the negative numbers
indicate the number of residues missing in algae sequences when aligned with A. thaliana sequences.
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Table. 4-4. Identity and Similarity of algal SAT protein sequence with A. Thaliana isoforms

Smechocystssp PCCER03
Synechococcussp. WH 7803
1-C reinhardti

2-C reinhardti

1-T'suecica

2-T'suecica

3T suecica

1-C. merolaestrain 10D

2-C. meolaestrain 10D
Tpseudonana CCMP 1335
1-P triconunm CCAP 10551
2-Ptricomuum CCAP 10551
E hudeiCCOMP1516

SAT1-A. thaliana

SAT2-A. thaliana

SAT3-A. thaliana

SAT4-A. thaliana

SATS5-A. thaliana

Identity Similarity Identity Similarity Identity Similarity Identity Similarity Identity Similarity
422 % 61.4% 413 % 61.0 % 424 % 60.3 % 44.6 % 63.6 % 46.7 % 63.5 %
42.8 % 62.0 % 42.8 % 62.0 % 40.1 % 56.3 % 46.4 % 60.8 % 479 % 64.2 %
55.1% 76.7 % 553 % 75.1 % 50.2 % 71.7 % 51.9 % 722 % 54.4 % 73.0 %
62.2 % 78.7 % 59.8 % 75.0 % 55.7 % 73.4 % 553 % 74.7 % 59.1 % 78.5 %
48.6 % 72.1 % 49.8 % 70.1 % 49.8 % 69.0 % 483 % 68.5 % 54.6 % 75.0 %
62.7 % 76.3 % 60.7 % 73.8 % 53.6 % 67.9 % 55.0 % 70.8 % 55.4 % 73.8 %
62.7 % 76.3 % 60.7 % 73.8 % 53.6 % 67.9 % 55.0 % 70.8 % 55.4 % 73.8 %
51.8% 68.2 % 50.6 % 67.5% 49.4 % 72.0 % 453 % 65.8 % 54.0 % 70.5 %
54.8 % 74.3 % 57.0 % 72.6 % 522 % 69.8 % 47.7 % 67.0 % 53.7% 68.2 %
52.1% 71.8 % 52.1% 71.4 % 46.7 % 742 % 47.7 % 732 % 50.6 % 70.9 %
50.4 % 70.5 % 50.8 % 70.5 % 45.7% 70.2 % 47.7% 72.6 % 50.8 % 68.4 %
26.3 % 52.6 % 29.7% 459 % 28.0 % 48.0 % 36.0 % 44.0 % 29.0 % 41.9 %
47.1 % 593 % 47.7% 59.9 % 44.1 % 58.8% 45.6 % 61.1 % 459 % 59.7%
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4.1.4.4. Alignment of the OAS-TL sequence of Cyanobacteria with

OAS-TL isoforms of A. thaliana

A. thaliana contains four major OAS-TL isoforms (A, B, C, C1), (Garcia et al., 2014).
The sequences of these enzymes carried N-terminus (2-110 aa) and C-terminus (1-13
aa) extensions (Table. 4-5) that were not present in the cyanobacterial sequences. The
identity of the two OAS-TL sequences of Synechosystis sp. PCC 6803 to the four
OAS-TL isoforms of A. thaliana ranged between 34.0% and 61.1% (52.3%-78.5%,
with equivalent amino acids) (Table. 4-6). Also the OAS-TL sequence of the marine
cyanobacterium Synechococcus sp. WH 7803 differed at the N-terminus, in positions
1-110, relative to A. thaliana OAS-TL sequences (Table. 4-5). In contrast,
Arabidopsis and Synechococcus had C-terminus domains of similar length. The
identity of the two OAS-TL sequences of Synechococcus sp. WH 7803 to the four
OAS-TL isoforms of A. thaliana ranged between 48.5% and 57.6% (66.3%-74.8%, if
the equivalent amino acids were considered) (Table. 4-6), (See supplementary data for

details).

4.1.4.5. Alignment of the OAS-TL sequence of green algae with

OAS-TL isoforms of A. thaliana

When the three OAS-TL sequences of the green algae C. reinhardtii were compared to
A. thaliana isoforms, it was observed that one of the C. reinhardtii OAS-TL
sequences contained an N-terminal extension (36-72 aa) that was not present in A.
thaliana-A. On the other hand, 4. thaliana OAS-TL (B, C, C1) sequences carried an
N-terminal extension (2-80 aa) that was mostly not present in C. reinhardtii OAS-TL

sequences. C. reinhardtii had a C-terminus extension (2-20 aa) that was not observed
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in Arabidopsis (Table. 4-5). The identity between C. reinhardtii and A. thaliana
OAS-TL was between 29.7% and 74.1% (Table. 4-6) (50.0%-83.5% including the
equivalent amino acids) (Table. 4-6), (See supplementary data for details).

A. thaliana OAS-TL sequences carried an N-terminal extension (5-113 aa) (Table.
4-5), which was not present in Tetraselmis suecica sequence. A. thaliana OAS-TL
sequences carried a C-terminal extension (4-22 aa) that was partially 3 aa present in
only one of the Tetraselmis suecica OAS-TL isoforms (Table. 4-5). The amino acid
identity between Tetraselmis suecica and A. thaliana OAS-TL ranged between 28.9%
and 66.6% (48.2%-80.4% with the equivalent amino acids) (Table. 4-6), (See

supplementary data for details).

4.1.4.6. Alignment of the OAS-TL sequence of red algae and

red-lineage algae with OAS-TL isoforms of 4. thaliana

The C. merolae strain 10D OAS-TL sequences, when compared to OAS-TL-A of A4.
thaliana had an additional sequence (44-62 aa) at the N-terminus (Table. 4-5). When
C. merolae OAS-TL sequences were aligned with the other 4. thaliana OAS-TL
sequences, the embryophytes sequences had an extension at the N-terminus (1-42 aa).
C. merolae sequences also contained a C-terminal extension (3-28 aa) as compared to
A. thaliana sequences (Table. 4-5). The identity between C. merolae OAS-TL and
those of A. thaliana ranged between 34.7% and 64.2% (54.5%-80.4% with the

equivalent aminoacids) (Table. 4-6), (See supplementary data for details).

I pseudonana CCMP 1335 alignment with AtOAS-TL-A showed additional amino
acids (10 aa and 42 aa) in the diatom at the N-terminus. In all other cases, 4. thaliana
OAS-TL had an amino-terminal extension (5-113 aa) (Table. 4-5). One of T
pseudonana OAS-TL contained additional aa at the C-terminus (8-11 aa) (Table. 4-5),

while the other sequences showed a 1-18 aa C-terminal extension in A. thaliana
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OAS-TL. The amino acid identity of 7. pseudonana CCMP 1335 to A. thaliana
isoforms varied between 33.7% and 63.0% (53.5%-77.4% with the equivalent amino

acids) (Table. 4-6), (See supplementary data for details).

P. tricornutum 1055/1 sequences missed a section at the N-terminus that was present
in A. thaliana (1-106 aa), while the C-terminus between these two species more or
less similar (Table. 4-5). The identity of P. tricornutum and A. thaliana OAS-TL was
between 36.2% and 50.8% (52.4%-79.7% if equivalent amino acids were considered

identical) (Table. 4-6), (See supplementary data for details).

In E. huxleyi CCMP 1516 OAS-TL there was a 22 aa extension at the N-terminus
compared to OAS-TL-A. While, the other three OAS-TL sequences of A. thaliana,
which, in turn had amino acids at the N-terminus (27-79 aa) that were mostly not
present in E. huxleyi enzyme (Table. 4-5). At the C-terminus, E. huxleyi contained a
25 aa amino acid extension, as compared to 4. thaliana (Table. 4-5). The OAS-TL
amino acid identity between E. huxleyi CCMP 1516 and A. thaliana ranged between
38.1% and 43.0% (53.5%-57.3% if equivalent amino acids were counted) (Table. 4-6),

(See supplementary data for details).

When the OAS-TL sequences of A. thaliana were compared with those of the
dinoflagellate Amphidinium klebsii, the embryophyte was found to have an
N-terminal extension (4-112 aa) (Table. 4-5). In contrast, the C-terminus showed
additional amino acids (1-3 aa; 1-16 aa, depending on isoforms) in 4. klebsii sequence
(Table. 4-5). The OAS-TL amino acid identity between A. klebsii and A. thaliana was
between 32.3% and 39.5% (50.5%-56.8 considering equivalent aa as identical) (Table.

4-6), (See supplementary data for details).
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Table. 4-5. Alignment of N’-terminus and C’-terminus sequences of algal OAS-TL corresponding regions in 4. thaliana OAS-TL isoforms

A-A. thaliana B-A. thaliana C-A. thaliana C1-A. thaliana
N’-terminal C’-terminal N’-terminal C’-terminal N’-terminal C’-terminal N’-terminal C’-terminal
1-Synechocystis sp. PCC 6803 +17 -10 -53 -10 91 -13 -38 -12
2-Synechocystis sp. PCC 6803 2 -1 =72 -1 -110 -4 -46 -3
1-Synechococcus sp. WH 7803 2 0 =72 0 -110 -3 -46 -2
2-Synechococcus sp. WH 7803 -1 +1 -71 +1 -101 2 -45 -1
1-C. reinhardtii +72 +2 -8 +20 -41 +17 +2 +18
2-C. reinhardtii +36 +9 -17 +9 -50 +6 -7 +7
3-C. reinhardtii +50 +15 -10 +15 -43 +12 0 -7
4-C. reinhardtii +35 +2 -51 +2 -89 -1 -19 0
1-T. suecica -5 -8 =75 -8 -113 -11 -49 -10
2-T. suecica +9 -4 -61 -4 -101 -7 -37 -6
3-T. suecica -2 -4 -72 -22 -110 21 -46 -20
4-T. suecica -10 +3 -80 +3 -118 0 -54 1
1-C. merolae strain 10D +62 +3 -1 +3 -34 0 -11 +1
2-C. merolae strain 10D +44 +21 -9 +21 -42 +11 -4 +28
1-T. pseudonana CCMP 1335 +10 +11 -63 +11 -101 +8 -39 +9
2-T. pseudonana CCMP 1335 +42 -1 -6 -1 -39 -4 -2 -3
3-T. pseudonana CCMP 1335 -5 -15 =72 -15 -113 -18 -49 -7
1-P. tricornutum CCAP 1055/1 +2 -1 -68 -1 -106 -4 -43 -3
2-P. tricornutum CCAP 1055/1 +10 +3 -60 +3 -98 0 -37 +1
E. huxleyi CCMP 1516 +22 +24 -42 +26 -719 +26 =27 +23
1-A. klebsii -4 +3 =72 +3 -112 0 -48 +1
2-A. klebsii -7 -14 -75 -14 -115 -17 -51 -16
3-A. klebsii +5 +3 -115 +3 -103 0 -39 +1
4-A. klebsii 0 +1 -51 +1 -108 -2 -44 -1

In this table, the positive numbers indicate the numbers of additional residues in algae sequences when aligned with their counterparts, the negative numbers
indicate the number of residues missing in algae sequences when aligned with 4. thaliana sequences.
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Table. 4-6. Identity and Similarity of algae OAS-TL with reference species of A. thaliana isoforms

1-Synechocystis sp. PCC 6803
2-Synechocystis sp. PCC 6803
1-Synechococcus sp. WH 7803
2-Synechococcus sp. WH 7803
1-C. reinhardtii

2-C. reinhardtii

3-C. reinhardtii

4-C. reinhardtii

1-T suecica

2-T. suecica

3-T. suecica

4-T suecica

1-C. merolae strain 10D

2-C. merolae strain 10D

3-C. merolae strain 10D

1-T. pseudonana CCMP 1335

2-T. pseudonana CCMP 1335

3-T. pseudonana CCMP 1335

1-P. tricornutum CCAP 1055/1
2-P. tricornutum CCAP 1055/1
3-P. tricornutum CCAP 1055/1
E. huxleyi CCMP 1516

1-A. klebsii

2-A. klebsii

3-A. klebsii

4-A. klebsii

A-A. thaliana

B-A. thaliana

C-A. thaliana

C1-A. thaliana

Identity Similarity Identity Similarity Identity Similarity Identity Similarity
60.6 % 76.5 % 61.1 % 78.5 % 60.6 % 76.6 % 53.6 % 71.2 %
377 % 53.7% 36.8 % 523 % 38.0 % 53.0% 34.0 % 523 %
552 % 71.9 % 552 % 73.7 % 56.5 % 74.4 % 48.5 % 68.3 %
573 % 72.9 % 57.6 % 74.8 % 55.7% 74.5 % 50.6 % 66.3 %
64.6 % 80.0 % 64.4 % 82.8 % 65.0 % 83.2% 579 % 76.5 %
342 % 51.7 % 29.7 % 50.0 % 332 % 512 % 33.0% 50.3 %
66.7 % 83.5% 65.6 % 79.8 % 68.4 % 82.2 % 56.9 % 74.5 %
74.1 % 86.1 % 69.5 % 84.9 % 73.4 % 86.7 % 61.6 % 771 %
357 % 572 % 33.0% 559 % 343 % 56.9 % 349 % 53.7%
66.2 % 79.0 % 66.6 % 80.4% 64.2 % 78.6 % 59.0 % 74.3 %
341 % 54.0 % 32.7% 54.0% 31.6 % 48.4 % 28.9 % 482 %
46.0 % 61.5% 443 % 60.6% 454 % 61.4 % 42.8 % 559 %
64.2 % 80.4 % 59.5% 77.2 % 61.9 % 78.3 % 54.8 % 70.1 %
358 % 52.8% 352 % 52.8% 38.1 % 55.0 % 34.7 % 54.5%
439 % 57.5% 414 % 572 % 41.1 % 58.9 % 38.5% 54.7 %
40.6 % 56.6 % 39.7 % 57.6 % 40.4 % 58.7 % 37.7 % 55.6 %
61.9 % 75.0 % 63.0 % 77.4 % 62.4 % 77.4 % 54.5% 713 %
37.6 % 54.0 % 355 % 57.0 % 36.6 % 57.0 % 33.7% 53.5%
51.0 % 67.5% 47.5% 65.6 % 49.3 % 65.9 % 42.0 % 61.6 %
43.5% 58.7 % 40.4 % 57.4 % 42.0 % 57.1 % 36.2 % 52.4 %
61.7 % 75.7 % 63.2 % 78.9 % 64.7 % 79.7 % 54.6 % 722 %
43.0 % 573 % 40.2 % 571 % 39.8 % 56.0 % 38.1 % 53.5%
39.5% 56.8 % 38.5% 57.4 % 382 % 58.0 % 36.1 % 53.4 %
37.4 % 56.3 % 37.0 % 53.8 % 359% 54.9 % 357 % 551 %
38.8 % 54.7 % 373 % 53.7% 36.3 % 53.1% 324 % 48.3 %
36.6 % 53.9% 36.5 % 54.0 % 36.4 % 53.5% 323 % 50.5 %
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4.1.5. Main motives of SAT and OAS-TL algal sequences

4.1.5.1. SAT sequences main motives in algae

The SAT protein, apparently, share with the embryophyte enzyme a C-terminal
hexapeptide-repeat domain. This domain is common in a number of acyltransferases
and is believed to be involved both in catalysis and hetero-oligomerization (i.e.
formation of the Cysteine Synthase Complex) (Yeon et al., 2018). Our sequences
alignment revealed a partial but long consensus sequence, with the following
interesting features: 1) a peculiar six-residue periodicity can be found in the consensus
region; ii) each of the six hexapeptide units starts with isoleucine (I), leucine (L) or
valine (V); ii1) in four of the units, the second residue is glycine (G) and the fifth
residue isalanine (A) or valine (V).

Fig. 4-4 showed the alignment of algal SATs and the five Arabidopsis thaliana SAT
isoforms. The alignment revealed the similarity in the structures of algal and
embryophyte enzymes. The six-residue periodical amino acid sequence of algae SAT
was (-I/V/L)-G-XXXX-(I/V/L)-, thus very similar in structure to that of Arabidopsis
thaliana (Vuorio et al., 1991; Vuorioa & Taina, 1994; Bogdanova & Hell, 1997; Pye,
et al, 2004). In 1997, Bogdanova and Hell proved through truncated proteins
experiments that the C-terminus of SAT was necessary for the interaction with
OAS-TL. Also, this domain appeared to be associated with the putative transferase
activity (Bogdanova & Hell, 1997). The hexapeptide domain was also found to be
responsible for the formation of B-turns (Vuorio, 1991). In agreement with Bogdanva
and Hell (1997) and based on the structural similarity suggested by the sequence
alignments, it seems logical to assume that the catalytically functional domain of
algae SATs is the central part of the sequence, where the region with the highest

similarity to the Arabidopsis thaliana proteins was.
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Fig. 4-4. Alignment of SAT protein of algae and A. thaliana.

The Cysteine residues are highlighted in yellow. Conserved amino acid was shown with dark
(absolutely conserved) and grey (highly conserved residues) background. In the consensus
line, asterisks indicate highly conserved amino acid. The hexapeptide motif
(I/'V/L)-G-XXXX-(I/V/L) is underlined in red.

The alignment sequences: SAT1 At2gl7642, SAT2 At4g35642; SAT3 At5g56760; SAT4




At3g13110 SATS At1g55920; Synechocystis sp. PCC 6803 WP_010872790.1; Synechococcus
sp. WH 7803 WP _011932076.1; 1-C. reinhardtii gi|159480774|; 2-C. reinhardtii
£1159484729|; 1-C. merolae strain 10D gi|544212076|; 2-C. merolae strain 10D
21544209228|; T. pseudonana CCMP1335 gi|224009682|; 1-P.  tricornutum
£1224009682|; CCAP 1055/1; 2-P. tricornutum CCAP 1055/1 gi21912937§|; E.
huxleyi CCMP1516 gi|551593375|; 1, 2, 3-T. suecica sequences were obtained
through the transcriptom.

4.1.5.2. Main motives in algal OAS-TL sequences

In A. thaliana OAS-TL as Table. 4-7 showed, there are seven different interaction
areas (Bonner et al., 2005). The OAS-TL sequences amino acid alignment data were
shown in Fig. 4-5. The functional residue K (lysine, see supplementary materials for
the one letter code for amino acids) was involved in the formation of the Schiff base
with pyridoxal 5'-phosphate (PLP) and is absolutely conserved in all sequences. Also,
the other aa residues in the K area were relatively conserved among all the species.
Other portions of the protein are involved in PLP interaction (Bonner et al., 2005);
they were separated into three different units: the first unit was formed by a single,
highly conserved amino acid, H; the second unit was formed by five highly conserved
residues, GTGGT; the last one was formed by a single amino acid, S, which was
absolutely conserved. As shown in the Table. 4-7, these structures were pretty much
conserved in all algal species. Only in the green algae 7. suecica, the first unit, H, was
substituted with a polar amino acid Y; in the second unit (GTGGT) the first polar

amino acid, G, was substituted with the polar amino acid S.

The residues involved in substrates interaction (Bonner et al., 2005) were separated in
two different units: the first one was formed by -TSGNT- (five highly conserved
residues); the second unit was formed by a single amino acid -Q- which showed an
absolutely conserved character. Table. 4-7 showed that, in the first unit involved in the

interaction with the substrate, two residues were not highly conserved; they were 1)
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the second amino acid in the sequence, a -S- residue, which was a polar amino acid,
and was substituted with A or -S, with the exception of the marine species 7. suecica,
in which the same position was occupied by the non-polar amino acid -V; ii) the
fourth polar residues, N, which was always substituted by another polar amino acid,

-S-.

The residues involved in SAT/OAS-TL interaction site were associated with a six
amino acid unit, KPGPHK (Bonner et al., 2005). In algae, the first polar amino acid,
K, and the last two amino acids, HK, of this motif were often substituted. In one of
the sequences of the freshwater cyanobacterium Synechocysis sp. PCC 6803, the last
two basic amino acid H and K, were substituted with the polar residues S and the
non-polar I. In the OAS-TL of the marine cyanobacterium Synechococcus sp. WH
7803, one of the sequences showed the presence of a non-polar V in the place of the
first basic amino acid K, and the terminal K was substituted by the basic amino acid

R.

In C. reinhardtii, in one case both the first and the last K were substituted by polar
residues (A and Q, respectively); in another isoform, the first K was substituted by the
polar residue N, but the non-polar amino acid I, was found in the place of the terminal
K.

As shown in Table. 4-7, in 7. suecica OAS-TL, nearly all residues of the -KPGPHK-
domain were substituted. In 7. suecica OAS-TL 2-4, the first K was substituted by
polar amino acids (Q in the 2 and 4 isoforms and N in isoform 3); In 7. suecica
OAS-TL 1, 3 and 4, the last two basic amino acids of the unit were substituted by YQ,

TI and T, respectively.

In the OAS-TL of the red algae C. merolae, the first K was substituted by another
basic amino acid, R. In the last two positions of the motif, the polar amino acid S and

the non-polar amino acid I, where found instead of P and H.

In the diatom 7 pseudonana CCMP 1335 OAS-TL 1 and 2, the first basic amino acid
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of the motif was substituted by the polar amino acid A; in the isoform 3, it was
substituted by the polar amino acid H. In the 7. pseudonana isoform 1 and 3, the last
two amino acids were substituted by a non-polar P, a polar T or non-polar F residues.
In P. tricornutum CCAP 1055/1 in one case the first basic amino acid K was
substituted by a non-polar P residue.

In the OAS-TL of the dinoflagellate 4. klebsii, in the six amino acid motif, nearly all
residues were substituted. In the isoforms 1, 3 the K in the first position in the motif
was substituted by a polar A, in the isoform 4 by a non-polar amino L. In A. klebsii

isoforms 1, 2 and 4, the last two residues were substituted by P, TI and A, respectively.
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Fig. 4-5. Alignment of OAS-TL of algae and A4. thaliana.

The red rectangle identifies the PLP binding site, with the functional lysine involved in the
formation of the Schiff base; the purple triangle, the green rectangle, and the blue triangle
indicated the other motif involved in PLP interaction; the blue rectangle and the red triangle
indicate the residues involved in substrate interaction; the yellow rectangle indicated the
SAT/OAS-TL interaction site. The Cysteine residues are highlighted in yellow. Absolutely
conserved amino acids are shown with dark background, highly conserved residues with grey
background. At the consensus line, asterisks indicate highly conserved aminoacids.

The alignment sequences: A-At4gl4880; B-At2g43750; C-AT3G59760; C1-At3g61440;
1-Synechocystis sp. PCC 6803 BAA17450.1; 2-Synechocystis sp. PCC 6803 BAA16664.1;
1-Synechococcus sp. WH 7803 WP _011934122.1; 2-Synechococcus sp. WH 7803
WP_011932497.1; 1-C. reinhardtii XP_001696139.1; 2-C. reinhardtii XP_001701454.1; 3-C.
reinhardtii XP_001703301.1; 4-C. reinhardtii XP_001691935.1; I-C. merolae strain 10D
XP _005539314.1; 2-C. merolae strain 10D XP_005536023.1; 1-T. pseudonana CCMP 1335
XP 002286122.1; 2-T. pseudonana CCMP 1335 XP_002286707.1; 3-T. pseudonana
XP_002287864.1; 1-P. tricornutum CCAP 1055/1 XP_002177040.1; CCAP 1055/1; 2-P.
tricornutum CCAP 1055/1 XP_002180648.1; E. huxleyi CCMP 1516 gi|485641205]; 1, 2, 3,
4-T. suecica; 1, 2, 3, 4-A. klebsii these sequences were obtained through the transcriptom.
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Table. 4-7. Main binding motives in OAS-TL sequences (from the N’-terminal to C’-terminal)

PLP binding site

Residues binding with substrate

Residues binding with PLP

OAS-TL/SAT interaction site

Residues binding with PLP

g |

X- -TSGNT- Q- KPGPHK-
AA thaliana K-(46) -TSGNT-(74-78) -Q-(147) -H-(157) -GTGGT-(181-185) -KPGPHK-(217-222) -S-(269)
B-A thafiana K-(116) -TSGNT-(144-148) -Q-(207) H-217) -GTGGT-(251-255) -KPGPHK-(287-292) -8-(239)
CA thaliana K-(154) -TSGNT-(182-186) -Q-(255) -H-(265) -GTGGT-(289-293) -KPGPHK-(325-330) -8-377)
ClA thaliana -K-(90) -TSGNM-(118-122) -Q-(191) -H-(201) -GIGGT-(225-229) -KPGPHA-(261-266) -8-313)
1-Sjmechocystissp.PCC 6803 -K~(65) -TSGNT-(93-97) -Q-(166) -H-(176) -GTGGT-(200-204) -KPGPHK-(236-241) -S-(288)
2:Symechocystissp. PCC 68013 K-(44) -TAGNT+(71-75) -Q-(146) -H-(156) -GTGGT-(180-184) --ESGNSI-(233-236) -8-(274)
1-Sprechococcussp WH'7803 -K-(46) -TSGNT~(74-78) -Q-(147) -H-(157) -GTGGT-(181-185) -VMAGPHR-(217-222) -S-(269)
2:Symechocoacussp. WH'T813 -K-(45) -TSGNT~(72-76) -Q-(145) -H-(155) -GTGGT-(180-184) -KPGPHK-(223-228) -S-(275)
1-Coreinhantti K~(118) -TSGNT-(145-150) -Q-(219) -H-(229) -GTGGT-(253-257) -APGYHQ-(289-294) -S-(341)
2Creinhardti K~(82) -TAGST-(109-113) -Q-(184) -H-(194) -GTGGT-(217-221) NPFDEI-(269-274) -S-(322)
3-Creinhaniti -K-(96) -TSGNT-(124-128) -Q-(197) -H-(207) -GTGGT-(231-235) -KPGPHK-(270-275) -$-(319)
4Creinhaniti K-(81) -TSGNT-(109-113) -Q-(182) -H-(192) -GTGGT-(216-221) -KPGPHK-(252-257) -8-(304)
1-T.suecica K-(41) -TSGNT-(68-72) -Q-(144) I-(154) —ITGGT—(178—1 82) -KPSSYQ-(221-226) -8-(375)
2 T.suecicn K~(55) -TSGNT-(83-87) -Q-(176) -H-(186) -GTGGT-(190-194) QPGPHK-(226-231) -8-(278)
3-Tsuecicn K-(44) -TVGST+(71-75) -Q-(146) -H-(156) -GTGGT-(179-183) NPYDII-(240-245) -S-(284)
4T suecicn “K-(40) -TSGNT-(67-71) -Q-(149) -H-(159) -GTGGT~(175-179) QHAPHT-(210-215) -8-(275)
1-C merokestuin 10D K-(110) -TSGNT-(138-142) -Q-(211) -H-(221) -GTGGT-(245-249) RPGPHK-(281-286) -8-(333)
2-Cmerole stin 10D -K~(90) -TAGNT-(117-171) -Q-(191) -H-(201) -GTGGT-(225-229) -IVGDSI-(268-271) -S-(319)
1-Tpseudonana CCMP 1335 K-(52) -TSGNT-(79-83) -Q-(152) -H-(162) -GTGGT-(185-189) -AFAPHP-(237-242) -8-(292)
2T, psevdonana CCMP1335 K-(89) -TSGNT-(117-121) -Q-(191) -H-(201) -GTGGT-(225-229) -KPGPHK-(261-266) -$-313)
3T prevdonana CCMP1335 K-(51) -TSGST-(78-82) -Q-(259) -H-(169) -GTGGT-(193-197) HRYDEIE-(257-262) -S-314)
1P tricormunan CCAP 10551 K-(52) -TSGNT-(80-84) -Q-(153) -H-(163) -GTGGT-(188-192) -PQGPHK-(238-243) -8-(290)
2P ticormum CCAP1055/1 K~(56) -TSGNT-(84-88) -Q-(158) -H-(168) -GTGGT-(192-196) -KPGPHK-(228-232) -8-(280)
E luedeyiCCMP1516 K~(68) -TSGNT-(95-99) -Q-(167) H-(177) -GTGGT-(202-205) -AFSAHP-(253-258) -8-(320)
1A Kiebsii K-(42) -TSGNT-(69-74) -Q-(140) -H-(150) -GTGGT-(175-179) -AWTAHP-(230-235) -8-(287)
2-4 Kebsii K~(39) -TSGNT-(66-70) -Q-(141) -H-(151) -GTGGT~(177-181) HRYDTI-(229-233) -8-(291)
34 Kebsii K~(53) -TSGNT-(80-84) -Q-(155) -H-(165) -GTGGT-(189-193) -AYH--H(239-241) -8-(289)
44 Kebsii K-(46) -TSGNT~(74-78) -Q-(150) -H-(160) -GTGGT-(184-188) HPQLHA-(222-227) -8-(266)
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Highlighted residues are those that are substituted in the sequence of a given species; the number inside parenthess indicate the position of the amino acids in
the sequences.
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4.2. OAS-TL from algae

4.2.1. OAS-TL purification

The elution patterns of OAS-TL showed differences among the experimental species
(Fig. 4-6). The western blot analysis of the various fractions evidenced the presence

of proteins of different sizes cross-reacting with OAS-TL antibody (Table. 4-8).
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Table. 4-8. Features of purified algae OAS-TL

Species PCP (Elution Volume of protein peak) Immunoblot positive (+) or negative (-) OAS-TL protein band number OAS-TL size (kDa)
Synechocystis sp. PCC 6803 1 and 3 ml (-) and (+) 2 33,39
Chlamydomonas reinhardtii-T AP 3.5 ml ) 2 37,40
Chlamydomonas reinhardtii-TP 3ml +) 3 34, 44,49
Dunaliella tertiolecta 2 and 3.5 ml (-) and (+) 2 36, 38
Tetraselmis suecica 0.5 and 3 ml (-) and (+) 2 33,41
Thalassiosira pseudonana 2 and 3 ml (-) and (+) 2 36,37
Phaeodactylum tricornutum 3.5 ml +) 1 36
Amphidinium klebsii 2.5ml ) 2 35,39

Note: PCP, protein peak in terms of elution volume (ml) used as cross-reaction with the OAS-TL-A antibody present (+) or absence(-).
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In Synechocystis sp. PCC 6803 (Fig. 4-6 A), a protein concentration peak appeared
already after 1 ml of elution buffer passed through the column. The proteins of this
peak (fraction E2), however, did not cross-react with OAS-TL antibody (Fig. 4-7).
The main elution peak for Synechocystis sp. PCC 6803 was eluted after 3 mL of
elution buffer (Fig. 4-6 A). The fractions corresponding with this following peak
(fractions E6, 7, 8, 9, Fig. 4-7) were recognized by OAS-L antibody. Two proteins
were detected in the western blot and had a mass of around 35 kDa (Fig. 4-7).
Mobility analysis (supplemental data), indicated that these bands had sizes of 33 kDa
and 39 kDa.

When Chlamydomonas reinhardtii was grown in TAP medium, the elution pattern
only showed one protein concentration peak after 3.5 ml elution (Fig. 4-6 B). The
collected fractions (E7, 8, 9, 10, Fig. 4-8) showed two signals with masses of 37 kDa
and 40 kDa (Fig. 4-8). When C. reinhardtii was cultured in TP medium, the main
elution peak appeared after 3 ml of elution buftfer (Fig. 4-6 C). The western blot of the
proteins in the peak fraction (E6) and in the following fractions (E7, 8, 9, Fig. 4-9)
showed three bands of 34 kDa, 44 kDa and 49 kDa (Fig. 4-9).

The affinity chromatography of Dunaliella tertiolecta extract had a rather flat protein
concentration profile, with two peaks of similar protein content after 2 and 3.5 ml
elution (Fig. 4-6 D). The western blot of the protein sample obtained after 2 ml
elution (E4, Fig. 4-10) showed no immunoreaction while it showed a strong band of
36 kDa and another band of 38 kDa in the fractions (E6, 7, 8, 9, Fig. 4-10) belonging
to the 3.5 ml elution peak (Fig 4-6 D).

Tetraselmis suecica affinity chromatography afforded a peak at 0.5 ml and another at
3 ml (Fig. 4-6 E). Again, the earlier peak (E1 fraction) did not show any
immunoreaction with OAS-TL antibodies (Fig. 4-11). The later peak consisting in
fractions E5, 6, 7, 8, instead, showed a dense band of 41 kDa and a fainter one of 33
kDa (Fig.4-11).

Thalassiosira pseudonana showed an elution peak at 1 ml and a major one at 3 ml

(Fig. 4-6 F). The first peak (E2 fraction) did not give a signal in the western blot. The
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fractions obtained from the peak at 3 ml, instead, showed a band of 36 kDa (E7, Fig.
4-7) and of 37 kDa (ES, 6, 8, Fig. 4-12).

For Phaeodactylum tricornutum, one elution peak of protein concentration was
observed after 3.5 ml (Fig. 4-6 G) of elution buffer. The mass of the OAS-TL
contained in this peak was 36 kDa (E7, 8, 9, 10 fractions, Fig. 4-13).

OAS-TL of Amphidinium klebsii was eluted after 2.5 ml elution buffer (Fig. 4-6 H). A
band of 35 kDa was visible in the immunoreaction (E5, 6, 7, 8 fractions, Fig. 4-14);

only in the fraction ES an additional band of 39 kDa was visible (Fig. 4-14).
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Fig. 4-6. Elution pattern of OAS-TL protein from different algal species.

From the top to the bottom different curve the algal species: A-Sy. PCC 6803: Synechocystis
sp. PCC 6803; B-C.r-TAP: Chlamydomonas reinhardtii with TAP medium; C-C.r-TP:
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Chlamydomonas reinhardtii with TP medium; D-D.t: Dunaliella tertiolecta; E-T.s:
Tetraselmis suecica; F-T.p: Thalassiosira pseudonana; G-P.t: Phaeodactylum tricornutum;
H-A k: Amphidinium klebsii. There were three replicates the data was Mean + SD.
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Fig. 4-7. Immunodetection of OAS-TL purified from Synechocystis sp. PCC 6803.

The amount of protein loaded on the gel were fraction E2 = 1.36 ug; E7 = 2.25 ug; E8 = 0.58
ug; E9 =0.58 pug; E10 =0.36 pg.
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Fig. 4-8. Immunodetection of OAS-TL purified from Chlamydomonas reinhardtii grown in
TAP medium.

The amount of protein loaded on the gel were fraction E7 = 0.62 ng; E8 = 0.45 ng; E9 = 0.29
ng; E10=0.26 pg.
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Fig. 4-9. Immunodetection of OAS-TL purified from Chlamydomonas reinhardtii grown in
TP medium.

The amount of protein loaded on the gel were fraction E7 = 0.24 ng; E8 = 0.58 pg; E9 = 0.31
png; E10 =0.12 pg.
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Fig. 4-10. Immunodetection of OAS-TL purified from Dunaliella tertiolecta.

The amount of protein loaded on the gel were fraction E4 = 0.49 ug; E6 =0.12 ug; E7 = 0.48
ug; E8 =0.35 pug; E9=0.21 pg.
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Fig. 4-11. Immunodetection of OAS-TL purified from Tetraselmis suecica.

The amount of protein loaded on the gel were fraction E1 = 1.35 ug; ES = 1.50 ug; E6 = 1.75
ng; E7=1.31 pug; E8 =0.92 ng.
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Fig. 4-12. Immunodetection of OAS-TL purified from Thalassiosira pseudonana.

The amount of protein loaded on the gel were fraction E2 =1.01 pg; ES =1.43 pg; E6 =1.33
png; E7=1.01 pg; E8 =0.52 pg.
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Fig. 4-13. Immunodetection of OAS-TL purified from Phaeodactylum tricornutum.

The amount of protein loaded on the gel were fraction E7 = 0.47 ug; E8 =0.15 pg; E9=0.13
pg; E10=0.01 pg.
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Fig. 4-14. Immunodetection of OAS-TL purified from Amphidinium kilebsii.

The amount of protein loaded on the gel were fraction E5 = 0.87 ug; E6 = 0.32 ug; E7 = 0.31
ng; E8 =0.22 pg.

4.2.2. OAS-TL enzyme activity in crude extracts

The activity of OAS-TL was present in the crude extracts of all tested algal species.
Most of the species had similar OAS-TL enzyme activity on a protein basis except for
Tetraselmis suecica (especially) and Thalassiosira pseudonana, which showed

appreciably higher activities (Fig. 4-15, Table. 4-9).
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Fig. 4-15. OAS-TL enzyme activity in crude extracts of different algae.

Different letters show statistically different means (P < 0.05). The error bars represent the
standard deviations (n = 3).

In Synechocystis sp. PCC 6803, the OAS-TL activity per pug of protein in the crude
extract decreased appreciably if the crude extract was diluted 100 times (Fig. 4-16,
Table. 4-9).
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Fig. 4-16. OAS-TL activity per unit of protein in crude and diluted extracts of Synechocystis
sp. PCC 6803.

CE is the activity of the crude extract obtained according to the extraction protocol. CE-100 is
the activity in the crude extract with a 100-fold dilution. Different letters show statistically
different means (P < 0.05). The error bars show the standard deviations (n = 3).

In the green algae Chlamydomonas reinhardtii cultured in TAP medium, the OAS-TL
activity of the 100-fold diluted sample was similar to the activity in the undiluted

extract (Fig. 4-17, Table. 4-9).

99



0.008+

_‘? 2 0.006- d
£
=
o .
5 B
g .
E ’:().004-
5 ]
5 £
= S
S 2 0.002
>
&
0.000 .

&

\
;\Q\‘
&

Different sample protein

Fig. 4-17. OAS-TL activity per unit of protein in crude and diluted extracts of
Chlamydomonas reinhardtii cultured in TAP medium.

CE is the activity of the crude extract obtained according to the extraction protocol. CE-100 is
the activity in the crude extract with a 100-fold dilution. Different letters show statistically
different means (P < 0.05). The error bars show the standard deviations (n = 3).

When Chlamydomonas reinhardtii was cultured in TP medium, OAS-TL activity per

unit of protein was about 6.5 higher in diluted extracts (Fig. 4-18, Table. 4-9).
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Fig. 4-18. OAS-TL activity per unit of protein in crude and diluted extracts of
Chlamydomonas reinhardtii cultured in TP medium.

CE is the activity of the crude extract obtained according to the extraction protocol. CE-100 is
the activity in the crude extract with a 100-fold dilution. Different letters show statistically
different means (P < 0.05). The error bars show the standard deviations (n = 3).

In Dunaliella tertiolecta, OAS-TL activity of the 100-fold diluted sample was similar

to that in the undiluted crude extract (Fig. 4-19, Table. 4-9).
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Fig. 4-19. OAS-TL activity per unit of protein in crudeand diluted extracts of Dunaliella

tertiolecta.

CE is the activity of the crude extract obtained according to the extraction protocol. CE-100 is
the activity in the crude extract with a 100-fold dilution. Different letters show statistically
different means (P < 0.05). The error bars show the standard deviations (n = 3).

In Tetraselmis suecica, OAS-TL enzyme activity of the 100 times diluted sample was

1.6 times higher (Fig. 4-20, Table. 4-9).
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Fig. 4-20. OAS-TL activity per unit of protein in crude and diluted extracts of Tetraselmis

suecica.

CE is the activity of the crude extract obtained according to the extraction protocol. CE-100 is
the activity in the crude extract with a 100-fold dilution. Different letters show statistically
different means (P < 0.05). The error bars show the standard deviations (n = 3).

In Thalassiosira pseudonana, OAS-TL enzyme activity of the 100 times diluted

sample was 11.4 times higher compared to the undiluted extract (Fig. 4-21, Table.
4-9).
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Fig. 4-21. OAS-TL activity per unit of protein in crude and diluted extracts of Thalassiosira
pseudonana.

CE is the activity of the crude extract obtained according to the extraction protocol. CE-100 is
the activity in the crude extract with a 100-fold dilution. Different letters show statistically
different means (P < 0.05). The error bars show the standard deviations (n = 3).

In Phaeodactylum tricornutum, OAS-TL enzyme activity of the 100 times diluted

extract was 3.3 times higher than the activity in the undiluted extract (Fig. 4-22, Table.
4-9).
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Fig. 4-22. OAS-TL activity per unit of protein in crude and diluted extracts of Phaeodactylum

tricornutum.

CE is the activity of the crude extract obtained according to the extraction protocol. CE-100 is
the activity in the crude extract with a 100-fold dilution. Different letters show statistically
different means (P < 0.05). The error bars show the standard deviations (n = 3).

In Amphidinium klebsii, the OAS-TL activity of the 100 times diluted sample was 1.6

times higher than the activity in the undiluted extract (Fig. 4-23, Table. 4-9).
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Fig. 4-23. OAS-TL activity per unit of protein in crudeand diluted extracts of Amphidinium
klebsii.

CE is the activity of the crude extract obtained according to the extraction protocol. CE-100 is
the activity in the crude extract with a 100-fold dilution. Different letters show statistically
different means (P < 0.05). The error bars show the standard deviations (n = 3).

Table. 4-9. Summary of OAS-TL activity in 100-fold diluted and undiluted crude extracts.

Species name OAS-TL enzyme activity (Mean £SD) nmol cysteine - min™ - ng'1
CE CE-100
Synechocystis sp. PCC 6803 15(0.4) 5.0(1.2)
Chlamydomonas reinhardtii TAP 5.3(0.6) 3.6 (0.2)
Chlamydomonas reinhardtii TP 1.2 (0.0) 8.0 (0.7)
Dunaliella tertiolecta 6.0 (0.0) 7.0(0.9)
Tetraselmis suecica 14.3(0.3) 23.0(2.8)
Thalassiosira pseudonana 13.6 (0.4) 155 (8.8)
Phaeodactylum triconutum 3.9(0.3) 12.9 (0.6)
Amphidinium klebsii 6.7 (0.4) 10.4 (2.7)

CE: crude extract; CE-100: 100 fold diluted crude extract. The results are shown as mean + SD (n=3).
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4.2.3. OAS-TL specific activity in different microalgae

OAS-TL specific activity from the various experimental organisms was determined
after purification (Fig. 4-24). The SDS-PAGEs (not shown) suggest that the purified
fractions contained negligible amounts of contaminants proteins. The pure OAS-TL of
the green freshwater species Chlamydomonas reinhardtii cultured in TP medium, and
of the green marine species Dunaliella tertiolecta and Tetraselmis suecica, and
especially of the marine diatom Thalassiosira pseudonana showed higher specific
activities than the other species (Fig. 4-24). It is noteworthy that C. reinhardtii

OAS-TL specific activity was strongly affected by the growth medium (Fig. 4-24).
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Fig. 4-24. OAS-TL enzyme activity.

Different letters show statistically different means (P < 0.05). The error bars show the
standard deviations (n = 3).

4.2.4. Cysteine Synthase Complex (CSC)

For all species tested, when purified OAS-TL was mixed with 4. thaliana SATS5 and
subject to size exclusion chromatography, a complex of more than 600 kDa was

eluted (Fig. 4-25).
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Fig. 4-25. FPLC chromatogram for OAS-TL from different algae complexed with SAT-5
from A. thaliana.

A: Synechocystis sp. PCC 6803; B: Chlamydomonas reinhardtii-TAP; C: Dunaliella
tertiolecta; D: Tetraselmis suecica; E: Thalassiosira pseudonana; ¥: Phaeodactylum




tricornutum, G: Amphidinium klebsii. Red numbers represent fraction numbers in parallel
with black numbers representing elution volume (ml).

In Synechocystis, fraction 12 (E-12) showed cross-reaction with OAS-TL antibody
(Fig. 4-25 A, Fig. 4-26). The size of the protein band involved in the complex
formation was 39 kDa as the size of bigger protein band found in the purification (Fig.
4-7). The same fraction also gave an immunological reaction with SAT-5 antibody (35

kDa), as shown in (Fig. 4-33 A, lane 5).

E-10 E-11 E-12

Fig. 4-26. Immunodetection of OAS-TL from Synechocystis sp. PCC 6803 after elution of the
CSC with SAT-5 by FPLC.

E-9, E-10, E-11 and E-12 were different fractions of the FPLC separation.

The CSC of C. reinhardtii cultured in TAP medium was eluted in fractions E10 to E12
(Fig. 4-25 B). Both OAS-TL (Fig. 4-27) and SAT-5 immunoreactions (Fig. 4-33 B,

lane 3) were present.

35 #Da

Fig. 4-27. Immunodetection of OAS-TL from Chlamydomonas reinhardtii in TAP medium
after elution of the CSC with SAT-5 by FPLC.

E-9, E-10, E-11, E-12 were different fraction of the FPLC separation.

In Dunaliella tertiolecta, CSC was eluted in fractions E-10 to E-11 (Fig. 4-25 C), as confirmed by

western blot analysis (Fig. 4-28 and 4-33 C). Two OAS-TL bands were present in the complex and
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their sizes were consistent with the purified OAS-TL bands (Fig. 4-10).

E-& E-10 E11
48 KDa

33 K_D&I -

Fig. 4-28. Immunodetection of OAS-TL from Dunaliella tertiolecta after elution of the CSC
with SAT-5 by FPLC.

E-9, E-10, E-11 were different fraction of the FPLC separation.

The CSC of Tetraselmis suecica was eluted in fractions E-9, 10, 11 (Fig. 4-31 D) as
confirmed by the results of western blots with OAS-TL (Fig. 4-29) and SATS (Fig.
4-33 A, lanes 8 and 9). The OAS-TL of T. suecica CSC had a size of 41 kDa (Fig.

4-11), as the size of the strongest band in the western of the purified protein.

E& E-10 Ell

45 kDa
e

35kDa @ W . =
S

Fig. 4-29. Immunodetection of OAS-TL from Tetraselmis suecice after elution of the CSC
with SAT-5 by FPLC.

E-9, E-10, E-11 were different fraction of the FPLC separation.

The CSC of the diatom Thalassiosira pseudonana was eluted in E-10, where also
crossreaction with OAS-TL (Fig. 4-30) and SAT-5 (Fig. 4-33 C, lanes 5 and 6)
antibodies was observed. The OAS-TL in the complex had a size of 36 kDa.
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Fig. 4-30. Immunodetection of OAS-TL from Thalassiosira pseudonana after elution of the
CSC with SAT-5 by FPLC.

E-9, E-10, E-11 were different fractions of the FPLC separation.

The CSC from Phaeodactylum tricornutum was eluted in fractions E-9 to E-11 (Fig.
4-25 F); the presence of the complex in these fractions was confirmed by the western
blot analyses (Fig. 4-31, Fig. 4-33 C, lanes 2, 3 and 4). The OAS-TL signal in the
complex corresponded to a protein of 36 kDa as shown also in the purified sample

(Fig. 4-13).

E=2 El0 E-11
48 kDa

35 kDa

-—oe

Fig. 4-31. Immunodetection of OAS-TL from Phaeodactylum tricornutum after elution of the
CSC with SAT-5 by FPLC.

E-9, E-10, E-11 were different fractions of the FPLC separation.

In the dinoflagellate Amphidinium kiebsii, the CSC appeared in fractions E-9 and
E-10. In the same fractions, a band of 35 kDa cross reacted with OAS-TL antibody
(Fig. 4-32) and a band cross reacting with SAT5 antibodies (Fig. 4-33 A, lanes 2, 3

and 4) was observed.
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Fig. 4-32. Immunodetection of OAS-TL from Amphidinium klebsii after elution of the CSC
with SAT-5 by FPLC.

E-9 and E-10 were different fractions of the FPLC separation.
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Fig. 4-33. Western blot using antibodies rose against SAT-5 from 4. thaliana.

The samples corresponding to the peaks obtained by size exclusion chromatography for
which a positive reaction with the antibody for OAS-TL was observed. Note: Marker, the
protein ladder (10-180 kDa); A) from left to the right lane 1: SAT-5; lanes 2 to 4:
Amphidinium klebsii (fractions 9-11); lanes 5 to 7: Synechocystis sp. PCC 6803 (fractions
10-12); lanes 8 to 9: Tetraselmis suecica (fractions 9-10); lane 10: Marker. B) From left to the
right lane 1: Marker; lanes 2 to 4: TAP medium grown Chlamydomonas reinhardtii (fractions
9-11); lanes 6 to 8: TP medium grown Chlamydomonas reinhardtii (fractions 9-11); lane 10:
SAT-5. C) From left to the right lane 1: Marker; lanes 2 to 4: Dunaliella tertiolecta (fractions
9-11); lanes 5 to 6: Thalassiosira pseudonana (fractions 9-11); lanes 7-9: Phaeodactylum
tricornutum (fractions 9-11); lane 10: SAT-5. All the detected AtSAT-5 was showed in the red
frame (A and C) and by red arrows (B).




4.3. In vivo redox regulation of ATP-S activity

Thalassiosira pseudonana, whose ATPS is believed to be redox regulated, was used
for these experiments. DCMU interrupted electron transfer almost immediately at a
concentration of 5 uM (data not shown). The quantum yield of PSII was determined
as Fv/Fm and its response to 0, 5 and 10 uM DCMU was shown in Fig. 4-34. Already
after 1 hour, DCMU at both 5 uM and 10 uM caused Fv/Fm to significantly decrease,
as compared to the 0 DCMU controls (P < 0.001). This trend was accentuated after 3

and 6 hours. The concentration of 10 uM DCMU was chosen for the experiments.
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Fig. 4-34. Fv/Fm of Thalassiosira pseudonana incubated in the presence of 5 and 10 uM
DCMU, for 0, 1, 3 and 6 hours.

The error bars represented the standard deviations (n = 3); asterisks indicated the significance
of mean differences (* = p < 0.05; ** =p <0.01; *** =p <0.001).

DCMU (10 pM) had no impact on cell number and cell volume, in the course of the
experiments. In the presence of 10 uM, no significant difference in cell number and

cell volume was observed (Fig. 4-35 and Fig. 4-36, respectively).
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Fig. 4-35. Thalassiosira pseudonana cell number during incubation with 10 uM DCMU.

The error bars represented the standard deviations (n = 3). Means were not significantly
different.
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Fig. 4-36. Thalassiosira pseudonana cell volume during incubation with 10 uyM DCMU.

The error bars represented the standard deviations (n = 3). Means were not significantly
different.
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Fig. 4-37. Comparison of ATPS assay blanks obtained with different procedures. The error
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Fig. 4-38. Comparison of ATPS activity in the presence and absence of DMSO.

The error bars show the standard deviations (n = 3).

The ATP sulfurylase (ATP-S) enzyme activity was not affected by the incubation of
the algae in the presence of DCMU (Fig. 4-39). Even though the activity changed
over time, there was no statistically significant difference between the DCMU treated

samples and the control samples.
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Fig. 4-39. Thalassiosira pseudonana ATP-S activity in the presence orabsence of 10 uM
DCMU over a period of 6 hours.The error bars show the standard deviations (n = 3).
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5. Discussion

5.1. SAT and OAS-TL in algae

The SAT protein tree indicates that phylogenetic difference exists between the protein
in green algae and vascular plants and sequences obtained from species of the
red-lineages (with rare exceptions). Interestingly, cyanobacterial SAT appears to be
more closely related to that of red algae. It is hard to interpret this observation. It may
simply due to the fact that extant cyanobacteria have acquired their current S
assimilation complement secondarily, together with red lineage algae. The similarity
between cyanobacteria and red lineage algae SATs also brings to mind the fact that
cyanobacteria retained their prominence in post-Mesozoic oceans, together with red
linecage algae, whereas green algae declined to a great extent. SAT phylogeny may
thus be connected with the Sulfate Assimilation Hypothesis (Ratti et al., 2011), which
suggests that sulfate availability in global oceans may have affected algae radiation.
How SAT would affect phytoplankton radiation however, cannot be resolved with the
data at hand and requires further investigations. The role of SAT in cysteine synthesis
may speculatively suggest that a different control/regulation of cysteine synthesis may
have repercussions on thiol metabolism and redox power management in the cell
(Dickinson & Forman, 2002; Dietz & Hell, 2015).

It is also noteworthy that the C-terminus of algal SATs is rather similar to that of
embryophytes with Arabidopsis sequence (Fig. 4-4). Thus the C-portion of algae SAT
probably has a similar organization to that of Arabidopsis (Wirtz et al., 2001), E.coli
(Pye et al., 2004) and Haemophilus influenza Rd (Gorman & Shapiro, 2004), whose
SAT monomers contain a carboxyl-terminal left-handed B-helix (Gorman & Shapiro,
2004; Pye et al., 2004). The sequences alignments indicate that the C-terminal region

of SATs is highly conserved in algae and other organisms and, based on the work
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done on E. coli by Pye et al. (2004), it is likely to be responsible for the
hetero-oligomerization with OAS-TL. The C-terminal domain is also where the
catalytic site is located (Bogdanova & Hell, 1997). The idea of a bifunctional
C-terminal SAT domain (involved in catalysis and oligomerization) was further
strengthened by the modelling of the C-terminus of plant SAT using bacterial
acyltransferase structures as template (Vuorio et al., 1991; Vaara, 1992): the
C-terminus of SAT encompasses two sections, a left-handed parallel - helix (LBH)
domain, which carries the catalytically active site, and a C-terminal tail that could not
be modelled due to low homology to the acyltransferases (Wirtz et al., 2001). Given
the fact that the C-terminus domain aminoacid sequence of algae is very similar to
that of empryophytes, it may operate as in embryophytes.

The SAT-SAT interaction domain is instead located at the N-terminal a-helical
domain (Bogdanova & Hell, 1997). Here, homology between algae and vascular
plants sequences are smaller and this may indicate possible differences in the size of
the Cysteine Synthase Complex in algae and plants (see Fig. 5-1).

One thing seems to differentiate red lineage algae from green algae and their
descendants: the number of cysteine residues, which are more numerous in the red
lineage (especially in haptophyte). In ATPS, the number of cysteines was found to be
related to redox regulation (Prioretti et al., 2016). At this stage, my data do not allow
to verify if redox regulation exists in SAT and whether such regulation exists only in
the SATs with more cysteine residues. In embryophytes, SAT does not appear to be
redox-regulated; this is, of course, no proof that this is also the case in algae, as the

work on ATPS demonstrates (Prioretti et al., 2014).

OAS-TL bioinformatic data showed a rather unclear phylogeny, possibly representing
a higher variety of isoforms and a higher degree of gene exchanges, as compared to
SAT. Overall the OAS-TL of algae showed a highly conserved C-terminal region. The
OAS-TL protein size of algae is in the range 35-44 kDa, not too different from the
enzymes of embryohytes (Table. 4-8; in 4. thaliana OAS-TL has a mass of 33-37

kDa). The immunoreactions suggest that different sizes may be present in green algae,
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although further analyses are required to confirm this. Interestingly, OAS-TL activity
(as sulfide production) is higher when the enzyme is assayed in diluted crude extracts.
This, in the literature (Bogdanova & Hell, 1997; Wirtz et al., 2001) is interpreted as an
indication that the enzyme operates when not complexed. This is certainly a very
indirect evidence, but support the idea that OAS-TL is regulated in plants as in

embryophytes (Takahashi et al., 2011).

5.2. Cysteine Synthase Complex in algae

The main objective of my thesis was to verify whether algae form Cysteine Synthase
Complexes, like vascular plants (Saito et al., 1995; Droux et al., 1998; Wirtz et al.,
2001, 2010) and bacteria (Kredich & Tomkins, 1966). As reported above, the features
of algae OAS-TL and SAT are suggestive that these proteins have structures similarity
with the corresponding embryophyte proteins that make them capable of interacting in
a Cysteine Synthase Complex. Both algae SAT and OAS-TL appeared to be located in
both the chloroplast and mitochondrion. Other isoforms are possibly located in the
cytosol. The algal distribution of the enzyme is thus similar to that of embryohpytes,
in general terms. In embryophyte, mitochondria seems the main location of OAS
production, whereas cysteine is mostly produced in the cytosol (Takahashi et al.,
2011). In the chloroplast, cysteine synthesis is limited by the low OAS availability
and the role of this organelle in sulfur metabolism is mostly that of producing sulfide.
A similar situation is thought to occur in algae.

I observed that the OAS-TL of the green algae Chlamydomonas reinhardtii,
Dunaliella tertiolecta and Tetraselmis suecica bound to the AtSATS affinity column
much more strongly than the OAS-TL from the diatoms Thalassiosira pseudonana
and Phaeodactylum tricornutum and from the dinoflagellate Amphidinum klebsii. 1f
with some degree of approximation, I consider the elution time of OAS-TL from
AtSATS affinity column as an indication of the strength of the interaction of the

proteins in the complex, this may be an indication of a lower propension of algae of
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the red lineage to form CSC complex. In embryophytes, OAS-TL only catalyzes
cysteine production when it is free, whereas the complex is conducive to the synthesis
of OAS. Therefore, the presumed lower tendency of red-lineage OAS-TL to bind SAT
may reflect the higher tendency of red lineage algae to allocate C to cysteine, as
compared to green algae. This may be linked to the appreciably higher DMSP
concentration in red lineage algae than in green algae (Giordano et, al., 2008), which
requires a higher flux of S through cysteine and then methionine (Giordano &
Prioretti, 2016). If this will be confirmed by ad hoc measurements, it would provide
further mechanistic support to the Sulfur Facilitation Hypothesis (Ratti et al., 2011):
the different organization of red algae CSC may funnel more S into DMSP. This
would lead to the higher S quotas of these cells and may consequently lead to the
competitive advantage afforded by the anti-grazing power of the DMSP cleavage
products (Norici et al., 2005).

In A. thaliana, E. coli and S. typhimurium, the Cystein Synthase Complex is
composed of a hexamer of SAT and two dimers of OAS-TL (Wirtz et al., 2004). My
experiments results, which were consisted with the reported data (Salbitani et al.,
2014) provide proof-of-concept for the biochemical analysis of the cysteine synthase
complex in different microalgal species. Subsequently, my experiments in size
exclusion chromatography seem to suggest that the algal complexes (although with A.
thaliana SAT) are always larger than the mass of 320 kDa reported by Wirtz et al,
(2004) for the embryophytes complex. More recently, it has been suggested that each
hexamer of SAT may bind up to six dimers of OAS-TL, one for each C-terminal
domain of the protein (Pye et al., 2004). Based on the estimated mass of the eluted
native complex, I propose that the stoichiometry of the algae Cysteine Synthase
Complex is different from that in embryophytes: the algal CSC may be made of two
SAT trimer connected ‘head to head’ form one hexamer, with one OAS-TL dimer
bound to each SAT C-terminus (Fig. 5-1 A); this gives a total mass of about 600 kDa,
compatible with the size of the complex eluted from the size exclusion column.

Alternatively, given that the sequence difference at the N-terminus would lead to

124



believe that differences between algae and plant CSC are more likely to reside in the
SAT-SAT interactions, I proposed a 6 SAT (2 SAT trimers): 12 OAS-TL (6 OAS-TL

dimers) stoichiometry.

In E. coli and possibly in Arabidopsis, the Cysteine Synthase Complex appears to be
composed of a SAT homohexamer and two OAS-TL dimmers (Fig. 5-1 Panel B). The
SAT hexamer is constituted by two trimers arranged head-to-head with the C-terminal
tails of each trimer at opposite ends of the hexamer (Kumaran et al., 2009). The
interaction between SAT and OAS-TL occurs through portions of SAT C-terminus,
with allegedly a crucial involvement of a hexapeptide with the sequence
(I/V/L)-G-XXXX-(I/V/L) (Bogdanova & Hell., 1997; Wirtz et al., 2001). This general
hexapeptide is present also in algae (Fig. 4-4). On the OAS-TL side, binding with
SAT takes place through a KPGPHK sequence at the C-terminus. In algae the first and
last two amino acids of this sequence are often substituted (Table. 4-7). As most
proteins consist of multiple domains, and domains determine the function and
evolutionary relationships of proteins, it is important to understand the principles of
domain combinations and interactions (Vogel et al., 2004).

The purification of the algal CSC showed that the complex was much larger in algae
than in plants (Fig. 4-25), with an approximate mass of 600 kDa (Fig. 4-26 to Fig.
4-32). On the basis of the information provided by Birke et al., 2015 and Yi et al.,
2013, on the size difference between algal and Arabidopsis CSC complex, and on the
variations in both SAT and of OAS-TL sequences involved in the interaction between
these two proteins in algae, I propose that the algal CSC contains two SAT trimers, as
in vascular plant, but each SAT protein binds one OAS-TL dimer through its

C-terminus. The proposed structure of the algal CSC is shown in Fig. 5-1 Panel A.
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Fig. 5-1. Proposed structure of Algae Cysteine Synthase Complex.

Panel A shows the proposed structural organization of the

Cysteine Synthase Complex of algae (A) in comparison to that of vascular plants (B).

5.3. ATP-S redox regulation

The regulatory process that I envisage for the redox-regulated ATP-S assumed that the
perception of the redox state of the cell was mediated by the plastoquinone pool of the
photosynthetic electron transfer chain. This hypothesis was based on the fact that
other redox-regulated processes involving early stages in nutrient assimilation
pathway adopt this mode of regulation. For instance, Chlamydomonas reinhardtii
nitrate reductase expression and activity are controlled by the redox state of the
plastoquinone pool (Giordano et al., 2007). I, therefore, attempted to verify whether
blocking plastoquinone reduction by using Dichloromethyl Urea (DCMU) I could
modulate ATP-S activity.

The results of my experiments did not show any impact of plastoquinone oxidation on
ATP-S activity. The interpretation of these results is difficult. Unfortinately, the
limited time at my disposal made it impossible to go deeper in the matter. It is

possible that the redox state of the plastoquinone pool only operates in the activation




direction, but not in the deactivation direction. In the case of nitrate reductase, it was
observed that the expression of nitrate reductase gene could be effectively blockade
blocked by the oxidation of the plastoquinone pool, but the opposite result was not
obtained by the over reduction of the pool. It may also be that, as for instance in the
case of some diatom carbonic anhydrase (Kikutani et al., 2012), redox regulation is
exerted through thioredoxin, thus using the electrons most likely donated from

ferredoxin. Unfortunately, I must leave this question open for future studies.
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7. Supplemental material

7.1. Growth curves
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Fig. 7-1. Synechocystis sp. PCC6803 growth curve.
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Fig. 7-2. Curve for the conversion of the OD of Synechocystis sp. PCC 6803 cultures to cell
numbers.
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Fig. 7-3. Growth curve of Chlamydomonas reinhardtii cultured in TAP medium.
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Fig. 7-4. Growth curve of Chlamydomonas reinhardtii cultured in TP medium.
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Fig. 7-5. Dunaliella tertiolecta growth curve.
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Fig. 7-6. Tetraselmis suecica growth curve.
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Fig. 7-7. Thalassiosira pseudonana growth curve.
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Fig. 7-8. Phaeodactylum tricornutum growth curve.
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Fig. 7-9. Amphinidinium klebsii growth curve.

7.2. Correlation between relative mobility of protein with

protein size
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Fig. 7-10. Standard curve for the determination of protein size from the relative protein
mobility in binding affinity test chromatography for Synechocystis sp. PCC 6803.
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Fig. 7-11. Standard curve for the determination of protein size from relative protein mobility
in binding affinity test chromatography for Chlamydomonas reinhardtii with TAP medium
culture extract.
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Fig. 7-12. Standard curve for the determination of protein size from the relative protein
mobility in binding affinity test chromatography for Chlamydomonas reinhardtii with TP
medium culture extract.
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Fig. 7-13. Standard curve for the determination of protein size from the relative protein
mobility in binding affinity test chromatography for Tetraselmis suecica extract.
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Fig. 7-14. Standard curve for the determination of protein size from the relative protein
mobility in binding affinity test chromatography for Dunaelilla tertiolecta extract.
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Fig. 7-15. Standard curve for the determination of protein size from the relative protein
mobility in binding affinity test chromatography for Thalassiosira psedonana extract.
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Fig. 7-16. Standard curve for the determination of protein size the relative protein mobility in
binding affinity test chromatography for Phaedactylum tricornum extract.
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Fig. 7-17. Standard curve for the determination of protein size from the relative protein
mobility in binding affinity test chromatography for Amphidinium klebsii extract.

7.3. Comparision of algae SAT and OAS-TL with A. thaliana

sequences

7.3.1. Alignment of the SAT sequences of Cyanobacteria

with A. thaliana SAT isoforms
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Fig. 7-18. Alignment of Synechocystis sp. PCC 6803 SAT amino acid sequences with 4.
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Fig. 7-19. Alignment of Synechococcus sp. WH 7803 SAT amino acid sequences with A4.



7.3.2. Alignment of the SAT sequences of green algae with A.

thaliana SAT isoforms
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B CE O 5 - ST Y PR IR o Y (5 e P [ ] P (O (. 200 1 5 [
1-C.reinhardt 132 ELWERIRQEAQMDASSEPALASNLFSTILAHPSLEKSMAELLANKLANPT 181

SAT3-A.thalia 174 LPSNTLFDLFS VLQGNPDIVESVKLDLLAVKERDPACISYVhCVLhFKG 223
..... |l s [ sninurtin Bave 8507 Banamall [af] D] T a8 asomn[282]1)
1-C.reinhardt 182 MLGMQLMRLISEAYEDDAGLIEACMADLQAVYDRDPACDSFSQAMLYFKG 231

SAT3-A.thalia 224 FLACQAHRIAHELWTQDRKILALLIQNRVSEAFAVDFHPGAKIGIGILLD 273
N I I R N N N N R N A N N R A PR kY
1-C.reinhardt 232 FQAIQCORVAHWLWOKGRKALALAIQSRMSEAFHVDIHPAAQLGRGLLID 281

SAT3-A.thalia 274 HATAIVIGETAVVGNNVSILHNVTLGGTGKQCGDRHPKIGDGVLIGAGTC 323
0 T I T - T - O s O I o I O I
1-C.reinhardt 282 HATGVVIGETAVVGDNVSMLHEVTLGGSGTGRGVREPTVGNGVLLGAGVT 331

SAT3-A.thalia 324 ILGNITIGEGAKIGAGSVVLKDVPPRTTAVGNPARLL 3860
I A A N N e N AN
1-C.reinhardt 332 VLGPITVGAGSKVGAGSVVVSDIPCHSVAVGVPARIL 368

SAT4-A.thalia 47 DVWIKMLEEAKSDVKQEPILSWYYYASITSHRSLESALAHILSVKLSNLN 96
35 et b)) e frava Lls [poseemanttid el | ot it Lot )elis
1-C.reinhardt 132 ELWERIRQEAQWDASSEPALASNLESTILA}PSLEKSMAFLLANKLANPT 181

SAT4-A.thalia 97 LPSNTL?ELFISVLEESPEIIESTKQDLIAVKERDPACISYVECFLGFK’ 146
et el aemang I2wzi 81 el L] Tl 1] D D2 aidae [111
1-C.reinhardt 182 MLGNQLMRLISEAYEDDAGLIEAC%ADLQAVYDRDPACDS:SQAMLYFKG 231

SAT4-A.thalia 147 FLACQAHRIAETLWKQNRKIVALLIQNRVSESFAVDIEPGAKIGKGILLD 196
P % TR S - P PO 6 S o |
1-C.reinhardt 232 FQAIQCQRVAHWLWQKGRKALALAIQSRMSEAFHVDIHPAAQLGRGLLID 281

SAT4-A.thalia 197 HATGVVIGETAVVGDNVSILHGVTLGGTGKQSGDRHPKIGDGVLIGAGSC 246
(101 I S 1 R I B 0 I B 0 W O
1-C.reinhardt 282 HATGVVIGETAVVGDNVSMLHHEVTLGGSGTGRGVRHPTVGNGVLLGAGVT 331

SAT4-A.thalia 247 ILGNITIGEGAKIGSGSVVVKDVPARTTAVGNPARLI 283
shbellelalalelal Il elawsal b lallls]
1-C.reinhardt 332 VLGPITVGAGSKVGAGSVVVSDIPCHSVAVGVPARII 368

SATS5-A.thalia 45 LWTQIKAEARRDAEAEPALASYLYSTILSHSSLERSISFHLGNKLCSSTL 24
TR IO RO ® 4 i L Lk L) L o L e o
SATS5-A.thalia 95 LSTLLYDLFLNTFSSDPSLRNATVADLRAARVRDPACISFSHCLLNYKGF 144
ERESERENE 703 I oA e AR A s 2%

SATS5-A.thalia 145 LAIQAHRVSHKLWTQSRKPLALALHSRISDVFAVDIHPARKIGKGILLDE 194
R e I N e N R e R NN R A A RN
1-C.reinhardt 233 QAIQCQRVAHWLWQKGRKALALAIQSRMSEAFHVDIHPAAQLGRGLLIDH 282

SAT5-A.thalia 195 ATGVVVGETAVIGNNVSILHEVTLGGTGKACGDRHPKIGDGCLIGAGATI 244
L T 0 T - Py - 1 0 I S
1-C.reinhardt 283 ATGVVIGETAVVGDNVSMLEEVTLGGSGTGRGVREPTVGNGVLLGAGVTV 332

SAT5-A.thalia 24

o

LGNVKIGAGAKVGAGSVVLIDVPCRGTAVGNPARLVGGK--EKPTIHDEE 292
A I O T P O P flecents

1-C.reinhardt 333 LGPITVGAGSKVGAGSVVVSDIPCHSVAVGVPARIIKRDIVKEPVKEMDQ 382
SAT5-A.thalia 293 CPGESMDHT 301

| N
1-C.reinhardt 383 CTDYILDYT 391

Fig. 7-20. Alignment of 1-C. reinhardtii SAT amino acid sequence with A. thaliana isoforms.



SAT1-A.thalia i

w

IWDSIREEAKLEAEEEPVLSSFLYASILSHDCLEQALSFVLANRLONPTL 122
glewllal leasbaalbalPLEERRNE 2 el PTRERITTTIT Rl ]2

2-C.reinhardt 103 MWKQIRTEAQADANSEPLLSSFLYASILAHDTFEQALAFVLANRLANSTM 152

W

SAT1-A.thalia 12

w

LATQL‘VJDI FCNVMVHDRGIQSS IRLDVQAFKDRDPACLSYSSAILHLK\:Y 172
CR I I P I O SO T RIS O I B R

2-C.xeinhazdt 153 LSTQLFEIE'HN‘:‘LSKEPDVRCAALSDLAACRLRDPA\_SSYSHALLYFKGY 202
SAT1-A.thalia 173 LALQAYRVAHKLWKQGRKLLALALQSRVSEVFGIDIHPAARIGKGILLDH 222
2-C.reinhardt 203 AAIQORIAMALUNAKQIVALALQSRISEVEAVOVEBAARIGKGVLLDS 252
SAT1-A.thalia 223 GTGVVIGETAVIGDRVSILHGVTLGGTGKETGDRHPNIGDGALLGACVTL 272
2-Coreinhards 253 GIOVVIGETAVIGNWSILQWTLOGIGKESDREPAVEDWLIGACATY 302

SAT1-A.thalia 273 LGNIKIG. AGAMVAAGSLVLKDVPSFSMVAG‘\IPAKLI FVDEQDPSMTMEH 322
LI O ER R R |1
LGNIPIGEGAQIAAGSLVLKPVPP”TMVAGSPAKEVGPV-VGNE’ALSMMH 351

w

2-C.reinhardt 30

SAT1-A.thalia 323 DATR 326
.3
2-C.reinhardt 352 WSQR 355
SAT2-A.thalia 36 IWDAIREEAKLEAEKEPILSSFLYAGILAHDCLEQALGFVLANRLONPTL 85
L o B e I I I O I I P
2-C.reinhardt 103 MWKQIRTEAQADANSEPLLSSFLYASILAHDTFEQALAFVLANRLANSTM 152

SAT2-A.thalia 86 LATQLLDIFYGVMM KGIQSSIRHDLQAFKDRDPACLSYSSAILFLKGY 135

Pelllezlls <l RN N R SR
2-C.reinhardt 153 LSTQLFEIFHNE LSKEPDVRCAALSDLAACRERDPACSSYSHALLYFKGY 202

SAT2-A.thalia 136 HALQAYRVAHKLWNEGRKLLALALQSRISEVEGIDIHPARRIGEGILLDH 185
L R R N 1 s -0 I S 1 A
2-C.reinhardt 203 HAIQTQRIAHALWNRKQKVMALALQSRISEVFAVDVHPARRIGKGVLLDH 252

SAT2-A.thalia 186 GTGVVIGETAVIGNGVSILHGVTLGGTGKETGDRHPKIGEGALLGACVTI 235
0 T 1 e A I I 4
2-C.reinhardt 253 GTGVVIGETAVIGNNVSILONVTLGGTGKEIGDRHPKVGDNVLIGACATV 302

SAT2-A.thalia 236 LGNISIGAGAMVAAGSLVLKDVPSHSVVAGNPAKLIRVMEEQDPSLAMKH 285
L U -3 1 1 1 S S B |
2-C.reinhardt 303 LGNIPIGEGAQIAAGSLVLKPVPPHTMVAGSPAKEVGPVVG-NPALSMMHE 351

SAT2-A.thalia 286 DATKEFFREVADGYKGAQSNGPSLSA 311
B Ilheelaaalloalz]
2-C.reinhardt 352 WSQRLLSAESMDGAGGVGMNGVPLAA 377

SAT3-A.thalia 125 VWAKIREEAKSDIAKEPIVSAYYHASIVSQRSLEAALANTLSVKLSNLNL 174
Shadl el Eeilesee D135 D8 28] ELE el il Tesl 3wl 3 lamd

2-C.reinhardt 103 MWKQIRTEAQADANSEPLLSSFLYASILAHDTFEQALAFVLANRLANSTM 152

SAT3-A.thalia 175 PSNTLEDLFSGVLQGNPDIVESVKLDLLAVKERDPACISYVHCFLEFKGE 224
T (5 P FRORTAY) | (e SR oo I S 0 O M I I B
2-C.reinhaxdt 153 LSTQLFEIFHNFLSKEPDVRCAALSDLAACRERDPACSSYSHALLYFKGY 202

SAT3-A.thalia 225 LACQAHRIAHELWTQDRKILALLIQNRVSEAFAVDFHPGAKIGTGILLDH 274
(O o P O ot S0 I 5 < 4 0 =30
2-C.reinhardt 203 HAIQTQRIAHALWNRKQKVMALALQSRISEVFAVDVHPAARIGKGVLLDH 252

SAT3-A.thalia 275 ATAIVIGETAVVGNNVSILENVTLGGTGKQCGDREPKIGDGVLIGAGTCI 324
L0 1 T 1 - - -5 S T Y IPRAPSS
2-C.reinhardt 253 GTGVVIGETAVIGNNVSILONVTLGGTGKEIGDREPKVGDNVLIGACATV 302

SAT3-A.thalia 32

o

LGNITIGEGAKIGAGSVVLKDVPPRTTAVGNPARLLG 361
R R e B N e N s A |
2-C.reinhardt 303 LGNIPIGEGAQIAAGSLVLKPVPPETMVAGSPAKEVG 339

SAT4-A.thalia 48 VWIK‘{LEEAKSDVKQEPILSVYYYASITSHRSLESALAHILSVKLSNLNL 97
il 6 NE] PRI I I O P Y I I I PO
2-C.reinhardt 103 MWKQIRTEAQADANSEPLLSSFLYASILAHDTFEQALAFVLANRLANSTM 152

SAT4-A.thalia 98 DS’\ITLEELE‘ISVLEESPEIIESTKQDLIAVKERDEACISYV‘-' GFKGF 147
cleallle B I E 0 R T I T T A R S I I
2-C.reinhardt 153 LSTQLFEIFHNFLSKEPDVRCAALSDLAACRERDPACSSYShALLY:K"Y 202

SAT4-A.thalia 148 LACQAHRIAHTLWKQ‘\TRKIVALLIQNRVSES'AVDI}-PGAKIGK ILLDH 197
elelecllllalla: sellesheletlal b bleb el lll2TI0]
2-C.reinhardt 203 hAIQTQRIAHALNNRKQKVMALALQSRISEVE‘AVDVhPAARIGKGVLLDF 252

SAT4-A.thalia 198 ATGVVIGETAVVGDNVSILHGVTLGGTGKQSGDRHPKIGDGVLIGAGSCI 247
P00 T 0 40 1 O O
2-C.reinhardt 253 GTGVVIGETAVIGNNVSILONVTLGGTGKEIGDRHPKVGDNVLIGACATV 302

SAT4-A.thalia 248 LGNITIGEGAKIGSGSVVVKDVPARTTAVGNPARLIG 284
L L 1 T O ) e I I
2-C.reinhardt 303 LGNIPIGEGAQIAAGSLVLKPVPPHTMVAGSPAKEVG 339

SAT5-A.thalia 45 LWTQIKAEARRDAEAEPALASYLYSTILSFSSLERSISFHLGNKLCSSTL 94
lellaallaaflozllalelallazllalozalzzzzlalalaloz]]s
2-C.reinhardt 103 MWKQIRTEAQADANSEPLLSS’-'LYASILAEDTFEQALAtVLAN’RLANSTM 152

SAT5-A.thalia 95 LSTLLYDLFLNTFSSDPSLRNATVADLRAARVRDPACISFSHCLLNYKGF 144
[Ny eloelezlozlalezal lalalal III0alzllallas]]s
2-C.reinhardt 153 LSTQLFEIFHENFLSKEPDVRCAALSDLAACRERDPACSSYSHALLYFKGY 202

SATS5-A.thalia 145 LAIQAHRVSEKLWIQSRKPLALALHSRISDVFAVDIHPAAKIGKGILLDH 194
AR NN N N A RN AR AN N R NN
2-C.reinhardt 203 HAIQTQRIAHALWNRKQKVMALALQSRISEVEAVDVHPAARIGKGVLLDHE 252

SAT5-A.thalia 195 ATGVVVGETAVIGNNVSILHEVTLGGTGKACGDRHPKIGDGCLIGAGATI 244
L A e A I A N R
2-C.reinhardt 253 GTGVVIGETAVIGNNVSILONVTLGGTGKEIGDRHPKVGDNVLIGACATV 302

SAT5-A.thalia 245 LGNVKIGAGAKVGAGSWLIDVPCRGTAVGNPARLVG 281
L I I I I Y ([ [ lz]]z
2-C.reinhardt 303 LGNIPIGFGAOIAA @LVLKPVPDFTMVACQPAKEVF 339

Fig. 7-21. Alignment of 2-C. reinhardtii SAT amino acid sequence with A. thaliana isoforms.



SAT1-A.thalia 7

DPINDSIREEAKLEAEEEPVLSS“LYASILS"DCLEQALSE'VLANRLQNP 120
|- -1 a1 . : 111z

1-T.suecica 48 DALWEAIRSEARSDSDLEASLASALPSTILVHHSLM{TMAEVLANKLQSP 87

SAT1-A.thalia 121 TLLATQLMDIFCNVMVHDRGIQSSKRLDVQRFKDRDERCLSYSSAI HLK 170

FlaliLs R [P] g TN gy B 1 M T -
1-T.suecica 98 I‘LFATPLLHLEQEA'-'NDDPDIMAAWADMNAWFDRDPACEKYSFCMLNEK 147

SATl-A.thalia 171 GYLALQAYRUA!-‘KLWKQGRKLLALALQSRVSEV‘-‘GIDIHEMMSKGI LL 220
5 N N e e N N e e S N
1-T.suecica 148 GFQA!QEYRI51-‘NLFRKNRRALASALQSRIA..LFHVDLHEGAKLGRGIMI 187

SATl-A.thalia 221 DHGTGVVIGETAVIGDRVSILHGVTLGGTGKETGDREPNIGDGALLGACY 270
L P L O O e e
1-T.suecica 198 DHATGVVIGETATVGDNVSILHEVTLGGSGTGNGVRHEPNIGNGVLLGAGY 247

SAT1-A.thalia 271 TILGNIKIGAGAMVAAGSLVLKDVPSHSMVAGNPAKLIGEVDEQDPSMTM 320
sl La barlalsenal L b esmslwaesaa] o] | besaaaa il Leal )
1-T.suecica 248 VCLGPITVGHGSKIGAGSLVVSNLPDYCVAVGVPAKVLRRKEGQDPNKTM 297

SAT1-A.thalia 321 E 321

1-T.suecica 298 D 298

SAT2-A.thalia 33 SDPIWDAIREEAKLEAEKEPILSSFLYAGILAEDCLEQALGFVLANRLQN g2
1-T.suecica 47 "'.‘||)ALWEA£ILSIEARSDAI;LEASL;!;BLhSTéLV;HSLA;%‘;A‘F\III[‘A}LKLQS 96
SAT2-A.thalia 83 PTLLATQLLDIFYGVMMHDKGIQSSIRHDLQAFKDRDPACLSYSSAILEL 132
ST R R e T T A e iEnE a4

SAT2-A.thalia 133 KCYH-ELQAYRVAHKL EGHKLLM-ALQSRISEVFCIDIHPAAR!"EGIL 182
Iz shlzzlals sl el fazlsllalzzlalls
1-T.suecica 147 KGFQAIQSYRISHWLFR.KNRRALASA.LQSRIAELFHVDLHPGAKI@RGIM 196

SAT2-A.thalia 183 LDHGTGVVIGETAVIGNGVSILEGVTLGGTGKETGDRHPKIGEGALLGAC 232
5 008 O B S R

1-T.suecica 197 IDHATGVVIGETATVGDNVSILEHVTLGGSGTGNGVRHPNIGNGVLLGAG 246

SAT2-A.thalia 233 VTILGNISIGAGAMVAAGSL VJ..KDVPSFSV N, LIRVMEEQDPSLA 282
e N N e N N R

1-T.suecica 247 VVCLGPITVGI-‘GSKIG-AGSLWSNLPDYCVAV;VFAKVLERI(EEQDPNKT 296

SAT2-A.thalia 283 M 283
|
1-T.suecica 297 M 297

SAT3-A.thalia 121 EVDDVWAKIREEAKSDIAKEPIVSAYYHASIVSQRSLEAALANTLSVKLS 170
Soletfeal ol bl loeeloctstaatdalsoeallonetlaalzalla
1-T.suecica 46 DTDALWEAIRSEARSDSDLEASLASALHSTILVPhSLAKTMhWLANKLQ 95

SAT3-A.thalia 171 NLNLPSNTLEDLESGVLQGNPDIVESVKLDLLAVKERDPACISYVHCFLE 220
EIPI I R I Y P P T e T O O ) P P
1-T.suecica 96 SHTLPATHLLELFQEAFNDDPDIMAARVVADMNAVEDRDPACEKYSHCMLN 145

SAT3-A.thalia 221 FKGFLACQAHRIAHELWTQDRK!LALLLQNRVSEAFAVDFPPGAKIGTGI 270
T e e . aleslelallallIlI2ia0]
1-T.suecica 146 FKGFQRIQSYRISHWLE NRRALMALQSRluquanHEGAxLGRG1 195

SAT3-A.thalia 271 LLDHATAIVIGETAVVGNNVSILHNVTLGGTGKQCGDRHPKIGDGVLIGA 320
£ RS 0SE I  H  mel T B
1-T.suecica 196 MIDHATGVVIGETATVGDNVSILHHVTLGGSGTGNGVRHPNIGNGVLLGA 245

SAT3-A.thalia 321 GTCIL‘:N[TIGE AKIGAGEWLKDV?PRTTF\VGNPARLL"---CKDNEK 367
ol i tl.
1-T.suecica 246 GW"LGDITVGE:GS'KIGACSLWS\TL?DYCVAVGVPMVLRRKEGQDPNK 295

SAT3-A.thalia 368 THDKI 372
Ialel

1-T.suecica 296 TMDQI 300
SAT4-A.thalia 43 EDDDDVWIKMLEEAKSDVKQEPILSNYYYASITSHRSLESALAKEILSVKL 92
1-T.suecica 45 KgT]!}ALVIJEP-‘.Eés'i_ARSDSDL‘EAS&hééiILVI!lFé.ILM(TMi‘.WLANKL 94
SAT4-A.thalia 93 SNLNLPSNTLFELFISVLEESPEIIESTKQDLIAVKERDPACISYVHCFL 142
1-T.suecica 95 QSHTJ‘.‘PATH‘.L?‘LLI'QEA:NDDLLDIMA.;‘WAIIDMN}I\\&;E)'.LE‘J‘Pilxtl:EK"ISHCMJL 144

SAT4-A.thalia 143 GFKG ELACQA.‘-RIAHTLWKQNRKIVALLIQNHVSES‘-‘AVDIFPGAKIGKu 192
Sl elaleells dillsazlaasle)s shinnels)
1-T.suecica 145 '\lE‘KG’QAIQSYR!SHWL“RXNRRALASELQSHIAEL J'VDL]‘PG.AKLGRG 194

SAT4-A.thalia 19

@

ILLDHATGVVIGETAVVGDNVS I LEGVTLGGTGKS 'KIGDGVLIG 242
N N e Ry N e N AR AN N
IMIDEATGVVIGETATVGDNVS ILEEVTLGGSGTGNGVRHPNIGNGVLLG 244

o

1-T.suecica 19

SAT4-A.thalia 24

w

AGSCILGNITIGEGAKIGSGSVVVKDVPARTTAVGNPARLIGGKENPRKH 292
R R S N N e N o i 1=
1-T,suecica 2485 AGVVCLGPITVGHGSKIGAGSLVVSNLPDYCVAVGVPAKVLR-~~==RKE 289

SAT4-A.thalia 29

w

DKIPCLTMDQTSYLTEW 309
stelan )l Lieslgass
GQDENKTMDQIEYVEDY 308

1-T.suecica 290

SATS-A.thalia 45 LWIQIKADARRDAEAEPALASYLYSTILSHSSLERSISFHLGNKLCSSTL 94
1-T.suecica e e e L e S A AL U
SATS5-A.thalia 85 LSTLLYDLFLNTFSSDPSLRNATVADLRAARVRDPACISFSHCLLNYKGE 144
1-T.suecica o Ll el s L s L SR

SATS5-A.thalia 145 LAIQAHRVSHKLWTQSRKPLALALHSRISDVFAVDIHPAAKIGKGILLDH 194
alltselellelsosslaallallalll Pelbsllallslallazll
1-T.suecica 150 QAIQSYRISHWLFRKMRRALASALQSRIAELFHVDLHPGAKLGRGIMIDHE 199

SATS-A.thalia 185 ATGVVVGETAVIGNNVSILEEVTLGETGKACGDRHPKIGDGCLIGAGATI 244
(I 3 I e e S B R e 3 Y P
1-T.suecica 200 ATGVVIGETATVGDNVSILHHVTLGGSGTGNGVREPNIGNGVLLGAGVVC 249

SATS-A.thalia 245 LGWKIGAGHKVoﬁGSWLIDVPCRGTAVGNPARLVGGKE 284
Whezastelaslzll Izl AT -1
1-T.suecica 250 LGPITVGHGSKIGA"SLWSNLPDYCVAVGVBA.KVLRF.!CE 289

Fig. 7-22. Alignment of 1-7. suecica SAT amino acid sequence with 4. thaliana isoforms.



SAT1-A.thalia 72 PIWDSIREEAKLEAEEEPVLSSFLYASILSHDCLEQALSFVLANRLQNPT 121
{0 I I T S S 0 I I I I A Y
2-T.suecica 53 PVWLAIRSEAGRDAAAEPILSSFLWGSILSHDTFERALAFILANRLADAT 102

SAT1-A.thalia 122 LLATQLMDIFCNVMVHDRGIQSSIRLDVQAFKDRDPACLSYSSAILHLKG 171
slaille Dal il s wan veis vasawals e L1 Lesl bl s |
2-T.suecica 103 MLPTELFDIFYDTLKTSPETVFASMODCQAAMERDPACRGYSDALLYYKG 152

SAT1-A.thalia 172 YLALQAYRVAHKLWKQGRKLLALALQSRVSEVFGIDIEPARRIGKGILLD 221
R N N N N R A R R A
2-T.suecica 153 FHAVQAQRCAHVLWKRGRTVLALALQSKVSEVLAIDIHPATRLGHGLLLD 202

SAT1-A.thalia 222 HGTGVVIGETAVIGDRVSILEGVILGGTGKETGDRHPNIGDGALLGACVT 271
L e e O e O I I R B |
2-T.suecica 203 HGIGVVIGETAVVGNYCSILQGVTLGGTGKASGDREPKIGDGVLLGANAT 252

SAT1-A.thalia 272 ILGNIKIGAGAMVAAGSLVLKDVFSHSMVAGNPAKLIGFVD 312
L ) A e e O ) G - R R M

2-T.suecica 253 VLGNIRVGEGAQIAACSLVLKDVPERTMVAGTPAKLIGRV

SAT2-A.thalia 32 RSDPIWDAIREEAKLEAEKEPILSSFLYAGILAHDCLEQALGVVLANRLQ 81
: clllallaat s bETTNNES Shlelellalel ]

2-T.suecica 50 KKSPVWLAIRSEAGRDAAAEPILSSFLWGSILSFDT"ERALAEILANRLA 99

SAT2-A.thalia

©

2 NPTLLATQLLDIFYGVMMFDKGIQSbIRHDLQAFKDRDPACLSYSSAILH 131
Bl N R R N l. LU eel el
2-T.suecica 100 DATML?TELFDIEYDTLKTSPETVFASMQDCQAAMERDEACRGYSDALLY 149

SAT2-A.thalia 132 LKGYHALQAYRVAHKLWNEGRKLLALALQSRISEVFGIDIEPAARIGEGI 181
P I - o P I O T I U - T I S o
2-T.suecica 150 YKGFHAVQAQRCAHVLWKRGRTVLALALQSKVSEVLAIDIEPATRLGHGL 199

SATZ-A.thalia 182 LLDEGTGVVIGETAVIGNGVSILHGVTLGGTGKETGDREPKIGEGALLGA 231
AR R RN R e e R R R R P R NN N
2-T.suecica 200 LLDHGTGVVIGETAVVGNYCSILQGVTLGGTGKASGDREPKIGDGVLLGA 249

SAT2-A.thalia 232 CVTILGNISIGAGAMVAAGSLVLKDVPSHSVVAGNPAKLIRVMEEQDPSL 281
P - o e - S O 1 1 et e e U et R B
2-T.suecica 250 NATVLGNIRVGEGAQIAACSLVLKDVPERTMVAGTPAKLIGRVEGR-PAL 298

SAT2-A.thalia 282 aM 283
.

2-T.suecica 299 EM 300
SAT3-A.thalia 125 VWAKIREEAKSDIAKEPIVSAYYHESIVSQRSLEAALANTLSVKLSNLNL 174
| I B P - S Ileleazalal lleale el
2-T.suecica 54 VWLA!RSEAGRDAAAEPILSSFLWGSILSEDTFLRALAFILANRLADATM 103

SAT3-A.thalia 175 PSNTLEFDLESGVLQGNPDIVESVKLDLLAVKERDPACISYVHCFLHFKGE 224
PO I R P I O S I I B B B I I B S
2-T.suecica 104 LFTELVDIFYDTLKTSPETVWASMQD”QAAMERDPACRGYSDALLYYKGS 153

SAT3-A.thalia 225 LACQAHRIAHELWTQDRKILALLIQNRVSEAFAVDFHPGAKIGTGILLDH 274
P R T R I T P - - - U - I Y PN S R |
2-T.suecica 154 HAVQAQRCAHVLWKRGRTVLALALQSKVSEVLAIDIHPATRLGHGLLLDH 203

SAT3-A.thalia 275 ATAIVIGETAVVGNNVSILENVILGGTGKQCGDRHPKIGDGVLIGAGTCI 324
31 i 0 O ST O 0
2-T.suecica 204 GTGVVIGETAVVGNYCSILQGVTLGGTGKASGDRHPKIGDGVLLGANATV 253

SAT3-A.thalia 325 LGNITIGEGAKIGAGSVVLKDVPPRTTAVGNPARLLG 361
{0 2 T e o e~ B 0

2-T.suecica 254 LGNIRVGEGAQIAACSLVLKDVPERTMVAGTPAKLIG 290
SAT4-A.thalia 48 VWIKMLEEAKSDVKQEPILSNYYYASITSHRSLESALAHILSVKLSNLNL 97
e, W WP S RN s A LA L XL E A N
SAT4-A.thalia 98 PSNTLFELFISVLEESPEIIESTKQDLIAVKERDPACISYVHCFLGFKGE 147
St B L e S I . 188

SAT4-A.thalia 148 LACQAHRIAHTLWKQNRKIVALLIQNRVSESFAVDIHPGAKIGKGILLDE 197
TS U P T I - P S N T Y I 6 Y Y RS B I B
2-T.suecica 154 HAVQAQRCAHVLWKRGRTVLALALQSKVSEVLAIDIHPATRLGHGLLLDE 203

SAT4-A.thalia 198 ATGVVIGETAVVGDNVSILHGVTLGGTGKOSGDRHPKIGDGVLIGAGSCI 247
o s e e e A N S RN NN RN ]
2-T.suecica 204 GTGVVIGETAVVGNYCSILQGVTLGGTGKASGDRHPKIGDGVLLGANATV 253

SAT4-A.thalia 248 LGNITIGEGAKIGSGSVVVKDVPARTTAVGNPARLIGGKE 287
L - - I P ey Y 1 I Y B

2-T.suecica 254 LGNIRVGEGAQIAACSLVLKDVPERTMVAGTPAKLIGRVE 293
SATS5-A.thalia 45 LWTQIKAEARRDAEAEPALASYLYSTILSHSSLEESISFHLGNKLCSSTL 94
C0 O S I I S N Y 0 P I B A
2-T.suecica 54 VWLAIRSEAGRDAAAEPILSS:LWGSILSEDTFERALAF!LANRLADATM 103
SATS5-A.thalia 95 LSTLLYDLFLNTFSSDPSLRNATVADLRAARVRDPACISFSHCLLNYKGE 144
Pololelelotloctalonnalftal et laatllllaatlaallalll
2-T.suecica 104 LPTELFDIFYDTLKTSPETVFASMODCOAAMERDPACRGYSDALLYYKGE 153

SATS-A.thalia 145 LAIQAHRVSHKLWTQSRKPLALALHSRISDVFAVDIHPAAKIGKGILLDH 194
-8 0 G0 et P PP T OO 4 S = o O 2 P e
2-T.suecica 154 HAVQAQRCAHVLWKRGRTVLALALQSKVSEVLAIDIHPATRLGHGLLLDH 203

SATS5-A.thalia 195 ATGVVVGETAVIGNNVSILHEHVTLGGTGKACGDRHPKIGDGCLIGAGATT 244
A S
2-T.suecica 204 GTGVVIGETAVVGNYCSILQGVTLGGTGKASGDRHPKIGDGVLLGANATY 253

SAT5-A.thalia 245 LGNVKIGAGAKVGAGSVVLIDVPCRGTRVGNPARLVGGKE 284
11 | I I e N I s I ) I
2-T.suecica 254 LGNIRVGEGAQIAACSLVLKDVPERTMVAGTPAKLIGRVE 293

Fig. 7-23. Alignment of 2-T. suecica SAT amino acid sequence with 4. thaliana isoforms.



SAT1-A.thalia 72 PIWDSIREEAKLEAEEEPVLSSFLYASILSEDCLEQALSEVLANRLQNPT 121
2 e D e e 2 TS e T I IR 25

3-T.suecica 4 PVWLAIRSEAGRDAAAEPILSSFLWGSILSHDTFERALAFILANRLADAT 53

SAT1-A.thalia 122 LLATQLMDIECNVMVHDRGIQSSIRLDVQAFKDRDEACLSYSSAILHLK’ 173

O P I P
MLPTEL:DIVYDTLKTS?ETV.

SN RN T R R |
ASMQDCQAAMERDPACRGYSDALLYYKG 103

s

3-T.suecica 5

SAT1-A.thalia 17

N

YLALQAYRVAHKLWKQGRKLLALALQSRVSEVFGIDIEPAARIGKGILLD 221
R R N A R N N R A RN

3-T.suecica 104 FHAVQAQRCAHVLWKRGRTVLALALQSKVSEVLAIDIEPATRLGHGLLLD 153
SAT1-A.thalia 222 HGIGVVIGETAVIGDRVSILHGVILGGTGKETGDREPNIGDGALLGACVT 271
Eivedion  T5¢ Bimeereinon it i e R, B
SATl1-A.thalia 272 ILGNIKIGAGAMVAAGSLVLKDVPSHSMVAGNPAKLIGEVD 312

TR S At Ll e AL i LD SRR L PO

SAT2-A.thalia 32 RSDPIWDAIREEAKLEAEKEPILSSFLYAGILAHDCLEQALGFVLANRLQ 81
5 s 3 R A R B Ny %
SAT2-A.thalia 82 NPTLLATQLLDIFYGVMMHDKGIQSSIRHDLOAFKDRDPACLSYSSAILH 131
emmsnci TR A bl o ol e LR s L T

SAT2-A.thalia 132 LKGYHALQAYRVAHKLWNEGRKLLALALQSRISEVEGIDIHPAARIGEGI 181
[ I N e N N R I s R e

3-T.suecica 101 YKGFHAVQAQRCAHVLWKRGRTVLALALQSKVSEVLAIDIHPATRLGHGL 150

SAT2-A.thalia 182 LLDHGTGVVIGETAVIGNGVSILHGVTLGGTGKETGDRHPKIGEGALLGA 231
0810 0 L e P O - L S

3-T.suecica 151 LLDHGTGVVIGETAVVGNYCSILQGVTLGGTGKASGDREPKIGDGVLLGA 200

SAT2-A.thalia 232 CVTILGNISIGAGAMVAAGSLVLKDVPSHSVVAGNPAKLIRVMEEQDPSL 281
D I I e o I e 8 1 ) P
3-T.suecica 201 NATVLGNIRVGEGAQIAACSLVLKDVPERTMVAGTPAKLIGRVEGR-PAL 249

SAT2-A.thalia 282 aM 283
o
3-T.suecica 250 EM 251
SAT3-A.thalia 125 VWAKIREEAKSDIAKEPIVSAYYHASIVSQRSLEAALANTLSVKLSNLNL 174
[ RS I S I I SR Y I e e N I O I
3-T.suecica 5 VWLAIRSEAGRDAAAEPILSSFLWGSILSHDTFERALAFILANRLADATM 54

SAT3-A.thalia 175 PSNTLFDLFSGVLQGNPDIVESVKLDLLAVKERDPACISYVHCFLEFKGF 224
eelllalecelaaslaclosonaloalaal bl laalenaalzalll
3-T.suecica 55 LPTFLFDITYDTLKTSPETV“ASWQDCQAAMERDFACRGYSDALLYYKG: 104

SAT3-A.thalia 225 LACQAHRIAHELWIQDRKILALLIQNRVSEAFAVDFHPGAKIGTGILLDH 274
0 I P P 2 O e s I N - N R
3-T.suecica 105 HAVQAQRCAHVLWKRGRTVLALALQSKVSEVLAIDIHPATRLGHGLLLDH 154

SAT3-A.thalia 275 ATAIVIGETAVVGNNVSILENVTLGGTGKQCGDREPKIGDGVLIGAGTCI 324
T30 1 T T e e e o P O Y e
3-T.suecica 155 GTGVVIGETAVVGNYCSILQGVTLGGTGKASGDREPKIGDGVLLGANATV 204

SAT3-A.thalia 325 LGNITIGEGAKIGAGSVVLKDVPPRTTAVGNPARLLG 361
I T 1 1 T T P P ) Y N I

3-T.suecica 205 LGNIRVGEGAQIAACSLVLKDVPERIMVAGTPAKLIG 241
SAT4-A.thalia 48 VhIKMLEEAKSDVKQEPILSNYYYASITSHRSLESALAPILSVKLSNLNL 97
ITeezealloaleaal Il lssazallallozalal llallzazlsiaans
3-T.suecica 5 VWLAIRSEAGRDAAAEPILSSFLWGSILSPDTEERALAEILANRLADATM 54
SAT4-A.thalia 98 PSNTLFELFISVLEESPEIIESTKQDLIAVKERDPACISYVHCFLGEKGE 147
smgrs] |88 smalidin] WladiaidiE vl baa sl ERELE 28] swwsl o200
3-T.suecica 55 LPTELEDIFYDTLKTSPETVFASMODCQAAMERDPACRGYSDALLYYKGE 104

SAT4-A.thalia 148 LACQAHRIAHTLWKQNRKIVALLIQNRVSESFAVDIHPGAKIGKGILLDH 197
R N N e e N N N R A N
HAVQAQRCAHVLWKRGRTVLALALQSKVSEVLAIDIHPATRLGHGLLLDH 154

o

3-T.suecica 10

SAT4-A.thalia 198 ATGVVIGETAVVGDNVSILHGVTLGGTGKQSGDRHPKIGDGVLIGAGSCI 247
P L 1 T i e O A I

3-T.suecica 155 GTGVVIGETAVVGNYCSILQGVTLGGTGKASGDREPKIGDGVLLGANATV 204
SAT4-A.thalia 248 LGNITIGEGAKIGSGSVVVKDVPARTTAVGNPARLIGGKE 287

Simerice 505 Lan B

SATS-A.thalia 45 LWTQIKAEARRDAREAEPALASYLYSTILSHSSLERSISFELGNKLCSSTL 94
S Nimomelios § e e e H e
SATS-A.thalia 95 LSTLLYDLFLNTFSSDPSLRNATVADLRAARVRDPACISFSHCLLNYKGF 144
. PO et oo e e e it e 1 S

SATS-A.thalia 14

»

LAIQAHRVSHKLWTQSRKPLALALHSRISDVFAVDIEPAAKIGKGILLDE 194
P11 O - O o O O [ - - O O I I - e R R O
3-T.suecica 105 HAVQAQRCAHVLWKRGRTVLALALQSKVSEVLAIDIHPATRLGHGLLLDE 154

SATS-A.thalia 195 ATGVVVGETAVIGNNVSILEEVTLGGTGKACGDRHPKIGDGCLIGAGATI 244
PO L T T e O B B S

3-T.suecica 155 GTGVVIGETAVVGNYCSILQGVTLGGTGKASGDRHPKIGDGVLLGANATV 204
SATS-A.thalia 245 LGNVKIGAGAKVGAGSVVLIDVPCRGTAVGNPARLVGGKE 284

| . 8 S R = O == P [ O S Wit P I ) 0 s |
3-T.suecica 205 LGNIRVGEGAQIAACSLVLKDVPERTMVAGTPAKLIGRVE 244

Fig. 7-24. Alignment of 3-T. suecica SAT amino acid sequence with 4. thaliana isoforms.



7.3.3. Alignment of the SAT sequences of red algae and

red-lineage algae with A. thaliana SAT isoforms
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SAT1-A.thalia 71 DPIWDSIREEAKLEAEEEPVLSSFLYASILSHDCLEQALSEVLANRLQNE 120
[azihoiats ] Povs i frastlemailond]lf [z Disl) ) Bromsofie [P 1ifosire
1-C.merolae 113 DLVWERVRLEAEAAAREEQLLASFLYATVLNHDTLEACLAFELANKLAST 162

SAT1-A.thalia 12

fhrd

TLLATQLMDIFCNVMVEDRGIQSSIRLDVQAFKDRDPACLSYSSAILHLK 170
Ileslalesloveatonaneadadl [ blzalaal IlIllawens (kB9
1-C.merolae 163 TLPSTMLNEIIREALEKAPEARYATRLDLLAVADRDPACTRVIDALLEFK 212

SATl-A.thalia 171 GYLALQAYRVAHKLWKQGRKLLALALQSRVSEVFGIDIHPAARIGKGILL 220
PECENEZAT e Fholis B8 BESLME 3 Eeld 00 1A ksl
1-C.merolae 213 GFHALQTHRVAHWLWSQNRQALAMYLHSQVCKVLQIDIHPAARIGYGVFEI 262

SAT1-A.thalia 221 DHGTGVVIGETAVIGDRVSILEGVTLGGTGKETGDREPNIGDGALLGACV 270
LT P - T S I S R P 8 O
1-C.mezclae 263 DHGTGVVIGETARVGNNVSLLERVILGGTGTKLGDREPRIEDCVLIGAGA 312

SAT1-A.thalia 27

ol

TILGNIKIGAGAMVAAGSLVLKDVPSHSMVAGNPAKLIGFVDEQDPSMTM 320
IR b es b0 sl s Baws) al ] s] Viniena |
1-C.merolae 313 TELGNITVGYGA}’NGACTVLTS DLPPHSTAVGVPARVIGAPRTKAPAEDM 362

SATl-A.thalia 321 EHDAT 325
..
1-C.merolae 363 DQDPT 367

SAT2-A.thalia 34 DPIWDAIREEAKLEAEKEPILSSFLYAGILAEDCLEQALGEFVLANRLONP 83
ST O D e AR
SAT2-A.thalia 84 TLLATQLLDIFYGVMMHEDKGIQSSIRHDLQAFKDRDPACLSYSSAILELK 133
Gosize 1 PR R . 918

SATZ2-A.thalia 13

S

GYHALQAYRVAHKLWNEGRKLLALALQSRISEVFGIDIHPAARRIGEGILL 183
L I O B e e B P e e e NN N

1-C.merolae 213 GFHALQTHRVAHWLWSQNROALAMYLHSQVCKVLQIDIEPAARIGYGVFI 262

w

SAT2-A.thalia 184 DHGTGVVIGETAVIGNGVSILEGVTLGGTGKETGDRHPKIGEGALLGACV 233
[ R N I I A O A B O A S P e N A
1-C.meroclae 263 DHGTGVVIGETARVGNNVSLLEHVTLGGTGTKLGDRHPRIEDCVLIGAGA 312

SAT2-A.thalia 23

-~

TILGNISIGAGAMVAA"SLVLKDVPSHSWAGNPAKLIRVMEEQDDSLAM 283
R P O Y P e PO I S [ I [
TILC\TITVGYGAMVdACTVLTSDLFPHSTA\JGVPARVIGAPRTKADAFDM 362

w

1-C.merolae 31

SAT2-A.thalia 284 KHDAT 288
ewibiel
1-C.merclae 363 DODPT 3
SAT3-A.thalia 123 DDVWAKIREEAKSDIAKEP[\iSAYYhAS IVSQRSLEAALANTLSVKLSNL 172
[y sl saoeg )] ol e )8
D L\JWERVRLE'AE:AAAREEQ‘LJ.‘ASE‘.L‘.'AT\.H..NI-l]JT!..EZ?u.LP\E‘!q LANKLAST 162

w

1-C.merolae 11

SAT3-A.thalia 17

w

NLPSNTLFDLESGVLQG NPDIVESVKLDLLAVKERDPACISYVHC:LHTK 222
B T I P [ TP [ PRI A R NI N R R e |

1-C.merclae 16 TLPSTML\IEI IRF‘ALEXAPEARYAIRLDLLAVADRDPACTRVIDALLFVK 212

w

SAT3-A.thalia 22

w

G”LACQAHRIAHELWTQDRKILALLIQNR’USEAFAVDFHP AKIGTGILL 272
Plaba ol bs b lallelelsal]s .
GE PRLQT]‘RVAHWLWSQNRQALAMYL]‘SQVCKVLQI DII"PAARIGYquI 262

w

1-C.merolae 21

SAT3-A.thalia 27

w

DHATAIVIGETAVVGNNVSILHENVTLGGTGKQCGDREPKIGDGVLIGAGT 322
[N RN N N NN RN e NN I S A

1-C.merclae 263 DHGTGVVIGETARVGNNVSLLHHVTLGGTGTKLGDRHPRIEDCVLIGAGA 312

w

SAT3-A.thalia 323 CILGNITIGEGAKIGAGSVVLKDVPPRTTAVGNPARLLG 361
PEE e lal baz i basleaal sl lash bl lalllsz]
TILGNITVGYGAMVGACTVLTSDLPPHSTAVGVPARVIG 351

w

1-C.merolae 31

SAT4-A.thalia 7 TCRTGI NTQDDDSRFCCIKN"FRPG”SVNRKIhHTQIEDDDDVHIKMLEEA 56
loenelsont®nen ([ 2 O [PUPRS [ | [ 11

1-C.merolae 74 TAGVFNRLKEEEGAC"VE LRRAVEDCRRNVQAGGE[GTF‘DLVWERVRLEA 123

SAT4-A.thalia 57 KSDVKQEPILSNYYYASITS“RSLESALAFILSVKLSNL\ILP:’\ITL:‘EL“ 106

PO - oS 1 S Y N I O P S
1-C.merclae 124 EP.AAREEQLLAS LYATVLNHDTLEACLAEP‘LAWKLASTTLPST"’.\LNEI! 173

SAT4-A.thalia 107 ISVLEESPEIIESTKQDLIAVKERDPACI SYVHCFLGEKCFLACQAHRIA 156
P e o o B I I [ e Pl el olallzl
1-C.meroclae 174 REALEKAPEARYAIRLDLLAVADRDFACTR\/IDALLFFKG'EPALQTHRVA 223

SAT4-A.thalia 15

3

HTLWKQNRKIUALLIQNRVSESFAVDIE-PGAKIGKGILLDkATGWIGET 206
ellleasleetiazlazeaat D balelbalzas bl LITITLL

1-C.merolae 22 HWLWSQNRQALA.MYLHSQVCKVLQIDIE—,PAARIGYGVEIDEGTGVVIGET 273

s

SAT4-A.thalia 207 AVVGDNVSILHGVTLGGTGKQSGDREPKIGDGVLIGAGSCILGNITIGEG 256
{1221 I T 0 o et A I 2 O S |
1-C.mereclae 274 ARVGNNVSLLHHVTLGGTGTKLGDRHPRIEDCVLIGAGATILGNITVGYG 323

)

SAT4-A.thalia 257 AKIGSGSVVVKDVPARTTAVGNPARLIG 284

I e A e R R N AN RN

1-C.merolae 324 AMVGACTVLTSDLPPPSTAVGVE’ARVIG 351
SATS-A.thalia 45 LhTQIKAEARRDAEAEPALASYLYSTILS&SSLERSISFHLGNKLCSSTL 94
PR I e R B R B selllellle
1-C.mexrolae 115 VWERVRLEAEAAAREEQLLASFL‘{ATVLNbDTLEACLAFFLANKLASTTL 164
SATS-A.thalia 95 LSTLLYDLFLNTFSSDPSLRNA’EVADLRAARVRDPACISE‘SH\_LLNYKG‘-' 144
ellalesseninnas I S B IR R I I I (S W
1-C.merclae 165 PSTMLNEIIREALEKAPEARYAIRLDLLAVADRDPACTRVIDALLF‘FKGF 214

SATS-A.thalia 145 LAIQAHRVSHKLWTQSRKPLALALESRISDVFAVDIHPAAKIGKGILLDH 194
o O - L - U e o I 0 e M P o
1-C.merclae 215 HALQTHRVAEWLWSQNRQALAMYLHESQVCKVLQIDIHPAARIGYGVEIDH 264

SATS-A.thalia 195 ATGVVVGETAVIGNNVSILHHVTLGGTGKACGDRHPKIGDGCLIGAGATL 244
N N N N R N R AN RN
1-C.merclae 265 GTGVVIGETARVGNNVSLLHEVTLGGTGTKLGDRHPRIEDCVLIGAGATL 314

SATS-A.thalia 245 LGNVKIGAGAKVGAGSVVLIDVPCRGTAVGNPARLVG 281

IR N Y I 0 - i I 10 I S Y
1-C.merclae 315 LGNITVGYGAMVGACTVLTSDLPPESTAVGVPARVIG 351

Fig. 7-25. Alignment of 1-C. merolae SAT amino acid sequence with A. thaliana isoforms.



SAT1l-A.thalia 69 SYDPIWDSIREEAKLEAEEEPVLSSFLYASILSHDCLEQALSFVLANRLQ 118
| e e I o B I I B N e I I
2-C.merolae 113 SSDPVWELVRREAEIGAANEPQLASSLYATVLNERCLEDTLAFELANELA 162

SAT1-A.thalia 119 NPTLLATQLWDITCNVMVHDRGIQSSIRLDVQAFKDRDPACLSYSSAILH le8
E e I I E N I
2-C.merclae 163 SPFEQATQYVKLTRDALYQDKSYREAIRADLLAVVRRDPAMKHCVAVLMY 212

SAT1l-A.thalia 169 LKGYLALQAYRVAHKLWKQGRKLLALALQSRVSEVFGIDIHPAARIGKGI 218
R e e NN R P AR NN
2-C.merclae 213 SKGYAALQAYRLAELLWRQDRKVLALFLQSEISKCFAVDIHPAARIGSGV 262

SAT1-A.thalia 219 LLDHGTGVVIGETAVIGDRVSILHGVTLGGTGKETGDRHPNIGDGALLGA 268
EE N B T A S 1 O S R W
2-C.merclae 263 MIDHATGIVIGETAVVGNDVSMLENVTLGGTGKEAGDRHEPKVGRGVLLGA 312

SAT1-A.thalia 269 CVTILGNIKIGAGAMVAAGSLVLKDVPSHSMVAGNPAKLIG 309
et el ol basal ol el Il IITasssle]alleas]

2=C.merclae 313 GATVLGNIRIGDGAQITASSVVLKDVPPYTIVSGVPAREVG 353

SAT2-A.thalia 33 SDPIWDAIREEAKLEAEKEPILSSFLYAGILAHDCLEQALGEVLANRLQN 82
R SO o o 3 e 0 1
SAT2-A.thalia 83 PTLLATQLLDIFYGVMMHEDKGIQSSIRHDLQAFKDRDPACLSYSSAILEL 132
PRGN 50 R R N A 285
SAT2-A.thalia 133 KGYHALQAYRVAHKLWNEGRKLLALALQSRISEVFGIDIHPAARIGEGIL 182
stmaatis tr Ao I A S LR

SAT2-A.thalia 18

w

LDHGTGVVIGETAVIGNGVSILHGVTLGGTGKETGDREPKIGEGALLGAC 232
£ 0 - < P I 1 O I e P P R

2-C.merolae 264 IDHATGIVIGETAVVGNDVSMLHNVTLGGTGKEAGDRHPXKVGRGVLLGAG 313

S

SATZ2-A.thalia 23

W

VTILGNISIGAGAMVAAGSLVLKDVPSHSVVAGNPAK 269

TR0 1 S O O I I O

2-C.merolae 314 ATVLGNIRIGDGAQITASSVVLKDVPPYTIVSGVPAR 350
SAT3-A.thalia 123 DDVWAKIREEAKSDIAKEPIVSAYYHASIVSQRSLEAALANTLSVKLSNL 172

lalloatlalleanalallotstanslasstalallaallaalanzlse.

2=-C.merolae 115 DPVWELVRREAEIGAANEPQLASSLYATVLNERCLEDTLAFHLANELASP 164
SAT3-A.thalia 173 NLPSNTLFDLFSGVLQGNPDIVESVKLDLLAVKERDPACISYVHCFL 222
P e ko ket (] 1| 1. ) e
SAT3-A.thalia 223 GFLACQAHRIAEELWTQDRKILALLIQNRVSEAFAVDFEPGAKIGTGILL 272
SSNEEIEE NS B A T =

SAT3-A.thalia 27

w

DHATAIVIGETAVVGNNVSILENVTLGGTGKQCGDREPKIGDGVLIGAGT 322
L S 0 T O I

2-C.merolae 265 DHATGIVIGETAVVGNDVSMLENVILGGTGKEAGDREPKVGRGVLLGAGA 314

w

SAT3-A.thalia 323 CILGNITIGEGAKIGAGSVVLKDVPPRTTAVGNPARLLGGKDNPK 367
L N N e e N N N e o N N |
2-C.merolae 315 TVLGNIRIGDGAQITASSVVLKDVPPYTIVSGVPAREVGKLSYPK 359

SAT4-A.thalia 27 FRPGFSVNRKIEETQIEDDDDVWIKMLEEAKSDVKQEPILSNYYYASITS 76
SLau POR ol el e bl slutsl Wbl Lyt Lo S
SAT4-A.thalia 77 HERSLESALAHILSVKLSNLNLPSNTLFELFISVLEESPEIIESTKQDLIA 126
puntalEs A4 N TR LI R A A 8%

SAT4-A.thalia 127 VKERDPACISYVHCFLGFKGFLACQAERIAHTLWKQNRKIVALLIQNRVS 176
bimensd Lk bim e e L Y e B e P
2-C.merolae 196 VVRRDPAMKHCVAVLMYSKGYAALQAYRLAHLLWRQDRKVLALFLQSEIS 245

SAT4-A.thalia 177 ESFAVDIHPGAKIGKGILLDHATGVVIGETAVVGDNVSILHGVTLGGTGK 226
(IO e O o 0 G O S e O
2-C.merclae 246 KCFAVDIHPAARIGSGVMIDHATGIVIGETAVVGNDVSMLENVTLGGTGK 295

SAT4-A.thalia 227 QSGDRHEPKIGDGVLIGAGSCILGNITIGEGAKIGSGSVVVKDVPARTTAV 276
S O O S O I G O I T - I P AP
2-C.merclae 296 EAGDRHPKVGRGVLLGAGATVLGNIRIGDGAQITASSVVLKDVPPYTIVS 345

SAT4-A.thalia 277 GNPARLIGGKENPR 290
el llatlaneslt

2-C.merolae 346 GVPAREVGKLSYPK 359
SATS-A.thalia 45 LWTQIKAEARRDAEAEPALASYLYSTILSHSSLERSISEHLGVKLCSSTL 94
lesssal lawalaallal It allalelalaalbesazll)ala]s
2-C.merolae 117 VhELVRREAEIGAAVEPQLASSLYATVLNFRCLEDTLATHLAﬂELASPFF 166
SATS-A.thalia 95 LSTLLYDLFLNTFSSDPSLRNATVADLRAARVRDPACISFSHCLLNYKGF 144
00 o I S e (N T P A B S S I Y e I e i
2-C.merolae 167 QATQYVKLFRDALYQDKSYREAIRADLLAVVRRDPAMKHCVAVLMYSKGY 21¢

SATS-A.thalia 14

wu

LAIQAHRVSHKLWTQSRKPLALALESRISDVFAVDIEPAAKIGKGILLDH 194
R e B e N e e e e e N NN R N RN RN
2-C.merolae 217 AALQAYRLAHLLWRQDRKVLALFLQSEISKCFAVDIEPAARIGSGVMIDH 266

SATS-A.thalia 195 ATGVVVGETAVIGNNVSILHHVTLGGTGKACGDREPKIGDGCLIGAGATI 244
LI T A L 1 A e G
2-C.merolae 267 ATGIVIGETAVVGNDVSMLHNVTLGGTGKEAGDREPKVGRGVLLGAGATV 316

SATS5-A.thalia 24

w

LGNVKIGAGAKVGAGSVVLIDVPCRGTAVGNPARLVGGKEKP 286
Illzsl]. el lllalllaeans Falllelleoadl
2-C.merolae 317 LGNIRIGDGAQITASSVVLKDVPPYTIVSGVPAREVGKLSYP 358

Fig. 7-26. Alignment of 2-C. merolae SAT amino acid sequence with 4. thaliana isoforms.



SAT1-A.thalia 71 DPIWDSIREEAKLEAEEEPVLSSFLYASILSHDCLEQALSEVLANRLONP 120
ipmendiopa. 555 it s e L el s
SAT1-A.thalia 121 TLLATQLMDIFCNVMVHDRGIQSSIRLDVQAFKDRDPACLSYSSAILHLK 170
SO e e 1. Katibrmmioind. it i i1 1115 Domtsiinl L ind S
SATl1-A.thalia 171 GYLALQAYRVAHKLWKQGRKLLALALQSRVSEVEGIDIHPAARIGKGILL 2290
SRV oo L s g B L B Gt 0 R LR S W 8 [—"
SATl-A.thalia 221 DHGTGVVIGETAVIGDRVSILHGVTLGGTGKETGDRHPNIGDGALLGACV 270
Bipswudonana: 453 DHUMCIVECETAL CH SR SR PRI, 91
SAT1-A.thalia 271 TILGNIKIGAGAMVAAGSLVLKDVPSHSMVAGNPAKLIG-FVD-EQDPSM 318
T,  BE SR P e e ey, W
SAT1-A.thalia 319 TMEHEDATRE 327
T.pseudonana 582 "1\]4L?:JéL oLl 590
SAT2-A.thalia 34 DPIWDAIREEAKLEAEKEPILSSFLYAGILAHDCLEQALGFEFVLANRLQNP 83
e, 50 e e R R T PR S SE
SATZ2-A.thalia 84 TLLATQLLDIFYGVMMHEDKGIQSSIRHDLQAFKDRDPACLSYSSAILHLK 133
T.pseudonana 382 AMLS%&VMELVREALDaééEFQé;;;Ag;QAGR&A$;;&%&L;5G%L;“% 431
SAT2-A.thalia 134 GYHALQAYRVAHKLWNEGRKLLALALQSRISEVFGIDIHPAARIGEGILL 183
T.pseudonana 432 éE;AL&;#;&;&;iéééé#;&i;é;ié;é;ééégéié};;&Ai{ééé;&L 481
SATZ-A.thalia 184 DHGTGVVIGETAVIGNGVSILHEHGVTLGGTGKETGDRHPKIGEGALLGACV 233
Dol 450 ARSI SeRT LTSt R LG N
SATZ2-A.thalia 234 TILGNISIGAGAMVAAGSLVLKDVPSHSVVAGNPAKLI-RVME-EQDPSL 281
T.pseudonana 532 ;;Lé$£élGDGCé$éAééL¢;é$;;éé;¢$&é&ggéiIG;%&EV&A&;;L 581
SAT2-A.thalia 282 AMKHDATKE 280
ipsesdsheis.  5E2 CHGIAUEE W0
SAT3-A.thalia 122 VDDVWAKIREEAKSDIAKEPIVSAYYHASIVSQRSLEAALANTLSVKLSN 171
T OEEGHGANE L SN e e e A ARl wum
SAT3-A.thalia 172 LNLPSNTLFDLFSGVLQGNPDIVESVKLDLLAVKERDPACISYVHCFLHF 221
B.psendonspn 351 SRS al R S A R A TN aw
SAT3-A.thalia 222 KGFLACQAHRIAHELWTQDRKILALLIQNRVSEAFAVDEHPGAKIGTGIL 271
sedonams 480 B S RS S e D
SAT3-A.thalia 272 LDHATAIVIGETAVVGNNVSILHNVTLGGTGKQCGDREPKIGDGVLIGAG 321
SOV 5.1 . o bl oLt ot ot B ot AL £ ALl o e LS S
SAT3-A.thalia 322 TCILGNITIGEGAKIGAGSVVLEKDVPPRTTAVGNPARLLG 361
T.pseudcnana 531 Aé;ié;1Q£ééééé@é;é%;$;;5;;;;;&;¢é&;&éiié 570
SAT4-A.thalia 46 DDVWIKMLEEAKSDVKQEPILSNYYYASITSHRSLESALAHILSVKLSNL g5
Faelhmsr 2SE G e R S W
SAT4-A.thalia 96 NLPSNTLFELFISVLEESPEIIESTKQDLIAVKERDPACISYVHCFLGFK 145
OO PPIII e e st Wttt s o L L sl o O
SAT4-A.thalia 146 GFLACQAHRIAHETLWKQONRKIVALLIQNRVSESFAVDIEPGAKIGKGILL 195
TpEeERRRS RS R e S B T DA e L. A
SAT4-A.thalia 126 DHATGVVIGETAVVGDNVSILHGVTLGGTGKOSGDREPKIGDGVLIGAGS 245
B S L R L e L B L LA LR e
SAT4-A.thalia 246 CILGNITIGEGAKIGSGSVVVKDVPARTTAVGNPARLIG 284
R 1 | ] o/} YL ohd gt il o ULl LR 17 W
SATS-A.thalia 45 LWTQIKAEARRDAEAEPALASYLYSTILSHSSLERSISFHLGNKLCSSTL 24
T.pseudcnana 334 &dbiggééAQiEAééé;LLV;éi;ééiL&;PTLEAALA;;LA#R{E;;AM 383
SAT5-A.thalia 95 LSTLLYDLELNTESSDPSLRNATVADLRAARVRDPACISESHCLLNYKGE 144
psbudonans W it Al el e
SATS-A.thalia 145 LAIQAHRVSHKLWTQSRKPLALALHSRISDVFAVDIHPAAKIGKGILLDHE 194
opmmiomans A B I T A R . HE
SATS-A.thalia 195 ATGVVVGETAVIGNNVSILHHVTLGGTGKACGDRHPKIGDGCLIGAGATI 244
AP ol 1} .o LY e e s N
SATS5-A.thalia 245 LGNVKIGAGAKVGAGSVVLIDVPCRGTAVGNPARLVG 281
T.pseudonana 534 LéL;QiéDéCQéégé;£¢ﬁéALPPRSVAVGVPAKI;G 5706

Fig. 7-27. Alignment of T. pseudonana SAT amino acid sequence with 4. thaliana isoforms.



133 ACISYVHC

|

| a2sazl
340 ATLEVIHSDD
124

ARVRDPACISFES
[leeealetandl
334

ARLLPNATLEVIH

Fig. 7-28. Alignment of P, tricornutum SAT amino acid sequence with A. thaliana isoforms.

165



SAT1-A.thalia 156 DPACLSYSSAILHLKGYLALQAYRVAHKLWKQGR---KLLALALQSRVSE 202
——— 0} o i il ot i b B .| i A~
SATl-A.thalia 203 VFGIDIEBPRAARIGKGILLDHGTGVVIGETAVIGDRVSILEGVTLGGTGKE 252
—"p S, AL s R e g U L b iy g
SAT1-A.thalia 253 TG-—-—-——=——————————- DREPNIGDGALLGACVTILGNIKIGAGAMVAR 286
E.huxleyi 246 LHbARRTEMAGMGTSLDFééiLKIGRéAFLACKS}VLéngVéAéAT——— 292
SAT1-A.thalia 287 GSLVLKDVPSHESMVAGNPAKLI 308
R 5 gt ey
SATZ2-A.thalia 119 DPACLSYSSAILHLEGYEALQAYRVAHKLWNEGR=---KLLALALQSRISE 165
p— e e o s e e e
SATZ2-A.thalia 166 VFGIDIHPAARRIGEGILLDHGTGVVIGETAVIGNGVSILHGVITLGGTGKE 215
— W L S R LB LI LD LT LER ) L -
SAT2-A.thalia 216 TE==m—mm— e ——— DREPKIGEGALLGACVTILGNISIGAGAMVARL 249
E.huxleyi 246 LPHARRTEMAGHGTSLDkéé;ééléRéé;Lé;ié$VLé$iQVéALAT—-— 282
SATZ2-A.thalia 250 GSLVLKDVPSHSVVAGNPAKLI 271
— 258 AN RE.  13
SAT3-A.thalia 208 DPACISYVHCFLHFKGFLACQAHRIAHELWTQDR-—-XKILALLIQNRVSE 254
B i TPl e A S R L L T
SAT3-A.thalia 255 AFAVDFHPGAKIGTGILLDHATAIVIGETAVVGNNVSILENVTLGGTG-- 302
et B e ] o B e Ll LR S L L ) S
SAT3-A.thalia 303 === KOCG=====—= DREPKIGDGVLIGAGTCILGNITIGEGAKIGA 338
iie S L O e e s g
SAT3-A.thalia 339 GSVVLKDVPPRTTAVGNPARLLGGKDN 365
Ta— B VRS e 30
SAT4-A.thalia 131 DPACISYVHCFLGFKGFLACQAHRIAHTLWKQ---NRKIVALLIQNRVSE 177
R R Lt b L ese W R IR L L
SAT4-A.thalia 178 SFAVDIEPGRAKIGKGILLDEATGVVIGETAVVGDNVSILEGVTLGGTG-—- 225
— e L el LA R LU A AT S
SAT4-A.thalia 226 —-—-————-KQSG-—————- DRHPKIGDGVLIGAGSCILGNITIGEGAKIGS 261
- SU6 EHHASR A L DU DR A A ARV CN GV, 202
SAT4-2A.thalia 262 GSVVVKDVPARTTAVGNPARLIGGKENPREK 291
. ORI R T
SATS-A.thalia 126 VRDPACISFSHCLLNYKGFLAIQAHRVSEKLWIQ---SRKPLALALHSRI 172
Rp— LEE BB AT AT S eSO AR AR CS ST A L R 93
SATS5-A.thalia 173 SDVFAVDIHPAAKIGKGILLDEATGVVVGETAVIGNNVSILHEVTLGGTG 222
e IS BUAS DL AP R R A A SN 543
SATS5-A.thalia 223 KACG--—————m———————— DREPKIGDGCLIGAGATILGNVEKIGAGAKRV 256
b YT e D AR
SATS5=-A.thalia 257 GAGSVVLIDVPCRGTAVGNPARLVGGKEKET 287
Bl P . o LA 1. i s SN

Fig. 7-29. Alignment of E. huxleyi SAT amino acid sequence with A. thaliana isoforms.




7.3.4. Alignment of the OAS-TL sequence of Cyanobacteria
with A. thaliana OAS-TL isoforms
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A-A.thaliana 4 EGCVGRVARX

T‘J'JTE'CSSV'{:RZ\;F 51

1-Synechecyst \NPARSVRORIGE 70
A-A.thaliana 52 VGLAFTARAKGYX 101
1-Synechocyst 120

A-A.thaliana

1-Synechocyst A @ PV:\“W_HQFDL? 170

A-A.thaliana 201
1-Synechocyst 220
A-A.thaliana 281
1-Synechocyst iﬁsé?;sGGKPGPH:ZQG:SASFZP;Vlé NLI 270
A-A.thaliana 232 IDMARQLALXEGLLVGISSGAAARARIKLAQRI 301
1-Synechocyst 320

A-A.thaliana

1-Synechocyst
iana 120
1-Synechocyst &9
170

1-Synechocyst
B-A.thaliana 220
1-Synechocyst PNAYMLQQFDN 169
iana E‘H’“‘%G(':i:VAG GTGGTITGVGRFIKERKPEL 270
1-Synechocyst “*GAZ:FLVAGV'“GG:ITGVAS‘ KPéé 219
B-A.thaliana AZLSGGKEGPHK:“G:GAGFVFKNl‘lA'VDZY:A'SS': 320

i=Synechocyst 220 QAL TP‘VaPV'SGG<F=Fn '”"uAGF: EVLDVNL.

VIAVICEE 269

B-A.thaliana 321 AIETSXQLALQEGLIVGI S ”""ZA"' KRPENAGH ""WF?SFG- 370

1-Synechocyst 270 A.A!GRRL;L 318

B-A.thaliana 371 RYLSTQLFQSI 381
1-Synechocyst ]

KGCVANIAAKL 144

55

194

1l=Synechocyst 108

C-A.thaliana 244

158

224

208

344

1-Synechocyst 255

C-A.thaliana IZTAXQLALXEGLMVGISSGARRRARIKVAKRE 384

1-Synechocyst 2856 VNLIDEVIAVIDEEAIAYGRRLAREE! ‘¢Sa S'GAALAAAIKVAARPAY 308

C-A.thaliana

385

AGKLIAVVFPSFGERYLSTPLFQSI 419

i-Synechocyst PSFGER) S'?“““' 330

Ci-A,thaliana KVI--EGCERYVARKS

QPTCSIXDRPAIAMIADAEK 103

LEGCGAKIVVKLEGMNDPAASVXDRIGINMINRASG 78

1-Synechocyst

Cl-A.thaliana 153
1-Synechocyst 128
Ci-A.thaliana 203
1-Synechocyst 178
Ci-A.thaliana 253
1-Synechocyst 228
Ci-A.thaliana 303
1-Synecnocyst SPVLSGGRPGPHKIQGIGAGFIP EEATAYGRRLA 275
Ci-A.thaliana 304 LXEGLMVGISSGANTVAAIRLAXMPENXGXLIVTIHASFGERYLSSVLFD 353
1-Synechocyst Léﬁ:séskéiihk & ; 328

Cl-A.chaliana

1-Synechocyst

Fig. 7-30. Alignment of 1-Synechocystis sp. PCC 6803 OAS-TL amino acid with 4. thaliana
isoforms.
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A-A.thaliana 13 IGNTPLVYLNNVAEGCVGRVAAKLEMMEPCSSVKDRIGESMISDAEKKGL 62
Plelllzol| clelaal Il aenns sell ]

2-Synechoccyst 11 IGHTPLIRLNS.SDETGCEILGKAEFMNPGGSVKDRAALGIIETAEKEGK 60
A-A.thaliana 63 IKPGESVLIEPTSGNTGVGLAFTARAKGYKLIITMPASMSTERRIILLAF 112
Sitippehac, B I AR A S P S, 58
A-A.thaliana 113 GVEL--VLTDPAKGMKGAIAKAEEILAKTPNGYMLQOFENPANPKIHYET 160
PeSynGENGEVSE. YL SALURIUBAY YR SR LA NOL BN AN 259
A-A.thaliana 161 TGPEIWKGTGGKIDGEVSGIGTGGTITGAGKYLKEQNANVKLYGVEPVES 210
I SECREEEEL LU TeE AT A LR ,. 208
A-A.thaliana 211 AILSGGKPGPHK======— IQGIGAGFIPSVLNVDLIDEVVQVSSDESIDM 254
3 eynschiagst:  OE B e e L TS

A-A.thaliana 255 ARQLALKEGLLVGISSGAAAAAAIKLAQRPENAGKLFVAIFPSFGERYLS 304
Sl E I I I PR B I I B I el
2-Synechocyst 260 VYQLLRRDGLFMGGSVGINVGAAYQLAKKL GPGPIIVTVLCDGGARYQS 308

B-A.thaliana i \'[-n-\IA.nQ'_:CKTE’}?\.""L‘JW‘“"{""‘VJ«S‘ AAXKLEIMEPCCSVKDRIGYS 122

2-Synechocyst (A“FI-'.".\IFGcS""( ALG 50

B-A.thaliana 172
Z=Synechocyst =3
B-A.thaliana -=-VLIEPAKGMIGAIQXAEEILXXTPNSYMLQQFDN 220
2-Synechocyst LLRTLGAEVE ':Vé’}':.'-:".’ IAAELDNAIWANQEDN 149
B-A.thalian 221 GXII 270
Z=Synechocyst 150 -(v.':‘ 99
B-A.th na 271 X KPGPHK====== I 314
2-Synechocyst z00 V'h:..ipz::ésc.;f_:’s; ::(;Géi.."sss.\zs: EGIG! ibb 259
B-A.thaliana 364
2-Synechocyst 298
B-A.thaliana 365 374
2-Synechocyst 299 308
C-A.thaliana 121 TGKTPMVYLNSIAKGCVANIAAKLEIMEPCCSVKDRIGYSMVTDAEQKGE 170
2-Synechocyst 11 IGRTPLIALNSFSPETGEILGKAEPMIPGGSVKDRAALGIIETAZKEGE 60
C=A.thaliana 171 ISPGKSVLVEPTSGNIGIGLAFIAASRGYRLILTMPASMSMERRVLLKAFE 220
2-Synechocyst 61 LKPGOTV-VEGTAGNIGIGLAMICNAKGYKCLIVIPDIGSOEKIPLLRTL 109
C-A.thaliana 221 GAEL--VLTDPAKGMTGAVQKAEEILKNTEDAYMLQQFDNPANPKIHYET 268
2-Synechocyst 110 t‘;}L,E‘:VRT‘LPAVl"\‘C}’{I’)L;t:H}i\;KLSGR?LA};.&I:}&\’HLIWANQ”‘II)NLI‘&;]RDAHIEHT 159
C-A.thaliana 269 TGPEIWDDTKGKVDIFVAGIGTGGTITGVGRFIKEKNPKTQVIGVEPTES 318
2-Symechocyst 160 TEEEINGATDGKVDANVANIGTCOTYACVALYIKEQSEAVACVUADENSS 209
C-A.thaliana 319 DILSGGKPGPHK-————= IQGIGAGFIPKNLDQKIMDEVIAISSEEAIET 362
2-Synechocyst 210 éiéé.I;TéEiﬁPSGNSITééiéNSR}TALMENVé;DBAQQLDDPAALRV 259
C-A.thaliana 363 AKQLALKEGLMVGISSGAAAAAAIKVAKRPENAGKLIAVVFPSFGERYLS 412
Pllie calealenlonol o]l
""3 TCSTKDRPAIAMIADAEXKXL 106
é;é---Gu;_;é :E.‘:'MNPGéSVﬁDRAA_ (-{e]
156
109
;2 ':ﬁPAKG!{GG':VKKAYL" LDSTPDAFMCQQFANPANTQIHFDT 204
QF:\I'_:{N.;.:;«.—Y:': 159
205 TGPE = 254
160 TGPE o ﬁéséss:‘:’:lsvﬁ.:‘_!r_ .-‘.Q;é::.v;cw‘l:;éz-‘!:cés 208
285 NILNGGXPGPHAITGN-- 2%8
SF::{'G&E&;S\:\S:::G \SR-:'\ !:N‘.':: 259
Ci-A.thaliana 29% ARELALXEGLMVGISSGANTVAAIRLAXMPENXGKLIV 348
2-Synechocyst 2860 '-J';"‘..Z‘.f:t.: ;'GI..;’:»' \’.:S';'C.\:‘JGAA‘}QLA‘(;.‘. :’;P 308
Ci-A.thaliana 349 SVLFDE 354
2-Synechocyst 309 R:‘:"\EQE 14
Fig. 7-31. Alignment of 2-Synechocystis sp. PCC 6803 OAS-TL amino acid with 4. thaliana
isoforms.
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A-A.thaliana AEGCVGRVAAK W:?CSSV‘{‘Q st 52

TASVKDRIAGA 52

L :(.an\..A_. AXLESEN.

i-Synechococc

A-A.thaliana TSGNTGVGLAFTAARKG TMPASMS 102

1-Synechococc EPTSGNIGIALAMVAAARGYRLILTMPDTMS 102
A-A.chaliana LATGVELVITDRAKGMKGATAXASIILAKTENGYMIQQFENEA 132
1-Synech 103 TERRAMLAAYGAZLGLTPGMEGMGG GAvirggEONeA 152

A-R.thaliana 153 NPKIH TGPEIWKGTGH -\_:GFVSg GIGGTITGAGKYLXEQNANVKL 202

1=Synechococc 153 NPAVHARS A...--GE-..A'V'JAJVG"GGT:'.'GCRRV'

A liana 203 YGVEPVESAILSGGXPG IQGIGAGFIPSVLNVDLIDEVVQVSSDESI 252
1-Synechococe A A‘JS::ZA.‘-’. 252
A-A.thaliana A "G"‘I"“ GAARAAAIXLAQRPENAGKLFVAIFPSFGERY 30z
1-Synechococe E! '...\.u 'SSGA.-\\!AIJ\... LGC‘{::‘:’;‘G.&%E' -.’.ASFGZR".' 302

308

1-Synechococe 303 LSTRMF 308

15 ‘A...\MQI. IGKTPMVYLNNVVK--GCVASV

B-A.t

MEPCCSVKDRIGYS 12z

1-Synechococe :_- GCTPMVRLNRLPXAWGCT. FNPTASVRDRIA 52
B-A.thaliana 172
1-Synechococec TSGNIGIALAMVARARGY 102

B=A.thaliana GMTGAICK X '.‘FNS‘.'F.:."‘E:N‘E:\ 222

1-Synech . ELQLTPGME VDEIPGAYLLQQFDNPA 152

B-A.thaliana 223 NPK 'J'AG'"'GGTZTG‘.’GRF:KERK?ELKV 272

1-Synechococe TGGTITGCARL 202
B-A.thaliana 322
i-Synechococe VAVEPAASPVLAGGVAGPHRL 252
B-A.thaliana 323 ETSXQLALQEGLLVGISSGAA 372
i1-Synechococc :.:.:”.G'-i‘SSGAA{rAAA:. 302
B-A.thaliana 373 LSTQLEFQ 380
1-Synechococe 303 '_STE:!;FST' 310
C-A.thaliana 113 IADNVSQLIGKIPMVYLNSIAK--GCVANIARXKLEIMEPCCSVXDRIGYS 160
1-Synechoceocec ‘IG'.‘?TFH'V’R;.N:\..?M.I‘FGC.-J\; nIF.n.S-u(uR.A:m L¥]
C-A.thaliana 210
1-Synechococc 102
C-A.thaliana Z60
i-Synechococe 152
C-A.thaliana 310
i1-Synechococe TGGTITGCARVL 202
C-A.thaliana 360
i=Synechococe '\-?»'.\‘.’EEAASE’V-'_AGGVRGP.. QGIGAGFIPPVLEI 232
C-A.thaliana QLALXKEGLMVGISSGARAAAAIKVAKRPENAGKLIAVVEPSFGERY 410
1-Synechococe LCGVSSGAAVARALR 302
C-A.thaliana
"’SY".G“QCGCC
Cl-a. VAAXQEHFQPTCSIXDRPAIAMIA 99
& .kAZ{LESF?‘IP:.‘:.S\:’!(DR;AC‘;A.‘{‘}-_ 55
100 D TSGNMGISLAFMAAMKGY! {PSYT. 149
1-Synechococc 56 ‘l‘"éz':\é: A P:SG:\':—G:J‘:\.-—A::::";\AAR VRL.'."I’P'.".'Z:'S': ER 108
Ci-A alilana 150 KAYD STPDAFMCQQFANPANTQ 199
1=Synechococe 106 RA = : 155
TLGNVDIFVMGIGSGGTVSGVG 2458
1-Synechococec :2:£GS'_:,:.‘J'JI.\G'-:’ : 205
Ci-A.thaliana 299
1-Synecheococe EEAASP%‘I.:;GG’-‘.’:;GP..L:EE 255
Ci-A.chaliana 349
1-Synechocace 305

Cil=RA.th

liana 350 VLF 352

1-Synechccoce 306 P;ﬁ:‘ 308
Fig. 7-32. Alignment of 1-Synechococcus sp. WH 7803 OAS-TL amino acid with 4. thaliana
isoforms.
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GNTPLWLNN‘JAEGCVGRVAAK '&VEPCSSVKDR:GFS 52

LVRLN _KGC-CH"J'_A!'!"GK\TFA"SJ(CQ GR.D« 51

2=-Synechococc

A-A.thalian, PTSGNTGVGLAFTAAAXKGYX 102
2-Synechccoce 100
151
2-Synechococc R_:_.Q.V-}’AVLGAE IVL i50
A=A.thaliana GPEIWKGT 200
2-Synechococe T ‘G?::hﬁé\:éGAA”l-;vstGmGG:‘:TG'\}ééYEK A-:.i: ; : 200
A-A.thaliana 244
2-Synechococc 250
A-A.thaliana 224
2-Synechococc 251 .. LA QC“.&A‘.’AGK?:‘;-":’\‘ 300
A-A.thaliana
2-Synechococc
B-A.thaliana 128
2-Synechococe 54
B-A.thaliana 175
2-Synechococc 103
B-A.thaliana 176 TEPAKGMIGAIQH TPNSYMLO-CFDNPAN 224
2-Synechococc ¥ 153
B-A.thaliana 273
2-Synechococc A:TGPE:‘F{\ é&GA:C‘\?-VSu GTGGTITGVSF --.{’\I... 203
B-A.thaliana 317
2-Synecheococc i3 ?;NLDLé‘:’VGE‘{-}EH\"_‘ 253
B-A.thaliana 318 SEEAIETSKQLALQEGLLVGISSGAAAARAIQVAKRPENAGKLIAVVEPS 3867
2-Synechococe 2584 ; S A.!-L;\_,RLA.-(; LLVG:S&GM: R.‘inééém‘;m:: 303
B-A.thaliana 368 FGERYLSTQLFQSI 381
2-Synechococc 304 I: - QY_SS\R-;FHDJ 317
C-A.thaliana 114 ADNVSQLIGKTPMVYLNSIAKGCVANIAAK MEPCCSVKDRIGYSMVT 163
2-synechococc 3 ABN-SQA:G::ITP;_V&LA HVTKGCH AXKY R.’&EA‘L’SVK&RZEZ‘;}:‘L_::E 54
C-A.thaliana 1 GFISPGKSVLVEPTSGNTIGIGLAFIAASRGYRLILTMPASMSMER 213
2-Synechocccc X 103
C-A.thaliana 28z
2-Synechococc 153
C-A.thaliana 313
2-Synechococc 203
2 355
2-Synechococc 253
C-A.thaliana 405
Z-Synechococe AN JGZS&GMZMC&&T;‘;’AGKT:'\.-'V‘J.';?é 303
C-A.thaliana 406 FGERYLSTIPLFQSI 419
2-Synechococe 304 L S\’;-'F'A“V 317
Ci=A.thaliana 52 DASLLIGKTPLVFLNXVIEGCEAYVAAXKQEHFQPTCSIXDRPAIAMIADA 101
2-Synechococe 7 D\S;A G\'«"E._.V;.‘_“I;!V ‘(G"‘Ml 'LAK‘::K:S?Z:IPF:LVS'I'(CR.&AJ:H{_;DA 56
Ci-A.thaliana 102 KXLIIPGKTTLIEPTSGNMGISLAFMAAMKGYRIIMTMPSYTSLERRY 151
2-Synechococc 57 45.&# "’"‘-W‘w-V‘E' SG\J G L.R:"EAAA;G‘:’ 108
152 TMRSFGAELVLIDPAKGMGGIVKKAYDLLDSTPDA-FMCOQQFANPANTOI 200
106 ‘}N.;\‘:’I..GR_ :".’L_;. 'KG!;;GA:\ J:\KAK F;J;S;P;.;foééuf-\??m\!éé' 158
201 HFDTTGP SGVGR' 23
2-Synechococc 156 Z-IF::('::'GPE 2058
Cl-A.thaliana 250 EPAESN 293
2-Synechococc 208 éVZTQTLNGEEIKPGFHE‘( G GAGF P:‘\JLD...SW::(V"'V‘.‘K;‘_ 255
Ci-A. liana 294 DAIXMARELALXEGLMVGISSGANTVAAIRLAXMPENXGXLIVTIHASFG 343
2-Synechococe 288 308
Ci-A.thaliana 344

2-Synechococc 306

Fig. 7-33. Alignment of 2-Synechococcus sp. WH 7803 OAS-TL amino acid with 4. thaliana
isoforms.



7.3.5. Alignment of the OAS-TL sequence of green algae with
A. thaliana OAS-TL isoforms
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A-A.thaliana

A-A.thaliana

i-C.reinhardc

l=C.reinhardt

A-A.thaliana

1-C.reinhardt

A-A.thaliana

B-A.thaliana

1-C.reinhardt

B-A.thaliana

1-C.reinhardt

B-A.thaliana

1-C.reinhardt
B-A.thaliana
i-C.reinhardr
B-A.thaliana
i-C.reinhaxdt
B-A.thaliana
i-C.Zeinnarac
C-A.thaliana
1-C.reinharxdt
C-A.thaliana
1-C.reinhardt
C-A.thaliana
i-C.reinhardt
C-A.thaliana

i-C.zeinhardt

C-A.thali

Ci-A.thaliana

i-C.reinharxdt

Ci-A.thaliana

i=C.re

rdt
Cl-A.thaliana
e

i-C.reinhaxdt

Cl-A.thaliana

Fig. 7-34. Alignment of 1-C. reinhardtii OAS-TL amino acid with A. thaliana isoforms.

GNTPLVYLNNVAEGCVGRVAAXLEMMEPCSSVXDRIGESMI

MV ELNSVIRGCGARIAARKLESE

PCCSVKD

TSGNTGVGLAFTARRKGYH

127 ERAEQAGQISPGVITLIEPTSGNTGVALAYVAAAKGYRLALTMP:

105 Rp

LAFGVELVLTDPAKGMXGAIAKAE! {TPNGYMLOQFENPANP

177 RRVLLXAFGAELVLTPGRLGMTGAIRKAEEMVRSIPNAFMLQQFDNPAND

1585 X TGPEIWKGTGGKIDGFVSGIGTGETITGAGK

227 E

GIGAGFIPSVLNVDLIDEVVQVSSDESIDM

PGYHQIQGIGAGFVPKNLRVDLLDEVVKINSN

73 LNIADNAAQLIGKIPMVYLNNVVKGCVASVAAXLEIMEPCCSVKDRIGYS

75 3 LVGNTPMVFLNSVIRGCGARIAAKLESFEPCCSVKD!

123 SVLVESTSGNT A

AASKGY!

125

PISGNTGVALAYVAARKGYRLALTMPETMS

173 PAXGMIGAIQXAE

TPNSYMLOCFDNPA

PGRLGMIGAIRKAEEMVRSTPNAFMLOQFDNPA

27% VAVE#AESP' GGAPGYHQIQGIGAGFVPXNLRVD EVVKINSNEAL
323 ETSKQLALQEGLLVGISSGAARARAIQVAKRPENAGKLIAVVFPSFGERY

GISS TVLPSFGERY

CVYLNSIAXGCVANIARK

RLVGNTPMVFLNS

161 MVTDAEQKGFISPGKSVLVEPTSGNTGIGLAFIAASRGYRLILTMPASMS

FMLGOFDNPA

IIGPEIWDDIXKGKVDIFVAGIGTGGTITGVGRIIKEXNPKIQV

TTGPEIWRDTAGNIDMFVAGVGTGGTISGVGRYLKEQKPGVQV

311

275
361
325
411 LSTPLFQSI 419

375 LSTVLEN
45 PSTNAKRDAS

383
GKTPLVFLNK

CEAYVAAKQE XDRPA

CPDATRLVGNTPMVFLNSVTRGCGARIAAKLESFEPCCSVKDRIA

95 GKT EPTSGNMGISLAFMAAMKGYRIIMIMPSY

LAYVARAXGYRL

IPET

123

145

DSTPDAFMCQQFAN

LTPGRLGMTGAIRKAE.

VRSTPNAFMLQOFDN

173

195

DILGNVDIFVM

SGGTVSGVGRYLKSKNPNV

TGPEIWRDTAGNIDMFVAGVGTGGTISGVGQYLKEQKPGV

245 YGVEPAESNILNGGKPGPHAITGNGVGFKPE
273

295

323

345 RYLSSVLFDEL

388

373 RYLSTVLENTL 383

54
128
104
176
154
228
204

278

304

376

1245
172

174



A-A.thaliana
2=C.reinhardt

A-A.thaliana

2-C.reinhaxdt

A-A.thaliana

2-C.zeinhardt

A-A.thaliana

2-C.reinhaxdt

B-A.thaliana
2-C.reinhardt
B~A.thaliana
2-C.reinharxdt
B-A.thaliana

2-C.reinhardt

C-A.thaliana

2-C.reinhardt

Cl-A.thaliana

2-C.reinhardt
Ci-A.thaliana
2-C.xeinhard:s

Ci-A.thaliana

Cl-A.thaliana
2-C.reinhardt

Ci-A.thaliana

2-C.reinhardt

LAFGVELVLTDPAKGM--KGAIAKAEEILAKTPNGYMLQQFENPA

IR TQGRVHAFVSGAGTGGTVAGVSTALKARNPRVRY

KRGVMYTSEEAEGKRLKNPFDTITE

289 NRALI AFRu-JR_AV:HAA!:lRN:G:VVGSSAANWCVGAV? Aaany

286 NAGKLFVAIFPSFGERYLS 304

386

30 L-PR&R GG—VRHG"L:L:GV—P'VRVAS S

TGIGLAFI AAS(GVK'

114 SVKDRIGYSMITDAEEKGLITPGKSVLVEST SG

:AGSTGVSL&MVAAA!GCRC

TG, '“4&.

129 PVNVARRE.

184

212

179
282
228

KGLALQ’GLiVG'SSGRAA

’“DR_AV‘HAAY -RN'G:WVGSSAAY\C

FPSFGERYLS 374

328 VGAVKAA-RAMGPGHTIVT DGG

HLS 356

110 G'ﬁ:ADVVSQL:GKT‘FVYLVS'AKG"VAN’AAK*T'V’?CCSUKDR'GY

38 EG JR:GJLD_:GN"P'VQJAS' ::TGC:ZWVKR:. PGGSVXDRVAL

1860 SMV::A.Q&GF:S”G(SVLV‘P SGNTGIGLAFIAASRGY

:‘KV’PDAVN

VNVARREAAST PGA_EA G

QFE

Q. (‘l

KVDI ‘VAG GIG

308 TQVIGVE

236 VRVFLVDPPGSS

341 KNLDQKIMDEVIAI

335 RAMGPGHTIVT
56 LIGXTPLVF

48

106

98 RLRPGG!

T--VKKAYDLLI S-=:AFVCGQFA.PnN'“

VVVARR:nAS"PuR.FEQ”F

156 FGAELVLIDPAXGMGG

147 VG&SJ?RWRPV H

204 TIGPE TLGNVDI FVVa_uhqu_ auJGRVT
197 T

254

345 TLLCDGGHRHLS 388

189
202
238
235
288
285

337

113
79

163

235
340
285
390

334

Fig. 7-35. Alignment of 2-C. reinhardtii OAS-TL amino acid with A. thaliana isoforms.



A=A
3-C.reinharxdt
A=A.thaliana
3-C.reinhardt
A-A.thaliana

3-C.reinhardt

A=A.thaliana

3-C.zeinhazdt

A-A.thaliana

B=A.thaliana

3-C.reinhardt
B-A.thaliana
3-C.reinhardt
B-A.thaliana
3-C.reinhardt
B-A.thaliana
3-C.reinhardt
B-A.thaliana
3-C.xeinhardt

B-A.thaliana

C-A.

liana
3-C.reinhardt
C-A.thaliana

3-C.reinhaxdt

C-A.thaliana

3-C.reinhaxdt

Cl=A.thaliana

3-C.reinhardc

Cil=a.

thaliana

3-C.reinhardt

TGPE

TIGPEIWRDTAGTVDILVAGVGTGGIVIGTG!

204 GV_?V—SA"SGEKD’Pﬁi'”"GRGF PSVLNVDL

IDEVVQVSSDESID

254 AV_'DS SPV'SGG{P-:P‘;-(_"G GAGFV?R" ""_V"' PSDDAVR

254 MAR"LALK:GLLVG SSGAAAAAA.K.AQRE"NAG&-FVA’FPSFGERVT

A 3is
354 SSVLENDLRLECEQL 388
46 AF QQS?SDWCK}\VS: EAGVEGLNIADNAAQLIGKT

27 ARIVRA nAAAAAAAANSD‘PK"-VKNu( C(D

96 <GCJA5IAAK

76 QGCVL-CVMK

126 GNTIGIGLAI F‘AAA%GYALZ:TNPAS%SL:RRVL;RA?GA:LV::QPAAGF

F:NPANE<-n-=.au¥

128 TGAIQRAZZILKXTINSHMICO Rexiz:

i7é RGAVEKCNEZAAKTFNS!IZQQF:NEANP TTG?_.WRU.AG V-

z48 LVAG'G'GGT::GVGRF-'Eiﬁ?:‘KV'GV‘?::SAI:SQGKEG?‘K QG

2286 L'JRG\.’G’"GG'_V"G"G R‘EESESPV LSGGKPGPHKIQG

SEEAIETSKQLALQEGLLVGISSGAAAA

296 IGAGFVPXNLDLAIV]
276 IGAGFVPAI

346 AA: &AARE“\AGILIAJVP°S ERYL:

113 IADNVSQLIGKTPMVYLNX

85 ICKDVIEVIGNTPMVYLNRVIRGCVAKVARA MQPCSSVKDRIGRNMI

163 TDAEQXGFISPGKSVLVEPTSGNTGIGLAFIAASRGYRL

108 GMiKPG
213 RRVLLXAFGAEL

LVLTDPAXGMRGAVEKCN!

KTPNSYILQQFENPANP

TGPEIWDDTKGKVDIFVAGIGTGGTITGVGRFIKEXNPKIQVIG

RLTTGPE:WRBTAGTVCZLVASVGTGGT¥TGT SKKPSLQVIA

313 VEPTESDILSGGKPGPHKI “G:GAG?‘P”M’ QXIMDEVIAIS AIET

255 V‘PS‘SPVLSGGKPGP%K:QG GAuFVPA LV’ .u-J'K PSDDAVRM

363 AXQLALKEGLMVGISSGAAAAARAIKVAXKRPENAGKLIAVVFPSFGERYLS

355 SVLFNDLI 374
39 DLPXDFPSTNAXRDASLLIGKTPLVFLNXVTEGCEAYVARKQEHT

45 DEPKYVKNDKICKDVIEVIGNT rua‘LVRV‘RGCVnﬁVAnKL:.MQECSS

QPICS

89 IXKDRPAIAMIADAEKKKLIIPGKTT TSGNMGISLAFMAAMKGYRII

95 VXDRIGRNM

139

145 PASMSLERR' "=A£GMQGAV'
189 CQQFAH?ANTQ:EFJTTGPZ:WED:L”NVDZ??MGZGSGGTVSGVGR.LK

WRDTAGIVDILVAGVGIGGTVIGIGEF:

195 LOQQFENPANPEIHRLITGPE K

NGGKPGPHAITGNGY

GFKPEILDI DJV‘SVL

239 SKNPNVKIYGVEPAESN

245 SXKPSLQVIAVEPSZSPVLSGGKPGPHX

289 EZVSSEDAIXMARELALX

285 K.PSDBAVRMASR_AJE;G

EG' VGISSGANTVAAIRLAXMPE

Z?CG:SSGAAVLAAVQVAARPENAGKLVAVV

339 HASFGERYLSSVLF KEAEEMK 383

345 LPSFGERYLSSVLFNDLRLECEQLX 389

253
303
303

353

204
312
254
382
304

412

194
238
244
288
294
338

344

Fig. 7-36. Alignment of 3-C. reinhardtii OAS-TL amino acid with A. thaliana isoforms.



A-A.thallana

4-C.rei

A-A.thaliana

4-C.reinhaxdt
A-A.thaliana
4-C.reinhardt
A-A.thaliana

4=C.reinhardt

:aliana

4-C.reir

A=A.thaliana

4-C.reinhardt

B-

-thaliana

C=A.thaliana

4-C.reinhardt

C-A.thaliana

4-C.raeinhardt
C-A.thaliana
4-C.reinh
C-A.thaliana
4-C.reinhardt
C-A.thaiiana
4-C.reinhazdt

C-A.thaliana

4-C.reinhaxd:c
Ci-A.thaliana

4-C.reinhard:t

Cl-A.thaliarna

Ci-A.thaliana
4-C.reinhavydr

Ci-A.thal

4-C.reinhardc

Ci-A.thaliana

4-C.reinhardc

5 IAXKDVTELIGNTPLVYLNNVAEGCVGRVAAKLEMMEPCSSVKDRIGFSMI
40 IATDV KTPMVYLNXKVATGTHAXIAAK {EPCCSVXDRIGYSMI

55 "'“PTSGNT"VG_AF—AAAKGV?*"TMPRSMS:E

SDAEXXGLIXPGES

90 SSAEXE GLAFL AAARGYKT {PASMSLE

105 RRIILLAFGVELVLIDPAKGMXGAIAXAE :LAK—PVGVFL“QFENFRNP

140 13"'QAEGA:LVITDFAKGMKGAJAAAET'LAS"P‘AFM;QQFQNFNNP

is8% KGIGGXIDGFVSGIGIGETITGAGKYL:

QNANVKLYG

WSATDGXVDILVSGVGTGGTITGTEGRYL

190

205

IQGIGAGFVPAVLDT

VEPAESPVLSGGKPGPHE

240

255

290 'é

305 321

340 SVLFQQLRDEASKMIFE 3ss6

51 ROSRSDVVCKAVSI GVEGLNIADNAAQLIGKIPMVYLNNVVKGCVA

RVSRVALVPKAVAAPEKAAVK-MNI

KVATGTHA

ATDVT: IGKTPMVY.

SVAAKLEIMEPCCSVKDRIGYSMITDAEEKGLITPGXSVLVESTSGNTGI

XIAAXLEIMEPCCSVKDRIGYSMISSASKEGLITPGKIVLVEPTSGNTGI

’NPASVS QRV* RAFGAELVL

PAXGMTIGAIQ

*PASFSLZRR_LLRAFGAELVLTDPAKGMﬂGAVA

GLAFIAASKGYXL

251
2186 GT

301 VPKNLDLAIVDEYIAISSEEAIETSH

EVVQVSSDDAIDMARRLALEEGLMVGI SSGAAI ARIEV

266 VPAVLDT.

351 AXRPENAGKLIAVVFPSFGERYLS 388

ASRPENEGXKLVVVVLPSFGERYLSSVLEQQ!

LRDEASKM 353

LNIADNVSQLIGKTPMVYLNSIAKGCVANIARKL

IMEPCCSVXDRIGYS

IGKTPMVYLNKVATGTHAKIAARKLEIMEPCCSVKDRIGYS

MNIATDVT

LTMPASMS

VV"“A_Q(’"'SFGKSVLVEFTSGN:G:GLAF:AASRGYR'

TVLVEPTSGNTGIGLAFIAAARGYXKLILIMPASMS

PAKGMTGAVQH KNTPDAYMLOQFDNPA

LERRILLRAFGAELVLIDPAKGMKGAVAKAEEILASTPDAFMLOQFQNPN

NPKIHYETTGPEIWD Aﬂbn FVAG GTGET

W A-JGA?JZLVSGVG_GGTZTG G?!

ITGVGR!

NPKVH

YEITGPEI

_GJ—P"ESH_HSGG(PGPHAIQG GAGF PXNLDOKI

VAVEPAESPVLSGGKPGPHKIQG:GAGF?PAVL:TAa‘ EVVQVSSDDAI

E:AK“LALKTGLMVGZSSGAAAAAA:KVAKREENAGKL:AVVFESFGZR!

-MARRLRLEE LMVGISSGAAVOAAIXKVASRPENEGKLVVVVLPSFGERY

4286

LST VEXM
LSSVLFQQLR!
NAXRDASI

353
TEGCEAYVAAKXQE 'VF'CSZKZRPA'AM

MEC’SV?DR G

338
48

39 NI

98

89 PAS%S'

148 ERRVTI SFGALPVLTEPAKGMGG”VKKAV“"“S—PDAFMCQQFANFAN

139

N
198
i8%
248
238
298

MARELALXEGLMVGISSGANTVAAIRLAKMPENXGKLIV

GXLVVVVLPSFGERYL

28% MARRLALEEGLMVGISSGAAVQRQAAIXVASRPENE

348 382

SSVLFDELRXEAEEM
353

339 SSVLFQQLRDEASKM

54

EE]
104
139
154
188
204
239
254
289
304

339

100

€5
150
115
200
165
250
215
300
285
350

3is

87
210
137

260

g7

88
147
138

197

338

Fig. 7-37. Alignment of 4-C. reinhardtii OAS-TL amino acid with A. thaliana isoforms.



VAAKXKLEMMEPCSSVKDRIGFSMISDAEKX €0

55
110
T.suecica 104
A=A.thaliana 157
1-T.suecica 1 Ln-“NMAV.-uA_NEu-._Ju‘--.r#ﬁ¥=ﬁv 154
A-A.thaliana i58 207
i-T.suecica 155 J% ;é TGGTI SGTGKVLK_'.E;Vié_“EDF 204
A-A.thaliana 208 248
i-T.suecica 208 254
A-A.thaliana 249 DESIDMARQLALXEGLL' 288
1-T.suecica 255 kosPhvbaivaiio '-‘*F* eifiianitrdgrit-civivas 303
A-A.thali 309
314
B1 Q"G<T?YVY:NVVVKG”VASVRAK—:’ EPCCSVKDRIGYSMITDAEEK i30
. \ . &5
180
le2ie Klasl [ss bihaedbazalasl]
1-T.suecica 56 GK_R?GG‘V-VAA‘SGY“GSA-ANVCARRGV 104
B-A.thaliana 181 AFGA 227
1-T.suecica 105 é‘:fsclsqv*_vs?tssze?nh 154
228 277
1-T.suecica 155 204
B-A.thaliana 278 318
1-T.suecica 205 254
B=A.thaliana 319 EEAIETSKQLALQEGLLVGISSGAAAAAAIQVAXRPENAGKLIAVVEPSE 368
I-T.suscica 255 AQSFAMCRRVAAZDGMLLGGSSGLNLSARRELSQTAPD-GSVIVAVLEDS 303
B-A.thaliana 389 374
i-T.suecica 304 GV&Y:S 309
C-A.thaliana 119 QLIGKTPMVYLNSIAKGCVANIAAK MEPCCSVKDRIGYSMVIDAEQK 168
i-T.suecica ] zh.éDT?LVyLSFhSAKPGVK-FéKAaFF&PééS‘KQR:A‘ 55
C-A.thaliana 169 GFISPGKSVLVEPTISGNTGIGLAFIAASRGYR 218
i-T.suecica Gé;v—vii:sss:aéiéaﬁééaﬁaaz. 104
C-A.thaliana 219 AFGAE TD===PAXGMTGAVQXAE KNTPDAYMLOQFDNPANPXIH 268
105 : K.YED;;D:‘ : ; 154
266 D"'KG{VD FVAGIGTGGTITGVGRF 315
.suecica is5 ‘VRGGS GGT:SE%G%- HNERVRVCMF“P 204
HKPGPHXIQGIGAGFEFIF X IAIss =1-14
P;;-.‘v;uvu:’\;}S:P’:‘Mn;vv.—_;p 255
ENAGKLIAVVFPSF 408
1-T.suecica 255 ‘usFAHc;R&AA:DG.LnGﬂSSﬂL“.SAAA—LS::AP‘—GSV-VAVhPDS 303
412
suecica 304 G;;!LS 309
Cl-A.thaliana 56 LIGKTPLVFL 105
1-T.suecica 7 ::Gé??:vé 58
Cil-A.thalian 106 LIIPGKTT: 1585
i1-T.suecica 57 KLRPGG——'VAA'SGN'GSA MVCAMRGY TS&EKRééMAS 105
i-A.thaliana 156 FGAELVLTD---PAKGMGGTVXXAYDLLDSTPDAFMCQQFANPANIQIHF 202
1-T.suecica y 'é;GGMPAiéP NPD’ vrgéicééwpéx !; 155
Ci-A.thaliana 203 TLGNVDIFVMGIGSGGTVSGVGRYLKSXNPNVKIYGVEPA 252
L SGA ?Vgu;;:qu-ihq-bﬂ 205
283 KPGPHAITGNGVG 293
2086 KP;‘S‘!H _G""'-(DS_ "h.‘ 2585
EGLMVGISSGANTVAAIRLAXMPENE 343
304

i-T.suecica

Fig. 7-38. Alignment of 1-T. suecica OAS-TL amino acid with 4. thaliana isoforms.



Fig. 7-39. Alignment of 2-T. suecica OAS-TL amino acid with 4. thaliana isoforms.
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A-A.thaliana 4 RIAXKDV E! -VYLNNVA:G”VG*VAR& 53
3-T.suecica 2 RVHRSVLDAIGNTPLIRINSLSDATGCEILGKAE DRVALQ 51

TSGNTGVGL

A-A.thaliana

3-T.suecica

A-A.thaliana GS::TGnG(YLK-QVnNV‘ 201

3-T.suecica AT AGEV“MF\SGMG'GS:ZRGVSQALKARS=5J? 199

A-A.thaliana

3-T.suecica
B-A.thalian

3-T.suecica

B-A.thaliana

XKTPNSYMLQQFDNPANE:

3-T.suecica

B-A.thaliana GIGTGGTITGV 280
3-T.suecica 160 -GQE:GSA.AG¥ AGTGGT:AGV%QA 208
B-a.t iana 282
3-T.suecica 210

IMEPCCSVKDRIGYSMVTDA 165

C-A.thaliana 116 NVSQLIGKTPMVYLNSIAXKGCVANIAAXL

3-T.suecica
C-A.thaliana
3-T.suecica

C-A.thaliana 216 LLXAFGAELVLTDPAX--GMTGAVQKAEEILXNTPDAYMLQQOFDNPANPX 263

NLANMR 154

LGATVQRVRPVS

WDDTKGXVDIFVAGI

-C"TII'TDA"AGR\J" FVSGAG

C-A.thaliana 314 EPTESDILSGGXPG---—==———c—m—eeea

3-T.suecica 204 DPPGSSLYNKVQRGVLYTREEAEGK
C-A.thaliana 347 IMDEVIAI SSZEA-::A.{Q-AL( GLMVGISSGAARAAAIXVAXKRPENAG 3986

3-T.suecica 234 RIDGAY (SS"‘R.S‘-."-‘&-’A“F-}-’ G;F_GSSAC‘NCVCA\F{AA -DLGPG 302

C-A.thaliana 387 XLIAVVFPSFGERYLS 412
3-T.suecica 303 LCDSG RE-ZI.S 318

G"‘uS"'“S.A.’-".t'nA

JLTDPAX--G

MGGTVXXAYDLLDST

ITHPDHFVNIARRRAAZEAGAIFSDQFENLANMRVE

DTLGNVDIFVMGIGSGGTVSGVGRYLXSKNPNVXIYGVEPAES 254

GQ”: "".’S AGTGGTI

Ci-A.thaliana

3-T.suecica 209 SLYNXVQRGVLYTREEAEGXRLRNPY

288 LEVSSEDAIXKMAREL

SSA\.VN"\JGAV‘-(-' ALDLGPGHIVVT 307

Fig. 7-40. Alignment of 3-T. suecica OAS-TL amino acid with 4. thaliana isoforms.



A=A.thaliana
4-T.suecica

A-A.tha

4-T.suecica

A-A.thallana

4-T.suecica

A-A.thaliana

4-T.suecica

A-A.thaliana

4-T.suecica

A-A.thaliana

4-T.suecica

8-A.thaliana

4-T.suecica

B-A.thaliana

T.suecica

B-A.thaliana

4-T.suecica

8-A.thaliana

4~T.suecica

B~-A.thaliana

4 -suecica

B-A.thaliana

4-T.suecica

BeA.thaliana

T.suecica

C-A.thaliana

4-T.suecica

C-aA.th, ana

4-T.suecica

C-A.t iana
4-T.suecica
C-A.thaliana

4-T.suecica

C-A.thaliana

4-T.suecica

C-A.thaliana

4-T.suecica

Ci-A.thaliana

-suecica

suecica

Ci-A.thaliana

4-T.suecica

]RANGRA_H KMEMONPGGS

.ADRZAKS

TSGNTGVGLAFTAARXGYX I{PASMS-TER

{PQLPPFQER
108 QEENPANPK

100

1586
150
206
200

250 _hA.QMRHH:GMMVGPSSGAV SnAMAViARP_SnGE FTT

294 315
300 MCASHGIRYTAHPL 321
81 FYLNNV====VXGCVASVAAK

CKMEMDNPGGSIKDRIAKSMIET

127 AEEXGL "“G'(S'a‘L‘J"S'SGN‘G GLAFI AAS{GV‘(_" TMPASMSL-ER
A 0l

PEFQER

TENSYMLOQFDNPANPX

VAGIGIGGTITGVGRFIKERKP
Ilel <211 itz 1-11

GGXMDYFIAGVGTGGTVAGAGRFLTE!

SAILSGGXPGPHKIQGIGAGFVPKNLDLAI ~==== ===m—= VDEY

200
314
250
364 VEPSFGERYLSTQLFQSI 3g0
S S
300 VEASHGTRYTANSLUASLEOZACRALE 326
138 ANIAAKLEIMEBCCSVE TDAEQKGFISPGKSVLVEPTSGNTG
24 xixssé;v-vz TSGNTG
188
73 GIANEAARGYRAT
237 VQRAT NTEDATILOQEDN
123 = :

287
173
337
223
37s
GéSSGiziéAianﬂia
425 XMQPER 430

PTCSIXKDRPAIAMIADAE

NPGESIXORIARSM

103

g3 T NT LAM?CAAKGYKC:Z:H

152

252

202

290 TVGISSGANIVAAIRLAXMPENKGK

GMNVuPSSGAV SAAMA‘AARP;SAGK*EVV

252

330 RKEA 389

302 LXDEA 321

105
99

155

126

50

175

29

313
249
383

299

251

201
28%
251
339

301

Fig. 7-41. Alignment of 4-T. suecica OAS-TL amino acid with 4. thaliana isoforms.



7.3.6. Alignment of the OAS-TL sequence of red and

red-lineage algae with A. thaliana OAS-TL isoforms
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A-h.thaliana

CXLESMEPCSSVKDRIGKY

52

i-C.merolae 116
A=A liana :.AFHAM.<GY.(A. MPASMS 102
i1-C.merclae 166
A-A.thaliana NGYMLOQFENPA i82
i-C.meroclae "'E’:LJZ.A‘;’MT_QQE'::INP:; 216
GTGG! DGFVSGIGIGGT GAGKYLKEQNANVKL 202
GFE&W}:A‘:GGZ 'D:;.FJ;.GVG:GGT\TITGAG;!L;.EQNé.‘:!'\‘v";'; 288
203 YGVEPVESAILSGGXPGPHXKIQGIGAG SVLNV EVVQVSSDESI 252
2867 ZQA'EQAESE.'\:ILSGG;.PGP XIQGIGAGFVP 5 ;;'__ NEV!‘(QV’:ISM;S: 316
253 DMARQLAILXEGLLVGISSGAARAARA QORPENAGKLEFVAIFPSFGERY 302
i-C.merclae 317 ; GLL&G: SSGAA‘:"\:?AA _LGRRPEI:L*GKQEVC”: EPSEGER‘.’ 366
A=-A.thaliana 303 ¢ S'V;'..FDA_RKEAEAN 318
l1-C.meroclae 367 LTSALFDXQREEAYNM 382
B-A.thaliana —GCVASVAAXKLEIMEPCCSVKIDRIGYS 122
i-C.meroclae 116
B-A.thaliana TMPASMS 172
i-C.merclae KP.GE}:QPGE( ’:SGN':GZA'_A LARARGYRL !’.PE‘)SMS 166
B-A.thaliana RAFGAELVLTEPAXGMTGAIQKAE KKTPNSYMLO! FJ—NEA 222
i-C.meroclae 216
B-A.thaliana 223 272
i-C.meroclae 217 266
B-A.thaliana 273 32z
i-C.merclae 287 ;‘_A'V'EPAESPVLSGG::{PGPHK:QG GI\GF‘IPG__D':: IVYn QVTSMDSI 316
B-A.thaliana 323 ETSXQLALQEGLLVGISSGAAAAAAIQVAXRPENAGKLIAVVEPSEFGERY 372
i1-C.merclae 317 EMARRI_A‘.I;EG CG SSGMVVMLE'_G;LRP"! .ﬂG(‘\I'W PSFGERY 366
B-A.thaliana 373 LSTQLFQSIREECEQM 388
i1-C.merclae 387 I:_-SA;FT:;{‘QREE;\;”:\TM 382
C-A.thaliana 108 18
1-C.mexo 60 108
C-A.thaliana 154 203
i-C.mexolae ’(R.G_._g.G( VLIEPTSGNTIGI AJ.A"'_FA.F‘.F‘RG’;’R L 159
C-. 204 TMPASMSMERRVLLKAFG LTDPAXGMTGAVQKAE PDAYML 253
i1-C.mexrolae 160 ':4APéSHSEERl‘:{V_I:IAF'“LWJT_'_FM'(G -(GAVA:(.LQ F‘:\_._.v 209
C-A.thaliana 254 QQOFDNPANPXIHYEITGPEIWDDTXGXVDIFVAGIGIGGTITGVGRE 303
i1-C.meroclae 210 \‘QF;NEéNPKFZ\HYZ:TGEE:WT;P‘.TC:'GKVDF;F‘JAGVG:GG:V’:GAGR;’LR: 259
C-A.thaliana VEPTESDILSGGKPGP! QGIGAGFIPXNLDQKIMDEVIA 3s3
i-C.merclae : QGEGAGF\?PC}E’.D%KZ‘;’NEV{(& 309
C-A.thaliana SSGM AXRPENAGKLIAVVE 403
i-=C.mexoclae : X 359
C-A.thaliana
i1-C.mexclae 360 PSFGE SALFDXQREEAYNM 382
Cl-A.thaliana KDFPSTNAXRDASLLIGKTPLVFLNKVTE--GCEAYVA 77
i-C.mexclae : 27
127
s8 "l] —ﬂv“"PCSS‘ (‘.‘)?“" '-’M'V‘“' EAEXRGDIQPGKTIVL PTSGN‘:‘GI;\LA 147
i28 RRVIMRSFGAELVLTDPAKGMGGTVRXAY 177
i-C.merclae 148 197
Ci-A.thaliana 178 DLLDSTPDAFMCQQOFANPANTQIHFDITGPEIWEDTLGNVDIFVMGIGSG 227
i-C.mexroclae 198 Q’_E: At TGPE WZ‘L&T&G; 'v'SAFVAG‘:G';G 247
Ci-A.cthaliana 228 GTVSGVGRYLXSXNPNVKIYGVEPAESH IGGKPGPHAITGNGVGFKPE 277
1-C.mexrclae 248 G'.'V';GP:GR".‘Z_REENPE-EV":’:D;.;VEPAES E'V.’_SGG;E'G éG;GF’&Gt_\:’Fé 297
Ci=A. 278 ILDMDVMESVLEVSSE ZRHAREK.A" KEGLMVGISSGANTVAAIRLAXKM 327
i-C.mexclae P33 ZZ.ﬁ%Z“(I‘:‘NZ‘ ’Z G'v":S!CZSS ..F.ARR;AV'::;GLZ.CG SSGMWM.. L 347
Ci-A.thaliana 328 PENKGKLIVTIHASFGERYL SSVLFD_L. ASEMKPVSVD 3es8
1-C.merclae 348 PEMKGXNIVVIIPSFGERYLTSALFDXQREEAYNMVAVEVE 388

Fig. 7-42. Alignment of 1-C. merolae OAS-TL amino acid with 4. thaliana isoforms.



2-C.mexrolae

A-A.thaliana 110
2-C.mexolae 153

A-A.thaliana

2-C.merclae

351

IGKTPMVYLNNVVXGCVASVAAXL

TGCNIYGXAEFMEPGGSVXDRAA

QUEDNPA 222

AARARARTOUA

AARRARIQVA

DGGSRYQXX

C-A.thaliana 112 NIADNVSQLI

EPCCSVXDRIGYSM 161

L 97

FMEPGGSVKDRAAL

LAFIAASRG PASMSM 211

DIXGKVDIFVAGIGTGGTITGVGRFIXEXNPXTQ 309

DAFNCAVGTIGGTLAGVSAFLRAXNPGIXK 245

IQGIGAGFIPXNLDQXIMDEVIA 353

EGIGQRSRITGNLEGFVPDMSFE 295

TAXQLALXEGLMVGISSGAARAARAIXKVAXRE

AGAIRVAE

2-C.mexolae

C-A.thaliana

2-C.mexoclae
108

Cl-A.thaliana

106

2-C.mexclae

156

DSTPDAFMCQQFANPANTQ 205
2-C.merclae WANQFDNPANRE 208

Ci-A.thaliana

2-C.merclae

2-C.mexolae

Fig. 7-43. Alignment of 2-C. merolae OAS-TL amino acid with 4. thaliana isoforms.



A-A.thaliana

A-A.thaliana
1-T.pseudonan
A-A.thaliana

1-T.pseudonan

1-T.pseudonan

A-A.thaliana

B-A.thaliana

BE-A.thaliana

i-I.pseudcnan
S-A.thaliana

1-T.pseudonan

-T.pseudonan
C-A.thaliana
1=T.pseudonan

Ci-A.thal

1-T.pseudonan

Cl-A.chalian

1-T.pseudonan

T.pseudonan

Ci=A.thaliana

i-T.pseudonan

Fig. 7-44. Alignment of 1-T. pseudonana OAS-TL amino acid with 4. thaliana isoforms.

QAK;:yV‘PCSSVK“Q'GFS”:SDA

A

V-VEATSGNTG

IAVAMMCAQRGYPCV

108

158
162
207

'?-_QNuaGSPnGSSPnFaP"P.‘Gw??a..

212

23% LI EVVQVSSDTS'DMARQLALK"G LVGISSGAARARATKLAQRPENAG

¥ EFDIPDGAAVETSQALAS

289 KLFVAIFPSFGERYLSTVLF
311
77
13

127 ESTSGNTGIGLAFIAASKGY!

TSGNTGIAVAMMCAQRGYPCVITMAEPFSIERR

LVAGIGTGGTITGVGRF

IQGIGAGFVPXNLD--L

IQGWIPDFIPLVLEKGL

P---PDGAad::SgA_AsN_G:L:G SGGA-MYAA

392

344

_VK S-._CPAGQ_

VLVEPTSGNTGIGLAFIAASRGYF

215

TDPAXGMTGAVQXAEE

VIPKAGKGTGMVEKARE

2635

--------- KPG-=-=--=-=--PHKIQGIGAGFIPKNLDG-~

E! QADGSEAGSHPA?A?HP:QG&

AIETAXQL

HEMFDI DDGAAVZTSQAL&RM_G_A;G SGGA;M?AA-;;AKKAPT-

lKEGLHVGZSSGA&RAAA:KV&KRP NA

3%¢

IAJV:PSFG:?YLS PLFQSI R"‘V‘KHQPE 429

310 GSVIVIM
57 IGKTPL

PDT

RYLSTPLFAGIAZAMN
NKVTEGCEAVVAAKua

343
“P:CStKQRPAIAMIASAEKKKL

107

S-PDAFMCQQFANPANT“I

‘P{AG(G GMV:&AR:LA {N GhF’Cﬁ‘FSTbﬁhh ?"V"’-G

_GV-V EVHGEGSGG:VSGVGR

_'”\dh«u_._d_ﬁv GYGTGGTFHGTAK

SGuA"MYAA'

FDIPDGAAVETSQALARNEGI

338 IHASFGERYLSSVLFDELRKEAEE 361

316 MLPDTGERYLSTPLFAGIAZAMNE 339

)

57

&3
107
112

157

238
261

288

307
260
357

309

184

180
313
210
345
280
395

308

106



Fig. 7-45. Alignment of 2-T. pseudonana OAS-TL amino acid with 4. thaliana isoforms.
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47

53
97
103
98 PASMS"‘RR"L.—AFGVE'V'.‘.'DPA_{GMKGF‘-A{Z\_ LAX-TPNGYMLQ 1486
. 153
QFENPANPX T X GKIDGEVSGIGTIGG 196
154 QFSNP;‘.NF: ; :-. 2 SW;\u:b.uu. TGVSQYLKGS 203
VE. 231
A EPMEQI 283
VVQVSSDESIDMARQILALK 281
et GLPVGASAGAIVIAAVEVE. 302
282 JLED 316
1-P.tricornut 303 QRE‘A‘SA‘EiKY;:\’r‘:".’;":ESEGERY‘F PME :’: 337
B-A.thaliana 6% GVEGLNIADNAAQLIGKTPMVYLNNVVKGCV=-=--=ASVAAKL 114
RA.‘I":’AAR‘S ':'GIQTPL-_LC';.i:;;A.. .:NGSLF\:.(B-‘:S:.GPCSS 1]
VKDRIGYS! PG(SV-V"S'SG’\!"G GLAFI AAS.!(GV 164
SGNTG -J-\Z'ZR-?L:?(G"RC' 100
{TGAIQKAEE 213
vieaL Swidnar 1m0
B-A.thaliana “TRGK:D:T_VRG:G'_GG":TG\.»G?F' 263
i-P.tricornut P:;NPKAH?;ET’.‘G?E:WB’BT&G&ZD:‘;‘\’AG‘?’GT G"V"G‘JS 200

B-A.thaliana
1=P.tricornut 201 KGSEAHGLPPLR?NLGTVA‘V"P

B-A.thaliana 299

i=-P.tricor 251

JVPVHSDQAIDMAH

B-A.thaliana 349

l-P.tricoxnut 300 QVLQRPASAHXKMAVCVIPSFGERYFTHPMFAEI

C-A.thaliana 107 GP:G.N'ALV’ISQLZG’(’E!-‘VV;_\S'——F‘:‘(uC‘J——AN ARKL!

1-P.tricox

SKQLALQEGLLVGISSGAAAARAA

AGKLIAVVEPSFGERYLSTQLFQSIREECE

1 G'ZRA_‘J'.‘AARPSD'_ G' G :'_QA_HG ‘\I\:STC_.FG.

--GKPGPHKIQGIGA 298

ARLGGAKIGPQGPHKIQGMGA 250

GL. ?VuASAGA VHARY 299

391

KAQNLQXD 34z

152

50

C-A.thaliana 153 VXDRIGYSMVTDAEQXG! ‘S?u’(SV“i‘P SGNTGIGLAFIAASRGYRLI 202
51 VXDRIGRSMIDQAEQ AG"_ '_'PGQ J:E‘:SG\""'&'_A?:AR_KGVQC 100

203 LTMPASMSMERRVL TDPAKGMTIGAY 253

101 L:'!CPééMSéE?-.K;Q’.'_:‘.AiGn“v'V:.P'{_:AVPGF\_AAA::_ i50
TIGPEIWDDIXGKVDIFVAGIGTIGGTITGVGRFI 301

: 200

336

201 KééPA}iG“.PPLE‘LPt}i.‘_JAVZPII’._'-‘,‘. -AA"_GG.L' :GééGPRK:QG;ﬂGA 250

C-A.thaliana 337 GFIPKNLDQKIMDEVIAIS. TAXQLALXEGLMVGISSGARAAARL 388
1=P.tricornut 251 G:\:’P’.‘\.r' -l...:._...‘LV;;’\:':‘ESD’\A‘“’:'L';;.T:W—-G. PV"":."’ 'V-’RA\:I 299

C-A.thaliana

1-P.tricornut
C

429

93

55

Ci-A.thaliana 143
1-P.tricornut 56 GRSVZJGR_ AG«.--E‘GR. LVE P:SGN%G:&LAFEAR;& “R\.-.. MP. E 105
Ci-A.thaliana 144 YTSLERRVIMRSFGAELVLTDPAKGMGGTVKKAYDLLDS-TPDAFMCQQF 192
i-P.tricornut : 155
Ci-A.thaliana 240
i-P.tricornut 3 ¥ 7D “F'\IAG\-G'GGTV‘.‘GJB“ 'KééPA 205

Ci-A.thaliana

1-p.tricornut 206 HGL

Ci-A.thaliana 278 ILDMDVMESV

1-P.tricornut 256 VL

Ci-A.thaliana 328 PENXGXLIVTIHASFGERYLS

ITGNGVGFKPE 277

IQGMGAGLVPQ 255

VSS::R'K}’ ELALKEGLMVGI SS GANTVARIRLAKM 327

E\?'\PPJHS-Q.\. DM -5.-'2:.10'!" —c-PVGnSAGﬁI’Jm‘u\V"V-uR 304

i-P.tricornut 305 PASAHKMAVCVIPSFGERYFTHPMF

Fig. 7-46. Alignment of 1-P. tricornutum OAS-TL amino

363

240

acid with 4. thaliana isoforms.



A-A.thaliana 3 SRIAXDVIEILIGNTPLVYLNNVAEGCVGRVAAXL

MMEPCSSVKDRIGFS 52

SSNPANSVKDRIALS €z

TSGNTGVGLAFTAAAKGYXL 102

TSGNTGIGLAMVAAAKXGYXL!

DPAXGMKGAIAX

A-RA.

IQGIGAGFIPGNADTSLLDEVVQISGEDS zez

2-P.
A=-A.thaliana 252 IDMARQLALKEGLLVGISSGAARAAATIXKLAQRPENAGKLFVAIFPSFGER 301
2=P.tricornut 263 MAMARKMATEEGIFCGISSGAAVLAAIQIGKR! 312
A-A.thaliana 302 YLSTVL =ry 322

124

&4

174

:é,SGNTG:GLRQ&AR&KGYK;?-:MP&SMSQE 114

B-A.thaliana 175 RRVLLRAFGAE PAKGMTGAIQK KKTPNSYML-QQFDNPAN 223
2-P.tricornut 115 RRV KAFGA;’:’VL"P}- . '; V\:;"r";‘év"""";’\ﬂu“l 164
B-A.thaliana TGPE TRGH VAGIGIGGTITGVGRFI 273
2 TGPE ’ﬂ'éD'.‘é V"_ZVS IGTGGTIT 214

274 GVEPTESAILSGGHPGPHXIQGIGAGFVPHXNLDLA 3z3

HXIQGIGAG

QEGLLVGISSGARARARIQVAKRPENAG! VVEPSFGERYL 373

CGISSGARVLAAIQIGKRPENADKRIVVII

PSFGERYL 314
39

332

IAXKGCVANIARKLEIMEPCCSVKDRIGYSMV 182

NRVT! GCV:'\"Z'»’AZ-(LESS:\’EAXSVKDRZALSMZ &4

163 TDAEQKGFISPGKSVLVEPTSGNTGIGLAFL AASQG‘.’R' LIMPASMSME 212

114

261

2-p.tricernut 1i8 RR".’T_I.!(AFGA:VV'_:é;‘J-‘fFVf'"“:"?i VN 'f‘ "ﬂ”"""WND"\Z 164
C-A.thaliana 262 PKIHYETTGPEIWDDTXGXVDIFVAGIGTGGTITGVGE 3 311
St ';Z‘.NE'K..Q'J’: 214

284

C-A.thaliana

2-P.tricornut

IGLAMVAARKG TM] .P SMS}-‘:RR‘J

121
156 FGAELVLTDPAXGMGGTVKKAYDLLDST-PDAFMCQQFANPANTQIHFDT 204
; "Fé'\nﬁ""""d\?:\\l;ﬁhm. i71
IGSGGTVSGVGRYLKSKNPNVKIYGVEPAES 254

221

367

334

Fig. 7- 47. Alignment of 2-P. tricornutum OAS-TL amino acid with 4. thaliana isoforms.



A-A.thaliana 7 XDV IGNTPLVYLNNVAEGCVGRVARKLEMMEPCSSVKDRIGFSMISD 56

E.huxleyi 78
106
T9 A&héﬁ:{j KPGD .V— :EA—SG"I—G-k‘}k‘ﬂ”'hRG!K"‘} C"‘.A_.;E"SV—RR 127
107 IILLAFGVELVLIDPAKGMXGAIAKAEEILAKTPNGYMLOOFENPANPKI 156
128 RL!’?J’LGA.‘(\’VL"P'(.RG {é}""‘i"i‘{-{n:i-‘_n_ HGW F)_CZ:EQFE. z éh}“‘u":{é i76
157 ‘-iV"'"'“GP::w-(G'"Gr.i(-'DGFVSG G’"GG’:‘Z"GAG‘(VL‘(:QVW{;_VGV 208
177 = 228
208 238
227 E ; 278
237 285
277 326
286
327 E-GSVILAMLPDTI 348
DNAAQLIGKTPMVYLNNVVKGCVASVAAK MEPCCSVXDRIGY, 126
3 -
127 ITPGH L TSGNTGIGL I KGYE 4 2 176
: ; 127
177 VLL G. LTE X G EE H NSYM DN NPXI 228
i28 178
227 275
177 226
B-A.thaliana 276 308
E.huxleyi 227 PDGSPSASHPAFSAHPIQ 276
310 SEAIZTSXQLALQEGLLVGISSGARRRARIQVAKRRE 355
E.huxley:i 277 ; L{IQGQ;A;A-A:RGS_M.(_G:'_:G SGG .!-!‘!AM 326
B-A.thaliana 356 NAG '(L..RNFPSFG...R"LS" LEQSI 381
327 E-GSVILAMLPDIGERYLSTPLFSDI 3s1
115 DNVSQLIGKTPMVYLNSIAKGCVANIAAKX MEPCCSVKDRIGYSMVTD 184
s -
C-A.thaliana 214
127
C-A.thaliana VLTDPAXGMTIGAVQOXAE 284
leyi : ;’.nu;(G;G\{VK&A_ 176
C-A.thaliana 313
226
337
278
393
277 MDMLI nh AR 326
c; -A.thaliana QPTCSIKDRPAIAMIADA 101
B iés':r'KDR'. A ’ v ;h 79
M‘:VPSY'.'S:.:‘\RV isy
i28
201
E.nux_ey: 177
Ci-A.thaliana 250
E.huxleyi 227
Ci-A.thaliana 281
Z.nuxleyi XPDGSPSASHPAFSAHPING 277
Ci-A.thaliana 282 DVM-ESVLEVSSEDAIXMARELALKEGLMVGISSGANTVAAIRLAXKMPEN 330
E.huxleyi ‘PV.QI‘S.A\:;A:A%A:Q&LAJ;A:GL' TGI SGGG VWML - ";u(.-‘(ié— 328
Ci-A.thaliana 381
E.huxleyi 357

Fig. 7-48. Alignment of E. huxleyi OAS-TL amino acid with A. thaliana isoforms.



A-A.cthaliana L] 54

i-A.klebsii k 50
A=A.thaliana 55 -(PGESVT_: EP:SGN:GVGLA!‘:MAKGY‘ LIITMPASMSTE 104
i-A.klebsii 51 100

105

154

TPAPLGGTGMVKXAZELA L QFE ) 150

1585 203
i-A.klebsii 151 200
A-A.thaliana 204 233
i-A.klebsii 201 250
A-A.thaliana 234 279
i-A.klebsii 251 VTEQGVDAX KVMLVEPKVAM, : : : 300

A-A.thall

na 280 LAQRPENAGKLFVAIFPSFGERYLSTIVL

i-A.klebsii 301 VCAEAPT"GSVVLAMIPDTAERYLSTPLF 329

B-A.thaliana 75 IADNAR XTPMVYLNNVVKGCVASVAAX

l=hA.klebsii

B-A.thaliana STSGNTGIGLAFI AAS(G"' L" TMPASMSL 174
l-A.klebsii 51 X PG;EF%VIE.“-\TSGN':G ALM"\""AHRG""\IFVS'_HAASES!_ 100
B-A.thaliana PAXGMTIGAIQKAE SYMLQQFDNPANP 224
i-A.klebsii -JI;:\;I‘.G&TGI:{'}E'(KA... G?‘F‘;’I‘.AAQFéNERN? 150

B-A.thaliana GK-IDILVAGIGTGG GVGRFI

i-A.klebsii DYWVIGYGTGGTFSGAGKALKXKEARPDLKIV 200

B-A.thaliana -XPGP -=HXIQGIGAGFVP- 302
l-A.klebsii 201 TSGIKQTRXEVMGKEFGAPAEGHSAWTAHPIQGWIPNFIPL 250

B-A.thaliana 303 ---KNLD ..JI.-V...-..‘{-A.SS.‘:.:.A-....S:("‘LRLQ:G..LVG SSGAMAM-\. 349

l1-A.klebsii 251 AE’CGVSGGA"'VA"‘A' D 300
B-A.thaliana 350 NAGKLIAVVFPSFGERYLSTQLFQSIREECEQ 387
l-A.klebsii 301 VCAEAPT"GSVVLAMIPDTAERYLSTPLFAEIDAEMDQ 338

C-A.thali

na XTPMVYLNSIAKGCVANIAAT MEPCCSVKDR.

GDIPI

l1-A.klebsii 1 LAP"AGVE "'W FNPLSSVKDRLALA

C-A.thaliana 163 TDAE QZ(GF SPGXSVLVEPTSGNTGIGLAFIAASRGYRLILTMPASMSM ...-‘. 212

A"S"‘h"‘G A_AWCAQRGVNFVST}’MS FSV‘" 100

l1-A.klebsii 51

C-A.thaliana

VLTDP. 4..1.._53\»1"'-(:-;_ (}:”P"A‘.’M’.Q:FEVEA}ZP zez

l1-A.klebsii 4RM! 150

C-A.thaliana

TTGPEIWDDTKGK-VDIFVAGI

311

l-A.klebsii r-'V G"‘G-GG"ESGAG‘(.RZ.:(F.ARPDL.

200

C=A.thaliana

SDILSGE==========XPGP=====e====HKIQGIGAGFIP~ 340

i-A.klebsii 201 LSEPXPAPLLISGIXKQTRXEVMGKEGAPAEGHSAWTAHPIQGWTPNEFIPL 250

C-A.thaliana DQKIMDEVIAISSE

IETAXQLALKEGLMVGISSGAAARAAIXK 387

{VALE'_“S:{-(LL QE FCGVS(‘;GATVA’I&LD 300

425

l-A.klebsii 301 VCAEAPIT"GSVVLAMIFDTAERYLSTPLFAEIDAEMDQ 338
Ci-A.thaliana 52 DASLLIGKTPLVFLNKVIEGCEAYVAAKQEHFQPTICSIKDRPAIAMIADA 101

YFNPLSSVKDRLALAIIEDA 53

TSGNMGISLAFMAAMKGY. TMPSYTS

RRV 151

Ci-A.thaliana 152 TMRSFGRELVLIDPAKGMGGTVEKAYDLLDSTPDAFMCQQFANPANTQIH 201
i-A.klebsii 104 VMRMLGAXVI -EAP-GG—GHVK&A_._._A:K-I'"r-‘!a_RR"‘F_NE'RNFnF:. 153
Cl-A.thaliana 202 FD"”“GP":WED’ILG\I VD:FVVG GSGG"VSGVGQ!L‘(S(VP’\!VK:‘:GV‘” 250

i1-A.klebsii 1584 203
Ci-A.thaliana 251 280
i-A.klebsii 204 253
Ci-A.thaliana 281 328

_ARQ..G_: CGVSGGATV L 303

i1-A.klebsii

Ci-A. 3861

i-A.klebsii 338

Fig. 7-49. Alignment of 1-A4. klebsii OAS-TL amino acid with 4. thaliana isoforms.



A-A.thaliana

«klebsii
A=A.thaliana

Z2=-A.klebsii

B-A.thaliana

Z2-A.klebsii
B-A.thaliana

2=-A.klebsii

B-A.thaliana
2=-A.klebsii
C-A.thaliana
2-A.klebsii
C-A.thaliana
2-A.klebsii
C-A.thaliana
2-A.klebsii
C-A.thaliana
Z-A.klebsizi

C-A.thaliana

Z-A.klebsii

Cl-A.thaliana
2-A.Kklebsii
Cl-A.thaliana
2-A.klebsii
s

Ci-A.thaliana

2-A.klebsii
Ci-A.thaliana
2-A.klebsii
Ci-A.th

i-A.thaliana

2-A.klebsii

LIGNTPLVYLNNVAEGCVGRVAAX

KEZF_SrGCCQ<DRVAVS

AEAEATG

LZK G"SV"“P"SCW”CV LA"AARK"YKLZZTHPAS“ST“ RIILLA

G-S__J‘G-SGS”G'S::LAARSQGVKvL:VEPZEQHZEKV‘-_?R

AXGMXGA-——-I

e taea H

._G?-\E‘.“.'_‘. LVRPASIVSP

XAREILAKXTPNGYMLOOQFENPANPXIH

e

DHYVNVARRS

“ e e

AHELDATGGL FA:QF:L'A&V<A3

209
AQLIGKTPMVYLNNVVKGCVASVAAXLEIME

T

PCCSVXDRI GVSEZTEuEE

PGGCQKDRVAVS‘Lnunﬂn

AGLVGNTPLIELRALSAATGGRVVGKAEFLS

XKGLITPGKXSVL V_.S'_Sq\l'_"' GLAFIAASKGYKLILTMPASMSLERRVLL

sawle H

-t . .a s et el s

'GR QPG- S'::V"G"SGS GI SLT..AARS:.GY:(“.?L:'N{Q DQAEEXKVQLIL

il

RAFGAELVLIEPAXGMIGA-——- ,‘7{3\:: ILXXTPNSYMLQQFDNPANPK

RRLGAEVELVRPASIVSPDHYVNVARRRAF

s s s s e s e H Y

“ATGGLFADQF:L'AVV<

GKIDILVAGIGTGGTITGVGRFIKERKPELXVIGY

LDAFVMSAGTGGTIVGTGSE

DVPGSSLL

LIGKIPMVYLNSIAXGCV

..

LVGNTPLIELRA

NIAAXLEIMEPCCSVXDRIGYSMVTDAEQKG

- - a

LSAA'uGR“V'(A:?LSPGG:Q.:RVAVSZLAEAEATG

|

JLVEPTSGNTGI G.AF-}'LAS?GV?' IL T!-EPRSMSI-EKR VLLKA

DDQAEEKVQLLRR

ISPGKSV

RLQPG-STIVE

G:’SGSTG:ST_TT_AARS REYX _:'.’1-{

FGAELVLTDPAKGMTGA-——-VQF

- ialaa

P I I R

LGAEVELVRPASIVSPDHYVNVARRRAHELDATGGLFADQFENLANYXAH

s e laa

GXVDIFVAGIGIGGTITIGVGRFI

DERLDAFVMSA G'_".TG'_"'S LEQQAPEIGVYLADV
TESDIL 321
PGSSLL 209

LIGKTPLVFL “E?‘:'""CC_.A""J'M("-"E‘F.‘PTCS‘*“R"’A‘M!ZRS—AEKKK

PLIELRALSAATGGRVVGKAEFLSPGGC :(23

LVGNT VSILAEAEATG

LIIPGXTTLIEPTSGNMGISLAFMAAMXGYRIIMTMPSYTSLERRVIMRS

T_'“ T‘f'l-’SAC"'GGT IVGTG

PAESNIL 257
VPGSSLL 209

153

207

203

L]
(=]
Lt}



A-A.thaliana

3-A.kilebsii

A-h.thaliana

3-A.kleb

3-A.klebsii

A-A.thaliana
3-A.klebsii

A-A.thaliana

VGLAFTAARKGYR

TEGXLDY,

f"'“‘s"u"'"—z wixTH-

LSGGKPGP-HK: IQGIGAGFIRS

IGYDFVPT

3-A.klebsii K"F:NéNDAéPéEGHKRLQA?H"
A-A.thaliana 234 VLNVDLIDEVVQVSSDESIDMARQLALXEGLLVGISSGAAAARAIX-LAQ
3-A.klebsii 259 V-:&: :QéVéESDD-..AMéR&&QEh-GLLEG&S&GA&QR&AQKFI%Q
A=A.thaliana 283 RPENAGKLFVAIFPSFGERYLSTVLED 309

3-A.klebsii 309‘;&;5& ;;&é;LFA»SSAN;MS;QQZD 333

B-A.thaliana 15 VNVVK--GC?ASV" PCCSVKDRIGYS
3-A.klebsii 0

B-A.thaliana

3-A.klebsii

B-A.thaliana

3-A.klebsii

B-A. L

na
3-A.klebsii
B-A.thaliana
3-A.klebsii ; DPYG!
B-A.thaliana
3-A.klebsii
B-A.thaliana

3-A.klebsii
C-A.thaliana
3-A.klebsii
C-A.thaliana
3-A.klebsii
C-A.thaliana

3-A.klebsii

3-A.klebsii

C-A.thaliana 309 o

3-A.klebsii 209

C-A.thaliana 342 nL

DRKIMDEVI

EIYEQTEGKLDY

.p-,stv?r«....”.*.ps.

AISSEEAIETAXQLALKEGLMVGISSGARARAAIXVAKR

3-A.klebsii
C~A.thaliana

3-A.klebsii
Cl-A.chaliana

3-A.klebsii

Cl-A.thaliana
3-A.klebsii

Ci-A.thaliana

3-A.klebsii
Ci-A.thaliana

3-A.klebsii

0

1-A.thaliana 285 ESVLEV!

259 VLDQDVVDYWVXTIDDDESF:

216 YGSILGK"FBNV&

\VVFPSFGE! 41z

TSGNMG SLAFMAAVK

ZEPTSGN: IGLC“.AA RGV<M..C-Pu¥HSG:§.

QYRNEENPLAH

FEDTLGNVDIFVMGI GSGu'VSGVGQ!-ﬂS(WEVVK.!G"?

KEKIPGIXIVAVDP

DASER

3-A.klebsii

Ci-A.thaliana

3-A.klebsii

Fig. 7-51. Alignment of 3-4.
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336

OAS-TL amino acid with A. thaliana isoforms.
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A-A.thaliana 3 PCSSVKDRIGES 3z

4=A.klebsii 3 st LSDEFNPTPL V X KLEWCNPFGSVKDRIAAN 5z

A-A.thaliana

EPTSGNIGVGLAFTAAAXGYXLI 102
4-A.klebsii V HLTH PTSGNT ;GLE&&A&E;:T. V 102
A=-A.thaliana 147
4-A.klebsii : -gf«..ée,l,izca- S
A-A.thaliana 1 EN NPXIHYETTGPEIWKGIGGKIDGEVSGIGTGGT ITGAGKYLKEQON 197
4-A.klebsii st ; : 202

A-A.thaliana

4-A.klebsii 203 Sud:ﬂJCG_
B-A.thaliana 86 TPMVYLNNVVKGCY
4=-A.klebsii

B-A.thaliana

4-A.klebsii %'CLC::M%AN“RR“PL:Vﬁ S“R"P”:Kﬂmh LMGAX 115

3-A.thaliana 188 E----PAXGMT-GAIQ

4-A.klebsii 118 <PGAR_”A:AVA_””' (RANWVG.-,-R-LANPE
B-A.thaliana
4-A.klebsii 1 T KV "FFASLGTCGT:SG’ KE" 4 % IHPT 215

B=A.thaliana SAILSGGKPGP--HKIQGIGAGFVPKNLDLAIVDEYIAISSEEAIL X 327

4-A.klebsii
B-A.thaliana
4-A.klebsii

C-A.thaliana

4-A.klebsii

Ao

C-A.thaliana 162 VTDAE

GHSVL U‘P'SGN""CLA?"‘SQ”“Q‘
4-A.klebsi:i

C-A.thaliana

4=A.klebsii

;'Pﬁ‘GAR.CA'AV’""'MRKQ(\..

GPDQY 153
C-A.thaliana n33T5G<V3:F?AG G GGTITGVG ?F:KEKNP 306

4-A.klebsi:i VAS G C”"'SG"G(“

C=A.thaliana 307 =KIQVIGVEPTESDILSGGKPGP--HKIQGIGAGFIPKNLDQKI

4-A.klebsii

C-A.thaliana

ARG 399
4-A.klebsii 254 PGNVGVII 300
Cl-A.thaliana 60 TPLV N{\._uh_av”nnﬁu-“:uz.hh_i_?DA'nN'A"A: KKLIIP 109

Q-

4-A.klebsi:i 86 MVEPTSGNTGLGLIMMANTIRRV TRVPQEXRNAL?

Ci=A.thaliana 160 LVLTD====PAKGMG-GIVXXAYDLLDSTPDAFMCQQFANPANTQIHFDT 204

4-A.klebsii

Ci-A.thaliana

4-A.klebsii ’KQT:GKVTn:FASL“” TISGTGKFLKEMSSGXVKVCGIHPTA 215

Cl-A.cthaliana NGGXPGP--HAITGNGVGEXKP:

IEGWRSL“QLHA’""""""'YNZ

DMDVMESVLEVSSEDAIXKMARE 301

C"\’ﬂ'“AF‘MC R 285

4=A.klebsii

Cl-A.thaliana 302 LALKEGLMVGISSGANTVAAIRLAX-MPENKG

335

4=A.klebsii 266 LNREESLIAGPSSGL

Fig. 7-52. Alignment of 4-A. klebsii OAS-TL amino acid with 4. thaliana isoforms.



7.4. The amino acid code

Periodic Chart of Amino Acids

1., Phe®, Ala<, Cys¢, Glyc. Gln

© METALE 2106 i la S7.05 12813
EH NG, N, CHANDS SH A, CHNDS it
] Hal, o HzN a i o m\_/<0 /
Mm Hits ;‘jg HS—HCIH oM i ot
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.. Lleu® Met" Asn: Ser' Tyr Th
SRR eu 14721 t a2z sn 10509, er 18119 Yr 119,12 r
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Fig. 7-53. Amino acid code and relative character.
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