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Zusammenfassung

Einfluss von Bakterien auf Diatomeen aus photoautotrophen SiilBwasser-

biofilmen

Photoautotrophe Biofilme sind typische benthische Lebensformen verschiedener Mikro-
organismen wie Bakterien, Mikroalgen und Pilzen in der Litoralzone von Meeren, Seen und Fliissen.
Dieser griin-braune, schleimige Aufwuchs auf benetzten Oberflachen ist hochproduktiv und bildet eine
wichtige Grundlage der aquatischen Nahrungskette. Auf der anderen Seite verursacht sogenanntes
Biofouling jahrlich hohe Kosten, beispielsweise in der Schifffahrt, indem es den Reibungswiderstand
und damit zusammenhidngenden Kraftstoffverbrauch erhoht und zu erheblichen Materialkorrosionen
fiihrt. Ein fundiertes Wissen iiber Mechanismen, die die Entwicklung solcher Biofilme beeinflussen,
kann daher zu ihrer Kontrolle sehr niitzlich sein. Diatomeen (Kieselalgen) sind, bei ausreichendem
Licht, zusammen mit Bakterien Pioniere in der Besiedlung benetzter Oberflichen und wesentlicher
Bestandteil des ausgereiften Biofilms. In der vorliegenden Arbeit wurden Interaktionen zwischen
Diatomeen- und Bakterienisolaten aus photoautotrophen, epilithischen Biofilmen des Bodensees
untersucht, die einen wesentlichen Einfluss auf die Entwicklung solcher Biofilme haben konnen. Es
wurde ein Protokoll entwickelt, das die Gewinnung von Diatomeenreinkulturen (axenische Kulturen)
aus Mischkulturen mit Bakterien (xenische Kulturen) ermdglicht. Langzeitbeobachtungen von
axenischen und xenischen Kulturen zeigten, dass Bakterien einen wesentlichen Einfluss auf den
Formwechsel der Algen haben kdnnen, der im Verlauf des Entwicklungszyklus vieler benthischer
Diatomeen stattfindet. Zwei der drei untersuchten Diatomeenarten wiesen dabei in Reinkultur deutlich
kleinere ZellgroBen sowie Anomalien der Schalen auf, wihrend die xenischen Kulturen weitestgehend
unverdndert blieben, bzw. verhiltnisméBig geringere Zellverkleinerungen aufwiesen. Es wurden zwei
Modellsysteme entwickelt, mit deren Hilfe die zelluliren Mechanismen der Interaktionen zwischen
Diatomeen und Bakterien untersucht werden konnen, die das Kulturwachstum und die Biofilmbildung
der Algen deutlich beeinflussen. Es konnte gezeigt werden, dass Zellen der Diatomee Achnanthidium
minutissimum in Anwesenheit von Bakterien Oberflichenadhédrenz aufweisen und Biofilme bilden,
wohingegen Zellen der axenischen Kultur planktonisch sind. Die xenische Kultur bildet vermehrt
zellgebundene, extrazelluldre Substanzen in Form von Kapseln, wihrend in der axenischen Kultur
iiberwiegend geloste extrazelluldre Substanzen gemessen wurden. Kapsel- und Biofilmbildung
konnten in der axenischen Kultur durch ein Bacteroidetes-Bakterium induziert werden und weitere
Untersuchungen zeigten, dass die Interaktion zwischen 4. minutissimum und dem Bakterium durch
geloste bakterielle Substanzen vermittelt werden. Dasselbe Bakterium zeigte in einem zweiten
Modelsystem einen wachstumsstimulierenden Einfluss auf die Diatomee Fragilaria brevistriata.
Diese Diatomee bildet in Ko-Kultur mit dem Bakterium lange Zellketten bis hin zu makroskopisch
sichtbaren Kolonien. Mit Hilfe einer Transposonmutagenese und Identifizierung von bakteriellen
Mutanten, die keinen Einfluss mehr auf das Wachstum von F. brevistriata aufwiesen, konnte gezeigt
werden, dass zwei Gene, deren Produkte homolog zu Transkriptionsregulatoren der MarR Familie
bzw. zu Calcium-ATPasen anderer Bakterien sind, an dem wachstumssteigernden Effekt des
Bakteriums beteiligt sind. Die Ergebnisse dieser Arbeit zeigen, dass Bakterien einen starken Einfluss
auf den Formwechsel, das Kulturwachstum und die Bildung von extrazelluliren Substanzen von
Diatomeen haben konnen, Eigenschaften, die die Biofilmbildung wesentlich beeinflussen kénnen.
Diese Arbeit tragt zu einem tieferen Verstdndnis der chemischen und genetischen Grundlagen der
Interaktionen zwischen Diatomeen und Bakterien bei.
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Abstract

Bacterial influence on diatoms from photoautotrophic freshwater biofilms

Photoautotrophic biofilms are characteristic for the littoral zones of seas, lakes and rivers.
These green-brownish, mucous layers on submerged surfaces like stones or macroalgae are a niche of
high primary production and play an important role in the aquatic food web. Biofilm formation also
causes biofouling and hence immense costs each year for example in shipping and water resource
management. Intensive investigations are therefore necessary to understand the complex mechanisms
which lead to the development of this particular mode of living. Diatoms and bacteria are early
colonizers of wet and illuminated surfaces and dominant members of mature photoautotrophic
biofilms. In this thesis, interactions between diatom and bacterial isolates from photoautotrophic,
epilithic biofilms from Lake Constance were investigated, that may considerably influence the
formation of the whole biofilm. A protocol was established to purify xenic diatom strains from
associated satellite bacteria, resulting in axenic diatom cultures. Long-term observations of diatom
cultures revealed that bacteria may impact cell size and frustule morphology, features which
commonly change during the life cycle of many benthic diatoms. Cell sizes of two of three
investigated diatom species were strongly reduced and the frustules exhibited morphological
abberations when cultivated under axenic conditions, whereas the xenic diatoms were well preserved.
Two model systems were designed that enable the investigation of cellular mechanisms of
diatom/bacteria interactions, which influence biofilm formation and diatom growth. It was shown that
the diatom Achnanthidium minutissimum was strongly attached to surfaces and formed a biofilm only
in the presence of co-isolated bacteria whereas the axenic diatom culture remained planktonic. The
xenic culture produced high amounts of bound extracellular polymeric substances (EPS) and formed
cellular capsules. In contrast, the axenic diatom culture produced predominantly soluble extracellular
carbohydrates and capsules were absent. Capsulation and biofilm formation could be re-induced in the
axenic diatom culture by a Bacteroidetes bacterium. Further investigations demonstrated that the
interaction of 4. minutissimum with the bacterium was mediated by soluble hydrophobic molecules
produced by the bacterium. The same Bacteroidetes bacterium exhibited a growth-promoting impact
in another model system using the diatom Fragilaria brevistriata. The diatom formed long cell chains
up to macroscopic visible colonies when co-cultivated with the bacterium. Transposon mutagenesis
and identification of bacterial mutants that lost growth-promotion revealed that two genes whose
products are homologous to transcriptional regulators of the MarR family and to a calcium ATPase,
respectively, are involved in the growth-stimulating potential of the Bacteroidetes bacterium. In this
study it was shown that bacteria may have strong impacts on different physiological features of
diatoms like morphological changes during the algal life cycle, culture growth and formation of EPS,
features which may considerably influence the whole biofilm. With the designed bioassays convenient
tools are now available which proved to be useful to study the cellular mechanisms of interactions
between benthic diatoms and bacteria. This thesis contributes to a deeper understanding of the

complex chemical and genetic basics of diatom/bacteria interactions.
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General Introduction

1.1 Biofilms — A highly complex entity and favourable way of life

Biofilms are an accumulation of microorganisms on surfaces, enclosed in a matrix of
extracellular polymeric substances (EPS). In nature they are complex communities of mainly
bacteria, algae, protozoa and fungi which frequently coexist. It is thought that the majority of
microbes are able to form biofilms (Kolter and Greenberg 2006) and it is therefore not
surprising that Antony van Leeuwenhoek’s “animalcules”, which are assumed to be the first
description of bacteria, are typical biofilm organisms of a dental plaque (Dobell 1932). Living
in a biofilm is a very ancient mode of life, fossils can be dated back to about 3.2 billion years
ago (Hall-Stoodley et al. 2004). Biofilms occur nearly everywhere, wherever enough water is
available. They can even exist under extreme physical and chemical conditions like in hot
springs (Kulp et al. 2008) and it was shown that just such extreme conditions, outside of the
individual physiological optimum, may initiate microbes to form such films (LaPaglia and
Hartzell 1997; Koerdt et al. 2010). Besides their extensive relevance in the medical field (e.g.
as dental plaque (Marsh and Bradshaw 1995), in wound infections (Scali and Kunimoto
2012), in chronic diseases (Costerton et al. 1999), due to their capability for colonization of
medical devices (Khardori and Yassien 1995), as well as in the symbiotic microflora of, for
example, the intestine (Macfarlane and Dillon 2007)), biofilms gained special interest in both
a negative and a positive sense. Biofouling causes significant problems in water resource
management, shipping and architecture as biofilms may be a potential contamination source
with human pathogens, increase flow resistance of ship hulls and lead to deterioration of
human made surfaces (Gaylarde and Morton 1999; Schultz et al. 2011; Wingender and
Flemming 2011) (Figure 1.1). However, biofilms also have a huge ecological importance.
Photoautotrophic biofilms are an area of high primary production, especially in shallow water
bodies with large littoral zones (Wetzel 1964) and may contribute a significant portion to the
total amount of carbon fixation. Thus, they play an important role as carbon and energy
source for upper trophic levels in aquatic systems. Further, biofilms are an essential
component for facilitating sediment stabilisation (Dade et al. 1990; Wigglesworth-Cooksey et
al. 2001). Aggregates, like in lake and sea snow, are a main component in the vertical flux of
organic and inorganic substances in the water column (Fowler and Knauer 1986) Today,
photoautotrophic biofilms have potential for several commercial applications, for example in
wastewater treatment, removal of heavy metals, oil degradation, alternative fuel production,

and in agri- and aquaculture (Roeselers et al. 2008).
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What makes a biofilm such a successful mode of life? A biofilm is not a random
mixed bunch of organisms, but a highly complex entity, which has been compared to living in
a multicultural city (Watnick and Kolter 2000). The biofilm architecture is often not simply
planar but rather formed in microcolonies like for example the mushroom-like structures of
Pseudomonas aeruginosa, and is intersected with pores and channels to facilitate the
exchange of substances with the environment (Stoodley and Lewandowski 1994; Stoodley et
al. 2002; Kolter and Greenberg 2006). The structure of the mature biofilm is heterogeneous,
with different cell types organized in microcolonies or -niches (Stoodley et al. 2002) to
perform different tasks. Gradients of light, oxygen, pH and substrates within a biofilm
reinforce zonation and niche formation (Okabe et al. 1999; Vroom et al. 1999; Roeselers et al.
2008). Thus, the organisms are not randomly distributed within the biofilm, but rather are
arranged in zones with their individual optimal conditions concerning biotic and abiotic
factors. Even in single-species biofilms, niche formation may occur, strongly fortified by
gradient formation, which consequently may lead to locally well-adapted phenotypes or even
different mutants (Kolter and Greenberg 2006). Consequently, the single organism may
benefit from the community life through teamwork and division of labour of the plurality of
different pheno- or genotypes. This is even more distinct in interspecies communities as
shown for nitrifying bacteria where ammonia-oxidizing bacteria and nitrite-oxidizing bacteria
live together in the same biofilm in a mutualistic community (Okabe et al. 1999). Even
obligate anaerobes are able to live in an aerated environment in consortia with oxygen
consuming bacteria for example in oral dental plaques (Bradshaw et al. 1997). It is proposed
that biofilms accelerate gene transfer and enable fast adaptation to changes in the environment
(Watnick and Kolter 2000; Fux et al. 2005). Of special importance is the biofilm matrix: The
main content of the matrix is water (97% in a Sphingomonas biofilm (Zhang et al. 1998)). The
water retention capacity of the matrix protects the cells from desiccation, which is mainly
important in zones with changing water levels for example in the intertidal or littoral zone
(Flemming and Wingender 2010). Extracellular polymeric substances (EPS) are, besides
water, the major component of the biofilm matrix (for a description of EPS see below). The
EPS accomplish surface adhesion, thus initial steps of biofilm formation go hand in hand with
EPS production: Studies with P. aeruginosa revealed that expression of algC, a gene
encoding for a key enzyme for the synthesis of the EPS component alginate, was up-regulated
in biofilms when compared to planktonic cells and gene expression started when cells were
attached to a surface (Davies et al. 1993; Davies and Geesey 1995). The initial reversible

binding and loosely attachment of a cell to a surface is strengthening by extracellular polymer
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production and is converted into irreversible binding (Stoodley et al. 2002). Organisms living
in a biofilm are considerably more resistant to antimicrobial substances than their planktonic
counterparts (Ceri et al. 1999) and three possible explanations have been discussed (Hall-
Stoodley et al. 2004): The matrix itself may protect the cells from toxic substances; dormant
areas in the biofilm, harbouring cells with reduced metabolic activity, are less affected and
can be revived once the intoxication is over; and finally the biofilm may contain “persisters”,
subpopulations which already exhibit resistant phenotypes. The matrix may serve as a pantry
for nutrient storage and thus makes the biofilm inhabitants much more independent from
environmental changes in nutrient availability. Several different extracellular enzymes for the
degradation of proteins, polysaccharides and lipids were found in biofilms, indicating that the
matrix polymers themselves are decomposed to consumable forms and serve as carbon source
for the inhabitants (Flemming and Wingender 2010). The EPS matrix may protect the cells
from ultraviolet radiation (Ehling-Schulz et al. 1997), which is of great importance for biofilm
inhabitants in shallow water areas. Furthermore, it may protect the cells from grazing, either
as aggregation alters particle size and thus incorporation by a predator, or the matrix material
protects the cells from digestive enzymes to that extent, that some organisms can pass the
predators gut and are still viable (Decho 1990). All in all, living in a biofilm has a number of

advantages which highly benefits the inhabitants compared to their planktonic counterparts.

Figure 1.1: Formation of photoautotrophic biofilms on various human made surfaces. (The picture was
taken in January 2014 by M. Windler).
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1.2 EPS - Structure-providing and sticky part of the biofilm matrix with protective
functions

Extracellular polymeric substances (EPS) are produced by the biofilm inhabitants
themselves and are a feature of bacteria, algae and fungi, among which algae as primary
producers may be considered to play a special role. The structure and composition of EPS can
be as diverse as their producers and a general statement is hardly possible. Polysaccharides
are an important component of EPS (Sutherland 2001; Flemming and Wingender 2010).
Exopolysaccharides are both, homo- and heteropolysaccharides. One of the best investigated
exogenous heteropolysaccharides is alginate from P. aeruginosa. It is a high molecular weight
polymer which consists of 3-1,4-linked D-mannuronic acid and of its 5-epimer L-guluronic
acid (Evans and Linker 1973). Monosaccharide composition of diatom EPS is reported in
numerous studies and hexoses like glucose, galactose, mannose, fucose, rhamnose and
pentoses like arabiose, xylose and ribose were frequently found, depending on the
investigated species (Hoagland et al. 1993; Wustman et al. 1997; Staats et al. 1999; De
Brouwer and Stal 2002; Chiovitti et al. 2003; Bellinger et al. 2005; Bahulikar and Kroth 2007;
Bahulikar and Kroth 2008). N-acetylglucosamine was also detected (Hoagland et al. 1993;
Bahulikar and Kroth 2008) and uronic acids and sulfate residues were frequently found in
EPS of diatoms (Hoagland et al. 1993; Staats et al. 1999; Chiovitti et al. 2003; Underwood et
al. 2004; Bellinger et al. 2005). A further major group of matrix exopolymers are proteins
(Hoagland et al. 1993; Chiovitti et al. 2003), for example polymer-degrading exoenzymes,
making the matrix a highly metabolic environment. Further components are lipids and nucleic
acids (Flemming and Wingender 2010). Polysaccharides, proteins, and their physical and
chemical interactions are considerably involved in the determination of the 3D structure of the
biofilm (Flemming and Wingender 2010). Tons, for example Ca>", may interact with anionic
residues such as uronic acids and provide connection of the macromolecules to increase the
structural and mechanical stability of the biofilm (Flemming and Wingender 2010).

The exopolymers can be divided into soluble and bound EPS. The soluble portion is
directly released into the surrounding environment, whereas bound EPS remain attached to
the cell surface. The last named are formed by diatoms in well defined structures known as
stalks, tubes, fibrils, pads and capsules (Hoagland et al. 1993; Bahulikar and Kroth 2008).
Another form of diatom EPS are the so called transparent exopolymer particles (TEP),
filterable, individual EPS particles (Passow 2002).

Besides the above described functions as matrix components, EPS have additional

functions. EPS secretion is involved in diatom locomotion (Edgar and Pickett-Heaps 1983)
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and it is thought that EPS production in algae may serve as an overflow mechanism when
nutrients are limited (Staats et al. 2000). In benthic diatoms, EPS production is often closely

associated with sexual reproduction as mating cells are encased by a “jelly” (Geitler 1932).

1.3 Diatoms — A huge and diverse phylum of considerable ecological relevance

Diatoms (Bacillariophyceae) are unicellular algae belonging to the phylum of the
Heterokontophyta. They represent a huge and diverse class comprising of an estimated
number of at least 200 000 species (Mann and Droop 1996). Taxonomically, they are divided
into two orders: the radially symmetrical Centrales and the bilaterally symmetrical Pennales.
Diatoms occur nearly ubiquitously in marine and freshwater habitats, where centric diatoms
are mainly located in the pelagic zone and pennate are mostly found attached to surfaces in
the littoral zone. Accordingly, Bahulikar (2006) attributed more than 99% of the identified
diatom community of epilithic biofilms of Lake Constance to the Pennales. The conspicuous
feature of diatoms is their silicified cell wall, the so called diatom frustule, which is mainly
composed of silica (Si0;) (Kroger and Poulsen 2008). Diatoms are traditionally classified
according to the morphological characteristics and fine structures of their frustules which are
species-specific. The frustules are composed of two thecae (epi- and hypotheca), which are
unequal in size and overlap partly like a petri dish (Figure 1.2). A consequence of the rigid
frustule is the characteristic morphological change within the life cycle of many diatoms:
During a mitotic cell division within the vegetative phase each daughter cell inherits one theca
of the mother cell, which becomes the new epitheca of the daughter cell. The hypotheca is
newly formed by each daughter cell and, as a consequence, one daughter cell is smaller. This
leads to a gradual decrease of the cell size during the vegetative phase, known as the
MacDonald-Pfitzer rule (MacDonald 1869; Pfitzer 1871; Chepurnov et al. 2004). The initial
cell size is restored by sexual reproduction once the cells have reached a minimum size
threshold. Such small cells become sexually potent and with the appropriate external trigger
determined for example by light, temperature, osmotic and nutrient conditions, sexual
reproduction is induced (Drebes 1977; Chepurnov et al. 2004). After gamete fusion, a
specialized cell, the so called auxospore is formed, which expands to the original size of the
mother cell and the life cycle is completed. Storage materials of diatoms are chrysolaminarin,
a f-1,3-and f-1,6-linked glucose polymer, lipids and polyphosphate (Beattie et al. 1961;
Round et al. 1990). Carotenoids like fucoxanthin mask the chlorophyll pigments and lead to

the characteristic brownish colour of the diatoms (Round et al. 1990).
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The ecological relevance of the diatoms becomes obvious when considering that
nearly half of the globally primary production is allocated to the oceans, conducted mainly by
phytoplankton, among which diatoms are a major group (Field et al. 1998; Falciatore and
Bowler 2002). It is estimated that they are responsible for 40-45% of the oceans primary
production (Mann 1999) and are further key players in the biogeochemical cycle of silica as

they incorporate Si into their cell wall (Treguer et al. 1995).

parental epitheca I I

I I vegetative phase
Ll

new formed hypotheca

Il

Minimal size
threshold

Auxosporulation I I sexual reproduction

Figure 1.2: Scheme of the typical cell size changes during the diatom life cycle. The diatom frustule consists
of a larger epitheca, which covers the smaller hypotheca like the lid of a petri dish. After cell division, each
daughter cell inherits one parental theca, which becomes the new epitheca and the hypotheca has to be
developed. As a consequence, one daughter cell (which inherits the parental epitheca) retains the same frustule
size as the mother cell whereas the other (which inherits the parental hypotheca) is getting smaller. With further
cell divisions, the overall cell size of the culture gradually decreases. Cells, which have reached a minimum cell
size, become sexually potent and with the appropriate external triggers, the cells reproduce sexually and develop
an auxospore. Thecae which retain the same size as those of the initial mother cell, are coloured in grey shades
and newly formed, smaller hypothecae are coloured in red shades.

1.4 Interactions between diatoms and bacteria

Interactions of organisms in ecosystems are manifold and can have positive or
negative effects for each of the interaction partners. According to that, interactions are divided
in mutualism, predation or parasitism, competition, commensalism, amensalism and

neutralism (Table 1.1).
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Table 1.1: Types of interactions classified based on their influence on each of the interaction partners.
Interactions can be divided in mutualism (positive effects for both interaction partners), predation or parasitism
(positive effect for one partner and negative effect for the other), competition (negative effects for both partners),
commensalism (one partner benefits and the other is not affected), amensalism (one partner has a disadvantage
and the other is not affected) and neutralism (both partners are not affected). +, positive, -, negative and 0, no
influence on the interaction partner; modified after the lecture script “Aquatische Okologie” (Prof. Dr. Rothaupt,
Limnological Institute, University of Konstanz).

+ - 0
+ Mutualism
- Preda.n.OH/ Competition
Parasitism
0 Commensalism Amensalism Neutralism

Diatoms in their natural habitats are generally closely associated with bacteria and
stable interactions have evolved between them. The close association of diatoms and bacteria
is reflected by the diatom genome as several genes are of bacterial origin, received by
horizontal gene transfer. Thus, the nuclear genome of the diatom Phaeodactylum tricornutum
exhibits about 784 genes that are mostly related to bacterial genes and represent 7.5% of the
total gene number of P. tricornutum (Bowler et al. 2008). The most obvious interaction takes
place on the trophic level. Algae as primary producers provide organic substrates; organic
matter from dead algae cells and extracellular organic compounds released by vital algae
serve as energy and carbon source for heterotrophic bacteria (Cole 1982). Diatoms produce
copious amounts of extracellular substances, thus the release of extracellular carbon was
estimated to account for more than 50% of the total carbon production in Chaetoceros affinis
(Myklestad et al. 1989). Growth of different bacteria is much more evident in co-culture with
algae (Bell and Mitchell 1972; Grossart et al. 2006). Gérdes et al. (2010) showed that growth
of four bacterial isolates was stimulated by photosynthetically active diatoms, suggesting that
some bacteria may utilize extracellular algae products rather than dead algae cells. Already in
the seventies, Bell and Mitchell (1972) introduced the “phycosphere” concept in conformity
to the rhizosphere of the land plants, and described thereby the zone around the algal cell “in
which bacterial growth is stimulated by extracellular products of the alga” and showed, that
algal products can attract bacteria via chemotaxis. Goto et al. (2001) showed that more than
50% of the extracellular carbon produced by a benthic assemblage and two diatom species,
respectively, was mineralized within 24 hrs by a bacterial community. Further, Larsson and
Hagstrom (1982) estimated, that 50% of the bacterial energy requirement is satisfied by
extracellular substances of phytoplankton. Bacteria are also known to influence diatom
growth either in a positive (Ukeles and Bishop 1975; Riquelm et al. 1988; Fukami et al. 1991;
Bruckner et al. 2008; Hiinken et al. 2008; Bruckner et al. 2011) or negative way (Fukami et al.
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1991). Auxotrophic diatoms may require essential substances like vitamins from the bacteria.
Croft et al. (2005) surveyed 326 different algal species and found vitamin Bj, auxotrophy in
171 species and bacteria might supply different diatom species with this vitamin (Haines and
Guillard 1974). It was shown that epiphytic bacteria of the diatom Amphiprora kufferathii
enhance growth of the diatom, most likely by decreasing the reactive oxygen species (ROS)
hydrogen peroxide in the xenic culture (Hiinken et al. 2008) and metal stress tolerance for
copper and tributyltin fluoride of the diatom Amphora coffeaeformis was increased by
bacteria (Thomas and Robinson 1987). Algicidal activity of the filtrate of the bacterium
Kordia algicida was shown for three different planktonic diatom strains and exhibited
protease activity (Paul and Pohnert 2011), but also the opposite case was reported in which
the polyunsaturated fatty acid eicosapentaenoic acid (EPA) acted antibacterial against Gram-
positive and Gram-negative bacteria (Desbois et al. 2009). Algae and bacteria may compete
for limited nutrients like nitrogen or phosphate (Cole 1982). Further, eight benthic diatoms
were shown to be capable of utilization of organic substrates, especially in the dark (Tuchman
et al. 2006) making competition with bacteria for such compounds also conceivable.
However, their study showed that they apparently used different organic substrata, possibly to
avoid strong competition with the bacteria. Further, bacteria may stimulate secondary
metabolite production, for example the production of the neurotoxin domoic acid of Pseudo-
nitzschia multiseries (Bates et al. 1995; Kobayashi et al. 2009b) and may influence sexual
reproduction as shown for the diatom Coscinodiscus wailesii (Nagai et al. 1994; Nagai and
Imai 1998; Nagai et al. 1999). The diatom/bacteria interactions might also directly be of
particular importance for biofilm formation. Bacteria are known to influence diatom
aggregation (Grossart et al. 2006; Gérdes et al. 2010) which possibly depends on the
consumability of EPS (Grossart et al. 2006). Surface attachment and initial steps of biofilm
formation of the diatom Achnanthes longipes were shown to be affected by bacteria (Gawne
et al. 1998) and the diatom Cymbella microcephala showed capsules of bound EPS only in
the presence of a satellite bacterium or its sterile spent medium while the axenic culture did
not exhibit cell bound structures (Bruckner et al. 2008).

The elaborate interplays require sense- and regulatory mechanisms, especially when
the organisms have to undergo phenotypic changes to facilitate interaction with each other. In
a first step, the interaction partners have to recognize their counterparts. Beside direct cell-to-
cell contact (Kobayashi et al. 2009b), this may be accomplished via signalling molecules or
chemical cues. Already in the eighties it was shown that soluble molecules of a xenic diatom

culture, passing a 0.2 um pore size filter, changed the lethal doses of toxic metals for a diatom
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(Thomas and Robinson 1987), indicating, that soluble molecules are involved in the
diatom/bacteria interaction. Relatively little is known about such interkingdom signalling of
diatoms and bacteria in aquatic systems. One proposed scenario is that the interaction partners
utilize the intraspecific signalling system of their counterpart (Amin et al. 2012). Quorum
sensing, for example, is a well known cell density depended, intraspecific communication
mechanism of bacteria (Chhabra et al. 2005). Quorum sensing is mediated by autoinducers
(AI), molecules which are released by bacterial cells. With increasing cell density, the
concentration of Al increases and once it reaches a certain threshold, it induces an
intracellular signal cascade and phenotypic changes simultaneously in the whole population.
Such an exploitation of intraspecific bacterial signalling via Al was shown for the green
seaweed Ulva, whose zoospores were attracted by N-acylhomoserine lactones (AHLs) (Joint
et al. 2007), common Al of Gram-negative bacteria (Chhabra et al. 2005). The red algae
Delisea pulchra produces halogenated furanones which possess antifouling properties (De
Nys et al. 1995) and Hentzer et al. (2002) demonstrated, that synthetically modified
furanones, interfered with the AHL-mediated quorum sensing system of P. aeruginosa with
consequences for the biofilm architecture, indicating an eukaryotic strategy to suppress
undesired bacteria. Also the opposite case, where bacteria utilize eukaryotic intraspecific
signalling molecules like hormones are known (Hughes and Sperandio 2008) and might also
facilitate communication with diatoms. Such extracellular messengers of diatoms might be
pheromones, a quite range of C8 and C11 hydrocarbons as they are found in different diatom
species (Amin et al. 2012). The polyunsaturated aldehyde (PUA) decadienal DD was shown
to increase intracellular levels of NO and Ca®’, which might possibly act as intracellular
second messengers in diatoms (Vardi et al. 2006; Leflaive and Ten-Hage 2011) and regulates
several mechanisms for example diatom aggregation and biofilm formation (Leflaive and
Ten-Hage 2011). Such extracellular, intraspecific molecules of the diatoms might be putative
candidates for interkingdom signalling with bacteria (Amin et al. 2012). Growth-stimulating
or -reducing properties of diatom PUAs on several different bacterial strains already have
been shown (Ribalet et al. 2008), emphasizing a possible dual role of intraspecific signalling
molecules in interkingdom interactions.

The extracellular signal has to be transduced in an intracellular response. A well
investigated bacterial system of sensing extracellular chemicals which leads to a changed
behaviour of cells is chemotaxis, in which bacterial cells sense a chemical gradient and
change the rotation of their flagellum to move toward or away from the source of the

chemical (Bren and Eisenbach 2000). The intracellular mechanisms of how biofilm organisms
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recognize convenient conditions which lead them to give up their planktonic life and to
colonize a surface are even in bacteria not fully explained. It is assumed that the small
molecule bis-(3"-5")-cyclic dimeric guanosine monophosphate (c-di-GMP) is involved as
planktonic cells exhibit a low intracellular concentration of this molecule, but the
concentration increases when the cells settle down (Kolter and Greenberg 2006).

However the detailed mechanisms of how bacteria and diatoms recognize each other
and the intracellular processes which facilitate phenotypic adaptations remained largely

unclear and need further research.

1.5 Sampling side and organisms — Diatoms and bacteria of photoautotrophic, epilithic
biofilms from Lake Constance

Lake Constance is the third largest lake in Central Europe (http://www.igkb.org/start/)
and is located at the northern of the Alps, bordered by Germany, Switzerland and Austria.
Renaturation measures since the mid seventies, after a period of eutrophication, have resulted
in an oligotrophic state of the lake with a current phosphor concentration of 8 pg I”
(http://www.lubw.baden-wuerttemberg.de/servlet/is/3603/). The substratum of the large
littoral zone of the lake is composed of sand and rocks with macrophytes, mainly
Potamogetonaceae and Characeae, and expanded reed stands during the summer
(http://www.lubw.baden-wuerttemberg.de/servlet/is/3603/) (Figure 1.3A). Submersed stones
in the littoral zone are covered with a green-brownish mucous layer of biofilms (Figure 1.3B).
Such photoautotrophic, epilithic biofilms represent a fascinating small world when observed
with a microscope (Figures 1.3C, D and E). Diatoms and bacteria are early colonizers of wet
and illuminated surfaces (Cooksey and Wigglesworth-Cooksey 1995; Wetherbee et al. 1998;
Sekar et al. 2004) and, besides green algae and cyanobacteria, significant part of mature,
photoautotrophic, epilithic biofilms of Lake Constance. Bahulikar (2006) investigated the
composition of the diatom and bacterial community and found the diatom genera Fragilaria,
Cymbella and Achnanthes as well as bacteria of the Cytophaga-Flavobacterium-Bacteroides
(CFB) group, High GC content gram positive (HGC) bacteria and B-Proteobacteria to be
dominant in these biofilms. The bacterial community coincidences with those from other studies,
which demonstrated that Proteobacteria and CFB group bacteria are frequently found to be
associated with diatoms (Knoll et al. 2001; Schéfer et al. 2002; Sapp et al. 2007b,c; Bruckner et
al. 2008).
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Figure 1.3: Photoautotrophic biofilms of the littoral zone of Lake Constance. A) Typical lakeshore area of
the Lake Constance with reed stands and rocky ground. B) Stones are substantial substrata of the littoral zone of
the lake. They are covered with green-brownish mucous layers of photoautotrophic biofilms. C) The microscopic
observation of such biofilms reveals the frequency of various diatom species (marked with arrows), which are
manifold in shape, size and colony formation. Some of them form chains (c) in which the cells are attached to
each other by EPS pads. Some form stalks (s), EPS sticks with various lengths, by which cells are attached to the
substratum. D) Diatom species can vary remarkably in size and shape; small and large diatom species are
marked by arrows. E) Several diatoms attached to a substratum with long stalks (s). (Pictures were taken in
January 2014 by M. Windler).

1.6 Objectives of this thesis

The main goal of this study was to investigate interactions between diatoms and
bacteria with consequences for the development of photoautotrophic biofilms. For this
purpose model systems should be established which would allow to research bacterial
influences on the physiology of benthic freshwater diatoms. Once an appropriate
diatom/bacterium pair is identified, we intended to investigate the underlying cellular
mechanisms which mediate such interkingdom interactions. To accomplish that, transposon
tagged bacterial mutants should be generated to characterize the genetic background of the
respective diatom/bacteria interaction. We further planned to isolate soluble bacterial
molecules which mediate signalling and communication between the organisms. This study
aims to contribute to a deeper understanding of the complex diatom/bacteria interactions

within photoautotrophic biofilms.
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Chapter 2: Purification of benthic diatoms from associated bacteria using

the antibiotic imipenem

2.1 Abstract

Benthic diatoms and bacteria often co-operatively build up phototrophic, epilithic
biofilms. Studying the properties and contributions of the individual partners requires the
establishment and maintenance of axenic cultures of the involved organisms. Axenification of
biofilm organisms is often challenging, because bacteria as well as diatom cells are embedded
in a matrix of extracellular polymeric substances (EPS). Due to this mucilage, the cells stick
together and also are less affected by antimicrobial substances. Here we describe a short and
feasible protocol for culture axenification, which was successfully applied to cultures of the
benthic diatoms Achnanthidium minutissimum, Cymbella affiniformis and Nitzschia palea.
Our protocol includes treatment of the cultures with the antibiotic imipenem and might also
be useful for the purification of other cultivated diatom strains. Once axenified, diatom
cultures often decay after a certain life span. Our protocol is especially useful to re-establish
axenic cultures from co-cultures of diatoms with their accompanying bacteria (also referred to

as xenic cultures).

Keywords: diatom - biofilm - benthic - purification - antibiotic - imipenem
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2.2 Introduction

Epilithic biofilms consist of a complex community of algae and bacteria, which thrive
within a shared matrix of extracellular polymeric substances (EPS) that, together with the
cells, makes up the biofilm (Callow and Callow 2006; Flemming and Wingender 2010).
Among the eukaryotic algae found in such biofilms, diatoms are particularly abundant
(Callow and Callow 2006). To understand the organismic interactions that lead to the
formation of biofilms, the generation and maintenance of axenic diatom cultures from
environmental samples is a basic prerequisite. However, biofilm-forming benthic diatoms
often are difficult to separate from their bacterial partners. Purification via simple application
of antibiotics often turned out to be ineffective, because microorganisms in biofilms often are
less sensitive to antimicrobial agents compared to their planktonic counterparts (Ceri et al.
1999). A reduced penetration of substances into the cells due to the diffusion barrier of the
biofilm matrix could be one possible explanation for this phenomenon (Stewart 1996; Stewart
and William Costerton 2001). The EPS formation of diatoms is influenced by the associated
bacterial community (Bruckner et al. 2008). This implies that the effectiveness of a
purification method depends not only on the diatom species itself, but also on the composition
of the associated bacterial community.

A variety of methods for establishing axenic diatom cultures have been reported,
applying a diverse range of techniques, like mechanical separation of cells from the
surrounding biofilm matrix, filtration, treatment with detergents, substitution of the associated
bacteria with cultivated bacteria that are sensitive against antibiotics and subsequent removal
of these bacteria (Bruckner and Kroth 2009; Shishlyannikov et al. 2011). All these
axenification techniques either start from environmental samples, or from cultures of diatoms
that still contain the associated bacteria that have been co-isolated along with the diatoms (so
called xenic cultures) (Bruckner and Kroth 2009). Depending on the species, after a certain
time of axenic cultivation, some diatom cultures lose their viability. Xenic cultures are not
only easier to maintain than axenic cultures, but also more stable during long-term cultivation.
It is therefore a good strategy to maintain a xenic culture and to derive axenic sub-cultures as
needed for experimental reasons. In this study we present a protocol for the purification of
axenic cultures out of xenic cultures which was successfully applied to three different benthic

diatom species.
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2.3 Materials/Methods and Results

2.3.1 Initial cultivation of diatom strains

Achnanthidium minutissimum (Kitzing) Czarnecki isolate B-13, Cymbella affiniformis
Krammer isolate B-16 and Nitzschia palea (Kitzing) W. Smith isolate B-01 were isolated in
January 2009 from phototrophic, epilithic biofilms taken from the littoral zone of Lake
Constance (47° 41' N; 9° 11' E, Germany) with the methods described in Bruckner and Kroth
(2009). Biofilms were scraped from stone surfaces and about 200 pl of the material was
diluted in 1-1.5 ml Bacillariophycean Medium (BM). This medium (Schlésser 1994) was
modified by the following changes: 236 uM Na>COs, 27 uM iron(IlI) citrate hydrate, 214 uM
citric acid, 60 nM MnSQa, 200 pg It thiamine-HCI and 10 pg 17 biotin were used. The
biofilm suspension was vortexed for 10 min, diluted and 100 ul were streaked on BM agar
plates containing 1.5% Bacto™ Agar (Becton, Dickinson and Company, USA). After
cultivation at standard conditions for diatoms (16°C, 12:12 light:dark cycle with light
intensities of 20-50 pmol m™ s?), the emerging diatom colonies were picked and transferred
into liquid medium. The diatom strains were taxonomically identified based on morphological
aspects and via 18S rDNA sequence analysis. The diatom isolates were maintained with their

naturally occurring bacterial community in xenic cultures.

2.3.2 Strain axenification

Starting from the xenic cultures, we purified the diatoms roughly following the
strategies described by Bruckner and Kroth (2009). Our protocol combines mechanical cell
separation, removal of loosely attached EPS and treatment with antibiotics as outlined in the
protocol box (BOX1-Axenification protocol).

In order to overcome the protective effect of the extracellular carbohydrate matrix we
loosened the biofilm structure via sonication (Brown and Bischoff 1962; Kobayashi et al.
2009a) and EPS dissolution (Staats et al. 1999) as first purification steps. 1-3 ml of the xenic
diatom cultures were harvested by centrifugation for 5 min at 3000 x g for A. minutissimum
and N. palea and 5000 x g for C. affiniformis, respectively, and resuspended in 1 ml BM. Cell
suspensions were treated with ultrasound (UP50H - Compact Homogenizer; Hielscher
Ultrasound Technology, Teltow, Germany) for 30 s in the case of A. minutissimum, 60 s for
C. affiniformis and 10-30 s for N. palea, with the instrument's settings at 40% amplitude and

0.5 s frequency. 500 ul of the cell suspensions were washed twice with BM, diluted 1:10 and
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incubated with 98 pg ml™? of the B-lactam antibiotic imipenem (Sigma-Aldrich, Germany) for
2-15 days at the same cultivation conditions as used for the xenic cultures.

In parallel approaches, loosely attached EPS were removed via incubation at 30°C for
2 h with shaking at 500 rpm directly after ultrasonic treatment. We suppose that the necessity
of this step may depend on the biofilm structure and the respective species. According to our
experience, the removal of EPS using the described methods is not harmful to a number of
diatom species (Bruckner and Kroth 2009; this study). Cells were then washed three times,
diluted 1:10 and incubated with 75 pg ml* of imipenem for 2-15 days. All approaches were
pre-screened continuously at 400 x magnification using an inverted optical microscope
(Axiovert 40 C; Carl Zeiss Microlmaging GmbH, Goéttingen, Germany); cultures without
bacteria were further cultivated. This alternative step was especially helpful when purifying
A. minutissimum and N. palea. We chose the antibiotic imipenem, because [-lactam
antibiotics inhibit the cell wall synthesis of bacteria and we therefore expected less toxic
effects on chloroplasts as reported for other antibiotics (Shishlyannikov et al. 2011).
Imipenem has a broad antimicrobial spectrum (Kropp et al. 1985) and was already
successfully used to generate axenic cyanobacterial cultures from environmental isolates
(Ferris and Hirsch 1991; Hong et al. 2010). In the first days after antibiotic treatment, the
viability of the diatom cells was observed daily via inverse light microscopy, later on in
irregular time intervals. Nitzschia palea and A. minutissimum did not show any
microscopically observable morphological changes after treatment with imipenem and could
be stably cultivated afterwards, suggesting that the diatom cells remained viable even after a
long time of incubation (15 days) with this antibiotic. C. affiniformis isolate B-16, however,
seems to be more sensitive against imipenem; here we observed many dead cells and empty
frustules after an incubation period of 2 days. However, this culture was then able to
regenerate in antibiotic-free medium and residual contaminations could be removed by an
addition of 150 pg ml' of the R-lactam antibiotic carbenicillin (Duchefa Biochemie,
Netherlands). After imipenem treatments we therefore recommend a post-treatment with other
R-lactam antibiotics like for example carbenicillin, ampicillin, ticarcillin and cefotaxim, or a
mixture of these drugs in case that bacterial contaminations should persist after treatment with
imipenem. A repetition of the procedure with A. minutissimum from two separately cultivated
xenic cultures confirmed our data although in one of these cultures bacterial cells remained
visible when screened with inverse light microscopy. We speculate that in this culture the
bacterial composition may have changed during separate cultivation for several months.
Although the effectiveness of a purification method mainly depends on the individual diatom
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species itself, the composition of the associated bacterial community is apparently also
relevant. For example, the EPS formation of diatoms is influenced by the bacterial
composition (Bruckner et al. 2008) and thus may change the effectiveness of the following
treatment with antibiotics.

The axenic cultures were further cultivated in antibiotic free medium at the same

standard cultivation conditions as the xenic cultures.

2.3.3 Microscopic surveillance of axenity

All approaches were microscopically pre-screened as described above and cultures
without visible bacteria were selected for further checks. The respective cells were stained
with SYBR Green | (Cambrex, Rockland, ME, USA) and screened for bacterial contaminants
at 800 x magnification with an Olympus BX51 epifluorescence microscope (Olympus
Europe, Hamburg, Germany) equipped with the filter set 41020 (Chroma Technology Corp,
Rockingham, VT, USA). We could demonstrate that bacterial cells as well as algal nuclei are

labelled in the xenic cultures, while in the axenic cultures only the fluorescence of the nuclear
DNA of the diatom cells is visible (Figure 2.1).

Figure 2.1: DNA staining of the xenic and axenic diatom cultures. A) N. palea, B) C. affiniformis, C)
A. minutissimum. Upper row shows the axenic diatom cultures, lower row the corresponding xenic cultures. Left
images show the merged transmitted light (grey-scale) and SYBR Green fluorescence (green), right images show
SYBR Green fluorescence (grey-scale). Arrows mark the SYBR Green fluorescence of nuclei of diatoms. Scale
bars denote 10 pum.
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2.3.4 Surveillance of axenity via growth tests

The axenic state of the purified A. minutissimum culture was additionally verified by
two different methods: The culture was transferred to different bacterial media like solid
media with 1.5% Agar-Agar Kobe | (Roth, Germany) containing either diluted LB medium
(25 or 50% (v/v), (Miller 1972)) or medium B (Jagmann et al. 2010) supplemented with
0.05% Trypton, 0.0005% yeast extract and 10 mM HEPES pH 6.8. After three days of
cultivation at 16°C the plates were screened for bacterial growth. Additionally, 100 pl of the
cultures were cultivated in liquid 50% (v/v) LB for five days at 20°C on a shaker (135 rpm).
The xenic cultures quickly formed a bacterial lawn when spread on agar plates with bacterial
media and dense bacterial growth could also be observed in the liquid medium. The axenic
cultures did not show any bacterial growth on solid or liquid media.

2.3.5 Molecular biological surveillance of axenity

In axenic cultures, the only 16S rDNAs present should originate from the plastids and
the mitochondria of the diatom species, whereas in xenic cultures also other 16S rDNAs may
be present. We therefore extracted genomic DNA from xenic and axenic strains using a
modified protocol from Murray and Thompson (1980). Cell pellets of 7-8 ml culture aliquots
were pestled in 2 x cetyltrimethylammonium bromide (CTAB) extraction buffer with 1%
2-mercaptoethanol and processed as described in Bruckner et al. (2008). Precipitation was
increased by adding one additional volume of isopropanol. Subsequently, we generated
16S rDNA clone libraries as described in Bruckner et al. (2008). From nine randomly selected
colonies, the plasmids containing the 16S rDNA fragments were prepared (QIAprep Spin
Miniprep Kit; Qiagen GmbH, Hilden, Germany), amplified and analysed by Restriction
Fragment Length Polymorphism (RFLP) using the restriction enzymes Mspl and Alul
(Fermentas, Germany). rDNA fragments were separated by electrophoresis with 4% Sieve
Agarose 3:1 (Biozyme Scientific GmbH, Germany). 16S rDNA fragments of the xenic
culture, which showed different restriction patterns in RFLP analysis, were sequenced using
the T7 promoter primer (GATC, Germany). We also sequenced five fragments cloned from
the axenic A. minutissimum culture in the same way. BLAST searches were performed against
the NCBI database (http://www.ncbi.nlm.nih.gov/). In the xenic cultures, we identified
16S rDNA fragments of Bacteroidetes and of B-Proteobacteria, while in the axenic cultures
only 16S rDNA fragments of diatom plastid DNA were detected. This way we were able to

demonstrate the absence of bacterial contaminations in the purified culture.
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2.4 Conclusions

With this report we demonstrate the usability of the B-lactam antibiotic imipenem as a
new tool for the repeated purification of the diatoms Achnanthidium minutissimum, Cymbella
affiniformis and Nitzschia palea from xenic cultures. Generally, treatment with R-lactam
antibiotics such as imipenem in combination with preceding EPS removal might also prove
effective for the purification of other diatom species. Our protocol is particularly useful to re-
establish axenic cultures from the long-term stable xenic cultures of the strains whenever

axenic cultures are needed.

BOX 1 — Axenification protocol \

All steps were performed under sterile conditions using a laminar flow and sterile
consumables. For the detailed individual experimental procedures see text.

Step 1 Transfer the diatom cells into new medium
Step 2 Sonication — Treat cell suspension for 10, 30 or 60 sec with ultrasound

(Step 3)  Dissolution of EPS — Alternative step
Incubate cell suspension at 30°C and 500 rpm for 2 h

Step 4 Washing step — Wash 2-3 times with BM

Step 5 Antibiotic treatment — Dilute the culture 1:10 and incubate the diluted suspension
with 75-98 pg ml? imipenem for 2-15 days, add optional 150 pg ml?
carbenicillin for after-treatment
Check the vitality of the diatom cells daily by microscopy

Qtep 6 Cultivate cells in antibiotic free medium at appropriate cultivation conditions /
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Chapter 3: Influence of bacteria on cell size development and morphology

of cultivated diatoms

3.1 Abstract

Vegetative cell division in diatoms often results in a decreased cell size of one of the
daughter cells, which during long-term cultivation may lead to a gradual decrease of the mean
cell size of the culture. To restore the initial cell size, sexual reproduction is required,
however, in many diatom cultures sexual reproduction does not occur. Such diatom cultures
may lose their viability once the average size of the cells falls below a critical size. Cell size
reduction therefore seriously restrains the long-term stability of many diatom cultures. In
order to study the bacterial influence on the size diminution process, we observed cell
morphology and size distribution of the diatoms Achnanthidium minutissimum (Kitzing)
Czarnecki, Cymbella affiniformis Krammer and Nitzschia palea (Kutzing) W. Smith for more
than two years in bacteria-free conditions (axenic cultures) and in cultures that contain
bacteria (xenic cultures). We found considerable morphological aberrations of frustule
microstructures in A. minutissimum and C. affiniformis when cultivated under axenic
conditions compared to the xenic cultures. These variations comprise significant cell length
reduction, simplification and rounding of the frustule contour and deformation of the siliceous
cell walls, features that are normally found in older cultures shortly before they die off. In
contrast, the xenic cultures were well preserved and showed less cell length diminution. Our
results show that bacteria may have a fundamental influence on the stability of long-term

cultures of diatoms.

Keywords: axenic - cultivation - diatom - interaction - size reduction - xenic
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3.2 Introduction

Long-term cultivation of diatoms is often challenging, one reason for this is their
characteristic cell cycle. The intracellular generation of new valves during vegetative cell
division results in disparately sized daughter cells, of which only one retains the initial cell
size, while the other daughter cell is smaller (Chepurnov et al. 2004). This effect, known as
the MacDonald—Pfitzer rule (MacDonald 1869; Pfitzer 1871) causes a gradual reduction of
the median cell size of a culture (with a few known exceptions: Eunotia pectinalis var. minor
(Geitler 1932), Navicula muralis (Locker 1950), Nitzschia subtilis var. paleacea, N. palea var.
debilis (Wiedling 1948) and Phaeodactylum tricornutum (Lewin et al. 1958; Martino et al.
2007)). Recovery of the maximal (or initial) cell size takes place via auxospore formation, a
process that mainly occurs after sexual reproduction (Chepurnov et al. 2004; Mann 2011).
Once the cells reach a minimal size threshold, sexual reproduction can be triggered by
external conditions such as light, temperature, presence of osmolytes and nutrient availability
(Drebes 1977; Chepurnov et al. 2004). Many diatoms are not able to reproduce sexually in
culture, for example if the gametes produced within a clonal line are self-incompatible or if
external triggers for sexual reproduction are missing. In such cultures, cell size diminution
often continues and finally the cultures die (Geitler 1932; Chepurnov et al. 2004). For the
long-term maintenance of diatom cultures it is therefore necessary to detect and optimize
cultivation conditions, which retard or even prevent the cell size diminution. In this study we
investigate the bacterial influence on the long-term stability of three different pennate
diatoms, isolated from freshwater biofilms. In their natural habitats diatoms are usually
associated with bacteria and the presence as well as the composition of the accompanying
bacterial community may considerably impact the physiology of the algae. Bacteria are
known to influence the formation of marine snow (Grossart et al. 2006), growth and
production of extracellular polymeric substances (Bruckner et al. 2008), reduce toxic
compounds for example hydrogen peroxide (Hunken et al. 2008), supply essential organic
compounds like vitamins (Croft et al. 2005), stimulate secondary metabolite production like
domoic acid in case of Pseudo-nitzschia multiseries (Bates et al. 1995; Kobayashi et al.
2009b) or even act algicidal (Mitsutani et al. 2001; Kang et al. 2011). Analyses of bacterial
assemblages in diatom cultures revealed dominance of a-, -, and y-Proteobacteria and
bacteria of the Cytophaga-Flavobacterium-Bacteroides (CFB) phylum (Schafer et al. 2002;
Kaczmarska et al. 2005; Sapp et al. 2007b; Bruckner et al. 2008). In such cultures, the
composition of the co-cultivated bacterial community depends on the composition of the
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bacterial community at the time of isolation, the diatom species itself and the cultivation
conditions. It has been demonstrated that the bacterial composition in freshly isolated cultures
differs from the associated bacterial community in situ and may change during extended
cultivation (Sapp et al. 2007b). In contrast, Schafer et al. (2002) found the diatom-bacteria
associations in several investigated cultures to be stable. Furthermore, they showed that
bacterial communities of different diatom cultures are distinct in composition (Schafer et al.
2002). Even the same diatom species may be associated with different bacterial communities,
depending on the cultivation conditions (Kaczmarska et al. 2005).

In this study, we followed the cell size distribution and morphological changes of the
benthic diatoms Achnanthidium minutissimum (Kutzing) Czarnecki, Cymbella affiniformis
Krammer and Nitzschia palea (Kiitzing) W. Smith in presence and absence of their associated
bacterial community for more than two years. We found that the average cell length and width
as well as the frustule shape of two of the observed diatoms depend on the presence of
bacteria. We further found evidence that the presence of bacteria in the culture slows down
the overall size reduction. This study shows evidence that associated bacteria may be

important for the long-term maintenance of clonal diatom cultures.

3.3 Materials and Methods

3.3.1 Isolation of diatoms

Achnanthidium minutissimum (Kditzing) Czarnecki isolate B-13, Cymbella affiniformis
Krammer isolate B-16 and Nitzschia palea (Kitzing) W. Smith isolate B-01 were isolated in
January 2009 from phototrophic, epilithic biofilms from the littoral zone of Lake Constance
(47° 41' N; 9° 11' E, Germany). Detailed descriptions of isolation and purification from
associated bacteria are described elsewhere (Windler et al. 2012). For isolation, the biofilm
suspensions were streaked on agar plates containing a modified liquid Bacillariophycean
Medium (BM) (Windler et al. 2012) and cultivated as described below. Single colonies were
picked and transferred to liquid medium.

3.3.2 Cultivation conditions

Xenic and axenic diatom isolates were cultivated in liquid BM at standard cultivation
conditions at 16°C in a 12:12 h light:dark cycle and at a photon flux density of 20-50 pumol
m2s. Cells were cultivated under non-shaking conditions in tissue culture flasks (Sarstedt,

Newton, USA). The strains were transferred to fresh media monthly, during the stationary
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phase. The cells were scraped from the bottom of the culture flask, and 15-20 ul culture
medium containing approximately 15 000-20 000 cells (in case of A. minutissimum and
N. palea) were transferred into 10 ml fresh BM. Backup cultures of xenic and axenic
A. minutissimum cells were stored on agar plates with solid BM at 16°C with a photon flux
density of 20-40 umol m2s? and transferred to fresh plates every two months, additional
backup cultures were stored at 8°C with a photon flux density of 0.5-2 pmol ms?; these

backup cultures were transferred to fresh plates every three to six months.

3.3.3 Frustule preparation and identification of diatom isolates

For morphological identification and cell size determination of the diatom isolates,
frustules were treated with 35 % hydrogen peroxide at 95°C for 4 h and again with 10 %
hydrochloric acid at room temperature for 4 h, and mounted in Naphrax (index nD 1.710;
Euromex, Arnhem, Netherlands) roughly following a procedure described by the European
Committee for Standardization (2003). For morphological identification, the purified frustules
were observed using an Olympus BX51 microscope (Olympus Europe, Hamburg, Germany)
at 1000 x magnification and identified according to Krammer and Lange-Bertalot (1986,
1988, 1991b) and Krammer (2002).

For analysis of the 18S rDNA region, genomic DNA was extracted using a protocol
from Murray and Thompson (1980) with slight modifications. Cell pellets of 7-8 ml cultures
were pestled in 2 x cetyltrimethylammonium bromide (CTAB) extraction buffer with 1 %
2-mercaptoethanol and processed as described in Bruckner et al. (2008). Precipitation was
increased using 1 volume of isopropanol. 18 S rDNA fragments were amplified using the
primers 5’-AAC CTG GTT GAT CCT GCC AGT-3 and 5°-TTG ATC CTT CTG CAG GTT
CAG CTA-3" modified from Medlin et al. (1988). 18 S rDNA clone libraries were established
as described for 16 S rDNA libraries in Bruckner et al. (2008). 18 S rDNA fragments were
sequenced (GATC, Konstanz, Germany) and BLAST searches were performed against the
NCBI database.

3.3.4 Determination of cell length and width of diatom frustules

The first frustule preparation of xenic diatoms was performed in April 2009, after a
cultivation period of three months and the next preparation in August 2011 after an additional
cultivation period of 28 months. Axenic diatoms were purified from xenic cultures in June
2009 and the respective frustules were also prepared in August 2011 after a cultivation period
of 26.5 months. The diatom frustules were observed at 400-1000 x magnification as described
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above. Images were taken with a Zeiss AxioCam MRm digital camera system (Carl Zeiss
Microlmaging GmbH, Gottingen, Germany). Frustule sizes were determined with the digital
image processing software AxioVision LE (Carl Zeiss Microlmaging GmbH, Gottingen,
Germany). Cell lengths were measured from pole to pole and cell widths at the widest part of

the central area, 25 cells were measured from each sample.

3.3.5 Temporal progression of cell length of Achnanthidium minutissimum

Cell lengths of xenic and axenic A. minutissimum cultures were examined from June
2009 to November 2011 at irregular intervals from images of live cells. Length measurements
were conducted either by direct observation in the cultivation vessels with an inverted optical
microscope (Axiovert 40 C; Carl Zeiss Microlmaging GmbH, Goéttingen, Germany) or by
observation of culture aliquots with an upright microscope (Olympus BX51; Olympus
Europe, Hamburg, Germany). Length scales were determined individually for each of the
used microscopes. Photographs were taken with Zeiss AxioCam MRc or MRm digital camera
systems (Carl Zeiss Microlmaging GmbH, Gottingen, Germany) and analyzed with the digital
image processing software AxioVision LE (Carl Zeiss Microlmaging GmbH, Gottingen,
Germany). Images of cultures taken after 150 (xenic and axenic), 305/306 (axenic) and 325
days (xenic) originated from cultures which were stained with crystal violet or DiOCs
(Molecular Probes; Life Technologies, Darmstadt, Germany), respectively, directly before the
pictures were taken. Whenever possible, 25 cells per time point were used for measurements
(exceptions: 14 axenic cells on day 131, 16 axenic cells on day 150, 15 axenic cells on day
306 and 22 xenic cells on day 325). In order to test the influence of cultivation on solid
medium on cell size reduction (compared to liquid cultivation), A. minutissimum cells were
scraped from the backup cultures and transferred into liquid BM according to the test cultures.
After one month cultivation under standard conditions, cell length was measured as described
above. In the following we use the terms “frustule length” for measurements of frustule

material and “cell length” for measurements of live cells.

3.3.6 Growth of Achnanthidium minutissimum and chlorophyll extraction

To observe growth of xenic and axenic A. minutissimum, the progression of the
chlorophyll concentration was measured in triplicates. 150 ml of BM was inoculated with
1-10° cells mI* and incubated at 16°C and 100 rpm with a photon flux density of 50 pmol
m2s and a light:dark cycle of 12:12 h. For each time point chlorophyll was extracted from an
aliquot of 1 ml diatom culture by addition of a mixture of 5 % methanol and 95 % acetone to
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the cell pellet. Chlorophyll concentrations were determined using the equation for diatoms,

chrysomonads and brown algae according to Jeffrey and Humphrey (1975). The growth rates

() of the cultures were calculated during the exponential growth phase of the two cultures as:
1 = (In(Chly) — In(Chlw)) / (t2 — t1)

with the chlorophyll concentrations Chli and Chly, at the beginning (t1) and at the end (t2) of

the exponential phase. The exponential growth phase lasted from day 11 to 22 in the axenic,

and from day 4 to 18 in the xenic culture.

3.3.7 Statistical analysis

We compared the cell dimensions (length, width and length-to-width ratio) of diatom
frustules of the xenic cultures in 2009, 2011 and of the axenic cultures in 2011 using analysis
of variance (ANOVA) and Tukey’s HSD posthoc tests. For A. minutissimum the temporal
progression of mean cell length was analyzed for the xenic and axenic cultures with
regression models using time since the start of the experiment as an independent variable. We
further used a t-test to analyze differences in cell size of live cells of A. minutissimum. In
addition, we used ANOVA and Tukey’s HSD to test for differences in cell length between all
liquid and backup cultures of A. minutissimum in 2012. Statistical analyses were performed in
R (R Development Core Team 2011).

3.4 Results

3.4.1 Identification of diatom isolates

At the beginning of the experiments in 2009 the diatom isolates were identified using
morphological criteria and 18S rDNA sequence analyses. Isolate B-13 exhibited typical
features of Achnanthidium minutissimum (Kitzing) Czarnecki (Krammer and Lange-Bertalot
1991b). The valves were linear-lanceolate with broadly rostrate ends. The axial area was
narrow, linear or slightly lanceolate. The central area was formed by one or two shortened and
more broadly spaced striae. The central area was variable and present on both sides or only on
the one side of the valve and never formed a stauros (Figure 3.1). The BLAST results of the
18S rDNA fragment of isolate B-13 showed high similarities of 99 % with the database entry
of A. minutissimum (GenBank AM502032).
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Figure 3.1: Frustules of Achnanthidium minutissimum in April 2009 and after cultivation in axenic and
xenic state in August 2011. Arrows mark parts of the frustule deformation. Scale bars represent 10 um.
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Figure 3.2: Frustules of Cymbella affiniformis in April 2009 and after cultivation in axenic and xenic state
in August 2011. Arrow marks the concave ventral margin. Scale bars represent 10 um.
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Nitzschia palea
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culture consisted of N. palea f. major with longer cells (large morphotype) and N. palea with shorter cells (small morphotype) at

the beginning of the experiment in 2009. In 2011 the xenic and axenic cultures contained only cells of the smaller morphotype.

Figure 3.3: Frustules of Nitzschia palea in April 2009 and after cultivation in axenic and xenic state in August 2011. The
Scale bars represent 10 pum.

Based on the morphological characters we consider the isolate B-16 to represent
Cymbella affiniformis Krammer (Krammer 2002). The valves were moderately dorsiventral,
lanceolate, the dorsal margin was strongly convex and the ventral margin was slightly convex.
The ends were subrostrate to rostrate and narrowly rounded (Figure 3.2). Sequence analysis of
B-16 showed high similarities of 99% with Cymbella affinis (GenBank AM502018/
AM502009) and Cymbella excisa (GenBank JN790273), however, there is no database entry
for C. affiniformis.
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Isolate B-01 showed all characters of Nitzschia palea (Kutzing) W. Smith as described
in Krammer and Lange-Bertalot (1988). Two forms were present in this culture, N. palea f.
major Rabenhorst, which has considerably longer cells, and N. palea with shorter cells. The
valves were linear-lanceolate (smaller morphotype) to linear (larger morphotype) and the
valve margins at the centre were linear (larger morphotype) or slightly convex (smaller
morphotype). The poles were rostrate, subrostrate or subcapitate. Striae were not visible under
the light microscope. Fibulae were more or less square-like. The distance between the fibulae
was irregular, but the central pair of fibulae was more widely separated than the others
(Figure 3.3). The BLAST results of the 18S rDNA fragments of isolate B-01 coincide with the
morphological identification, exhibiting 100% similarity with N. palea (GenBank AJ867008/
AJ867006/ AJ867001).

3.4.2 Cell size and frustule morphology of axenic versus xenic diatom cultures

Figure 3.4 gives an overview over the dates of diatom isolation, purification from
associated bacteria and sampling for length measurements. A. minutissimum exhibited
considerable differences in frustule morphology when cultivated with or without bacteria in
liquid medium (Figure 3.1). Frustules of xenic cells retained the typical features of
A. minutissimum (Kdutzing) Czarnecki even after a long period of cultivation (Krammer and
Lange-Bertalot 1991b). However, in our axenic A. minutissimum culture, the valve outline of
the cells was rhombic to elliptic, with the ends broadly rounded and sometimes slightly
protracted. The valves seemed partly to be thinner and deformed compared to valves of the
original xenic culture. After more than two years in culture, the length and width of the xenic
diatom cells were slightly shorter compared to the original length (Table 3.1, Figure 3.5). In
contrast, the average frustule length and width of the axenic diatom culture were considerably
more reduced after a comparable cultivation period. The length-to-width ratio in the axenic
culture was substantially lower compared to the xenic A. minutissimum cultures (Table 3.1,
Figure 3.5). As a result, we observed a slight reduction of frustule size of A. minutissimum of
16.2% in length and 5.5% in width in the presence of bacteria but an extensive reduction of
53.8% in length and 13% in width in the axenic culture after more than two years of
cultivation. All observed differences in frustule length and width between xenic and axenic
cultures at different time points are statistically significant (Figure 3.5).

No significant differences of cell length of live cells between xenic and axenic cultures
of A. minutissimum were observed at the beginning of the experiment in June 2009 (Figure
3.6, P >0.05, see Suppl. Data S3.1 for example measurements). The xenic culture thereby
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exhibited a mean cell length of 13.65 + 1.22 um and the axenic culture immediately after
purification had a mean cell length of 13.06 £ 1.21 um. This demonstrates that the applied
purification methods had no direct influence on the cell length of A. minutissimum. The cell
length of the axenic culture decreased (n = 10, t = - 4.8, P < 0.01) to 9.68 £ 0.97 um, whereas
the cell length of the xenic culture did not decline (n = 10, t = -1.0, P = 0.32) and remained at
13.8 + 1.05 um. Interestingly, the xenic culture abruptly developed larger cells with a mean
length of 15.9 + 0.82 um after 325 days with a significant difference to cell length of the

previous measurement after 150 days (P < 0.05).
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Figure 3.4: Timescale of diatom isolation, purification and frustule preparation. Small arrows mark points
of length measurements of A. minutissimum live cells.

Table 3.1: Mean values of frustule length, width and length-to-width ratio of Achnanthidium
minutissimum, Cymbella affiniformis and Nitzschia palea in April 2009 and after long-term cultivation
under xenic and axenic conditions in August 2011.

xenic 2009 xenic 2011 Ratio  axenic 2011 Ratio

[6] + [o]

A. minutissimum  length [um] 16.52 ( 1.59) 13.84 (£ 0.6) -16.2 7.64(x0.76) -53.8
width [um] 4.16 (£ 0.24) 3.93(x0.2) -5.5 3.62 (£ 0.18) -13

length:width 3.98 3.53 211
C. affiniformis length [um] 30.02 (x0.8) 26.6 (£ 3) -11.4 2014 (x1.51) -32.9
width [um] 8.6 (£ 0.39) 9.42 (+ 0.54) +9.5 8.67 (x0.4) n.s.
length:width 35 2.83 2.33
N. palea length [um] 68.59 (+ 2.46)* 40.06 (+1.89) -41.6 36.23(+x2.13) -47.2
31.74 (+ 0.54)°
width [um] 4.35 (+ 0.68)? 3.78 (x 0.1) -13.1  3.68(x0.17) -154
4.04 (£ 0.31)°
length:width 16.082 10.6 9.87
7.9

+ describes the percentage differences in frustule length and width compared to the original sizes in 2009. Cell
lengths and widths of N. palea measured in 2011 were thereby compared to those of N. palea f. major (large
morphotype). n.s. reveals no significant differences. ® N. palea f. major, ® N. palea small morphotype. Standard
deviation is given in parentheses.
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Figure 3.5: Frustule length, width and length-to-width ratio of Achnanthidium minutissimum, Cymbella
affiniformis and Nitzschia palea in the xenic cultures in April 2009 (x09) and August 2011 (x11) and in the
axenic cultures in August 2011 (ax11). For N. palea dimensions of the large (I) and small (s) morphotypes
observed in the xenic culture in April 2009 (x091/s) are shown. Widths of the large and small morphotypes
completely overlap. Results of ANOVA and Tukey HSD testing are shown below each chart. The first line
points to significant differences (P < 0.05) between the cultures based on post-hoc tests (Tukey HSD, means not
differing share the same letter). The second line gives the F-value, degrees of freedom and significance level.
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During the long-term cultivation of xenic and axenic A. minutissimum cultures in
liquid BM (three parallel axenic cultures and two parallel xenic cultures), it was occasionally
necessary to re-inoculate the axenic liquid medium cultures from backup cultures kept on
solid BM at 16°C and at 8°C. To exclude the possibility that the cell size reduction of the
axenic diatom culture was induced by such changes between cultivation on solid medium
versus liquid medium or by the lower cultivation temperature of the backup cultures, we
measured and compared cell lengths of all existing xenic and axenic A. minutissimum cultures
at the end of the experiment in February 2012. Interestingly, cells of A. minutissimum, when
cultivated at 16°C on solid diatom medium, in our hands became considerably smaller
compared to those which were cultivated in liquid medium (Figure 3.7). Nevertheless, in each
observed case the xenic cells were significantly longer than the axenic ones, independent from
the type of medium used for cultivation. This proves that cultivation on solid medium alone
does not explain the differences in length between xenic and axenic A. minutissimum and thus
the observed differences have to be attributed to the presence or absence of bacteria.

To evaluate possible differences in the numbers of cell divisions between xenic and
axenic cultures, the temporal progression of the chlorophyll concentration of these cultures
was measured (Figure 3.8). The xenic culture had a high potential to form cell aggregates,
whereas the axenic culture grew completely suspended. This condition made it impractical to
determine the growth rate by cell counting methods and we therefore chose chlorophyll
concentration as a measure for growth. Logarithmic scale of the growth curves (not shown)
showed a prolonged lag-phase of 11 days for the axenic culture, while the xenic culture
entered the exponential phase earlier after four days of cultivation. A. minutissimum exhibited
a slightly higher growth rate of 0.4 day? in the axenic state compared to 0.31 day? in the
xenic state. This corresponds to a doubling time of 1.73 days in the axenic and 2.21 days in
the xenic diatom culture. Both cultures reached similar chlorophyll concentrations in the
stationary phase (1.25 + 0.39 pg ml? in the xenic, 1.28 + 0.1 ug ml? in the axenic culture
after 22 days of cultivation). In the late stationary phase, after 25 days of observation, the
chlorophyll concentration of the axenic culture declined, whereas that of the xenic culture
remained stable for a longer time. The xenic culture formed cell aggregates in the course of
the stationary phase resulting in high standard deviations of chlorophyll measurements.

In all studied xenic C. affiniformis cultures the frustules exhibited typical
morphological characteristics as described in Krammer (2002) (Figure 3.2). Apart from a
decreased length-to-width ratio, frustules of cells cultivated in xenic conditions exhibited no
major differences to frustules of cells harvested at the beginning of the experiment. In the
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axenic culture however, we frequently found cells with a concave ventral margin. Valve ends
were slightly protracted and acutely rounded. After the cultivation period of about 28 months
the frustule length of the xenic diatom culture showed a relatively broad distribution but a
significant shift of 11.4% to smaller lengths compared to the original value in April 2009
(Table 3.1, Figure 3.5). An extensive reduction of frustule length of about 33% was also
observed in the axenic diatom culture. Frustule width persisted in case of the axenic culture,
but increased significantly for the xenic diatom culture. In both cases a significant decrease of
the length-to-width ratio was observed compared to the original value in April 2009.

At the beginning of the experiment N. palea showed all characters described in
Krammer and Lange-Bertalot (1988) (Figure 3.3). The ratio between the large and small
morphotypes in the cultures was 39:61. After more than two years in culture, frustules which
originated from xenic or axenic cultures exhibited no visible differences in microstructure. All
cells were uniform and corresponded to the N. palea smaller morphotype description. The
frustules of xenic and axenic cultures were significantly shorter compared to those of N. palea
f. major in 2009, but significantly longer than N. palea smaller morphotype in 2009 (Table
3.1, Figure 3.5). Therefore we consider N. palea f. major as parental for the cultures observed
in 2011. N. palea exhibited a significantly shorter length when cultivated without bacteria
compared to the xenic culture. Frustule width of xenic and axenic cultures also decreased
during the experiment but did not differ significantly from each other in 2011. Length-to-
width ratio decreased remarkable in both cultures in 2011 when compared to N. palea f. major
in 20009.
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3.5 Discussion

Changes of cell size and morphology of diatoms during their life cycle have been
known for a very long time (MacDonald 1869; Pfitzer 1871; Geitler 1932). These changes are
crucial for the long-term stability of many diatom cultures because small cells, if
auxosporulation is omitted, often become continuously smaller resulting in a loss of the
cultures. Furthermore, as we know from our own experience, very small cells may show a
different physiological behavior and thus compromise the reproducibility of experiments
conducted with the strain. For example, stalk formation of Achnanthes longipes is strongly
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reduced in small cells compared to large cells (von Stosch 1965). It is thus very important to
develop methods that avoid or reduce cell size diminution of diatoms. One strategy is, if
feasible, the maintenance of clones of the opposite mating type to induce sexual reproduction
(Chepurnov et al. 2004). However, sexual reproduction will change the gene pool of the
culture and for many genetic studies clonal cultures are essential. Long-term maintenance of
diatoms via standardized cryopreservation therefore might represent an ideal solution but only
few protocols for individual freshwater species are already available (McLellan 1989;
Buhmann et al. 2013). In this study we observed the influence of associated bacteria on the
long-term maintenance of three pennate diatom cultures and our results show that in two of
the three investigated diatom species the axenic culture exhibited considerably shorter cells
and aberrations in frustule morphology, whereas the cell length and frustule shapes were quite
preserved in the xenic cultures.

The strongest effect of bacteria on cell size preservation was observed for
A. minutissimum where cell length of the axenic culture decreased by more than half, whereas
in the xenic culture just a slight reduction was observed (Table 3.1, Figure 3.5). Comparing
the original length of frustules and live cells in April and June, the major length decrease of
the xenic A. minutissimum culture happened at the beginning of the experiment, soon after
isolation of the diatom. Afterwards the cell length of the xenic culture remained around 13.8
pm, both when measuring frustules or live cells. However, it has to be taken into account that
there may be slight differences between the cell lengths that were determined either by
frustule or live cell measurements. For example, the axenic A. minutissimum culture showed a
mean frustule length in August 2011 of 7.64 + 0.76 um (frustule measurement), compared to
9.63 £ 1.00 pum (live cell measurement). The measurement of frustules is more accurate than
the measurement of live cells. One reason could be the organic layer of live cells, which
makes the exact outline of the cells more difficult to distinguish. The xenic A. minutissimum
cells form capsules of extracellular polymeric substances (EPS) which make it even harder to
define the correct cell border and due to the EPS matrix the cells were not always oriented
completely planar to the microscope slide. Measurements of live cells can therefore indicate a
trend; the absolute cell length values must be determined by means of frustules. According to
Figure 3.6, the cell lengths of the xenic and axenic A. minutissimum cells may be slightly
increased at the end of the experiment. Thus, the alga exhibited mean cell lengths of 12.15 +
1.69 um after 685 days and 13.8 £ 1.05 um after 868 days in the xenic and 8.12 £ 0.90 um
after 685 days and 9.68 + 0.97 um after 868 days in the axenic culture. However, cell lengths
of the parallel cultures of A. minutissimum slightly differ among themselves (Figure 3.7). The
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axenic cultures thereby range from 8.49 + 0.72 um to 9.69 £ 1.15 um and the xenic cultures
from 13.61 £ 1.85 pum to 14.83 = 1.30 um. Thus, we attribute those observed cell length
differences to variances within the single cultures rather than to an actual increase. The same
pattern of a differential cell length decrease between the xenic and axenic cultures was also
observed for C. affiniformis. It must be noted here, that the identification results for this
isolate were controversial. According to Krammer and Lange-Bertalot (1986), this strain
should be identified as Cymbella affinis. However, according to Krammer (2002) the strain
represents neither C. affinis due to the absence of a central area, nor Cymbella excisa due to
the presence of two stigmas; instead, the characters of the strain are in agreement with the
description for Cymbella affiniformis. Interestingly, although the cell length reduction was not
prominent in the xenic C. affiniformis culture, the cells increased significantly in width. The
ability to increase cell width to counteract a decrease of the cell volume was already
mentioned by Geitler (1932), but only in very small cells. It seems that C. affiniformis
attempts to regulate the decrease of volume by broadening the cell width in early stages of the
length diminution process. The cell width increase was not observed in the axenic cultures.
However, it was possibly falsified by a concave ventral margin which was found in some cells
of this culture. Axenic A. minutissimum and C. affiniformis showed aberrations in frustule
morphologies which was not observed in the xenic cultures. Changes in frustule shape of
pennate diatoms during size reduction have been known for a long time (Geitler 1932) and
correlate with our observation of decreasing length-to-width ratio, simplification and rounding
of the frustule contour and weakening of the frustules. Atypical changes of the morphology in
axenic state were also reported for the green algae Ulva linza, here the normal morphology
could be restored by adding specific bacteria to the alga (Marshall et al. 2006). The authors
speculate that nitrogen supply, hormone production and production of secondary metabolites
by the bacteria might explain the bacterial influence on the morphology of the alga. To which
extent the observed aberrations in our study are directly contributed to the absence of bacteria
or to the normal shape changes, which usually occur during the diminution process, remained
uncertain. The N. palea culture consisted of two cell types in 2009, a large and a small
morphotype. The cultures are clonal as we isolated the cells by picking single colonies on
agar plates, thus the two cell types must have developed from each other, either by
auxosporulation or by abrupt size reduction. The large cells show irregular shapes or bends
along the apical axis, which are also known for initial cells of other Nitzschia species (Geitler
1928; Trobajo et al. 2006). It is therefore conceivable that the long cells developed from the
small morphotype by auxosporulation. Compared to the other two diatom species, the
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differences in cell length between xenic and axenic in 2011 are not that remarkable in the N.
palea culture.

We can currently only speculate about the underlying mechanisms bacteria use to be
able to influence the cell size and morphology of A. minutissimum and C. affiniformis, but the

following scenarios are theoretically conceivable:

a) Bacteria may influence the frequency of mitotic cell division

b) Bacteria may influence sexual reproduction

c) Bacteria may influence other processes like vegetative cell enlargement or
abrupt cell size reduction

d) Bacteria may improve cell wall synthesis of the diatoms

Bacteria could possibly influence the frequency of mitotic cell division and, if the
culture is able to reproduce sexually, consequently the frequency of auxosporulation. An
increase of vegetative cell divisions in this case might enhance the frequency of
auxosporulation, because the critical size threshold for auxosporulation is attained faster,
resulting in a culture of mostly large cells. If the culture is not capable of sexual reproduction,
a decrease of the division rate in the xenic culture could be another possible explanation. In
our growth experiments with A. minutissimum, the axenic culture exhibited a longer lag phase
and a shorter cell doubling time compared to the xenic culture; both cultures had similar
chlorophyll concentrations in the stationary phase. This suggests similar cell densities of both
cultures in the stationary phase and consequently similar cell division numbers. The shorter
cell lengths and altered morphology observed in axenic cultures can therefore not simply be
attributed to different numbers of mitotic cell divisions during vegetative growth.

Direct stimulation of sexual reproduction of diatoms by bacteria was already reported
by Nagai et al. (1994; 1999) and Nagai and Imai (1998). They found that spermatogenesis of
the centric diatom Coscinodiscus wailesii is induced by bacteria, a hint that bacteria indeed
might externally trigger sexual reproduction and auxosporulation of diatoms. Sexual
reproduction and accompanied auxosporulation of A. minutissimum has been observed and
described by Geitler (1932) (using the synonymous species nhame Achnanthes minutissima).
Auxosporulation was not directly observed in our cultures. Furthermore, the cultures can be
considered as clonal, making sexual reproduction only possible if the diatoms are homothallic
or capable for automixis. Both processes were found in pennate diatoms but represent rather
exceptional processes in this group (Chepurnov et al. 2004). However, if auxosporulation
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would have occurred, conspicuously larger cells should have been observed at least
occasionally in A. minutissimum, since cell length distribution of the culture was observed
throughout the experimental duration. After 325 days of cultivation, the average length of
xenic A. minutissimum indeed increased to 15.9 + 0.82 um. According to Geitler (1932), 25
pum is the maximal cell length of A. minutissima, while initial cells of this diatom in culture
were reported to be smaller with 16,5 um (Locker 1950). This could be a hint that the length
of the initial cell observed in environmental samples is not achieved under artificial
conditions. However, A. minutissimum represents a species complex (Potapova and Hamilton
2007) and it is nearly impossible to clarify whether Geitler and Locker used the same species.
Locker (1950) observed that auxosporulation of A. minutissima Kiitzing occurred again after
15 months, while Byllaardt and Cyr (2011) noticed that cell reproduction of A. minutissimum
in situ takes place with incidental auxosporulation occurring in spring. We did not observe
periodic cell enlargement even after further cultivation for nearly one and a half year, possibly
due to a lack of additional stimulating triggers in our comparatively constant cultivation
conditions without annual changes in light and temperature compared to the study of Locker
(1950). We therefore cannot exclude that bacteria might be involved in sexual reproduction
and thus preserve cell lengths in case of A. minutissimum and C. affiniformis even if we do not
consider this to be likely.

Other mechanisms which affect cell size of diatoms like vegetative cell enlargement
(von Stosch 1965), vegetative auxosporulation (Nagai et al. 1995; Nagai and Imai 1997,
Sabbe et al. 2004), apomixis (Chepurnov et al. 2004) or abrupt cell size reduction (Locker
1950; von Stosch 1965; Chepurnov and Mann 1997; Chepurnov et al. 2004) could also not be
ruled out as possible explanation for the cell size differences observed in this study as bacteria
may possibly serve as an additional external trigger for one of these mechanisms.

Another possible explanation for the differences in cell length between xenic and
axenic diatom cultures could be the complex cell wall synthesis of diatoms. Silica
biomineralization in diatoms strongly depends on long-chain polyamines (LCPA) (Krdger and
Poulsen 2008). Synthesis of a single molecule of LCPA with 20 methylated aminopropyl
units consumes 40 molecules of S-adenosylmethionine, which is a derivate of the amino acid
methionine (Michael 2011). The vitamin Bi> dependent methionine synthase may play an
important role in the synthesis of the LCPA precursor methionine. This suggests that species
with siliceous cell walls may have higher methionine requirements compared to the species
which do not build siliceous cell walls. It was shown for algae from various groups that
bacteria supplement vitamin Bi> to the algae (Croft et al. 2005). Possibly, the addition of
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vitamin Bz into the medium was not enough for the synthesis of a sufficient amount of
methionine during the cell wall synthesis in the axenic culture, while in the xenic culture
bacteria might supply additional amounts of vitamin Bo.

In this study we showed that the presence of bacteria is important for morphology and
size preservation of some diatoms and hence for healthy and stable long-term cultures. The
extent of this effect apparently differs from species to species, as we found largest length
differences between xenic and axenic states in A. minutissimum and C. affiniformis cultures
and smaller differences in case of N. palea. Our findings can be exploited for the long-term
maintenance of diatom cultures and we recommend the storage of xenic diatom cultures for
backup, from which axenic cultures can be repeatedly purified. Furthermore, we found that
cultivation on solid medium may enhance the size diminution process of A. minutissimum
cells. Apart from fundamental insights into the influence of bacteria on diatoms, our results
may also help to optimize conditions for the stable long-term cultivation of diatoms. On the
long-term, the identification of putative bacterial molecules which facilitate cell size
maintenance of diatoms will be extremely valuable for keeping axenic diatom cultures stable

even in the absence of bacteria.
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Diatom/Bacteria Interaction Chapter 4

Chapter 4: Biofilm and capsule formation of the diatom Achnanthidium

minutissimum are strongly affected by a bacterium

4.1 Abstract

Photoautotrophic biofilms play an important role in various aquatic habitats and are
composed of prokaryotic and/or eukaryotic organisms embedded in extracellular polymeric
substances (EPS). We have isolated diatoms as well as bacteria from freshwater biofilms in
order to study organismal interactions between representative isolates. We found that bacteria
may have a strong impact on the biofilm formation of the pennate diatom Achnanthidium
minutissimum (Kitzing) Czarnecki. This alga produced extracellular capsules of insoluble
EPS, mostly carbohydrates, only in the presence of bacteria (xenic culture). The EPS itself
also had a strong impact on the aggregation and attachment of the diatom. In the absence of
bacteria (axenic culture), A. minutissimum did not form capsules and the cells grew
completely suspended. For investigation of biofilm formation by A. minutissimum, a bioassay
was established using a diatom satellite Bacteroidetes bacterium which had been shown to
induce capsule formation of A. minutissimum. Interestingly, capsule and biofilm induction
could be achieved by addition of bacterial spent medium, indicating that soluble hydrophobic
molecules produced by the bacterium may mediate the diatom/bacterium interaction.
Fractionation and quantification of carbohydrates revealed that the diatom in axenic culture
produced large amounts of soluble carbohydrates, whereas in the xenic culture mainly

insoluble carbohydrates were detected.

Keywords: Achnanthidium - biofilm - capsule - diatom - EPS
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4.2 Introduction

Photoautotrophic biofilms are a typical feature in the littoral zones of lakes, streams
and oceans. Stones or any other substrata can be covered by a brownish or greenish mucous
layer, whenever sufficient light and water is available. These biofilms are a habitat of high
primary production (Wetzel 1964) and may be responsible for sediment stabilization
(Wigglesworth-Cooksey et al. 2001). However, biofilms also have negative effects, for
instance biofouling on human made surfaces like ship hulls or pipes causes high costs in
shipping and water management (Gaylarde and Morton 1999; Schultz et al. 2011; Wingender
and Flemming 2011). Besides exogenous factors like light, wave disturbance, temperature,
water level fluctuations as well as grazing pressure (Hoagland and Peterson 1990; Schmieder
et al. 2004; Rao 2010), the formation of photoautotrophic biofilms is also strongly influenced
by the physiology of the inhabitants of the biofilms and their interactions. Diatoms are
common members and early colonizers of photoautotrophic biofilms (Cooksey and
Wigglesworth-Cooksey 1995; Wetherbee et al. 1998) and their productivity may have a
strong influence on the whole biofilm. They can produce copious amounts of extracellular
polymeric substances (Myklestad et al. 1989) which are classified as cell bound EPS like
stalks, tubes and capsules (Hoagland et al. 1993) or soluble EPS. Diatoms are generally
associated with bacteria belonging mostly to a-, - and y-Proteobacteria, to Bacteroidetes and
to Actinobacteria (Knoll et al. 2001; Sapp et al. 2007c; Stanish et al. 2012). Interactions
between diatoms and bacteria may occur on different levels and can span from synergy via
competition to parasitism or defence reactions (Amin et al. 2012). Algae as primary producers
provide organic substrates which serve as energy and carbon source for heterotrophic bacteria
(Cole 1982). Bell and Mitchell (1972) introduced the “phycosphere” concept, describing the
zone around the algal cell “in which bacterial growth is stimulated by extracellular products
of the alga”. The diatoms may in turn require essential compounds from the bacteria, e.g.
vitamins (Croft et al. 2005). Little is known about the molecular processes underlying
diatom/bacteria interactions within these biofilm communities. Biofilm inhabitants may affect
the physiology of other organisms by soluble molecules, indicating that many of these
interspecific interactions are based on chemical signals released by diatoms and by bacteria.
Thomas and Robinson (1987) observed that the exudates of the xenic diatom Amphora
coffeaeformis led to enhanced tolerance of the diatom against copper and tributyltin fluoride
(TBTF). This suggests that either bacterial substances themselves or algal exudates induced

by bacteria may trigger the stress response of A. coffeaeformis. Such unknown substances
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may act as signals which mediate recognition and communication between the interaction
partners or directly cause a specific effect as e.g. toxic compounds. Amin et al. (2012)
suggested that substances which are used for intraspecies communication, like autoinducers in
bacterial quorum sensing or pheromones in the case of diatoms, might also be used for
interspecific interactions between diatoms and bacteria. Such interkingdom signalling was
already described to play a role for the seaweed Ulva, where zoospores are attracted by
bacterial biofilms via released N-acylhomoserine lactones (AHLs) (Joint et al. 2007). These
AHLs are common autoinducers of Gram-negative bacteria (Chhabra et al. 2005). However,
as Amin et al. (2012) stated, a reliable bioassay comprising a diatom/bacterium pair with a
stable interdependency is needed to elucidate the molecular and chemical basics of these
interactions.

The goal of this study was to establish a model system for studying the interaction of
benthic diatoms and bacteria during biofilm formation. The model organisms, Achnanthidium
minutissimum (Kutzing) Czarnecki and Bacteroidetes strain 32, were isolated from
photoautotrophic, epilithic biofilms taken from the littoral zone of Lake Constance.
A. minutissimum (renamed from Achnanthes minutissima (Kitzing) (Czarnecki 1994)) is one
of the most abundant freshwater diatoms (Patrick and Reimer 1966; Krammer and Lange-
Bertalot 1991b). It is frequently found in epilithic biofilms of Lake Constance and represents
an eukaryotic pioneer during the initial processes of biofilm formation (Sekar et al. 2004).
Bacteria of the Bacteroidetes phylum are frequently associated with diatoms (Amin et al.
2012) and were also found to be prominent in xenic diatom isolates from photoautotrophic,
epilithic biofilms of Lake Constance (Bruckner et al. 2008). Bacteroidetes strain 32 belongs to
the Dyadobacter genus. Bacteria of this group were found in freshwater, soil samples or to be
associated with maize (Chelius and Triplett 2000; Baik et al. 2007; Zhang et al. 2010).

4.3 Materials and Methods

4.3.1 Organisms and cultivation conditions

Achnanthidium  minutissimum  (Kutzing) Czarnecki was isolated from
photoautotrophic, epilithic biofilms of Lake Constance (Windler et al. 2012). The diatom was
either cultivated with co-isolated bacteria as “xenic culture” or additionally as “axenic
culture” after removal of associated bacteria as described earlier (Windler et al. 2012). The
diatom stock cultures were cultivated in a modified liquid Bacillariophycean Medium (BM)

(Windler et al. 2012) in cell culture flasks with ventilation caps (Sarstedt, Newton USA), in
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which the cells could form a biofilm on the vessel surface. Monthly, these cultures were
scraped off and sub-cultured into new BM. For aggregation, the xenic and axenic diatom
cultures were cultivated at 100 rpm on an orbital shaker (type 3019; GFL, Burgwedel,
Germany). The diatom cultures were exposed to a 12:12 h light:dark cycle with light
intensities of 20-50 pumol photons m? s at 16°C (in this study denoted as standard cultivation
conditions for diatoms).

Bacteroidetes strain 32 was isolated by Bruckner et al. (2008). This bacterium was
enriched from a xenic Cymbella microcephala Grunow strain D-32 culture, which originated
from photoautotrophic, epilithic biofilms from the same sampling site as A. minutissimum
(47° 41' N; 9° 11' E, Germany) (Bahulikar 2006). The bacterium was cultivated at 22°C on
agar plates containing 50% (v/v) Luria Broth medium (diluted LB (Miller 1972)), sub-
cultivated monthly and stored at 4-8°C.

4.3.2 Staining procedures and microscopy

Carbohydrates associated with cells were stained either with alcian blue or crystal
violet. For crystal violet staining, we used a 1:100 dilution of the Gram-staining reagent
described by Kaplan and Fine (2002). Supernatants of the diatom cultures were gently
removed, the dye was added to the cultures and incubated for 1 min. Excessive dye was
removed and the cultures were rinsed with water to remove non-attached cells (Izano et al.
2007). To quantify biofilm formation, crystal violet was extracted from the cultures with 1 ml
ethanol and the absorption of the dye was determined photometrically at 580 nm. The alcian
blue dye solution was modified according to Staats et al. (1999), here alcian blue (1% (w/v);
Roth, Germany) in 3% acetic acid was added and the cultures were washed once with water.

Cells were observed with an upright light microscope (Olympus BX51; Olympus
Europe, Hamburg, Germany), equipped with the filter set 41020 (Chroma Technology Corp,
Rockingham, VT, USA) or by using an inverted light microscope (Axiovert 40 C; Carl Zeiss
Microlmaging GmbH, Gottingen, Germany). Images were taken with the Zeiss AxioCam
MRm or MRc digital camera systems (Carl Zeiss Microlmaging GmbH, Gottingen,

Germany).

4.3.3 Co-cultivation experiments and bioassay for biofilm formation

A. minutissimum was cultivated either with bacteria, the sterile supernatant of
Bacteroidetes strain 32, or single fractions of the bacterial supernatant. The biofilms were
stained as described above. In the following, A. minutissimum together with all co-isolated

45



Diatom/Bacteria Interaction Chapter 4

bacteria is termed a “xenic culture”, whereas the purified diatom in co-culture with strain 32
is termed a “co-culture”. Cultivation was performed in BM at standard cultivation conditions
for diatoms (see above) in well plates and was stopped by gently removing the culture

supernatant.

Comparison of diatom growth in xenic and axenic cultures

Axenic A. minutissimum cells were washed with fresh BM and 10° cells mI™* were
cultivated in 500 ul BM at standard cultivation conditions for diatoms (see above). For the co-
cultivation experiments, Bacteroidetes strain 32 was grown in diluted LB (50% (v/v)), washed
three times with BM to remove the bacterial medium and the strain 32 suspension was
adjusted to an optical density at 600 nm (ODeoo) of 0.1, of which 5 pl were used to inoculate
axenic A. minutissimum cultures. The xenic A. minutissimum cultures were inoculated with
the same chlorophyll (chl) concentration as the axenic cultures and the co-cultures. The chl
concentrations of suspended cells in the supernatants (non-adherent cells) and of cells
embedded in the biofilm (adherent cells) were determined as described below. Each

experiment was conducted in triplicates.

Induction of capsule and biofilm formation in the axenic A. minutissimum culture by co-
cultivation with Bacteroidetes strain 32 or its sterile supernatant

Xenic cultures, axenic cultures and co-cultures with Bacteroidetes strain 32 were
performed as described above and biofilms were stained with crystal violet solution or alcian
blue.

For those experiments requiring the sterile supernatant of the bacterial culture, strain
32 was cultivated in liquid BM supplemented with 10 mM glucose (glcBM) at 20°C and 135
rom. The supernatant of the bacterial culture was harvested when the culture reached an
ODsoo 0f 0.235. The culture was centrifuged at 5525 x g (Allegra™ 25R centrifuge with TS-
5.1-500 rotor and swinging buckets, 10 or 50 ml tubes, depending on the volume of the
supernatant; Beckman Coulter, Germany) and the supernatant was filtered using a 0.2 um
filter (polyethersulfone, Filtropur S; Sarstedt, Germany). The sterility of the filtrate was
randomly tested by plating an aliquot on agar plates containing diluted LB medium (50%
(v/v)) and incubated as described for Bacteroidetes strain 32. 2.8-10° cells ml*! of the axenic
diatom culture, previously washed and resuspended in fresh BM, were incubated with
different volumes of the sterile bacterial supernatant and complemented with BM to a total

volume of 500 pl. Equivalent volumes of glcBM were added to axenic diatom cultures for
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negative controls. Each experiment was conducted in triplicates. After a cultivation period of
30 days at diatom standard cultivation conditions, the cultures were stained with crystal violet
and the biofilms were quantified as described above.

For fractionation, 10 ml of the bacterial supernatant harvested at an ODsgoo 0f 0.239,
were separated via solid-phase extraction (SPE) using C18-SPE endcapped cartridges (530
mg; Macherey-Nagel, Germany) according to VVon Elert and Pohnert (2000). The bacterial
supernatant and medium control were adjusted to pH 7 with citric acid or sodium hydroxide.
Flow-through, wash fraction and eluate were collected separately. Flow-through and wash
fraction were evaporated to near dryness and diluted in 1 ml BM. The eluate was evaporated
to dryness to remove methanol and resuspended in 2 ml BM. Aliquots of this fraction were
incubated for 1 h at 30 and 80°C, respectively, for further dissolution of solid material. The
bacterial growth medium (glcBM) was treated the same way and was used as a negative
control. The fractions were sterile filtered as described above and aliquots were diluted with
BM to the original concentration (1:5 for the eluate, 1:10 for flow-through and wash fraction).
The fractions were tested for bioactivity and applied to the bioassay. 7-10° cells mlI* of the
axenic diatom culture were incubated with 250 ul of the concentrated and diluted fractions in
a total volume of 500 pl. The unseparated bacterial supernatant was used as positive control.
The cultures were incubated at standard cultivation conditions for diatoms for 11 days.

For further fractionation, 910 ml of the sterile bacterial supernatant of the
Bacteroidetes strain 32 culture (ODeoo of 0.18) were harvested by centrifugation and
successive filtration through 3.0 um membrane filter (mixed cellulose esters; Millipore,
Ireland), 0.2 pm filter (mixed cellulose esters; Whatman, Germany) and 0.2 um filter
(Filtropur S; Sarstedt, Germany). The supernatant was loaded on an endcapped C18-SPE
column (10 g; Macherey-Nagel, Germany) and was eluted stepwise with methanol at
increasing concentrations (20%, 40%, 60%, 80% and 100% methanol in ultrapure water).
Each fraction was eluted with 20 ml of the solvent, except the 100% methanol fraction. This
fraction was eluted with 25 ml. After evaporation, the residues were resuspended in 1 ml of
ultrapure water, sterile filtered and diluted in BM. The fractions were tested in duplicate for
bioactivity. 1.2-10° cells mI! of the axenic diatom culture were incubated with 250 pl of the
diluted fractions in a total volume of 500 ul. Quantity of the biofilm was determined after 12
days of incubation as described above.

The sterile bacterial supernatant was harvested at different growth phases of
Bacteroidetes strain 32, which was cultivated in 100 ml glcBM in triplicates. 1.2 ml were
removed at each time point. 100 ul were used to measure ODeoo Of the bacterium and the
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supernatant of the remaining volume was sterile filtered as described above. Half of the
volume was frozen for determination of the glucose concentration via HPLC as described in
Jagmann et al. (2010). The other half volume was stored at 4°C until it was tested for
bioactivity. 1.2-10° cells mI* of the axenic diatom culture were treated with 50% (v/v) of the
bacterial supernatant in a volume of 500 pl. Each approach was performed in triplicates.

Biofilms were stained and quantified after 11 days of cultivation.

4.3.4 Quantification of soluble and bound carbohydrates

Triplicates of xenic as well as axenic cultures were cultivated in 100 ml BM in cell
culture flasks at standard diatom cultivation conditions. The axenic cultures were inoculated
at a cell density of 102 cells mI. The chl concentrations were determined as described below
and the xenic cultures were inoculated at the same chl concentrations as the axenic cultures.
Soluble and bound EPS of xenic and axenic A. minutissimum were stepwise extracted
according to the protocol established for isolation of “soluble EPS (SE)”-, “warm water
soluble EPS (WW)”-, “hot water soluble EPS (HW)”-, “hot bicarbonate soluble EPS (HB)”-
and “hot alkali soluble EPS (HA)”-fractions according to Bahulikar and Kroth (2008) with
modifications: The cells were scraped from the bottom of the tissue culture flasks and the
suspensions were centrifuged for 20 min at 5525 x g and 20°C (Allegra™ 25R centrifuge
with TS-5.1-500 rotor and 50 ml swinging buckets; Beckman Coulter, Germany). The
supernatants containing the soluble carbohydrates were carefully separated by decanting from
the cell pellets containing the bound carbohydrates. The supernatants were concentrated to
5 ml using a rotary evaporator. Polymers were precipitated overnight in 5 volumes of 96%
ethanol at -20°C. The precipitates were centrifuged for 20 min and 4°C at 4300 x g without
active deceleration (Megafuge 1.0R with swing-out rotor #2705; Heraeus Instruments, UK),
the pellets were dried under nitrogen gas and subsequently dissolved in 1 ml ultrapure water.
To increase solubility, the suspensions were acidified with 2-10 pl concentrated H.SO4 and
heated to 60-80°C when required to dissolve the pellets. The ethanol fractions containing the
oligo- and monomers were evaporated and the pellets were dried and processed as described
for the polymers. The bound carbohydrates were extracted stepwise. First, the cell pellets
were resuspended in 1 ml sterile-filtered tap water to keep the osmolarity in the physiological
range and incubated for 1 h at 30°C and 300 rpm. Cells were centrifuged (5000 x g for 10 min
at 20°C, 5417R microcentrifuge; Eppendorf, Germany) and the supernatants containing the
“warm water soluble EPS” (WW) were separated from the pellets. The following
centrifugation steps were conducted at 5000 x g for 7 min at 4°C (5417R microcentrifuge;
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Eppendorf, Germany). Pellets were defatted by incubation in 1 ml 90% ethanol at 600 rpm for
15 min and subsequently centrifuged (Wustman et al. 1997; Bahulikar and Kroth 2008). This
procedure was repeated 5-7 times until the pellets were colourless or slightly green. Cells
were further washed twice with distilled water, then incubated in 1 ml distilled water at 90°C
for 1 h and centrifuged. The supernatants were used for determination of the “hot water
soluble EPS” (HW) and the cell pellets were incubated for 1 h in 1 ml 0.5 M NaHCO3 and 0.1
M EDTA at 95°C (Chiovitti et al. 2003) to harvest the “hot bicarbonate soluble EPS” (HB).
The remaining portion of the bound EPS was extracted by resuspending the pellets in 1 ml
1M NaOH and 0.2 M NaBH4 at 95°C for 1 h and subsequent centrifugation of the cell
fragments, resulted in “hot alkali soluble EPS” (HA). Mono-/oligo- and polysaccharides of
the soluble carbohydrate fractions as well as the total carbohydrate content of the WW-, HW-,
HB- and HA-fractions were measured using the phenol-sulphuric acid assay (Dubois et al.

1956) according to De Brouwer et al. (2002) and were specified as g carbohydrate per ug chl
(ug CHO-(ug chl)™).

4.3.5 Determination of chlorophyll concentration

Chlorophyll was extracted by addition of a mixture of 5 % methanol and 95 % acetone
to the diatom cell pellet. The chl of surface-adherent cells was extracted by flushing the
biofilm with the solvent (5% methanol diluted in acetone) for several times directly in the
cultivation well. Chl concentrations were determined using the equation and extinction
coefficients for diatoms, chrysomonads and brown algae according to Jeffrey and Humphrey

(1975), and specified as total chl concentration (a sum of chl a and c).

4.4 Results

4.4.1 Differences in biofilm formation of xenic and axenic Achnanthidium minutissimum
A. minutissimum is a benthic diatom growing attached to surfaces. Interestingly we
observed that xenic and axenic A. minutissimum cells showed very different aggregation
behaviour. When cultivated on a shaker the xenic A. minutissimum cells formed
macroscopically visible aggregates, while the axenic diatom culture grew completely
suspended and aggregate formation was not visible (Figure 4.1A). Under non-shaking
conditions, the xenic diatom cells were attached to the surface of the cultivation vessel
forming a biofilm. Microscopic analyses in combination with alcian blue staining revealed

that the cells in the late stationary phase were surrounded by large capsules of bound EPS
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which were formed in the early stationary phase (Figures 4.1B and C). The respective diatom
cells were attached to each other via the capsules partially resulting in macroscopically visible
aggregates. Cells of the axenic culture did not show any capsules, remaining freely dispersed,
forming, if at all, only small aggregates of a few cells. In addition to the capsules, the xenic
cultures showed diffuse EPS structures that were stainable by alcian blue (Figure 4.1 B). This

diffuse, unstructured form of EPS could also be found in the axenic culture.

capsule

Xenic Axenic

Figure 4.1: Xenic and axenic cultures of the diatom Achnanthidium minutissimum. A) The xenic culture
with co-isolated bacteria from the original habitat and the axenic culture after cultivation on a shaker. B) Alcian
blue stained cells with diffuse EPS in the xenic and axenic cultures and early capsule formation in the xenic
culture after 20 days of cultivation (early stationary phase). C) Xenic culture with fully developed capsules and
the axenic culture without such structures after 33 days of cultivation (late stationary phase). Autofluorescence
of chl appears in red. Scale bars denote 10 um.

4.4.2 Diatom growth in xenic and axenic cultures and in co-culture with Bacteroidetes
strain 32

Growth of the cultures was determined by measuring the chl concentration (Figure
4.2). This was important, because of the strong tendency of the co-culture as well as of the
xenic culture to form biofilms, making it difficult to determine cell growth by counting
methods. We therefore chose the chl concentration to represent a surrogate parameter for
diatom growth. The axenic cultures reached a similar maximum of chl content as the xenic
culture and the co-culture (0.78 + 0.13 pg ml?t after 10 days for the axenic culture, 0.86
+0.05 pg mlt and 0.81 + 0.06 pug ml? after 7 days for the xenic culture and co-culture,
respectively; Figure 4.2A). Interestingly, the chl content of the xenic culture and co-culture
showed a plateau in the late stationary phase after 17 days of cultivation, whereas the chl
concentration of the axenic culture decreased continuously. In the xenic culture and in the co-
culture the main chl concentrations were found in the biofilm fraction, indicating that these
cultures consisted mostly of adherent cells (Figures 4.2B and C). Nearly no chl was detected
in the supernatant after 10 and 14 days of cultivation, respectively, at a time when the cells
exhibited capsules. In contrast, most of the chl of the axenic culture was found in the non-

adherent fraction (Figure 4.2D).
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The bacterium was not able to grow in BM in the absence of the diatom (Figure S4.1

Suppl. Data S4.1). Determination of bacterial grow within the biofilm was not performable

due to technical constraints.
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Figure 4.2: Chlorophyll concentrations of Achnanthidium minutissimum in axenic and xenic conditions
and in the co-culture with Bacteroidetes strain 32. A) Sum of the chl concentrations of adherent and non-
adherent cells of the cultures. B) Chl concentrations of adherent and non-adherent cells of the xenic culture, C)
of the co-culture with strain 32 and D) of the axenic culture. Capsules (Caps) in the xenic and co-culture are
formed after 10 and 14 days of cultivation, respectively (n=3; error bars indicate standard deviation).
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4.4.3 Induction of capsule and biofilm formation in the axenic Achnanthidium
minutissimum culture

For further analysis of biofilm formation of A. minutissimum, a bioassay was
established according to Izano et al. (2007), including fast quantification of biofilm by
staining of bound carbohydrates with crystal violet. The dye stains the cells as well as the
bound EPS and its intensity depends on the amount of attached cells and insoluble EPS and
therefore is proportional to the biomass.

We found that the biofilm formation of the xenic culture and of the co-culture with
Bacteroidetes strain 32 is reflected by much higher crystal violet adsorption as compared to
the axenic diatom culture (Figures 4.3A and B). The stable biofilm of the xenic culture
allowed rough washing steps because the cells adhered strongly to the surface of the wells and
resulted in high crystal violet absorption already after three days of cultivation (Figure 4.3B).
At that time, the chl concentration was still relatively low in the xenic culture (0.38 pg ml*;
Figure 4.2A). The co-culture also exhibited considerably strong biofilm formation after three
days and reached the highest values of crystal violet absorption after 10 days (Figure 4.3B).
After three days of cultivation the diatom cells in the xenic culture and in the co-culture
exhibited stalks that apparently mediate adherence in early stages of biofilm formation. Such
stalks are representatively shown in Figure 4.3C for the co-culture. The cells of the xenic
culture started with capsule formation after 10 days, those of the co-culture after 14 days of
cultivation when cells were in the stationary phase. However, in the axenic culture, there was
no biofilm and capsule formation observable even after 24 days. After staining only a few
cells were left in this culture, indicating that the cells did not adhere to the well surface and
were removed during the wash steps of the staining procedure. In some cases crystal violet
did not stain the capsules properly, especially when the biofilm was fully developed. In these
cases the cultures were additionally stained with alcian blue for microscopic observation and
visualisation of capsules in the xenic culture and co-culture (Figure 4.3C). Taken together our
results indicate that biofilm and capsule formation of the axenic A. minutissimum can be

induced by co-cultivation with Bacteroidetes strain 32.

Capsule and biofilm induction by the sterile supernatant of Bacteroidetes strain 32
Bacteroidetes strain 32 was cultivated in BM supplemented with 10 mM glucose

(9lcBM) before harvesting of the spent medium. This medium allowed bacterial growth but

did not have inhibiting effects on diatom growth as we observed for diluted LB. Capsule and

biofilm formation of A. minutissimum can be induced by incubation of the axenic culture with
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the sterile filtered supernatant of Bacteroidetes strain 32 (Figures 4.3A and 4.4). The
intensities of crystal violet adsorption of A. minutissimum cultures showed a dose depended
pattern when treated with different volumes of the sterile bacterial supernatant and reached a
maximal absorption after addition of 25% and 50% (v/v) of the bacterial supernatant (Figure
4.4A). Neither the control cultures, which had been treated with glcBM only, nor the axenic
culture did induce a comparable biofilm formation. Diatom capsules were found in cultures
which had been supplemented with 12.5%, 25% and 50% (v/v) of the bacterial supernatant.
The respective control cultures did not show any capsule formations. This indicates that
biofilm and capsule formation of A. minutissimum are inducible by soluble molecules released

by the bacterium.
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Figure 4.3: Induction of capsule and biofilm formation in the axenic Achnanthidium minutissimum
culture. A) Macroscopic image of the alcian blue or crystal violet stained cultures of the diatom cultivated in a
48-well plate. Stronger staining of the xenic cultures, the co-cultures and of the cultures which were treated with
the bacterial supernatant compared to the controls (Axenic, GIcBM) indicates biofilm formation. B) Absorption
of crystal violet extracted from the axenic culture, the co-culture with Bacteroidetes strain 32 and the xenic
diatom culture. Increased biofilm formation of the xenic and co-culture is visualized by a stronger crystal violet
adsorption compared to the axenic diatom culture. The xenic culture started to form capsules (Caps) after 10
days, the co-culture after 14 days of cultivation (n=3; error bars indicate standard deviation). C) Microscopic
images: Cells of the xenic culture, the co-culture with strain 32 and axenic A. minutissimum culture stained with
alcian blue after 21 days of cultivation. Arrows mark stalks of the diatom cells. Scale bars denote 20 pum.
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For enrichment of the biofilm-inducing substance(s), we further separated the bacterial
supernatant by solid phase extraction (SPE) according to VVon Elert and Pohnert (2000). The
fractions were diluted to the original concentration previous to application and Figure 4.4B
shows the treatment with the diluted fractions. The eluate fraction (Elu) showed a similar
induction of biofilm formation as the unseparated bacterial spent medium (positive control)
and capsule formation was only found to be induced by this fraction. The methanol used as
eluent was completely evaporated, therefore we can exclude an induction of capsule and
biofilm formation by the alcohol itself. As a further control, the solid phase extraction was
performed with bacterial growth medium in an identical way. Here capsule or biofilm
formation was not observed in any of the control fractions including the eluate. Flow-through
(Ft) and wash fraction (Wf) of the extracted bacterial spent medium did not induce a
considerably stronger biofilm formation as the fractions of the bacterial growth medium,
indicating that the biological activity was completely absorbed by the nonpolar C18-sorbent
and fully extracted by elution with methanol. Incubation of the bioactive fraction at 30°C and
80°C as well as evaporation to dryness did not diminish the activity of the fraction compared
to the positive control. The undiluted fractions did not differ remarkably in biofilm formation
(data not shown). The results suggest a nonpolar character of the bioactive molecule which
also is resistant to heat and dryness.

The bacterial supernatant was also eluted from the C18-SPE column with increasing
methanol concentrations. The bioactivity was found in fractions which were eluted with high
methanol concentrations, thus increased biofilm formation was mainly found in
A. minutissimum cultures which had been treated with the 60-100% methanol fractions and
capsules were only found in cultures treated with the 80-100% methanol fractions (Figure
4.4C).

To investigate the optimal growth phase of the bacterium for sufficient production of
the bioactive substance(s), the bacterial supernatant was harvested at different time points and
each supernatant was tested for bioactivity. Figure 4.5A shows the growth of Bacteroidetes
strain 32 in glcBM. The bacterium reached an ODegoo 0f 0.24 in the stationary phase. Glucose
consumption resulted in a decrease of the glucose concentration from 10.3 to 8.5 mM during
this time. Biofilm formation of A. minutissimum, as based on an increase of extractable crystal
violet adsorption from 0.16 to 0.35, was already induced by the bacterial supernatant taken in
the early exponential growth phase of the bacterium at an ODsgo 0of 0.016 (Figure 4.5B).
Accordingly, capsule formation was only induced by supernatants taken after the bacterium
reached the mid-exponential phase at an ODgoo of 0.03.
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4.4.4 Analysis of carbohydrates

We analysed the carbohydrate content and quality by stepwise extraction of soluble
and insoluble EPS from xenic and axenic A. minutissimum cultures as described in the
Materials and Methods section. Determination of carbohydrate amounts in each fraction
showed that in the late exponential growth phase, after 12 days of cultivation, the axenic and
xenic cultures exhibited similar amounts of bound carbohydrates (Figure 4.6A). At that time,
the xenic diatoms did not show capsules and the axenic cells secreted about five-fold more
soluble carbohydrates as those of the xenic culture. In the early stationary phase, after 20 days
of cultivation, the amount of bound carbohydrates in the HB fraction of the xenic culture
increased (Figure 4.6B) and light microscopy indicated that the xenic cells started to form
capsules (Figure 4.1B). The capsules were fully developed in the late stationary phase, after
33 days, when the HW and HB fractions exhibited large amounts of insoluble carbohydrates
(Figures 4.1C and 4.6C). Thus, the capsular material of the xenic culture can be dissolved
with the hot water and hot bicarbonate treatments, leaving only very little carbohydrate
material in the hot alkali fraction. During the whole cultivation period, the amount of soluble
carbohydrates remained relatively low in the xenic culture, especially in the monomer
fractions. The axenic A. minutissimum, on the other hand, showed less carbohydrates in the

insoluble fractions but produced large amounts of soluble carbohydrates.
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Figure 4.5: Biofilm induction according to different growth phases of Bacteroidetes strain 32. A) Optical
density (ODsog) of strain 32 in glcBM (black) and simultaneous decrease of the glucose concentration (grey). B)
Intensity of crystal violet extracted from A. minutissimum cultures treated with the sterile supernatant of strain
32. The bacterial supernatant was harvested at different growth phases of the bacterium (measured by means of
ODeoo). Capsules (Caps) were induced when treated with supernatant harvested at a bacterial ODggo of 0.03 and
above. The diatom culture was treated with glcBM for control. (n=3; error bars indicate standard deviation).
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4.5 Discussion

When cultivated in presence or absence of distinct bacteria, the diatom
A. minutissimum showed a considerably different behaviour regarding cell aggregation, cell
adhesion and biofilm formation, which is most likely due to a changed generation of soluble
and insoluble EPS by the diatom. Positive as well as negative bacterial influences on
aggregation formation have been described in the context of marine snow, aggregated
material of cells and organic matter in the oceans (Grossart et al. 2006; Gardes et al. 2010)
and several possible mechanisms have been discussed. Bacteria may increase the amount of
matrix material either by contribution of bacterial EPS (Decho 1990) or by stimulation of EPS
secretion by the algae. Also bacterial modification of organic material and subsequent
changes of the adhesive properties were suggested (Grossart et al. 2006). Cellular aggregation
is of ecological relevance as it increases the sinking velocity and thus plays an important role
in the flux of organic matter into deeper parts of the water column (Fowler and Knauer 1986;
Gardes et al. 2010). It also may alter the consumption by grazers and thereby the transfer of
organic matter to upper trophic levels (Decho 1990).

Under non-shaking conditions, we found that the xenic A. minutissimum cells stick to
the well surface and the microstructures of the biofilm exhibit capsules of extracellular
organic matter. The axenic culture revealed no such capsules and the cells were completely
detached. The missing capsule and biofilm formation of axenic A. minutissimum could also be
re-induced by addition of Bacteroidetes strain 32. From eight other tested bacterial isolates in
our hands also some led to stronger biofilm formation, but none of them was able to induce
capsule formation (Figure S4.2 Suppl. Data S4.2). We made similar observations in earlier
experiments showing that capsulation and altered EPS structures of the freshwater biofilm
diatom Cymbella microcephala occur in co-culture with strain 32, indicating that this might
be a specific property of the bacterium (Bruckner et al. 2008).

Interestingly, A. minutissimum reacted with biofilm and capsule formation also when
treated with the sterile supernatant of strain 32. Apparently, the diatom is able to recognize
one or more soluble molecules produced by the bacterium, a direct cell-to-cell contact
between the interaction partners obviously is not necessary as it was shown previously for
Pseudo-nitzschia multiseries (Kobayashi et al. 2009b). Interestingly, Bacteroidetes strain 32
produced the putative infochemicals even when cultivated separately, which indicates a
constitutive production and/or secretion. As the biotic activity of this or these substance(s)

could be demonstrated already in the early exponential growth phase of strain 32, they
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apparently are produced by intact bacterial cells and do not constitute substances that are
released after cell damage. As shown in Figure 4.5B, A. minutissimum reacted with a sharp
increase of biofilm formation even at relative low bacterial abundance, thus either the diatom
is very sensitive for the substance(s) or the production of the substance(s) is strongly
increased once the bacterial density exceeds a certain threshold. The bioactive molecule(s)
was extractable via reversed phase cartridges indicating a hydrophobic character, similarly to
AHLs, a major class of autoinducers produced by Gram-negative bacteria (Chhabra et al.
2005). The inducibility of capsule formation using the spent medium of the bacterium shows
that the diatom itself is the active producer of biofilm material and the active contribution of
bacterial EPS can therefore be excluded.

Carbohydrate quantification revealed that the axenic diatom culture contained large
amounts of soluble carbohydrates. In the late stationary phase, we found variable values of
soluble polymers within the triplicates of this culture (15.9, 11.1 and 55.6 pug CHO-(ug chl);
Figure 4.6C), resulting in a high standard deviation. From former experiments we know that
the axenic cultures usually secrete large amounts of soluble polymeric carbohydrates in the
stationary phase (up to 105 pug CHO-(ug chl); data not shown). However, in the xenic
cultures insoluble carbohydrates were dominant, especially in the late stationary phase when
the capsules were fully developed. In this growth phase, carbohydrates of the xenic culture
were primarily located in the HW and HB fractions, thus the capsule material can be assigned
mainly to this fraction. As bacteria in the xenic culture potentially may consume the soluble
carbohydrates (probably especially the easily accessible monomers, whereas the bound
carbohydrates may be more resistant to bacterial degradation), we cannot estimate whether the
total amount of carbohydrates in xenic and axenic culture is comparable. However, it might
be possible that axenic and xenic cultures produced similar amounts of carbohydrates, but the
condition of the secreted carbohydrates changed from a dissolved to an insoluble state in the
presence of the bacteria. Nonetheless, in both cases it is evident that A. minutissimum strongly
secreted carbohydrates even when no structured EPS were visible. When nutrients become
limited - thus within the stationary phase - increased EPS production and capsule formation is
a known phenomenon (Lewin 1955; Bhosle et al. 1995; Staats et al. 2000) and is assumed to
serve also as an overflow mechanism (Staats et al. 2000).

The exact function of capsules produced by A. minutissimum is still unclear. Geitler
(1977) proposed that capsule formation of this alga is involved in sexual reproduction,

whereas pads and stalks are regarded as the common structures of vegetative cells. This
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proposal was based on the observation that the capsule may engulf both mating partners,
however, we also found single cells to be surrounded by a capsule.

According to Lewin (1955) the production of cell bound gelatinous matter may
provide attachment. This would agree with our observation that the cells were attached to
each other or to artificial surfaces when exhibiting capsules. Furthermore, the capsules can be
stained with a solution of alcian blue dissolved in acetic acid, which stains anionic
polysaccharides (Staats et al. 1999) that are thought to facilitate adhesion (Dade et al. 1990).
However, in the xenic culture and in the co-culture with strain 32, the diatom cells within a
few days adhered to the surface of the well even when capsules were not yet visible,
obviously mediated by stalks. We therefore conclude that bacterial induced capsulation may
not be a prerequisite for surface-attachment, but possibly for strengthening the attachment and
irreversible binding. Diffuse EPS, also known as transparent exopolymer particles (TEP)
(Passow 2002), which were observed in both the axenic and xenic cultures, obviously did not
facilitate surface adhesion, as axenic cells can be easily removed during the washing
procedures. Surface adhesion of diatoms could be relevant once the cells found a convenient
environment for example when they recognize the presence of an interaction partner. This
would implicate a mutualistic character of the interaction with Bacteroidetes strain 32. The
bacterium was not able to grow in BM alone, indicating that it might receive organic
substances from the alga in co-culture. The finding of a clearly higher abundance of bacteria
in co-culture with diatoms compared to the bacterial growth in the respective diatom medium,
supports that this is the case for exudates from other diatom species (Grossart et al. 2006;
Gardes et al. 2010). Thus, a further explanation for capsulation in the presence of bacteria
could be that the capsules themselves may serve as feeding grounds for the bacteria and may
help to keep them in close proximity to the diatom cells. It is tempting to speculate that
bacteria may induce cell aggregation and biofilm formation of the diatom via soluble
molecules in order to keep the alga in spatial proximity and to ensure an adequate nutrient
supply by the primary producer. The diatom in turn may benefit from the general properties of
the biofilm, for example protection from toxic compounds (Ceri et al. 1999), UV radiation
(Ehling-Schulz et al. 1997) and grazer protection, but may also directly benefit from the
bacterium, for example by bacterial supply of essential nutrients (e.g. vitamins). The used
medium in this study indeed contains sufficient basic nutrients for unlimited diatom growth.
However, once a biofilm is established, local nutrient deficiency may occur which may be
compensated by bacteria. Hassler et al. (2011) showed that mono-and polysaccharides, such

as glucuronic acid and dextran, enhance iron accessibility to phytoplankton, possibly by
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acting like ligands. In this context it would be conceivable that the capsules of
A. minutissimum could be a mechanism to create a reservoir for micronutrients. This would
explain why the capsules are induced in the stationary phase under nutrient limited conditions.
Amin et al. (2012) speculated about a synergistic interaction in which the satellite-bacteria
also receive iron from the pool of the phytoplankton, but it could also represent a competition
mechanism of the diatom to increase iron availability.

Microscopic analyses revealed that the bacterial cells of the xenic culture most likely
cannot penetrate the capsules, visible as bacteria-free areas around the diatom cells (data not
shown), and thus the diatom may prevent the cells from being overgrown or parasitized by
bacteria. This may be much more evident when the diatom cells are stressed and thus much
more vulnerable. In this context capsulation could also represent a defense mechanism. The
capsules could further prevent the diatom cells from toxic bacterial compounds as EPS may
reduce the susceptibility of biofilm organisms to some substances (Stewart and William
Costerton 2001).

The identification of the bioactive compound(s) of strain 32 and further physiological
studies will be important to show whether the interaction between A. minutissimum and
Bacteroidetes strain 32 has a mutualistic or an antibiotic character. The bioassay for analysis
of the bacterial influence on biofilm structure and quantity of A. minutissimum proved to be
very reliable. The enhanced biofilm formation when stained with crystal violet is visible by
eye which allows a fast screening of a large number of substances as shown here for fractions
of the separated bacterial supernatant. The assay could possibly be extended to test impacts of
other chemicals on the biofilm formation of this or even other diatoms. A. minutissimum
turned out to be an excellent model organism for the investigation of biofilm formation of
diatoms as it produces large amounts of soluble and bound EPS and it can be cryopreserved

by using a modified protocol according to Buhmann et al. (2013) (see Chapter 6).
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Chapter 5: Genetic characterization of a diatom growth-promoting

bacterium

5.1 Abstract

Photoautotrophic biofilms can be found on most submerged, irradiated surfaces. Here,
diatoms and bacteria are often primary colonizers. Various interactions between these two
types of organisms have been described, ranging from mutualism to parasitism and
competition, however, the nature and mechanisms of these interactions are largely unknown.
In this study we showed that the bacterium Bacteroidetes strain 32, isolated from
photoautotrophic, littoral biofilms, had a strong growth-promoting effect on the benthic
diatom Fragilaria brevistriata Grunow when co-cultivated on solid medium. Heat treated
bacterial cells as well as the sterile bacterial supernatant had no effects on growth of the
diatom. To further investigate this interaction, transposon tagged mutants of strain 32 were
prepared and screened in a newly developed biotest utilising F. brevistriata. Genetic
characterization of bacterial mutants that had no influence on diatom growth revealed that two
genes, whose products are homologous to transcriptional regulators of the MarR family and to
a calcium transporter, respectively, may be involved in the growth stimulating effect of the

bacterium.

Keywords: Growth-stimulation - MarR - Ca?*-ATPase - bacterium - diatom
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5.2 Introduction

Diatoms are commonly associated with bacteria (Weiss et al. 1996; Knoll et al. 2001;
Schafer et al. 2002; Makk et al. 2003; Kaczmarska et al. 2005; Sapp et al. 20074, b; Bruckner
et al. 2008), promoting various interactions which may exceed the trophic interactions of
nutrient supply and competition for limited substances (Amin et al. 2012). Stimulating effects
of bacteria on algal growth have been reported (Ukeles and Bishop 1975; Delucca and
McCracken 1977; Fukami et al. 1991; Watanabe et al. 2005; Marshall et al. 2006; Bruckner et
al. 2008; Park et al. 2008; Bruckner et al. 2011; Le Chevanton et al. 2013) and several
possible mechanisms of these interactions are currently under discussion. For example,
bacteria may supply essential nutrients for auxotrophic algae. Croft et al. (2005) surveyed that
a large number of algae species are vitamin B1> auxotrophs and have to take up this vitamin
from the surrounding medium to cover their demand. It is most likely that in nature bacteria
are a source of this vitamin (Haines and Guillard 1974). Furthermore, bacteria may supply
inorganic nutrients like nitrogen and phosphate by remineralisation of dead cells and
allochthonous material as reviewed in Cole (1982). They may enhance nutrient availability for
the algae as it was shown for iron uptake mediated by a bacterial siderophore (Amin et al.
2009). It was further suggested that bacteria may create a favourable microenvironment
around the algal cells for example by consumption of oxygen and/or supply of carbon dioxide
(Mouget et al. 1995). Furthermore, bacterial decomposition of some algal waste products may
also enhance viability of the algae. Some studies reported that an observed supportive effect
on algal growth was even inducible by the spent medium of the bacterial culture or of the
algal/bacterial co-culture (Riquelm et al. 1988; Bruckner et al. 2011), indicating that soluble
bacterial molecules act as growth factors, while other spent media had no effects (Ukeles and
Bishop 1975; Delucca and McCracken 1977; Mouget et al. 1995). Maruyama et al. (1986)
discovered cytokinin-like substances in cultures of aquatic bacteria, leading to the assumption,
that these substances are putative stimulators of algal growth. The bacteria in turn may profit
from a mutualistic interaction with the algae as the primary producers may provide carbon
sources for heterotrophic bacteria (Cole 1982). All these mechanisms may have additional
importance in biofilms where the inhabitants are in close spatial proximity and material
exchange with the surrounding medium is limited by diffusion through the matrix or by
microcurrents through the biofilm matrix pores. Thus, a division of work within symbiotic

relationships of interaction partners may be one strategy which makes living in a biofilm such
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a successful life style. However, the mechanisms of how bacteria influence algal growth
remained largely unclear.

One essential goal of this study was the development of a bioassay to investigate the
mechanisms of growth-promoting bacteria on diatom growth in photoautotrophic biofilms.
Bacteroidetes strain 32 and the diatom Fragilaria brevistriata Grunow, both isolates of
photoautotrophic, epilithic biofilms, were used as model organisms and transposon tagged
mutants of strain 32 were generated and used to explore the genetic background of the

growth-promoting mechanism of this bacterium.

5.3 Materials and Methods

5.3.1 Organisms and cultivation conditions

The axenic diatom Fragilaria brevistriata Grunow (isolate F-02) was obtained from
Dr. Rahul Bahulikar (The Samuel Roberts Noble Foundation, Ardmore, USA). Frustules were
prepared as described in Chapter 3 and morphological identified according to Krammer and
Lange-Bertalot (1991a) by Anastasiia Kryvenda (University of Gdéttingen). The diatom stock
cultures were cultivated in liquid Bacillariophycean Medium (BM) (Schlésser 1994), which
was modified according to Windler et al. (2012). Cultures were exposed to a 12:12 h
light:dark cycle with light intensities of 20-50 pmol photons m? s at 16°C (denoted in this
study as standard cultivation conditions for diatoms). Monthly, an aliquot of the diatom
culture was sub-cultured in fresh BM.

Bacteroidetes strain 32 was isolated by Bruckner et al. (2008). This bacterium was
enriched from a xenic Cymbella microcephala Grunow culture which originated from
photoautotrophic, epilithic biofilms from the same sampling site as F. brevistriata (47° 41' N;
9° 11' E, Germany) (Bahulikar 2006). According to 16S rDNA sequence comparison, strain
32 is classified to the genus of Dyadobacter (Bruckner et al. 2008). The bacterium was
cultivated at 22°C on agar plates containing diluted Luria Broth (LB) medium (50% (v/v)
(Miller 1972)), sub-cultivated monthly and stored at 4-8°C. The Bacteroidetes mutants were
cultivated on diluted LB agar plates containing 150 pg ml? erythromycin (Sigma Aldrich
Chemie GmbH, Steinheim, Germany).

5.3.2 Bacterial conjugation
The Escherichia coli strain BW19851 containing the plasmid pEP4351 was used as

donor for conjugation (Metcalf et al. 1994; Cooper et al. 1997). Conjugation was performed
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according to McBride and Kempf (1996) with following modifications: The donor strain
BW19851 was grown in 5 ml LB with 30 pug ml? chloramphenicol over night at 37°C and
200 rpm. The culture was diluted in 25 ml LB containing chloramphenicol and cultivated at
room temperature and 200 rpm to an optical density at 600 nm (ODsoo) of 0.5-0.6.
Bacteroidetes strain 32 was cultivated in 50 ml diluted LB at 20°C and 85 rpm up to an ODeoo
of 0.8-0.9. ODeqo of the cell suspension of strain 32 was adjusted in diluted LB to a ratio of
recipient:donor of 1:1 and 1:2. The cultures of donor and recipient were centrifuged and the
pellets were washed twice with 20 ml diluted LB and afterwards with 1-2 ml diluted LB. Cells
of donor and recipient were resuspended in 100 pl diluted LB and 50 pl of each culture were
mixed together. An agar plate containing diluted LB was prepared with 8 mM CacCl, (100 pl
per plate) one hour before the mixed cell suspension was spotted. For conjugation the cells
were incubated over night at 30°C. Cells were scraped from the plates, resuspended in 2 ml
diluted LB and Tn4351-mutants were selected on agar plates containing diluted LB with 100
and 200 pg ml* erythromycin, respectively. The plates were incubated at 22°C until bacterial

colonies appeared.

5.3.3 Co-cultivation of Fragilaria brevistriata and Bacteroidetes strain 32 — Bioassay for

growth-promoting influence

Co-cultivation of F. brevistriata with Bacteroidetes strain 32 wild type and Tn4351-mutants

F. brevistriata and Bacteroidetes strain 32 were co-cultivated in 48-well plates on
700 pl solid BM containing 1.5% Bacto™ Agar per well (Becton, Dickinson and Company,
USA). F. brevistriata cultures were inoculated with 1070, 3100 or 8350 cells per well which
were dropped in the centre of each well. Bacterial cells were added either with undefined cell
densities by transferring of single colonies using a sterile toothpick or with defined cell
densities by adding of 5 pl of the diluted or undiluted bacterial culture with an ODeggo of 0.8.
For this, the bacterium was cultivated in liquid diluted LB, washed three times with BM to
remove the bacterial medium, and the optical density was adjusted. The axenic diatom culture
was used for negative control. For negative controls of experiments in which bacterial
colonies were transferred, the agar medium of the axenic diatom culture was gently penetrated
with a sterile toothpick without transferring bacterial cells. Each approach was conducted in
triplicates. To test the bacterial growth in the absence of the diatom on solid BM, the
bacterium was transferred with a sterile tooth pick to the medium. The cultures were
incubated at standard cultivation conditions for diatoms.
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The bacterial mutants were pre-screened in co-cultures of 5 pl per well of the axenic
F. brevistriata culture with an undefined cell density and bacterial mutants were added by
transferring of single colonies. Mutants with the desired phenotype were screened again in
triplicates. Mutants B-16, 21.20 and 31.90 were further screened with defined diatom cell
densities in triplicates as described above. For mutant B-16 also the influence of the bacterial
cell density was tested as described above. The co-culture of diatom and bacterial wild type
cells as well as the axenic diatom culture were used as positive and negative controls.
Microscopy was performed by using an inverse microscope (Axiovert 40 C; Carl Zeiss
Microlmaging GmbH, Goéttingen, Germany) and photographs were taken with a Zeiss
AxioCam MRc digital camera system (Carl Zeiss Microlmaging GmbH, Goéttingen,
Germany).

Influence of vitamins, soluble bacterial substances and heat treated bacterial cells on diatom
growth

The influences of vitamins, sterile bacterial supernatant and heat treated bacterial cells
were further tested on solid BM. 24-well plates were filled with 1.5 ml per well solid BM and
10 pl of the diatom culture were added into each well. For the experiments with vitamin
deficient medium, BM without vitamin Bio, thiamine and biotin was used. Here, single
colonies of Bacteroidetes strain 32 were transferred with a sterile toothpick. Axenic
F. brevistriata was cultivated on the vitamin deficient BM for negative control. Each
approach was conducted four times. To test the influence of the sterile bacterial supernatant,
the bacterium was cultivated in liquid diluted LB at 20°C and 135 rpm and harvested when
the culture reached an ODgoo of 1.25. The culture was centrifuged for 5 min at 16100 x g and
filter-sterilized with a 0.2 um filter (Filtropur S; Sarstedt, Germany). Different volumes (2, 5,
10, 20 and 50 pl) of the filter-sterilized supernatant were added to axenic diatom cultures. The
same volumes of the bacterial growth medium (diluted LB) were added to axenic diatom
cultures for negative control. Each experiment was conducted in duplicates (except with 5 pl
(n=6) and 10 pl (n=1) of the bacterial supernatant). F. brevistriata was further cultivated with
5 ul of the heat-treated bacterial culture. The bacterial cells were therefore autoclaved. 5 pl of
the untreated bacterial culture, grown in diluted LB, was added to the axenic culture for
positive control. Each experiment was conducted 4 times. The cultures were incubated at

standard cultivation conditions for diatoms for 33 days.
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Comparison of growth of Bacteroidetes strain 32 wild type and mutants

Bacteroidetes strain 32 wild type and Tn4351-mutants were inoculated in diluted LB
to an ODeoo of 0.01. The cultures were incubated at 20°C and 200 rpm. The ODsoo of the
cultures were determined by using the M107 Spectrophotometer (Camspec, Cambridge

United Kingdom). Each approach was conducted four times.

Co-cultivation of F. brevistriata and Bacteroidetes strain 32 wild type and mutant B-16 in
liquid medium

For co-cultivation in liquid medium, 60 ml BM were inoculated with F. brevistriata to
a cell density of 2.45-10* cells mI. The co-cultures with the wild type and mutant B-16 were
inoculated with 1 ml of the bacterial cultures with an ODeoo of 0.13-0.14. The cultures were
cultivated at standard cultivation conditions for diatoms at 100 rpm. Chlorophyll was
extracted from 1 ml per sampling by resuspension of the cell pellet with 50 pl methanol and
subsequent incubation for 10 min at 1400 rpm. After addition of 950 pl acetone, cell
fragments were centrifuged and the chlorophyll concentration was measured in the
supernatant by using the equation for diatoms, chrysomonads and brown algae according to
Jeffrey and Humphrey (1975). Specified is the total chlorophyll concentration which is the
sum of chlorophyll a and c. CFUs (colony forming units) were determined by spotting of 5 pl
of the diluted co-cultures on agar plates containing diluted LB. The plates were incubated as

described above for Bacteroidetes strain 32.

5.3.4 Genetic characterization of transposon mutants

DNA sequence of the Tn4351-transposon was obtained from Prof. Dr. M.J. McBride
(University of Wisconsin-Milwaukee, USA). Genomic DNA of the mutants B-16, 21.20 and
31.90 and of the wild type was extracted by using the DNA purification protocol for Gram-
negative bacteria of the Gentra Puregene Yeast/Bact. Kit (Qiagen, Maryland, USA). A 450 bp
fragment of the Tn4351 transposon was amplified with the Tn4351 Tet fw and
Tn4351 Tet rev primers (Table 5.1) using a Tag-polymerase (F-100; Biozym Scientific,
Oldendorf, Germany) according to the manufacturer's protocol. Genomic DNA was digested
each with the restriction enzymes BsoBI, BstNI (New England BiolLabs, Ipswich, USA) and
Hindlll  (Fermentas, Thermo Scientific, Schwerte, Germany) modified after the
manufacturer's protocol: 4 ug DNA was digested with 30 units of the respective restriction
enzyme in a total volume of 200 pl and the reactions were incubated for 1 h. The same

amounts of enzymes were added afterwards and the reactions were incubated overnight.
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Restriction sites for the enzymes were calculated with the NEBcutter V2.0 tool (New England
BioLabs, Ipswich, USA, http://tools.neb.com/NEBcutter2/index.php). A DIG-labeled probe
against the Tn4351-transposon was synthesized with the PCR DIG Probe Synthesis Kit
(Roche Diagnostics GmbH, Mannheim, Germany) and the primers Tn4351 Tet fw and
Tn4351 Tet rev (Table 5.1). The Tn4351-transposon was localized in the digested genomic
DNA via Southern blot according to the DIG Application Manual for Filter Hybridization
(Roche Diagnostics GmbH, Mannheim, Germany) with modifications in the following steps:
The Tn4351-DIG-labeled probe was hybridized to the membrane bound samples in High SDS
hybridization buffer at 42°C. Duration of denaturation and neutralization were reduced to 15
min and equilibration with 20 x SSC to 5 min. After blotting, the membrane was briefly
washed two times for 5 min with 5 x SSC and again 2 times for 5 min with 2 x SSC. The blot
was incubated in High Stringency buffer (0.1 x SSC and 0.1% SDS) at 68°C. The detection
buffer contained 0.1 M Tris HCI and 0.1 M NaOH (pH 9.5). The DIG-labeled DNA
Molecular Weight Markers Il and 11l (Roche Diagnostics GmbH, Mannheim, Germany) were
used for molecular weight determination. Sequence analysis of the insertion sites of the
transposon were conducted partially by the Trenzyme company (Trenzyme GmbH, Konstanz,
Germany). The procedure of this step is listed in the final report for “Localization of
transposon insertion conducted by the Trenzyme company” in the Supplementary Data S5.1.
Furthermore, fosmid libraries of randomly sheared genomic DNA of the mutants were
constructed using the EpiFOS™ Fosmid Library Production Kit (Epicentre Biotechnologies,
Madison, USA). Fosmids containing the transposon were selected on LB agar plates with 10
ug mit tetracycline and prepared with the Qiagen Large-Construct Kit (Qiagen GmbH,
Hilden, Germany). Primer walking was performed by GATC Biotech (GATC Biotech AG,
Konstanz, Germany) with the primers listed in Table 5.1 and sequence assembly, including
the sequences of the Trenzyme report and the Tn4351-transposon sequence, was performed
using the SegMan software (Lasergene; DNASTAR, Madison, USA). Binding sites of the
primer B16-FosmidprimerRev2 are located in the direct repeats of the transposon and
sequencing with this primer resulted in two overlapping sequences (Figure M5.1). The known
transposon sequence was subtracted from the overlapping sequences and thus, a putative
sequence of the insertion site was obtained. On the basis of the predicted sequence the primers
B16-FosmidprimerRev3, B16-FosmidprimerFW4 and B16-FosmidprimerFW5 were designed
and amplification with these primers led to the actual sequence of the transposon insertion
site. Binding sites of 21.20-FosmidprimerFW1 and 31.90-FosmidprimerFW1 were also
located in the direct repeats of the transposon, but only one direct repeat was in each case

70


http://tools.neb.com/NEBcutter2/index.php

Chapter 5 A Diatom Growth-Promoting Bacterium

integrated in the fosmids, resulting in clear electropherograms. Up-and downstream
nucleotide sequences were transcribed into amino acid sequences with the DNA to protein
translation tool of insilico.ehu.es (http://insilico.ehu.es/translate/ (Bikandi et al. 2004)) to
detect open reading frames (ORFs). ORFs were defined by the first methionine after the
previous stop codon up to the following stop codon. The ORFs were blasted against the
protein database of NCBI using the blastp program (http://www.ncbi.nIm.nih.gov/). Blast hits

exhibiting an e-value >10° were excluded. The protein sequences were aligned with those of

proteins  with  the highest  blastp identities by  using ClustalWw2.1
(https://www.ebi.ac.uk/Tools/msa/clustalw2/; EMBL-EBI, Hinxton, UK).
Pozition: 620 7.362kh
E?D | 6?0 | E%D | E%D |
P Translate P Consensus A T T G A CCCC A AL AGTAG ALAGCGATTTEG GG A A A ATACGTCTC|ICTTGACGTT
wEl6,3-2-GATC-FosnidprimerFiS-6(38>1108)—
i

b T T 6 A C C C C & & A G T 4 G & G G & T T G G G & & & & T 4 G C C|C T T G & G T T

~wEl6,3-2-GATC-FosuidprimerReve-5 (25> 527)
PV NNV N VOV AV VALY, Y. TAY AARAANANAN

kB T T G a c x c c & & a g T aga G 6 A& Tt g6 G & & & & T A ge C|CTTG s G TT
TH4351. secf(1>5082] d Ic T TG acTT
wElf,3-2-GATC-Fosuidpriner FiTd-60 (22> 7661 —
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Figure M5.1: Primer walking for sequencing of the Tn4351-transposon insertion site of mutant B-16.
Sequencing with the B16-FosmidprimerRev2 led to two overlapping sequences outside of the Tn4351-
transposon sequence. One sequence belongs to the direct repeat of the transposon and the other to the desired
sequence of the transposon insertion site. Sequencing with the primers B16-FosmidprimerFW4 and B16-
FosmidprimerFW5 resulted in clear electropherograms.

Table 5.1: Primers used in this study.

Name

Primer sequence

Application

Tn4351_Tet_fw

Tn4351_Tet_rev

B16-FosmidprimerFW2
B16-FosmidprimerFW3
B16-FosmidprimerFW4
B16-FosmidprimerFW5
B16-FosmidprimerRev2
B16-FosmidprimerRev3
B16-FosmidprimerRev5
21.20-FosmidprimerFW1
21.20-FosmidprimerFW2
21.20-FosmidprimerRev1
21.20-FosmidprimerRev2
31.90-FosmidprimerFW1

CGC AAG CAG GGG GTT CGT GC

CTCTCGGTC GTTGTC TCTTTC GTA AAC

GAC AGT ATG ACG TAA CAG GAG ACC
TAG ACG AAG ATA CGC ATC ACAGC
CGG AGC AGT ATA ATG TGC TCA GGA
TTG GAG AGT TAG AGG CAAGAATCAG
TATCTACTC CGATAGCTTCCGC
TCACTACATCCACTGCGC

GGT CTC CTG TTACGT CAT ACT GTC
GGT GCC ATT CTT ACC ATT AAC GAC AG
GCT TCA GAT CGA AGA AAT GCC
ACACCAGTCACCTCCGGTC

TTG CAT ACC AGT ACACAC CC

GCA GTATAT CCC AAAGGG TAAGGAC

DIG labeled DNA probe synthesis; Tn4351-
fragment amplification

DIG labeled DNA probe synthesis; Tn4351-
fragment amplification

Primer walking mutant B-16

Primer walking mutant B-16

Primer walking mutant B-16

Primer walking mutant B-16

Primer walking mutant B-16

Primer walking mutant B-16

Primer walking mutant B-16

Primer walking mutant 21.20

Primer walking mutant 21.20

Primer walking mutant 21.20

Primer walking mutant 21.20

Primer walking mutant 31.90

The primers are listed in 5'-3" direction. Primers for nested PCR and sequencing reactions used by the Trenzyme
company are listed in the final report of localization of transposon insertion (Suppl. Data S5.1).
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5.4 Results

5.4.1 Co-cultivation of Fragilaria brevistriata and Bacteroidetes strain 32 — Bioassay for
growth-promoting influence

Growth of the diatom F. brevistriata was strongly enhanced when co-cultivated on
solid medium with Bacteroidetes strain 32. In co-culture, the diatom formed macroscopically
visible colonies, whereas in the axenic culture no or only small colonies were observed
(Figure 5.1). The microscopic image shows that F. brevistriata formed large cell chains in the
co-culture. Chain formation emerged from the inoculation site with the bacterium. The growth
of the axenic diatom culture was decelerated and the appearance of macroscopically visible
colonies was, if at all, strongly delayed compared to the xenic culture. Microscopical analysis
of the axenic culture revealed only short diatom cell chains distributed on the agar surface.

Growth of the bacterium in the co-culture with the diatom was visible as the bacterium
formed a smooth film starting from the inoculation site on the solid medium (Figure 5.1). A
comparable bacterial film was also visible when cultivated without diatom cells (data not
shown), suggesting that the bacterium was able to grow on solid BM even in the absence of
the alga.

For genetic characterization of the bacterial influence on diatom growth, Tn4351-
transposon mutants of Bacteroidetes strain 32 were generated and screened for a loss of
growth enhancement on F. brevistriata. For this purpose we developed a bioassay on solid
agar medium in 48-well plates, in which growth of F. brevistriata was observed by visual
inspection after addition of individual bacterial mutant cell lines (see Materials and Methods
section for a detailed description). At least 2858 Tn4351-mutants were pre-screened this way
in co-cultures with F. brevistriata and three mutants (B-16, 31.90 and 21.20) with the desired
phenotype were identified (Figure 5.1). These mutants were further characterized by
inoculation with different diatom and bacterial cell densities and different incubation
durations (Figure 5.2). When inoculated with bacterial colonies (undefined cell density), we
found the strongest visible differences of diatom growth induction between wild type cells
and Tn4351-mutants with 3100 diatom cells per well and after 25 days of cultivation. Under
these conditions, the co-cultures with the mutants did not show diatom colony formation,
while all three co-cultures with the wild type cells did. At lower diatom cell density (1070
cells well™?) even the wild type cells did not induce diatom colony formation within 25 days.
At higher diatom cell density (8350 cells well™®) or longer cultivation duration (62 days) also

the co-cultures with the mutants started to form colonies. No colony formation was observed
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in the axenic F. brevistriata cultures under all tested conditions. Obviously, the mutants
enhanced growth of the diatom compared to the axenic culture, but the potency of the wild
type was not achieved by the mutants. We further tested the influence of the bacterial cell
density on the reliability of the bioassay for the wild type cells and mutant B-16. We found
the best correlation when bacteria with an ODeoo of 0.8 were incubated with about 3100 or
8350 diatom cells per well and cultivated for 25 days. At these conditions, the wild type cells
induced diatom colony formation in all replicates, whereas the co-culture with mutant B-16

and the axenic diatom culture showed no colonies (Figures 5.1 and 5.2).
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Figure 5.1: Growth of Fragilaria brevistriata in co-cultures with Bacteroidetes strain 32 wild type and
mutants on solid medium. Each picture shows the macroscopic (top) and microscopic (below) images of the
cultures. The upper row shows the co-cultures with the wild type (wt col), mutant B-16 (mut B-16 col), mutant
21.20 (mut 21.20 col) and mutant 31.90 (mut 31.90 col). In these cultures, bacterial cells were inoculated by
transfer of bacterial colonies (undefined bacterial cell densities). Macroscopically visible colonies are marked
with unfilled arrows. The microscopic images were taken near the inoculation sites of the bacteria (filled
arrows). Bacterial growth is visible as the bacteria formed smooth films starting from the inoculation sites. The
microscopic images of co-cultures with mutants B-16 and 31.90 show one of the triplicates without colony
formation. The lower row shows the co-cultures with defined bacterial cell densities (ODggo = 0.8) of the wild
type (wt fl), mutant B-16 (mut B-16 fl) as well as the axenic diatom culture. Scale bars resemble 100 um. The
cultures were inoculated with 8350 diatom cells per well and cultivated for 25 days. All cultures originated from
the same well plate.
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Figure 5.2: Colony formation of Fragilaria brevistriata in co-cultures with Bacteroidetes strain 32 wild type
and mutants on solid medium. Co-cultures were inoculated with different diatom and bacterial cell densities
and cultivated for 25 and 62 days, respectively. Bacterial cells were added either by transferring of single
colonies (undefined cell densities) or by addition of the bacterial culture with an ODggo of 0.8 and in several
dilutions. X denotes diatom colony formation in the co-culture with the wild type (black), mutant B-16 (red),
mutant 31.90 (green) and mutant 21.20 (blue) (n=3).

We further tested the influence of vitamins on the co-culture with the wild type and
the axenic diatom culture and found that the bacterium enhanced diatom growth even on
vitamin depleted growth medium (Table 5.2). Filter-sterilized bacterial supernatant or heat
treated bacterial cells had no effects on growth of the diatom culture (Table 5.2), indicating
that soluble bacterial molecules are not responsible for the observed effect and bacterial cells

have to be viable to cause growth stimulation.

Table 5.2: Influence of vitamins, sterile bacterial supernatant and heat treated bacterial cells on growth of
the diatom Fragilaria brevistriata. (+) Diatoms formed macroscopic visible colonies, (-) diatom growth was not
observable. The number of +/- represents the number of replicates. -medium is BM without vitamin By,
thiamine and biotin.

Experiment Diatom growth

1. F. brev/bacterial colony on vitamin -medium ++++

2. axenic F. brev on vitamin -medium (control for exp. 1)

3. F. brev/filter-sterilized bacterial supernatant:

2 ul -
5(dc e
10 pl -
20 pl --
50 pl --

4. F. brev/heat treated bacteria

5. F. brev/bacterial colony (pos. control for exp. 1, 2) ++++

6. F. brev/bacterium grown in liquid medium (pos. control for exp. 3, ++++

4) --

7. axenic F. brev (neg. control)

8. F. brev/bacterial growth medium: (neg. control for exp. 3) --
2 e
5ul --
10 pl --
20 pl --
50 pl
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To exclude that the delayed growth of F. brevistriata in co-cultures with the mutants
was due to lower cell densities of the mutants themselves, we measured the ODegoo Of the
mutants cultivated in liquid diluted LB medium. None of the mutants showed a considerably
different growth behavior compared to the wild type (Figure 5.3).

Growth of F. brevistriata in co-cultures with mutant B-16 and with the wild type as
well as of the axenic diatom culture was observed in liquid medium (BM) via estimation of
the chlorophyll concentrations (Figure 5.4). In the late stationary phase, all cultures reached
similar chlorophyll concentrations (e.g. 0.52 + 0.04 pug ml™? in the axenic culture, 0.6 + 0.04
pg mi in the co-culture with the wild type and 0.6 + 0.02 pug ml* with mutant B-16 after 21
days of cultivation). CFUs of the wild type and mutant B-16 revealed that the bacteria were
not able to grow in the co-culture when cultivated in liquid BM (Figure 5.4). The values for
CFUs varied in the range of 1.4-10%+ 5.9-10°— 4.1-10° + 2.3-10° for the wild type and 1.2-10°
+3.9-10° — 2.7-10% + 4.8-10° for the mutant B-16 throughout the experiment.

Time (hour)
0 20 40 60 80

-= mut B-16
mut 31.90
-= mut 21.20
-= wild type
’ Figure 5.3: Growth of Bacteroi-
detes strain 32 wild type and of the
mutants B-16, 31.90 and 21.20 in
bacterial full medium. (n=4, error
bars indicate standard deviation).

OD (600nm)
o

0.01+
Time (days) Figure 5.4: Growth of Fragilaria
0 4 7 11 14 18 21 25 28 . brevistriata, Bacteroidetes strain 32
L pw— | _; ' ' 1010 wild type (WT) and mutant B-16
—-—WT L 910° in co-culture in liquid medium.
—= + mut B-16 Diatom growth was measured by
cxe WT - 810° means of chlorophyll concentration
- == mut B-16 L 7100 (chl, solid lines; n=3, except for co-
T _ cultures with mutant B-16 at day 14
E; 01 r 6-105§ and with wild type at day 18 (n=2),
= 5105 marked with *). Growth of the
o bacterium was measured by means of
L - 4-10° CFUs (dashed lines; n=9 for spot
0 ".‘ L 3.10° tests, except for mutant B-16 at day 4
* . _}____%.---{\: ‘%____“ and day 21 (n=7) and for the wild
et 'u,. R S N a2 10 type on day 7 (n=6) and day 18
001 '{ +* * * 1100 (n=7), marked with *). Error bars

indicate standard deviation.
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5.4.2 Genetic characterization of transposon mutants

Figure 5.5 shows that the Tn4351-transposon was integrated into the genomes of the
three mutants whereas the Bacteroidetes strain 32 wild type shows no PCR product band after
amplification with Tn4351 specific primers (Tn4351 Tet fw and _rev, Table 5.1). For
Southern blot labeling of fragments containing the Tn4351 insertions, the genomic DNA of
the mutants B-16, 21.20 and 31.90 were digested with the restriction enzymes BstNI, BsoBI
and Hindlll. Tn4351 exhibits four cleavage sites for BstNI and two for BsoBl (up-and
downstream of the binding site of the DIG-labeled probe) (Figures S5.1-3 Suppl. Data S5.2).
Cleavage of the genomic DNA with these restriction enzymes we obtained the desired
fragments of 3937 bp for BsoBI and 1543 bp for BstNI (Figure 5.6). The transposon has one
Hindlll cleavage site outside of the binding site of the DIG-labeled probe (Figures S5.1-3
Suppl. Data S5.2).

g &
Sl -
FI ST
£ &34
- - e o~ 500bD

Figure 5.5: Amplification of a 450 bp fragment of the Tn4351-transposon. The vector pEP4351 containing
the transposon and the genomic DNA of the wild type were used for positive and negative control, respectively.

MIII
23130 bp 21226 bp
9416 bp
6557 bp
5148 bp
4268 bp
3530 bp
2322 bp
2027 bp
1584 bp

Figure 5.6: Detection of the Tn4351-transposon in the genomic DNA of the mutants 21.20, 31.90 and B-16
digested with the restriction enzymes Bsobl, BstNI and HindlIl. The vector pEP4351, containing the
Tn4351-transposon, was used to control the specificity of hybridization with the DNA probe. The markers Ml
and MIII were used for molecular weight determination. Arrows mark bands in Hindlll digested DNAs.
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We expected fragments with at least 1608 bp, depending on the second restriction site which
is located next to the transposon insertion in the genomic DNA of the mutants and which
should be different for each mutant. Accordingly, we obtained fragments of about 6.5 kbp for
mutant 21.20, 4 kbp for mutant 31.90 and 5 kbp for mutant B-16 (Figure 5.6). Southern blot
localization of the Hindlll digested DNA showed one signal with different length for each
mutant suggesting that the transposon was integrated once in each mutant genome at different
sites. Nucleotide and protein sequences of the insertion sites and alignments of the protein
sequences with similar sequences of other bacteria were attached in the Supplementary Data
(Figures S5.1-12 Suppl. Data S5.2). ORF1 of mutant B-16 consists of 502 nucleotides and
was disrupted 74 nucleotides next to the stop codon by the transposon (Figure 5.7; Figure
S5.1 Suppl. Data S5.2). Blast searches in the NCBI database revealed that the protein
sequence is similar to those of the MarR (multiple antibiotic resistance regulator) family of
transcriptional regulator proteins (Figure S5.4 Suppl. Data S5.2). The sequenced ORFs in the
region next to the disrupted gene were identified to encode for an Ycel family protein
(ORF2), a restriction endonuclease (ORF3) and an AMP nucleosidase (ORF4) (Figures S5.5-
7 Suppl. Data S5.2). The gene region seems to be highly conserved as we found similar gene
arrangements in two other Dyadobacter species and in the distantly related Runella
slithyformis (Figure 5.7). ORF1 of the mutant 21.20 is disrupted by the transposon 69
nucleotides next to the stop codon (Figure 5.8; Figure S5.2 Suppl. Data S5.2). Interestingly, in
the mutant 31.90 the transposon was integrated next to the same ORF as in mutant 21.20
(Figure 5.8; Figure S5.3 Suppl. Data S5.2). The best Blast hit for ORF1 and 2 of the two
mutants was a Ca®*-ATPase of Fibrisoma limi (Figures S5.8 and 12 Suppl. Data S5.2). The
regions next to the ATPase gene were sequenced in mutant 31.90 and 21.20, respectively. For
ORF1 of mutant 31.90 we found weak similarities to a hypothetical protein in diverse bacteria
(Figure S5.11 Suppl. Data S5.2). For ORF2 and ORF3 of mutant 21.20 we found similarities
with a cupin protein or cupin-domain containing proteins and an alcohol dehydrogenase,
respectively (Figures S5.9 and 10 Suppl. Data S5.2). The gene region next to the transposon
insertion site of the two mutants seems to be less conserved as we found no or only low Blast
hits within the genomes of Dyadobacter fermentans and Dyadobacter beijingensis.
Additionally, in F. limi, which showed high Blast hit values for the ATPase of the mutans, we
found only low or no similarities with the adjacent ORFs and if so, the corresponding genes
are located in other genome regions (Figure 5.8). The same is true for Mucilaginibacter
paludis, where we found high Blast hits for ORF2 and 3 of mutant 21.20 (Figure 5.8).
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transposase transposase
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Figure 5.7: Insertion site of the Tn4351-transposon of the mutant B-16 and comparison with the respective
genome regions of other bacteria. The transposon is integrated in the open reading frame 1 (ORF1), marked by
a red bar. Genes whose protein sequences exhibited high similarities are stained with the same colour. Genome
informations were obtained from the NCBI database. D. fermentans: MarR family transcriptional regulator,
YP_003086806.1, max. ident. 72% (green); Ycel family protein, YP_003086805.1, max. ident. 82% (yellow);
hypothetical protein, YP_003086804.1, max. ident. 80% (hyp. prot., pink); AMP nucleosidase,
YP_003086803.1, max. ident. 93% (blue). D. beijingensis: Transcriptional regulators MarR, WP_019940850.1,
max. ident. 71% (green); lipid-binding protein, WP_019940851.1, max. ident. 81% (Ycel, yellow); restriction
endonuclease, WP_019940852.1, max. ident. 80% (endonuclease, pink); AMP nucleosidase, WP_019940853.1,
max. ident. 92% (blue). R. slithyformis: AMP nucleosidase, YP_004654579.1, max. ident. 86% (blue);
regulatory protein MarR, YP_004658609.1, max. ident. 60% (green); Ycel family protein, YP_004658610.1,
max. ident. 53% (yellow).
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5.5 Discussion

We found that growth of the benthic diatom F. brevistriata is strongly enhanced when
co-cultivated with Bacteroidetes strain 32 on agar plates, while under axenic conditions
growth is strongly retarded. This different growth behaviour can be easily observed in well
plates by following diatom colony formation. The reason for this behaviour is yet unclear.
According to Provasoli and Carlucci (1974), F. brevistriata shows vitamin Bi> auxotrophy.
However, the used medium was supplemented with a number of vitamins and trace metals.
Furthermore, Bruckner et al. (2008) have demonstrated that Bacteroidetes strain 32 also had a
growth-enhancing effect on the diatom Cymbella microcephala. The authors conducted their
experiments using the same medium as in this study (there denoted as diatom medium (DM))
and have ruled out nitrate limitation of the axenic culture. In order to identify transposon
tagged mutants of strain 32 that do not promote growth of the diatom anymore, we have
established a bioassay on solid medium in multi well plates, allowing a fast screening of a
huge number of co-cultures while simulating the conditions of the biofilm matrix. Exchange
of nutrients may here be limited by diffusion through the agar layer, in contrast to cultivation
in shaking liquid medium. Thus, local nutrient limitations and accumulation of waste products
may play a role on solid medium and bacterial nutrient supply or degradation of waste
products is conceivable. Furthermore, growth-promotion was also visible on vitamin depleted
medium, indicating that the bacterium may supply the alga with vitamins. This may explain,
besides low bacterial cell density, why the observed growth differences of xenic and axenic
diatom was not visible when cultivated in liquid medium. However, the filter-sterilized
bacterial supernatant, which should contain possible secreted bacterial substances or nutrients,
had no effect on algal growth, a hind, that nutrients alone are not responsible for the growth
effect. This should be treated with caution, as we observed toxic effects of the bacterial
growth medium (diluted LB) itself on the diatom Achnanthidium minutissimum (data not
shown). Possible toxic effects of diluted LB on axenic F. brevistriata could not be
determined, as diatom growth itself is strongly decelerated without bacteria, but the diatom
grew well when co-cultivated with the bacterium which was previously cultivated in liquid
diluted LB medium. When inoculated with the bacterium, some residues of the bacterial
growth medium had obviously no toxic effects here.

Heat treated bacterial cells had also no effect on the diatom and showed, that the
presence of viable bacteria is needed to induce growth enhancement. This is in broad

agreement with the studies of growth influence of three bacteria on ten different
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phytoplankton species on agar plates, including two diatom species (Ukeles and Bishop
1975). One Vibrio anguillarum strain enhanced growth of all tested algae and this effect
depended also on the vitality of the bacterium. Heat treated suspensions of bacteria or
vacuum-dried bacteria did not achieve the same effect as viable cells. Filter-sterilized
supernatant of the bacterium as well as vitamin supply to the axenic cultures had no influence
as well. The authors instead described some evidence that growth stimulatory factors released
by bacterial degradation of the agar may have played a role. Bacteroidetes strain 32 is indeed
able to grow on solid BM but not in liquid BM (Figure S4.1 Suppl. Data S4.1). Thus, the
bacterium may be able to metabolize the agar of the medium, supporting the hypothesis of
(Ukeles and Bishop 1975). Carbohydrates of the diatom F. brevistriata did not seem to play a
role as carbon source for the bacterium as we observed no bacterial growth in the liquid co-
culture. In nature, the bacterium may receive substrates from other sources, for example other
diatoms. A biofilm is a highly heterogeneous entity, in which different organisms live
together in spatial proximity. The bacterium may live together in a mutualistic interaction
with a specific diatom species, but other diatoms like F. brevistriata might be beneficiary of
this interaction.

In order to characterize the growth-promoting bacterial strain genetically, we
conducted transposon mutagenesis of this strain using the transposon Tn4351. This
transposon was already successfully used to study several functions of Bacteroides
thetaiotaomicron and Cytophaga johnsonae (Anderson and Salyers 1989; Cheng and Salyers
1995; McBride and Kempf 1996). The transposon was isolated from a Bacteroides plasmid
and conveys erythromycin resistance when expressed in Bacteroides spp., but not in E. coli,
allowing selection of the mutants (Shoemaker et al. 1986). Furthermore, the transposon
carries a tetracycline resistance gene which is only expressed in E. coli (McBride and Kempf
1996). This was utilized for the selection of E. coli which carried Tn4351 in their fosmids. At
least 2858 Tn4351-mutants were screened for a loss of influence on growth of F. brevistriata
and three of them showed the desired phenotype. Genetic characterization of these mutants
revealed two independent gene loci, a gene whose product is related to the MarR family of
transcriptional regulators and a gene encoding a Ca?*-ATPase homolog. Two of the mutants
were affected in the same gene region: in mutant 21.20 the ATPase gene was disrupted
directly, while in mutant 31.90 the transposon was integrated 143 nucleotides next to the
ATPase gene, which may also here influence the expression of the transporter.

The mar locus of E. coli is known to confer resistance to multiple antibiotics, organic
solvents, oxidative stress agents and household disinfectants and is regulated by its regulator
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MarR (Alekshun and Levy 1999). MarR of E. coli in its activated state represses the
transcription of the marRAB operon. Inactivation of MarR leads to the expression of the
marRAB operon and its products in turn regulate the expression of other genes for example
those for antioxidant defence or antibiotic resistance (Ariza et al. 1994; Alekshun and Levy
1999). Besides other substances, MarR of E. coli binds to salicylate, which is a derivate of the
plant hormone salicylic acid, and thus the ability of the regulator to complex with the mar
promoter is reduced (Martin and Rosner 1995), which in turn increases the transcription of the
marRAB operon (Cohen et al. 1993). Transposon insertion in a putative marR of
Xanthomonas campestris, which is responsible for the plant black rot disease, led to a loss of
pathogenicity of the bacterium (Qian et al. 2005; Wei et al. 2007), which supports the idea,
that the mar operon may indeed play a role in interkingdom signalling between bacteria and
plants or algae. In general, MarR homologs in bacteria are thought to be regulatory factors
whose activities are regulated by phenolic compounds, which are often of plant origin
(Sulavik et al. 1995). We thus speculate that Bacteroidetes strain 32 may recognize similar
substances released by diatoms via binding to MarR, which in turn may mediate
acclimatisation and response mechanisms of the bacterium resulting in the observed growth
effect. For the mutant B-16 this would imply that the bacterium might not respond to the
presence of the diatom and may not induce growth enhancement. In this case we would have
the interesting situation that the bacterium might perceive signals from diatoms before
intracellular mechanisms lead to phenotypic changes which in turn induce diatom growth.
This could be a further explanation why the bacterial supernatant, harvested from bacterial
cells which were previously cultivated separately from the alga, showed no effects. Such well-
established interplay would indicate a close and specific interaction of the bacterium with
diatoms.

The potential role of the Ca?*-ATPase for the diatom/bacterium interaction is also
almost unclear. Ca* is a ubiquitous intracellular second messenger in eukaryotes (Alberts et
al. 1995). The eukaryotic Ca**-ATPase restores the low cytosolic Ca** concentration to the
level of the non-stimulated state by active efflux of this ion. The role of calcium in
prokaryotes is comparatively less investigated but is implicated in several functions as in
chemotaxis, heat shock, differentiation, cell cycle and pathogenicity or symbiosis (Norris et
al. 1996). Naseem et al. (2009) showed that Ca?* regulates at least 110 genes in E. coli and a
set of virulence genes of the human pathogen Yersinia pestis is also Ca?* regulated (Straley et
al. 1993). A putative role of this cation as a second messenger in prokaryotes is under
discussion (Dominguez 2004). It is thus conceivable that the Ca?*-ATPase of Bacteroidetes
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strain 32 may play a role in the regulation of the bacterial calcium homeostasis and a deletion
of its function may disrupt intracellular regulation processes which are possibly involved in
the growth enhancement of the diatom.

Taken together, we showed that the Bacteroidetes strain 32 enhances growth of the
diatom F. brevistriata when co-cultivated on solid medium and that a MarR homolog and a

calcium pump may be involved in the growth-promoting potency of this bacterium.
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Chapter 6: Characterization of the model organisms Achnanthidium
minutissimum, Fragilaria brevistriata and Bacteroidetes strain 32 and their

cultivation conditions

6.1 Abstract

The diatoms Achnanthidium minutissimum (Kutzing) Czarnecki and Fragilaria
brevistriata Grunow have recently been established as model organisms in combination with
a Bacteroidetes isolate to study diatom/bacteria interactions in freshwater biofilms. Both
diatom strains showed strong physiological changes when cultivated in the presence of the
bacterium like enhanced growth and biofilm formation. We here improved cultivation
conditions and characterized the physiology of these organisms with regard to vitamin B
requirement of A. minutissimum and growth behaviour of the bacterium in the co-culture with
A. minutissimum. We further describe in this chapter a protocol for the cryopreservation of

both diatom strains.

Keywords: Diatom medium - vitamin requirement - cryopreservation
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6.2 Introduction

A. minutissimum (renamed from Achnanthes minutissima (Kitzing) (Czarnecki 1994))
is one of the most abundant freshwater diatoms (Patrick and Reimer 1966; Krammer and
Lange-Bertalot 1991b) and is an eukaryotic pioneer during the initial processes of biofilm
formation (Sekar et al. 2004). Bahulikar (2006) demonstrated that this diatom is also abundant
in photoautotrophic, epilithic biofilms of Lake Constance. Similarly, Fragilaria brevistriata
Grunow is also a very wide spread diatom species (http://www.algaebase.org/). Bacteria of
the Bacteroidetes phylum are common satellite bacteria of diatoms (Amin et al. 2012).
Bacteroidetes strain 32 belongs to the Dyadobacter genus (Bruckner et al. 2008) and bacteria
of this group were found in freshwater and soil samples or to be associated with maize
(Chelius and Triplett 2000; Baik et al. 2007; Zhang et al. 2010). Both, A. minutissimum and F.
brevistriata showed strong physiological changes when co-cultivated with Bacteroidetes
strain 32: The bacterium induced capsulation, aggregation and biofilm formation of
A. minutissimum (Chapter 4), while it further enhanced growth of the diatom F. brevistriata
(Chapter 5).

6.3 Materials and Methods

6.3.1 Organisms and cultivation conditions

Achnanthidium  minutissimum  (Kdtzing) Czarnecki was isolated from
photoautotrophic, epilithic biofilms of Lake Constance and purified from associated bacteria
(Windler et al. 2012). The axenic culture of Fragilaria brevistriata Grunow (isolate F-02) was
obtained from Dr. Rahul Bahulikar (The Samuel Roberts Noble Foundation, Ardmore, USA).
Both diatoms were morphologically identified according to Krammer and Lange-Bertalot
(19914, b) by Anastasiia Kryvenda (University of Gottingen). The diatom stock cultures were
cultivated in liquid Bacillariophycean Medium (BM) (Schldsser 1994), which was modified
according to Windler et al. (2012). Cultures were exposed to a 12:12 h light:dark cycle with
light intensities of 20-50 umol photons m? s at 16°C (denoted in this study as standard
cultivation conditions for diatoms). The diatom cultures were sub-cultured monthly into fresh
medium.

Bacteroidetes strain 32 was isolated by Bruckner et al. (2008). The bacterium was
cultivated at 22°C on agar plates containing diluted Luria Broth (LB) medium (50% (v/v)
(Miller 1972)), sub-cultivated monthly and stored at 4-8°C.
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6.3.2 A new diatom medium without soil extract for Achnanthidium minutissimum

The basal medium for the Achnanthidium Medium (AM) is BM (Windler et al. 2012)
without soil extract. The basal medium was supplemented with 2 x f/2 vitamin solution and
0.5 x f/2 Trace Metals solution described by Guillard (1975), 50 mg I NazSiO3-5H.0 and
0.75 pg I't H2SeOs. To test the diatom growth, axenic A. minutissimum was inoculated in 250
ml AM and BM and cultivated with a 8:16 h light:dark cycle and a light intensity of 30 pumol
photons m2 st at 20°C and about 100 rpm. Cells were counted with a hemocytometer.

6.3.3 Vitamin B2 requirement
Xenic and axenic A. minutissimum cells were cultivated on agar plates containing AM
with and without vitamin B2 and cultivated at 18°C with a light intensity of 35 umol photons

m2st,

6.3.4 Cryopreservation of Achnanthidium minutissimum and Fragilaria brevistriata
Axenic cultures of F. brevistriata and A. minutissimum and the xenic culture of
A. minutissimum were treated with 4, 6 or 8% (v/v) methanol and incubated for 3, 5 or 8 min
at room temperature before freezing. Cryopreservation was performed in a Cryo Freezing
Container (#115650; Qualilab, Olivet, France) for 1.5 h at -80°C which allowed a controlled
decrease of the temperature for 1°C per min. After storage of several days in liquid nitrogen
the cells were thawed at 35°C, transferred into 20 ml AM and incubated at standard
cultivation conditions for diatoms for recovery. To test the viability of the cryopreserved cells,
aliquots of the thawed cell suspensions were either spotted on agar plates containing BM to
determine the colony forming units (CFUs) or 100 pl were transferred into 5 ml AM and

incubated at standard cultivation conditions for diatoms.

6.3.5 Organic substrates for Bacteroidetes strain 32
The bacterium was cultivated in liquid BM with different organic substrates: Tryptone
or yeast extract, with the same concentration as in diluted LB, or with 10 mM glucose

(glcBM). The cultures were cultivated for 7 days at 20°C and about 100 rpm.

6.3.6 Growth of Bacteroidetes strain 32 in co-culture with Achnanthidium minutissimum
Growth of Bacteroidetes strain 32 was measured in the same experiment as described

for diatom growth in Chapter 4. 10° cells mI! of the axenic A. minutissimum culture were
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inoculated with 5 pl of the bacterial culture with an optical density at 600 nm (ODeoo) of 0.1
in a total volume of 500 pl BM. The co-cultures were cultivated at standard cultivation
conditions for diatoms without shaking to allow biofilm formation. CFUs of the bacterium
were measured in the supernatant of the co-cultures (non-adherent cells). 5 pl of the diluted
supernatant were spotted on agar plates containing diluted LB and cultivated as described

above for the bacterium. Each experiment was conducted in triplicates.

6.4 Results and discussion

6.4.1 A new diatom medium without soil extract for Achnanthidium minutissimum

BM is a diatom full medium which was frequently used in former studies, there
partially denoted as Diatom Medium (DM) (Bahulikar and Kroth 2007; Bahulikar and Kroth
2008; Bruckner et al. 2008; Bruckner and Kroth 2009; Bruckner et al. 2011; Windler et al.
2012). This medium contains soil extract, which is an extract of garden mould, whose
chemical composition is rather unknown. However, especially for studies of chemical
interactions between diatoms and bacteria, a medium with an exact composition may be quite
necessary. The soil extract itself may contain bacteria and bacterial products which possibly
may impact the interaction studies. Further, soil extract is quite elaborate. It takes multiple
steps of autoclaving, disrupted by several overnight incubations at room temperature and filter
sterilisation steps to remove potential dormant bacteria, but still remains a potential source of
contamination. We therefore developed a new medium on the basis of the BM for diatoms
without soil extract (see Materials and Methods section). A. minutissimum reached about
50-60% higher chlorophyll yields in the stationary phase when cultivated in the
Achnanthidium Medium compared to BM (Figure 6.1). The medium hence represents a good

alternative for cultivation of the diatom without soil extract.

3.5:10° 1

= BM
310°{ =AM
2.5:10°1 Figure  6.1:  Growth  of
% 2.10° 1 Achnanthidium minutissimum in
o different media. The diatom was
8 1.510° cultivated in  Bacillariophycean
Medium (BM) and in
1:10°1 Achnanthidium  Medium  (AM)
0.510°1 (n=1).
O +—+—pprpy -
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time (day)
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6.4.2 Vitamin B2 requirement

Croft et al. (2005) surveyed several algae species and found a large number of vitamin
B12 auxotrophs for example F. brevistriata (Provasoli and Carlucci 1974). These algae have to
take up this vitamin from the surrounding medium to cover their demand and it is most likely
that in nature this vitamin is of bacterial origin (Haines and Guillard 1974). However, in case
of the diatom A. minutissimum, no growth differences were observable when cultivated on
BM agar plates which were enriched with vitamin B> compared to the vitamin B1. deficient

medium. We hence classify A. minutissimum to be autotroph for this vitamin.

6.4.3 Cryopreservation diatom strains

A. minutissimum and F. brevistriata have been cryopreserved in different volumes of
methanol with various incubation times (see Materials and Methods section). Spot tests of the
axenic A. minutissimum culture showed no cell colonies after thawing and revealed that the
diatom could not be recovered after cryopreservation. However, the xenic culture showed
colony formation when incubated for 5 min with methanol before freezing. Incubation with
6% (v/v) methanol resulted in the highest CFU values. However, the best condition for the
cryopreservation of F. brevistriata was not as clear as for A. minutissimum. Inoculation of
liquid AM with an aliquot of the thawed F. brevistriata culture revealed that cells were still
viable after cryopreservation with variable methanol concentrations and incubation times as

shown in Table 6.1.

Table 6.1: Cryo-solutions and incubation times recommended for the cryopreservation of Achnanthidium
minutissimum and Fragilaria brevistriata.

Diatom Cryo-solution Incubation time (min)
methanol (v/v)

A. minutissimum 6%

F. brevistriata 4%
6%
8%
8%

o W o1 o0 O

6.4.4 Organic substrates for Bacteroidetes strain 32
Bacteroidetes strain 32 was able to grow in BM complemented either with glucose

(glcBM), tryptone or yeast extract. Interestingly, the bacterial culture lost its characteristically
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yellowish colour when cultivated in glcBM (Figure 6.2). 16S rDNA analysis excluded any

potential contaminations with other bacteria (data not shown).

Figure 6.2: Growth of Bacteroidetes strain 32 in diluted
LB and glcBM. The bacterium exhibited the typical
yellowish colour when cultivated in diluted LB (left). In
glcBM the bacterium grew colourless (right). The picture
was obtained from Katrin Leinweber (University of
Konstanz).

6.4.5 Growth of Bacteroidetes strain 32 in co-culture with Achnanthidium minutissimum

The presence of Bacteroidetes strain 32 or its sterile supernatant induced capsulation and

biofilm formation of the diatom A. minutissimum (Chapter 4). We here observed the growth

behaviour of the bacterium in the co-culture with the diatom. Under this condition, the diatom

formed a strong biofilm and cells stuck together and to the vessel surface making it

impossible to measure CFUs within the biofilm (attached fraction). We hence measured the

CFUs of the bacterium in the supernatant of the co-culture and observed relatively low values

during the exponential phase and in the early stationary phase of the diatom (Figure 6.3).

However, the CFUs strongly increased, when the diatom reached a plateau in the late

stationary phase.
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310" A asterisks). Data of the
210" - .”4/ : chlorophyll  measurement
were collected from
1-10* '\'f * Chapter 4. Error bars
0 indicate standard deviation.
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Several explanations regarding the course of the CFU values are possible: The bacteria

may either be strongly attached to the diatom and thus located in the adherent fraction until
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the late stationary phase. Afterwards, the biofilm may be disintegrated and the bacterial cells
may be released into the supernatant. This would suggest that the bacterium may live together
with the diatom in a mutualistic interaction, possibly as it metabolizes extracellular polymeric
substances released by the alga. However, another possible scenario could be that the number
of CFUs in the supernatant may resemble the total number of bacteria (attached and non-
attached bacteria). This would mean that the bacterial density within the biofilm showed also
the same pattern of low values during the exponential phase and early stationary phase of the
diatom and that bacterial growth was boosted in the late stationary phase. This could be a hind
that the vital diatoms may have some defence mechanisms during the exponential phase and
early stationary phase, for example capsule formation, to protect themselves from being
overgrown and decomposed by the bacteria. The putative defence mechanisms may
eventually collapse in old diatom cultures. This scenario would indicate that the bacterium
might utilize organic substances from dead algae cells rather than extracellular compounds

produced by viable diatom cultures.

6.5 Conclusion

The diatoms A. minutissimum and F. brevistriata showed strong physiological changes
when co-cultivated with Bacteroidetes strain 32 (Chapters 4 and 5). Based on these
observations, both diatom strains were recommended, together with the bacterium, to
represent good model organisms to study diatom/bacteria interactions. F. brevistriata turned
out to be a highly stable diatom as it is kept in our culture collection since several years
(Bahulikar 2006). A. minutissimum showed indeed the typical cell size reduction and
morphological aberrations of diatoms during long-term cultivation; however this diatom could
now be cryopreserved and stored for a long time. Furthermore, transcriptome data and gene

annotations of A. minutissimum are now available in our lab (Rottberger 2013).
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Chapter 7: General Discussion

7.1 Cellular mechanisms involved in the interactions between Bacteroidetes strain 32 and
diatoms
In this thesis it was observed that bacteria may considerably influence different

physiological characteristics of diatoms:

1) Cell size diminution and structure of the silica frustule during long-term
cultivation (Chapter 3)

2) Capsulation and biofilm formation (Chapter 4)

3) Culture growth (Chapter 5)

Up to now little is known about the cellular mechanisms which are involved in the
diatom/bacteria interactions, not at least because of the lack of convenient and reliable model
systems to study such interdependencies especially with regard to biofilm formation. Two
bioassays were therefore established in the course of this work. Both assays have proved to be
suitable for the investigation of cellular mechanisms of diatom/bacteria interactions which
lead to enhanced diatom growth and matrix material production, important factors of biofilm
formation as both groups of organisms are pioneers in the colonization of wet and irradiated
surfaces (Cooksey and Wigglesworth-Cooksey 1995; Wetherbee et al. 1998; Sekar et al.
2004). With the help of these bioassays we obtained important insights in the complex genetic
and chemical mechanisms which underly the interactions between representatives of benthic
diatoms and bacteria.

In Chapter 4 we showed that capsule and biofilm formation of the diatom
A. minutissimum considerably depends on the presence of bacteria. During the development
of the bioassay, we screened three further diatom species (Nitzschia palea, F. brevistriata and
Fragilaria capucina), in addition to A. minutissimum, and found that biofilm formation in
most cases depended on the presence of bacteria. Further investigations revealed that
capsulation and biofilm formation were induced by one or more soluble molecule(s) of a
bacterium belonging to the Bacteroidetes phylum. This molecule(s) apparently possesses
hydrophobic properties and is quite thermostable. Known bacterial signal molecules with
hydrophobic characters are for example N-acylhomoserine lactones (AHLs), common
autoinducers of Gram-negative bacteria which mediate quorum sensing (Chhabra et al. 2005).

Amin et al. (2012) speculated that such intraspecific signal molecules may also be exploited
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in interkingdom signalling between diatoms and bacteria which might be also the case for
A. minutissimum and Bacteroidetes strain 32. We further found evidence that two genes of
Bacteroidetes strain 32, whose products are related to the transcriptional regulators of the
MarR family and a Ca>*-ATPase, respectively, are involved in the cellular mechanisms which
lead to growth enhancement of F. brevistriata (Chapter 5). Figure 7.1 shows a hypothetical
scheme of the cellular mechanisms of Bacteroidetes strain 32 which may be involved in the
bacterial influence on diatom growth and biofilm formation. In case of capsulation/biofilm
formation of A. minutissimum, the bacterium produced the substance(s) even when cultivated
without the diatom, indicating a constitutive production which is independent of the presence
of the diatom. In contrast, members of the MarR family are thought to be regulators which are
in turn regulated by environmental signals like phenolic compounds which are often of plant
origin (Sulavik et al. 1995). The involvement of a Ca®*-ATPase might further indicate
intracellular regulation processes with Ca®" as a putative intracellular second messenger
(Straley et al. 1993; Naseem et al. 2009; Dominguez 2004). In case of growth stimulation of
F. brevistriata we hence suggest that the bacterium may at first recognize the presence of the
diatom, possibly by secondary metabolites of the alga via the MarR regulator, which in turn
may alter intracellular processes in which calcium might also be involved and which finally
leads to a response mechanism of the bacterium. This suggests that the sense- and regulatory
mechanisms of the bacterium to induce capsulation/biofilm formation of A. minutissimum and
growth of F. brevistriata may be quite diverse and reveals the complexity of the underlying

processes which mediate diatom/bacteria interactions.

7.2 Bacteroidetes strain 32 and diatoms — Is it love?

Members of the Bacteroidetes phylum are often associated with diatoms (Knoll et al.
2001; Schifer et al. 2002; Makk et al. 2003; Kaczmarska et al. 2005; Sapp et al. 2007a, b;
Bruckner et al. 2008). Bacteroidetes strain 32 possesses several impacts on the physiology of
different diatom species: It changes the formation of EPS of 4. minutissimum (Chapter 4) and
Cymbella microcephala (Bruckner et al. 2008) and thus induces capsule and biofilm
formation of both diatoms. It further induces enhanced growth of F. brevistriata (Chapter 5)
and C. microcephala (Bruckner et al. 2008) (Table 7.1). This leads to questions on the nature
of the interactions between the bacterium and diatoms that trigger the observed physiological
changes. Do these interactions represent a mutualistic or a commensalistic relationship or in
case of capsule/biofilm formation of A. minutissimum rather a parasitic relationship? Does

capsules/biofilm formation offers protection against the bacteria, or do the bacteria implement
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a convenient environment for the diatom to settle and to attach irreversibly by forming a

biofilm?

Bacteroidetes strain 32 Diatom
Ca2+

Putative diatom signals/
direct cell-to-cell contact?

—> Ca*homeostasis

ATP  ADP+P |ntracellular signal
v transduction?

Alteredgene

expression?
Putative diatom signals?

—
marR

Figure 7.1: Hypothetical scheme of the cellular mechanisms involved in the interactions of Bacteroidetes
strain 32 and diatoms based on the results of this thesis. The cellular bacterial mechanisms which lead to the
observed physiological changes of the diatoms may be quite different: In case of growth stimulation of
F. brevistriata the bacterium may sense the presence of the diatom, possibly via algal compounds recognized by
a MarR homolog, which may result in an altered gene expression. Calcium may also play a role in the regulation
of the growth stimulating mechanism (GSM) of the bacterium. The bacterial induction of capsulation and
biofilm formation of A. minutissimum may be rather a constitutive mechanism of the bacterium mediated by
soluble bacterial compounds.

Table 7.1: Overview of the influence of Bacteroidetes strain 32 on growth and capsulation/biofilm
formation of the diatoms investigated in this thesis compared to the influence on the original host diatom
Cymbella microcephala.

Diatom Growth Capsulation/Biofilm Reference
A. minutissimum - + Chapter 4
F. brevistriata + - Chapter 5
C. microcephala + + Bruckner et al. (2008)
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Bacteroidetes strain 32 was originally isolated from a xenic culture of
C. microcephala that previously had been cultivated in xenic condition for more than two
years and can be considered as a satellite bacterium of this alga (isolation and cultivation of
C. microcephala was described in (Bahulikar 2006); isolation of the bacterium was performed
by Bruckner et al. (2008)). Schéfer et al. (2002) investigated xenic cultures of six different
diatom species and found that the so called “satellite community” (“accompanying bacterial
community”) of each diatom was unique and they proposed that “algal cells constitute niches
for specific bacterial species”. Gérdes et al. (2010) distinguished between free-living and
diatom-attaching bacteria showing that attached bacteria may influence aggregation whereas
free-living bacteria do not. It is thus conceivable that the interactions between the host
diatoms and their satellite bacteria are specific and particularly tight. Application of
Bacteroidetes strain 32 to F. brevistriata and A. minutissimum may of course represent
artificial situations as it has not been proven that this bacterium is also a natural part of the
satellite communities of these diatoms. However, both diatom strains were isolated from
biofilms from the same sampling site as C. microcephala and Bacteroidetes strain 32,
indicating that all organisms used in this thesis are inhabitants of the same biofilm
community. Furthermore, 4. minutissimum showed the same physiological changes when
cultivated with its co-isolated satellite community as with Bacteroidetes strain 32: both the
co-culture with strain 32 as well as the xenic A. minutissium with its satellite bacteria showed
capsule and biofilm formation, suggesting that these effects may indeed be of relevance in the
interaction of this diatom with its satellite community.

The presence of the bacterium could be of advantage for F. brevistriata, as diatom
growth was enhanced in the co-culture. The bacterium in turn seems not to be able to grow
with organic substrates secreted by F. brevistriata, algal organic substrates from the diatom
might at the most help to survive the observed cultivation period of about one month (Chapter
5). Utilization of organic substrates from F. brevistriata by strain 32 is hence not proved and
we therefore classify this interaction to be rather commensalistic with a benefit for the diatom
than being mutualistic. As mentioned in Chapter 5, the heterotrophic bacterium must obtain
organic substrates from other sources, under artificial culture conditions this could be from
the agar, in nature possibly in the form of organic material from other diatoms like for
example its putative original host C. microcephala. We thus assume that the growth
stimulating mechanisms of the bacterium may be focused on its original host, the diatom from
which the bacterium receives substrates, while other diatoms like F. brevistriata may also be

beneficiaries of this interaction. This may not only play a role under artificial conditions as in
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the co-culture of F. brevistriata and Bacteroidetes strain 32, but also in natural habitats,
where different organisms in a biofilm live together in spatial proximity.

For the interpretation of the interaction between Bacteroidetes strain 32 and
A. minutissimum we suggest two contradictory scenarios: the interaction can either be
mutualistic or commensalistic, but also a parasitic relationship might be conceivable. Axenic
and xenic A. minutissimum achieved similar cell densities, thus an advantage or disadvantage
of the presence of the bacterium for the alga is not directly obvious as shown for
F. brevistriata. However, within three days of co-cultivation, the diatom was attached to a
surface via stalks and started with biofilm formation (Chapter 4). The presence of the
bacterium might constitute a friendly environment and a favourable condition to start biofilm
formation. As the axenic A. minutissimum cells did neither produce capsules nor attach to
surfaces, this could mean that diatoms without suitable bacteria might, under natural
conditions, be easily dispersed by water currents helping them to find new niches. The same
changes of capsulation and biofilm formation were previously found in C. microcephala,
where growth was enhanced in the presence of the bacterium (Bruckner et al. 2008),
indicating that capsulation/biofilm formation may indeed be the reaction of a mutualistic or at
least commensalistic interaction.

A. minutissimum might also react with capsulation as a defence or protection
mechanism against bacteria. Without staining, capsules were indirectly visible as bacteria free
zones around the diatom cells indicating that the capsules indeed keep bacteria away from the
diatom cells. Furthermore, capsulation of 4. minutissimum usually started in the stationary
growth phase of the diatom (Chapter 4) when cells may be stressed due to nutrient limitation
and much more vulnerable to a bacterial attack. The diatom produced copious amounts of
EPS anyway, in axenic conditions in a soluble form and in xenic conditions as capsular
material. Thus, capsulation might be associated with relative low energetic cost differences
for the xenic diatom compared to the axenic culture, as polymers apparently are converted
from a soluble to a bound form. This might constitute a convenient and rather “cheap”
defence mechanism.

The impact of A. minutissimum on growth of the bacterium could not be determined as
the bacterial cell density within the biofilm was not measurable due to technical constraints.
We thus investigated the bacterial cell density in the supernatant (non-attached fraction)
(Chapter 6). As described in this chapter, the bacterial cell density in the supernatant
increased in the late-stationary phase of the alga. On the one hand, this could mean that the

bacterium was tightly attached to the diatom within the biofilm and thus bacterial growth was
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not detectable in the supernatant until the biofilm disintegrated. This would support the
hypothesis of a mutualistic/commensalistic interaction. In this context the capsule of the algal
cell might serve as a feeding ground for the bacterium to keep it close to the algal cell. On the
other hand, the bacterium might decompose dead algal cells rather than extracellular
compounds released by vital diatom cells, which would represent a parasitic interaction.

If we consider bacteria to be mutual partners of their host diatom but parasites for
other diatom species, this could represent a mechanism that allows the diatom host to weaken
other diatom species for example when competing for limiting nutrients (Grover 1988). Such
a possibility may give a glimpse on the complex interactions in multispecies photoautotrophic
biofilms in natura (Figure 7.2). In contrast to the highly simplified and artificial situation
within a bioassay, which is reduced to investigate the interaction between one pair of
organisms, the organisms in nature are faced with several different interactions at the same
time. In case of photoautotrophic epilithic biofilms, this may comprise, besides the
interactions between the host diatom and its satellite bacteria, further interactions within the
microbial community for example interactions within the bacterial satellite community, with
neighbouring diatoms, with free-living bacteria outside of the phycosphere and with other
microbes like protozoa or fungi, up to animals like insect larvae and snails (Hunter 1980;
Parry 2004; Ceola et al. 2013; Gao et al. 2013). These interactions may comprise all facetes of
interspecies up to interkingdom interactions and may range from mutualism to competition
and even to parasitism. Together with influences of permanently altered external abiotic
factors like light, wave disturbance, temperature and water level fluctuations (Hoagland and
Peterson 1990; Schmieder et al. 2004; Rao 2010), a photoautotrophic, epilithic biofilm is a

highly dynamic entity which is influenced by manifold parameters.
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Figure 7.2: Hypothetical scenario of the interactions between Bacteroidetes strain 32 and diatoms within a
biofilm. It is assumed that the satellite bacterium may live in a close and mutualistic relationship with its original
host diatom e.g. C. microcephala. This diatom may provide organic substrates like carbohydrates (CH) for the
bacterium which in turn possesses some growth stimulating mechanisms (GSM) to support algal growth and
induces capsulation and biofilm formation of its host. The GSM might affect other diatoms which live in spatial
proximity within the biofilm. These diatoms might benefit from the interaction between the bacterium and its
host, but in turn exert no effects on the bacterium (commensalistic interaction with a benefit for the diatom).
Capsulation and biofilm formation of A. minutissimum may either be the reaction of the diatom in a
mutualistic/commensalistic interaction with the bacterium comparable to the relationship of the bacterium with
its original host or a defence mechanism to save cells from parasitism by the bacterium. Such a hypothetical dual
character of a bacterium, mutualistic partner for its original host diatom and parasite for other diatoms, might be
exploited by the original host to weaken competitors.
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Supplementary Data Chapter 3

S3.1 Example measurements of cell lengths of Achnanthidium minutissimum live cells

axenic 2009 xenic 2009

1;2,n1ur_r'
14,72 pm

Figure S3.1: Cells of xenic and axenic Achnanthidium minutissimum cultures at the beginning of the

experiment in April 2009 and close to the end of the experiment in August 2011. Arrows exemplarily mark
bacteria cells in the xenic cultures. Scale bars represent 10 pm.
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S4.1 Growth of Bacteroidetes strain 32 in diatom full medium

Bacteroidetes strain 32 was inoculated in the diatom full medium BM and in diluted LB (50%
v/v). The bacterium was scrapped from an agar plate containing diluted LB, resuspended in 1
ml BM and 10 pl were added to 5 ml of the respective medium in test glasses. Cultures were
incubated at 22°C and 112 rpm. ODgy was measured with the Camspec M107
Spectrophotometer (Camspec Ltd, Cambridge, UK). The bacterium was not able to grow in

BM without A. minutissimum or glucose supplement (Figure S4.1).

0.8 -
=B
071 -=BM
0.6 - Figure S4.1: Growth of
Bacteroidetes strain 32 in
2031 diatom full medium (BM).
a 04 The bacterium was cultivated in
° BM (n=2) and in diluted LB
0.3
(n=1).
0.2
0.1
0 » .
0 1 2 3 4 5 6 7 8

Time (days)

S4.2 Co-cultivation of Achnanthidium minutissimum with different bacterial isolates

Bacteria isolates B-1, B-2, B-4, B-5, B-6, B-7, B-8 and B-10 were isolated from
photoautotrophic epilithic biofilms from the same sampling site as 4. minutissimum and
Bacteroidetes strain 32 in April 2011. The biofilm was scraped from stone surfaces, diluted in
BM and roughly vortexed for 10 min before the suspension was plated in gradual 1:10
dilutions on agar plates containing diluted LB medium. Single colonies were picked and
isolated by repeated smear. The bacterial isolates were cultivated as described for strain 32.
For co-cultivation, 1 ml BM was inoculated with 2.8:10" diatom cells mI" and 5 pl of the
bacterial cell suspension (ODgg of 0.1). The co-cultures and negative controls (axenic diatom
and bacteria cultivated in BM, respectively) were performed in triplicates, the positive control
(co-culture of A. minutissimum with strain 32) in duplicates. Biofilm was stained with crystal

violet and the absorption of the extracted dye was measured at 580 nm.
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Figure S4.2: Absorption of crystal violet extracted from biofilms of co-cultures of Achnanthidium
minutissimum with different bacterial isolates. The isolates are termed B-1 — B-10. The axenic diatom and the
bacterial cultures were performed as negative controls and the co-culture of 4. minutissimum with strain 32 as
positive control. (n=3; error bars indicate standard deviation; * marks the positive control (n=2)).

Three co-cultures produce a clearly stronger biofilm than the axenic diatom culture (co-
cultures with B-1, B-5 and B-6). Only the co-cultures with B-1 and B-5 achieved a biofilm
quantity comparable to the co-culture with strain 32. Co-cultures with B-4, B-7 or B-8
showed comparable or even less crystal violet absorptions as the axenic diatom culture. Pure
bacteria cultures in BM resulted in no or even low biofilm formation as they presumably did
not grow in the used medium without the diatom or additional carbon sources. Capsule

formation was only visible in the co-culture with strain 32.
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S5.1 Localization of transposon insertion conducted by the Trenzyme company

Sequence analysis of the transposon insertion sites of Bacteroidetes strain 32 mutants were
conducted partially by the Trenzyme Company (Trenzyme GmbH, Byk-Gulden-Strasse 2,
78465 Konstanz (info@trenzyme.com). The following report was prepared by Armin Giinther

and checked by Dr. Reinhold Horlacher (Trenzyme GmBH, Konstanz, Germany):

Aim: Localization of the transposon within the genomic DNA of three strains as follows:

Sample Barcode Name
1 3041 Mut B16
2 3042 Mut 21.20
3 3043 Mut 31.90

Performance:

Restriction digests

Different restriction digests of the genomic DNA were set up using the restriction
endonucleases BamHI, Bglll, Styl, HindIIl. After appropriate time points, restriction digest
reactions were stopped. Self-Ligation reactions were set up. PCR reactions were set up using
the oligonucleotides of table 1 and diluted ligation reactions as template. PCR reactions were

again diluted and used as template for nested PCR.

Oligonucleotides

Table S5.1: Oligonucleotides for gene identification and PCR cloning.

Task Oligonucleotide Sequence
Nested PCR, first reaction 1475 _FP1 CGATAGCTTCCGCTATTG
1475 RP2 ACACCAACGGGCTTATC
Nested PCR, second reaction 1475 _FP2 GGACGGACAATTAAAGCAAAG
1475 RP1 ATACCTCACGCCAAACG
Sequencing reaction 1475 FP2
1475 RP1
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Table S5.2: PCR products obtained and sequenced.

Bd# template Enzyme Approx. size
1 3041 — MutB16 HindIII 1350
4 3042 — Mut21.20 Styl 750bp
8 3043 — Mut 31.90 HindIII 1350bp

Table S5.3: Sequencing reactions.

PCR product Oligonucleotide Sequence file (*.abi)
1475 3041 PCRbdl 1475 RP1 1475 3041 PCRbd1-1475 RP1
1475 FP2 1475 3041 PCRbd1-1475 FP2
1475 3042 PCRbd4 1475 RP1 1475 3042 PCRbd4-1475 RP1
1475_3043_PCRbd8 1475_RP1 1475_3043_PCRbd8-1475_RP1
1475 FP2 1475 3043 PCRbdS-1475 FP2
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S5.2 Nucleotide and protein sequences of the up- and downstream regions
of the transposon insertion sites

Translations Aligned (5'->3'), plus strand

10 20 30 40 50 60 70 80 90
FW5 | | | | |
TTGGAGAGTTAGAGGCAAGAATCAGAGGCTGACAAAGTTGAAACATGAGAAATTTTTCAAAAAACTTTAATTATTGTAACTATCTGTAATGTAGTTATTT 100
L E S * R QE S EADI KV ET*E I F QK TUL I I V TTICNUV V I * 100
W RV R G KN QR L T K L K HEKF F KK L * L L * L 8§ V M * L F 100
G EL EARTIURG®* QS * NMRNUF S KNV FNYCNYUL * C S Y L 100

| | | | | | | | | ORF1
AGTCCtGGTTTGCTTTTCGTTATGCTGATAAATATACACCTTTTTTATGAAGCAGGAACTTTGAAGTAATAAATAGATGTTCATACATTAAATGTATATA 200
s W F A F R Y A D K Y T P F L * S RNVFE VI NIRRT CS Y I KCTIY 200
s P 6L L FVMILINTIUHILTFYEA ASGTTLI K * * I DV HTLNV Y T 200
v .LvC?F s L C* * I Y TV FVFMZ KU QETL* S NI K * MF I H * 200

| | | | | | | |
CAATGTTATTGTACTACTAACAAGTTGTGTGCTATGTCAATAGAAACCGATATTAAGCAAAAAAGATTTCGGACTCCGTATCAGCGGTTGGTACTGAATC 300

NV IV L LTS CV L COQ* K P I L S K KD F G LRI S G W Y * I 300
M L L Y Y * @Q Vv CyY VNI RN RY * A KK I S D SV S A V G T E 8§ 300
300

| FW4

| | | | | | |
TTATTTATACAAGTAACTGGCTTGGCTACAAgCaAAtAGAGattttGAGGGAaCATgacctCAcaccggAGCAGTaTaAtgtgeTCagGATTttgecGCGG 400
L ¥r I 9V TGULATSEK *RF * GNMTSHU RS S I MTCS G F C A G 400
Yy LY K * L A WL QANIRUDV FEGT * P HTGAV * CA QD F A R 400
400

| | | | | | | |
GCaGCaTccCAATccgATCARagTGAgTGataTaTcCGaRacgtATGettgaTARaAATTCCARacaCATcCaGgctGATCgAtARAaCtTcTTCTtARAaGA 500

s I p I R S K * VvV I Y P 500
A A S Q S DQ SE * Y I RNV CULTIZKTI P TH?PG * S I N F F L K I 500
T Y A * * K F Q H I Q A D R * T S S * R 500

| | | | Rev3 | | | | |
TcTtGTAACCCGGaCGTCcTGCcccagecgaccgGCgegCAGtgGatGTAgtGatcAaTgaagCGgGGTLGGCtttact TTTATTGATTGaccccARagTa 600
600

L *pP GRPAUPATSGAQWM®** sSs M K RGWIL Y F Y * L T P K * 600
s ¢ N P DV L P QU RPARSGCSDIOQ* s GV GF T F I D * P Q S R 600

| | | | | | | |
gaGGATtgGGAAAATAGCCITTGAGT TCAACT TATAAATGCAACT TTTTGGGTGCGGATAATAAGCAATAAAAACATTTATTTTTCAGAGAGGAAAGAGA 700
P * VvV QL I NATTFWVRTITISNI KNINTIVYTF S ERZKE R 700
R I G K I A LEVFNTUL*MOQULU FSGCG * * A I KTTF I F QR G KR 700
G L G K * P L S S TYKCDNTFILSGADNIEKZOQ™*KHTILTFFREE R E 700

| | | | | | | |
GACAATGTCCCCCTTTCTCTCACTCTGAATGGATAAAGTTTGCTATCTTTGCTTTAATTGTCCGTCCAAAGAAAAAAAAGTTGCAGATGAGCAAACATAT 800
o CPPF S HSEWTII KT FATITFATILTIVIRZPIEKIEKI KTE KT LOQMSKHTI 800
D NVPLSLTILNSG?®* S L L S L L * L SV QR KI K S CR * A NI * 800

T M §$ p F L s L *M DKV C YL CU FNT CU?P S K EI KI KV AUDEOQT Y 800
| | | | | | | Rev2 | |

AACCGAGGAACAAAGGTATGCAATTTCTATGATGTTGCAAATACCGATGAGCAAAAAAGCAATAGCGGAAGCTATCGGAGTAGATAAAAGCACTGTTTAC 900

T EE Q R Y ATI S MMIUL QI PM S KK ATIAEA ATIGUV DI K S T V Y 900

P R NKGMOQUVF L * CCZ K YR * A KI KO Q* R KL S E * I KATLF T 900
N R G T K V CNF Y DV ANTDEQZ XK S N S G S Y R S R * K HC L Q 900

| | | | |
AGGGAGATAAAGCGCAATTGCGACGCCCGAAGTGGTAGCTATAGCATGGAGCTTGCCCAGCGAAAAGCAGACAGGCGCAAGCAGCAAAAACATCGCAAGG 1000
R EI K RNCDA ARSG S Y S METU LA AOQIRI KA ADI RI RIEKOQ QK H R K E 1000
G R * S A I ATUPEVVATIAWSTLUPSEI KOQTGAS S KNTI A R 1000
G b KAQU L RIR®PI KW * L * H GACUPA AIZ K S ROQA AU QAR AIZ KT S Q G 1000

| | | | | |
AAGTGCTTACACCGGCAATGAG. CGGATAAT GCTGTTGAAG. GGATTCAGCCCGGAGCAGATTGTCGGCAGGAGCCGCTTGGAGGGAATTGC 1100
v L T P A MURI KU RTIIIKILILI K KGU F s P EQTI V GRS R L E G I A 1100
K ¢ L HRQ*E NG * * s C * RKDSAURSRUL S AGAAWIRE L R 1100
s A Y T G N E K TDNI KAV EUEI RTI QP GADT GCIRIOQE?PTULGG N C 1100

| | | | | | | |
GATGGTATCTCACGAAACGATATATCGCTGGATTTGGGAGGATAAGCGGCGGGGTGGCAAACTGCACAAATATCTTCGCAGACAAGGTCGCAGGTATGCC 1200
M v s H E T I ¥ R W I WEDI K RI R GG K L HEK Y L RIRQ G R R Y A 1200
WYy L T K R Y I A GVF GURTI S GGV ANTCTNTI FATDIE KV VAGMTP 1200
D G I S RNDI SL DL GG * A AGWOQTAOQOQTI S S QTR S Q V C 0O 1200

| | |BsStNI | | |BsoBI | |
AAACGTGGTTCTAAAAATGCAGGGCGAGGATTTATCCCAGGCAGGGTGGATATTGATGAGCGTCCCGAGATAGTGGAACTGAAGGAGAGATTTGGTGATT 1300
K R G S K NAGIR G F I P GRV DI D EI RU®PZETIVETZLI KEIRF G D L 1300
NV VL KMQGEDUL S QA GW I L M SV PR * WDN * R R DL V I 1300
T w F * K C R ARTI Y PRQGGY * * A S RD S G TEGETI W * F 1300

| | | | | | | |
TAGAGATAGATACAATTATTGGTAAGAACCACAAAGGTGCCATTCTTACCATTAACGACAGAGCAACAAGCAGGGTCTGGATACGCAAGTTGTCGGGAAA 1400
E I D TTI I G KNHIKGATIULTTINUDIRATS RV W I RI KL S G K 1400
* R * I 9 L LV R T TXKV P F L P L TTEZ QO QA AGS G Y A S C R E K 1400
R DRY N Y W * E P QR CH S Y H* R QS NKOQGTULDTQ V V G K 1400

| | | | | | | |
AGAAGCCATCCCGGTAGCTAAGATTGCAGTATGGGCACTGCGGAAAGTGAAAAACTTAATACACACAATTACGGCTGACAATGGAAAGGAGTTTGCAAAG 1500
E A I PV A KTIAVWAILIRIKUVKNTILTIHTTITAUDNGZ KE F A K 1500
K Pp S R * L R L QY GHOCGI K * KT * Y T QL R L TMZEIR S L Q S 1500
R S H PGS *D CSMGTA AE S EI KU LNTHNYG * Q WK G V C K A 1500
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| | | | | | | |
CACGAGGAAATTGCGCAAAAATTGGAAATAAAATTCTATTTTTGCAAACCATACCACTCATGGGAACGTGGTGCCAATGAAAACACCAACGGGCTTATCA
H E E I A Q K L E I K F Y F C K P Y HS WEIR GANZENTN G L I R
T R XK L R K N W K * N S I F A NHTTHGNV V P MEKTP T G L S
R G N CAI K I GNI KTI L F L QTTI PLMGTWCOQ * K HQURA Y Q

| | | | | | | |
GGCAGTATATCCCAAAGGGTAAGGACTTTAGTGAAGTAACCAACAAACAGATTAAGTGGATTGAAAATAAACTCAATAATCGACCTCGTAAAAGACTTGG
QY I P K G KDV F S EV TDNI KOQTIKMW®WTIENDNIZ KT LNUNNU®RPIRIEKTI RILG
G S I S QR VRTULV K * P TNU RILSSGULIZ KTINSTITIDTILV KDL D
AV Y P K G * G L * * s N QQTD* V D * K * T Q * s T S * KT W

| | | | | | | |
ATACCTCACGCCAAACGAAAAATTTAAACAAATTATTAATCAGAATTCTGTTGCATTTGCAAGTTGAATTCAAATCACAGAGAAGTGAATAGACAGTATT
Yy L T P NEI KT FIKOQTITINSOQNSVATFAS* I QI TETZ K * I DS I
T S R Q T KN L N K L L I R I L L HUL QV ETF K S QR S E * T V L
I PHAKRIKTI®*TNY*SETFT CTCTIZCI KT LNDNSNUHREVNROQYY

| | | | | | | |
ACCCGACAGAGCAACTACGACAAAGCAATGCCATCAAAAAAAATGACAGCACACACAAAGCATAGACTGATTGTCTTGCCCTAAAAGATTGATTGGAATT
T R Q S N Y DK AMUPS K KMTAUHTI KU HI®RTILTIVILP * K I DWNDNTL
P DRATTTEK QCH QKK * QHTQQS I D * L S CPEKZ RTILTIGI
P TE QL RQSDNATIZ K KNDSTHI KA A®*TODTCTILATZLTZE KT D * L E F

| | | | | | | |
TATTCAGGACTGCCTATCACTTAGATAGAAGTCCAAGGTCTGCTGAAATACATAATTCAAAAATTGAAATTGCTTGACTGCAAATTTAGTAACTTTGCTT
F R T A Y HL DR S PR S A E I HN S K I ETIA* L Q I * * L C L
Yy s G L. p I T * I EV Q G L L K Y I I Q K L K L L D C K F S N F A *
I ¢ bC&L S LR * K s KV C * NT * F KN * NCCLTANTILV T L L

| | | | | | Tetfw | | |
GACAARATTAACGAGAAAGAAGAG. TGAAAGCCGACCGCATAACATCACCTATACGCAAGCAGGGGGTTCGTGCTTCGTAAGACAGGAAAGTGGTAAA
T N *RERWI RENZESRPHNTITYTOQAGSGSTCT FUVRQE S G K
0 I N E K EE K MEKADU RTITSUPTI®RIEKI QG GVRAS* DI RIEKUV VN
D K L TRIKKW®RI K * KPTA* HHILYAS RGT FUV LRI KTG KW * I

| | | | | | | |
TTTAAAGTTCAGTTCATCGTAGGTAGCTTAGTGGTAAAAATCCCTGCCTGCGTATAGCTGCAAACCGTTGTTAGCAATCCGCTGCGCTCCTTGCTAACAA
F K v F I VG S L VV K I PACV * L Q TV V SN P L R S L L T M
L K F s s s * VA * W * K S L PAY S CIKPILULATIIRTCAUZPTC * Q
* $ s V HRIR* L S G KNUPCULURTIAANU RTEC®*QQSsSAAILTILA ANN

| | | | | | | |
TGGCTCGGCGACTTACGTCGCTTGCCGTAAGCCGCCGCTTCGCGGACTGCTTACAACAAGCGACTTGGCTAAATAGCTCCGCTTTTGTATCTTCGATACA
A R R L T S L AV S RURVFADT CLOQQATWILNS S ATF V S S I Q
W L G DL RRUL P * A A A S RTAYNI K RILG* I AP L L Y L R Y S
G s A T Y VA CRIK®P?PILRGULULTT S DL A K * L RF CTIF DT

| | | | | | | |
GCTTCGCTACTTCGCCAATTCGCCGAGCCATTGTTATGGGCCATTTTTGAATGACAATGCGAATAGATACAGACAAACAAATGAATTTACTTAGTGATAA
L RY F A NS P S HCYG?PFLNIDNA ANU RYROQQTNEF T * * *
¥F A TS P I RRAIVMGHVF*MTMAURTIUDTDI K OQMNTILTIL S D K
A S L L R Q F A E P L L WATIFE * Q CUE * I Q TN K * I Y L V I R

| | | | | Tetrev
GAACGTTGCAATAATTGGTGGTGGACCCGTTGGACTGACTATGGCAAAATTATTACAGCAAAACGGCATAGACGTTTCAGTTTACGAARAGAGACAACGAC
E R CNNWWWTRW T DY G K I I TAI KU RUHRI R FS L R KR Q R P
N VaATI I GGG?PV GGL TMAZKTLTULOQOQNGTIDV S VY E R DN D
T L. Q * L vV DU®PILD* L WOQNY Y S K TA*TVF QF T K E T T T

| | | | | | | |
CGAGAGGCAAGAATTTTTGGTGGAACCCTTGACCTACACAAAGGTTCAGGTCAGGAAGCAATGAAAAAAGCGGGATTGTTACAAACTTATTATGACTTAG
R G K NF WWWNU®P * P T QU RFR S G SN EI K S G I VTNTILTIL * L S
R EARTIVF GG TVLDILHI KGS G QEAMI K KA AGT LTULOQT Y Y DL A
ERQEFL VEUPULTY YT KV QVRI KO Q®* KK RDT CYIZ KT LTIMMT *

| | | | | | | |
CCTTACCAATGGGTGTAAATATTGCTGATAARAAAGGCAATATTTTATCCACAAAAAATGTAAAGCCCGAAAATCGATTTGACAATCCTGAARATAAACAG
L T N G CK Y C* * KR QY F I HI K KT CI KA ARIKSTI * Q s * N K Q
L PpM GV NTIADI K KGN NTIIL ST KNV K ?PENUZ RTFUDNUZPE I N R
PY QW Vv * I L L I K KA I F Y P Q KM * s P K I DILTTI L K * T E

| | | | | | | | BStNI
AARATGACTTAAGGGCTATCTTGTTGAATAGT TTAGAAAACGACACGGTTATTTGGGATAGAAAACTTGT TATGCTTGAACCTGGTAAGAAGAAGTGGACA
K *» L, K G Y L VE* F R K RUHGYILG* KTCYA*TW* EE V DT
N DLRATIULTULNSTILENDTV VI WDURIKTILVMTILETZPGIZ K KIEKWT
M T * G L S C * I V * K TTW®RULZFSGTIZENDNIZLILTCTZLNTILVRIR S G H

| | | | | | | |
CTAACTTTTGAGAATAAACCGAGTGAAACAGCAGATTTGGTTATTCTTGCCAATGGCGGGATGTCCAAGGTAAGAAAATTTGTTACCGACACGGAAGTTG
N F * E * T E * NS RF G Y S C QWU RDV QG KKTICYRUHG S *
L T FENJIKU®PSETA ADTU LV ILANTGT GMSI KV VRI KT FUVTDTE V E
* L L R I NRV K QOQTIWILTFTILPMAGTCU®PR®R*ENDNILTLTZPTR KL

| | | | | BsStNI | | | |
AAGAAACAGGTACTTTCAATATACAAGCCGATATTCATCAACCAGAGATAAACTGTCCTGGATTTTTTCAGCTATGCAATGGAAACCGGCTAATGGCATC
R NRY F QY T S R Y S S TR DKL S W I F S A MOQW K P A N G I
E T G T F N I Q A DI HOQ P ETINTCUPGFF QL CNGNU RTILMA S
K K Qg v. § I vY¥ K &P I F I NQ&R * TV L DVFF S Y AMETG * W H L

| | | | | | | |
TCACCAAGGTAATTTATTATTTGCTAACCCCAATAATAATGGTGCATTGCATTTTGGAATAAGTTTTAAAACACCTGATGAATGGAAAAACCAAACGCAG
S PR * F I I C * P Q * * WCTIATFWNDNI KT F* NT* * ME K P N A G
HQ G N L L F ANUPDNNNGA ATLUHT FG I S F KTUPDETWIE KNOQT Q
T K v I Yy L L T ?PIIMVUHCTITZLE*V L KU HILMNDNGTZ KT KRR

| | | | | | | |
GTAGATTTTCAAAACAGAAATAGTGTCGTTGATTTTCTTCTGAAAGAATTTTCCGATTGGGACGAACGCTACAAAGAATTGATTCATACGACGTTGTCAT
R F $ K Q K * CR * F S S ER I FRULGRTUL QR I DS Y DV V I
v b F Q NR NSV VD VF L L KEF S DWDEI R Y KEL I HTTUL S F
* I Fr K T E I Vs L I F F * KN F P I G T N AT KN * F I R R C H
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| | | | | | | |
TTGTAGGATTGGCTACACGGATATTTCCTTTAGAAAAGCCTTGGAAAAGCAAGCGCCCATTACCCATAACAATGATTGGGGATGCCGCACATTTGATGCC
C R I GY TDTISFRIKALTEIZ KO QA APTITHNNDIWGT CURTF DA
vVvGGL AT RTITFPILETZ KZ?PWI XS K®RZPIL®PTITMTIGT DA AA AU HTLMEP
L * D WL HG Y F L * K S L G XK ASAHYU®P*Q * L GMUPHTI * CR

| | | | | | | |
GCCTTTTGCAGGGCAGGGAGTAAATAGTGGGTTGGTGGATGCCTTGATATTGTCTGATAATCTAGCCGATGGAAAATTTAATAGCATTGAAGAGGCTGTT
A F CRAGS K * WV GGCULDTIUV* * s s RWIEKTI * * H * R G C *
P FAGQGVNSGLVDALTIULSUDNTILADTGTZ KT FNSIEE AV
L LQ GRE* IV GWWMME®P*yY CU1LTITI * PMZENDNTZILTIATILIZ KT RTILL

| | | | | | | |
AAAAATTATGAACAGCAAATGTTTATGTATGGCAAAGAAGCACAAGAAGAATCAACTCAAAACGAAATTGAAATGTTTAAACCCGACTTTACGTTTCAGC
K L *» T ANV YV WOQR ST RI®RTINSI KI RNDN*NV * TR RILYV S A
K N Y E Q QM F MY G KZEA AOQEESTOQQNZETIZEMMTFIZ XUZPDTFTTF Q Q
K I M N S K ¢C L CMAZ KI KHZ KIE KN QLI KTIZ KTILZE XU CULDNUZPTILRF S

| | | | | | | |
AATTGTTAAATGTATAAAATGGAATAAAACGGCACATAACAAACAAATTGGCAATAGAGCCGGTGAAGTACTTCTATTGAACTTTTGTGCAATGTTGAAG
I VX ¢ I K WNZXKTAHNIZ KZ QTIGNURAGTEVILILILNTFTCAMTIL K
L L NV * N G I KR HITDNJI KTULATIZEUZPV K Y F Y * TFV Q C * R
N C * MY KME * N GT * Q TNWOQ* SR * ST s I ETZLTLTCNVED

| | | | | | | |
ATTAGTAATTCTATTCAACATTTGTGCTAAAAGTCGGCTCCATCGCCAATTTGCCAGCCGTTATGCGGCAGCTTAAAAAAAGACTACACCAAACCAAAAA
I s N s I Q H L C * K S AP S P TI COQU?PILCGS L KIZ KDY TEK P K K
L v I1I L F NTICAZEKSURILUHERIOQVFASI RYAAA* K KTT P N Q K
* * ¥ Y § T F V L KV G S I A NLPAV MU RQUL KK RULUHQT K K

| | | | |
AATCATCTTGACAACCACCCGACTTTGAACTACGAAGGATGAAATTTTTCAGGGACAACTTCCAGCATTTCCAAAAAACAGTTTAACCATTGACTTGGAG
s §s *Q Pp P DF EL RIRMI K FFRDNVF QHF Q K TV * P L T W R
N H L DNUH P T L N Y EG* NF S G T TS S I S K K QF N H * L G D
I I . TTTW RUL* TTIXKDZ ETIVFOQGOQUL?PA AU FPI KNS L TTI DL E

| | | | | | | |
ACAAACAAACAATTTGAGCATTAAGGTTTAAACCGAATTTTTCCGAAATTGACCTGACCTGACTTTTCCTGAAAATCGACTTTAAAGCTGTTTTTACAGA
Q T N N L § I K V * T E F F RN * P DL T F P E N R L * S C F Y R
K ¢TI *A L RF K PN F S E I DILT* L F L K I DVFKA AUV F T D
T N K Q F EH * GG L NR I F P KL T * P D F S * K s T L K L F L Q I

| | | | | | | |
TAAATCAGGTTTCTCTAACAGATAGGAAATAAATGCTAAGTATTTGGCTTTAAACTTAAAATCAAAAAATAAGTGTTTTCTTTTAATGTTTAACAGGGCT
* I R F L * Q I G N KC * V F G F KL K I KK * V F S F NV * Q G *
K s G ¥F s NR * E I NAI K YL AILNTILI K S KNI KT CU FTILILMT F N R A
N Q9 Vs L TDZRIK* ML S I WL * T * N QK I SV F F * CUL T G L

| | | | | | | | |HindIII
GATTTGACAGTTGGCGGTGGCAAGAAACTTTCAGGACCTACCTCATAGACAAGTTTCAAATC. GTATGATAG. CGGTATATGGATTGTAAA
F D S WU R W QE TVF R T Y L I DI KU F QI K K S MTIENGTIWTI V K
D L TV GG G K KL S G P T s * T S F K S KKV * * K T V Y G L * S8
I *Q L AV ARNU FOQDILZPHIRI QUV S DN QI KI K Y DRI K RYMUDC K

| | | | | | | |
GCTTCCTCGAAAATAACTTTTGTGTAGGTTCTAATTGAAGGACAATGGAACCTCCCAGAAAATTTCCAAGACTCTCAAACATCAGGATTTTGAAAATATC
L PR K * L L CRF * L K DNGT s Q@ K I S KTUL KHOQDFE NI
¥F L E N N F C V G S N * R TMUEUPUPIRI K FPRIL S N TIRTI L K I S
A S s K I T F V * VvV L I EG QW N L P ENT F QD S QT S G F * K Y R

| | | | | | | |
GGAAGTAATGCCATAAGGAATATTTGACACCACTTTGAAAGGAAATTTCGGAACTGCAAAATTCCTAAAATCACAACCGACAACTTGAACATTTCGGGCA
G s N A I RN TI * HHVFER K FRNTCI KTIU®PIKTITTUDNTILNTI S G I
EvM™MU®P* G I F D TTULI KGNU FGTAIZ KT FULIKS Q&P TT * T F R A
K * CH K EY L TPUL * KE I S EUL QNS * NHNUZRIOQTULEHTF G H

| | | | | | | |
TCAGAAAATAATTTTCGTAAATGTTCAACCAAAGCTGTGTCGTTTTCAATAGCAACAACATTGTTGGCGATTTTTAATAAATGAACAGTAAGAAACCCCT
R K * F s * M F N Q s ¢cCV VvV F N S NNTIV GGDUF * * M N S K K P L
s EN N F R K C s T KAV s F s I A TTTUL L ATIF NI K * TV RN P L
Q K I I F V NV Q P K L CRF Q * Q Q HCW RF L I NEQ * E T P

| | | | | | | |
TGCCTGCCCCAATATCTAAAACCGTATCCTGATTACTTATATTTGCTTGTCTTATTGCATCTTTTATTAGCACTTTATCAATAGTAAAGTGCTGACCCGT
A CPNTI * NI RI L I T Y I CUL S Y C I F Y * HVF I N S KV L T R
pAPTI S KT Vs * L L I FACULTIAS SV ¥ I ST L S I V KT C * P V
¢c L pPp QY L K P Y P DY LY L L VL L HIL L L ALY Q * * S A D P *

| | | | | | | |
ARAACGAACGGGCAATTTCTTTTTTGTCATTAGTAACTTCTTACAGGTGAATACTTCTTGAGTTCAACTTATAAATGCAACTTTTTGGGTGCGGATAATA
K T NG Q F L F CH * * L L T GEYFUL S ST Y KCNTFTILGATDN K
K R T GNF F F VI SNZFILQVNTS S * V QLI NA ATTFWV R II
N ERATI S F L SL VTS Y®R* I L L ETFNIL*MOQULFGC G * *

| | | | | | | 11475_FP2 |
AGCAATAAAAACATTTATTTTTCAGAGAGGAAAGAGAGACAATGTCCCCCTTTCTCTCACTCTGAATGGATARAGTTTGCTATCTTTGCTTTAATTGTCC
Q *K H L F F R EERETMMSU®PUFUL SL *MDI KUV CYL CUFNC P
S N K N I ¥ F S E R KER QC PP F S H S EW I K F A I FATLI V R
A I K T F I F Q R G K RDNV P L S L TUL NG * S L L S L L * L 8

| | | | | | | |
GTCCAAAGAAAAAAAAGTTGCAGATGAGCAAACATATAACCGAGGAACAAAGGTATGCAATTTCTATGATGTTGCAAATACCGATGAGCAAAAAAGCAAT
S K E K KV ADESOQTYNURGTIE XKV CDNTFYDVANTDE Q K S N
P K K K KL QM S KU HTITEZEOQRYA ATISMMTILOQQTIPMSKKATI
VQRZ XK S CUR *ANTI * PRNZI KTGMSOQTFTIL™*CCZ KXY R * A KK Q *

Rev2 | | | | | | | | |
AGCGGAAGCTATCGGAGTAGATAAAAGCACTGTTTACAGGGAGATAAAGCGCAATTGCGACGCCCGAAGTGGTAGCTATAGCATGGAGCTTGCCCAGCGA
S G S YR SR * KHCULOQGDI KA AO QTZILU®RI RZPI KW * L * H G A C P A K
A E A I GV DI KSTVYRZETIIZ KI RNDNTECDA AR RSSGS Y S MZETLAIOQR

R K L s E * I K AL FTGUR * S ATIATU®PEVVATIAWSTLZP S E
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| | | | | | | |
AAAGCAGACAGGCGCAAGCAGCAAAAACATCGCAAGGAAGTGCTTACACCGGCAATGAGAAAACGGATAATAAAGCTGTTGAAGAAAGGATTCAGCCCGG
S R Q A QA AKT S QG SAYTGNZEZ KTUDNDNI KA AVETETRTIZOQTPG
K A DR®RIKOQOQI KU HRI KEVILTZPAMTZ RIEKI RTITIZIKTILTLI KTE KTGTF S P E
K Q T G A S S KNI ARZI KT CTILHRZOQ®*ENSG™* * s C * RK D S AR

| | | | | | | |
AGCAGATTGTCGGCAGGAGCCGCTTGGAGGGAATTGCGATGGTATCTCACGAAACGATATATCGCTGGATTTGGGAGGATAAGCGGCGGGGTGGCAAACT
A D CRQE P L GGNTCDSGTISURNDTISIL DILGSG * A AGW QT
Q I v G R SR L E G I A MV s HETTI Y RWIWEDI KR RRG G K L
S R L S A GA A WU REILURW YL T KU RY I AGU FGI R I S G G V A N C

| | | | | | | BstNI |
GCACAAATATCTTCGCAGACAAGGTCGCAGGTATGCCAAACGTGGTTCTAAAAATGCAGGGCGAGGATTTATCCCAGGCAGGGTGGATATTGATGAGCGT
A Q I s S Q TR S Q V C QT WU F * K C®RARTIYPRIOQGG Y * * A §
H K Y L R R QGRIRYAZKI R GS KN AGU RGT FTI P GRV DI DE R
T N I F A DK V A GM PNV VL KMZGQGEDTLS QA G W I L M S V

BsoBI | | | | | | | |
CCCGAGATAGTGGAACTGAAGGAGAGATTTGGTGATTTAGAGATAGATACAATTATTGGTAAGAACCACAAAGGTGCCATTCTTACCATTAACGACAGAG
R DS GTEGETIWS®*FRD RYNYW*EP QRCHS Y H * R Q S
PE I VELJIKEH®RTFGDTILETIDTTITIGI KN HZ KTGA ATITLTTINTDR A
PR * WN * R R DJLV I * R * I QL L VRTTI KV ZPFILZPILTTE

| | | | | |
CAACAAGCAGGGTCTGGATACGCAAGTTGTCGGGAAAAGAAGCCATCCCGGTAGCTAAGATTGCAGTATGGGCACTGCGGAAAGTGAAAAACTTAATACA
N K Q G L DTV V G KRS H?PGS * D C S MG T AZE S EZKLNT
T s RV w I R K L s G K E A I P VA K I AV W ATLRKV KN L I H
Q 0 A G S G YA S CUREI K K?P SR * L RUL QY GHTCGI K * KT * Y T

| | | | | |
CACAATTACGGCTGACAATGGAAAGGAGTTTGCAAAGCACGAGG. TTGCGC. TTGG. T. TTCTATTTTTGCAAACCATACCACTCATGG
H N Y G * Q W XK GV CI K ARG GNTCAI KTISGNIZ KTITULF L QTTI P L MG
T I T A DN G K E F A KHEE I AOQ XL E I K F Y F CK P Y H S W
Q L R L TMUEIR S L Q@ S TRKL R KNWI K * N S I F A NHT T H G

| | | | | | | |
GAACGTGGTGCCAATGAAAACACCAACGGGCTTATCAGGCAGTATATCCCAAAGGGTAAGGACTTTAGTGAAGTAACCAACAAACAGATTAAGTGGATTG
T w C 9 * K H Q RAY Q AV Y P K G * 66 L * * 8§ N Q Q T D * V D *
ERGANUENTNGUL I R QY I P K GIXKDUF S EVTNIKQTI KW I E
N Vv v PMIKT®PTSGUL S G s I S Q RV RTILV K * P T NI RUL S G L

| | | |1475_RP1 | | | | |
ARAATAAACTCAATAATCGACCTCGTAAAAGACTTGGATACCTCACGCCAAACGAAAAATTTAAACAAATTATTAATCAGAATTCTGTTGCATTTGCAAG
K T ¢ * s T s * K T w I P HA KU R KTI * TNY * s EF CC I C K
N K L NN R PR KU RUL G Y L T PN EI KV F K QI I N QNS V A F A S
K I N s I I bL V KDILWDTSUROQQTE KNILNIKTLULIRIUL L HUL Q V

| | | | | | | |
TTGAATTCAGRCCCTC CATTAC GRAGARGCAG TCAg’ GACAAGCTCAGAAAA' ATAGAATACA]
L N S APE Y H Y

N K 0 ¢ T K L N L N E Q
Q I N s K P s * I *
K *» T A NQV K F K * TV Q * NL * K Q * Q HP W QY L Y S F HF

R VvV CRGW R QRK S D QU FE S K RIL QK RS DMETCI KK S N R *

P CL PRMAXIKEI K RU®PTI* K * TPUPI KA ATI* HGMMOQZ KIZ K * P V s

*R R Y H Y NE W G Q I DRWKFR S R S E Q Y H L Y

L K K VvV P L Q * M G P N * Q V E V S * Q I * T V s P V

el TACGGCTAAGTTTGTGG

F L F R CE A S Y G * V C G

| | |FW2; Rev5| | | | |
5CGGGACAGTATGACGTAACAGGAGACCTTACCATCAAAGE CCAAACCGGTTACTTTTCCTG
Y Q G N CEETCGTUV * RNZ RTI RTPYUHOQRNTYOQTG Y F S

L P R QL RRVRDSMT>* (Q E TUL P S KEL P NIRILIL F L * P * K

* P F E I R Y * I Q F K I V F * C K Y s

T v R N S I L N T I Q N R F L M * V L

| | | | |
TAAAGCTTGTTGCCGCAAAATAGTTGTAGCCAAGGCTGTAATCACTTCCTCATTCAGCAT
A C CR K I V VA KA AUV I T S S F S M
L * P R L * s L P H S A C
s L L P QN S C S Q G CNUHUF L I Q H

| | | | | | | |
GTGTTGCCGTCGCGCTAATTGTGCGACGGTTTTTTTGTGCAATCTTTTGCGTGATCGTCTCCAATTTTGGACTAGATCAGGTGCTCCCGATAGAGCGGGA
C CRRANTCATUVFLCDNZILTLHRUDI RILOQTFWTI RS G AP DR A G
VAVALIV RIRTFFCATIT FT CUVIVSDNTFSGTULUDIOQV L P IERE
VL P SR *L CDGTFFVQSFA®*Xss s &PIILD*TIRTCSR * S8 G K
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| | | | | | | |
AGTCGTCAAGGTAGTGGATTTGCCCCCCGATCGCCTGAAAGCAATAGTGATTGAGACCATTGGTAACAGCCAGATAGGTGGGTTGTAATGTAAAATTGTA 6700
S RQ GS GVFAPIRSUPESNSD* DHW * QP DR WV V M * N C N 6700
VVKVVDLUZPPD RILI KA ATILIVTIZETTISGNSZOQQIGSGTUIL * CZK IV 6700
$ S R *WwW I CP©PTIA®*KSOQ®* * L RPUILVTAR* VG CDNUV K L * 6700

| | | | | | | |
ACGGCTTATCTGCGCGAAGGTGGCTTCTCCAACCGCAACAAAAGGCGCCTTACATTCCACTAAAAGAAACGGGGACCCTGTGTTCGACAGAATCATGATA 6800
G L S ARRWUILULOQUPOQOQOQI KA A®PYTIUPULI KU ETS GTTLT CSTE S * Y 6800
T A Y L R E GG F S NRINI KW RIRILTFH * KK RGP CV R Q N H D I 6800
R L I C A K VA S P TATI K GAILUHSTI KU RNGU DUP V F DRI MTI 6800

| | | | | | | |
TCGGTTCGCTTGGCAAGAGAATTGTAGCGCATACCGGTTTCAATAGCAAATAGGGATCTCGGATAATTGTAGTGCGAAATGAGCAAGTGGATAAAATGCT 6900
R F A WQU EWNTZCSAYI RV FOQ®* QI GTI S DNUCSAI K * A S G * N A 6900
G s L G K R I VAUHTG G FNSZ K * G S R I I VV RNEI QV DI KMTL 6900
S VR LARETL* R I PV S I ANI RUIDTILTG™* L * CEMS K W I K C C 690

| | | | | | | |
GCCGCACCCATTCCTCAGGGGTGAGTGAGACGAATTTTTTGCGGATAATATCGAAGATATATGGTTTACCGTTTACGTCCTTAACTTTGTAACCAAACGT 7000
A A PI PQG*VRURTITFTCG®* YR RYMVYH®RTILZRZP?*TLCNOQT W 7000
P HPF LRGE * DETFFADNTIZETDTIWT FTV YV L NTFV T K R 7000
R T H S S GV s ETNTFILRTITI S KTI Y GL P F TS L TIL * P N V 7000

| | FW3 | | | | | ORF4 |
GGGAAGATTTAATGATTCCATAGACGAAGATACGCATCACAGCAAACCAACCCTATAATAGCGCCAAAAACATGACGACCAAAGAACAAATTGTAGAGAA 7100
E DL M I P * T K I RITANZ QTZPYDNSAIKN 7100
G K I * * FHRRIRYA ASOQOQTNZ®PTITIAPTIKT*RPIKNZE KL * R T 7100
G R FND S I DEUDTHUHSK®PTTIL * * R Q KHDDOQRTDNC R E 7100

| | |
CTGGCTTCCCAGATATACCGGCACACCTGTGGAGGAGTTCGG TTATATATTGCTTACCAATTTTGGAAACTATGTAAGCATGTTTGCGGACAAATTT 7200
7200
G r P DI PAHILWA RS SETITI Y CUL?PTIULETMM?®*ATCTLIRTNL 7200
L A S Q I Y RHTCGGVRIKILYTIAY QF WK KIULCIEKHUV CG Q I W 7200

| | | | | | | |
GGGGTAGAGATCAAGGGGCAGGGTAGGGCCATGCAAACGGCTACGGCTAATGATATCACCATTATCAATTTTGGCATGGGTAGTCCGATGGCGGCTACCG 7300
7300
G * R S RGRV GPCI KW RILIRILMTISU®PULSTIULAWV YV YV RWIRL P 7300
G RDOQGA AG™* GHANGYG * * Y HHY Q F WHG * S D G G Y R 7300

| | | | | |
TCATGGACCTTTTGTCTGCCATAAGCCCCAAGGCGGTTTTGTTTCTGGGAAAATGCGGAGGA 7400

7400
s w T F C L P * A P R RF CF W EN A E G 7400
H G P F V CHIKUP QGG F VS G K MU R R 7400

Translations Aligned (5'->3'), minus strand

10 20 30 40 50 60 70 80 90
| | | | | | | |
TCCTCCGCATTTTCCCAGAAACAAAACCGCCTTGGGGCTTATGGCAGACAAAAGGTCCATGACGGTAGCCGCCATCGGACTACCCATGCCAAAATTGATA 100
S S A F S Q K Q N R L GA Y GR QXK V HDG S RUHIRTTHAZ K I D N 100
P P H F P RNKTAIL GL MADI K RS M TV AATIGTIL P MUP KL I 100
L R I F P E T K P P W G L WQ T K G P * R * P P S D Y P C Q N * * 100

| | |
ATGGTGATATCATTAGCCGTAGCCGTTTGCATGGCCCTACCCTGCCCCTTGATCTCTACCCCARATTTGTCCGCAAACATGCTTACATAGTTTCCAARAT 200
G b I I SsS RS RULHGU®PTULUPILDTILY P XK F V RKUHAY IV S K I 200
M Vv Il SsS L AVAVCMALU®PC®PULISTU?PNTILSANMMTLT * F P K L 200
W * Yy H * P * P F A W?PY PAUP * S L P QI C?PQTZ CULUHSF QN 200

| | |
TGGTAAGCAATATATAATTTCCGAACTCCTCCACAGGTGTGCCGGTATATCTGGGAAGCCAGTTCTCTACAATTTGTTCTTTGGTCGTCATGTTTTTGGC 300
G K Q Yy I I s EL L HRCAGTI S G K &PV L Y NTLVFF G RUHV F G 300
v s NTIT * F P NS S TGV P VY L G S QF ST TICS LV VMV F L A 300
W * A I Y N F R T P P Q V CR Y I WEA AS S L QF V L W S S C F W R 300

| | FW3 | | ORF3 | | | |
GCTATTATAGGGTTGGTTTGCTGTGATGCGTATCTTCGTCTATGGAATCATTAAATCTTCCCACGTTTGGTTACAAAGTTAAGGACGTAAACGGTAAACC 400
A I I G LV CCDA AYULU RILWNH®* I F P RL VT XL R T * T V N H 400
L L * G W F AV MR I F VY G I I K S S HV WL Q S * G R KR * T 400
Y Yy R V G L L * C V § s s 400

| | | | | | | |
ATATATCTTCGATATTATCCGCAAAAAATTCGTCTCACTCACCCCTGAGGAATGGGTGCGGCAGCATTTTATCCACTTGCTCATTTCGCACTACAATTAT 500
I s s I L s A KN S S H S P LRNGT CSG S I L s T C s F R T T I I 500
I Yy L R Y Y P Q K I R L THUP * G MG A AA ATFYPLAUHTFA ATILOQL s 500
500

| | | | | | | |
CCGAGATCCCTATTTGCTATTGAAACCGGTATGCGCTACAATTCTCTTGCCAAGCGAACCGATATCATGATTCTGTCGAACACAGGGTCCCCGTTTCTTT 600
R DPY L L L K PV CATTILL P S E®PTI S * F CRTOQG P R F F 600
E I p I C Y * NRYAULIOQV FsS COQANUZRYHDS V EUHI RV P V S F 600
600

| | | | | | | |
TAGTGGAATGTAAGGCGCCTTTTGTTGCGGTTGGAGAAGCCACCTTCGCGCAGATAAGCCGTTACAATTTTACATTACAACCCACCTATCTGGCTGTTAC 700
* W N V RRL L L RL E K PP SRR * AV T I L HYNUPUPTIWIL L P 700
s GM * G A F CCGMW®R S HILIRADIKU?PILOQU F Y I TTHTILS G C Y 700
700

| | | | | | | |
CAATGGTCTCAATCACTATTGCTTTCAGGCGATCGGGGGGCAAATCCACTACCTTGACGACTTCCCGCTCTATCGGGAGCACCTGATCTAGTCCAAARATT 800
M Vs I TIAFR®RSGSG K S TTULTTS SRS I G S T * S s P K L 800
g ws s 1L LS GDURGA ANZ®PTILZP®*RUILPATLSGATZPTUDTLV Q N W 800
S K I 800
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| | | | | | |
GGAGACGATCACGCAAAAGATTGCACAAAAAAACCGTCGCACAATTAGCGCGACGGCAACACATGCTGAATGAGGAAGTGATTACAGCCTTGGCTACAAC
E T I T Q K I A Q K N RIRT I S A TATHA AE * G S D Y S L G Y N
R R S R KR L H KK TV AQ L AR R QHMTULNUEZ EV I TATULATT
G b DHAZ KWDTCTI K KPS HN * RDGNTT C* MU RI K * L Q P W L Q L

| |
TATTTTGCGGCAACAAGCTTTAC
Y F A A T S F T s I S K N D F E L Y L I
I LR Q QALUHSOQ * * S HHE S F CULPEY L HJOQI KTTILNTCTI *
F C G N K L Y I NS KV I MNUHHZFV S QS T Y I K KURF * I V F N

A P D GV VF TV T GZKXK VT GUL V I P
Yy R I S NG Q Q P VY ©Q * L L HL TV * F L R L Q E K * P V W * F L
I EF R TV NNQF T S S F CT * RC S F Y G Y R K S N R F G N S

|FW2; Rev5| |
TARGGTCTCCTGTTACGTCATACTGTC
L M V R S P V T S Y C P

*W * G L L L R H TV PHS S QL P W * P QT * P * DA S Q R KR
F D G KV s cC Yy Vv I L S RTUL R S C L G N H K

S V R s V Q V
N H P I S NAQSTCHCMT FTCR®*DIL YR * Y CSDULL RN F H
I I R F Q M PNQ UL VIV CUFV G K I CTGUDTV QI CYET S T

vV N~N_IL A PVF I VM VP SL RATITLU®PV CS PV TFFATFHV R S L
L s I w P H SL *W YL L * G QS Y P CAHWIRTILTILTU FTILUHSMS DR F
¢c Q F G P I HCNGT? F F K GNILTU RV L TGYFFCTIUPICOQTI A

GGAGGCG cae cc GKCGCCATCCGCGGCAGACACGGAAAATGAAACGAA
L E A F T F KL VA F P L X P S AADTENZETNIZ KDTAIRDA A
W R R L L $S NW S L F L X RHPRQTRIKMI KU RTIIKTITILUZPGMMTLL

F G G VY FfF QI GRU F S F X ATII R GIRUHSGI K*NUE* RY COQG C C Y

T A F K D VF I VL F I * I * L G L L F I W F s I V F
L L s K I § L Yy C s F K F NTL V C C L F G F Q L Y
cC F Q R F H CTVHILNTILTWUFAV Y L V F N C I

| | | | | | | |
GC G G TG ’ ’ BCTGAATTCAACTTGCAAATGCAACAGAATTCTGATTAATAATTTGTTT
I ASASSWVMVFRUR®*TIOQQILANATTETF* LI I CL
L HL L L HG * WY S GAETFNTILOQMOQOQNS D * * F V *
g g CcTDTCIOCFTFMGNGTIOQATZLNDNSTT CIZ KT CNDNI RTITILTINNTILF

|1475_RP1 | | | |
AAATTTTTCGTTTGGCGTGAGGTATCCAAGTCTTTTACGAGGTCGATTATTGAGT TTATTTTCAATCCACT TAATCTGTTTGTTGGTTACTTCACTAAAG
N F s F GV RY P S L L RGIRULL S L F s IHULTIOCULIULV T S L K
I F R L A * G I QV F Y EV DY * VY F Qs T * s VvV C WL L H * S
K F F VW REV S K S F TR s I I EF I FNPILNTLF V G Y F T K V

| | | | | | | |
TCCTTACCCTTTGGGATATACTGCCTGATAAGCCCGTTGGTGTTTTCATTGGCACCACGTTCCCATGAGTGGTATGGTTTGCAAAAATAGAATTTTATTT
s L pF G I Yy CULI s P LV F S LAUPIRSHEWY G VL QK * N F I s
pY P L GY TA* * A RWCFHWHHV PM S GGMV CZKNR I L F
L T L WD I L P DKPV GV F I GTTT FU®P*V VWU FAIZ KTIETF Y F

| | | | | | | |
CCAATTTTTGCGCAATTTCCTCGTGCTTTGCAAACTCCTTTCCATTGTCAGCCGTAATTGTGTGTATTAAGTTTTTCACTTTCCGCAGTGCCCATACTGC
N F C A I s S CVFANSVFPL S AV IV CTI K FUFTFR S AHT A
P I F A Q F P RALNOQTU®PVFHCOQ®P* L CVL S F S L S AV P I L Q
Q F L RN ¥ L VL CI XL L $§ I V S RNCV Y * V F HU F P Q C P Y C

| | | | | | | |
AATCTTAGCTACCGGGATGGCTTCTTTTCCCGACAACTTGCGTATCCAGACCCTGCTTGTTGCTCTGTCGTTAATGGTAAGAATGGCACCTTTGTGGTTC
I LATGMAST F®PDIUNILRTIOQTTILILVAILSTILMVIRMAZPTLWTF
s *L P GW L L FPTTTCVSR®PCILILTILC®R*W*ETWHTILTCG S
N L S YRDGT FTFSRQULAY®PDUPATCTCSVVNSGIZ KNTGTT FV VL

| | | | |BsoBI | | | BstNI |
TTACCAATAATTGTATCTATCTCTAAATCACCAAATCTCTCCTTCAGTTCCACTATCTCGGGACGCTCATCAATATCCACCCTGCCTGGGATAAATCCTC
L p I I VS I S K s P N L S F S s T I S G R s s I s T L P G I N P R
Yy o * L Y L. s L NH QI S P SV PL S RDAHJ QY PUPCTULG * I L
T NN C I Y L * I T X S L L Q F H Y L G T L I NI HP A W D K S S

| | | | | | | |
GCCCTGCATTTTTAGAACCACGTTTGGCATACCTGCGACCTTGTCTGCGAAGATATTTGTGCAGTTTGCCACCCCGCCGCTTATCCTCCCAAATCCAGCG
P A F L E?PIRTILAYIL®RU®POCILIRI®RYTILOCSIL®PZPIRI RILSS QI QR
AL HF * NHV WHTOCODILV CEUDTITCA AV CHZPAHA AYPUZPIEKS S D
pPCI FRTTT FGTIUPATTULSAZ KTIT FVQFATU®PZ®PTILTITILPDNP A

| | | | | | | |
ATATATCGTTTCGTGAGATACCATCGCAATTCCCTCCAAGCGGCTCCTGCCGACAATCTGCTCCGGGCTGAATCCTTTCTTCAACAGCTTTATTATCCGT
y T vs * pT I ATI©PS KU RILZLU®PTTITCSSGULNU®PTFTFNST FTI IR
I s F RETIUPSQFPPSGSC®ROQSAPSGT* I LS ST ATILTLSV
I YRF VRYHRNSTLOQARAPADINTLTILRAEST FILOQOQTULY Y P F

| | | | | | | |
TTTCTCATTGCCGGTGTAAGCACTTCCTTGCGATGTTTTTGCTGCTTGCGCCTGTCTGCTTTTCGCTGGGCAAGCTCCATGCTATAGCTACCACTTCGGG
F L I AGV ST sSJILRTCTFTCCZLH RILSATFH®RWASSMTIL* L P L R A
F S L PV * AL PCDVJFAACATCTLTLT FAGU QA AZPTCY S Y HTF G
S HC R C XK HF L AMT FILILTILAPVCTFSILG KU LHATLIA- ATT S G
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| | | |Rev2 | | | | |
CGTCGCAATTGCGCTTTATCTCCCTGTAAACAGTGCTTTTATCTACTCCGATAGCTTCCGCTATTGCTTTTTTGCTCATCGGTATTTGCAACATCATAGA
s ¢ LRVF I s L * TV L L s T©PIASA ATIA ATFILILTIGTIOCNTITIE
R R NCA AL s P CKQ C?F YL L R * L P L L L F CsSs SV F A T S * K
vV A I AL YL PV NS AV F I Y s DS F RYCV FFAHIRYL Q H H R

| | | | | 11475_FP2 | |
AATTGCATACCTTTGTTCCTCGGTTATATGTTTGCTCATCTGCAACTTTTTTTTCTTTGGACGGACAATTAAAGCARAGATAGCAAACTTTATCCATTCA
I AYyoL.¢cs svIiTCCL LI CNU FVFFVFGIRTTII KA AI KTIANTFTIHS
L HTPF VP RL YV Cs s AT FVF s L DGOQULIE KOQR™* Q T L S I Q
N ¢ I P L F L G Y M FAHILOGQL FF L WTDN * S KD S KL Y P F R

| | | | | | | |
GAGTGAGAGAAAGGGGGACATTGTCTCTCTTTCCTCTCTGAAAAATAAATGTTTTTATTGCTTATTATCCGCACCCAAAAAGTTGCATTTATAAGTTGAA
E * E X G GHCUL S F L SEJZ K*MZFILILILTITIU RTIOQZ KV VATFTIS * T
S ER K G D I VS L S S L KDNJI KU CUFYOCULULSAPI KI KTLHTIL * V E
VRE®RSGTTLSILFPIL* K I NV FIAYYPHZPZE KSTCTIYKILN

| | | | | | | |
CTCAAGAAGTATTCACCTGTAAGAAGTTACTAATGACAAAAAAGAAATTGCCCGTTCGTTTTACGGGTCAGCACTTTACTATTGATAAAGTGCTAATAAA
Q EV F T CK K L L M T XK K KL PV RF TG QHF T I DI KV L I K
L K K Y s PV R S Y * * g KRNCUPF VL RV S TUL L L I K C * * K
s R s I H L * E V T N D K K E I A R S F Y G S A L Y Y * * S5 A N K

| | | | | | | |
AGATGCAATAAGACAAGC. TATAAGTAATCAGGATACGGTTTTAGATATTGGGGCAGGCAAGGGGTTTCTTACTGTTCATTTATTAAAAATCGCCAAC
D A I RQANTISNOQDTV VL DTIGA ASGI K G F LTV HULILIKTIAN
M Q * DK I * Vv I RIRUPF * I L GQAIRGT FIL L F I Y * K S P T
R C N K T S K Y K * S G Y GFRY WG R QG V S Y C S F I K DNR Q Q

| | | | |
AATGTTGTTGCTATTGAAAACGACACAGCTTTGGTTGAACATTTACGAAAATTATTTTCTGATGCCCGAAATGTTCAAGTTGTCGGTTGTGATTTTAGGA
N VvV ATIENDTATLV EHTILRIKTILF S DA AIRNVQV V G CDF R N
M L L L L K T T QL WL NI Y ENYF L M PEMT FI KL S VV I L G
c ccy * K RHSPF G * TV FTKTIIF * CPKCS S CURUL * F * E

| | | | | | | |
ATTTTGCAGTTCCGAAATTTCCTTTCAAAGTGGTGTCAAATATTCCTTATGGCATTACTTCCGATATTTTCAAAATCCTGATGTTTGAGAGTCTTGGAAA
F AV P K F P F KV V s NI PY G I T s DTIVF K I LMT FUE S L G N
I L QF RNVF L S KWOCOQTIVF L MATLTLU®PTIZ FS K S * CUL RV L E I
F C s s E I s F Q s GV K Y s L WH Y FRYF QNP DV * E S W K

| | | | | | HindIII | |
TTTTCTGGGAGGTTCCATTGTCCTTCAATTAGAACCTACACAAAAGTTATTTTCGAGGAAGCTTTACAATCCATATACCGTTTTCTATCATACTTTTTTT
F L G G s I VL Q L E P T Q KL F S RIKLY NP Y TV F Y HT F F
F W E V P L §$ F N * N L HK S Y F R G S F T I HTI PV F s I I L F L
F S G R F H CUP s I RT YT XV I F EEA AILJGQSTI Y RF L S Y F F *

| | | | | | | |
GATTTGAAACTTGTCTATGAGGTAGGTCCTGAAAGTTTCTTGCCACCGCCAACTGTCAAATCAGCCCTGTTAAACATTAAAAGAAAACACTTATTTTTTG
DL K L VY EV G P E S F L P P P TV K S AULILNTII KU RIKUHILTF F D
I * N L S MR * V L KV S CHIROQUL SN QQ©PC* T L K ENT Y F L
¥F ETCUL * GRS * K ¥F L A TANTZCOQOQTI S PV KU H®*KI KTTILIF *

| | | | | | | |
ATTTTAAGTTTAAAGCCAAATACTTAGCATTTATTTCCTATCTGTTAGAGAAACCTGATTTATCTGTAAAAACAGCTTTAAAGTCGATTTTCAGGAAAAG
F K F K A K Y L AVF I s Y L L EK P DUILS V KTATILI K S I F R K S
I L s L K ?PNT * H L F P I C* RN1L I Y L * K QL * 8 R F S G K V
¥r *Vv *»s 91 L S I Y FfF L S VRET®*F I CIKNSTFKVDF Q E K

| | | | | | | |
TCAGGTCAGGTCAATTTCGGAAAAATTCGGTTTAAACCTTAATGCTCAAATTGTTTGTTTGTCTCCAAGTCAATGGTTAAACTGTTTTTTGGAAATGCTG
Q vR S I S E XK F G L N L NAQTI VCUL S P S QWL NCF L E ML
R s G Q FRKNSV*TILMILI KTILU FV CULQVNG* TV F WK C W
s G Q VNV F G K I RVFZKU?P* CsDNCILU FVsS K S MV KILFF G N A G

| | | | | | | |
GAAGTTGTCCCTGAAAAATTTCATCCTTCGTAGTTCAAAGTCGGGTGGTTGTCAAGATGATTTTTTTGGTTTGGTGTAGTCTTTTTTTAAGCTGCCGCAT
E VvV ?PEI KV FHUPS * F KV GWIL SR * F F WU F GV V F F * A A A *
K L $ L K N F I L R S S K S G G C QDD F F G L V * S F F K L P H
s ¢ p * K I § S F VVQ SRV VYV KMTIU F¥IL VWO CSTL F L S C R I

| | | | | | | |
AACGGCTGGCAAATTGGCGATGGAGCCGACTTTTAGCACAAATGTTGAATAGAATTACTAATCTTCAACATTGCACAAAAGTTCAATAGAAGTACTTCAC
R L A NWRW®WSRLLAQMTULNURTITNILIOQHTCTZKV Q * K Y F T
N G w9 I G D GADU F *HKC* I ELLTIFNTIA A QI KT FNI RS T S P
T A G K L A MEUPTV F S TNV E * NY * S S T L HI K S S I E V L H

| | | | | | | |
CGGCTCTATTGCCAATTTGTTTGTTATGTGCCGTTTTATTCCATTTTATACATT TAACAATTGCTGAAACGTAAAGTCGGGTTTAAACATTTCAATTTCG
G S I ANJLFVMCRTFTI®PFYTTFNNT C?®*NUVIKSGULNTI SIS
AL L P I CL L CAV L FHFIHILTTIAET* S RV * TF Q F R
R L Y CcCQF Vv CyYyvVv?eFyYsIULyY I * QUL IL KU RZ KV GFIKUHTFNTFV

| | | | | | | |
TTTTGAGTTGATTCTTCTTGTGCTTCTTTGCCATACATAAACATTTGCTGTTCATAATTTTTAACAGCCTCTTCAATGCTATTAAATTTTCCATCGGCTA
F » VvbpsSsCcCASILU®PYTINTIOCCS*FILTA ASSMTLTILNTFP S AR
F EL I L L VL L CHT * TFA AV HNT F * Q P L Q C Y * I F H R L
L s * F F L CF F A IHZ XKHZLTLT FTITIFNSTILTFNATITIKTF S I G *

| | | | | | | |
GATTATCAGACAATATCAAGGCATCCACCAACCCACTATTTACTCCCTGCCCTGCAAAAGGCGGCATCAAATGTGCGGCATCCCCAATCATTGTTATGGG
L s DN I KASTNU®PILF T PCUPAI KS GG GTII KT CA AASUPTI I VMG
DYy o T™TI S R H P P TH Y L L P AL Q KAAS NV RHP QS L L WV
I I R QY Q G I HQ P T TI Y S L P CK R RUHAOQMTCSGTIPNUHTCY G

| | | | | | | |
TAATGGGCGCTTGCTTTTCCAAGGCTTTTCTAAAGGAAATATCCGTGTAGCCAATCCTACAAATGACAACGTCGTATGAATCAATTCTTTGTAGCGTTCG
N GR L L F QG F S K GDNTI®RVADNZPTNDNUDNV VUV *x I NS L * R S
M G A CF S KA FLKZETI SV * P I L QMTTS Y ESTITULTCS VR
* WA L A F PRILF * RKYU®PCS QS YK * QR RMNZOQTFTFV ATFV
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| | | | | | | |
TCCCAATCGGAAAATTCTTTCAGAAGAAAATCAACGACACTATTTCTGTTTTGAAAATCTACCTGCGTTTGGTTTTTCCATTCATCAGGTGTTTTAAAAC
s 9 S ENS F RIR K s T T L F L F * K S T CV WV FF H S S G V L K L
P NR K I L S EENQRHY F CF ENTLUPA AV F G F S I HQ V F * N
P I G K F F Q K K I N DTTIS VL KTI YL RULV F P F IR CVF KT

| | | | | | | |
TTATTCCAAAATGCAATGCACCATTATTATTGGGGTTAGCAAATAATAAATTACCTTGGTGAGATGCCATTAGCCGGTTTCCATTGCATAGCTGAAAAAA
I P K CNAPUJLTLUILSGTILA ANNDNI KTLUZPW* DA ATI S RF P L H S * KN
L F Q NAMHHEY Y WG * Q I I NY L GEMZPULA ATGT FHTCTIATEKI
Yy s Kk Mm g ¢TI 111GV S K * * I TJLV R CH®*U®PV S TIA* L KK

BstNI | | | | | | | |
TCCAGGACAGTTTATCTCTGGTTGATGAATATCGGCTTGTATATTGAAAGTACCTGTTTCTTCAACTTCCGTGTCGGTAACAAATTTTCTTACCTTGGAC
P G6GQ F I S G * * I $SACTILKV?PVSSsSTSV SV TNTFTILTILD
¢ bs L SLVDEYH®RTILUVY* KyYLFULOQZLUPUCR®R™* QI F L P WT
S R TV Y L WL MNVNTIGTULYTIESTTCT FTFNTFIRUVGNZ KT F S Y L G H

| | | | | | | | BStNI |
ATCCCGCCATTGGCAAGAATAACCAAATCTGCTGTTTCACTCGGTTTATTCTCAAAAGTTAGTGTCCACTTCTTCTTACCAGGTTCAAGCATAACAAGTT
I PP LARTITI XKSAVSULSGI LT FSIEKVsSVHFT FTULZPGSS I TS F
S R HW QE * P N L L F H SV Y S Q KILV S TS S Y Q V QA * Q V
P A I GKNNOQOQTICCTFTRT FTITILIKS®* CPLILILTIRTFIKUHNDNEKTF

| | | | | | |
TTCTATCCCAAATAACCGTGTCGTTTTCTAAACTATTCAACAAGATAGCCCTTAAGTCATTTCTGTTTATTTCAGGATTGTCAAATCGATTTTCGGGCTT
L s ¢ I TV s F S K L F N K I AUL K S F L F I S G L S N R F S G F
F Yy p K * P CRF L NY S TR * P L S HVF CULF QDT COQTIDF R AL
s I p N NIRV V F * T I Q QD s P * VvV I 8§ V Y F R I V K S I F G L

| | | | |
TACATTTTTTGTGGATAAAATATTGCCTTTTTTATCAGCAATATTTACACCCATTGGTAAGGCTAAGTCATAATAAGTTTGTAACAATCCCGCTTTTTTC
T F F VD K I L P F L S A TIF T UPTI G KA AI K S * * VvV CNN P A F F
H F L wW I K Y CUL F Y Q QY L HP L VRUL S HNIKVF VT I P L F S
Yy I F C GG * NI AUF F I $NTI Y THW* G * Vv I I S L * Q S R F F H

| | | | | | Tetrev | |
ATTGCTTCCTGACCTGAACCTTTGTGTAGGTCAAGGGTTCCACCAAAAATTCTTGCCTCTCGGTCGTTGTCTCTTTCGTAAACTGAAACGTCTATGCCGT
I A s * P EPL CU®R SRV P?PKILASI RS SILS LS * TET S M P F
L L pPp DL NTLCV GQ GF H QI K F L PL GRCULFRIKILZKIRL CR
c L T * T F V *V K GS T KNS CUL SV VvV s F VN * NV Y AV

| | | | | | | |
TTTGCTGTAATAATTTTGCCATAGTCAGTCCAACGGGTCCACCACCAATTATTGCAACGTTCTTATCACTAAGTAAATTCATTTGTTTGTCTGTATCTAT
c ¢ NNV FAI VS P TG?P P P I I ATV FL S L S KF I CL S V S8 I
¥F A v I1I I L P * SV QR V HHOQULLQR S Y H* VN S F V C LY L F
L L * * F CH S QS NG s TTNJYT CNWV L I T K * I HULF V C I Y

| | | | | | | |
TCGCATTGTCATTCAAAAATGGCCCATAACAATGGCTCGGCGAATTGGCGAAGTAGCGAAGCTGTATCGAAGATACAAAAGCGGAGCTATTTAGCCAAGT
R I v I Q K w&p I TMARI RTIGEV AU KILYIRIRYK S G A I * P S
AL s F KN G P * Q WL GELAIZ K * R S CTIEDTIEKA AZETLTF S Q V
s H CH S KMAUHNWNGSANWR S S EAV S K I QKR S Y L A K S

| | | | | | | |
CGCTTGTTGTAAGCAGTCCGCGAAGCGGCGGCTTACGGCAAGCGACGTAAGTCGCCGAGCCATTGTTAGCAAGGAGCGCAGCGGATTGCTAACAACGGTT
R L L *A V REA AR AAY G KRR K S P s HC * Q GA QR I ANNG L
A C CK Q S A KURURULTASDV S RIRATIUV S KUEWI RS GIUL L T TV
L vvssSPRSGGILROQOQAT* VAEUPILTILARSAADTC* Q R F

| | | | | | | | | Tetfw
TGCAGCTATACGCAGGCAGGGATTTTTACCACTAAGCTACCTACGATGAACTGAACTTTAAATTTACCACTTTCCTGTCTTACGAAGCACGAACCCCCTG
Q LY A G RDVF Y H * AT Y DEULNVFKF TTFUL S Y EAIRT P C
¢c s Yy T QA G I ¥ TT KL 9P TMNWN* TIL NL P L S CL T KHE P P A
A A I RRQGUPF L P L S Y LR * TUETUL* I Y HPF P VL R S TN P L

| | | | | | | |
CTTGCGTATAGGTGATGTTATGCGGTCGGCTTTCATTTTCTCTTCTTTCTCGTTAATTTGTCAAGCAAAGTTACTAAATTTGCAGTCAAGCAATTTCAAT
L R I G DV MURSA AU FIF S s F s L I CQAZ KILILNDNILIOQ S S N F N
c v *VM™MULCGHRYLSF S L L SR * F VK Qs Y * I C s Q A I S I
L A YR * CYAV GFHF L FF L VNTLS S KV T K F AV K OQF Q F

| | | | | | | |
TTTTGAATTATGTATTTCAGCAGACCTTGGACTTCTATCTAAGTGATAGGCAGTCCTGAATAAATTCCAATCAATCTTTTAGGGCAAGACAATCAGTCTA
¥F * I MY F S R P W TS I * VvV I Gs P E * I P I NILUILGOQUDNIOQ S M
F E L C I §s A DJLGULIL S K * * A V L NKF Q S I F * G K T I S L
L N Y VvV F Q QTUL DV F Y L S DRSS * I NS N QS F RAZRDOQ S V Y

| | | | | | | |
TGCTTTGTGTGTGCTGTCATTTTTTTTGATGGCATTGCTTTGTCGTAGTTGCTCTGTCGGGTAATACTGTCTATTCACTTCTCTGTGATTTGAATTCAAC
L ¢CVCCHFF * WHCFVVVALSSGNTU VY SILLCDTILNST
cC FVCAV I FFDGGTIALS* L LC® RV IULSTIHTFSV I * I QL
AL CVL S FFLMALZLTCIRSTCSV G * Y CULFTSUL * F E F N

| | | | | | | |
TTGCAAATGCAACAGAATTCTGATTAATAATTTGTTTAAATTTTTCGTTTGGCGTGAGGTATCCAAGTCTTTTACGAGGTCGATTATTGAGTTTATTTTC
C K ¢CNRTIULTINNTLTFI KT FFV W REV S KSFTHIRSTITIZETFIF
ANATETF * L I I CLNVFSF GV RYU®PSILILIRGTZ RTILTILSILF S
L QM QQNSOD* * F VvV * I FRLA®*GTIQVFYZEUVDY* V Y F Q

| | | | | | | |
AATCCACTTAATCTGTTTGTTGGTTACTTCACTAAAGTCCTTACCCTTTGGGATATACTGCCTGATAAGCCCGTTGGTGTTTTCATTGGCACCACGTTCC
N P L NL F V Y F T XK VL TUL WD I L P DX PV GGV F I G T T F P
I L I CL L VTSUL K SUL?PVF GI Y CUL I S P LV F S L A P R S
s T *s v CwW L L H * S P Y P L G Y TA * * A RWCF HWHH V P

| | | | | | | |
CATGAGTGGTATGGTTTGCAAAAATAGAATTTTATTTCCAATTTTTGCGCAATTTCCTCGTGCTTTGCAAACTCCTTTCCATTGTCAGCCGTAATTGTGT
* V.. F A K I E F Y F 0 F L R N F L Vv L ¢C K L L s I VvV s R N C V
HE WY G L Q K * NF I S NFCATISSCTFANS ST FPIL S AV I VC
M s GMV C KNI RTIILF&PTITFAS QTFUZPRALUGQT?®PTFHTC2OQTZP* L C
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4300
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4400
4400
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4500
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4600
4600
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4700
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4800
4800
4800
4800

4900
4900
4900
4900
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5000
5000
5000

5100
5100
5100
5100

5200
5200
5200
5200
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5300
5300
5300
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5400
5400
5400
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5500
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5600
5600
5600
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5700
5700
5700
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| | | | | | | |
GTATTAAGTTTTTCACTTTCCGCAGTGCCCATACTGCAATCTTAGCTACCGGGATGGCTTCTTTTCCCGACAACTTGCGTATCCAGACCCTGCTTGTTGC 6000
Yy * v * H F P Q C?PY CNILSYRDSGU FU F S RQULAY P DUPAC C 6000
I K F F T F R S A HTATILATGMAS F P DNILI RTIQTIL L V A 6000
v L s ¥F S L. S AV ?P I L QS * L P GWIL L F P T TCV S R P C L L L 6000

| | | | | | | | | BsoBI
TCTGTCGTTAATGGTAAGAATGGCACCTTTGTGGTTCTTACCAATAATTGTATCTATCTCTAAATCACCAAATCTCTCCTTCAGTTCCACTATCTCGGGA 6100
s vv0NGI KN NGTU FV VL TNNUNTZCTIVYIL * I TI K S L L QF H Y L G T 6100
L s L MV RMAzEPTILWU FIL?P I I VsS I S K S PNILSF s S T I S G 6100
cC R * W * E WHULCSGS Y Q * L Y L S L NHOQTI s P S V P L S R D 6100

| | BstNI | | | | | |
CGCTCATCAATATCCACCCTGCCTGGGATAAATCCTCGCCCTGCATTTTTAGAACCACGTTTGGCATACCTGCGACCTTGTCTGCGAAGATATTTGTGCA 6200
L I N I HP A WD K S s P CTIUFRTTT FSGTIUPATTIL S AKTIF V Q 6200
R $ s I S T L PG IDNUPIRUPATFTULEU P RTILAYTULH®RUPUCTILIRI®RYL C s 6200
A HQ Y PP CULG* I LAULUBHTF*NHV WIHTT CUDTILVCETDTIC A 6200

| | | | | | | |
GTTTGCCACCCCGCCGCTTATCCTCCCARATCCAGCGATATATCGTTTCGTGAGATACCATCGCAATTCCCTCCAAGCGGCTCCTGCCGACAATCTGCTC 6300
F AT®P?PJL I L PNUPATIYIRT FVIRYUHIRNDNSTILOQAAPADNTILL 6300
L PPRRILS S QI QRY I VS * DTTIA ATIZPSZ K RTILTILZPTTI C S 6300
vV CH P AAY P P K S S DI SFRETIUPSOQF?PZP S G S CUR Q S A P 6300

| | | | | |
CGGGCTGAATCCTTTCTTCAACAGCTTTATTATCCGTTTTCTCATTGCCGGTGTAAGCACTTCCTTGCGATGTTTTTGCTGCTTGCGCCTGTCTGCTTTT 6400
R A E S F L Q QL Y Y P F S HCWRTZ CI KUHFILAMT FILILILA APV C F S 6400
G L NP F F NS F I I R F L I A GV S T s L RCUFCTCULURL S A F 6400
G *I1I L s s T AULL SV F s L PV * A L P CDV F A ACATCUL L F 6400

| | | | | | | |Rev2 |
CGCTGGGCAAGCTCCATGCTATAGCTACCACTTCGGGCGTCGCAATTGCGCTTTATCTCCCTGTAAACAGTGCTTTTATCTACTCCGATAGCTTCCGCTA 6500
L 6 K L H A I ATTS GV ATIA ALY L PV NS AV F I Y S D S F R Y 6500
R WASSMUL * L PLRAS QLI RUPF I SL * TV L L S TP I A S A I 6500
A G QAP CY S Y HVFGIRIRNZTGCALSU?PCIZ KW QT CU FYUL L R * L P L 6500

| | | | | | | |
TTGCTTTTTTGCTCATCGGTATTTGCAACATCATAGAAATTGCATACCTTTGTTCCTCGGTTATATGTTTGCTCATCTGCAACTTTTTTTTCTTTGGACG 6600
cC F F AHRYLQHHIRNTCTIU®PIL FULGYMU FAHTLAOGQTLT FUFLWT 6600
A F L L I G I ¢CNTI I E I AY L C S s Vv I CUL L I CNFF F F G R 6600
L L F CsS sSsSVFAT S * KL HTFVPRILYV CS S AT FF S L D G 6600

| | | | | | | |
GACAATTAAAGCAAAGATAGCAAACTTTATCCATTCAGAGTGAGAGAAAGGGGGACATTGTCTCTCTTTCCTCTCTGAAAAATAAATGTTTTTATTGCTT 6700
DN * S KD S KLY P FRVREWIRSGTTULS L F P L * K I NV F I A Y 6700
T I K A K I A N ¥ I H S E * E K G G H C L S F L S E K * M F L L L 6700
Q L K Q R * Q T L s I ¢ S ERK G DI V S L s S L K NKCF Y C L 6700

| | | | | | | |
ATTATCCGCACCCAAAAAGTTGCATTTATAAGTTGAACTCAAIchTATTTTCCcaATCCtctActTTggggtCAATCAATAAAaqtaaaGCCaACCCCG 6800
Yy p H P K S C I Y K L N S RATIVF &P I L Y F GV N Q * K * S Q P R 6800
I T R T Q KV A F I s * T Q G L F S QS S T L G s I N K S KA N P A 6800
L S A P K KL HL * VEL K GY F PN PILIL WG Q S I KV K P T P 6800

|Rev3 | | | | | | | |
cttcAtTgatCacTACatCcaCTGegeGCcggtcgectgggGCAgGACGECCGGGTTACaAgATCETTaAGAAgAaGtTTaTcGATCagcCEtGgATGEgtT 6900
F I D HY I HCAUPVAGA ASGI RU®PGYKIFKI K K FTIDOQUPGCV 6900
s L. I T T s T A R R S L G Q D V RV TR S L R R S L s I s L D V L 6900
L H * S L HPLRAGIRWSG RTSGUL QDIL * EE V Y R S A WM C W 6900

| | | | | | | FW4 | |
GGAATTtTTatcaagCATacgtTtCGgAtAtatCAcTCActTTGATcggATTGggAtGCtGCCCGCgcaaARATCctGAgcacaTtAtACTGCTcecggtgT 7000
G I F I K H T F R I Y H S L * S D WD A AURA AIZKS * A HY T A P V * 7000
E F L $ S I RF G Y I THVF¥F¥ DRI GMUL PAQNUPEUHTITITLL R C 7000
N F Y QQAY VvV s DI S L TUL I GL G CCU?PRI K I L S TIL Y C S G V 7000

| | | | | | | |
GaggtcATGtTCCCTCaaaatCTCTaTTtGcTTGTAGCCAAGCCAGTTACTTGTATAAATAAGATTCAGTACCAACCGCTGATACGGAGTCCGAAATCTT 7100
G HV P S K s L FACSQAS YL Y K *D sV PTA ADTE S E I F 7100
E VM FPQNILYL L VA KUPVTCTINI KTIOQYQQPIL I R S P K s F 7100
R s ¢C s L K I s 11 C0L * P S QL L V * I R F S TN R * Y G V RN L 7100

| | | | | | | |
TTTTGCTTAATATCGGTTTCTATTGACATAGCACACAACTTGTTAGTAGTACAATAACATTGTATATACATTTAATGTATGAACATCTATTTATTACTTC 7200
F A * Y R FL L T * HT T C * * Y NN I VY T F NV * T S I Y Y F 7200
L L NI GF Y * HS T QL Vs s T™1I1T1L Y I HL MY EH UL F I T S 7200
¥r C L I s v s I1IDIAHNILILVVQ* HCTI Y I * CMNTI Y L L L Q 7200

| | | | | | | |
AAAGTTCCTGCTTCATAAAAAAGGTGTATATTTATCAGCATAACGAAAAGCAAACCAGGACTAAATAACTACATTACAGATAGTTACAATAATTAAAGTT 7300
K v pP A S * KR CTIU F I s I T X S K P G L NNY I T DS Y NN * S F 7300
K F L L H K K GV Yy L S A * R KANOQD * I TTUL Q I V T I I K V 7300
s § ¢ F I K KV Y I Y Q H N EK QT RT K * L HY R * L Q * L K F 7300

| | | | FW5 | |
TTTTGAAAAATTTCTCATGTTTCAACTTTGTCAGCCTCTGATTCTTGCCTCTAACTCTCCAA 7400
L K N F s ¢CF NF VS L * F L P L T L Q 7400
F * K I §s HV s T L s A S D S C L * L S A 7400
F E K F L M F QL CQ P L I L A S N S P 7400

Figure S5.1: Nucleotide and amino acid sequences of the Tn4357-transposon insertion site of mutant B-16.
Nucleotide sequence was revised manually via comparison with the electropherogram. Manually changed
nucleotides are written in small letters. For nucleotides without clear peaks in the chromatogram, letters
according to the [TUPAC Ambiguity Code were used. The nucleotide sequence was simple sequenced from
nucleotides 0-68 bp and 6449-7362 bp (plus strand). All other sequences were repeatedly sequenced. Sequence
of the Tn435-transposon was received from Prof. M. J. McBride (University of Wisconsin — Milwaukee, USA)
and the transposon border is flanked by direct repeats marked with underlined letters (XXX). First and last
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nucleotides of the transposon are highlighted in red (I). Colour code: (¥xx) sequence obtained from the
Trenzyme report; (XXX) primers: B16-FosmidprimerFW5 (FWS5), B16-FosmidprimerFW4 (FW4), Ble-
FosmidprimerRev3  (Rev3), 1475 FP2, BIl6-FosmidprimerRev2 (Rev2), Tn4351 Tet fw (Tetfw),
Tn4351 Tet rev (Tetrev), 1475 RP1, B16-FosmidprimerFW2 (FW2), B16-FosmidprimerRev5 (Rev5), B16-
FosmidprimerFW3 (FW3); (XXX) restriction sites located in the transposon for BsoBI, BstNI and HindIII.
Nucleotide sequence was transcribed in amino acid sequence using the DNA to protein translation tool of
insilico.ehu.es (Bikandi et al. 2004). Open reading frames (ORF1-4) in the amino acid sequences which led to
hits when blasted against the NCBI data base are highlighted in blue ( ).

Translations Aligned (5'->3'), plus strand

10 20 30 40 50 60 70 80 90
ORF1 | | | | | | | |
ACAAAACCAGGAGAAGATTTCACGCATGACGAAAACCTGACCTATGCCGGATTGATCGGATTTTGGGATCCGCCACGTAAGGAAGTAACCAAGTCATTGA 100
100
Q N Q E K I S RMTI KT * PMUPD * S DF G I RUHVRIK * P s H * 100

K T R R R F HA * R K P DL CUR I DU RTITLGS AT * G S N Q V I E 100

| | | | | | | |
ACGCCTGTCATAAGGCTGGTATAAARAGTCATTATGGTTACCGGTGATCACCCGGCTACTTCGCTGAAAATTGCAAAGCAGGTCGGCCTGGTTGAAGARGA 200
200
T pV I R LV * K s L WL P VI T RILILIR* KL QS R S A W L K K T 200
R L s * G W Y K S H Y G Y R * s P G Y F A ENTCIZ KA AGU R P G * R R 200

| | | |
CGAGCTACTGGTACTCACCGGGAARAGATCTTGAATCGTTTGATTTTTCATCGGCGAATGACCAGAAAARARARATGATGGAATGCCATGTATTTGCCCGGGTA 300
300
s Yy wy s P G K I L NRL I F HRIRMT®RIKI K *WNAMMYL P G * 300
R A TG THREW RS * I V* F F I GE * P EZ XKNDGMMZ®PTCTI C P G K 300

| | | | | | | |
AATCCTGCTCAGAAACTGGACATGATTGATTTTTATCAAAAACAGGGAGATATCGTGGGCATGACCGGCGACGGGGTARACGACGCTCCCGCCCTGARGA 400
400
I L L RNWT* L I F I K NRETI S WAS™*©PATG* T T L P P * R 400
s ¢ s E T GH D * F L s K T G R Y R G HDI RIRIRGE KRR S R P E E 400

| | | | | |
AATCCGATATCGGTATTGCCATGGGACTCCGGGGAACAGCCGTCGCCGCCGARAGCTGCTGATATGGTGCTCARAGATGACTCGTTTGCTTCCATCGTGCA 500
500
N P I §$ VL PWD S GE QP S PP XKLL I WOCSKMTRILIL P S C M 500
I R Y RY CH G T P GN S RRIRIRSC* Y GA QR * L V CF HR A 500

TGCCATTGAACAGGGAAGGGTCATTTTTGAAAATATCAGGAAGTTCATCGTGTTTCTGTTGTCCTGCAACATGAGTGAAATTTTCGTGGTCACTTTTGCG 600
600

P L NREGS F L K I s GGs s s CcCpFr CcCC?PA AT * V KT F s W s L L R 600

C H * T G K G H F * K Y Q EV HRV SV VL Q HE * N F R G H F C G 600

| | | | | | | |
GGTTTTCTCAATGTGGGCAGCCCGCTTCTGCCCCTTCARATTCTCTTCATCAACATCrTKACCGATGTGTTCCCGGCGCTTGCCCTGGGTGTAGGTARAG 700
700
vV F s M WA ARVFCU®PVFZKVF S s s T s X P MU C S RIRILP WV * V K 700
F s o ¢ G QP A S AP S N S L HOQH X X RCV P GATCU®PGTCR * R 700

| | | | | | | |
ACAACAAGAATCTGATGAAATYYkWAASrrGGGATCCCAAGCAGCCCATAT EACAGGCAGCGGATTGGAGGAGAA A A ATGA 800
800
T TR I * * N X X X G I P S s P Y Y RQRTIGOGETLTCTFMH WS * P 800
Q Q E S DE X X X X G S QAAHTITGSGULEENTCVILCTIGHD 800

|Rev2 | I I I [ I I I
'ATCCGTTTTGGGTGTGTACTGGTATGCAAT TGATCAACTGGGTTTTAGTCCCGAAGAAGGAAACACCGTTA ATGCA A ACAG 900
900
HPF WV CTSGMSOQTZILTINW®WV VLV PKI KTETU®PTLZPFMUHETFHWH S 900
R I RF GCVLVCNZ®*sSTGTF*SRRH®RIEKIHRYTLILCTTFTGT A 900

| | | | | | | |
“TTCATGTTTTCAACATG AGG SCTG "TATCT ' "TT 'CT TG 1000
1000
cC FMFsSTOCIOQAST CTITFSTIME KSZPGTNTLSGWIL * H S A L 1000
A 'S CF QHUVFRQAATFTFOQ®™* * NH®PZEZ QTIYIULDSGTFDTIL H C 1000

| | | | | | | |
ITATGCTTGTCACC “ACAC 5 'CT! 'T ' ITTGAGTTCAACTT 1100
L E F N L 1100
p L CUL S P I TH P S S DK Y S HVF S YL MY XKL WN * Y L S S T Y 1100
H YACH UL L H T L L P TNTIL TS VT * C T S s G I NT * V Q L 1100

| | | | | | | |
ATAAATGCAACTTTTTGGGTGCGGATAATAAGCAATAARAACATTTATTTTTCAGAGAGGAAAGAGAGACAATGTCCCCCTTTCTCTCACTCTGAATGGA 1200
*M Q L F G C G * * A I K T F I F Q R G KURDNUV P L S L T L N G 1200
K ¢ N F L GA DN KO Q* K HULVF F REEWRETMS P F L S L * M D 1200
I N A TF WV R I I S NKNTI Y F S ERKEWRIOQCUP P F S H S E W I 1200

| | | | | | | |
TAAAGTTTGCTATCTTTGCTTTAATTGTCCGTCCAAAGAAAAAAAAGTTGCAGATGAGCAAACATATAACCGAGGAACAAAGGTATGCAATTTCTATGAT 1300
*s§$ L L $ L L * L SV Q R KK S CUR * ANTIT * P RN KGMMOQTF L * C 1300
K v cCc Yy L ¢C F N CP S KEKZ K VADEI QT YN RGTI K V CN F Y D 1300
K F A I F A L I V R P KKK K L @ M S K H I TEEQWR Y A I S M M 1300
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GTTGCAAATACCGATGAGCAAAAAAGCAATAGCGGAAGCTATCGGAGTAGATAAAAGCACTGTTTACAGGGAGATAAAGCGCAATTGCGACGCCCGAAGT
cC K Y R *A KK Q*R KL S E * I KALFTGUR * s A I A T P E V
vV A NTDEOQI K S N S G S Y R S R * KHUCULOQGDI KA AU QTILRR P KW
L ¢ I P M S K K ATIAEATI GV DE K STV Y RETIZKIRNTCUDA AR S

| | | | | | | |

GGTAGCTATAGCATGGAGCTTGCCCAGCGAAAAGCAGACAGGCGCAAGCAGCAAAAACATCGCAAGGAAGTGCTTACACCGGCAATGAGAAAACGGATAA
vV A I A W S L P S E K OQTGA S S KNI AURIZ KT CTLUHRIQ* E N G *

* L * H G A CPAI KIS ROQAOQAAIKTS QG S AY TG NUEIZ KT DN
G s Y s MMEULAQRZKADI RIRIEKOQOQOQZKHRI K EV L T?PAMZ RIEKRTITI

| | | | | | | |
TAAAGCTGTTGAAGAAAGGATTCAGCCCGGAGCAGATTGTCGGCAGGAGCCGCTTGGAGGGAATTGCGATGGTATCTCACGAAACGATATATCGCTGGAT
*s C * R K DS AR S RULSAGAAWI RETLWIRW®WYILTIZ K RY I A G F
K AV EEURTI QP GADT CI RO QE?PLGSGNTCDGTI S RNDTI S L D
K L L XK K G F s P E QI VGRS RUL EGIAMV S HE T I Y R W I

| | | | | | | |
TTGGGAGGATAAGCGGCGGGGTGGCAAACTGCACAAATATCTTCGCAGACAAGGTCGCAGGTATGCCAAACGTGGTTCTAARAATGCAGGGCGAGGATTT
G R I S GGV ANTCTNTIVFADI KVAGMZ®PNVV L KMUOQGE DL
L 6 G * A A GWOQTA AOQTI S SsS QTR S QVCQTWU F * K CIRAIRIY
w E D K R R G G K L H K Y L RROQGIRIRYAZ KRGS XKNAGIR G F

BstNI | | |BsoBI | | | |
ATCCCAGGCAGGGTGGATATTGATGAGCGTCCCGAGATAGTGGAACTGAAGGAGAGATTTGGTGATTTAGAGATAGATACAATTATTGGTAAGAACCACA
S 9 AGW I LMSUVPR* WN* R RIDTILUV I * R * I 0 L L VR T T
P R QGG Y * * A S RDSGTEGETIMW®W®*TFIRTUDTI RYNZYTW* E P Q
I P GR UV DIDETRT PETIVETLTZEKTETRT FGT DTILTETITDTTITIG KN HK

| | | | | | | |
AAGGTGCCATTCTTACCATTAACGACAGAGCAACAAGCAGGGTCTGGATACGCAAGTTGTCGGGARAAAGAAGCCATCCCGGTAGCTAAGATTGCAGTATG
K VP F L PLTTZESOQOQAGS S GYASCREIZ KI KZ?PSR*LRTILOQYG
R C HS Y H * R QS NIKOQGULDTQV VG KU RS HZPGS * D C S M
G A I LTTINDU RATS®RVWTIIRIEKTILSSGI KT EA ATIZPVAZE KTIA AUVTW

| | | | | | | |
GGCACTGCGGAAAGTGAAAAACTTAATACACACAATTACGGCTGACAATGGARAGGAGTTTGCARAAGCACGAGGAAATTGCGCAARAATTGGAARTAAAR
H CG K * K T * Y T Q L R L TMEH RSTILOQSTIRIE KTILZRIEKNWI K * N
G T A E S EZXLNTHNYG * QWX GV CZ KA ARTGNTCA AT KTIGNKI
AL R KV K DNTL I HT I TADNGT KT ET FAI KUHETETIA AS QI KTILE I K

| | | | | | |
TTCTATTTTTGCAAACCATACCACTCATGGGAACGTGGTGCCAATGARAACACCAACGGGCTTATCAGGCAGTATATCCCARAGGGTAAGGACTTTAGTG
s I F A NHTTHSGNVV PMIEKTU®PTSGUIL S G S I S QR V R T L V
L F L 0TI P L MG T W COQ * KHOQWRA AYQAUV Y P KG * G L * *
F Yy F C K P Y HS WEIRGANUENTNGTU LTIUR QY I P K G K D F S E

| | | | | | |1475_RP1 | |
AAGTAACCAACAAACAGATTAAGTGGATTGAAAATAAACTCAATAATCGACCTCGTAAAAGACTTGGATACCTCACGCCARACGAAAAATTTAAACAAAT
K * P TDNIRULS G L K IN S I IDILV KDTILTU DTSR QTZ XKNTILNZKL
s NQ o T D * V D * K * T Q * S T S * KT W I P HAZ KU RIEKTI * TN
vV T N K 0 I KW I ENZ KTILNNDNU RU PRI KI RILSGYTILTU®PNETZKTFZK QI

I I I | | | I |
TATTAATCAGAATTCTGTTGCATTTGCAAGTTGAATTCAAATCACAGAGAAGTGAATAGACAGTATTACCCGACAGAGCAACTACGACAAAGCAATGCCA
L I R I L L HULOQVETFIZ XKSQRSE*TVILUPUDI RATTTIZ KQCH
Y * S EF CCICZ KTZLNSJSNUHRETVNHI RZOQYY?PTES QLTI RTZOQSNATI
I N Q NS V A F A S * I QI TEZ K* I DS I T RZQSNYDIEKAMT?P

| | | | | | | | StyI
TCAAAARAAATGACAGCACACACAAAGCATAGACTGATTGTCTTGCCCTAAAAGATTGATTGGAATTTATTCAGGACTGCCTATCACTTAGATAGAAGTC
Q K K * 9 H T(Q S I1I D * L 8§ C &P XK RL I G I Y s G L P I T * I E V
K K N D s TH KA * TDCULATLI KD * L EF I Q D CL S L R * K S
S K K M T A HTKHWRULTI VL P * K I DWNTLFRTA Y HUL DR S P

|
CAAGGTCTGCTGAAATACATAATTCAAAAATTGAAATTGCTTGACTGCARAATTTAGTAACTTTGCTTGACARATTAACGAGAAAGAAGAGAAAATGARAG
Q 66 L L K Y I I Q KL K L LD CI K F S NFA* QI NEI K EEIKMTZEK A
K v Cc* N T * F KN * N CL TANTULV TILL DZ XL TR K K R K * K
R S A E I H N S K I E I A * L Q I * * L C L T N * R E R R E N E S

| Tetfw | | | | |
CCGACCGCATAACATCACCTATACGCAAGCAGGGGGTTCGTGCTTCGTAAGACAGGAAAGTGGTAAATTTARAAGTTCAGTTCATCGTAGGTAGCTTAGTG
D R I TS P IR KIOQGV U RAS * DU R KV V NTLI KT FS s s * V A * W
P T A * HHLYASRGUF VLRI KT G KW * I * s s V HIRIR * L s G
R P HNTI T Y T QAGSG S CFVROQZE S G KF KV QF I V G S L V

GTAAAAATCCCTGCCTGCGTATAGCTGCAAACCGTTGTTAGCAATCCGCTGCGCTCCTTGCTAACAATGGCTCGGCGACTTACGTCGCTTGCCGTAAGCC
* K s L PAY s CIK©PLILATIW RTCA®PTC®*QWILGDILRIRIL P * A
K N P CLURTIAANU RTC®* QS AAILTLA ANINGSA AT Y VA C R K P

v K1l pPACUV * L QT VVS$NPIL RS SILILTMARI RILTSILAV S R

| | | | | | | |
GCCGCTTCGCGGACTGCTTACAACAAGCGACTTGGCTAAATAGCTCCGCTTTTGTATCTTCGATACAGCTTCGCTACTTCGCCAATTCGCCGAGCCATTG
A A S R TAY NI KU RULG* I A P L LY L RY S F AT S P I RRA I V
P L RGLL TTSDILAZ K * L RFCTIFODTA ASTILILIRZOQTFAZE P L
R F A DCULQQATWILNS S AU F VS s I QL RY F AN S P s H C

| | | | | | | |
TTATGGGCCATTTTTGAATGACAATGCGAATAGATACAGACAAACAAATGAATTTACTTAGTGATAAGAACGTTGCAATAATTGGTGGTGGACCCGTTGG
M G H F *M T™MURIDTDI KOQMNIULTLS DI KNV ATITI GG G P V G
L w A I F E * Q CE * I Q T NXK * I ¥ L V I R T L Q * L V V D P L D
Y G P F L NDNANU RYIRIQTNZETFT* * * E RCNNWWWT R W

| Tetrev |
ACTGACTATGGCAAAATTATTACAGCAAAACGGCATAGACGTTTCAGTTTACGARAGAGACAACGACCGAGAGGCAAGAATTTTTGGTGGAACCCTTGAC
L T M A KL L Q Q NG I DV s VY ERDNUDU REA AWURTIF GG T L D
* L W Q N Y Y S K T A * T F Q F T K E T T TERQE F L V E P L T
T DY G K I I T A KRHURIRF S L RIEKIRIOQIRPRGIE KNFWWN P * P

1400
1400
1400
1400

1500
1500
1500
1500

1600
1600
1600
1600

1700
1700
1700
1700

1800
1800
1800
1800

1900
1900
1900
1900

2000
2000
2000
2000

2100
2100
2100
2100

2200
2200
2200
2200

2300
2300
2300
2300

2400
2400
2400
2400

2500
2500
2500
2500

2600
2600
2600
2600

2700
2700
2700
2700

2800
2800
2800
2800

2900
2900
2900
2900

3000
3000
3000
3000
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|
CTACACAAAGGTTCAGGTCAGGAAGCAATGAAAAAAGCGGGATTGTTACAAACTTATTATGACTTAGCCTTACCAATGGGTGTAAATATTGCTGATARARAA
L H K G S GG Q EAMKKAGTLULOQTY Y DILATLUPMSGV NI A D K K
Y T K V9 VR K Q * K K R DCY XL I MT* P Y Q WV * I L L I K
T 0 R F RS GG s NEIK s GG I VvV TNILIL* L s L TN G C K Y C * * K

| | | | | | | |
AAGGCAATATTTTATCCACAAAAAATGTAAAGCCCGAAAATCGATTTGACAATCCTGAAATARACAGAAATGACTTAAGGGCTATCTTGTTGAATAGTTT
G N I L s T KNV K P ENRFDNPETINRNUDTIL RATITLTILN S L
K A I F Yy P QKM * s p K I DULTTITLI K * TEMT* G L s C * I VvV *
R QY F I H K K CKARI K S TI * QS * NI KOQOQZ K * L KGY L V E * F

| BstNI |
AGAAAACGACACGGTTATTTGGGATAGAAAACTTGTTATGCTTGAACCTGGTAAGAAGAAGTGGACACTAACTTTTGAGAATAAACCGAGTGAAACAGCA
E N DTV I WDZRIKILVMILEU®PGI K K KW TUL TFENI KP S E T A
K T TRUL F G I ENTLILCTLNTLV RIR S G H * L L R I NRV K Q Q
R K R H GY L G * K T CYA* TW * E EV DTN F * E * T E * N S R

| | | | | | | |
GATTTGGTTATTCTTGCCAATGGCGGGATGTCCAAGGTAAGAAAATTTGTTACCGACACGGAAGTTGAAGAAACAGGTACTTTCAATATACAAGCCGATA
p L viIioLANGS GMS KV RI K FVTDTEUVEETSGTFNTI Q A D I
I w L F L P MAGTCU®PUZR* ENTLILUPTIURIEKTILIEKI KQV L S I Y K P I
F G Yy s CcCQWw RDV (QGKK I CYRUHSGS* RNIRYF QY T S R Y

| | BStNI | | | | |
TTCATCAACCAGAGATAAACTGTCCTGGATTTTTTCAGCTATGCAATGGAAACCGGCTAATGGCATCTCACCAAGGTAATTTATTATTTGCTAACCCCAA
H QP EINCU®PGVFVFQLCNGNW RILMASUBHZ QS GNTLTILFANPN
F I N QR * T V L DFF S YAMUETS G * W HL T KV I Y Y L L T P I
s s T R D K L s W I F S A M Q WK P ANG I s PR * F I I C * P Q

| | | | | | | |
TAATAATGGTGCATTGCATTTTGGAATAAGTTTTAAAACACCTGATGAATGGAAARACCARAACGCAGGTAGATTTTCAAAACAGAAATAGTGTCGTTGAT
N N GA L HF G I S F KTPDETWIE KNI QTOQV DF QNI RNSV VD
I MV HCTIULE®* VL KHILMNGZ KT EXK®RIR®* I FZXKTZETIV S LI
* * W CIAFWNZ KT F * NT * * M EZKPDNA AGT RTFS K QZK * CR * F

| | | | | | | |
TTTCTTCTGAAAGAATTTTCCGATTGGGACGAACGCTACARAGAATTGATTCATACGACGTTGTCATTTGTAGGATTGGCTACACGGATATTTCCTTTAG
F L L KEF S DWUDE RYZ XK ETZLTIUHTTTULSTFVGULATIRTIF P L E
F F * KN F P I GTNA ATI KN®*F IR RTCHIL* D WILHG Y F L *
s s ER I FRUILGRTULOQ®RTIDS YDV VUV ICRTIGYTT DTI S F R

| | | | | |
AAAAGCCTTGGAAAAGCAAGCGCCCATTACCCATAACAATGATTGGGGATGCCGCACATTTGATGCCGCCTTTTGCAGGGCAGGGAGTARATAGTGGGTT
K p W X S KR PL P I TMTIGDAAHTLMZ®P?PUFAG G QS GV N S G L
K s L G KA S A HY P * Q * L GMUPHTI * CRULUL QG RE * I V G W
K A L E K Q A P I T HNNDWWG C R T F DA AW AUV FCU®RA ASG S K * W V

GGTGGATGCCTTGATATTGTCTGATAATCTAGCCGATGGARAATTTAATAGCATTGAAGAGGCTGTT TTATGAACAGCAAATGTTTATGTATGGC
vop AL I L S DNUILADG K F NS I EEA AV KNYEOQOQMTFMY G

w ™M 9P * Yy CL I I * P MENILTIAZLI K RILILIEKTIMNDNSI KT CTULCMA
G 6 ¢ L DTI vV * * s s R WK I * * H * R G C * KL * T ANV Y V W Q

| | | | | | | |
AAAGAAGCACAAGAAGAATCAACTCAAAACGAAATTGAAATGTTTAAACCCGACTTTACGTTTCAGCAATTGTTAAATGTATAAAATGGAATAAAACGGC
K EA Q EE S T QN E I EMVF K P DF T F Q Q L L NV * N G I K R H
K K H K K N QL K T X L K CL NP TLIRF S NC* MY KME * N G
R S TR R I NS KRN * NV * TR L Y VsS A I V K CTI K WN K T A

| | | | | | | |
ACATAACAAACAAATTGGCAATAGAGCCGGTGAAGTACTTCTATTGAACTTTTGTGCAATGTTGAAGATTAGTAATTCTATTCAACATTTGTGCTARAAG
I T NZXKXK LA TIEU©PV KY F Y * T F VQC* RL V I L F NI CA K S
T *9 T N W Q * s R * s T s I EL L CNV E D * * F Y s T F V L K V
H N K Q I G NRAGE VL LLNU FCAMT LI E KTI S N S I Q HL C * K

| | |
TCGGCTCCATCGCCAATTTGCCAGCCGTTATGCGGCAGCTTAARAAAAGACTACACCAAACC TCATCTTGACAACCACCCGACTTTGAACTAC
R L H R QFASRYAAA* K KTTPN QK NHULDNUH?PTIL N Y
G s I A NL PAVMU®RQUL XK K RL HQT XX I I L TTTRIL * T T
s A P s p I C QP L CG S L KX DY T K P KK S s * Q Pp P D F E L R

| | | | | | | |
GAAGGATGAAATTTTTCAGGGACAACTTCCAGCATTTCCAAAAAACAGTTTAACCATTGACTTGGAGACAAACARAACAATTTGAGCATTAAGGTTTAAAC
E GG * N F S G T T S S I s K K QF NH * L GD K QT I * A L R F K P
K DE I F QG QL PAUF P XN SLTTIDILETNIE K QT FEUH* G L N
R M K F F R DNF Q HF Q KTV * P L TWIRQTNNTIL S I K V * T

CGAATTTTTCCGAAATTGACCTGACCTGACTTTTCCTGAAARATCGACTTTAAAGCTGTTTTTACAGATAAATCAGGTTTCTCTAACAGATAGGAAATARAA

N F S E I DL T * L F L K I DF X AV F TDI K S G F S N R * E I N
R I F P K LT * P DF S * K S TULKILYV FILQTINIQUV S L T DI RZK * M
E F F RN * P DILTUF?PENI RIL®* S CVF YR * I RF L * Q I G N K

| | | | | | | |
TGCTAAGTATTTGGCTTTAAACTTAAAATCAAAAAATAAGTGTTTTCTTTTAATGTTTAACAGGGCTGATTTGACAGTTGGCGGTGGCAAGAAACTTTCA
A K Y L AL NULIK S KNIKCU?FL L MFNRAUDTILTV G G G KK L s
L s 1 w oL * T * N Q K I SV FF * CULTSGULTI * Q L A V A RN F Q
c * VvV F G F KL K I K K * V F S F NV * Q G * F D S WRW Q E T F R

| |HindIII |
GGACCTACCTCATAGACAAGTTTCAAATCAAAAAAAGTATGATAGAAAACGGTATATGGATTGTAAAGCTTCCTCGAAAATAACTTTTGTGTAGGTTCTA
G p T S * T S F K S K K Vv * *» K T VY GG L * S F L ENNF C V G S N
D L P HRQV SN QK K YD RIEK RYMUDTCI KA AS S K I T FV * V L
T Yy L I b K F QI KK s M I ENGTIWTI VKL PRI K * L L C R F *

| | | | | | | |
ATTGAAGGACAATGGAACCTCCCAGAAAATTTCCAAGACTCTCAAACATCAGGATTTTGAAAATATCGGAAGTAATGCCATAAGGAATATTTGACACCAC
* R T M E P P R K F P R L S NI R I L K I S EV M P * G I F D T T
I E G Q WNL PENVF QDS Q T S G F * K Y RK * CHI KEYIL T P L
L KX DN GT S QXK I S K T L KHQDVFENTIGSNATIWRNTI * HH
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| | | | | |
TTTGAAAGGAAATTTCGGAACTGCAAAATTCCTAAAATCACAACCGACAACTTGAACATTTCGGGCATCAGAAAATAATTTTCGTARATGTTCAACCAAA
L K G N F G T A KU FULIK S Q&P TT * TFRASENNTFRKC S T K
* K E I s E L Q N S * N HNIR Q L E H F G H Q K I I F V N V Q P K
F ER K F RN CIK I P K I TTDNILNTI S G I RIK * F s * M F N Q S

| | | | | | | |
GCTGTGTCGTTTTCAATAGCAACAACATTGTTGGCGATTTTTAATAAATGAACAGTAAGAAACCCCTTGCCTGCCCCAATATCTAAAACCGTATCCTGAT
AV S F S I ATTLLATIFNIK* TV RNPLPAU®PTI S K TV S * L
L C R F Q *Q Q H CW RF L INZEJ Q®*ETUPCTULUP QY L K P Y P D
cvyv FNSNNTITV GDV F* *MNS K K PLATCU®PNTI* NRIILTI

| | | | | | | |
TACTTATATTTGCTTGTCTTATTGCATCTTTTATTAGCACTTTATCAATAGTAAAGTGCTGACCCGTAAAACGAACGGGCAATTTCTTTTTTGTCATTAG
L I FACULTIAS U F I s TULSsSs IV KC* PV KU RTGNFFF V I s
Yy . vy L L VL L HLLL ALY Q* * S A DUP* N EI R ATI S F L S L V
T vy i1 ¢cL s Yy ¢ I F Y * HF I NS KV L TR KTNGOQF L F C H *

| | | | | | | |
TAACTTCTTACAGGTGAATACTTCTTGAGTTCAACTTATAAATGCAACTTTTTGGGTGCGGATAATAAGCAATAAAAACATTTATTTTTCAGAGAGGAAA
N F L Q VN T S * V Q L I NATF WV R I I S NI KNI Y F S E R K
T s Y R * I L L E F N L * M Q L F G C G * * A I K T F I F Q R G K
* L L T GE Y F L S S T Y K CNFL GADNIZ KOQ* KHIL F F R E E R

| | | | | | | |
GAGAGACAATGTCCCCCTTTCTCTCACTCTGAATGGATAAAGTTTGCTATCTTTGCTTTAATTGTCCGTCCAAAGAAAAAAAAGTTGCAGATGAGCAAAC
E R OQC?PPF S H S EWI K FATIFATLTIV R P KK KI KL QM S K H
R DNV?PLSLTILNG?®* S L L S L L * L S V Q RKIZ K S CUR * AN
E TM S P F L S L *MDZKV CYILCUFNICU®PS KEIZ K KV ADE QT

| | | | | | | |
ATATAACCGAGGAACAAAGGTATGCAATTTCTATGATGTTGCAAATACCGATGAGCAAAARAGCAATAGCGGAAGCTATCGGAGTAGATAAAAGCACTGT
1 T EEQRYAI SMMLOQTIPMSIEKZ KA ATILIA AEA ATIGUV DI KS TV
I * P RNXGMZOQEFTIL* CCZ K YR * A KKOQ* RIKILSZE * I K AL F
Yy NR G T K V CNF Y DV ANTU DTEZ QK KS NS G S Y R S R * K H C

| | | | | | | |
TTACAGGGAGATAAAGCGCAATTGCGACGCCCGAAGTGGTAGCTATAGCATGGAGCTTGCCCAGCGAAAAGCAGACAGGCGCAAGCAGCARARACATCGC
Y R E I K RN CDAR S G S Y S METILA AOQRI KA ADI RIR RIEKOQOQIKHR
T GR * S A I AT©PEVVATIAWSTILU®PSETZ KT QTG GAS S KNI A
L 9 GDXAOQOQULW RRPIEKW* L * H GACUPAZ KSIROQAOQAATZ KT S Q

| | | | | |
AAGGAAGTGCTTACACCGGCAATGAGAAAACGGATAATAAAGCTGTTGAAGAAAGGATTCAGCCCGGAGCAGATTGTCGGCAGGAGCCGCTTGGAGGGAA
K E v L T PAMU®RI KT RTIIIEKILILZKXKIKGU F S P EOQTIV GRS R L E G I
R K ¢C L HRQ * E NG * * s C * RKD S AR S RUL S AGAAWR E
G s A Y T GNE K T DN KAV EEIRTI QP G ADTCIRIOQEPULG G N

| |
TTGCGATGGTATCTCACGAAACGATATATCGCTGGATTTGGGAGGATAAGCGGCGGGGTGGCAAACTGCAC TATCTTCGCAGACAAGGTCGCAGGTA
A°MV S HE T I Y RW I WEDI K RIRGS GI KL HZ K YL R R QG R R Y
L R WYy L T KR Y I A GF GR I S GGV ANTCTNTIFAUDI KV A G M
¢c b GG 1 s RNDTI S L DULGG * A A GW OQTAOQTI s S Q T R S Q V

| | | | BstNI | | BsoBI| |
TGCCAAACGTGGTTCTAARAATGCAGGGCGAGGATTTATCCCAGGCAGGGTGGATATTGATGAGCGTCCCGAGATAGTGGAACTGAAGGAGAGATTTGGT
A K R GS KN AGR RTGT FTIPGRUVDTIDETRU PETIVETLTE KTETRTF G
P NV VL KMOQGEUDTILSQAGWILMSV PR * WN * R R DL V
¢c QTMwWw& F* K CRARTIY®PURZOQGSGY * * A S RDSGTEGTE I W *

| | | | FWl | | | |
GATTTAGAGATAGATACAATTATTGGTAAGAACCACAAAGGTGCCATTCTTACCATTAACGACAGAGCAACAAGCAGGGTCTGGATACGCAAGTTGTCGG
D L EIDTTITIGE KN HIEKTGA 27ATITLTTIDNUDU RATSI RV WIZRI KTILS G
I * R * I 9 L L VRTTJ KUV ?PFILU®PILTTTEZ QOQA AGSSGYASCR
F RDURYDNYW* E P QRCHSYH™*R QS NZI KIOQGUILDTQV V G

GAAAAGAAGCCATCCCGGTAGCTAAGATTGCAGTATGGGCACTGCGG GTG CTTAATACACACAATTACGGCTGACAATGG. GGAGTTTGC

K EA I PV A K I AV WA ATLURIKUVKNILTIHTTITATDNGIZ K E F A
E K K P S R * L R L QY G HCGI X * KT * Y T QL RILTMMEIR S L Q
K R S H PGS * D CSMGTAZESEZ XKL NTHNYG * Q WK G V C

| | | | | | | |
AAAGCACGAGGAAATTGCGCAAAAATTGGAAATAAAATTCTATTTTTGCAAACCATACCACTCATGGGAACGTGGTGCCAATGAAAACACCAACGGGCTT
K H EE I A Q KL E I K F Y F CX P Y HS W EIRGA ANENTN G L
s T R KL R KN WK * N S I F ANUHTTHGNV V P MIKTP T G L
K AR GNTCAIK I GNIKI L F L QT I P L MGTMWTCOQ* K H QR A Y

ATCAGGCAGTATATCCCAAAGGGTAAGGACTTTAGTGAAGTAACCAACAAACAGATTAAGTGGATTGAAAATAAACTCAATAATCGACCTCGTAARAGAC
I R QY I P K G K D F S E V TN K Q I KW I ENIZ KILNNIRP R KR L
s 6 s I $S Q RV R T L V K * P TNURTIL S G L K I N S I I DL V K D
Q AV Y P K G * G L * * s N Q Q T D * V D * K * T Q * s T S * K T

| | | | | | | |
TTGGATACCTCACGCCAAACGAAAAATTTAAACAAATTATTAATCAGAATTCTGTTGCATTTGCAAGTTGAATTCAGIATACTTGTGGCAGGCATTGCTC
G Yy L T P NE K F K QI I NQN SV AFAS * I Q HT C G R H C 8
L DTS R QT XNTLNIKTILULTIRTIULILUHTILOQV E F S
w I P HA K RKX I * TNY * § E F CC I CZ XL N S AY L W Q A L L

| | | | | | | |
CTGTTCTGGTGACACAAACGGTTCGCCTGTTTTTCCCGATAAAATAATCCTGGCAACGCCAAATCTGTGAATGATGCAACTTGTAGCAGCGCTTTTGTAA
c s 6D TNG S PV F P DK I I LATU®PNIL*MMOQULV A AL L *
s W Q R Q I C E * C N L * Q R F C N
L F W * H KRFACU FSIR* NNPGNA AI K SV NDA ATT CS s A F VT

| | | | | | | |
CAAGTGGCGGTGAAAATAGCACCACCTTTACGCTAACGGAATGGCAGGGGTCTTCATGACTTAAATAATGACCTGCCACCAGGCTATTAGCTAARAGATC
Q v AV K I A PPLR*RNGIRSGULHDILNNDTLU®PUPG Y * L K D H
K WWR * K * H HLYANGMAG GV YV FMT*IMTTCUHIOQATIS * KI
s 6 G E NS T TF TLTEWOQSGSsS s * L K * * P A TRL L A KR S
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Figure S5.2: Nucleotide and amino acid sequences of the Tn4351-transposon insertion site of mutant
21.20. Nucleotide sequence was revised manually via comparison with the electropherogram. Manually changed
nucleotides are written in small letters. For nucleotides without clear peaks in the chromatogram, letters
according to the [TUPAC Ambiguity Code were used. The nucleotide sequence was simple sequenced from
nucleotides 0-1087 bp, 5766-5798 bp and 6895-7111 bp (plus strand). All other sequences were repeatedly
sequenced. Sequence of the Tn435/-transposon was received from Prof. M. J. McBride (University of
Wisconsin — Milwaukee, USA) and the transposon border is flanked by direct repeats marked with underlined
letters (XXX). First and last nucleotides of the transposon are highlighted in red (.). Colour code: (
sequence obtained from the Trenzyme report; (XXX) primers: 21.20-FosmidprimerRev2 (Rev2), 1475_RPI,
21.20-FosmidprimerFW1 (FW1), Tn4351 Tet fw (Tetfw), Tn4351 Tet rev (Tetrev), 21.20-FosmidprimerF W2
(FW2), 21.20-FosmidprimerRev1 (Revl); (XXX) restriction sites located in the transposon for BsoBI, BstNI,
HindIIl and Styl. Nucleotide sequence was transcribed in amino acid sequence using the DNA to protein
translation tool of insilico.ehu.es (Bikandi et al. 2004). Open reading frames (ORF1-3) in the amino acid

ORF2 | | | | | | | |
ACACATTATGGACCGAAAAGAAAATGCCACCGAAATGGAGAAGTCAAAAGCGCATATCATCGTTGAAATCATAGAATATGTTCCAAACGCCGTGCTGAGC
T L w T E K K M P P K W R S Q KR I S s L K s * NMF Q T P C * A
T H Y G P KR KCUHIRNGEV K S AY HR * NHIRTICS KIRRATE Q

H I

| | | | | | | |
AGAACCATCATTCGCAAGACCACCGGTAACATTACCGTCTCTTCATTTGATACAGGCGAGGAGCTTCCAGAGAAGTCATCTGCCTTTGATACCTACATCC
E PS FARUPUPUVTILZ®PSULHLTIOQARTSTFIOQ®RSUHTLUZPTILTIZPT S
N H H S QD HR * H Y RLF I * Y RRGASIREUVICTIL * Y L H P

| | | | | | | |
AGATCATCGACGGGTCTGCTGAAATTGTTATAGACGGGACCAAGCACAAACTGAAATTAGGGGAGGGAATAATCATTCCGGCTCACGCCAGARATTCCTT
R $sTGUL LK LL * TGP S TN * N * GRE* S FRULTU®PTZETI P F
DHRRUVC*NTCY®RIRDOQ-ASOQTTETIH RTSGS GNNHSG S R QK F L

| | | | | | | | |ORF3
TTGCGCCAAAGAGCAGTTCAAAATGATCTCGACGGTAATCAAGAGCGGGTATGAATGATTGAAATCATGCTCAACAACAAACCAATCTCAAGGATATGAT
A P K S S s K *s RR * S RAGMNUD * NHAOQOQQTNTUL KD
L R Q R AV (QNDTLDGNIQE RV *MTIETIMTLNNI KU?PTI S R I * Y
L K §$ ¢ s T T N Q S Q G Y D

| | | FW2 | | | |
ACCAAAAAARATGAAGGCTGCTGEGGTTCGTACGTTTGGACAACCGCTTCAGATCGARGAAATGCCTGTGAAAGAACCAGGTAAAAATCAAATTCTGGTT

Q K K * R L L W F V R L DN RFR S K KCUL * KN Q V K I K F W L

T K K N E GG C C G s Yy vVvwTTASDI RIRNATCEI RTIR * K S N s G *
| | | | | | | |

AAGGTCATGGCAAGTGGCGTTTGTCATACCGATcTccaCGCCACCGATGGCGACTGGCCTGCAAAACCCAAAATGCCTCTGATCCCTGGCCATGAAGGTA

R s w9 Vv A F Vv I P I S TP PMATGUL QNP KCUL * s L A MK V
G H G K WU RUL S Y RS PRHRW®WRILATZCCI KTOQNA ASDUPW P * R Y

| |Revl | | | | | |
TTGGCTATGTGGTTGCACTGGGACCGGAGGTGACTGGTGTAARAGAAGGGGATATTGTGGGTGTACCCTGGTTGTATAGTGCTTGTGGATGCTGCGAGTT

L A MWL HWD®R®R* L V * K K G I L W VY P G C I VL V DA AA A S S
w L.~ ¢ e CcT G T G GDWCKRRGY CGCTULVV *x CLWMTIL R V

I
CTGCATCACCG

A S P
L H H C

sequences which led to hits when blasted against the NCBI data base are highlighted in blue (
were found in the minus strand.

120

Translations Aligned (5'->3'), plus stand

G CRRWRZCSURHEUPVF KL YL F KEUPWNSILA*TIIRTS S R K *
T v A G DAV P GMNUPILNU F I Y S KN QTHWHIK S G P A AE N S
R L P E T L F P A * T 1L * T L F I Q R T XK L T G I N P D Q Q Q K I
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C C C CAACC [ole CGATGCTGTAAATC AC SATGG C CACCC AT 400
F s KV I RAR* S TILLVTTMTIL*MAS P M A P L S P D A Y 400
S EV K * S A PDNUOQRTCS * Q RCOCZ XKWZ®PV RWILV HFHIRMHIH 400
L K * s D PR QI INVAIRUDNINUDA ATYVIDNSGU QSUDSGTIL S TTFTG C I 400

GC C C e 5. e c 500
T G K NA KMAV I K P HNR * S F T 500
* R R C PR QG KM QK W Q * * N P I T D N P L R 500
D K G G A HDIREI KT CI KNG SN KT®P * Q I I L Y 500

600
600
600
600

700
700
700
700

800
800
800
800

L F R K E G M K F V
K @ N Y S E R K E * N L
T I Q K G R N E I C

5C G T" 8 A TTATGC ( 900
A DADUL K TTMTI* S E L CUR S T L I L D E 900
P MR I * K P Q * s D QN Y A E V H * s * T K 900
R C G F K NHNDIL I R I M QK Y I DL R R N 900

| | | | | | | |
8 G 5C ) : TCCCATTTTATTCCAATGCTTGCGGATGG 1000
I K *M A K DTGRP I PII RN ASI KNNSA AV P I L F Q C L R M V 1000
S NE W QR I PADOQY QS E TQV K I TV RUF?PF Y S NATCG W 1000
Q M N G K G Y R Q TNTNIQI K R K * K *Q C G S HVF I P MULAD G 1000

8 8 8 . TAGCTCAAA( G( "AGCGCCAG 1100
XY K AR AP KK P G RN P F S S N R S N S A R 1100
T K Q G HL K S REZETIHTILAOQTGATA P G 1100

Q s K 6 T * K A G KK s I * L K Q E Q Q R Q 1100

| | | | | | | |
G G : TTTGTCTs . ’ TGAAAKT mTGTAATAMCTITTGAGTTCA 1200
AT S M I S N I L L L KV GMV L X X KX R X * X L L S S 1200
R R A * S V I s Yy ¢ * R L A WOCWX * X X V CN X s * VvV Q 1200
G DEHDSOQ* S DUIL S X P I VEGWHGV G X E X P X V I X L E F N 1200

| | | | | | | |
ACTTATAAATGCAACTTTTTGGGTGCGGATAATAAGCAATAAAAACATTTATTTTTCAGAGAGGAAAGAGAGACAATGTCCCCCTTTCTCTCACTCTGAA 1300
T Y K ¢ N F L GADNI K Q®* KHUL F F REUEIRETMMSUPUF L S L * M 1300
L I N A T F WV R I I S N KNI Y F S ERKEIROQTC P P F S H S E 1300
L *MM QL F GCG* * A I K TVFIF QRGE KU RUDNUVPIL S L T UL N 1300

| |1475_FP2 | | | | |
TGGATAAAGTTTGCTATCTTTGCTTTAATTGTCCGTCCAAAGAARRAARAGTTGCAGATGAGCARACATATAACCGAGGAACAAAGGTATGCAATTTCTA 1400
DKV CyY L CU FNTCU®PS KEI K KVADEZ QT YN RS GTI KV CN F Y 1400
W I K F A I F AL I V RPZKIKI K KL QM S K HTITEZEQRY A I S M 1400
G *s L L S L L *L SV QREKI KSCUR*ANT * P RNI KGMOQTF L 1400

| | | | | | | | |
TGATGTTGCAAATACCGATGAGCAAAAAAGCAATAGCGGAAGCTATCGGAGTAGATAAAAGCACTGTTTACAGGGAGATAAAGCGCAATTGCGACGCCCG 1500
D v ANTDEI QK S NS G S Y RS R * KHCULQGDI KA AUOQTULR R P 1500
M L 9 I p M S K KATIAZEA ATI GV DK S TV Y RETI KRNTCDA R 1500
* C C K Y R * A K K Q * R KL S E * I KA LFTGR * s A I A T P E 1500

| | | | | | | |
AAGTGGTAGCTATAGCATGGAGCTTGCCCAGCGAAAAGCAGACAGGCGCAAGCAGCAAAAACATCGCAAGGAAGTGCTTACACCGGCAATGAGAAAACGG 1600
K W * L * H G A C P A K S R QA QAAIKTS QG S A Y T G NE K T D 1600
S$ G S Y s METULAOQRI KA ADI RIR RIEKZOQOQOQIZ KHRIKEV L TPAMTZ R KR 1600
VVAIAWSTILPSETZ KOQTSGA aAS S KNTIARIEKTECILHZ RZOQ®*E N G 1600

| | | | | | | |
ATAATAAAGCTGTTGAAGAAAGGATTCAGCCCGGAGCAGATTGTCGGCAGGAGCCGCTTGGAGGGAATTGCGATGGTATCTCACGAAACGATATATCGCT 1700
N K AV EEIRTIOQ?PGADTCIROQE?PTILGSGNDNTCDSGTI SsSs RNDTI s L 1700
I I K L L K K G F s P E QI V GRS RULEGIAMV s HE T I Y R W 1700
* * s C * R K DS AU RS RULSAGAAWA RIETLI RW YL TKR R Y I A 1700

| | | | | | | |
GGATTTGGGAGGATAAGCGGCGGGGTGGCAAACTGCACAAATATCTTCGCAGACAAGGTCGCAGGTATGCCAAACGTGGTTCTAAAAATGCAGGGCGAGG 1800
D L GG *AAGWOQTAOQQTI S S QTI RS QV CQTWZ F * K CR A R 1800
I wW ED KRR G G K L HK Y L RROQGRIRYAI KU RSGS S KNA AGR G 1800
G F GR I S GGV ANTCTNTIU FADI KVAGMZ®PNUVV L KM Q G E D 1800

BStNI | | | BsoBI | | | |
ATTTATCCCAGGCAGGGTGGATATTGATGAGCGTCCCGAGATAGTGGAACTGAAGGAGAGATTTGGTGATTTAGAGATAGATACAATTATTGGTAAGAAC 1900
I Y P RQGTGZY* * A SRUDSGTTETGTETIWS*TFI RTUDTI RYNZYTW* E P 1900

F I P G RV DIDETZRTU PETIVETLTZEKTETRTFGHDTILETITDTTITI G KN 1900
L S QA GW I L MSV PR * WN * RRDTILV I * R * I QL L V R T 1900

| | | | | | | |
CACAAAGGTGCCATTCTTACCATTAACGACAGAGCAACAAGCAGGGTCTGGATACGCAAGTTGTCGGGAARAGAAGCCATCCCGGTAGCTAAGATTGCAG 2000
O R CH S Y H * R Q S NIXKOQGULDTOQV VG KU RS HPG S * D C S 2000
H XK GA I L T I NDIRA AT SRV WIRIKILSGZ K EHA ATIZPV A K I A V 2000
T K Vv PF L PLTTES OQOQASG S GYASTCRETZ KT K?PSR * L R L Q 2000
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| | | | | | | |
TATGGGCACTGCGGAAAGTGAAAAACTTAATACACACAATTACGGCTGACAATGGAAAGGAGTTTGCAAAGCACGAGGAAATTGCGCAAAAATTGGAAAT
M G T A E S EKLNTHNYG * Q WIKGV CE KA AIRGNTCA AIZ KTI G N
W A L R KV KN L I HT I TAUDNGI KEVFAI KU HZEZETIA AU QI KTLETI
Yy G H ¢ G K * K T * Y T QL RL TMU EW RS L Q S TR KL R KNW K *

| | | | | | | |
AAAATTCTATTTTTGCAAACCATACCACTCATGGGAACGTGGTGCCAATGAAAACACCAACGGGCTTATCAGGCAGTATATCCCAAAGGGTAAGGACTTT
K I L F L QQTTIPILMGTWTCOQ* KHOQRAYQAV Y P KG * G L *
K F Y F C K P Y HS WEU RS GA ANENTNGTILTIU®RZOQYTIPKGIKDF
N S I F AN HTTHGNVV PMZEKTU®PTSGTULSG S I S Q RV RTL

[ [ | [ [ | 11475_RP1 | |
AGTGAAGTAACCAACAAACAGATTAAGTGGATTGAAAATAAACTCAATAATCGACCTCGTAAAAGACTTGGATACCTCACGCCAAACGAAAAATTTAAAC

* s NQOQTOD * VD * K * T Q * s T s * KT W I P HAIZ KR RI K I * T
s EV T N K Q I K W I ENK L N NRUPIRI KW RILGY L TP NE K F K Q
vV K *p TNRUL S G L K I NS I I DL V KDILDT S R Q T K N L N

| | | | | | | |
AAATTATTAATCAGAATTCTGTTGCATTTGCAAGTTGAATTCAAATCACAGAGAAGTGAATAGACAGTATTACCCGACAGAGCAACTACGACAAAGCAAT
N Y * S EFCCTICZ KU LNDNSDNUHIREVNHR RO OQYYU?PTET GQTLTI RIOQS N
I I N QN S VA FAS * I QI TEZIK* I DS TI TR RIOQSNYDIZ KA AWM
K L L I R IUL L HUILQV ETF K S QR SE* TV LPDIZRATTTZEKQC

| | | | | | |
GCCATCAAAAAAAATGACAGCACACACAAAGCATAGACTGATTGTCTTGCCCTAAAAGATTGATTGGAATTTATTCAGGACTGCCTATCACTTAGATAGA
A I K K N DS T H KA * TDCULAULI KD * L E F I Q D C L S L R * K
P S K K M TAHTKHRUL I VL P * K I D WNTLF R TA Y H L D R
H Q K K * Q H T s I b * L s C P KU RULIGTI Y S G L P I T * I E

| | | | | | | |
AGTCCAAGGTCTGCTGAAATACATAATTCAAAAATTGAAATTGCTTGACTGCAAATTTAGTAACTTTGCTTGAC TTAACGAG GAAGAG TG
s K v C * N T * F K N * N C L TANTILV TUL L DI KL T R K K R K *
s P RS A E I HN s K I EIA* L QI * * L CL TN * REIR R E N E
v Q 6L L K Y I I Q KL KL L DT CI KU FS SNV FA* QI NI EIKEE KM

| | | Tetfw | | | | |
AAAGCCGACCGCATAACATCACCTATACGCAAGCAGGGGGTTCGTGCTTCGTAAGACAGGAAAGTGGTAAATTTAAAGTTCAGTTCATCGTAGGTAGCTT
K P T A * HHL Y ASRGT FVLURI KTGI KW *TI * s SV HRR R * L
S R P HNTITYTOQAGSGSTCTFVROQESGI KT FIE XKV QF I VG S L
K A DRI TS PIRIKIOQG GV RAS* DI RIEKVVNTILTI KT FSS S * v A *

| | | | | | | |
AGTGGTAAAAATCCCTGCCTGCGTATAGCTGCAAACCGTTGTTAGCAATCCGCTGCGCTCCTTGCTAACAATGGCTCGGCGACTTACGTCGCTTGCCGTA
s G K N P CLRTIAANUZ RTZC®*OQSAATLTILA ANNSG S AT Y V A C R K
v v K TI PACV * L QT VV SN?PILRSIL L TMARI RILT S L A V
W * K s L P A Y S CXK P LLATII RTZCAEPTCO®* QWL G DL RR L P *

| | | | | | | |
AGCCGCCGCTTCGCGGACTGCTTACAACAAGCGACTTGGCTAAATAGCTCCGCTTTTGTATCTTCGATACAGCTTCGCTACTTCGCCAATTCGCCGAGCC
pPL RGL L TTSDILAIK* L RPF CTI ¥ DTAS L L R QF A E P
S R R F ADCILOQQATWILNS S AU FV S s I QL RY F A N S P S H
A A A S RTA AYNI K RILSGS®™* I AU?PILIL Y L RY S FATS P I R R A

| | | | | | | |
ATTGTTATGGGCCATTTTTGAATGACAATGCGAATAGATACAGACAAACAAATGAATTTACTTAGTGATAAGAACGTTGCAATAATTGGTGGTGGACCCG
L L wWATI FE*QCE* I QTNJI K* I Y L VI RTTULOQ* L V V D P
c Yy GPp F L NDW N ANU RYUROQTNZ ET F T * * * ERCNNWW W T R
I V™M GGHPF *MTMU® RTIUDTUDI K OQMNDNTILILS DI KNV VATITIGG G P V

| | | | | Tetrev | | |
TTGGACTGACTATGGCAAAATTATTACAGCAAAACGGCATAGACGTTTCAGTTTACGAAAGAGACAACGACCGAGAGGCAAGAATTTTTGGTGGAACCCT
L D * L WQ NY Y s KT A* T VF Q F T KE TTTEIRQE F L V E P L
w T D Y G K I I T A KR HURIRPF S L RIKI R QIRUPRGI KN F WW N P
G L T MM A KL L Q 0 NG I DV S VY ERDNUDIREA AT RTIF G G T L

| | | | | | | |
TGACCTACACAAAGGTTCAGGTCAGGAAGCAATGAAAAAAGCGGGATTGTTACAAACTTATTATGACTTAGCCTTACCAATGGGTGTAAATATTGCTGAT
T Y T K VvV Q VR K Q * K KR D CY KL I M T * P Y Q WV * I L L I
*p T Q R F R S G S NEI K s G I VTNILIL* L S L T NG C K Y C * *
D L HK G S GQEAMI K KA ASGTLULOQT Y Y DILATULUZPMMGV VNI A D

| | | | | | | |
AAAAAAGGCAATATTTTATCCACAAAAAATGTAAAGCCCGAAAATCGATTTGACAATCCTGAAATAAACAGAAATGACTTAAGGGCTATCTTGTTGAATA
K K A I FY P QKM™* s P K I DUL TTI L K * T EMT * G L S C * I
K R Q Y F I H K K CZK AR K SsSs I * Q S * N K OQ K * L K G Y L V E *
K K G N I L §$ T KN V K P EN RV FDNUPETINIZRNUDTLIRATITILTILN S

| | | | | BStNI | | | |
GTTTAGAAAACGACACGGTTATTTGGGATAGAAAACTTGTTATGCTTGAACCTGGTAAGAAGAAGTGGACACTAACTTTTGAGAATAAACCGAGTGAAAC
v * K T TRL F G I ENL L CULNTLV RIRSGH * L L R I N R V K Q
F R KRHGY L G * KT CYA A*TW* EEV DTN F * E * T E * N
L E N DTV I WDIREKILVMILE®PGI K K KWTLTFENIZ KPS E T

| | | | | | | |
AGCAGATTTGGTTATTCTTGCCAATGGCGGGATGTCCAAGGTAAGAARATTTGTTACCGACACGGAAGT TGAAGAAACAGGTACTTTCAATATACAAGCC
¢ I WL F L PMAGTC®PIR*ENTILTILU®PTIRI KTILIE KI KTOQV L S I Y K P
S R F G Y S C QWU RUDV QG KK TICY®RUHGS* RDNUZ RYTFOQY T S R
A DLV ILANSGGMSZ KV RI KT FUVTDTEVETETG GTTFNTI Q A

| | BstNI | | | | |
GATATTCATCAACCAGAGATAAACTGTCCTGGATTTTTTCAGCTATGCAATGGAAACCGGCTAATGGCATCTCACCAAGGTAATTTATTATTTGCTAACC
I F I NQR* TV LDVFFSYAMETSG*WHTULTI KV I Y Y L L T
Yy S s TRDKUL S W I F S AMUOQWIEK?PANTGTISZPUR* F I I C * P
D I HQ PEINTCUPGTFTFQLCNSGNDNHZ RTILMASIHO QG GNTLILTFANTP

| | | | | | | |
CCAATAATAATGGTGCATTGCATTTTGGAATAAGTTTTAAAACACCTGATGAATGGAAAAACCAAACGCAGGTAGATTTTCAAAACAGAAATAGTGTCGT
P I I MV HCIULE* VL KHILMN©NGZ XTI KU R R®*TITFIZ KTTETIUV S L
Q * * w C I A F WNIKVF * N T * * M EK P NAG R F S K Q K * C R
N NN GAULHF G I S F KT PDETWTZ KNSOQTOQV DTFOQNURNS V V
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| | | | | | | |
TGATTTTCTTCTGAAAGAATTTTCCGATTGGGACGAACGCTACAAAGAATTGATTCATACGACGTTGTCATTTGTAGGATTGGCTACACGGATATTTCCT
I F F * K N F P I G TN AT E KN * F I RRCHIL * D WL H G Y F L
* F $ s E R I F R L G R T VL QR I D s Y DV VI CURTIGY TDTI S F
D F L L K EF S D WDE R YK E L I HTTTIL S F V GLATIRI F P

| | | | | | | |
TTAGAAAAGCCTTGGAAAAGCAAGCGCCCATTACCCATAACAATGATTGGGGATGCCGCACATTTGATGCCGCCTTTTGCAGGGCAGGGAGTAAATAGTG
* K $ L G KA SAHYU®P* Q * L GMUPHTI * CIRIUILIULIOQGT RE * I V
R K A L E K QAP I THNNUNUDWSGT CH®RTT FDA AATFTCIRATGS K * W
L E K P W K S KR P L P I TMTIGDAAHTLMMEPZPTFAGU QG GV N S G

| | | | | | | |
GGTTGGTGGATGCCTTGATATTGTCTGATAATCTAGCCGATGGAAAATTTAATAGCATTGAAGAGGCTGTTAAAAATTATGAACAGCAAATGTTTATGTA
G WWMU®P * Yy CUL I I * PMENTILTIATZLIZ KU RILTILI KTIMNSIZ KT CILCM
VG6G6CUL DIV * * s S RWIZ XKTI * * H* R G C * KIL * TANUV YV
L v DALTIULSDNTULA ADTGT KT FNSTIETEA AV KNDNYEOQOQMTF MY

| | | | | | | |
TGGCAAAGAAGCACAAGAAGAATCAACTCAAAACGAAATTGAAATGTTTAAACCCGACTTTACGTTTCAGCAATTGTTAAATGTATAAAATGGAATAAAA
A K K HK K N QL K T X L K CL N PTTUILRTFSDNIC* MY K ME * N
W Q R S T RRINS KU RN* NV * T RILYV S ATIVZKTCTIIZ KTWNDNEI KT
G K EA QEE ST QDNZETIEMTFI KZ®PDTFTT FOQOQULTILNV * N G I K

| | | | | | | |
CGGCACATAACAAACAAATTGGCAATAGAGCCGGTGAAGTACTTCTATTGAACTTTTGTGCAATGTTGAAGATTAGTAATTCTATTCAACATTTGTGCTA
G T * @ T N W Q * s R * s T s I E L L CNV E D * * F Y S8 T F V L
A H N K QI GNRAGEV L L L NF CAMTLI KTI SN S I Q H L C *
R H I T N K L A I E P V K Y F Y * T F V QC * R L V I L F NI C A K

| | | | |
AAAGTCGGCTCCATCGCCAATTTGCCAGCCGTTATGCGGCAGCTTAAAAAAAGACTACACCAAACC. TCATCTTGACAACCACCCGACTTTGAA
K v G s I A NL P AUVMUROQULZ KX K RILHOQT K KTITIILTTTRL * T
K s AP s P I CQ&PULCSGSUL K KDYTIEKUPI K K S S * Q P P D F E
s R L H R Q F A S R Y AAA * KK T T PN QK N HUL DNUHZP T L N

| | | | | | | |
CTACGAAGGATGAAATTTTTCAGGGACAACTTCCAGCATTTCCAAAAAACAGTTTAACCATTGACTTGGAGACAAACAAACAATTTGAGCATTAAGGTTT
T K D E I F Q G Q L P A F P KNS LTI DILETNIZ KQFEH * G L
L R R MK F F RDWNV F QHUF QK TV * PLTWIRIOQTNNTL S I K V *
Y E G * N F s G T T S s I S KK QQFNH* L G D KOQQTTI * A L R F

| | | | | | | |
AAACCGAATTTTTCCGAAATTGACCTGACCTGACTTTTCCTGAAAATCGACTTTAAAGCTGTTTTTACAGATAAATCAGGTTTCTCTAACAGATAGGARAA
N R I F P KL T * P D F S * K s T L KL F L Q I NQ V S L T D R K
T E F F R N * P D L T F P ENRUL * S C F Y R * I R F L * Q I G N
K p N F S E I DILT * L F L K I DVF KAV F TDI K S G F S NIR * E I

| | | | | | | |
TAAATGCTAAGTATTTGGCTTTAAACTTAAAATCAAAAAATAAGTGTTTTCTTTTAATGTTTAACAGGGCTGATTTGACAGTTGGCGGTGGCAAGAAACT
*M L s I w L * T * N Q K I 8§V F F * CUL T GUL I * Q L A V A RN F
K ¢ * V F G F KL K I KK * V F S F NV * Q G * F D S WUR W Q E T
N A K Y L A L NL K S KNXKC?F L L MFNRADIL TV G G G K K L

| | | |HindIII | |
TTCAGGACCTACCTCATAGACAAGTTTCAAATC. GTATGATAG. CGGTATATGGATTGTAAAGCTTCCTCGAAAATAACTTTTGTGTAGGT
Q DL PHRQV SN QI K KYDI R KW RYMDTCI KA AS S KITT FV * V
¥F R T Y L I DK F Q I K K $§$ M I E NG I W I V KL P R K * L L C R F
s G p T s * T s F K s KKV * * K T VY G L * s F L ENNF C V G

| | | | | | | |
TCTAATTGAAGGACAATGGAACCTCCCAGAAAATTTCCAAGACTCTCAAACATCAGGATTTTGAAAATATCGGAAGTAATGCCATAAGGAATATTTGACA
L I E G Q WNL P ENVF QD s Q T s G F * K Y R K * CHI KE Y L T
* L K DN G T S Q K I S KT L KHQDFENTI G S NATIIRNDNTI * H
s N * R T M E P P R K F P R L S N TIURTIIL KIS EUVMU®P * G I F DT

| | | | | | | |
CCACTTTGAAAGGAAATTTCGGAACTGCAAAATTCCTAAAATCACAACCGACAACTTGAACATTTCGGGCATCAGAAAATAATTTTCGTAAATGTTCAAC
P L * K E I sSs EL QNS * N HWNIRIOQULEUHT FGHJ QI KTITIF VNV Q P
H F ERKFRNCI K TI P K I TTDNDNTILNTIS G I RZK * F S8 * M F N
T L K G N F G TAIKF L K S QP T T * T F R ASENNT FRIKC ST

| | | | | | | |
CAAAGCTGTGTCGTTTTCAATAGCAACAACATTGTTGGCGATTTTTAATAAATGAACAGTAAGAAACCCCTTGCCTGCCCCAATATCTAAAACCGTATCC
K L C R F Q * Q QH CW®RUPF L I NI EJ QQ?*ETUPTCTULUPQY L K P Y P
Q s ¢ VvV FNSNNTIV GDVF * *MN S KKUPLACUPNTI * N R I L
K AV s F SsSIATTILILATIFNI K* TV RNUPILUPAUPTI S KT V S

| | | | | | | |
TGATTACTTATATTTGCTTGTCTTATTGCATCTTTTATTAGCACTTTATCAATAGTAAAGTGCTGACCCGTARAAACGAACGGGCAATTTCTTTTTTGTCA
pY L YL L VL LHILILILAILYSOQ* * s A DUP* NI EZ RA ATISTFL S
I T Y I1lICULSYOCTIU FY*HVFINSEKV VLTI RI KTNGU QT FILF CH
* L L I FACULTIAST FTISTTULS I VZKTC?*?PVE K RTSGNT FTFTF VI

| | | | | | | |
TTAGTAACTTCTTACAGGTGAATACTTCTTGAGTTCAACTTATAAATGCAACTTTTTGGGTGCGGATAATAAGCAATAAAAACATTTATTTTTCAGAGAG
L vTSsSY®R* I LLEFNUL*MSOQLT FGTCG* * A I KTTFTITFQRG
* * L L. T GE Y F L S S T Y KCNT FULGAUDNIZ K Q * K HULF F R E
S N F L g VNT S *VQ~LTIDNATT FWV VU RTITISNI KNTIYTF S E R

| | | | | | | |
GAAAGAGAGACAATGTCCCCCTTTCTCTCACTCTGAATGGATAAAGTTTGCTATCTTTGCTTTAATTGTCCGTCCAAAGAAAAAAAAGTTGCAGATGAGC
K R DNV ?PILSLTTULNSG?®* S L L S L L * L SV QR KIK S CR * A
ERETMSUPFIL S L * MD KV CYULCT FNTCUPSIKTETZ KTI KV ADTE Q
K ER QC P PF S HSEWTIKFATITFA ATLTIUVRZPIEKIEKIE KTE KTLOQOMS

| | | | | | | | |
AAACATATAACCGAGGAACAAAGGTATGCAATTTCTATGATGTTGCAAATACCGATGAGC GCAATAGCGGAAGCTATCGGAGTAGATAAAAGCA
N I * P RNZKOGMZOQTFIL * CCZ K YR * A KKOQ* RZ KL S E * I K A
T YN R G T K V CNF Y DV ANTUDET QI K SN S G S Y R S R * K H
K H I T EE QR Y ATISMMILSOQTIUPMSI KU KA ATIA AEA ATISGUV DI K ST
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| | | | | | | |
CTGTTTACAGGGAGATAAAGCGCAATTGCGACGCCCGAAGTGGTAGCTATAGCATGGAGCTTGCCCAGCGAAAAGCAGACAGGCGCAAGCAGCAAAAACA
L FTG®R * S AIATU®PEVVATIAWSTLU®PSZETZ KT QTG GAS S KNI
Cc L QG D KAQULUR®RZPIEXKW*L * HGACU®PA AZE KIS RIOQATZOQAA ATIEKT
VYR ETILIZ KI®RNTCDA ARSS GSY SMET LA AO QORI KA ADT RI RIEKIOQOQZKH

| | | | | | | |
TCGCAAGGAAGTGCTTACACCGGCAATGAGAAAACGGATAATAAAGCTGTTGAAGAAAGGATTCAGCCCGGAGCAGATTGTCGGCAGGAGCCGCTTGGAG
AR K CL H®RO Q* ENG * * S C * RKDSARSRILSAGAATWR
S 9GS AY T GDNZEZ KTUDNI KA AV ETET RTIUGQPGADTECTRZOQEUPTILGG
R K EV L T PAMU RIKI RTITIIKTLTILIZ KI KGT F S PEJQTIV GRS R L E

| | | | | | | |
GGAATTGCGATGGTATCTCACGAAACGATATATCGCTGGATTTGGGAGGATAAGCGGCGGGGTGGCAAACTGCACAAATATCTTCGCAGACAAGGTCGCA
E L RW Yy L T X R Y I A GPF G R I S GGV ANITCTNTIFADIK V A
N ¢Db G I s RNDTI s L DL GG * A A G W QT AIOQTI S S Q T R S Q
G I A MV S HETTIYRWTI WU EDI K RIRGS G KTLHZ K YL RIROQGRR

| | | |BstNI | | |BsoBI |
GGTATGCCAAACGTGGTTCTAAAAATGCAGGGCGAGGATTTATCCCAGGCAGGGTGGATATTGATGAGCGTCCCGAGATAGTGGAACTGAAGGAGAGATT
G M PNV VL KM QG EDTI LS QAGWI L M S V PR * WN * R R DL
v ¢cooQTWUF * K CRARTIYPIROQGGY * * A S RD S G TE G E I
Y A K R G S K NAGURGVF I PG RV DIDEIRU®PZETIVELIKTERF

| | | | | | |
TGGTGATTTAGAGATAGATACAATTATTGGTAAGAACCACAAAGGTGCCATTCTTACCATTAACGACAGAGCAACAAGCAGGGTCTGGATACGCAAGTTG
v i * R * I 9 L LV R T TZXK V P F L P L TTUEOQOQAG G S G Y A s C
W * F R DR Y N YW * E P Q R CH S Y H* R QS NI KOQGULDTQ V V
G b L E I DTTITI G XKNUHI KGATITLTTINUDIRATS RV W I R K L

| | | | |
TCGGGAAAAGAAGCCATCCCGGTAGCTAAGATTGCAGTATGGGCACTGCGG GTG CTTAATACACACAATTACGGCTGACAATGGAAAGGAGT
R E K K P SR * L R L QY G HCGI K * KT * Y T QL R L T ME R S
G K R SHUPG S *DCSMGTA AE S EI KT LNTHNYG * Q WK G V
s G K EAI PV AKTIA AV WATLIRI KUV KN NTLTIHTTITAUDNDNGIKE F

| | | | | | | |
TTGCAAAGCACGAGG. TTGCGC. TTGG. T. TTCTATTTTTGCAAACCATACCACTCATGGGAACGTGGTGCCAATGAAAACACCAACGG
L 9 S T R K L R KNW K * NS I F A NUHTTUHGNV V P MKT P T G
C K ARGNICAZKTIGNI I KTIULUZ FULOQTTIU®PILMSGTMWTCOQ * K H Q R
A K HEETIAOQ KL E I KF Y F CK P Y H S WEIRGA ANENTN G

| FWl | | | | | |
GCTTATCAGGCAGTATATCCCAAAGGGTAAGGACTTTAGTGAAGTAACCAACAAACAGATTAAGTGGATTGAAAATAAACTCAATAATCGACCTCGTAAA
L s G s I $ Q RV R TIL V K * P TNRUL S G L K I N S I I D L V K
A Y Q AV Y P K G * GG L * * S N QQ T D * V D * K * T Q * S8 T S * K
L I R Q Y I P K G K D F s E V TN K Q I K W I EN KL N N R P R K

| | | | | | | |
AGACTTGGATACCTCACGCCAAACGAAAAATTTAAACAAATTATTAATCAGAATTCTGTTGCATTTGCAAGTTGAATTCAG.ACTGCCTTTTGATCAAAG
b L DTS R QTEKNILWNIKILULTIWURTIILILUHILOQV EF S TATF * S K
T W I P H A KR K I * TN Y * S EF CCCTICIZ KILNJSATILPF D Q R
R L G Y L T PN EI KU F K QI TINOQOQONSV AU FAS * I QHCTULTUL I K E

| | | | | | | |
AACGTAACTTTAAAGCGCACAAATAAGTTGAAAGTAAGATTATCCTAATAAATAGAGACTAAATATCATTCTCGGTCTTAATCATTACTTTCAGAACAAA
N v T L KR TNK L KV RL S * * I E T K Y HS R S * S L L S E Q N
T * L * s A Q I § * K * D Y P N K * R L N I I L G L N H Y F Q N K
R N F KA HK *VE S K I ILINIRD®*TI S F S VL I I TF R T K

| | ORF2 | | | | | | |
ACTATCGAAATTTCACAACAATATCATGTCAGAAAARACCCCGCCCCGTTACCTCTGCTGAATCTGACAGCCTTCCTTCAACAGATTTCAAAACCGGATTA
Y R N F T T I s ¢C Q KN P AP L P L L NTLTA AV FULQ QI S K P D Y
T I E I S Q Q Y H V R K T P P R Y L C * I * Q P S F N R F Q N R I I
L s K F H N N I

| | | | | | | |
TCGAGTCAGGAAGCTGCTCTGCGCATCGCGCAGTTTGGTCTGAACGAGCTGGAGCAAGTCCGGCCCGAGAGCATCTGGTCCATCCTTCTGAGACAGGTGA
R VREKILULCASURSULV *T S W S K S G PR ASG P S F * D R *
E s G s ¢C S A HRA AV WS EIRAGA AS?PAREUHTILV H?P S E T G E

| | | | | | | |
ACAGTATCATCGTCTGGATTCTGGCGGTGGCGGCCATCGTATCCTTTTTTCTGGGTGATAACCTGGAAGGCTTCGCCGTGATCGCCGTTATTCTGATCAA
T v s s s G F WR WU R P S Y P F F WV ITWI KA ASUP* s P L F * s M
Q YH R LD S GG G G HURILF S G * * P G R L RRDIRI R Y S D Q

| | | | | | | |
TGCACTCACTGGTTTTATTCTCGAATACAACGCCCGGCAATCGATGGAGGCGTTGCGAAAACTGGACACGACACCAGCCAGGGTATTGCGGGATGGARAA
H s L Vv L F s N T T P GDNIRW®RIRU CENWTRHOQ?P G Y C G M E K
¢ T H WUFY s RTI OQRPATIUDSGS GV AIKTGHUDT S QG I A G W KN

| | | | | | | |
ATAAAAGAAGTTCCTTCCGATCAGCTGACCCTGGGCGACGTGCTGATCCTGGAAGCCGGGGATCTGATCCCGGCTGACGCACTGATCCTGGAAGAGAACC
* K K F L P I s * P WATTC * s WK P G I * s R L T H * s W K R T
K R S s F R S ADUPGIRIRADU®PGS R G S DUPG * R TD P G R E P

| | | | | | | |
AGTTAACCATTGATGAATCCGCTCTCACGGGCGAATCTGTTCCTTCCCAAAAAAGTACGGATGCGTCTCCCGAGGATGCGCCCCTGGGCGACCGCCACAA
s * P L M NPL S RANTLVFILPKI KV RMU RILUZPIRMI® RUZPWATATT
vV NH * * I R S HGI R I C S F P K K Y G CV S RGCA AUP G R P P Q

| | | | | | | |
CAGGCTGTTTAAGGGCACGGCCATCACCAACGGAAACGGCAAGGCCATCGTAACCCAAATAGGACAAGCAACCGAGCTGGGCAAAATTGCCTCCATGGTC
G ¢ L RARUP S P TET AWIR®PS * P K * DK QP S WA KL P P W S
Q AV * G H G HHOQURI KR RIOQGHIRNDNU®PNIRT S NI RASGIOQNTCILHGQ

5500
5500
5500
5500

5600
5600
5600
5600

5700
5700
5700
5700

5800
5800
5800
5800

5900
5900
5900
5900

6000
6000
6000
6000

6100
6100
6100
6100

6200
6200
6200
6200

6300
6300
6300
6300

6400
6400
6400
6400

6500
6500
6500
6500

6600
6600
6600
6600

6700
6700
6700
6700

6800
6800
6800
6800

6900
6900
6900
6900

7000
7000
7000
7000

7100
7100
7100
7100



Supplementary Data

| | | | | | |
AGCGAAGCCAAACGCTCGGCTACGCCATTAGAAGCTAAACTGGACGCCCTCGGCAAAGTACTGATCTGGGTTACGCTGGGT
A K P N A RULURH* KL NWT P S A K Y * S G L R W G
R s ¢ T L G Y A IR S * T G R P R Q S T DL G Y A G

Translations Aligned (5'->3'), minus strand

10 20 30 40 50 60 70 80 90
| | | | | | | |
ACCCAGCGTAACCCAGATCAGTACTTTGCCGAGGGCGTCCAGTTTAGCTTCTAATGGCGTAGCCGAGCGTTTGGCTTCGCTGACCATGGAGGCAATTTTG
T Q R N P D QY FAEGV QF S F * WR S RATF GV FADUHG G GN F A
p s v T I s TJL PRAS S L ASNGV AEI RTILASTLTMMEA I L
P A * P R SVL CRGIRPV *L L MA™*X P S V WL R * P WIR Q F C

| | | | | | | |
CCCAGCTCGGTTGCTTGTCCTATTTGGGTTACGATGGCCTTGCCGTTTCCGTTGGTGATGGCCGTGCCCTTAAACAGCCTGTTGTGGCGGTCGCCCAGGG
Q L GG C¢CL s Y L GGY D GUL AV SV GDGRAILI KOQU?PVV AV A Q G
pSsSssvacCcC?PI WVTMALU®PZF?PLVMAVYV PIL NS L L WIR S P R G
P AR L L VL F GLRW P CURPF R W * W P C P * T AT CTCG G R P G

| | | | | | | |
GCGCATCCTCGGGAGACGCATCCGTACTTTTTTGGGAAGGAACAGATTCGCCCGTGAGAGCGGATTCATCAATGGTTAACTGGTTCTCTTCCAGGATCAG
R I L GRRTIW®RTT FILSGI RNUNI RTEFARTESSGT FTINSG?* LV L F QD Q
A'S S GDASUVLFWZEGTUDSPVRADSSMVDNUWTF S S R I s
A HPRETHUZPYT FTFGI KU EZ QTIRU®P®*ERTIUHOQWILTSGSTUL P G S V

| | | | | | | |
TGCGTCAGCCGGGATCAGATCCCCGGCTTCCAGGATCAGCACGTCGCCCAGGGTCAGCTGATCGGAAGGAACTTCTTTTATTTTTCCATCCCGCAATACC
c v s R D QI P GF Q D QHV AQ G QL I GRNUF F Y F S I P Q Y P
A S A G I R S P A SR I ST S PRV S * S EGT S F I F P S RNT
R Q P G s DPRUL PGS AURIRUPGSAD I RIKETLULTLTFFHPATI P

| | |
CTGGCTGGTGTCGTGTCCAGTTTTCGCAACGCCTCCATCGATTGCCGGGCGTTGTATTCGAGAATAAAACCAGTGAGTGCATTGATCAGAATAACGGCGA
G W C RV QF S QR L HRULUP GV V F ENI KT SETCTIDQNNG D
L A GVVSSsSFRNASTIDT CRA ALY SURTIIKU?PV s AL I R I T A I
W L v s CcC &PV FATU®PU?P S I AGIRTCTIIRIE®™*NIQ™* V H * S E * R R

| | | | |
TCACGGCGAAGCCTTCCAGGTTATCACCCAGAAAAAAGGATACGATGGCCGCCACCGCCAGAATCCAGACGATGATACTGTTCACCTGTCTCAGAAGGAT
H G E A F Q VI T Q K K G Y D G RUHUROQNUPDUDUDTV HUL S Q K D
T A K P s R L S PR K KD TMAATAWRTIOQTMTITILF T CUL R R M
s R R S L P G Y H P EI KU RTIRWU®PPPPE S R R * Y C S PV S E G W

| | | | | | | |
GGACCAGATGCTCTCGGGCCGGACTTGCTCCAGCTCGTTCAGACCAAACTGCGCGATGCGCAGAGCAGCTTCCTGACTCGATAATCCGGTTTTGAAATCT
G p DALG®PDILLQL V QT XL RDAOQS s F L TR * S8 G F E I C
p Qg ML s GRTCsSs S S F RPN CAMU BRI RAAS* L DNP V L K S
T R ¢S RAGL AP AR SDOQOQTA ARTCAEOQQTULU®PDS I I RF * N L

| | | | | | | |
GTTGAAGGAAGGCTGTCAGATTCAGCAGAGGTAACGGGGCGGGGTTTTTCTGACATGATATTGTTGTGAAATTTCGATAGTTTTGTTCTGAAAGTAATGA
*R KA VRF S RGNGAGU FF * H D I VV KV FR * F C S E S N D
V EGGR L S D SAEVTGURGVF S DMTIILL * N F D S F VL KV MI
L K E G CQI OQQU R *R G GV F LT * Y CCUETISTI VL F * K * *

| | | | | | | |
TTAAGACCGAGAATGATATTTAGTCTCTATTTATTAGGATAATCTTACTTTCAACTTATTTGTGCGCTTTAAAGTTACGTTCTTTGATCAAAAGGCAGTI
* D R E * Y L Vv s I Y * DNILTVFNILVFV RV FZ KV TFF D Q K A V
K T ENDTI * s L F I R I I L L 8§ T Y L CA L KL R S L I K R Q C
L R PRMTIVPFSL YL L G* s Y FfF Q1L I CAL* s Y vV L * S K G S A

| | | | | | | |
CTGAATTCAACTTGCAAATGCAACAGAATTCTGATTAATAATTTGTTTAAATTTTTCGTTTGGCGTGAGGTATCCAAGTCTTTTACGAGGTCGATTATTG
L N S TC K CNURI UL INNTILU FK FF VWREV S K S F TR S I I E
* I 9 LA NATEVF * L I I CL NF S F GV R Y P S L L R G R L L
EF NL 0MQ QN SD * * ¥ VvV * I F R L A * G I QV F Y E V D Y *

| | | | | FWl | | |
AGTTTATTTTCAATCCACTTAATCTGTTTGTTGGTTACTTCACTAAAGTCCTTACCCTTTGGGATATACTGCCTGATAAGCCCGTTGGTGTTTTCATTGG
F I F N P L NL F V GY F T XK VL T UL WD I L P DK PV G V F I G
s L f s I #HL I CUL LV TS L K S L PF G I Y CULTI s P L V F S L A
vy FfF Qs T * s VvV C W L L H* s P Y P LG Y T A* * A RWCF HW

| | | | | | | |
CACCACGTTCCCATGAGTGGTATGGTTTGCAAAAATAGAATTTTATTTCCAATTTTTGCGCAATTTCCTCGTGCTTTGCAAACTCCTTTCCATTGTCAGC
T T F P * V V W F A K I EF Y F Q F L RNF L VL CIXKUL L S I V S
P R S HE WY G UL QK * N F I sSs NF CATI S S CF AN S F P L S A
H HV PMS GMV C KNI RTIULV FPTIFAQVF PR ATLIGQT?PVFHTCOQP

| | | | | | | |
CGTAATTGTGTGTATTAAGTTTTTCACTTTCCGCAGTGCCCATACTGCAATCTTAGCTACCGGGATGGCTTCTTTTCCCGACAACTTGCGTATCCAGACC
R N C VY * VFHFU®POQTCU®PYOCNZLSYURDGT FTFSROQLAYPDTP
v i v cIlI KU FVFTFRSAUHTA ATITLATTGMMAST FPDNTILTZ RTIOQT
* L ¢CVL. SFSLsSAV?PTILQS * L P GWILILFPTTTCV S R P

| | | | | | | |
CTGCTTGTTGCTCTGTCGTTAATGGTAAGAATGGCACCTTTGTGGTTCTTACCAATAATTGTATCTATCTCTAAATCACCAAATCTCTCCTTCAGTTCCA
A CCSVVDNGE KN NSGTT FVVLTNNTZCTIYTUL* ITJZ KSTULTILOQTF H
L L VAL SLMVRMAZPTLWTEFTULZ®PTITIUVS I SKSPNTILSTF S S T
c L L L CR* W *EWUHZILTCSGS S Y Q * L Y L S L NI HZOQTIS P S V P

BsoBI | | |BstNI | | | | |
CTATCTCGGGACGCTCATCAATATCCACCCTGCCTGGGATAAATCCTCGCCCTGCATTTTTAGAACCACGTTTGGCATACCTGCGACCTTGTCTGCGAAG
Yy L 6 T L I NI HUPAWUDI K S S P CTIFRTTFGTI PATL S A K
I s G R S s I s T L P G I N PRVPAUFILEU&PIRTILAYTLIRPUCTIL R R
L s R DA HQY PP CULG®* I L AULUHZF*NHV WHTT CUDTILV CE D
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126

| | | | | | | |
ATATTTGTGCAGTTTGCCACCCCGCCGCTTATCCTCCCAAATCCAGCGATATATCGTTTCGTGAGATACCATCGCAATTCCCTCCAAGCGGCTCCTGCCG
I FVQFAT®P©PLILPNUZPATIYURT FVRYUHRNSTILT QA AATPAD
Yy L¢Cs L P PRURI LSS QI Q®RY I Vs *DTTIATIUPSI KT RTILTILP
I CAV CHZPAAYP?PIKSSDTISTFRETIU®PSIOQFUPUPS G S C R

| | | | | | | |
ACAATCTGCTCCGGGCTGAATCCTTTCTTCAACAGCTTTATTATCCGTTTTCTCATTGCCGGTGTAAGCACTTCCTTGCGATGTTTTTGCTGCTTGCGCC
N L L RAESFILOQOQULY Y PFSHCRTZCI KU HFILAMTFTLTILTILAP
T I ¢S G L N PVF F NS F I IRV FILTIAGV VS TSILURT CT FTCTCTILRL
g s AP G*I1LsSSTAILULSVF F S L PV * ATLUZPTCUDVT FAATCA

| | | | | | | |
TGTCTGCTTTTCGCTGGGCAAGCTCCATGCTATAGCTACCACTTCGGGCGTCGCAATTGCGCTTTATCTCCCTGTAAACAGTGCTTTTATCTACTCCGAT
v c¢cFSL GK L HATIATTS GV AIATILYL PV NS AF I Y S D
s A F R WAS S ML * L P L RASQULRF I S L * TV L L s T P I
¢c L L FAGOQA®PTCY S Y HVFGU R RNZGCATLSU®PTCI KU QT CU FY L L R *

| | | | | | | |
AGCTTCCGCTATTGCTTTTTTGCTCATCGGTATTTGCAACATCATAGAAATTGCATACCTTTGTTCCTCGGTTATATGTTTGCTCATCTGCAACTTTTTT
s ¥F R Y C F F A HRY L QHHRNTCTIU®PILFLGYMT FAUHTILIOGQTLF F
A s A I A FF L L I G I CNTI I E I AY L C s s VvV I CUL L I CN F F
L p L L LPF CS SV F AT S * KL HTVFV PRULYV C S S AT F F

| | | | | | | |
TTCTTTGGACGGACAATTAAAGCAAAGATAGCAAACTTTATCCATTCAGAGTGAGAGAAAGGGGGACATTGTCTCTCTTTCCTCTCTGAAAAATAAATGT
L w T DN * S K DS K L Y P F RV REWIRGTTL S L F P L * K I NV
F F G R T I KA KTIA ANV FTIHSE * E K G GHCUL S F L S E K * M F
s L b G Q@ L K Q R * (o T L s I 9 s ER K G DI V S L s S L K N K C

| | | | |
TTTTATTGCTTATTATCCGCACCCAAAAAGTTGCATTTATAAGTTGAACTCAAGAAGTATTCACCTGTAAGAAGTTACTAATGACAAAAAAGAAATTGCC
¥F I A Y Y P H P K s CTI Y KL N SR S I HUL * EV T NDZK K E I A
L L LI I RTQIEKVAUFTI S * T QUEVFTJCIZ KU KT LTILMMTIEKIKKL P
F vy c L L S AP KK L HUL * V ETLI KU K Y S PV RS Y * * Q KRN C P

| | | | | | | |
CGTTCGTTTTACGGGTCAGCACTTTACTATTGATAAAGTGCTAATAAAAGATGCAATAAGACAAGCAAATATAAGTAATCAGGATACGGTTTTAGATATT
R s F Y G S A LY Y * * s A NKWU RZ CNIKTS K Y K * S G Y G F R Y W
vV R F T GGQ HF T I DKV L I K DATIROQANTISNOQDTV L DI
F VLRV sSTUL L L I K C* * KMOQ™* DK QQTI * VvV IRTIIRTZF * I L

| | | | | | | |
GGGGCAGGCAAGGGGTTTCTTACTGTTCATTTATTAAAAATCGCCAACAATGTTGTTGCTATTGAAAACGACACAGCTTTGGTTGAACATTTACGAAAAT
G RQ GV S Y C s F I KNUROQOQTCTCTCY * KRH S F G * T F T K I
G A GK G F L TV HILIL K TIANNV VAT ENUDTA ATLV EHTL R KL
G Q ARGVPF L L F I Y * K S P TMILIULIL L KTTOQQUL WL NTI Y E N

| | | | | | | |
TATTTTCTGATGCCCGAAATGTTCAAGTTGTCGGTTGTGATTTTAGGAATTTTGCAGTTCCGAAATTTCCTTTCAAAGTGGTGTCAAATATTCCTTATGG
I ¥ *C P K C S s CU R L * F * E F C s S E I S F QS GV K Y S L W
F s DA RNV QVV G CDV F RNV FA AUV P KF P F KV V S NI P Y G
Yy F L M P EMUFK L S Vv ITLGTIULQF RN FL S KW COQQTIF L MA

| | | | | | | |
CATTACTTCCGATATTTTCAAAATCCTGATGTTTGAGAGTCTTGGAAATTTTCTGGGAGGTTCCATTGTCCTTCAATTAGAACCTACACAAAAGTTATTT
H Y F RY F QNUPDV * E S WX F S GRVFHOCU®P S IRTYTI KV I F
I T s DI F K I L MVFE S L GNVF L GG S I VL QL E P T Q K L F
L L p I F S K s * CL RV L ETIVFWZEVPIL S FN * N L HIK S Y F

HindIII | | | | |
TCGAGGAAGCTTTACAATCCATATACCGTTTTCTATCATACTTTTTTTGATTTGAAACTTGTCTATGAGGTAGGTCCTGAAAGTTTCTTGCCACCGCCAA
EEAL Q S I Y RVFL S Y FVF * F ETT CUL * G R S * KF L A T AN
s R K L YNU©P Y TV F Y HTF F DL KL VY E V G P E S F L P P P T
R G s r TTI H I PF s I I L F L I * NL S MU R * V L KV S C H R Q

| | | | | | | |
CTGTCAAATCAGCCCTGTTAAACATTAAAAGAAAACACTTATTTTTTGATTTTAAGTTTAAAGCCAARATACTTAGCATTTATTTCCTATCTGTTAGAGAA
¢c QI s p V KH* K K TL I F * F * vV * s @ I L s I Y F L S V R E
VvV K s A L L NI KRIKHUL F F DF KF KAI K YL AV F I S Y L L E K
L s N QP C * TL K ENT Y F L I L S 9L K P N T * HL F P I C * R N

| | | | | | | |
ACCTGATTTATCTGTAAAAACAGCTTTAAAGTCGATTTTCAGGAAAAGTCAGGTCAGGTCAATTTCGGAAAAATTCGGTTTAAACCTTAATGCTCAAATT
T * F I ¢C K N S F KV D F Q E K S G Q V N F G K I RF K P * C S N C
p DL S V K TAULZK S I F R K S Q VRS I S EKFGUL NLNAQ I
L I vy L * K QL * s RF S G KV RS G QF R KNS V * T L ML K L

| | | | | | | |
GTTTGTTTGTCTCCAAGTCAATGGTTAAACTGTTTTTTGGAAATGCTGGAAGTTGTCCCTGAAAAATTTCATCCTTCGTAGTTCAAAGTCGGGTGGTTGT
L F VS XK sSMVKULT FTFSGNA AGSTCU®P* KIS SFVVQ SRV VYV
v cL S P S QWILDNGCTFULEMTILEV VYV PEIZ KT FHZPS* F KV G WL S
F Vv clLQVNG®* TV FWZ KT CW®WIZ KT LS L KDNTFTITILIRSSKS G G C

| | | | | | | |
CAAGATGATTTTTTTGGTTTGGTGTAGTCTTTTTTTAAGCTGCCGCATAACGGCTGGCAAATTGGCGATGGAGCCGACTTTTAGCACAAATGTTGAATAG
K M I FLVWOCSULV FULSTCRTITAGTI KT LA AMEZ PTT FSTNUVE *
R * F F W?F GV V FJF * AAA* RILANUWI® RWSRILILAO QMTILN R
¢ bDFF GULV * S FF XKL PHNSGMW®WOQTIGDGA ATZDTF * HZ KT C * I E

| | | | | | | |
AATTACTAATCTTCAACATTGCACAAAAGTTCAATAGAAGTACTTCACCGGCTCTATTGCCAATTTGTTTGTTATGTGCCGTTTTATTCCATTTTATACA
N Y * S s T L HEK S s I EV L HRTILYCOQFUV CYV?PFY S I L Y I
I T N L Q HCT XV Q* KY F TGS IANZILTFUVMTCRTEFTIZPTF YT
L L I FNTIAOQI KT FDNIRST S ?PAZLTLZPTITCTILTLTCA AV L F HF I H

| | | | | | | |
TTTAACAATTGCTGAAACGTAAAGTCGGGTTTAAACATTTCAATTTCGTTTTGAGTTGATTCTTCTTGTGCTTCTTTGCCATACATAAACATTTGCTGTT
*Q L L K R KV G F KH ¥ N F VL S * F F L CF F A I HKUHTILL F
F N NC* NV K S G L NTI S I s F * VDS s CA S L P Y I NI C C s
L T 1 A ET * S RV * T F Q F R F E L I L L VL L CHT * T F A V
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| | | | | | | |
CATAATTTTTAACAGCCTCTTCAATGCTATTAAATTTTCCATCGGCTAGATTATCAGACAATATCAAGGCATCCACCAACCCACTATTTACTCCCTGCCC
I I F NS L F NATII KU F S I G™* I I R QY QG I H QP TTI Y S L P
* ¥ L T A $S S ML LNV F P S A RL S DI NTI KA ASTNU®PILTF TP C P
H N F *Q P L Q C Y * I FHRULDY Q TTI S RH?PPTH YL L P A L

| | | | | | | |
TGCAAAAGGCGGCATCAAATGTGCGGCATCCCCAATCATTGTTATGGGTAATGGGCGCTTGCTTTTCCAAGGCTTTTCTAAAGGAAATATCCGTGTAGCC
C K RRHQMTCGTIUPNUHTCYG* WAULA AT FUPIRTILT F * RK Y P C S Q
A K G G I K CAASPTI I VMGNGRTILILTFOQGU F S KGNTI R V A
Q K A A S NV RHUPOQ S L L WV MGATCZ F S KA AVFLI KETI S V * P

| | | | | | |
AATCCTACAAATGACAACGTCGTATGAATCAATTCTTTGTAGCGTTCGTCCCAATCGG. TTCTTTCAGAAG TCAACGACACTATTTCTGTTTT
s Y K * Q R RMNJOQVFFVAVFV P I G K FF QKI KTINUDTTI S VL
N P TNDNV YV * I NS L * R S S Q S EN S F RIRIK ST TL F L F *
I . oM T T S Y E S I L C s V RUPNIRIKTIILSETZENU QI RUHYF C F

| | | | | | | |
GAAAATCTACCTGCGTTTGGTTTTTCCATTCATCAGGTGTTTTAAAACTTATTCCAAAATGCAATGCACCATTATTATTGGGGTTAGCAAATAATAAATT
K I Yy L R L V F P F I RCVF K T Y S KMOQTCTTITITI GV 8§ K * *x T
K s T CV W F F HS S GV L KL I P KCNAUPL UL L G L A NN K L
ENL PAVF G F S I HQV F * NLF QN AMUHHY Y WG * Q I I N Y

| | | | | BStNI | | |
ACCTTGGTGAGATGCCATTAGCCGGTTTCCATTGCATAGCTGAAAAAATCCAGGACAGTTTATCTCTGGTTGATGAATATCGGCTTGTATATTGAAAGTA
T L VRCH* PV S IA*L K E KSRTV VYL WILMNTIGTU LYTITE E ST
P W * DA I SR FUPILHS * KNP GQFTI S G * * I s A CTI L KV
L GEMU®PILAGTFHTCTIAEZ KTIOQQDSIL S L VDEYRTILUV Y * K Y

| | |
CCTGTTTCTTCAACTTCCGTGTCGGTAACAAATTTTCTTACCTTGGACATCCCGCCATTGGCAAGAATAACCAAATCTGCTGTTTCACTCGGTTTATTCT
c F F NF RV GNI KV F S YL GHUPATIGI KNN QTIT CT CT FTRF I L
pVvVvss T s Vv sV TN F L T L DI P P L AIRTITIZKSAV S L G L F 8§
L F L 9L P CR * QI F L P WT S RHWOQE * P N L L F H S V Y S

| | | BStNI | | | | | |
CAAAAGTTAGTGTCCACTTCTTCTTACCAGGTTCAAGCATAACAAGTTTTCTATCCCAAATAACCGTGTCGTTTTCTAAACTATTCAACAAGATAGCCCT
K s *CcC P L L L TRZFKHDNI KT FSIPNNRVVF * TTIQ QD S P
K vsV&HFFLZPGSSTITSTFILSQITV VS F S KTILTFNZ KTIATL
Q K L Vv s T s S Y QV QA * QVFY?PIK* P CRT FTILNYS TR R * P L

| | | | | | | |
TAAGTCATTTCTGTTTATTTCAGGATTGTCAAATCGATTTTCGGGCTTTACATTTTTTGTGGATAAAATATTGCCTTTTTTATCAGCAATATTTACACCC
* v 1 s VY F RI VK S TIVFGUL Y I F CG*NTIA AUV FUFTI S NI Y T H
K s ¥F L F I s G L s NRVF S G F T VF F VD KILPF L S A I F T P
s H F CL F QD COQTI DV FRALUHU FILWTIIKYCULF Y Q Q Y L H P

| | | | | | | |
ATTGGTAAGGCTAAGTCATAATAAGTTTGTAACAATCCCGCTTTTTTCATTGCTTCCTGACCTGAACCTTTGTGTAGGTCAAGGGTTCCACCAAAAATTC
W * 66 * v 1 I s L *Q SR F F HCU ¥ L T * T F V * V K G S T K N 8§
I G KA K s * * VvV CNNUPA AV FVF I AS * PEPILCURSRV P P K I L
L vRL S HNXKXK F Vv TTI?PL F S L L P DL NTL CV G Q G F H Q K F

Tetrev | | | |
TTGCCTCTCGGTCGTTGTCTCTTTCGTAAACTGAAACGTCTATGCCGTTTTGCTGTAATAATTTTGCCATAGTCAGTCCAACGGGTCCACCACCAATTAT
c L s vVvVvyVvVvyVvVvs FVN*NVY AV L L * * F CH S Q S N G S T T N Y
A S R S$S L s L s * TE T S M ©PVF CCNWNU FATIV S P T G P P P I I
L P L GR CUL FRIKILI KU RILT CIRUPFA AUV I I L P * S V Q RV HHQ L L

| | | | | | | |
TGCAACGTTCTTATCACTAAGTAAATTCATTTGTTTGTCTGTATCTATTCGCATTGTCATTCAAAAATGGCCCATAACAATGGCTCGGCGAATTGGCGAA
¢ NV y5LITI K * I HL FV CTI Y S HCHSKMAHNDNNG G S ANW R S
A T F L $ L S K F I CL S V S I URTI VI QKWUPTITMATRIRTI G E
Q R S YH * VNS FV CL YL F AL S TFKNG?P* Q WIL G E L A K

| | | | | | | |
GTAGCGAAGCTGTATCGAAGATACAAAAGCGGAGCTATTTAGCCAAGTCGCTTGTTGTAAGCAGTCCGCGAAGCGGCGGCTTACGGCAAGCGACGTAAGT
S EA Vs K I QKR S Y L A K S LV VS S PR S G G L R QAT * V
VvV A K L Y R R Y K S G A I * P S RL L * A V REAAA AY G K R R K S
* R §$ C I EDTXKAUETLVF S QVACT CI KO QS AI KU RI RTILTAS DV S

| | | | | | | |
CGCCGAGCCATTGTTAGCAAGGAGCGCAGCGGATTGCTAACAACGGTTTGCAGCTATACGCAGGCAGGGATTTTTACCACTAAGCTACCTACGATGAACT
A E P L L AR SAADTC®™* QR FAATIIRIROQGTFTILU®PTILS YL R * T
P S HC * Q GAQRTIANNSGTZLZOQTULYAGRUDTFYH?*ATYDEL
R RAI VS K ERSGULULTTVCSYTOQAGTIT FTTI KT LU®PTMDN *

| | | Tetfw | | | | | |
GAACTTTAAATTTACCACTTTCCTGTCTTACGAAGCACGAACCCCCTGCTTGCGTATAGGTGATGTTATGCGGTCGGCTTTCATTTTCTCTTCTTTCTCG
E L * I YH ¥ PVL RS TWNUPILILAYUR* CYAV G FHZFIULT FT FLV
N F K F TTVF L S Y EAURTU®PCULIRTIGDUVMURSAZ FTIF S S F S
T L N L P L S CL T XK HE P PACV * VML CGIRILSF S L L S R

| | | | | | | |
TTAATTTGTCAAGCAAAGTTACTAAATTTGCAGTCAAGCAATTTCAATTTTTGAATTATGTATTTCAGCAGACCTTGGACTTCTATCTAAGTGATAGGCA
N L §$ S K VT KFAV KQF QFLDNYVFQOQTTULUDTFYIL S DR RQ
L I ¢C QA KULLNUILOQS SN FNZF * I MY F S RPWT S I * V I G S
* F VX Qs y * I C S QATI s I FETZ LTCTISADTLSGTLL S K * * A

| | | | | | | |
GTCCTGAATAAATTCCAATCAATCTTTTAGGGCAAGACAATCAGTCTATGCTTTGTGTGTGCTGTCATTTTTTTTGATGGCATTGCTTTGTCGTAGTTGC
s * I N s N QS F R ARI QS VY AL CV L S F F L MAILTLTCTR S C
pPE * I P I NL L G QDI NOQS ML CVCCHU FF * WHCVF V V V A
v L N K ¥F Q s I F * 6 K T I S L CF V CAV I F F D GTI AL S * L L

| | | | | | | | 11475_RP1
TCTGTCGGGTAATACTGTCTATTCACTTCTCTGTGATTTGAATTCAACTTGCAAATGCAACAGAATTCTGATTAATAATTTGTTTAAATTTTTCGTTTGG
s vG6G* Yy CJLFTSUL * F EFNILOQMZOQOQNSD * * F V * I F R L A
L $ GN T VY SLLCDULNSTT CZ KT CNZ RTIILTINNTILTFEFIEKTFF VW
CcC RV IL s I HVF SV I * I QLANATTETF*1LTITICULNTF S F G
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| | | | | | | |
CGTGAGGTATCCAAGTCTTTTACGAGGTCGATTATTGAGTTTATTTTCAATCCACTTAATCTGTTTGTTGGTTACTTCACTAAAGTCCTTACCCTTTGGG
* 66 I Q VF Y E V DY * VY F Qs T * s VvV C WL L H* s P Y P L G
R EV s K S F TR s I I EF I F NP LNTLVFV GY F T KV L T L WD
VRY?P S L LRGURULL S L F s I HULTICULILV TS L K S L P F G

| | | | | | | |
ATATACTGCCTGATAAGCCCGTTGGTGTTTTCATTGGCACCACGTTCCCATGAGTGGTATGGTTTGCAAAAATAGAATTTTATTTCCAATTTTTGCGCAA
Yy T A * * A RWCU FHWHHVYV PMS GMUV CI KNI RTITUILTFUPTITF A Q
I L p DI KUPV GV FIGTT T FU®P*VVWFAI KTIIETFYF QF L RN
I vy cL I s &P L VF S L AUPIRSHEWYGUL QK * NF I S N F C A I

| | | | | | |
TTTCCTCGTGCTTTGCAAACTCCTTTCCATTGTCAGCCGTAATTGTGTGTATTAAGTTTTTCACTTTCCGCAGTGCCCATACTGCAATCTTAGCTACCGG
¥F P RAL QT PFHCOQ®P*L CVL S FSL S AV P I L Q S * L P G
F L v. CX L L §$ I Vs RNTZCVyY * VvV F HUFPOQCU®PYCNTILS Y R
s s ¢C F A NSV FPL S AV IV CTI K FF TV FRSAUHTATITLA AT G

| | | | | | | |
GATGGCTTCTTTTCCCGACAACTTGCGTATCCAGACCCTGCTTGTTGCTCTGTCGTTAATGGTAAGAATGGCACCTTTGTGGTTCTTACCAATAATTGTA
W L L FPTTT CVSR®PCILULILC®R*W* EWHT LT CSG S Y Q * L Y
D GF F S RQULAY®PDUPATCT CSVVNSGZ KN NSGTT?FV VL TNNCI
M A S F P DNILRTIOQTULILVATLSTILMVRMAPTLWTFTLZPTIIV

| | | | BsoBI | | | BstNI
TCTATCTCTAAATCACCAAATCTCTCCTTCAGTTCCACTATCTCGGGACGCTCATCAATATCCACCCTGCCTGGGATAAATCCTCGCCCTGCATTTTTAG

L s L N HQ I $S P s VP L S RDAHJ QY PP CULG * I L A L H F *
Yy L. » I T K S L L Q FHY L G TULTINTIHU®PA AMWUDI K S S P C I F R
s I s K §$ p N L s F s s T I S G R S s I s T L P G I N P R P A F L E

| | |
AACCACGTTTGGCATACCTGCGACCTTGTCTGCGAAGATATTTGTGCAGTTTGCCACCCCGCCGCTTATCCTCCCAAATCCAGCGATATATCGTTTCGTG
N HVWHT CDT LV CEDTITCA AV CHUPA AAY?PUPIKS S DI S F R E
T T F G I P A T L S A K I F V QF AT PP L I L P NPATI Y R F V
P R LAY L R©PCULURIRY L CS L P PRI RILS S QI QR Y I V s *

| | | | | | | |
AGATACCATCGCAATTCCCTCCAAGCGGCTCCTGCCGACAATCTGCTCCGGGCTGAATCCTTTCTTCAACAGCTTTATTATCCGTTTTCTCATTGCCGGT

I p S Q F P P S G S CURQs AP G * I L S s TAULILS V F S L P V
R Yy H R N S L QA APADNTILILIRAESFIL QOQTUL Y Y P F S HC R C
bp T I AI P S KRULULPTTICSGULNU®PUFFNSF I I RF L I A G

| | | | | | | |
GTAAGCACTTCCTTGCGATGTTTTTGCTGCTTGCGCCTGTCTGCTTTTCGCTGGGCAAGCTCCATGCTATAGCTACCACTTCGGGCGTCGCAATTGCGCT
* AL P CDV FAACATCLTLUZ FASGO QA A®PTCY s Y HF G RRN C A
K H F L A MVFL L LA®PVCUVFSUL G KL HATIA ATTS G V A I A L
v s T s L R C?F COCUL RULSA A FRWASSMIL * L P L RAS QL R F

| | | | | | | |
TTATCTCCCTGTAAACAGTGCTTTTATCTACTCCGATAGCTTCCGCTATTGCTTTTTTGCTCATCGGTATTTGCAACATCATAGAAATTGCATACCTTTG

L s p CK @ C?F YL LR * L P L L L F C S SV F AT S * KL HTF V
Yy L. P VN S AF I Y S DS F RY CF F A HIRY L OQHHRNTCTIUPL
I s L * TV L L s T ©®PIASATIAZF L L I G I CNTI I ETI A Y L C

| | | |1475_FP2 | | | | |
TTCCTCGGTTATATGTTTGCTCATCTGCAACTTTTTTTTCTTTGGACGGACAATTAAAGCAAAGATAGCAAACTTTATCCATTCAGAGTGAGAGAAAGGG
P R L YV C S s ATV FF S L D GOQUL K QR * Q0 T UL S I Q S E R K G
¥F L G Y M F A HL Q L F F L WTDN * s KD S KL Y P F RV RE R G
s s v I1C¢CJL L I CNU FUFVFVF GRTTII KA AZ KTIA ANT FTIUHSTE * E K G

| | | | | | | |
GGACATTGTCTCTCTTTCCTCTCTGAAAAATAAATGTTTTTATTGCTTATTATCCGCACCCAAAAAGTTGCATTTATAAGTTGAACTCAA. Gk C
p Irvs5Ls SsS9L KNI KCUPFyY CUL L S AP K KILHTIL * V E L K X Y Y
T L S L F P L * K I NV F I A Y Y P HP K S C I Y KL N S R X I T
G ®HCL S ¥ L S EK *MVF L L L I I RTOQZEKV AT FTI S * T QE X L X

kKACGGknm CAyAkKCCAAC
X R X F X X N T
X G X S X P TP COQP S TTIGXDI XK S DY * S C S S P WRTCTC S C

K W& EPHCY?PFYLRVPF *L VLV CURYPULUPZFTI * F RULIR S MY
* N G N RT VI F TCV S DW Y W S AGTILCHSF DV FV * D Q C T

¢c L p TEPKW KG KV FRTI * S H* KR KM?®*MTCWUP S KTULI KT W
Y A Y 9 R NR NG KENVFAY D UPTI KRG KT CU RTU CASGU HI RN * KHG
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6700
6700
s v p T P WV F H * S L L F K G * L P Y L DTG VF L A * R I I C Y 6700
P CQRL GY s TDILY CS R GNICWRTMWTIULDF WRZK G L S V M 6700

6800
6800
G v L., L L P F L HPF SL S WAUPUPILSGFIR * Ss s I CMUHP V K V D 6800
G F Y Yy CHU?FCTIVF©PCRGHILIULYLDSADUHTILS SV CTIUR * KW 6800

6900

6900

K p S DW?PVFTASL S RATTULTITIWIRGS LY FRIK S AMTF I P 6900

T S HR T G HUL Q HRCHEQR * L S GADUHT FT S ENI ROQC S S R 6900

7000
7000
L s QYL D *L L G S s CUL VS GV L s L AR * * s A I F CCW S 7000
Y R S T W I N C WA QAV WF L GVF CULWPAUDU DI QUL F S A A G P 7000

7100
s L K GG S C R E QR L R Q P L V R R T G L 7100
G ¥rMPVSL VL * I NXKV * RVHASGNSV S GNIRWUF DV Q D Y 7100

b L CQ * vV WU F U F&E* I K F K GVFMU®PGTASPATV G S T Y R I 7100
| | | | | | | |

7200

¥F v T K S GMRWE SV C I I V F CNNTZCI K S * I T G 7200

s * 9 N PV CVGNOQTCV s S FF VI TV S R K S R 7200

I R DK I R Y AL G I S V Y HRF L * * L * V V N H G 7200

Figure S5.3: Nucleotide and amino acid sequences of the Tn4351-transposon insertion site of mutant
31.90. Nucleotide sequence was revised manually via comparison with the electropherogram. Manually changed
nucleotides are written in small letters. For nucleotides without clear peaks in the chromatogram, letters
according to the IUPAC Ambiguity Code were used. The nucleotide sequence was simple sequenced from
nucleotides 0-262bp, 1164-1268 and 6360-7258 (plus strand). All other sequences were multiple sequenced.
Sequence of the Tn435/-transposon was received from Prof. M. J. McBride (University of Wisconsin —
Milwaukee, USA) and the transposon border is flanked by direct repeats marked with underlined letters
(XXX). First and last nucleotides of the transposon are highlighted in red (I). Colour code: ( ) sequence
obtained from the Trenzyme report; (XXX) primers: 1475_FP2, 1475 _RP1, Tn4351_Tet fw (Tetfw),
Tn4351_Tet_rev (Tetrev), 31.90-FosmidprimerFW1 (FW1); (XXX) restriction sites located in the transposon for
BsoBI, BstNI and HindIII. Nucleotide sequence was transcribed in amino acid sequence using the DNA to
protein translation tool of insilico.ehu.es (Bikandi et al. 2004). Open reading frames (ORF1 and 2) in the amino
acid sequences which led to hits when blasted against the NCBI data base are highlighted in blue (:2:0x).

S5.3 Alignments of the open reading frames with similar protein sequences
from other bacteria

gi]517451378|ref|WP_018622181. —————————————- MSIETDIKQNAPFRTPYQRVMVNLMYTSNWIATNQT 36
gi|522091384 |ref|WP_020602593. —-MSIETDIKQNTPFRTPYQRVMVNLMYTSNWIATNQT 36
911522089383 |ref|WP_020600592. --MSIETDIKQTTPFKNPYHRVMVNLEFYTSNWVSAAQT 36
911284035298 |ref|YP_003385228. —-MSIETDIKQSTPFKSPYQRVLVNLMYTSNWIAGSQT 36
gil496582628 |ref|WP_009282467. --MSIETDIKQPT-FRNPYHRLIVNLMFTSNWVANAQM 35
911518830386 ref|WP_019986335. --MSIETDIRQSA-FSSPYHRVVVNVLYSGNWINHEQM 35
911436837460 |ref|YP_007322676. —--MRIEDEIRQAT-FRSPLHRVIVNLMFTNNWLVHSQM 35
gi|338214546|ref|YP_004658609. --MSIETDIKQSK-FRNAYHKMALNLIYTTSWLANSQA 35
911408675081 |ref|YP_006874829. --MSIEKDIKQQKPFKSSYQKLVVNLIYTSNWMSSEQQ 36
911518783561 |ref|WP_019940850. --MSIETDIKQKK-FRSPYQKLALNLVYTTKWLEYKQL 35

gi]255036185|ref|YP_003086806. -—————————————- MSIETDIKQKK-FRSPYQKLALNLVYTTKWLEYKQL 35
mutant MYIQCYCTTNKLCAMSIETDIKQKR-FRTPYQRLVLNLIYTSNWLGYKQI 49
Kk okk gk I *
911517451378 |ref |WP_018622181. QLLKPSGLTPQQYNVLRILRGQYPNPVKVSDITE-RMLDKMSNASRLVDK 85
911522091384 |ref|WP_020602593. QLLKPSGLTPQQYNVLRILRGQYPNPVKVSDITE-RMLDKMSNASRLVDK 85
911522089383 |ref|WP_020600592. KLLKPSGLTLQQYNVLRILRGQYPSPVKVSDITE-RMLDKMSNASRLVDK 85
gi|284035298 |ref|YP_003385228. QLLKPFKLTLQQYNVLRILRGQYPNPIKVSEITE-RMLDKMSNASRLVDK 85
911496582628 |ref|WP_009282467. HLLKPYDLTLQQYNVLRILRGQYPNPVKVSDITE-RMLDKMSNASRLVDK 84
911518830386 |ref|WP_019986335. RILKPFGITQQQYNVLRILRGRSPQPVKVNEITE-RMLDKMSNASRLVDK 84
gi|436837460|ref|YP_007322676. RLLKPFGLTLPQYNVLRILRGQHPNPVRINDITE-RMLDKMSNASRLVDK 84
911338214546 ref|YP_004658609. CLLKPYDLTTQQYNVLRILRGQHPNPVRVNDIIE-RMMDKMSNASRLVDK 84
gi1408675081|ref|YP_006874829. GLLKPFDLSSQQYNVLRILRGQYPNPITVNGIIE-RMLDKMSNASRLVDK 85
gi|518783561 |ref|WP_019940850. ESFREHDITQQQYNVLRILRGQQGNPIKVNDITE-RMLDKSSNTSRLVDK 84
911255036185 |ref|YP_003086806. ESFKEHDITPQQYNVLRILRGQQGNPIKVSEITD-RMLDKSSNTSRLIDK 84
mutant EILREHDLTPEQYNVLRILRGQHPNPIKVSDISEKRMLDKNSNTSRLIDK 99

KKK KKK KK LKaonL K Kkikk Kk kK kk
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Figure S5.4: Alignment B-16-ORF1. Alignment of ORF1 of mutant B-16 with protein sequences of the NCBI
database: MarR family transcriptional regulator of Dyadobacter fermentans (Sequence ID: ref|[YP_003086806.1;
max. ident. 72%), transcriptional regulator of Dyadobacter beijingensis (Sequence ID: refl[WP_019940850.1;
max. ident. 71%), transcriptional regulator of Spirosoma Iluteum (Sequence ID: reff WP 018622181.1; max.
ident. 63%), transcriptional regulator of Spirosoma spitsbergense (Sequence ID: reffWP_020602593.1; max.
ident. 62%), transcriptional regulator of Fibrisoma limi (Sequence ID: reffWP_009282467.1; max. ident. 63%),
hypothetical protein of Rudanella lutea (Sequence ID: reff WP _019986335.1; max. ident. 56%), transcriptional
regulator of Spirosoma panaciterrae (Sequence ID: reffWP_020600592.1; max. ident. 60%), regulatory protein
MarR of Runella slithyformis (Sequence ID: refl[YP 004658609.1; max. ident. 60%), MarR family
transcriptional regulator of Spirosoma linguale (Sequence ID: ref[YP_003385228.1; max. ident. 62%),
transcriptional regulator MarR family of Fibrella aestuarina (Sequence ID: ref[YP_007322676.1; max. ident.
55%) and regulatory protein MarR of Emticicia oligotrophica (Sequence ID: ref|[YP_006874829.1; max. ident.

911517451378 |ref|WP_018622181.
911522091384 |ref|WP_020602593.
gi|522089383|ref|WP_020600592.
911284035298 |ref|YP_003385228.
911496582628 |ref|WP_009282467.
gi|518830386|ref|WP_019986335.
911436837460 |ref|YP_007322676.
gi1338214546|ref|YP_004658609.
gi|408675081 |ref|YP_006874829.
911518783561 |ref|WP_019940850.
gi11255036185|ref|YP_003086806.

mutant

gi|517451378 |ref|WP_018622181.
911522091384 |ref|WP_020602593.
911522089383 |ref|WP_020600592.
911284035298 |ref|YP_003385228.
911496582628 |ref |WP_009282467.
911518830386 |ref|WP_019986335.
gi1436837460|ref|YP_007322676.
911338214546 ref|YP_004658609.
911408675081 |ref|YP_006874829.
gi1518783561|ref|WP_019940850.
gi|255036185|ref|YP_003086806.

mutant

LVLKKLVLRTECPSDRRAVDVVITEKGMELLSKIDVHLDEWSDNQRKKLT
LVLKKLALRTECPSDRRAVDVVITKKGMELLSKIDIHMDEWSDKQRKKLT
LVAKKLVLRTECPSDRRAVDVVITEKGLELLKQLDISQNEWDQQQORCKLT
LLAKKLVLRTECPSDRRAVDVIITEKGLALLKQLDTHQDALNRSFQEKLT
LVLKKLVQRTECPSDRRAVDVVITSKGLDLLKKLDVVQADYEVELNNKLT
LVVKKLVVRTECPSDRRAVDIVITQKGLDLLORIDTRQREWEAETHQRLT
LVDKKLVDRTECPSDRRAVDVIITDKGLALLNKIDVAQQQWEQQFN-AYE
LLVKGLVRRTECPHDRRAVDVIITTEGLKILAELDEMQGEWEQKLQ-NVT
LLLKGYVSRCDNADDRRACDIRITESGAEILKKIDVLQEQADEKMK-RLT
LLAKNLAKRSSCESDRRAVDVVITEEGLALLKVLDPFIEDWENREN-IIS

LLAKNLAKRTSCESDRRAVDVVITSEGLELLKVLDPFIEDWENRFN-IIS
LLLKDLVTRTSCPSDRRAVDVVINEAGLALLLLIDPKVEDWENS-——---—
*.ok L x R T L
EEEATHLSQLLDRLRE 151
EEEATHLSHLLDRLRE 151
EDEANYLSQLLDKLRG 151
VEEAESLSLLLDRLRA- 151
DEEALQLSQLLDRLRR 150
SEEATVLSGLLDRLRGSE 152
CTHADELNGLLDTFRSSINGD 154
EEEASLLSDLLDKLRGSV 151
PEEAELLSSLLDKLRGSEDRLNTITHEEADAISALLDKLRKSE 177
EEEAEQISALLDKLRATDQ 152
EEEAEQISALLDKLREPND 152

55%). Other BLAST hits were below 55% of maximum identity.
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gi1518782760|ref|WP_019940049.
911260063578 |ref|YP_003196658.
911496582627 |ref|WP_009282466.
911518830387 |ref|WP_019986336.
gi|436837459|ref|YP_007322675.
911338214547 |ref|YP_004658610.
gi1517452022|ref|WP_018622821.
gi|255036184 |ref|YP_003086805.
911518783562 |ref|WP_019940851.

mutant

gi|516340125|ref|WP_017730158.
911517290873 |ref|WP_018479691.
911498288180 |ref|WP_010602336.

gi1518782760|ref|WP_019940049.
gi|260063578 |ref|YP_003196658.
911496582627 |ref |WP_009282466.
911518830387 |ref|WP_019986336.
gi|436837459|ref|YP_007322675.
911338214547 |ref|YP_004658610.
911517452022 |ref|WP_018622821.
gi|255036184 |ref|YP_003086805.
911518783562 |ref|WP_019940851.

mutant

911516340125 |ref|WP_017730158.
911517290873 |ref|WP_018479691.
911498288180 |ref|WP_010602336.

gi1518782760|ref |WP_019940049.
911260063578 |ref|YP_003196658.
gil496582627 |ref |WP_009282466.
911518830387 |ref|WP_019986336.
911436837459 |ref|YP_007322675.
gi|338214547 |ref|YP_004658610.
911517452022 |ref |WP_018622821.
911255036184 |ref|YP_003086805.
gi|518783562|ref|WP_019940851.

mutant

911516340125 |ref|WP_017730158.
gi|517290873 |ref|WP_018479691.
911498288180 |ref|WP_010602336.

MFVLAAAGLLEFNVAATIADGPGKN
MKKNLFALTLAVVTTTATLATEP
MKTRQFLASLAAVVLVAGASAFV
MKTRQFLAGLVAVAVVAGTSAFV
MACSTRSGAASTATNTNSFFTFQLIHAMKSNLILAGLAAVALTT-ATSFS
MKTIKMIAGVLAAGMMMISTAEA
MKIHYQLVAILLISVGTMATRSK
MKS---FKFFVASLAVALFVSSS
MKS---IQFFVASLAVALFVSSS

MK---ITKYFFAVLALLAFT--T
MKKTAILASFAAALMLTAFTGTK
—————— MQOIKPLQYFSVNRMLINKSGYLKNLTYINSNRTILNISLYQILK

TLKVDPKASTVNWGAKKVTGT
TKTVDAKASTVIWKAYKVTGS
KEATYKLDTQKSVLKWNGKKVTGE
KAATYKVDTQKSVLNWEGKKVTGQ
VAPAKATAYKVDAAKSVLTWNGKKVTGE
——--AKAVTFKVDASKSVVKWNAKKVTGE
SDTYKVDVLKSNLHWKARKVTGE
——--KKVNNLKVNTSKSELTWVGKKVTGE
——KKASNLKVNTAKSELTWLGKKVTGE
——-KGKATNLKVNASKSDLTWNAKKVTGE

TQLAA QSKA GKTLNADTQKSSLVWTGKKIGGE
TQPTA-———————————— ATEVTAPAKGRTYTVETSKSEVKWHAKKMTGE

NQKMKLKISSIFLLVAVVSLSAFTTIKPVAYTVDVAKSTITWIGKKVTGS
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HTGKISLKEGTIVLDGAKLTGGKFVADLNSITCTDLTDKEYNGKLIGHLK
HTGKIALKEGTITMNGAKLTGGSFVADLNSITCTDLTDKTYNDKLIGHLK
HTGNISLSSGTLQVEKNKLVGGAFEIEMNSITNTDLTDADYNAKLVGHLK
HMGDIALKSGQLNVDKNKVTGGTEFVIDMTSISCSDVKDEGMNGKLVGHLK
HNGTISLQSGTLNVDGKKVTGGTFTIDMNSI- —~KDADGSAKLEGHLK
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gi1518782760|ref|WP_019940049.
911260063578 |ref|YP_003196658.
gil496582627 |ref |WP_009282466.
911518830387 |ref|WP_019986336.
gi1436837459|ref|YP_007322675.
gi|338214547 |ref|YP_004658610.
911517452022 |ref|WP_018622821.
911255036184 |ref|YP_003086805.
gi|518783562|ref|WP_019940851.

mutant

911516340125 |ref|WP_017730158.
gi|517290873 |ref|WP_018479691.
911498288180 |ref|WP_010602336.

911518782760 |ref|WP_019940049.
911260063578 |ref|YP_003196658.
911496582627 |ref|WP_009282466.
911518830387 |ref|WP_019986336.
911436837459 |ref|YP_007322675.
911338214547 |ref|YP_004658610.
911517452022 |ref|WP_018622821.
911255036184 |ref|YP_003086805.
911518783562 |ref|WP_019940851.

mutant

911516340125 |ref|WP_017730158.
gi1517290873|ref|WP_018479691.
gi|498288180|ref|WP_010602336.

gi|518782760 |ref|WP_019940049.
911260063578 |ref|YP_003196658.
911496582627 |ref|WP_009282466.
gi]518830387|ref|WP_019986336.
911436837459 |ref|YP_007322675.
911338214547 |ref|YP_004658610.
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SDDFFSVEKHPQAKLVISSVTP-----KGGNAYDVTGKLTIKGITQDVKF
SDDFFSTEKYNTSKLVEFTQVKS— —TGKNSYEVTGNLTIKGITNPVTF
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SEDFFNTAKFPTSKFVITKVIP-—--- KGGNKFDITGNMTIKNITNPVTFE
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SDDFFGVEKHPTATFVVTKATPKATG---—- VYDVTGDLTIKGITKPVTF
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ADDFFGTAKFPTATFVITKV-—-—-—-—-—--— AGINVTGNLTIKGITKPVTF

SRRk K, P

PATVTADAKK--VTANAKVSIDRTKYDIKFRSTNFFEN--LGDKAIDNDF
DLSVYG--SK--ATANVKV--DRAAYDIRYGSGSFFDN--LGDKTIYDEF
PATVKANGNT--VAVTGKATLDRTKYDIRYGSKSFFEN--IGDKAIYDDF
PATVTMNGNS--ISAEGKATLDRTKYDIRYGSKSFFEN--IGDKAIYDDF
PATVKMAGNT--VTAEGKATLDRTKYDIRYGSKSFFEN--IGDKAIYDDF
PATVKADAKG--VTATSKITLDRTKWDIRYGSKSFIPN--IGDKAIYDDF
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911517452022 |ref|WP_018622821.
gi1255036184|ref|YP_003086805.
911518783562 |ref|WP_019940851.
mutant

gi1516340125|ref|WP_017730158.
911517290873 |ref|WP_018479691.
911498288180 |ref|WP_010602336.

PVRVKQDGAT--VEAQGKVTLDRTKYDIKYGSTSFFDA--LGDKAIYDDEF 191
PVTVKTTAAG--AEATGKLVVDRSKYDIKYNSKSFFDN--LGDKMINDDE 192
PVTVKTTAAG--AEATGKLVVDRSKYDIKYNSKSFFDN--LGDKMINDDF 192
PVTVKTTPSG--AEATGKLVVDRSKFDIKYNSKSFFDVSTLGDKMIHDDE 200
PAAVKINGN--AAEAVAKIVVDRSKFDVRYGSPSFFAD--LGDKAIDNEF 194
PATITVKNG--IATAKADVTVDRTKYDIRYRSSNFFEN--LGDKAIYDDF 206
PATITVNADGTVSALAGKILVDRTKYDIRYGSKSFFDS--IGDKAIDDNE 227

Kk skirr KK SRAK K Lok
TLDVNLVANK - 199
DLVVDLEFATAS---— - 196
TVEINAVASKDGAATASKAK 213
AVETKMVASK--— - 202
TVGMKLVANK- 237
TIDLTLAAVK-— 206

201

202
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Figure S5.5: Alignment B-16-ORF2. Alignment of ORF2 of mutant B-16 with protein sequences of the NCBI
database: lipid-binding protein of Dyadobacter beijingensis (Sequence ID: reffWP_019940851.1; max. ident.
81%), hypothetical protein Dfer 2422 (Ycel family protein) of Dyadobacter fermentans (Sequence ID:
ref]YP_003086805.1; max. ident. 82%), hypothetical protein (Ycel family protein) of Runella slithyformis
(Sequence ID: ref|[YP_004658610.1; max. ident. 53%), Ycel family protein of Fibrella aestuarina (Sequence ID:

ref]YP 007322675.1; max. 1dent 53%),
reflWP_009282466.1; max. ident. 53%),

reflWP_019986336.1; max. ident.

reffWP_019940049.1; max. ident. 53%),

lipid-binding protein of Fibrisoma limi
hypothetical

(Sequence
protein of Rudanella Ilutea (Sequence
53%), hypothetical protein of Spirosoma Iluteum (Sequence
reflWP_018622821.1; max. ident. 56%), hypothetical protein of Nafulsella turpanensis (Sequence
reflWP_017730158.1; max. ident. 52%), lipid-binding protein of Dyadobacter beijingensis (Sequence
lipid-binding protein of Pontibacter roseus (Sequence ID:

1D:
1D:
ID:
ID:
ID:

reffWP_018479691.1; max. ident. 52%), YCE I like family protein of Robiginitalea biformata (Sequence ID:
(Sequence ID:

reflYP_003196658.1; max. ident. 52%),

911496143338 |ref|WP_008867845.
gi1146300668|ref|YP_001195259.
gi|488744958 | ref|WP_002668298.
gi|255036183IrefIYP:003086804.
gi1518783563 | ref|WP_019940852.

mutant

911496583182 |ref|WP_009283021.
911518831171 |ref|WP_019987111.
gi|522089381|ref|WP_020600590.
gi1408674727 |ref|YP_006874475.
gi1517155279 | ref|WP_018344097.

911496143338 |ref|WP_008867845.
gi|146300668|ref|YP_001195259.
911488744958 | ref|WP_002668298.
gi1255036183|ref|YP_003086804.
gi|518783563|ref|WP_019940852.

mutant

911496583182 |ref|WP_009283021.
gi|518831171|ref|WP_019987111.
gi|522089381|ref|WP_020600590.
gi|408674727IrefIYP:006874475.
gi|517155279 | ref|WP_018344097.

lipid-binding protein of Pedobacter agri
reflWP_010602336.1; max. ident. 53%). Other BLAST hits were below 52% of maximum identity.

————— MQVLNFPTYPFRIKNRENKPYIFDIIRKKFVQIQAEEWVRQHLVW
————— MLKLNFPTYTFRFKNSENKVSIFDEIRKKFIILTPEEWVRQHVVH
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911496143338 |ref|WP_008867845.
gi1146300668|ref|YP_001195259.
gi|488744958 | ref|WP_002668298.
gi1255036183|ref|YP_003086804.
gi1518783563|ref|WP_019940852.

mutant

911496583182 |ref|WP_009283021.
911518831171 |ref|WP_019987111.
gi|522089381|ref|WP_020600590.
911408674727 |ref|YP_006874475.
gi1517155279 | ref|WP_018344097.

911496143338 |ref|WP_008867845.
gi|146300668|ref|YP_001195259.
gi|488744958 | ref|WP_002668298.
gi|255036183IrefIYP:003086804.
gi1518783563|ref|WP_019940852.

mutant

911496583182 |ref|WP_009283021.
911518831171 |ref|WP_019987111.
911522089381 |ref|WP_020600590.
gi1408674727 | ref|YP_006874475.
gi1517155279 | ref|WP_018344097.

Figure S5.6: Alignment B-16-ORF3. Alignment of ORF3 of mutant B-16 with protein sequences of the NCBI
database: hypothetical protein Dfer 2421 of Dyadobacter fermentans (Sequence ID: ref[YP_003086804.1; max.
ident. 80%), Restriction endonuclease, type I, EcoRI, R subunit/Type III of Dyadobacter beijingensis (Sequence
ID: reff[WP_019940852.1; max. ident. 80%), Restriction endonuclease, type I, EcoRI, R subunit/Type III of
Emticicia oligotrophica (Sequence ID: ref[YP_006874475.1; max. ident. 56%), protein of unknown function
DUF450 of Fibrisoma limi (Sequence ID: ref|[WP_009283021.1; max. ident. 55%), Restriction endonuclease,
type 1, EcoRI, R subunit/Type III of Spirosoma panaciterrae (Sequence 1D: reff[ WP_020600590.1; max. ident.
53%), Restriction endonuclease, type I, EcoRI, R subunit/Type Il of Rudanella lutea (Sequence ID:
refl[WP_019987111.1; max. ident. 53%), hypothetical protein of Cytophaga aurantiaca (Sequence ID:
reflWP_018344097.1; max. ident 52%), hypothetical protein Fjoh 2919 of Flavobacterium johnsoniae
(Sequence ID: refl[YP _001195259.1; max. ident. 52%), restriction endonuclease subunit R of Flavobacteria
bacterium (Sequence ID: reflWP_008867845.1; max. ident. 52%), restriction endonuclease subunit R of
Capnocytophaga gingivalis (Sequence ID: reffWP_002668298.1; max. ident. 53%). Other BLAST hits were

below 52% of maximum identity.

gi|255036182|ref|YP_003086803.
gi1518783564 | ref|WP_019940853.

mutant

gi|522089380|ref|WP_020600589.
911284035301 |ref|YP_003385231.
gi1517451375|ref|WP_018622178.
gi|522091380|ref|WP_020602589.
911496583181 |ref|WP_009283020.
911338210530 |ref|YP_004654579.
gi|518831172|ref|WP_019987112.
911312130416 |ref|YP_003997756.

gi11255036182|ref|YP_003086803.
gi1518783564 | ref|WP_019940853.

mutant

911522089380 | ref|WP_020600589.
911284035301 |ref|YP_003385231.
gi|517451375|ref|WP_018622178.
911522091380 | ref|WP_020602589.
911496583181 |ref|WP_009283020.
911338210530 |ref|YP_004654579.
911518831172 |ref|WP_019987112.
gi1312130416|ref|YP_003997756.

gi1255036182|ref|YP_003086803.
gi1518783564 | ref|WP_019940853.

mutant

911522089380 | ref|WP_020600589.
911284035301 |ref|YP_003385231.
gi|517451375|ref|WP_018622178.
911522091380 | ref|WP_020602589.
911496583181 |ref|WP_009283020.
gi|338210530|ref|YP_004654579.
911518831172 |ref|WP_019987112.
gi1312130416|ref|YP_003997756.
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gi1255036182|ref|YP_003086803. YWTGTVYTTNRRIWEHDDSFKEYLRAIRAMAIDMETATIFIVGFANSIPH 199
gi1518783564 | ref|WP_019940853. YWTGTVYTTNRRIWEHDASFKEYLQAVRAMAIDMETATIFIVGFANSIPH 199
mutgant ~ mmm oo oo

911522089380 | ref|WP_020600589. YWTGTVYTTNRRIWEHDEQFKDYLREIRTMAIDMETATIFTVGFVNSIPH 199
911284035301 |ref|YP_003385231. YWTGTVYTTNRRIWEHDETFKDYLRELRAMAIDMETATVFTVGFVNSIPH 199
gi|517451375|ref|WP_018622178. YWTGTVYTTNRRIWEHDEAFKEYLVELRTMAIDMETATIFTVGFVNSIPH 199
911522091380 | ref|WP_020602589. YWTGTVYTTNRRIWEHDEAFKEYLVELRTMAIDMETATIFTVGFVNSIPH 199
911496583181 |ref|WP_009283020. YWTGTVYTTNRRIWEHDETFKEYLREIRAMAIDMETATVFTVGFVNSIPH 199
gi|338210530|ref|YP_004654579. YWTGTVYTTNRRIWEHDEVFKDYLREIRTMAIDMETATIFTVGFVNQIPH 199
911518831172 |ref|WP_019987112. YWTGTVYTTNRRIWEHDEQFKEYLRETRAMAIDMETATIFIVGFANSIPH 200
gi1312130416|ref|YP_003997756. YWTGTVYTTNRRVWEHDEEFKAYLREIRALGIDMETATIFIVGFMNSIPH 199
gi1255036182|ref|YP_003086803. GALLLVSDNPLVPEGVKTEESDKKVTTSYVMQHLEIGIDALTELARSGES 249
gi|518783564 | ref|WP_019940853. GALLLVSDNPLVPEGVKTEESDKKVTSSYVKQHLDIGIEALTELARSGES 249
mutant  mmmm e

911522089380 | ref|WP_020600589. GALLLVSDNPLVPEGVKTEESDKRVTSQFVNVHLEIGIDALVELESSGDS 249
911284035301 |ref|YP_003385231. GALLLVSDNPLVPEGVKTEESDKRVTGQFVNVHLEIGIDALLELESSGDS 249
911517451375 | ref|WP_018622178. GALLLVSDNPLVPEGVKTEESDKIVTTQFVNIHLEIGIDALLELESSGDT 249
911522091380 | ref|WP_020602589. GALLLVSDNPLVPEGVKTEESDKIVTAQFVNIHLEIGIDALIELESSGDT 249
911496583181 |ref|WP_009283020. GALLLVSDNPLVPEGVKTEESDKVVTTQFVNKHLEIGIDALQELASSGES 249
911338210530 |ref|YP_004654579. GALLLVSDNPLVPEGVKTEESDKKVTSTFVERHLQIGIDSLIELANSGES 249
gi1518831172|ref|WP_019987112. GALLLVSDNPMIPEGVKTEESDKKVTTNFVERHLQIGIDSLHELASSGES 250
gi1312130416|ref|YP_003997756. GALLLVSDNPMTPEGVKTEASDKKVTASFVEKHLQIGIDALDELANSGAS 249

gi1255036182|ref|YP_003086803.
gi|518783564 | ref|WP_019940853.

mutant

911522089380 | ref|WP_020600589.
gi|284035301|ref|YP_003385231.
911517451375 | ref|WP_018622178.
911522091380 | ref|WP_020602589.
gi|496583181|ref|WP_009283020.
911338210530 | ref|YP_004654579.
911518831172 |ref|WP_019987112.
gi|312130416|ref|YP_003997756.

VKHLRFES 257
VKHLRFEN 257
VKHLRFE- 256
VKHLRFE- 256
VKHLRFE- 256
VKHLRFE- 256
VKHLRFE- 256
VKHLRFE- 256
VKHLRFE- 257
VKHLRFEN 257

Figure S5.7: Alignment B-16-ORF4. Alignment of ORF4 of mutant B-16 with protein sequences of the NCBI
database: AMP nucleosidase of Dyadobacter fermentans (Sequence ID: ref]lYP 003086803.1; max. ident. 93%),
AMP nucleosidase of Dyadobacter beijingensis (Sequence ID: reffWP_019940853.1; max. ident. 92%), AMP
nucleosidase of Runella slithyformis (Sequence ID: ref[YP_004654579.1; max. ident. 86%), AMP nucleosidase
of Rudanella lutea (Sequence ID: reff[WP_019987112.1; max. ident. 84%), AMP nucleosidase of Spirosoma
luteum (Sequence ID: ref][WP_018622178.1; max. ident. 82%), AMP nucleosidase of Spirosoma panaciterrae
(Sequence ID: reffWP_020600589.1; max. ident. 82%), AMP nucleosidase of Spirosoma linguale (Sequence ID:
reflYP_003385231.1; max. ident. 82%), AMP nucleosidase of Leadbetterella byssophila (Sequence ID:
reflYP_003997756.1; max. ident 81%), AMP nucleosidase of Fibrisoma Ilimi (Sequence ID:
reflWP_009283020.1; max. ident. 82%), AMP nucleosidase of Spirosoma spitsbergense (Sequence ID:
ref][WP_020602589.1; max. ident. 81%). Other BLAST hits were below 81% of maximum identity.

gi1495552716|ref|WP_008277295. MSQVAPKVDLEEASS 15
gi]172038168|ref|YP_001804669. MSQVAPKVDLEEASS 15
911494423700 |ref|WP_007221740. MVELP----— IAPWT 10
911523471444 |gb|EPR43241.1] MIETP ws 7
911451946897 |ref|YP_007467492. MGKIHPVTPSTENVTIQIPDSPWA 24
911496585888 |ref|WP_009285602. MTATATNNLSVPELPHT 17
gi1522086765|ref|WP_020597974. MPKLTILHNPHQ 12
mutant -
911319954445 |ref|YP_004165712. MTTFKDTLDIIENTYS 16
gi1494047972|ref |WP_006990088. MKNGSKEIIKNASL 14
911516341118 |ref|WP_017731151. MVGEIKQQRRRRIFTTLSKNSIWFRNFLRIHMASEKTTSGRKPLVENAYR 50
gi1497264445|ref|WP_009578662. MAAQLYHA 8
gi1495552716|ref|WP_008277295. LQTNDVLQRLSVDIKQGLDSSTVKKRRKKYGENRLQEFQRRSAWQILIAQ 65
gi|172038168|ref|YP_001804669. LQTDDVLQORLSVDLKQGLDPSTVKKRREKYGKNRLEEFQRRSVWQILIAQ 65
911494423700 | ref|WP_007221740. LPWQDVIQDLHVSPNRGLDTVEVKKRYKKFGSNRLQEVKKKSAWIILINQ 60
gi|523471444|gb|EPR43241.1 HPIDEVLSAFEVDRDSGLKRPQVSARKKRYGRNRLREIQKKQAWRILLDQ 57
gi|451946897 |ref|YP_007467492. DSLEDSVKKLQVEPSQGLSTTEASARLQTFGHNMLREVKSKSSLTIFINQ 74
911496585888 | ref|WP_009285602. LPAEQLVKSLAVDAKSGLTGDEANRRLEQYGPNALQEAKRESAWSIAVRQ 67
gi1522086765|ref |WP_020597974. LDFKQLFDNLATDPRKGLTADEARSRLEEFGPNALQETKRESALTILLRQ 62
mutant

911319954445 |ref|YP_004165712. KKVDVIVNLLDVDLKTGLQERSINDRIAKYGLNSYREQKQKSILLILFEQ 66
911494047972 |ref|WP_006990088. KSIEEVLKELSADTEKGLSDKEVEKKFKKYGPNILEEQSQKSIWRILFSQ 64
gi|516341118 |ref|WP_017731151. RSAEEVAQAVEAHPKQGLSGSEVEERIKKYGRNELEKHQERSVWQILVAQ 100
911497264445 |ref |WP_009578662. KEVEELLTSFNTDLNKGLSNAEARKRLVQYGPNILIEKKQKSIGRILLDQ 58
911495552716 |ref|WP_008277295. FKSPIIALLAVAAVLSFAFQEWIEGIAIIIAILLNAIIGFVTETKAVRSM 115
gi1172038168|ref|YP_001804669. FKSPIIALLAVAAVLSFAFQEWIEGIAIIIAILLNTVIGFVTETKAVRSM 115
911494423700 |ref|WP_007221740. LKSLIILLLGVTTIVSFAFGEWVEGMAIGVVIVINTAIGFFTELKAVRSM 110
gi|523471444|gb|EPR43241.1| FKNLIIVLLGAAAALSYFFGDWLEGSAILAVIFINAAIGFATELKAVRSM 107
911451946897 |ref|YP_007467492. FKNLIVVFLIAASLLSFSFGEYVEGLAIGIVIVINAIIGFVTELKGARSI 124
911496585888 |ref|WP_009285602. FNSVIVWILAAAAIISFLLGETVEGWAIIAVILINAITGFVLEFNASQSM 117
gi|522086765|ref |WP_020597974. FTGVIVYILVAARAGISFFLGDTVEGVAILVVLLINAVTGFGLEWNARQSM 112
mutant -
911319954445 |ref|YP_004165712. FKSPIILLLVVAAGFSFFFEDWLEGFSIIAVIFITVVLGFIMELQARNSM 116
gi|494047972 | ref|WP_006990088. INNPIIYLLTAAAVLAFSFNDIAEGIAIVVVLIINTIIGFWMEYNAQKSM 114
911516341118 |ref|WP_017731151. ITNPVVYLLTAAATMAFVFGDIPEGIAILVVLLVNTIIGFWMEYQAQQSM 150
gi1497264445|ref|WP_009578662. FTSPIVWLLIAAGTLAFFLGEIPEGIAIAIVVIINTFIGFFMEWQALRSM 108
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911495552716 |ref|WP_008277295.
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911495552716 |ref|WP_008277295.
gi1172038168|ref|YP_001804669.
911494423700 |ref|WP_007221740.
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911451946897 |ref|YP_007467492.
911496585888 |ref|WP_009285602.
gi1522086765|ref |WP_020597974.

mutant

911319954445 |ref|YP_004165712.
gi1494047972 | ref|WP_006990088.
911516341118 |ref|WP_017731151.
gi1497264445|ref|WP_009578662.

911495552716 |ref|WP_008277295.
gi|172038168|ref|YP_001804669.
gi|494423700|ref|WP_007221740.

gi\523471444\gb\EPRZ3241.l

gi1451946897 | ref|YP_007467492.
911496585888 |ref|WP_009285602.
gi1522086765|ref |WP_020597974.

mutant

911319954445 |ref|YP_004165712.
911494047972 |ref|WP_006990088.
gi|516341118|ref|WP_017731151.
911497264445 |ref |WP_009578662.

911495552716 |ref|WP_008277295.
gi1172038168|ref|YP_001804669.
911494423700 |ref|WP_007221740.

911523471444 |gb|EPR43241.1

911451946897 |ref|YP_007467492.
911496585888 |ref|WP_009285602.
gi1522086765|ref |WP_020597974.

mutant

911319954445 |ref|YP_004165712.
gi1494047972 | ref |WP_006990088.
911516341118 |ref|WP_017731151.
gi1497264445|ref|WP_009578662.

911495552716 |ref|WP_008277295.
gi|172038168|ref|YP_001804669.
911494423700 | ref|WP_007221740.

gi|523471444|gb|EPR43241.1

gi1451946897 | ref|YP_007467492.
911496585888 |ref|WP_009285602.
gi1522086765|ref |WP_020597974.

mutant

911319954445 |ref|YP_004165712.
gi|494047972 | ref|WP_006990088.
gi\516341118\ref\WP:Ol773ll5l.
911497264445 |ref |WP_009578662.

ESLQKLSKTKAKVRRNNQVQEIDAEQLVPGDIVILDGGDLVAADLRLLEA
ESLOQLSKTKAKVRRNHQVQEIDAEGLVPGDIVILEGGDLVAADLRLLEA
EALRKLGSVTTKVIRNSQLREIPADELVPGDIVVFEGGDVVPADLRLLEA
EALRRMGSTKTRVRRDGRVMAVPADTLVPGDIVVIEGGDVITADIRLIAA
EALRKLGSVSSRVRRDGRISEILANDLVPGDIIILEGGDVISADLRIITA
DALRKMDTNPARVWRDGRVHEISSEDVTLGDILMVEAGDLVAADASLLEA
DALRKLDSTPARVLRDGHVREIASEDVTVGDILVVEAGDLVAADANLFQV

KALKKMDVSVSKVWRDNSLKEIQAERIVPGDVLVLEAGDIVMADARLIEV
KSLKKLDKIQARVIRNGKKQRIDAEKLVPGDILIVESGDLIPADARILEA
EALKAMDKIQARVLRDGEKKQIDAEEIVPGDILLVEAGDLIAADARLLET
LELKKMGRAKTKVFREGTRKELDSVQLVPGDIIYFEGGDLITADARLIVQ

SKLQADESALTGESVPVSKTIEPLEKELEIADRRNMVFKGTAITRGSGEG
SKLQADESALTGESVPVSKTIEPLKKELEIADRRNMVFKGTAITRGSGEG
SKLQADESALTGESTPVSKGVEHLEEDTSLAERTNMLFKGTSVTRGSAKG
SKLQADESALTGESLPVEKSVAILPVKASLAERTNMIYKGTAITRGAGEG
SRLOSDESVLTGESLPVGKSVEVLGEGTSLADRDNMLFKGTALTRGSGEA
NQLQVDESALTGESLPVEKATAPTAEDAPLGDQHNRLFKGTAVTGGNGRA
NQLQVNESALTGESLPVNKNTQIPADDAPLGDQHNRLFKGTAATDGNGRA

NQFEIDESALTGESLPVEKKIEVIKNEVPLADKINLIFKGTSVVKGNARA
TELQIDESPLTGESVPTIKSPEVLKEEKSVADRTNIIYKGTAVSGGTSKA
SELGVDESPLTGESLPVTKSPDVIEEEKGVGDRLNILFKGTAVNSGTGKA
HNLAIKEAALTGESAQVSKHTEKLPEDTVLADRTNSVFKGTLVARGNGKA

VVVSTGMDTELGHISSLTAQAEEEITPLEKRLDSLGKRLIWITLLIAVVI
VVVSTGMDTELGHISSLTAQAEEEVTPLEKRLDSLGKRLIWITLLIAVVI
VTVATGMKTELGKISSLVESAKEEITPLEKRLNKLGNKLIWVTLAVTPAT
VVTATGMETELGRISALVAEAEDEITPLEKRLDQLGHKLIWVTLAITAVI
VVIATGMETELGKISSLVAGTKEDATPLEKRLNQLGNWLIWVCLIIAVEV
VITGIGQQTELGKIATMVEQAERTATPLEAKLDSLSKVLIWVTIVGLAGLF
IVTGIGQQTELGKIATMVEEAKRSATPLEEKLDALANVLIWVTVGLAVLE

IVTGTGVHTELGKITHMVATAKQGDTPLEKKIQGITKILMVVTAVFAGIF
VVYATGMQTELGSISAMVGEEKKDEIPLNQKLNKLTKNLIFVTIGLAVAF
VVYGTGMDTELGNISAMVGEQEDEETPLNRKLNLLTKNLIWLTLGLAVAF
IVVATGNDTELGRISEITQEAEKHATPLDKRLSKLSKKLIWLTLAMTFLI

AGVGIVSGRDLYTMVETAIALSVAAVPEGLPIVATVALARGMWRMAKRNA
AGVGIVSGRDLYTMVETAIALSVAAVPEGLPIVATVALARGMWRMAKRNA
ATAGIITGEDILLMIKISIALAVATIPEGLPIVATLALARGMWRMAKRNA
GAAGLVRGKDLLITLETATALAVASIPEGLPIVATIALAKGMHRMAKRNA
VVTGLMAGQELYLMIETGIALAVASIPEGLPIVATIALARGVWRMAKRNA
LIVGLIRGEEVRQLIETSTIALAIAAIPEGMSVVATIALAYGMLRLAEKKV
LIVGLIRGEEPLRLVETALALAIAAIPEGMSVVATIALAYGMLRLANKKV

IITGLLQGKQFYLIVETALALAVAAIPEGLPVVSIIALTYGMLRLAKKNV
LMFGWIAGKELYLLIQTSIAWTIAAIPEGLPIVASTALARGMLRLAKKNV
FIFGWIAGKDLYQLIQTSIAWTIAATIPEGLPIVASTALARGMLRLARHNV
FIAGIARGGELVILLETAVALAVAAIPEGLPVIATITLARGMVRLAKDKA

IINRLSAVETLGATSIICTDKTGTLTENRMTAREIMLWSDSIEITGEEQ-
IINRLSAVETLGATSIICTDKTGTLTENRMTAREVRLWSDSIEITGEEQ-
LINRLSSVETLGATSIICTDKTGTLTENKMTVTRIILDSGEIKISGEGLN
LINRLSSVETLGATTVIFTDKTGTLTENRMTVSRLVVDAGEIRTDAEKG-
LIKELSAVETLGATSIICTDKTGTLTENRLTAVKFAIATGSIDIHINSPE
IVKRLSAVETLGGTNVIFTDKTGTLTQNRIEVHTIQLPDARADVDVQAAD
IVKRLSAVETLGGTNVIFTDKTGTLTQNRIEVNTIQLPNLWAEVQVEEGT

LIKRLASVETLGGVNIIFTDKTGTLTENKIDVNKLMFFDEDITIAKKGDD
IVKKLEAVETLGETTIIFTDKTGTLTKNQLTVNTLYFP-GDVRMNAQWKD
VVKKLAAVETLGETTVIFTDKTGTLTENRLTVNTLYSP-EDERMEVDWHG
IVKTLKAVQTLGETNVILTDKTGTLTENDMYLETLFFKRDTVNLSTYKRN

TKGQFRRDDQTID-PLDNSILRNLLNVCVLCNNATLAV-———————————
TQGQFRRNDQTID-PLDHPILRNLLNVCVLCNNATLAA-
TEGEFRKKGEPLD-PLREKTLQELLHAGVLCNNASVEP-
——-—-YLLDDRQVH-PEDFSTLQCLLRVAVLCNNAAYEE-———————————
KEKTFVGDAGEISLPETNRALQHVLEVGVLCNNAEITL-———————————
QTLNVTNGDTQII---ESDVYQQLVLAGVLANNADYNP-———————————
KNLQVIAGNSEIT---DSDVFQKLVQVGVLCNNAEYDD-—--=———--——

VSGEKEVEHTNDESGKNKEVDVNLNVAQDKVEIEAKKENAEKDKQDVDLD
DNSGAN
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911495552716 |ref|WP_008277295.
gi]172038168|ref|YP_001804669.
911494423700 |ref|WP_007221740.

gi\523471444\gb\EPRZ3241.1

911451946897 |ref|YP_007467492.
gi1496585888|ref|WP_009285602.
911522086765 |ref |WP_020597974.

mutant
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ASADKNRIKIHKSGSLNTDKEKREHEKRRKKGESDIDQEQNEEQEDDDGE
EDGQ

GKENQDVGDPTEIALVALAAKADLNRNKQREQKPEVREEAFDTQTKMMAT
GKENQDVGDPTEIALVALAAKADLNRNKQREQKPEVREEAFDTQTKMMAT
DARKKAVGDPMEVALLVAATIKAGIDRNKLLAKMPEVREEAFDSEVKMMAT
GKSS---GDPLEIALLAAGIPGGIHRKPLVASFPEVREEAFDTESKMMAT
GVIVKSVGDPLEVALLAIAVKAGMTREDLAVQFPEDKETSFDSDIKMMAT
DTDTKEVGDPVEVALLKFAYAAGQDPDIIREQYPREAEKPFSSDTRMMGT
DGNFREVGDPVDVSLLKFARAVGLNPDAINLEYARRAEKAFSSDTRMMGT

ENKKKYLGDPIEIALLQFVNTSKVNVEAINATYPRIAEEPFNSETKLMAT
GKSGKGEGDPLEIALLNFAKKFDQDLYRKNRKLKRELHDPFDSDSMIMGA
DQSGKGEGDPLEIALLHFSKKFNSEAYQQYRQLERRLHDPFDSETMVMGT
SETESTTGDPIEIALLRSASEILGAPDDLRKKYPRIAEVPFDAETIKMMGT

FHEVEGRYWVAVKGAPESVLPVCSHYATIDQTQEMDTETYQTWQDKCHSL
YHEVEGRYWVAVKGAPESVLPVCSHYATSDQTQEMDNPTYQTWEEKCHSL
FHADNNQYLVAVKGAAEALLKVCSHRMTEEGKKEMRSEDRKWWLERGNHM
FHEDENGVLVAVKGAPEAVLSSSTRILTEAGESELSEEARDVWTAHTERL
YHRVDEGYRIAVKGAPESVIEACDTLFTGDGGTALTAEDRKQWSQLNEEM
LHRTDNRYVVAVKGAVEEIMD--—-—----— RCPDMDEALQOKQRDMSEQM
LHEHEDRYIVAVKGAVEEVMN--—-——--—— RSVSLDEKARKAQYEIAEKM

LHKNNAGNFVAAKGAVEKLIDTCSFYSAGDRVIPLTEAAKKDFLNRAETI
VYKENEGFYVAGKGAAHAILERSSKILVDNELKELTDEDKDYWHKKNEEL
AYEEERGYYIAGKGAADALLSRCTHILVKGEVRELTEKDKEEWLRKNDSM
ANKANGAYLISVKGATEAVLQKCTKMLD-EDGNEVPLGDHDEWHNAVNEM

AQDGLRILATIAQKTVDN----— SDSEPYQNLTLLGVVGLLDPPREAVKKA
AQDGLRILAIAQKTVDN -PDSEPYQDLTLLGVVGLLDPPREAVKKA

ARDGLRVLAVAEKTVTA —SNSNPYGQLTFLGIVGFLDPPRSDVAPA
ARLGLRVLAFAQKRESS—----- VEAPPYRDLTLIGLAGLLDSPRADIRDA
AAKGLRVLALAEKQSNN--—--— LEEEPYAKLQLVGLVGLMDPPREDVKEA

AADGLRTLAFAYREIDE--KPGDDFA-DSNLTYLGLIGFLDPPRTEVTPA
AADGLRTLAFAYREIDKTTRPGDDFA-DRDLTYLGLIGFLDPPQTEVTPS
—————————————————— TKPGEDFTHDENLTYAGLIGFWDPPRKEVTKS
EAQGSKVLAFAFKEAAN--IPTTNFL--SGLTLVGLIGFLDPPRMEVVEA
SEEGLRVLAFSYKNIDTLPEEKEENDFIRGLNFVGLIGFIDPPRKEVSNA
ANDGLRVLGFAYQQPDELPSGEAADDFLONLTFVGLIGFLDPPHKEVASA
AGKGLRVLSFAYKKTGS---EPDHKNFIQDLTFIGLGGEF IDPARKDVKEA

K ks ks A L: s s
LKACHEAGIRPIMVTGDQPVTARNIGLAVGLTTEK---ERDAQLGKALKN
LKACHEAGIRPIMVTGDQPVTARNIGLAVGLTTEK---EREAQLGKVLKN
LALCRDAGIKVVMVTGDQPVTARNIALAVGLIHEG---ETEVIHGKDLKK
LNVTCKAGLRVVMVTGDQILTARNIADAVGLTHDK---NAEAVEGKDLKT
LAQCREAGIRVIMATGDQAVTAQAIGRAVGLVAED---NAQVIHGLDLGR
LESCREAGIKVIMVTGDHPATALTIARQVHLIEPG---EDIALTGRDLKP
LEACRRAGIKVIMVTGDHPATALTIASKVKLIEPG---EEIVLTGKDLKP
LNACHKAGIKVIMVTGDHPATSLKIAKQVGLVEED---ELLVLTGKDLES
LQSCRNAGIKVIMITGDHPATALNIAEKIKLSEK----DNVVINGKELD—-
INICKDAGIKVIMVTGDHPGTAKNVGKEVGIYDLEEKTGNAVLSGKDLOA
IETCHRAGIKVVMVTGDHPGTAVNIGRQVKLVTAENESEHTVLHGKNLQA
IQSCKEAGIKVVMVTGDHPETAGS IAETVGLVKDGR--EATKIHGRDLGK

kkes sk kkks ko . . *

PDDIPSDQQEALRQVPIFARVSPEQKLNLITLHQQAGAVVGMTGDGVNDA
PDDIPSDQQEALRQVPIFARVSPEQKLNLITLHQQAGAVVGMTGDGVNDA
PEELSEEDLQRILRVSVFARVDPKQKLDLTATIYQKNGAVVAMTGDGVNDA
PETLSRADRRRLVRIPIFARVSPRQKLDLISLYQAEGEVVAMTGDGVNDA
LVDLSEAEKDRIASAQLFARVSPSQKLDLIAFHQERHATIVAMTGDGVNDA
LDQLTDADRERLMACRVFARVSPTQKLDMIDLYQQQGDIVGMTGDGVNDA
IDQLRVDEKQNVLNCRVFARVSPAQKLDMIELYQHEGNIVGMTGDGVNDA
FDFSSANDQKKMMECHVFARVNPAQKLDMIDFYQKQGDIVGMTGDGVNDA
——---SKLSDKKLFAATIFARVTPKQKLAMVSFYQKHGSIVAMTGDGINDA
—-ELDKEDDSKIINTKIFSRVDPSQKLIIIKYFQRNGEIVGMTGDGINDA
——ELDKNDNEKLVSTPVFSRVDPGOKLSLIKHYQQAGEIVGMTGDGVNDA
GVGSKVTIQKHILDANIFARINASQKLDLVKLYQQONNYIVGMTGDGVNDT
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PALKKADIGIAMGQRGTQVAKEAADMILQDDAFSTIVAAVEQGRATIFNNI
PALKKADIGIAMGQRGTQVAKEAADMILQODDAFSTIVAAVEQGRAIFNNT
PALKKADIGIAMGQCGTQVAREAADMILKDDNESTIVAATEQGRVIFNNI
PALKKADIGIAMGLRGTQVAREAADMVLODDAFSSIVAATAQGRVIFDNI
PALKKADIGIAMGLRGTQVAREASDMILKDDSFASIVHAVKQGRIIFKNI
PALKKSDIGIAMGQRGTQVAAETAAMVLKDDSFTSIVTAIGQGRVIFENT
PALKKSDIGIAMGLRGTQVAAETADIVLKDDSFTSIVAATAQGRVIFENT
PALKKSDIGIAMGLRGTAVAAEAADMVLKDDSFASIVHATEQGRVIFENT
PALKKADIGIAMGIRGTQVAKETAAMILKDDSFTSIVTAIMQGRVIFKNI
PALKRANVGIAMGKRGTQVAQEVSDMVLKDDSFSSIVVAIEQGRIIFGNI
PALKRANIGIAMGKNGTQVAQEVSDMVLKDDAFGSIVKATEQGRIIFGNI
PALKKADIGIAMGKRGTEAAKEVADIILKDDSFSSIVLATRQGRVIFNNT
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Figure S5.8: Alignment 21.20-ORF1. Alignment of ORF1 of mutant 21.20 with protein sequences of the NCBI
database: Ca®'-transporting ATPase of Fibrisoma limi (Sequence ID: ref[WP_009285602.1; max. ident. 72%),
hypothetical protein of Spirosoma panaciterrae (Sequence ID: reff WP_020597974.1; max. ident. 65%), p-type
(transporting) ATPase, had superfamily of Cellulophaga algicola (Sequence ID: ref[YP _004165712.1; max.
ident. 53%), ATPase of planctomycete KSU-1 (Sequence ID: reff[WP_007221740.1; max. ident. 50%), p-type
(transporting) ATPase, HAD superfamily of Gillisia limnaea (Sequence ID: reffWP_006990088.1; max. ident.
50%), hypothetical protein of Nafulsella turpanensis (Sequence ID: reffWP_017731151.1; max. ident. 51%),
translocating p-type ATPase of Desulfocapsa sulfexigens (Sequence ID: ref[lYP_007467492.1; max. ident. 52%),
cation-transporting ATPase of Fulvivirga imtechensis (Sequence ID: reff WP_009578662.1; max. ident. 50%);
ATPase of Cyanothece sp. CCY0110 (Sequence ID: ref][WP_008277295.1; max. ident. 50%), cation-transporting
ATPase of Cyanothece sp. ATCC 51142 (Sequence ID: ref[YP_001804669.1; max. ident. 50%) and p-type
(transporting) ATPase, HAD superfamily of Desulfococcus multivorans (Sequence ID: gb|EPR43241.1; max.

911495552716 |ref|WP_008277295.
gi]172038168|ref|YP_001804669.
gi|494423700|ref|WP_007221740.

gi|523471444|gb|EPR43241.1

911451946897 |ref|YP_007467492.
gil496585888 |ref|WP_009285602.
911522086765 |ref |WP_020597974.

mutant

gi]319954445|ref|YP_004165712.
911494047972 |ref|WP_006990088.
911516341118 |ref|WP_017731151.
gi|497264445|ref |WP_009578662.

gi|495552716|ref|WP_008277295.
gi[172038168|ref|YP_001804669.
911494423700 | ref|WP_007221740.

gi|523471444|gb|EPR43241.1

911451946897 |ref|YP_007467492.
911496585888 |ref|WP_009285602.
gi1522086765|ref |WP_020597974.

mutant

911319954445 |ref|YP_004165712.
911494047972 |ref|WP_006990088.
gi|516341118 |ref|WP_017731151.
911497264445 |ref|WP_009578662.

911495552716 |ref|WP_008277295.
gi]172038168|ref|YP_001804669.
gi|494423700|ref|WP_007221740.

gi|523471444|gb|EPR43241.1

911451946897 |ref|YP_007467492.
gil496585888 |ref|WP_009285602.
911522086765 |ref |WP_020597974.

mutant

gi]319954445|ref|YP_004165712.
911494047972 |ref|WP_006990088.
911516341118 |ref|WP_017731151.
gi|497264445|ref |WP_009578662.

911495552716 |ref|WP_008277295.
gi[172038168|ref|YP_001804669.
911494423700 | ref|WP_007221740.

gi|523471444|gb|EPR43241.1

911451946897 |ref|YP_007467492.
911496585888 |ref|WP_009285602.
gi1522086765|ref |WP_020597974.

mutant

911319954445 |ref|YP_004165712.
911494047972 |ref|WP_006990088.
gi|516341118 |ref|WP_017731151.
911497264445 |ref|WP_009578662.

911495552716 |ref|WP_008277295.
gi]172038168|ref|YP_001804669.
gi|494423700|ref|WP_007221740.

gi|523471444|gb|EPR43241.1

911451946897 |ref|YP_007467492.
gil496585888 |ref|WP_009285602.
911522086765 | ref |WP_020597974.

mutant

gi]319954445|ref|YP_004165712.
911494047972 |ref|WP_006990088.
911516341118 |ref|WP_017731151.
gi|497264445|ref |WP_009578662.

RKFTIYLLSGNVGEIMAVAFASLTDAPLPLLPLQILFLNAVNDVFPALAL
RKFTIYLLSGNVGEIMAVAFASLTDAPLPLLPLQILFLNAVNDVFPALAL
RKFALYLLSCNISEIMVIVLYSFIDVPMPILPLQILFLNLVTDVFPALAL
RKFVVYLISCNVSEIASVGLAAAVKAPLPLLPLQILFLNLVTDVFPALAL
RAFVIYLLSCNLSEVMTVTCAMLLGMPLPLLPLQILFLNIVTDVFPALAL
RKFILFLLSCNMSEIFVVTFAGFLNVGTPLLPLQILFINIITDVFPALAL
RKFVLFLLSCNLSEIFVVTFAGFLNVGTPLLPLQILFINIVTDVFPALAL
RKFIVFLLSCNMSEIFVVTFAGFLNVGSPLLPLQILFINIXTDVFPALAL
KNFLMYLLSCNLSEIFIVFFYGLLNFPFSVLPLQILFLNLVTDIFPALAL
RKFIVYQLSYHLSEILIIALISFTLFTLPLLPLQLLFLNLLSDVFPALAL
RKFITIYQLSYHLSEIIIIGLISFTMFTLPLLPLQLLYLNLLSDVFPALAL
RKFVVYLLSCNLSEILVVGTASFLGVPLPLLPLQILFLNMVTDIFPALAL

kee ek aa k. . Skkkk sk sk Hoekk ok kKK

GVGEGNPHLMEHPPRDSKEPILTKGHWLAIVLYGLLISAPVLGIFFYAFY
GVGEGNPNLMEHPPRDSKEPILTKGHWLAIVLYGLLISVSVLGIFFYAFY
GVGEGDPHSMKYPPRNSKEPILTWYHLLAIGIYGMVITVSVFGAYELALK
GVGAGSPEVMRREPRPTGEPIITRRHWVVVGGYGLFITIAVLGALAVAIN
AAGEENDNIMKNKPRDKREPIMSKIHWFAVSGYGAIMTCAVLGAFYISLN
GVGRENSELMKQPPRDPKQPILSRNDWGVIVFYAFVITVAVLGVYLFGTR
GVGRENASLMERPPRDPKTPIMDTRDWQTVVLYALAMTASVLGTYVIGTR
GVGKDNKNLMKXXXXDPKQPILQAADWRRIVFYALVMTASVLGVYWYAID
GLGKGNDLIMKIPPRNPQQPIVIKRDWFTINVYAVLLALPILLVTWYCSH
GIGKGDPGIMKKPPKDPDEPILTKKNWIQIVLYGVILTICITGAYLFAHF
GIGPGSPNIMTKPPKDPREPLITRHNWIQVGVYGLILAICVSGAYYFAQE
GMNKGEWDVMKETPRRSDHPIISKPWWGSIVAYGMAMTLAVLGIELLSIY

* *ie P

RLGFGERQAVTISFLALAFGRLWHVFNMRDTDGGLIHNEISQNPYIWAAL
GLEFDERTAVTISFLALAFGRLWHVFNMRDADGGLIRNEISQNPYIWGAL
WEGIDKRQAVSIPFITLAFAQLWHVFNMRDSNSSFFRNEITRNPFIWGAL
GFGLGEREAVSISFLTLALAQLWHIFNMSDPGAGFLRNDITRNPFVWAAL
TLNLPEKESVTISFLTLAFAQLWHVFNMRERNSGVLNNGIIKNPFIWGAL
QLGLSEGVGNSITFYALSFAQLMHVFNLYSGKGHFFKNEITRNRY IWLAL
LLGLSQDEGNNLTFYALSFTQLMHVENLHSER-SFFINEITRNRYVWYAQ
QLGFSPEEGNTVTFYALSLAQLLHVFNMYSGKLHFFNNEITRNKFIWMAL
YLKYDAKLCNNITFFSLALSQLWHVLNLPSRKISFLNNEITRNKFTWAAS
VWDQPKEITNNVAFFSLATAQLLHVFNMRETEENIFNNQVTRNKY IWMAL
VWGAPEEITNNIAFFSLAFAQLLHVLNMREADEPVENNQVTRNKY IWMAL
VLHFPDPLVNNMTFYTLVLVQLWNVENLPVSSVSLFKNEITKNKY IWLAF
. * o P

* ek . ek Sk .k ok

LICTGLLLSAVYLPGLSGALQTVDPGVKGWAMAIAAS-FIPVIVGQIVKL
LICTGLLLSAVYLPGLSGALQTVDPGVKGWAMAIAGS-FMPVIVGQIVKL
ALCTGLLMIAIYVPGLAAVLKIVNPGTHGLILALVMS-IIPWITGQIVKI
ALCLLLIFAAVELPILSEILDVAAPTREGWLLVFGMS-LLPLAAGRIFKR
ALCTVLLMLALYVPFMANILRLANPGFIGLALVLAMS-LLPLLGGQLFHL
LTCIAIMFLTYYVPFLREVLSIQPMQAAPLELIIAAG-VVPVIIVQVVRT
MLCLAILAFTYFVPVLHEVLNIQPMTTTEFGLILAAG-FAPVLLIQLVRL
TLCIAIMLVTYYTPFFRQILSLOLLDVQALELIILVAGIAPVLVTQTVRL
LLCISIMAVFYFVSPLNNYIGLQKLSIDTWLIITFTS-MTPVFLIQLFKR
AFCFTVLIAAYFIPGISGILSFQQLELRIWGLITIITS-LLPLITIIQLIKI
AFCAAAILAAYFIPGLRSILELQLLEPRVWGLIVITS-LLPIIIIQVIKF
IICIAIVVMAWLTPPLREALALRPLEFTHWIIILAFS-FIPNVLIQVAKR
* B . . . * . .

IRK--- 898
VRK--- 898
FRTTFL 897
VFEI-- 884
ILGRK- 911
LTGWGR 893
LARMMK 889
FFPIK- 384
IFKIID 888
FRKNY- 1011
IRKDF- 946

VFKVIR 886

ident. 50%). Other BLAST hits were below 50% of maximum identity.
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mutant MDR---KENATEME----KSKAHIIVEIIEYVPNAVLSRTIIRKTTGNIT 43
911495517626 |ref|WP_008242271. MQD---NNFKAELE----KSKAHIIVEIIEYIPNAVLSRTIIKKASGNVT 43
gi|327405058 |ref|YP_004345896. MKS---TTDGKELE----KAKSHIIVEITHYVPNAVLSKTILKKTTGNVT 43
gi1387790678|ref|YP_006255743. ------- MDRGEVE----KSKALIIVEIIEYLSNAVVSKTIIKKSTGNIS 39
gi1489071017|ref|WP_002980986. MFKP-IAMNHRELE----KSKVYITSQIVDYIPNSVVTKKILEKLTGNIS 45
gi|495788621 |ref|WP_008513200. MEK--NASDNTELE----TGKAHIIVEIIEYVPNAVVIKTIIKKSTGNIS 44
911495780003 |ref|WP_008504582. MEN--NKPDNTELE----PGKAHIIVDIIEYVPNSVVIKTIIRKSTGNIS 44
911510819842 |ref|WP_016193354. MDQKYKQAEPDSIE----KAKPHMIVEIIEYVPNAIVMKNIIKKPTGNIS 46
gi|489531458 |ref|WP_003436190. ------- MEKSEVE----ESEIFIIVEIIEYVPNAVVIKTIIKKTTGNVT 39
911327405221 |ref|YP_004346059. MQTONIISDEEVINSGLPKSQPHMVVEIVEYVPDSLVSRTVIKQSEGGVT 50
- . . ke ke sees s . ox .
mutant VSSFDTGEELPEKSSAFDTYIQIIDGSAEIVIDGTKHKLKLGEGIIIPAH 93
gi11495517626|ref|WP_008242271. VSSFDAGEELEEKSSPFDNFIQIIDGTADLLIKGERFKLSLGQGIIIPAH 93
gi|327405058 |ref|YP_004345896. VSSFDAGEELEEKHSPFDTYVQIIDGSAELIIDDSPFTLKLGEGIIIPAH 93
911387790678 |ref|YP_006255743. VLSFDTGEMLTEKISPFDTFAQIIEGNAEVIIDGKLNLLTTGQSIIIPAH 89
911489071017 |ref|WP_002980986. VLSFDDKEGLSEKISPFDAVAQIIEGKAEIIIDGASYFMEEGECIIIPAH 95
911495788621 |ref|WP_008513200. IMSFDSGEGLTEKTSPFDTFAQIIEGNAEIVIDHVSNHLKAGMGIIIPAH 94
911495780003 |ref|WP_008504582. IMSFDSGEGLSVKTSPFDAFAQIIEGNAEIVIDNVSNHLESGMGIIIPAH 94
911510819842 |ref|WP_016193354. IMSFDSGEGLTEKTVPFDSFVQIIEGNAEIVIDRVSNQLKSGQGIVIPAH 96

AVSVDTGEDITERISPFDRFIQITIEGSAEIIIDDHSQTLAKGQSIIIPAH 89
ATSFDEGEKLCEKTTESDTYVQIIDGKATVTINNIDRELSLGEGIVIPAA 100

L B * Kkk ok Ky K, P

911489531458 |ref|WP_003436190.
911327405221 |ref|YP_004346059.

mutant ARNSFCAKEQFKMISTVIKSGYE--- 116
gi11495517626|ref |WP_008242271. ALHSFNASQQFKMISTVIKSGYEDQL 119
gi1327405058|ref|YP_004345896. TRHKFNANEQFKMISTTIKSGYENEN 119

gi|387790678 |ref|YP_006255743. SPNSIKANERFKMIVTVIKSGYE--- 112
911489071017 |ref|WP_002980986. RSHSIKGNKRFKMIVTIIKSGYE--- 118
gi1495788621|ref|WP_008513200. LPNYIKPNGRFKMIQTVIKSGYE--- 117
gi|495780003|ref|WP_008504582. LPNYIKPNGRFKMIQTIIKSGYE--- 117
911510819842 |ref|WP_016193354. LSSFIRPNGRFKMIQTIIKSGYE--- 119
911489531458 |ref|WP_003436190. SMNTIKANERFKMISTIIKSGYE--- 112

gi|327405221 |ref|YP_004346059. TLHCFKAEEKFKMITTVIASVHQV-- 124

SkkkEk Kk x Kk

Figure S5.9: Alignment 21.20-ORF2. Alignment of ORF2 of mutant 21.20 with protein sequences of the NCBI
database: Cupin 2 barrel domain-containing protein of Fluviicola taffensis (Sequence ID: ref]YP_004345896.1;
max. ident. 71%), cupin of Pedobacter sp. (Sequence ID: reffWP_008242271.1; max. ident. 74%), cupin
domain-containing protein of Solitalea canadensis (Sequence ID: ref[YP_006255743.1; max. ident. 65%), cupin
of Mucilaginibacter paludis DSM 18603 (Sequence ID: reffWP_008513200.1; max. ident. 65%), cupin of
Mucilaginibacter paludis (Sequence ID: reffWP_008504582.1; max. ident. 58%), hypothetical protein of
Arcticibacter svalbardensis (Sequence ID: reffWP_016193354.1; max. ident. 55%), cupin domain-containing
protein of Psychroflexus gondwanensis (Sequence ID: reff[ WP 003436190.1; max. ident. 62%), hypothetical
protein Fluta 3248 (cupin) of Fluviicola taffensis (Sequence ID: ref[YP_004346059.1; max. ident. 50%) and
cupin of Chryseobacterium gleum (Sequence ID: reffWP_002980986.1; max. ident. 52%). Other BLAST hits
were below 50% of maximum identity.

gi|489067515|ref|WP_002977507. MIPKTMKAAVVQGYGQPLKIEEVPVREPGRYEVLVKVMACGVCHTDLHAV 50
gi1495117461 |ref|WP_007842278. MIPKTMKAAVVQGYGQPLKIEEVPVKEPGRYEVLVKVIACGVCHTDLHAV 50
911496380606 |ref|WP_009089596. MIPKTMKAAVVQGYGEPLKIQEVPVREPGRYEVLVKVMACGVCHTDLHAV 50
911489101178 |ref|WP_003011041. MIPKTMKAAVARGYGQPLSIEEVPVKQPGRNQILVKVVACGVCHTDLHAI 50
911489090486 |ref|WP_003000382. MIPKTMKAAVARGYGQPLSIEEVPVKQPGRNQILVKVVACGVCHTDLHAI 50
911494231392 |ref|WP_007139094. MLPKTMKAAVIREFGSLLKIEEVEVKRPGRNEILVKVIASGVCHTDLHAT 50
gi1495788562|ref|WP_008513141. MIPKTMKAAVIRGFGQPLHIEEMPVKEPGENQILVKVIACGVCHTDLHAC 50
911495785498 | ref |WP_008510077. MIPKTMKAAVIHGFGQPLHIEEMPVKEPGENQVLVKVIACGVCHTDLHAC 50
mutant MIPKKMKAAVVRTFGQPLQIEEMPVKEPGKNQILVKVMASGVCHTDLHAT 50
gi1431798554|ref|YP_007225458. MLPKTMKAAVVTEFGQPLKIEEIPVKAPNENQILVQVMASGVCHTDLHAA 50
Kk KRk KK Sk K Kiky Ky Kk sakkikik KxkEkKAAKK
911489067515 |ref|WP_002977507. DGDWPAKPKMPLIPGHEGVGIVVACGPEAF-VKEGDAVGVPWLYSACGCC 99
gi|495117461 |ref|WP_007842278. DGDWPAKPKMPLIPGHEGVGIVVACGPEAH-VKEGDAVGVPWLYSACGCC 99
911496380606 |ref|WP_009089596. DGDWPAKPKMPLIPGHEGVGIVVACGPDAM-VKEGDAVGVPWLYSACGCC 99
911489101178 |ref|WP_003011041. EGDWPVKSKMPLIPGHEGVGYVVATGPDVQNVKEGDAVGVPWLYSACGCC 100
gi|489090486|ref|WP_003000382. EGDWPVKSKMPLIPGHEGVGYVVATGPDVQONVKEGDAVGVPWLYSACGCC 100
911494231392 |ref|WP_007139094. EGDWPVQPKMPLIPGHEGVGYVVAVGPDVKNVKEGDAVGVPWLYSACGGC 100
911495788562 |ref|WP_008513141. QGDWPAKPMMPLIPGHEALGYVVALGRGVKHIKEGDIVGVPWLYSACGNC 100
gi]495785498 |ref|WP_008510077. QGDWPAKPKIPLIPGHEAVGYVVALGAGVKQIKEGDIVGVPWLYSACGHC 100
mutant DGDWPAKPKMPLIPGHEGIGYVVALGPEVTGVKEGDIVGVPWLYSACGCC 100
911431798554 |ref|YP_007225458. DGDWPVKPRLPLIPGHEGIGYVAAVGSNVKNTKEGDIVGVPWLYSACGHC 100
LkkkK L kkRRAKK | ik K K Kkkk KXKKKKXKKKE *
911489067515 |ref|WP_002977507. DYCITGWETLCEAQKNGGYSVDGGFAEYVIADSRYVGHLKSDVNFLEIAP 149
gi|495117461 |ref|WP_007842278. DYCITGWETLCEAQKNGGYSVDGGFAEYVIADSRYVGHLKPDVNFLEIAP 149
911496380606 |ref|WP_009089596. DYCITGWETLCEAQQONGGYSVDGGFAEYVIADSRYVGHLKSNVNFLEIAP 149
911489101178 |ref|WP_003011041. DFCITGWETLCEAQQNGGYSVDGGFAEYVIADARYVGHLKSNVNFLEIAP 150
911489090486 |ref|WP_003000382. DFCITGWETLCEAQQONGGYSVDGGFAEYVIADARYVGHLKSNVNFLEIAP 150
911494231392 |ref|WP_007139094. DQCITGWETLCDTQONGGYSVDGSFAEYVIADARYVGLLPSNVNFMEMAP 150
911495788562 |ref|WP_008513141. DYCYTGWETLCETQQNGGYSVDGGFAEYVVADAGYVAHFPPNINFTEMAP 150
911495785498 |ref|WP_008510077. DYCYTGWETLCETQQONGGYSVDGGFAEYVVADAGYVAHFPVNINFTEMAP 150
mutant EFCIT 105
911431798554 |ref|YP_007225458. EHCITGWETLCESQVNGGYSVDGGYAEYVLADPNYVGRFSGAIDFVQMAP 150

* %
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911489067515 |ref|WP_002977507. ILCAGVTVYKGLKETETKPGEWVAISGIGGLGHVAVQYAKAMGMHVAAID 199
gil495117461|ref|WP_007842278. ILCAGVTVYKGLKETETRPGEWVAISGIGGLGHVAVQYAKAMGMHVAAID 199
gil496380606|ref|WP_009089596. ILCAGVTVYKGLKETETKPGEWVAISGIGGLGHVAVQYAKAMGMHVAAID 199
911489101178 |ref|WP_003011041. ILCAGVTVYKGLKETETKPGEWVAISGIGGLGHVAVQYAKAMGMRVAAID 200
911489090486 |ref|WP_003000382. ILCAGVTVYKGLKETETKPGEWVAISGIGGLGHVAVQYAKAMGMHVAAID 200
gi|494231392|ref|WP_007139094. ILCAGVTTYKGLKETEVKAGEWVAISGIGGLGHVAVQYAKAMGMNVAAID 200
911495788562 |ref |WP_008513141. IICAGVTVYKGLKQTDAKSGEWVAISGIGGLGHLAVQYAKAMGFHVAAID 200
911495785498 |ref|WP_008510077. IICAGVTVYKGLKQTDAKSGEWVAVSGIGGLGHLAVQYAKAMGFHVAAID 200
mutant

911431798554 |ref|YP_007225458. ILCAGVTVYKGLKETEVRPGQWVAISGIGGLGHVAVQYAKAMGLHVLAVD 200
911489067515 |ref|WP_002977507. VADDKLDLAKKLGADLVVNAKNTDPGEYLHKEVGGMHGALITAVSPIAFK 249
gi1495117461|ref|WP_007842278. VADDKLELAKKLGADLVVNAKNTDPGEYLHKEAGGMHGALITAVSPVAFK 249
gil496380606|ref|WP_009089596. VADDKLELAKKLGADLTVNAKTTDPGTYLHKEVGGMHGALITAVSPIAFK 249
911489101178 |ref|WP_003011041. VADDKLDLAKKLGADITVNAKTTDPGQYIQKEIGGVHGALITAVSPIAFK 250
911489090486 |ref|WP_003000382. VADDKLDLAKKLGADITVNAKTTDPGQYIQKEIGGVHGALITAVSPIAFK 250
911494231392 |ref|WP_007139094. IADDKLELAKKLGADIVVNAKHONPGEFLKKEVGGMHGALITAVSPIAFK 250
911495788562 |ref |WP_008513141. IADDKLALAKSLGADLVVNAKEQDPGTFLKKETGVMHGVLVTAPSPIAFK 250
911495785498 |ref|WP_008510077. IADDKLALAKNLGADLVVNAKEYDPGKFLKKETGGMHGVLVTAPSPVAFK 250
mutant

911431798554 |ref|YP_007225458. VSDDKLNLAKKLGADRVVNGKNPDEVMNARKETGGVHGVLVTAVSPVAFR 250
gi|489067515|ref|WP_002977507. QGIDVLRRKGTIALNGLPPGSFELPIFETVLKRITVRGSIVGTRKDLQEA 299
gi1495117461 |ref|WP_007842278. QGIDVLRRKGTIALNGLPPGSFELPIFETVLKRITVRGSIVGTRKDLQEA 299
911496380606 |ref|WP_009089596. QGIDVLRRKGTIALNGLPPGSFELPIFETVLKRITVRGSIVGTRKDLQEA 299
gi|489101178 |ref|WP_003011041. QGIDVLRRKGTIALNGLPPGSFELPIFETVLKRITVRGSIVGTRKDLQEA 300
911489090486 |ref|WP_003000382. QGIDVLRRKGTIALNGLPPGSFELPIFETVLKRITVRGSIVGTRKDLQEA 300
911494231392 |ref|WP_007139094. QGLETLRRKGTMALNGLPPGSFDLPIFDTVLNRITIRGSIVGTRKDLKEA 300
gi|495788562 |ref|WP_008513141. QGLSALRRKGVLSLNGLPAGSFDLSIFDTVINGTTIRGSIVGTRKDLEEA 300
911495785498 | ref |WP_008510077. QGLSALRRKGVLSLNGLPAGSFDLSIFDTVINGTTIRGSIVGTRKDMEEA 300
mutant

gi|431798554 |ref|YP_007225458. QALDLLRRKGTLVMNGLPPGSFDLPIFETVLNRYTVRGSIVGTRKDLQEA 300

gi|489067515|ref|WP_002977507.
gi1495117461 |ref|WP_007842278.
911496380606 |ref|WP_009089596.
gi|489101178 |ref|WP_003011041.
911489090486 |ref|WP_003000382.
911494231392 |ref|WP_007139094.
911495788562 |ref|WP_008513141.
911495785498 | ref |WP_008510077.

mutant

911431798554 |ref|YP_007225458.

LDFANEGLVKATVTPAKLEDINDVFDKMKKGQIDGRIVLDIAGSN- 344
LDFANEGLVKATVTAAKFEDINDVENKMKKGQIDGRIVLDIAGSN- 344
LDFANEGLVKATVTSAKLEDINDVFDKMKKGQIDGRIVLDIAGNQN 345
LDFANEGLVKATVTAAKLEDINSVFDOMKAGKIDGRMVLDIAG--- 343
LDFANEGLVKATVTAAKLEDINSVFDOMKAGKIDGRIVLDIAG--- 343
IQFAVEGKVKATITSAKLEDVNEVFDKMRKGQIDGRVVLEIAKP-- 344
ISFALEGKVKATVHAAKLEDINTVFDDMKKGDISGRIVLEIAKPS- 345
ISFALEGKVKATVHAAKLEDINTIFDDMKKGDISGRIVLEIAKPS— 345

IDFAMEGKVTTTVKSAPLEDINLIFDOMKKGQIEGRMVLDIGH--- 343

Figure S5.10: Alignment 21.20-ORF3. Alignment of ORF3 of mutant 21.20 with protein sequences of the
NCBI database: alcohol dehydrogenase (GroES-like protein) of Sphingobacterium spiritivorum ATCC 33300
(Sequence ID: reffWP 003011041.1; max. ident. 80%), Alcohol dehydrogenase (GroES-like protein) of
Sphingobacterium spiritivorum ATCC 33300 (Sequence ID: reff[WP_003000382.1; max ident. 80%), alcohol
dehydrogenase of Mucilaginibacter paludis (Sequence ID: reffWP 008513141.1; max. ident. 80%), Zn-
dependent alcohol dehydrogenase of Echinicola vietnamensis (Sequence ID: ref[YP_007225458.1; max. ident.
78%), alcohol dehydrogenase M. paludis (Sequence ID: reffWP _008510077.1; max. ident. 78%), alcohol
dehydrogenase of Chryseobacterium gleum (Sequence ID: ref][WP_002977507.1; max. ident. 79%), alcohol
dehydrogenase of Flavobacterium frigoris (Sequence ID: reffWP_007139094.1; max. ident. 76%), alcohol
dehydrogenase of Chryseobacterium sp. (Sequence ID: reff[WP_007842278.1; max. ident. 79%) and alcohol
dehydrogenase of Elizabethkingia anopheles (Sequence ID: reff[WP_009089596.1; max ident. 76%). Other

BLAST hits were below 76% of maximum identity.
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gi1518785905|ref |WP_019943194. —-MVSDFNNRIRQVLFLLIVIVLALIVFRQLYIFFPGFLGALTLYILCRR 48
gi|255035092|ref|YP_003085713. --MAPEFNNRIRQVSFLLIVTALAIIVFKQLYIFFPGFLGALTLYILCRR 48
mutant -=-MPTFNNRXRQIGLLIMLVALALLLLFELNGFLPGFLGALALYXLXRE 47
911517459406 | ref|WP_018630163. —--MPDFNVRIKQMLTLLILLGLIFLAGKELVPFLPGLLGAVTLYIISRR 47
gi|517456390|ref|WP_018627163.

911495863164 |ref|WP_008587743. MNVKKIDDNILRQLILILLIGLIGFLIFFNLRYFTPGILGAITLYILFRK 50
911312131790 |ref|YP_003999130. MASPQISNRIINQIVLIIAIVFSCLLIFHYLNYYLPGFLAAITLYIVYRE 50
gi|489091523|ref|WP_003001417. MKYKQIHNNSINQIMLIIIIILICILIFTNLSYYLPGFLGAVTLYILFRN 50
gi1518785905|ref|WP_019943194. FYFRLTEQRKWNKSLTAILFMVLFMACIVAPVYFAAQMIFQKIEGIMONP 98
911255035092 |ref|YP_003085713. YYFHLTEKRKWNKSLTAILFMVLFMACIVAPVYLALOMVFQKVTGIMDNP 98
mutant LYFTLTIRKHWNKMGTALLFLLAFLIGIGLPVSFAIHLISSKINVLLHNS 97
gi1517459406|ref|WP_018630163. LYFTMVFQKKWSKAWVAIGYIFFYLIIFLIPFTVAVTLISPKINKALQNP 97
911517456390 | ref |WP_018627163. MFVTLAVIALPLWLIIEVMIPQISNLLANK 30
911495863164 |ref|WP_008587743. TYFRLTEERKWRRPLASIFLMLLTLIIVALPLWLIIEVMIPQISGLLANK 100
gi]312131790|ref|YP_003999130. WYFRLTEQKRWNKVLTALLFIFFSIVFIVLPLWGLIDYMIPRLSVFLDNT 100
gi|489091523 |ref|WP_003001417. AYFKMTEQRKWNKSLVSLLMVLLTVVFIVFPTWGIINYITPEMTNLIGDK 100

. . * . . PR

gi|518785905|ref |WP_019943194. EQVNKAVDAISDQLREWTGQD--LLTKEATADIRKKAASFIPGILNSSAT 146
911255035092 |ref|YP_003085713. EQVNQAIAAISRQLREWTGQD--LLTKEATADMGKKAAGFIPAILNSSAM 146
mutant DQIIVVFKSASAQIEQWTGFD--MLTDQSLSDIQRQITNFIPSFLNSSAS 145
gi|517459406|ref|WP_018630163. EATIIETGKHVITTIQNKIGLR--LLSENALSDMVKRATAAIPKLLNSTIN 145
911517456390 | ref |WP_018627163. QVIIEKFNAVKAFIASKPLLNRINLSDESLLRALGKVTAYFPGILNSVAE 80
gi1495863164|ref|WP_008587743. QVIIEKYNAIKDFLATKPILNRINLSDDAVLGALSKVTAYFPGLLNSVAE 150
gi|312131790|ref|YP_003999130. DSIMQKFNQVKEYMSKKPVLENIDLSDEALADFLOSLTKYLPRILNSVAE 150
911489091523 |ref|WP_003001417. 150

NDIIKNFNSIKDYIATVPLLKNVDLSEEALLNILQKLTRYLPSILNSIAE
. e . *e e .

IR
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911518785905 |ref |WP_019943194. MLGNLLMILFLAYFMFKNGRFMEKTLEDFIPLKHQNIDLLADETCGMVRA 196
911255035092 |ref|YP_003085713. MLGNLLMILFLAYFMFKNGRSMERTIDDFIPLKHKNIDLLADETCGMVRA 196
mutant VAGNLLMILFLFYFMLTNGTEMERKISHMIPLKEENVDVLAIETKNMR-A 194
911517459406 | ref|WP_018630163. IISNLAIMLFILYYMLVRGSEIERYLSNVIPLKRNNIHLLSVETKKLVIS 195
911517456390 |ref|WP_018627163. IFVNIFTALFILYFMQVNARGMEKRIRLFIPFSDDNTHTLWEETKMMVRA 130
gi|495863164 |ref|WP_008587743. IVVNIFTALFILYFMQVNARGMERRVRLFVPFSDENTQTLWEETKMMVRS 200
911312131790 |ref|YP_003999130. VLLNMLVAFFVLYFMLVSGRKLENQLTHFFPYSEVSRQELWSEIKLMVRT 200
911489091523 |ref|WP_003001417. VGVNLLVSLFVLYFMLVHSKRMESTIYHAIPFSPQSKNELWTEVNMMVRS 200
.o k. kax Sk * P .
911518785905 |ref |WP_019943194. NALGIPLISLTQGVIALAGYWIFGIEDFVL-LGLITGLFAFFPVIGTAMI 245
gi|255035092|ref|YP_003085713. NALGIPLISLIQGLVALLGYWVVGIEDFVL-LGLITGFCAFFPVIGTALI 245
mutant NALGIPLISIVQGVIAVLGYWIFGVKDYLLWVGFITAIFAFFPVVGTSFI 244
gi1517459406|ref|WP_018630163. NALGVPFISIIQGLVATLGYFLFGVKDWGL-YGFITGVCAFFPVVGTMIV 244
gi|517456390 |ref|WP_018627163. NALGIPILALCQGLVAVLGYWIFGVDNFVM-WGLVTGAASMIPAVGTMII 179
911495863164 |ref|WP_008587743. NALGIPVLALCQGLVAVIGYWVFGVNDFVM-WGLITGAASMMPAVGTMIV 249
911312131790 |ref|YP_003999130. NAIGIPILGMCQGLVAMLGYYLFGVENAVL-WGIVIGVATVFPVLGTMAV 249
911489091523 |ref|WP_003001417. NAIGIPILALCQGFVAMVGYWFLGVENPIL-WGGMTAVSTIIPVLGTMTV 249
Kkokak o a Kk sk kka ks 1k ok . ik sxk
gi1518785905|ref |WP_019943194. WLPLVIFLFSKGETGKAIGLLLYSAVIIGNIDYLVRITFLQKVGNVHPII 295
911255035092 |ref|YP_003085713. WLPLVIFLFSKGESGKAIGLAAYSVIVIGNIDYVARITFLQKVGNVHPVI 295
mutant WIPLIIYLYASGESGQAIGLAIYSIVVTSNVDYLARITLLQKIGNVHPVI 294
gi1517459406|ref|WP_018630163. WVPLVLYMYASGDVMNAVLLGIYSIIATGNIDYVARVTLLKKMANVHPVI 294
gi|517456390|ref|WP_018627163. WVPICIVVFATGHVGNGIGLTLYCLIAVGGIDNVLRFTILKRIGDIHPLI 229
911495863164 |ref|WP_008587743. WVPICIVQFATGHTANGIWLTLYCLVVVGGIDNVLRFTILKKIGNIHPLI 299
gi1312131790|ref|YP_003999130. YVPICIVSFATGEWINALWLTLYCFFLVGGIDNVLRFTLLKTLGNVHPLI 299
gi|489091523 |ref|WP_003001417. YVPLSIFLFANGEIGNGIGLLLYGFIVIGGIDNVLRFTILKKLGDVPPLI 299
A HE N HEE LarFon K kok o nn ok
gi|518785905|ref |WP_019943194. TILGLIAGLKLFGFWGFIFGPLLISYLLLLVRIYKNEFSESRAR-IKTTA 344
911255035092 |ref|YP_003085713. TILGLIAGLKLFGFWGFIFGPLLISYLMLLVRIYKNEFSGSRSEPVKTTE 345
mutant AVLGLIVGLKLFGFWGFVFGPLMISYFLLLVRIYASEFG-SLNK-—--—-— 337
gi|517459406|ref|WP_018630163. TILGVLVGLGLFGFIGLIFGPLLINYIIVLYDIYMNEFVYNEPAPLSPEE 344
911517456390 | ref |WP_018627163. TVFGVILGLKLFGIMGLIFGPLFMSYFLLLIQVYRIEFGRKSDNLPHGPE 279
911495863164 |ref|WP_008587743. TVFGVILGLKLFGIMGLIFGPLFISYFILLIQVYRIEFGKKSEVAMVKEE 349
gi|312131790|ref|YP_003999130. TVFGVLLGLKLFGMLGLIFGPLLLSSVAVLFKVYLNEYGRP-—-—-——-—— K 341
911489091523 |ref|WP_003001417. TVFGVLLGLKLFGMLGVIFGPLILSSVGVLLKVYSNEYGRSNSGIPDASE 349
Seakas Kk kkke ok akkkkgs | sk ok k.
gi|518785905|ref|WP_019943194. QTADKD---~-~ 350

911255035092 |ref|YP_003085713.

mutant

gi|517459406|ref|WP_018630163.

ELLSTKMEKKK 355

gi\517456390\ref\WP:018627163. TVGVIQKK--- 287
gi1495863164|ref|WP_008587743. VAKPKEETNG- 359
911312131790 |ref|YP_003999130. EK-———————- 343
911489091523 |ref|WP_003001417. DKTLP------ 354

Figure S5.11: Alignment 31.90-ORF1. Alignment of ORF1 of mutant 31.90 with protein sequences of the
NCBI database: hypothetical protein of Dyadobacter beijingensis (Sequence ID: reflWP_019943194.1; max.
ident. 57%), hypothetical protein Dfer 1300 of Dyadobacter fermentans (Sequence ID: ref|[YP_003085713.1;
max. ident. 56%), hypothetical protein of Niabella aurantiaca (Sequence ID: reffWP_018630163.1; max. ident.
49%), hypothetical protein of Niabella aurantiaca (Sequence ID: reffWP_018627163.1; max. ident. 43%),
hypothetical protein (membrane protein) Lbys 3116 of Leadbetterella byssophila (Sequence ID:
ref]YP_003999130.1; max. ident. 40%), membrane protein of Niabella soli (Sequence ID: ref|[ WP_008587743.1;
max. ident. 40%), membrane protein of Sphingobacterium spiritivorum (Sequence ID: reff[WP_003001417.1;
40%). Other Blast hits were below 40% maximum identity.

911374298562 |ref|YP_005050201.
911492828908 |ref|WP_005982862. --=
gi|428203951 |ref|YP_007082540.
911517207403 |ref|WP_018396221. MSATETKSPESDSLEFSG 18
gi1527031551 |ref|WP_020880290. --=

911451946897 |ref|YP_007467492.
911523631912 |ref|WP_020769201.
911516341118 |ref|WP_017731151.
911496585888 |ref|WP_009285602.
gi|522086765|ref |WP_020597974. MPKLTILHN------— PHQ 12
mutant ISFSVLIITFRTKLSKFHNNIMSEKPRP 28
911319954445 |ref|YP_004165712. MTTFKDTLDIIEN---—--- TYS 16

MVGEIKQQRRRRIFTTLSKNSIWFRNFLRIHMASEKTTSGRKPLVENAYR 50

gi1374298562|ref|YP_005050201.
gi1492828908 |ref|WP_005982862.
911428203951 |ref|YP_007082540.
gi1517207403|ref|WP_018396221.
gi|527031551 |ref|WP_020880290.
911451946897 |ref|YP_007467492.
911523631912 |ref|WP_020769201.
gi|516341118 |ref|WP_017731151.
911496585888 |ref|WP_009285602.
gi1522086765|ref |WP_020597974. LDFKQLFDNLATDPRKGLTADEARSRLEEFGPNALQETKRESALTILLRQ 62
mutant VTSAESDSLPSTDFKTGLSSQEAALRIAQFGLNELEQVRPESIWSILLRQ 78
911319954445 |ref|YP_004165712. KKVDVIVNLLDVDLKTGLQERSINDRIAKYGLNSYREQKQKSILLILFEQ 66

RSPDATLDQLDVNPDQGLSESEVQQRREKYGKNRLAEKKQRSAWQILIAQ 68

RSAEEVAQAVEAHPKQGLSGSEVEERIKKYGRNELEKHQERSVWQILVAQ 100
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911374298562 |ref|YP_005050201.
911492828908 |ref|WP_005982862.
gi1428203951 |ref|YP_007082540.
gi1517207403 |ref|WP_018396221.
gi1527031551 |ref|WP_020880290.
gi1451946897 | ref|YP_007467492.
911523631912 |ref|WP_020769201.
911516341118 |ref|WP_017731151.
gi1496585888|ref|WP_009285602.
911522086765 |ref |WP_020597974.

mutant

gi1319954445|ref|YP_004165712.

gi|374298562|ref|YP_005050201.
911492828908 |ref|WP_005982862.
911428203951 |ref|YP_007082540.
gi1517207403|ref|WP_018396221.
911527031551 |ref|WP_020880290.
911451946897 |ref|YP_007467492.
911523631912 |ref|WP_020769201.
911516341118 |ref|WP_017731151.
911496585888 |ref|WP_009285602.
gi1522086765|ref |WP_020597974.

mutant

911319954445 |ref|YP_004165712.

911374298562 |ref|YP_005050201.
911492828908 |ref|WP_005982862.
gi1428203951 |ref|YP_007082540.
911517207403 |ref|WP_018396221.
gi1527031551 |ref|WP_020880290.
gi1451946897 | ref|YP_007467492.
911523631912 |ref|WP_020769201.
911516341118 |ref|WP_017731151.
gi1496585888|ref|WP_009285602.
911522086765 |ref |WP_020597974.

mutant

gi1319954445|ref|YP_004165712.

gi1374298562|ref|YP_005050201.
911492828908 |ref|WP_005982862.
911428203951 |ref|YP_007082540.
gi1517207403|ref|WP_018396221.
911527031551 |ref|WP_020880290.
911451946897 |ref|YP_007467492.
911523631912 |ref|WP_020769201.
gi|516341118|ref|WP_017731151.
911496585888 |ref|WP_009285602.
gi1522086765|ref |WP_020597974.

mutant

911319954445 |ref|YP_004165712.

911374298562 |ref|YP_005050201.
911492828908 |ref|WP_005982862.
gi1428203951 |ref|YP_007082540.
911517207403 |ref|WP_018396221.
gi1527031551 |ref|WP_020880290.
gi1451946897 | ref|YP_007467492.
911523631912 |ref|WP_020769201.
911516341118 |ref|WP_017731151.
gi1496585888|ref|WP_009285602.
911522086765 |ref |WP_020597974.

mutant

gi1319954445|ref|YP_004165712.

gi1374298562|ref|YP_005050201.
911492828908 |ref|WP_005982862.
911428203951 |ref|YP_007082540.
gi1517207403|ref|WP_018396221.
gi|527031551 | ref|WP_020880290.
911451946897 |ref|YP_007467492.
911523631912 |ref|WP_020769201.
gi|516341118|ref|WP_017731151.
911496585888 |ref|WP_009285602.
gi1522086765|ref |WP_020597974.

mutant

911319954445 |ref|YP_004165712.

911374298562 |ref|YP_005050201.
911492828908 |ref|WP_005982862.
gi1428203951 |ref|YP_007082540.
911517207403 |ref|WP_018396221.
gi1527031551 |ref|WP_020880290.
gi1451946897 | ref|YP_007467492.
911523631912 |ref|WP_020769201.
911516341118 |ref|WP_017731151.
gi1496585888|ref|WP_009285602.
911522086765 |ref |WP_020597974.

mutant

911319954445 |ref|YP_004165712.

——————— LLAGAAVVSYIFGEWPEAVAILIALGINVFIGFFTELQATRSM
LLAGAAVVSYVFGEWPEAVAILIALGINVFIGFFTELQATRSM
************** LSFSFQEWVEGIAILIAILLNAGIGFVTEVKAVNSM
FKSPIIALLAVAAVLSFAFQQWVEGVAVIIAILLNAGIGFTTELKALSSM
LEGTAIVAVICINAAIGFATEIEAVRSM
****** VFLIAASLLSFSFGEYVEGLAIGIVIVINAIIGFVTELKGARSI
DGSAILVVILVNGLIGFYMEVKAAKSM
ITNPVVYLLTAAATMAFVFGDIPEGIAILVVLLVNTIIGFWMEYQAQQSM
************* IISFLLGETVEGWAIIAVILINAITGFVLEFNASQSM
FTGVIVYILVAAAGISFFLGDTVEGVAILVVLLINAVTGFGLEWNARQSM
VNSIIVWILAVAAIVSFFLGDNLEGFAVIAVILINALTGFILEYNARQSM
FKSPIILLLVVAAGFSFFFEDWLEGFSIIAVIFITVVLGFIMELQARNSM

*x %

EALQRMSGTKARVLRGGSAKEIPAVELVPGDILVLESGDVVAADARIVES
EALQRMSGTKARVLRGGSAKEIPAVELVPGDILVLESGDVVAADARIVES
ESLQRLSRTYAKVRRDGRVQEIPSEEIVLGDIVVFEGGDLVPADLRILEA
QALQELSQTQATVRREGKIQEISAEELVPGDIVILDSGAVIAADLRVLEA
EALRRMGRVTSRARRDGRLAEVPAESLVPGDVVLLEGGDLVPADIRLFEA
EALRKLGSVSSRVRRDGRISEILANDLVPGDIIILEGGDVISADLRIITA
DALKKLSTVTAKVKRDGKIQELDSELVVPGDIIYLEAGDITIPADARIFSL
EALKAMDKIQARVLRDGEKKQIDAEEIVPGDILLVEAGDLIAADARLLET
DALRKMDTNPARVWRDGRVHEISSEDVTLGDILMVEAGDLVAADASLLEA
DALRKLDSTPARVLRDGHVREIASEDVTVGDILVVEAGDLVAADANLFQV
EALRKLDTTPARVLRDGKIKEVPSDQLTLGDVLILEAGDLIPADALILEE

KALKKMDVSVSKVWRDNSLKEIQAERIVPGDVLVLEAGDIVMADARLIEV
%y Sk e k%

NRLQADESALTGESVPVGKSVKPVEKDAPMAELTNMLFKGTALTVGSGKA
NRLQADESALTGESVPVGKSVKPVEKDAPMAELTNMLFKGTALTVGSGKA
SKLQOADESALTGESVPVSKTADTLERDLPLAERTNMLFKGTAITRGTGEG
SKMQVDESALTGESVPVTKDTEIIEDDVPLAERSNMLFKGTALTRGSGEG
SRLQOADESALTGESLPVGKAAAATIAADTPLAERGNMLFKGTSITRGSGEG
SRLOSDESVLTGESLPVGKSVEVLGEGTSLADRDNMLFKGTALTRGSGEA
VSLQTDESTLTGESTPCDKNNVSLPDDIPLAERSNLLFKGTFVTKGNTFG
SELGVDESPLTGESLPVTKSPDVIEEEKGVGDRLNILFKGTAVNSGTGKA
NQLQVDESALTGESLPVEKATAPTAEDAPLGDQHNRLFKGTAVTGGNGRA
NQLQVNESALTGESLPVNKNTQIPADDAPLGDQHNRLFKGTAATDGNGRA
NQLTIDESALTGESVPSQKSTDASPEDAPLGDRHNRLFKGTAITNGNGKA
NQFEIDESALTGESLPVEKKIEVIKNEVPLADKINLIFKGTSVVKGNARA

Rk KRRk Kk s ek axkkx

VVTATGVRTELGHIAEMAEAAKGEETPLEKRLNALGQRLFWVVLLVAARV
VVTATGVRTELGHIAEMAEAAKGEETPLEKRLNALGQRLFWVVLLVAAAV
VVVATGMNTELGHISSLTASAKEEITPLEKRLDKLGONLIWVTAIIVVLV
IVVATGMNTELGHISKLTSEAEDEITPLEKRLDKLGRTLIWVTLIVAVLV
VVVATGMDTELGRISSLVAEAEDETTPLEKRLDRLGRKLVWVTLALTAVI
VVIATGMETELGKISSLVAGTKEDATPLEKRLNQLGNWLIWVCLITAVEV
IVTSTGMATEIGKIAKMLQGADSSATPLEAKLLQFTKRLIQVTVFLIGLI
VVYGTGMDTELGNISAMVGEQEDEETPLNRKLNLLTKNLIWLTLGLAVAF
VITGIGQQTELGKIATMVEQAERTATPLEAKLDSLSKVLIWVTIVGLAGLF
IVTGIGQQTELGKIATMVEEAKRSATPLEEKLDALANVLIWVTVGLAVLE
IVTQIGQATELGKIASMVSEAKRSATPLEAKLDALGKVLIWVTLG-—--—

IVTGTGVHTELGKITHMVATAKQGDTPLEKKIQGITKILMVVTAVFAGIF
. kKKK ko kkky s

MVNGYLVGMETYLLITTAVALAVAAIPEGLPIVATVALARGMWRMNARNA
MVNGYLVGMETYLLITTAVALAVAAIPEGLPIVATVALARGMWRMNARNA
ATAGILGGKDLYLMIVTAVALAVGAVPEGLPIVATVALARGMWRMAKRNA
ATAGIIGGKDLFLMIETAIALAVAAVPEGLPIVATVALARGMWRMAKRNA
AGLGLAKGHDLLLTLETSIALAVAAIPEGLPIVATIALARGMRRMARRNT
VVTGLMAGQELYLMIETGIALAVASIPEGLPIVATIALARGVWRMAKRNA
FVLGLWEGRHFLOMLETSIALAVAAIPEGLPIVSTLALAQGMLRMAKHDV
FIFGWIAGKDLYQLIQTSIAWTIAATIPEGLPIVASTALARGMLRLARHNV
LIVGLIRGEEVRQLIETSIALAIAAIPEGMSVVATIALAYGMLRLAEKKV
LIVGLIRGEEPLRLVETALALAIAATIPEGMSVVATIALAYGMLRLANKKV

IITGLLQGKQFYLIVETALALAVAAIPEGLPVVSIIALTYGMLRLAKKNV

LINRLSAVETLGSTSVIFTDKTGTLTENRMHLQRVAVT-GQSGIAEIPLD
LINRLSAVETLGSTSVIFTDKTGTLTENRMHLQRVAVP-GQGGIAEMPLD
LINRLSAVETLGATSIICTDKTGTLTENRMTVTQIVLESGEVQVTGEALE
LINRLSAVETLGATNIICTDKTGTLTENRMTVARIARLEDEIALTGEGLA

LINRLSSVETLGATSVVFTDKTGTLTENRMCASLLALARGEVAL---—— D
LIKELSAVETLGATSIICTDKTGTLTENRLTAVKFAIATGSIDIHINSPE
IVKKLSAVETLGGTNVICTDKTGTLTQNKIEVVTIVTP-————-————-—— D

VVKKLAAVETLGETTVIFTDKTGTLTENRLTVNTLYSPEDERMEVDWHGS
IVKRLSAVETLGGTNVIFTDKTGTLTQNRIEVHTIQLPDARADVDVQAAD
IVKRLSAVETLGGTNVIFTDKTGTLTQNRIEVNTIQLPNLWAEVQVEEGT

LIKRLASVETLGGVNIIFTDKTGTLTENKIDVNKLMFFDEDITIAKKGDD

GK-DSSGSGDPAGSSDS-PAFKRMLEVGVLCNNAQIG
GK-DSSGSEDPAGSSYS-PAFKRMLEVGVLCNNAQIG
AKGEFTRQGRKIDPLKE-KILRSALEVGVLCNNAHLP
LEGEFKQEDSTFDPNED-QRLKTALEVGVLCNNASLPD-—-——————————
PARGLLLDDRTVRPDDL-PGLAQALRVAVLCNNASYDGPGEGPGEGPGEK
KEKTFVGDAGEISLPETNRALQHVLEVGVLCNNAEITLSP-———-—-—-———
GSFDLASNWTGITGISR----DILLQVSILCNTAEIDHQ
QGVGLKGKE-EPEAKEN---LRHILKISVLANDARLLDDNSGANED----
QTLNVTNGDTQIIESDVYQ---QLVLAGVLANNADYNPH---—----———
KNLQVIAGNSEITDSDVFQ---KLVQVGVLCNNAEYDDD---——--—-———

SSIVINK--—=-~ NKGAYE---KLILISILCNNAASEQK-=-=-=---===-~

43
43
36
118
28
44
27
150
37
112
128
116

93
93
86
168
78
94
77
200
87
162
178
166

143
143
136
218
128
144
127
250
137
212
228
216

193
193
186
268
178
194
177
300
187
262
273
266

243
243
236
318
228
244
227
350
237
312

292
292
286
368
273
294
266
400
287
362




911374298562 |ref|YP_005050201.
911492828908 |ref|WP_005982862.
gi1428203951 |ref|YP_007082540.
gi1517207403 |ref|WP_018396221.
gi1527031551 |ref|WP_020880290.
gi1451946897 | ref|YP_007467492.
911523631912 |ref|WP_020769201.
911516341118 |ref|WP_017731151.
gi1496585888|ref|WP_009285602.
911522086765 |ref |WP_020597974.

mutant

gi1319954445|ref|YP_004165712.

gi|374298562|ref|YP_005050201.
911492828908 |ref|WP_005982862.
911428203951 |ref|YP_007082540.
gi1517207403|ref|WP_018396221.
911527031551 |ref|WP_020880290.
911451946897 |ref|YP_007467492.
911523631912 |ref|WP_020769201.
911516341118 |ref|WP_017731151.
911496585888 |ref|WP_009285602.
gi1522086765|ref |WP_020597974.

mutant

911319954445 |ref|YP_004165712.

911374298562 |ref|YP_005050201.
911492828908 |ref|WP_005982862.
gi1428203951 |ref|YP_007082540.
911517207403 |ref|WP_018396221.
gi1527031551 |ref|WP_020880290.
gi1451946897 | ref|YP_007467492.
911523631912 |ref|WP_020769201.
911516341118 |ref|WP_017731151.
gi1496585888|ref|WP_009285602.
911522086765 |ref |WP_020597974.

mutant

gi1319954445|ref|YP_004165712.

gi1374298562|ref|YP_005050201.
911492828908 |ref|WP_005982862.
911428203951 |ref|YP_007082540.
gi1517207403|ref|WP_018396221.
911527031551 |ref|WP_020880290.
911451946897 |ref|YP_007467492.
911523631912 |ref|WP_020769201.
gi|516341118|ref|WP_017731151.
911496585888 |ref|WP_009285602.
gi1522086765|ref |WP_020597974.

mutant

911319954445 |ref|YP_004165712.

911374298562 |ref|YP_005050201.
911492828908 |ref|WP_005982862.
gi1428203951 |ref|YP_007082540.
911517207403 |ref|WP_018396221.
gi1527031551 |ref|WP_020880290.
gi1451946897 | ref|YP_007467492.
911523631912 |ref|WP_020769201.
911516341118 |ref|WP_017731151.
gi1496585888|ref|WP_009285602.
911522086765 |ref |WP_020597974.

mutant

gi1319954445|ref|YP_004165712.

gi1374298562|ref|YP_005050201.
911492828908 |ref|WP_005982862.
911428203951 |ref|YP_007082540.
gi1517207403|ref|WP_018396221.
gi|527031551 | ref|WP_020880290.
911451946897 |ref|YP_007467492.
911523631912 |ref|WP_020769201.
gi|516341118|ref|WP_017731151.
911496585888 |ref|WP_009285602.
gi1522086765|ref |WP_020597974.

mutant

911319954445 |ref|YP_004165712.

911374298562 |ref|YP_005050201.
911492828908 |ref|WP_005982862.
gi1428203951 |ref|YP_007082540.
911517207403 |ref|WP_018396221.
gi1527031551 |ref|WP_020880290.
gi1451946897 | ref|YP_007467492.
911523631912 |ref|WP_020769201.
911516341118 |ref|WP_017731151.
gi1496585888|ref|WP_009285602.
911522086765 |ref |WP_020597974.

mutant

911319954445 |ref|YP_004165712.
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VREDAFDPERALMATWHREGDGFLVAVKGTPESVLEASTRVLGPDGEQEL
VREVAFESETKMMATIHKAGDGYHFAVKGASESVLPACTHKLTPEGSQPM
QREVAFDTETKMMATYHESDNGIRVAVKGAPEAVFEVCSHYLGTDGKQEM
VREEAFDTETRMMATFHEQDDGCLVAVKGAPEAVLAACSRVVDGEGETPL
DKETSFDSDIKMMATYHRVDEGYRIAVKGAPESVIEACDTLFTGDGGTAL
IGEIPFDSDTKIMLTLHRNEEGNRLLAKGAAEVMIQKSKSMLSSSGEKEM
RLHDPFDSETMVMGTAYEEERGYYIAGKGAADALLSRCTHILVKGEVREL
EAEKPFSSDTRMMGTLHRTDNRYVVAVKGAVEEIMD-—---———-— RCPDM
RAEKAFSSDTRMMGTLHEHEDRY IVAVKGAVEEVMN-———————- RSVSL

IAEEPFNSETKLMATLHKNNAGNFVAAKGAVEKLIDTCSFYSAGDRVIPL

TDDARDEWRRKNSEMAAQGLRVLGSAMKR-—---— TGDEHDDSYEDLTFLG
TDDARDEWRRKNSEMAAQGLRVLGSAMKR-—---— TGNEHDDSYEDLTLLG
SQODRDYWQERGDRMARDGLRILALAEKT —~VDNPDAPAYEQLTFLG
GPSEQ--WQERSTQLAQEGLRILALAQKT -VDNPDTEPYKNLTLVG
SAQAREEWNGRVKRLAGQGLRVLALAHKT ~VADRSAPPYEDLALLG
TAEDRKQWSQLNEEMAAKGLRVLALAEKQ-—--— SNNLEEEPYAKLQLVG
ANSDSKSWLDRADEMASSGLKVIGFAYSD-—----— TKRSEIDPSSEFVFAG
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362
362
358
441
372
370
336
479
358
433

412
412
408
491
422
420
386
529
399
474

457
457
453
534
467
465
431
579
446
523

506
506
502
583
516
514
481
629
496
573

554
554
552
633
565
564
531
679
545
622

604
604
602
683
615
614
581
729
595
672

654
654
652
733
665
664
631
779
645
722
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911374298562 |ref|YP_005050201. INMLFDVFPALALGVGEGDPMVMDAPPRKPGEHLVAGRHWALAGAYGLLI 704
911492828908 |ref|WP_005982862. INMLFDVFPALALGVGEGDPMVMDAPPRKPGEHLVTGRHWALAGAYGLLI 704
gi|428203951 |ref|YP_007082540. INAVNDVFPALALGVGEGNPQOMKHPPRPSHEPILTRRHWGAIAGYGIII 702
gi1517207403 |ref|WP_018396221. LNAINDVFPALALGVGEGNPQQMQHPPRDKSEAILTRSHWTAIGVYGVVI 783
gi1527031551 |ref|WP_020880290. LNLVTDVFPALALGVGQGGPGIMRRPPRPQGEAIITRRHWLAIGGYGLFI 715
gil451946897 |ref|YP_007467492. LNIVTDVFPALALAAGEENDNIMKNKPRDKREPIMSKIHWFAVSGYGAIM 714
911523631912 |ref|WP_020769201. INLITDVLPALALGVTEAGPKIMDQPPRPSSEPIIDSKRWKTVFIYSFLI 681
911516341118 |ref|WP_017731151. LNLLSDVFPALALGIGPGSPNIMTKPPKDPREPLITRHNWIQVGVYGLIL 829
gil496585888 |ref|WP_009285602. INIITDVFPALALGVGRENSELMKQPPRDPKQPILSRNDWGVIVFYAFVI 695
911522086765 |ref |WP_020597974. INIVTDVFPALALGVGRENASLMERPPRDPKTPIMDTRDWQTVVLYALAM 772
mutant S
gi]319954445|ref|YP_004165712. LNLVTDIFPALALGLGKGNDLIMKIPPRNPQQPIVIKRDWFTINVYAVLL 770
gi|374298562|ref|YP_005050201. AVCVLAAFWLALNRYGLDESQ--—--AVTVSFLTLTFARMLHTFNMRDPGP 750
911492828908 |ref|WP_005982862. AVCVLAAFWLALNRYGLDESQ----AVIVSFLTLTFARMLHTFNMRDPGP 750
911428203951 |ref|YP_007082540. AATILGVFIFSLRVLGLEERR----AVTISFLTLAFTRLWHVFNMRDSDS 748
gi1517207403|ref|WP_018396221. AAVVLGAFFLCLHVLGYEQNQ----AVTVSFLTLALGRLWHVFNMRDDDA 829
911527031551 |ref|WP_020880290. TVAVLGSLAAAIHGLGLHGRE----AVSISFLTLALAQLWHVFSMNAKGS 761
911451946897 |ref|YP_007467492. TCAVLGAFYISLNTLNLPEKE----SVTISFLTLAFAQLWHVFNMRERNS 760
911523631912 |ref|WP_020769201. SLFSLSSVFISHYTVHRSEAWNPELCNNILFFTLIFSQTLHAFNMGSGRS 731
911516341118 |ref|WP_017731151. AICVSGAYYFAQEVWGAPEEI----TNNIAFFSLAFAQLLHVLNMREADE 875
911496585888 |ref|WP_009285602. TVAVLGVYLFGTRQLGLSEGV----GNSITFYALSFAQLMHVFNLYSGKG 741
gi1522086765|ref |WP_020597974. TASVLGTYVIGTRLLGLSQDE----GNNLTFYALSFTQLMHVFNLHSER- 817
mutant

911319954445 |ref|YP_004165712. ALPILLVTWYCSHYLKYDAKL----CNNITFFSLALSQLWHVLNLPSRKI 816
911374298562 |ref|YP_005050201. HVVVNEVTSNPFVWAALGLCGALIAAALFVPSLAEILRVHEPGRTGWTLI 800
911492828908 |ref|WP_005982862. HVVVNEVTSNPFVWAALGLCGALIAAALFVPSLAEILRVHEPGRTGWTLI 800
gi|428203951 |ref|YP_007082540. RLFRNEITQONRFIWLALLICTGLILIAVYVPFIAQVLLIDPPSLEQWGLI 798
911517207403 |ref|WP_018396221. PIFRNEVTTNPYVWGALVICTGLLLLAVYIPGLAGVLGIVRPGLQGWGII 879
gi1527031551 |ref|WP_020880290. GLLRNDITRNPYVWLALLLCLGLIAGAVFLPAAARVLGVVPPTGNGWLLV 811
gil451946897 |ref|YP_007467492. GVLNNGIIKNPFIWGALALCTVLLMLALYVPFMANILRLANPGFIGLALV 810
911523631912 |ref|WP_020769201. GWRNSEILKNRYLWISSFVCIGLVLICIYIPVFKKALDIHEMTFEDWSIS 781
911516341118 |ref|WP_017731151. PVFNNQVTRNKYIWMALAFCAAAILAAYFIPGLRSILELQLLEPRVWGLI 925
gil496585888 |ref|WP_009285602. HFFKNEITRNRYIWLALLTCIAIMFLTYYVPFLREVLSIQPMQAAPLELI 791
911522086765 |ref |WP_020597974. SFFINEITRNRYVWYAQMLCLAILAFTYFVPVLHEVLNIQPMTTTEFGLI 867
mutant S
gi]319954445|ref|YP_004165712. SFLNNEITRNKFTWAASLLCISIMAVFYFVSPLNNYIGLQKLSIDTWLII 866

gi1374298562|ref|YP_005050201.
911492828908 |ref|WP_005982862.
911428203951 |ref|YP_007082540.
gi1517207403|ref|WP_018396221.
911527031551 |ref|WP_020880290.
911451946897 |ref|YP_007467492.
911523631912 |ref|WP_020769201.
gi|516341118 |ref|WP_017731151.
911496585888 |ref|WP_009285602.
gi1522086765|ref |WP_020597974.

mutant

911319954445 |ref|YP_004165712.

LAGSFTPFVVIQLGKALLGLRSREHRTQAA 830
LAGSFTPFVVIQLGKALLGLRSREHRIQTA 830
LGMSTIPLLIIQIWKLFKNRKFRRIAV--- 825
LGVSFVPVIFGQIWKAFKS--—-————-—-

LGASLFPLAAGRIFKRMARM-

Figure S5.12: Alignment 31.90-ORF2. Alignment of ORF2 of mutant 31.90 with protein sequences of the
NCBI database: Ca**-transporting ATPase of Fibrisoma limi (Sequence ID: ref[WP_009285602.1; max. ident,
65%), hypothetical protein of Spirosoma panaciterrae (Sequence ID: reff WP_020597974.1; max. ident. 63%), p-
type ATPase (transporting), HAD superfamily, subfamily IC of Desulfovibrio sp. X2 (Sequence ID:
reflWP_020880290.1; 52%), p-type ATPase, translocating of Pleurocapsa sp. PCC 7327 (Sequence ID:
ref]YP_007082540.1; max. ident. 50%), hypothetical protein of Nafulsella turpanensis (Sequence ID:
reflWP_017731151.1; max. ident. 50%), putative calcium-translocating P-type ATPase, PMCA-type of
Leptospira sp. B5-022 (Sequence ID: reff[WP_020769201.1; max. ident 49%), hypothetical protein of
filamentous cyanobacterium ESFC-1 (Sequence ID: reff[WP_018396221.1; max. ident. 49%), p-type ATPase
(transporting), had superfamily, subfamily ic of Cellulophaga algicola (Sequence ID: refl[YP_004165712.1; max.
ident 48%), p-type HAD superfamily ATPase of Desulfovibrio africanus str. Walvis Bay (Sequence ID:
ref]lYP_005050201.1; max. ident. 48%), p-type ATPase, translocating of Desulfovibrio africanus (Sequence ID:
reflWP_005982862.1; max. ident. 48%), p-type ATPase, translocating of Desulfocapsa sulfexigens (Sequence
ID: reflYP_007467492.1; max. ident. 48%). Other blast hits were below 48% maximum identity.
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