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= base pairs (referring to DNA fragment sizes)
= cyclic adenosine monophosphate

= Culture Collection of Marine Phyloplankton
= capillary electrophoresis mass spectroscopy
— Cytophaga/Flavobacter/Bactervides phylum
= ¢olony forming units

= 4'.6-diamidino-2-phenyhdole

= decarbamoyl toxin

= denatwring gradient gel electrophoresis

= double deionised water

= deoxyribonucleic acid

= double stranded DNA

= Diarretic shellfish poisoning

= ethylenediamine-letraacetic acid

— femtomo!

= grams

= genetic database environment

= gonyautoxin

= hours

— high performance liquid chromatography

= kilobase (referring to molecular markers)

= low melting point agarose

= millimolar

= mouse neuroblastoma assay

= mouse unit

= North East Pacific Culture Coliection
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ng = nanograms
nm = nanometers (wavelength)
™M = nanomolar (toxicity)
NeoSTX = neosaxitoxin
NRC = National Research Council (Canada)
NSP = Neurotoxic shellfish poisoning
OD = optical density
05¢ = oscilliation
ouh = puabain

PCC = Plymouth Culture Collection

PCR = Polymerase Chain Reaction

pen = penicillin

P. lima — Prorocentrum lima

pmol = picomoles
ppt = parts per thousand
PST = paralytic shelifish toxin
rsp — paralytic shellfish poison or paralytic shellfish poisoning

RDP — ribosomal database project

RFLP = restriction fragment length polymorphism

RNA = ribonucleic acid

rDNA = ribosomal DNA

rRNA = ribosomal ribonucleic acid

SCB — sodium channel blocking

sd = standard deviation

SDS = sodium dodecyl sulphate

SEM = standard error of the mean

S. trachoidea = Scrippsiella trochoidea

SSU — small subunit (referring to 168 rDNA)

strep = streptomycin

STX = saxitoxin

TAL = fris-acetate EDTA buffer
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Taq

TE
TEM
TEMED
T.,

TTX

U

u.v.
W

V3

ver

vol vol'!

wt vol!

= Thermus aquaticus

=tyis BEDTA buffer

= ransmisson electron microscope

=N, N, N’, N’ -« Tetraethylethylenediamine

= melting temperature of DNA

= Tetrodotoxin

XVI

= units (referring to restriction endonuclease Hae Il and Taqg

polymerase)

= Ultraviolet

= University of Westminster Culture Collection

= variable region three of the 16S genome

= yeratridine

= volume per volume

= weight per volume
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SUMMARY
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Historically the production of paralytic shelifish toxins (PST), has been atiributed to
dinoflagellates. However, in the last decade, increasing evidence has been presented
to indicate the involvement of a wide range of bacterial species including
cyanobacteria and heterotrophic bacteria (Gallacher er ai., 1997). Several studies
investigating bacteria capable of PST production, have identified bacteria associated
with dinoflagellates are capable of autonomous PST production (Gallacher ef af.,
1997). Tlowever, more recent research has focussed on the effects of these bacleria
on toxin production by dinoflagellates, for which the production of bacterial-free
(axenic) cultures is essential to identity whether dinoflagellates are capable of

autonomous toxin production, in the absence of bacteria.

Many different methods to produce axenic algal cultures have been published,
including washing methods and the addition of bacteriolytic compounds (Guillard,
1973; Singh ef al , 1982; Kim ez af ., 1993; Doucette and Powell, 1998). However,
efforts to generate axenic dinotlagellate cultures, have been hampered not only by
difficulties in removing associated bacteria, but also by the lack of effective methods
for assessing the presence of certain bacteria. Traditionally, the absence of bacterial
growth on marine media was considered acceptable proof for axenic siatus.
However, as the numbers of bacteria determined by culture methods falls short of
numbers detected using microscopy (Akagi ef al., 1977), culture methods alone have

been deemed inadequate to determine the axenic status of algal cultures.

In this study, the production of an axenic dinoflagellate culture was vital, firstly, to
assess the cffect on dinoflagellate toxin production following removal of all
associated bacteria, and sccondly, to identify whether original toxicity was restored
when the microflora was replaced. Methods to assess the axenic nature of cultures
combined traditional methods of culturing, with epifluorescence microscopy, the
method now frequently relied upon for axenic confirmation. However, molecular
techniques were also included, which allowed the axenic status of dinoflagellate

cultures to be confidently determined.
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The availability of molecular techniques also enabled an assessment of the bacterial
diversity associated with original dinoflagellate cultures to be conducted, with
culture-based and non culture-based identification systems adopted.  This
mvestigation indicated that a diversc range of bacteria were associated with cultures,

although discrepancies between the two detection methods were noted.

Results from the assessment of axenic dinoflagellate cultures confirmed the need for
molecular methods, as bacterial DNA was identified in cultures which were
considered axenic cuitures using media assessment and epifluorescence microscopy.
Nevertheless, an axenic dinoflagellate culture was generated allowing further studies
to investigate the influence of bacteria on dinoflagellate PST profiles. Previous data
indicated two different theories exist regarding bacterial influence on dinoflagellate
toxicity, with data indicating bacteria nfluenced the production of PST by
dinoflagellates (Kodama, 1990; Doucette, 1995; Franca ef af., 1995; Gallacher ef o,
1997). Although other researchers including Ishida ef af., (1997) and Dantzer and
Levin, (1997) concluded no bacterial involvement in dinoflagellate PST production,

with PST production being an inherited characteristic of dinoflagellate cells.

Therefore, investigations attempting to assess the influence of bacteria on
dinoflagellate PST production, were conducted which compared the growth and
toxin profiles of original and axenic cultures, and also assessed these parameters
following the introduction of various bacterial microflora. These investigations
indicated bacteria do play a role in influencing dinoflagellate toxicity, with different
toxin profiles detected in axenic cultures compared to original cultures. However,
re-introduction studies also indicated toxin profiles were altered whether bacteria

from a toxic or non toxic dinoflagellate were introduced.

As mentioned above, evidence for bacterial production of PST and their ability to
affect dinoflagellate toxin profiles already exists. However, the role of these bacteria
in shellfish toxicity remains unelucidated even though reports of shellfish toxicity in

areas devoid of toxin-producing dinoflagellates exist, indicating another source of
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PST can be responsible for shellfish toxicity (Kodama and Ogata, 1988).

Nevertheless, only one study has been published attempting to identify the ability of
shellfish to assimilate PST-producing bacteria (Gallacher and Birkbeck, 1993). This
experiment showced Mytilus edulis became toxic following exposure to SCB-
producing bacteria, with toxicity detected within three hours. However, the
investigation left certain issues unaddressed including the minimum length of
exposure time required before toxicity was detected, and whether varying the SCB-
producing strain and level of incculum had an effect on the levels of toxicity

attainable.

Therefore, experiments addressing these issucs were carried out. Results indicated
toxicity could be detected in Mytilus edulis following only onc hour exposure time
to bacteria, with the quantities of bacteria used having a marked effect on the levels
of toxicity detected. However, the levels of toxicity were below those commeonly
detected in the environment. Nevertheless, the study indicated bacteria could be a

potential source of toxicity during PSP outbreaks, and should be investigated further.
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PARALYTIC SHELLFISH POISONING

Historical background

Reports of foad poisoning caused by the cansumption of shellfish have been
documented for centuries, with one of the earliest events recorded in the writings of
Captain George Vancouver (1793). One of his crew died and several others became
ill after eating toxic mussels (Waldichuk, 1990), with the description of symptoms
presented by sufferers typilying those of marine biotoxins, specifically paralytic
shellfish poisoning (Kao, 1986).

'The marine biotoxins, collectively known as phycotoxins, are a diverse group of
biologically active compounds which accumulate in filter-feeding shelifish. 1he four
toxin groups currently recognised are; amnesic shellfish poisoning (ASP), neurotoxic
shellfish poisoning (NSP), diarrhetic shellfish poisoning (DSP) and paralytic shellfish

poisoning (PSP). PSP is the most potent, causing problems worldwide.

Structure of PSP toxins

Paralytic shellfish toxins (PST), consist of more than 20 paturally occurring
derivatives (Fig. 1.1; Franco and Fernandez-Vila, 1993) of which saxitoxin (STX) is
the parent toxin (Hall ez af., 1990, Levin, 1991). The toxins can be separated,
according to their structure, into 3 groups with carbamate toxins being the most
potent, ranging from 2234 - 673MU* umole™, the sulfocarbamoy] toxins being the
least toxic, ranging from 350 -~ 18MU umole™, with the decarbamoyl derivatives
having intermediate toxicity (Levin, 1991; Kao, 1993; Table 1.1). The main

structural difference between toxin groups occurs at the R4 position, with each toxin

Al | Monse unit of saxitoxin (STX) = “amount of toxin which will kill a 20g mouse in 15 minutes
when 1ml of acidificd mussel tissue extract is injected intraperitoneally.” IMU = 200ng STX
(Fileman, 1988) or 180ng STX (Waldock et af., 1991).
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Figure 1.1 Structure of STX backbone. Natural derivatives have substitutions at R1
- R4. Substitution considerably modifies the individual potency of each toxin (see
Table 1.1). Adapted from Franco and Fernandez-Vila {1993).
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Toxins Toxicity Nature of substituent group:

(MU pmole™ RI R2 R3 R4
Carbamate
STX 2045 I H H CONH,
neoSTX 1038 O H H CONH,
GTX 1 1638 OH H 080, CONH,,
GTX 2 793 H H 080, CONH,
GTX 3 2234 H 0S80, H CONH,
G1rX4 673 o 080, H CONH,
Sulfocarbamoyl
GTX S 350 H H H CONHSO,
GTX 6 180 OH H H CONHSO,
C3 18 OH H 0850, CONHSO,
C1 16 H H 080, CONHSO,
GTX 8 43 H 080, H CONHSO,
C4 57 OH 080, H CONEHSO,
Decarbamoyl
deSTX 1220 H H H H
dcneoSTX  -* OH H H H
deGTX 1 - OH H 0S80, H
deGTX 2 530 H H 050, H
deGTX3 990 H 0SSO, H H
deGTX 4 - OH 080, H H

Table 1.1 Structure and specific toxicity of Paralytic Shelifish Toxins. Extracted
and adapted from Franco and Fernandez-Vila, (1993).

* « = not determincd
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within groups differing at positions R1, R2 and R3. Saxitoxin has an LD., of 1Q0pg
kg in mice (intraperitoneal injection; Kao, 1986), which has been extrapolated to
suggest a concentration of 120ug saxitoxin equivalents kg™ body weight causing

human illness and a lethal dose of 400-1060 ug kg™ (Shumway, 1995).

In humans, PST interfere with voltage-gated sodium channels by binding to receptor
sites, blocking the uptake of sodium ions into cells (Baden and Trainer, 1993).
Sodium channels operate by depolarisation ol cell membranes which leads to a
conformational chanpe in the molecule allowing sodium ions entry into cells. By
binding to sodium channels, PST prevent the influx of ions therefore decreasing the
cell’s action potential, which in turn interferes with neural and muscular functions
(Hall ef al, 1990). The difference in potency of the toxins is due to variation in their
affinity for the reccptor in the sodium channel @ subunit transmembrane protein
(Catterall, 1985), with substitution of N-1 or C-11 resulting in a lower toxicity, e.g.

with sulfocarbamoyl toxing (Table 1.1; Shimizu, 1987).

As aresult of their pharmacological action, PST can be described as sodium channel
blocking (SCB) toxins and are grouped along with another group of SCI toxins,
tetrodotoxin (TTX) and related compounds, which are responsible for puffer fish
(Tetradontiformes) poisoning. Shellfish are not affected by PST, as nerves and

muscles of shellfish are operated by voltage-gated calcium channels (Kao, 1993),

DINOFLAGELLATES AS A SOURCE OF TOXINS

Historically, as a result of work which suggested that mussels became toxic upon
feeding on ncarby dinoflagellates (Sommer ef al., 1937), PST in shellfish was
attributed to the presence of these organisms. Subsequently, outbreaks of PSP were

and still are commonly associated with blooms of toxic dinoflagellates.

In most temperate and cold waters, the dinoflagellates associated with PSP outbrealks

belong to the genus Alexandrium (previously known as Profogonyaulax or
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Gonyaulax, Shumway ef al., 1995). However, species of other genera, including
Gymnodinium and Pyrodinium, have also been implicated, In recent years, the
frequency of occurrence and geographic locations of these dineflagellate blooms
around coastal areas have increased dramatically. This has led to theories of
changing environmental conditions, e.g. increased marine pollution and global
warming triggering their production {Anderson, 1989; Iwasaki, 1989; Sinderman,
1990; Levin, 1991). However, non-toxic dinoflagellates of the same species as toxic
isolates, e.g. 4. tamarense, also occur and the presence of such dinoflagellates per

se does not indicate a public health risk.

Toxin profiles of dinoflagellates

Saxitoxin was the first of the PST to be detected in dinoflagellates (Schantz, 1986)
but it is usually a minor component in most A/lexandrium species, with gonyautoxins
2 and 3 (GTX 2 and GTX 3) predominantly present (Shimizu, 1987). These sulphate
esters are epimers and interchange freely between the two forms (Laycock ef af,,
1994). However, GTX 3 is the more stable and toxic form, having a specific activity
equivalent to saxitoxin (Table 1.1; Boyer ef af, 1987). The other gonyautoxins
commonly found are GTX 1 and 4, which are also epimers, with GTX 1 being the

more toxic (Table 1.1).

Individual dinoflagellate species are not associated with all of the PST, the
combination and potency varices depending on the geographic site and environmental
conditions. The more potent carbamate toxing predominate in dinoflagellates from
northern latitudes, whilst sulphamate toxins are present in the highest proportions in
southern strains (Oshima ef af, 1990). It has been suggested that diflerences in toxin
profiles may be due to higher temperatures in southern regions allowing the
conversion of carbamatc toxins to the less potent sulphamate derivatives. (Anderson
et al., 1990). However, previous work by Hall and Reighart (1984) indicated that
sulfocarbamoyl derivatives were easily transformed to carbamate toxins when heated

at low pH.
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1t is recognised that dinoflagellate toxicity varies both between different isolates of
a species and, as mentioned previously, both toxic and non-toxic isolates of the same
species can co-exist (Maranda ef al, 1983, Cembella e al, 1988). However,
differences have also been detected between individual isolates of the same species,
under varying growth conditions (Anderson ef @f., 1990, Cembella ef o/, 1990). 1t
has also been reported that sub-clones of A. tamarense derived from a single clonal
cell differ in toxicity (Ogata e/ al., 1987). It was therefore, suggested that PST

production was not a hereditary characteristic (Ogata et al., 1987).

Relationship between dinoflagellate and shellfish toxin profiles

The toxin profile of shellfish collected from bloom areas often differs from that of the
dominant dinoflagellate species present in the surrounding seawater. Reasons
suggested for this include:-

i) selective excretion by the shelifish (FTall, 1985); ii) sclective concentration within
certain tissues (Oshima ef al., 1990) and iii) chemical conversion, possibly due o
altered conditions such as pH, temperature, enzymatic transformation, or the

presence of bacteria (Oshima, 1995).

Oshima and co-workers (1995) incubated GTX 2 and GTX 3 with crude enzyme
extracis from A. tamarense, which resulted in the transformation of these toxins to
GTX 1 and GTX 4, which they suggested indicated the presence of an oxidase in the
extract (Oshima, 1995). This conversion was not detected in another dinoflagellate
species, Gymnodinium catenatum but when C1 and C2 toxins were incubated with
G. catenatum, conversion to the more potent G1X 2 and GTX 3 was noted, which

was not apparent when 4. ramarense cxtract was tested.

The conversion of toxins has also been reported in contaminated scallops, mussels
and oysters (Oshima ef /., 1990). Similar conversions by bacteria, identified as
Vibrio and Pseudomonas spp., isolated from the tissues of turbot (Scophthalmus

maximus) and coral reef crabs, (Atergatis floridus) have also been reported (Kotaki
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et al., 1985a,b). Tnterestingly, strains of the above genera have also been shown to
be capable of TTX production (Noguchi ef af., 1986; Hwang et al., 1990; Tamphn,
1990).

THE ASSOCIATION BETWEEN ALGAE AND BACTERIA

Bacteria are universally associated with algae in seawater and laboratory cultures
(Berland ef al., 1970; Bell & Mitchell, 1972; ‘l'ostesen ef al., 1989), with algae having
the ability to exert an influence over their bacterial population (Sieburth, 1968; Cole,
1982). This ability 1s thought to be possible due to the presence of cyclic adenosine
monophosphate (cAMP), which may act as a metabolic cue in algal/bacterial
interactions (Ammerman & Azam, [981). The production and release of substances
in the form of mucilaginous exudate from algae, capable of selectively supporting or
eliminating bacterial species has been noted (Sieburth, 1968; Cole, 1982). However,
bacterial remineralization, synthesising additional compounds beneficial to algal
growth, including vitamin B,,, also represents a major supply of nutrients {or algae,
indicating the association is a two-way process (Pringsheim, 1912; Ericson and
Lewis, 1953; Golterman, 1972; Haines and Guillard, 1974; Bloesh ef al., 1977, Singh
et al., 1982; Tostesen ef al., 1989).

Differences have also been noted in the expression of certain microbiological
charactenstics and cellular functions by bacteria, when attached to particles such as
algae. For instance, progeny from attached bacteria, have been shown to be unable
to release hydrolytic enzymes into the environment until becoming attached to a
surface (Azam & Cho, 1987; Cooksey & Wigglesworth-Cooksey, 1995, Rath et af.,
1998).

There are several reports detailing bacterial diversity under natural algal bloom
conditions, with Bell ef al. (1974), and Romalde ef al. (1990a,b), showing diversity
and abundance to be low early in bloom development. Bell ef a/. (1974), also

reported an increase in certain bacterial groups later in the bloom, indicating that
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bacterial diversity changced within the environment. Although, there are reports
which show that bacterial numbers increase through the course ol a bloom (Zobell,
1963; Wood, 1963; Vaccaro ef af., 1968; Bell & Mitchell, 1972; Buck & Pierce,
1989; Romalde ¢ af., 1990a,b), other researchers have reported that the numbers
decrease (Riquelme ef al., 1987,1989; Romalde ef al., 1990a). However, these

apparently conflicting results were compiled using different algal species.

Along with environmental studies investigating microflora numbers, a few studies
detailing changes in algal microflora have also been done in the laboratory. Findings
by Nelinda et al. (1985) showed that the bacterial species composition of toxin
producing dinoflagellates in culture varied as the level of toxicity produced by
individual strains altered. Unfortunately, identification of the bacterial species present
was limited to assessment of morphological criteria. However, Nelinda ef a/. (1985)
also showed that Alexandrium cultures could influence their associated bacterial
microflora, with this ability differing from one culture to another in a manner

apparently unrelated to PST production.

This ability of diflerent isolates of the same dinoflagellate species to allow different
bacterta fo predominate was also noted in laboratory cultures of Osireopsis
lenticularis and Gamberdiscus toxicus (Tostesen el al,, 1989), and with Alexandrium
tamarense (Gallacher ef al., in preparation). Tostesen and co-workers used
biochemical methods to classify associated bacteria, with Gallacher ef al. combining
biochemical analysis with 168 tDNA sequence data to identify the bacterial species

present,

The use of molecular methods te infer phylogenetic diversity within a bacterial

community

Until recently, studies of microbial communities associated with PST-producing
dinoflagellates, have relied on morphology and/or biochemical techniques Lo infer

diversity (Nelinda et al., 1985; Tostesen ef al., 1989; Romalde ef /., 1990a,b).
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However, this, in many cases, has not allowed the actual bacterial species
composition of algal cultures to be determined. Reasons for this include the limited
species-specific morphological variety amongst prokaryotes (Rappé et al., 1998), and
dificulties in identifying conditions for proliferation of isolates, iz order to carry out
techniques capable of inferring diversity (Ferguson ef al., 1984; Parkes ef al., 1990,
Ward ef /., 1992; Wagner ef al., 1993 Amana et al., 1995; Rappé ef al,, 1998).

Several molecular biology techniques, which do not require isolation of bacterial
strains, have become increasingly popular in community analysis, providing powerful
adjuncts to culture-dependent techniques, and are now {requently used to detect and
characterise natural communities (Muyzer and Ramsing, 1995). One such approach,
coupling polymerase chain reaction (PCR) with rRNA-based phylogeny, has become
effective in the exploration of microbial cnvironments and the identification of
uncultured organisms. Studics applying this approach have shown that gene
sequences amplified directly from cnvironmental DNA do not correspond to the
genes of cultured isolates (Suzuki e af, 1997). These results, support the hypothesis
that the most abundant marine bacteria are not readily culturable by commonly used
methods, and would thereforc not be identified using traditional techniques.
However, another explanation suggesting that marine bacteria can be casily cultured,
but are not well represented in sequence databascs, has also been put forward. This
would indicate that microbial cultivation has not yet been employed cxhaustively for

determining taxonomic dentities and distributions of bacteria.

Nevertheless, recognition of the biases associated with microbiological cultivation
techniques (Rosswall and Kvilner, 1978; Brock, 1987; Wayne et al., 1987; Ward e!
al., 1990}, has seen a marked shift to reliance on PCR-amplification of samples. This
is usually followed by clening or direct sequencing of 16S genes from naturally
oceurring microbial assemblages as a means of assessing diversity (Olsen er al., 1986;
Ward et al., 1992; Giovannoni et af., 1995). However, it is accepted that molecular

techniques also suffer from biases and these are discussed later in this chapter.
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The use of rRNA genes for characterising bacterial communities

Although many genes may be used as a genctic marker, IRNA genes offer distinct
advantages. The extensive use of the 16S rRNA for studies of microbial systematics
and evolution has resulted in large computer data bases such as the Ribosomal
Database Praject (RDP; Maidek ef @/, 1994). Also, as TRINA genes are a mosaic of
conserved and variable regions, they can be used to examine distant phylogenetic
relationships with accuracy and altso allow specific target sites for probes and PCR
primers, to be designed (Britschgi and Giovannoni, 1991; Lane, 1991; Muyzer and
Ramsing, 1995; Wheeler et al., 1996).

Among the first environments to be studied using such molecular methods were
oceanic habitats, Studies characterising bacterioplankton populations from many
different locations (Delong ef a/., 1993; Fuhrman et o/, 1993), led to two general
conclusions:- 1) the vast majority of 16S rDNAs retrieved from natural, mixed
population samples did not correspond to gene sequences obtained from cultured
bacteria (sce above, Gilovannoni ef af., 1995); 2) although phylogenetically diverse,
most sequences fell into a few distinct phylogenetic groups (Fuhrman ef a/., 1993,

Mullins ef al., 1995; Giovannoni ef ¢i., 1996).

However, as with studies relying on culture, PCR-based studies of phylogenetic
diversity are also subject to inherent errors, biases and artifacts (Liesack ef al., 1991,
Reysenbach ef al., 1992; Amann ef al., 1995; Suzuki and Giovannoni, 1996; Wang
and Wang, 1996). Biases include the potential creation of chimeric molecules during
amplification (Liesack ef al., 1991; Robinson-Cox ¢f ai., 1995, Wang and Wang,
1996), over representation of specific groups as a function ol increasing PCR cycle
number (Suzuki and Giovannoni, 1996), and under representation due Lo primer
mismatches. Despite these problems, the usefulness of PCR for microbial diversity
studies is still apparent (Giovannoni ef /., 1990; Fuhrman ef al., 1992). However,
although the biases associated with molecular methods are not vet completely

understood, they appear less limiting than those associated with culture-based
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methods (Ward ef af., 1992, Giovannoni ef al., 1995).

Cloning techniques were initially used to determine genetic diversity of microbial
communities and to identify uncultured microorganisms (Giovannoni ef al.,, 1990,
Ward et af., 1990; Britschgi ef al., 1991; Weller ef al., 1991). Research using this
technique has examined DNA from various environments including hot spring
cyanobacterial mats, and seawater samples, (Giovannoni ef al., 1990; Ward et al.,
1990). However, these initial techniques proved costly, labour intensive, and time
consuming, allowing only limited samples to be analysed completely, and were
potentially biased due to limitations including differences in clone libraries obtained
from identical target DNA when experimental parameters were altered. Another
technique, using probes for dot-blot hybridisation of extracted rRNA, was also used,
however, this method only generated information on species specifically targeted by
the probe sequence from within the community. It was, therefore, important to
develop a method for analysing multiple samples by resolving the diversity of
amplified products in a single electrophoretic profile. Of these methods, denaturing
gradient gel electrophoresis (DGGE; Muyzer ef af., 1993; 1995; Wawer and Muyzer
1995) and restriction fragment length polymorphism based analyses (RFLP;
Martinez-Murcia ez af, 1995) have been uscd successfully and are relatively

straightforward.

The use of restriction fragment length polymorphism analysis for characterising

culturable isolates from a community

RFLP analysis of cultured bacterial isolates, has been used previously to group
representatives from marine environments (Suzuki er af., 1997). The method
described by Suzuki, utilises PCR to amplify a region of the 16S gene, which is then
subjected to digestion using a restriction endonuclcase such as Hae III, with
subsequent RFLP profiles resolved using electrophoresis. It is an effective way of
combining colony morphology with limited molecular information, in order to reduce

the number of isolates requiring further identification using 16S rDNA sequencing.
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However, it is not a method used frequently for such analysis, as usually researchers
do not pay particular attention to individual isolates within a community, and are
more interested in the major bacterial subclasses present. Nevertheless, Ishida and
co~workers used RFLP and 168 rRINA sequencing to characterise bacteria which
were isclated from the rapidophyte Heferosigma carterae (Ishida et af., 1997).
Analysis of sequence data indicated bacteria belonging to the Cyfophaga class and

y-proteobacteria subdivision were present.

The use of denaturing gradient gel electrophoresis in community analysis

Denaturing gradient gel electrophoresis (DGGE) analysis of 168 rRNA genc
segments is a rapid and reproducible genctic fingerprinting technique, which has been
used to profile complex microbial communities (Muyzer ¢t ql., 1993, Kowalchuk ef
al., 1997, Ovreas et al., 1997). The system has also been used to infer the
phylogenetic affiliation of community members (Muyzer & de Waal, 1994; Muyzer
et al., 1995). The most commonly investigated rogions of DNA to date, have been
16S gene sequences, although more recently, functional gene sequences including
analysis of [NiFc] hydrogenase genc fragments have been utilised (Wawer and
Muyzer, 1995).

Initially, the system used PCR to amplify a region of DNA from a mixed population.
This allowed 50% of all sequence variation to be detected when normal length
primers were used. However, the sensitivity of the detection system was increased,
by the addition of a GC-rich sequence (GC clamp) to the 5' end of one of the primers,
to impart melting stability to PCR products within complex samples, allowing almost
100% of sequence variations to be detected (Myers ez «f., 1985). During the
analysis, individual double-stranded DNA (dsDNA) molecules from a mixed sample
denature along their length (adjacent to the GC clamp) according to their melting
characteristics. This allows the complex sample to separate into discrete bands
during electrophoresis through an acrylamide gel containing an increasing linear

gradient of denaturant, so different PCR products can be excised and their nucleotide
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sequences determined (Muyzer & de Waal, 1994; Muyzer ef al., 1995).

The system has been used successfully for many diverse applications including
determination of genetic diversity of hydrothermal vent microbial communities
(Muyzer e/ al., 1995), biodegraded wall paintings (Rélieke ef al., 1995), and
sulphate-reducing bacteria (Teske e/ «f., 1995). However, use of DGGE to
characterise marine environments is not well documented, and no published reports
using the system to identify bacteria associated with algae exist. Recently, Murray
et al. (1996), used DGGE of PCR-amplified 16S rDNA fragments, to compare the
phylogenetic diversity of bacteria from two estuaries. The two environments were
found o be different in composition by comparison of DGGE profiles, although

identification of individual morphotypes was not attempted.

However, DGGE analysis is not without limitations, as the degree of separation
between PCR products can vary. This has already been shown to be a problem in
complex bacterial communities in soil (Torsvik ef al., 1990). Furthermore, only
limited sequence information can be obtained using DGGE, as separation of
fragments longer than 500 base pairs is not currently possible (Muyzer and Ramsing,
1995). Thercfore, techniques using cloning, or relying on culture, which allow
greater sequence information to be generated, cannot be considered obsolete,

although restrictions and biases due to each system must be acknowledged.

THE ROLE OF BACTERIA IN DINOFLAGELLATE TOXIN PRODUCTION

The igsue of bacterial involvement in dinoflagellate toxin production was first
proposed over three decades ago (Silva, 1962). I'wo different arguments have been
proposed regarding bacterial involvement. These are, firstly, autonomous bacterial
synthesis of PST and, secondly, the ability of bacteria to affect (directly or indirectly)

levels of toxicity associated with dinoflagellate cells.
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Bacterial production of PST

A bacterial origin of PST production was first suggested by Silva (1979, 1982), when
bacteria-like particles were detected within toxin-producing dinoflagellate cells. Silva
also indicated that bacteria isolated from toxin-producing cells, whilst not producing
detectable levels of toxin, were able to elicit toxicity when introduced into previously
non-toxic dinoflageliate cultures. Silva concluded that “the intracellular bacteria
intertered with the dinoflageliate metabolism and must therefore be the main cause
of their toxicity.” Confirmation of some of Silva’s work has been reported by
Kodama et al. (1989) who used transmission electron microscopy (TEM) to
demonstrate the presence of rod-shaped bacteria within strongly-toxic dinoflagellate
cells, but not within non-toxic cultures. These results were later discredited by
Taylor (1990), who indicated that the TEM results did not clearly show the presence
of bacteria within the cells. Intensive research by other groups has also been unable
to demonstrate bacteria within cells of toxic Alexandrium spp. (Rees and Hallegraff,
1991: Franca et al., 1993), with earlier findings by Nelinda et o/. (1985), showing that

bacteria appeared to be “quite common in the nucleus of non-toxic dinoflagellates.”

Kodama ef al., (1988) subsequently claimed to have detected PST in intracellular
bacteria from toxic dinoflagellates including 4. tamarense. The bacteria isolated by
Kodama, were shown to produce PST, with STX being the main toxin found,
although the dinoflagellate culture from which it was isolated produced
predominantly GTXs. However, an increase in toxin production by the bacteria was
found when grown in nutrient-depleted media, with an altered toxin profile also

detected comprising mainly GTXs.

Increasing evidence showing that heterotrophic bacteria, both free living and
associated with dinoflagellates, are capable of autonomous production of PS1 has
been published by several groups (Kodama & Ogata, 1988; Kodama, 1990; Kodama
el al, 1990a; Doucette, 1995; Franca et af., 1995; Gallacher ef af., 1997). The idea

that dinoflagellate toxicity is due Lo symbiotic bactcria has been used to explain a
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vatiety of circumstances, including why different blooms of the same species produce
different combinations of toxins, why variations in toxicity have been observed within
a single geographical region, and why considerable variation in toxicity exists
between clonal and subclonal cultures grown under the same conditions (Ogata et al,

1987, Kodama et al., 1990Db),

Bacterial effects on algal toxicity

Several workers have investigaled the role of dinoflagellate-associated bacteria in
toxin production. Kodama & Ogata (1988) found that the toxicity of A ramarense
and Pseudonitzschia brevis increased when cultured under axenic (bacterial-free)
conditions, whereas Tostesen et al. (1989) reported the toxicity of Gymunodinium
veneficum to reduce. Singh ef al. (1982), and Boczar ef al. (1988), showced axenic
A. tamarense cultures to produce normal levels of PST, thus concluding that bacteria
have no direct involvement in PST production. However, the methods used by Singh
et al. (1982) and Boczar ef al. (1988), to assess the bacterial status of these axenic
cultures were very limited. Singh er al. (1982), also noted that axenic cultures grew
more slowly, never reaching the density of untreated cultures. Even after
compensating for reduced cell density, it took twice the time for axenic cultures to
reach the stationary phase of growth. This retarded growth and density of the axenic
cultures, Singh noted to be due to a nutrient deficiency in the media, vsually
compensated for by bacteria. Conversely, Douglas et al. (1993) showed that non-
axenic domoic-acid-producing Pseudonitzschia cultures remained viable for 2 - 3
weeks longer than axenic cultures, generated using antibiolics, with lower toxin levels
detected in axenic cultures compared to normal cultures. However, growth of the
axetiic cultures in the presence of Tris buffer produced domoic acid levels comparable
with non-axenic cultures, Growing the normal culture in the presence of Tris bufter
had no effect on the levels of toxicity produced until stationary phase after which time

an increased domoic acid level was detected.
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The elfects of re-introducing bacteria to axenic dinoflagellate cultures

The majority of work investigating the role of bacteria in toxin production has
concentrated on removing bacteria from toxin-producing diatom and dinoflagellate
cultures, with only limited investigations monitoring changes in toxicity when bacteria

are re-introduced to axenic cultures.

Only one bacterial re-introduction investigation, using Alexandrium cultures, has
been published. Doucette and Powell (1998) introduced bacteria, isolated from a
toxic A. famarense culture, to axenic culturcs of a toxic 4. lusitanicum isolate, and
noted toxicity levels were restored to those detected in the original culture. This
ability to alier toxin levels in dinoflagellate cuitures was explained by bacterial
adhesion, a phenomena which also seemed to be species specific. Using diatom
cultures, Bates ef of. (1993) re-introduced bacteria to toxic Pseudonitzschia cultures,
which had previously been treated with antibiotics to remove associated bacteria.
Although no comparison was made between toxicity of the original culture and the
axenic culture, the toxicity of the axenic culture increased 2 to 95 fold afler
introduction of bacteria, with no substantial effects on division rates or cell densities.
Bates also introduced bacteria from a non-toxic diatom Chaetoceros species Lo the
axenic Pseudonitzschia culture; this also increased toxin production dramatically,
indicating that toxin production in bacteria, and their ability to influence their host’s

toxicity, were two mutually exclusive functions.

THE PRODUCTION OF AXENIC ALGAL CULTURES

The use of physical dissociation methods to produce axenic cultures

As stated above, several researchers claim to have produced axenic cultures and there
are numerous methods published for producing bacteria-free algal cultures (T'able

1.2). Early attempts tended to use physical dissociation techniques, including

dilution-to-extinction of bacteria (Allen and Nelsan, 1910), washing methods

et og
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TREATMENT

STERILITY TESTS USED

REFERENCE

Washing with diluent

limited range of media

Pringsheim, 1921, 1936, 1937;
Chu, 1942; Droop, 1954; Singh
etal, 1962

Washing with diluent

and dilution series

timited range of media,

epifluorescence

Sako et al., 1992:
Kim et al., 1993

Dilution te extinction

limited range of media

Allen and Nelson, 1910

Ultrasonication

microscopy

Brown and Bischoff, 1962

Heat and u.v. light

limited range of media,

microscopy

Zobell and Long, 1938

Utilisation of vertical
migration and
phototactic

behaviour

limited range of media,

epifluorescence microscopy

fmai and Yamaguchi, 1994

Potassium tellurite

limited range of media,

Zobell and Long, 1938

and sonication nicroscopy

Antibiotics limited range of media Spencer, 1952; Hoshaw and
Rosowoski, 1973; Guillard,
1973

Antibiotics limited range of media, Douglas ef al., 1993

epifluorescence

microscopy

Washing with sterile
seawater followed by

SDS and lysozyme

limited range of media,

epifluorescence microscopy

Doucette and Powell, 1997

Table 1.2 Summary of published methods for the production of bacteria-free algal

cultures
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(Pringsheim, 1921; 1936; 1937, Chu 1942), and ultrasonication (Brown and Bischoff,
1962). Work by Zobell and Long (1938), also invesligated methods using heat and
u.v. light, although without success. This work was instigated following earlier
findings of Zobell & Allen (1935), which indicated that more than balf of bacteria in
seawater were attached to particles such as algae, and resisted removal by washing.
Thus, for the first time, the effectiveness of attempts to produce axenic culiures was

questioned.

Some of the carly methods were also later criticised by Spencer (1952), who
suggested that washing procedures would probably remove free-living bacteria, but
not attached species. Droop (1954), also cast doubt on the dilution method (Allen
and Nelson, 1910), by recognising that bacteria usnally occur in higher numbers than
algae, therefore, it would be impossible to dilute bacteria to extinction before losing
all algal cells. However, Droop (1954) did have more success when he modified the
washing method of Pringsheim (1946), but again indicated that algae must be free
from attached bacteria before the washing method was success(ul. It has also been
noted that certain algal species, including armoured dinoflagellate species, are
irreversibly damaged by physical methods used to reduce bacterial contamination (J.

Lewis, pers, comm.), thus requiring other techniques to achieve axenicity.

The use of chemicals in the production of axenic cultures

The first work involving bactericidal chemicals (Zobell and Long, 1938), used
potassium telfurite to remove bacteria from algal cultures. However, success was
limited, due to both the resistance of certain bacterial species and also the sensitivity

of a number of algal cultures used to the chemical.,

Antibiotics have been used routinely to remove bacteria from algal cultures since the
1950's, and this has become a standard technique for purifying algal cultures. The
advantage of antibiolic treatments over washing methods is the ease of application,

coupled with their effectiveness in removing bacteria from mucilagenous algal species
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which cannot easily be separated from their accompanying microflora (Droop, 1967,

Coler & Gunner, 1969).

Spencer (1952), used a combination of penicillin and streptomycin to remove bacteria
from algal cultures and noted Lhat the combination was effective in reducing most
bacterial numbers, but not in removing moulds and bacterial species such as
Actinomycefes. However, this combination is still widely used by rescarchers, with
Douglas et al. (1993) using the same combination in studics of toxin production by
marine diatoms. Tlowever, one of his cultures also required an additional antibiotic -
gentamycin - to remove bacteria completely. Other workers have also used
cambinations of broad-spectrum antibiotics to produce axenic algal cultures (Hoshaw
and Rosowski 1973; Guillard 1973). Both groups agreed with the original comments
of Droop (1967), that different algal cultures require differeni combinations of
antibiotics for effective removal of all associated bacteria, The most recently
published data regarding the use of antibiotics to generate bacterial free toxin-
producing dinoflagellate cultures (Dantzer and Levin, 1997) used high concentrations
of penicillin to remove external bacteria from Alexandrium cultures. 'The results
showed that penicillin successtully removed the associated bacteria, with subsequent
lysis of antibiotic-treated dinoflagellate cultures not producing any bacterial growth

when plated on agar medium.

The uncertainty of effects caused by the addition of antibiotics, and the ability of
bacteria to become antibiotic resistant, led to the most recently published method for
producing bacteria-free toxin-producing dinoflagellate cultures. Doucette and Powell
(1998) exposed toxin-producing dinoflagellate cultures to a washing regime, followed
by incubation with EDTA, lysozyme and sodium dodecyl sulphate (SDS), before a
second washing stage. The bacterial status of cultures was assessed using
epifluorescence microscopy and culture on marine media encompassing a range of

nutrient levels.

One of the main criticisms of the techniques mentioned above is not the actual




G.I.. Hold, 1999 20

methodology uscd to perform the treatments, but limitations of the methods used to
assess their effectiveness. Imitially, success of treatments was assessed by inoculating
algal cultures on to media, with the absence of growlh indicating an axenic culture.
Unfortunately, the composition of media usually employed for this purpose was often
selective for certain bacterial types, with concentrations of nutrients often
unrealistically high compared to natural condiions (Azam & Ammerman, 1984;

Nissen, Nisscn & Azam, 1984).

Epifluorescence microscopy has become an invaluable tool for assessing the bacterial
status of algal cultures, and has been included with added frequency in experiments
since the 1970's. Bolch & Blackburn (1995) stated that the technique was more
effective for assessing the axenic nature of algal cultures than the traditional plating
methods. Epifluorescence analysis of algal cultures initially used DAPT and acridine
orange was used to visualise bacteria associated with cultures (Hobbie e al., 1977,
Porter and Feig, 1980; Ferguson ef al., 1984). However, problems associated with
autofluorescence of background detritus, and lack of clarity following sample
preparation meant images were often not ideal for assessment of fine detail.
Recently, more eflective [luorescent stains which are capable of penetrating live algae
and bacteria without the need to fix samples prior to analysis, such as Sybr Green 1
{Molecular Probes), have become available. This allows bacteria to be stained whilst
still associated with live algal cells, rather than following the addition of a fixative
such as formalin, which has been shown to alter cell structure (J. T.ewis, pers.

comm.).

Although moleccular biclogy techniques have been used to detect and identify
microorganisms within complex communities and to identify shifts m community
structure due to external factors (Olsen ef al., 1986, Amann et al., 1995), there are

no reports of their use it assessing the axenic nature of algal cultures.
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EVIDENCE FOR BACTERIA CONTRIBUTING TO SHELLFISH
TOXICIYY

Convincing evidence now exists to support bacterial production of PST (Gallacher
et al, 1997), however, their involvement with shellfish toxicity has not been

elucidated.

MYTILUS EDULIS

Mytilis edulis, also known as the blue mussel, is a suspension feeding Lameliibranch,
belonging to the family Mytilidae (Pelseneer, 1906). The anatomy of Myfilis edulis
was first described by de Heide (1683), who demonstrated a ciliary system within the
gill structure. Poli (1795) presented a more detailed dissection of the mussel,
describing the passage of foodstuff’ through the gut. Later work showed that
suspension-feeding bivalves such as Mytifus edufis obtain their food by retaining
suspended organic particles from surrounding water. Inbalant currents brought about
by lateral cilia beating across the length of the gill filament, allowing the movement
of'the food particles across the gills (White, 1937). The amount of food available to
the bivalves is partly determined by the volume of water transported through the gills,
and also by the efficiency with which particles are retained (Mohlenberg and Riisgard,
1978). Collected food parlicles such as phytoplankion, bacteria and detritus are
bound in mucus strings, directed towards the food groove, onte the mouth and {inaily
via the stomach to the digestive gland (Bernard, 1972). Large or unwanted particles
are dropped onto the mantle surface and eliminated as pseudofaeces without entering

the digestive system (White, 1937).
Factors affecting the filter feeding ability of Mytilus edulis
Many factors have been identified as having the ability to affect bivalve filter feeding

efficiency. ‘The age and size of bivalve shellfish appears to have a marked effect on

filtration rates, with several authors showing that pumping rates are related to body
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weight or shell length in many species, including Mytilus edulis, with smaller
individvals pumping more rapidly per unit weight or length than larger individuals
(Tsujii & Ohnishi, 1957; Rice & Smith, 1958; Theede, 1963; Coughlan & Anscll,
1964; Morton, 1971; Vahl, 1973b; Winter, 1969, 1973,1976, 1977).

Temperature is another factor which affects filiration (Theede, 1963; Winter, 1969,
Dame, 1972; Widdows, 1973; Wilson & Seed, 1974, Schulte, 1975; Bayne ef af.,
1976), with filtration rates in Mytilus edulis increasing as tcmperature rises to an
optimum level of {8°C. Salinity also has an effect, with Renzoni (1963) and Theede
(1963) concluding the optimum salinity for bivalve filtration was that of their natural
habitat. However, an optimuim salinity of 34ppt was recorded by Wilson & Seed

(1974), with no filtration seen below 15ppt or above 50ppt.

The sexual stage of the animal may also have a great effect on its ability to remove
particulate matter from suspension. Dodgson (1928) observed that under similar
temperature conditions, mussels cleared water more rapidly in September-October
than in February-March and considered this may be due to gonad development which
usually occurs in spring. However, the relative quantities of food present in seawater
during the two periods were not taken into consideration. Conversely, Theede
(1963) showed that filtration rates in Myiifus edulis were higher in spring than in late
summer at comparable temperatures, although more particufate matter was present

in the symmer water.

The actual presence or absence of a food source is also a limiting factor for filtration,
with investigations indicating a mechanical response to the presence of particles by

Myftilus edulis, with filtration increasing with concentration (Wilson & Seed, 1974).
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Ability of bivalve shellfish to remove bacteria-sized particles from the water

column

In natural seawater, smaller particles constitute an important fraction in terms of
volume (Haven & Morales-Alamo, 1970; Vahl, 1972a), and as noted by Jorgensen
(1966), the nano- and ultraplankton (less than Sum, including bacteria) in coastal
waters constitute the larger part of the particulate matter, with bacteria being present

in suspension, or attached to particles and fixed substrates (Amouroux, 1986).

Early investigations suggested that suspension feeding bivalves were able to retain
particles of a few microns diameter with high efficiency, although it was
demonstrated that the porosity of the Ayfiluy edulis gill had the ability to affect
efficient retention of small particles (Zobell & Landon, 1937; Jorgensen, 1949,
Jorgensen & Goldberg, 1953; Ballentine and Morton, 1956; Blake, 1961). Berry &
Schleyer (1983) showed the ability of the mussel Perna perna to remove latex
particles, of 0.46um diameter, which corresponded approximately to the mean
diameter of free-living bacteria (Azam and Cho, 1987), from suspension. Several
other workers demonstrated that particles smaller than Spm, inctuding bacteria,
played an jmportant role in the nutritional strategy of Mytilis edulis (Zobell &
T.andon, 1937; Jorgensen & Goldberg, 1953; Ballentine and Morton, 1956; Blake,
1961, Jorgensen, 1949, 1966; Haven & Morales-Alamo, 1970; Vall, 1972a). Vahl
(1972a) and Jorgensen (1975) found that Ayfifus edulis almost completely retained
particles down (o about 3pm, but below this retention efficiency reduced dramatically
(Mohlenberg & Riisgard (1978), with other researchers showing that the size limit
for complete retention of particles varied between bivalve species and was dependent
upon the integrated activity of the gill ciliary system (Davids, 1964, Haven &
Morales-Alamo, 1970; Vahl, 1972a, b; Vahl, 1973a; Bernard, 1972, 1974).
However, evidence 1s also available that the same species of animal maintained in

different habitats can have a 50% difference in ingestion rate (Kiorboe ez al., 1980).
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Research by Field (1911) into the diet of Mytilus edulis indicated that only 50% of
food bulk taken in could be identificd as phytoplankton species, indicating the use of
a food source other than phytoplankton. This wark was further confirmed by Zobell
& Landon (1937) and Zobell & Feltham (1938), who showed that bacteria could act
as a food source for adult mussels by demonstrating growth of mussels fed solely on
bacteria. The weight gained by these animals was greater than 16% compared to
unfed mussels whose weight reduced by 12% over the same pertod. These
experiments by Zobell and Landon (1937) also detected enzymes in shellfish capable
of digesting bacteria. This was investigated further by McHenery ef af. (1979), who
detected high levels of the bacteriolytic enzyme lysozyme in the digestive system of
Myfilus edulis and suggested that the enzyme’s purpose was nutritional rather than
as a host defense factor. Later, Birkbeck & McHenery (1982) showed that bacteria
were degraded by Mytilus edulis with selected polymers being retained. These
experiments by Birkbeck and McHenery also showed that 90% of bacteria were
removed in less than 2h when Mytilus edulis were exposed to a range of bacteria at
10¢ bacterial cells ml?, but indicated that certain species were not removed as
successfully as others. McHenery & Birkbeck (1986) later showed clearance rates
of >90%, when a Pseudomonas sp. was introduced at the higher initial inoculum of
107cfu ml?. These clearance figures are similar to rates reported by Amouroux
(1986), who showed that the clam Venus verrucosa cleared 95% of a bacterial
suspension in Zh. Amouroux considered that bacteria contributed a significant

component to the bivalve diet.

Work by Lucas ef al. (1987), showed that after 6 h, 65% of natural marine
bacterioplankton, calculated as 10°cfu ml™, were removed from seawater by Mytifus
edulis, concluding that it was unnecessary to overload an experimental system with
a high inoculum to achieve removal of bacteria, Plusquellec e /. (1990) also studied
uptake of bacteria by My#iluy edulis under natural conditions in the laboratory and
showed the concentration of bacteria utilised by mussels to be influenced by bacterial
species, patticle density and season. This agreed with earlier data of Famme &

Kofoed (1983), who indicated that the spectrum of particles retained by Myfifus




G.J.. Hold, 1999 25

edulis appeared to be an adaptation by the animals to exploit the local resource

available within the water column.

The uptake of SCB-producing bacteria by Mytilus edulis

It has been suggested that PST-producing bacteria may be the source of PST during
times of high shellfish toxicity, with maximum bivalve toxicity noted when A.

tamarense was no longer detectable within an enviromment.

Kodama ef al., (1993) examined different particle size fractions within the marine
environment in relation to PST production and reposted that free-living bacteria co-
existed with dinoflagellates and were associated with bivalve toxicity. Analysis of
toxicity from the dinoflagelate size fraction (>20um) did not correlate with
dinoflagellate abundance, with a large variation in toxicity over time also seen in the
smallest (0.45-5um) size fraction, although highest toxicity in the small size fraction
was recorded during periods of dinoflagellate abundance. Toxicity was also recorded
within the middle size fraction but there was na marked change in toxin levels over
time. Scallops present in the area showed toxicity during the same time period, with
high toxicity levels occurring during times of dinoflagellate abundance, although,
scallop toxicity was also seen during a period when no dinoflagellates were observed.
This suggested that the increase in scallop toxicity was due to PST-producing

bacteria occurring in seawater in association with dinoflagellates.

Levasseur et af. (1995) showed that bacteria were capable of autonomous PST
production when isclated from similar size fractions to those used by Kodama et af.
(1993), indicating that particles smaller than dinoflagellates were producing PST.
However, Levasseur also incubated the different size fractions in the dark and noted
significant PST production in all size fractions, indicating non-photosynthetic
organisms were capable of producing PST. Although bacteria attached to the
dinoflagellates may have been responsible for PST production in the larger fractions,

it was probable that free-living bacteria were responsible [or toxin production in the
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0.45-5pum size fraction.

Gallacher and Birkbeck (1993) also investigated the possibility of free-living SCB
toxin producing bacteria and reported that 37% of bacterial 1solates from scawater
from Ardtoe, Scatland, obtained over a 1 year period were SCB toxin producers,
The peak number of toxin producing bacteria coincided with a PSP outbreak in the

area indicating a possible role of bacteria in the outbreak.

Studies on the uptake of SCB-producing bacteria by Gallacher & Birkbeck, (1993)
demonstrated that 95% of an initial 10°cells mi™” inoculum of Alteromonas
fetraodonis strain GFC was removed within 3h, with SCB activity subsequently
detected in shellfish samples using the mouse neuroblastoma assay (Gallacher and

Birkbeck, 1992).




G.L. Hold, 1999

OBJECT OF RESEARCH




G.L. Hold, 1999 27

The objectives of this work were two-fold. The first was to clucidate the role of
bacteria in dinoflageliate toxicity. This objective comprised scveral aspects of
investigation, beginning with characterisation of the bacterial species associated with
paralytic shellfish toxin-producing dinoflagellates (concentrating on Alexandyium
species), and to identify whether the microflora differed in different dinoflagellate
cultures, both Alexandrium and non-Alexandyium, which did not produce paralytic
shellfish toxins. A further aspect of this work involved producing a bacteria-free
‘axenic’ Alexandrium culture to assess the effects on growth and (oxin production
following removal of the associated microflora. The final stage of the first objective
investigated the effects on toxicity and growth of the axenic culture when bacteria
were re-introduced, in order 10 assess the ability of dinoflagellate cultures to sustain

different microbial populations.

The second objective was Lo investigate the ability of SCB-producing bacteria to
invoke toxicity in AMytilus edulis, with toxicity detected using the mouse
neuroblastoma assay. This required adjustments to the existing methodology, in
order io detect the low levels of toxicity expected in saniples. Once optimised, the
assay was used to assess levels of SCB activity generated during shellfish feeding

experiments.
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Introduction

The association between bacteria and algac is well documented (Berland ef af., 1970;
Bell and Mitchell, 1972; Tostesen ef al., 1989). Traditionally, however, attempts to
identify the actual bacterial species associated with algae were limited as they rclicd
mainly morphological and/or biochemical techniques to infer diversity (Nelinda ef al.,
1985; Tostesen ef of., 1989, Romalde ef al., 1990a; b). The use of molecular
methods to identify bacteria within complex communities, including oceanic habitats,
has shown that bacterial sequences determined using non-culture based methods do
not correspond to gene sequences obtained from the cultured isolates (Suzuki ¢f af.,
1997), emphasising the need to combine traditional and molecular approaches to
obtain a complete picture of the composition of a microbial community. Previous
studies using molecular techniques to identify bacteria associated with dinoflagellate
cultures have concentrated on identifying specilic bacterial isolates (Doucette, 1995,
Gallacher et al., 1997, Ishida et af., 1997). However, only limited attempts to
characterise 77 sifu bacterial diversity have been documented. A recent study by
Prokic ef al. (1998) investigated the diversity of bactcria associated with the toxic
dinoflagellate Prorocentrum lima by cloning and sequencing 16S tRNA genes. This
study showed that different microflora were associated with cultures derived from the
same original culture, buf maintained in different laboratories. One of the cultures
contained only a-Proteobacteria while isolates belonging to four bacterial
phyla/subphyla were detected in the other culture. Nevertheless, Roseobacter related

isolates were dominant in both cultures.

The Roseobacter genus was originally comprised of two species, Rosevbacter
denitrificans and R. liforalis, both of which were isolated from marine algae.
However, two additional species have been included within the genus: R. algicola,
isolated from Prorocentrum lima (Lafay ¢t al., 1995), and R. gallaeciensis isolated
from the scallop Pecten maximus (Ruiz-Ponte ef al.,, 1998). These two species,
although clearly related to the original Roseobactfer species, do not produce

bacteriochlorophyll a. In the last few ycars, isolates belonging to the Roseobacter
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genus have been identified from many geographically distinct marine environments.

The aim of this study was to characterise the bacterial flora of two PST-producing
Alexandrium species, using both culture-based, and non-culture-based techniques.
‘T'wo other dinoflagellate cultures, a non toxin-producing 4/exandrium culture, and
a dinoflageliate (S. trochoidea NEPCC 13), of similar morphology, but not associated
with PST production were also analysed, to identify differences in bacterial

populations associated with dilferent dinoflagelilate cultures.

In the culture-based system bacteria were isolated on marine agar, from dinoflagellate
cultures, and were subsequently grouped using morphology characteristics and RFLP
analysis. Representative isclates from each group were then subsequently identified
using 168 rDNA sequencing. The non-culture-based method utilised PCR
amplification of bacterial sequences directly from dinoflagellate cultures, with DGGE
analysis used to separate the individual amplification products, which were also

sequenced to infer phylogenetic affiliation.

This imvestigation was carried out at the three dinoflagellate growth phases, to assess
whether the bacterial flora altered over the course of the growth cycle. To our
knowledge, this is the first such study to combine different molecular approaches to

identify the bacteria associated with dinoflageliate cultures.
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MATERIALS AND METHODS
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Dinoflagellate maintenance and growth regime

Unless otherwise stated, all dinoflagellate cultures were maintained using Guillard’s
f/2 seawater enrichment media (Sigma). Reference to other growth media is made
for sustaining some treated dinoflagellate cultures in Chapter 3, (Sce Appendix 1 for
growth media formulations). All dinoflagellate strain information is detailed in Table
2.1, All dinofiagellate culture was conducted in a laminar flow cabinet. Seawater
(collected 3 months previous to use), was autoclaved at 110°C for 30 min in
borosilicate wide neck flasks with non-absorbent cotton-wool bungs, prior to the
addition of 72 (20m! I, Sigma). Cultures were transferred into fresh medium every
14-21 days to keep stock cultures in the exponential phase of growth. Cultures were
maintained at 15°C with a 14h:10h light:dark cycle (irradiance level 0.5 - 1.5 x 10

quanta sce” cm”). See Chapter 4 for growth curve analyses.

isolation of bacteria from dinoflagellate culturcs

Samples of dinoflagellate cultures 4. tamarense NEPCC 407 and PCC 173a, 4.
lusitanicum NEPCC 253 and S. trochoidea NEPCC 15 from the three growth phases,
were subjected to a ten-fold dilution series using sterile seawater. Each dilution was
subsequently spread (100p]) in triplicate on marine agar plates, which were incubated
for 14 days at 20°C. Tollowing incubation, the dilution plate containing between 50
and 100 colonics was analysed further, by picking and replating each of the isolates
present to obtain pure cultures. Isolation of some bacterial strains was done in

conjunction with technical staff at the Marine Laboratory.
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Preparation of bacterial DNA for restriction fragment length polymorphism

(RFLP) analysis

Nucleic acid extraction and PCR amplification

All chemical formulations for molecular procedures are included in Appendix 2.
RFLP analysis of S. frochoidea NEPCC 15 bacterial isolates was done in
collaboration with Dr. E. Smith.

Individual colonies from bacteria isolated from dinoflagellate cultures were placed in
microcentrifuge tubes containing TE buffer (100ul; 10mM Tris, 10mM EDTA piS8;
Sigma), and boiled for 5 min to release the DNA. Each crude IDNA preparation, was
subjected to PCR amplification using eubacterial primers 27F and 1522R (Fig. 2.1,
supplied by Bioline), following the method described by Suzuki et al., (1997).
Amplification products were visualised by electrophoresis using a 2% agarose gel in
1 x TAE containing ethidium bromide (0.5ug ml™), with a marker (1KB; Gibco) and

DNA quantification standards (Gibco), included on the gel for reference,
Restriction digests of PCR products

To generate RFLP patterns, 700ng of each PCR product was digested with 5 U of
restriction endonuclease Hae III {Promega) for 3 h. Reactions were stopped by the
addition of EDTA, with fragments resolved by gel electrophoresis in 2.5% low
melting point (LMP) agarose in 1 X TAE stained with ethidium bromide (0.Sug ml™).

Preparation of bacterial isolates for 165 rDNA sequencing

Representative isolates from all dinoflagellate cultures possessing particular RFLP

patterns were selected for identification by sequencing. PCR products were purified

Ry P PN




G.L. Hold, 1999 a3
278 S-"AGAGTTTGATCMTGGCTCAG-3'
1522R 5'-AAGGAGGTGATCCANCCRCA-3'

Primer 1 5'-CCTACGGGAGGCAGCAG-3'

Primer 2 S-ATTACCGCGGCTGCTGG-3'

Primer 3 5'-CGCCCGCCGCGCECGGCGGGLCGGGGCGGGGGCA
CGGGGGGCCTACGGGAGGCAGCAG-3'

Figure 2.1 Synthetic oligonucleotides used for PCR amplification in RFLP and
DGGE analysis
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on Qiaquick-spin columns (Qiagen) and samples subjected to bi-directional 168

rDNA sequencing.

Preparation of dinoflagellate culture DNA for denaturing gradient gel
electrophoresis (DGGE)

Nucleic acid extraction

All buffers, beads and plastics used were either disposable/gamma sterilised or UV

irradiated for 15 mins before use.

Dinoflagellate cultures A. tamarense NEPCC 407, CCMP 117, UW4, and UW2C,
A. affine NEPCC 667, A. lusitanicum NEPCC 253 and S. trochoidea NEPCC 15
(See Lable 2.1 for strain information), were harvested in the stationary phase of their
growth cycle, for initial DGGE experiments. Further DGGE experiments used
samples from the three growth phases of A, tamarense NEPCC 407 and PCC 173a,
A. lusitanicum NEPCC 253 and 8. trochoidea NEPCC 15, Each growth phase
sample {1000ml) was centrifuged (10,000g x 10 min} and the supernatant decanted.
The pellet was resuspended in Iml TE buffer and stored at -20°C overnight.
Following thawing, glass beads {0.5g) of 0.16 - 1.17 mm diameter (Sigma), were
added to samples, which were alternately vortexed for 60 sec and placed on ice for
60 sec until visual signs ol lysis were seen. 50ul of lysozyme solution (50mg ml” in
distilled water, Sigma) was added to each tube and samples incubated at room
temperature for 30 min with vortex mixing at 5-10 min intervals, Sodium dodecyl
sufphate (SIIS) solution (1001 of 10% wt vol™ in distilled water, Sigma), was
thoroughly mixed with each sample, followed by addition of proteinase K (50l of
20 mg ml" in distilled water, Sigma) and a further incubation at room temperature for

30-60 min.

Sample DNA was cleaned up by adding 0.5Sml TE-saturated phenot (Rathburn
Chemicals), vortexing and the liquid placed in to an eppendorf tube and centrifuged
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(10 min, 13,000 x g). The supernatant was removed to a clean eppendorf tube and
0.5ml saturated phenol added, the mixture vortexed and centrifuged again. This
procedure was repeated until no interface could be seen. The ‘clean’ supernatant was
placed in another clean eppendorf and 0.5ml chloroform (Rathburn Chemicals)
added, the tube vortexed and centrifuged (10 min, 13,000 x g). The supernatant was
concentrated using a Microcon 100 column (Amicon), and the concentrated DNA run
ona 1% wt vol™ low melting point (LMP) agarosc gel containing ethidium bromide
(0.5ug mI™) alongside a marker (1Kb, Gibco) at 75mV, When the bromophenol blue
loading dye was close to the end of the gel, DNA above 8Kb was excised from the
gel, to be used as template for future PCR reactions. All gel sections were stored at

4°C until required.

PCR amplification of dinoflagellate samples for DGGE analysis

Primers

Primers selected for PCR amplification of bacteria associated with dinoflagellate
cultures were those described by Muyzer ez af. (1993; Primers 1 - 3, Fig. 2.1). They
amplify the variable V3 region of the 16S rDNA cotresponding to positions 341 to
534 in {v. coli. Primer 3 contains the same sequence as primer 1, but has at its 5' end
an addittonal 40 nucleotide GC rich region (GC clamp). A combination of primers
2 and 3 was used to amplify samples for DGGE analysis, but primers 1 and 2 were
used to amplify samples for 16S sequencing following DGGE analysis, as the GC
clamp would interfere with sequencing reactions. Primers were synthesised by

Bioline and stored at -20°C prior to use.
PCR method
Incubations were carried out in 0.5mi microfuge tubes. The reaction mixturc

contained 10x PCR buffer (100mM Tris-HCL, pH 9.0; 15mM MgCl,; 500mM KCI;
0.1% [wt vol™] gelatin;, 1% {vol vol™] Triton X-100)(Biokne); primers, 50pmol of
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each, dATP, dTTP, dCTP, dGTP, final concentrations of 200pM each (Bioline) and
template DNA (250ng) in a final volume of 100pul.

Samples were first incubated for 5 min at 95°C, to denature the template DNA, after
which Zag DNA polymerasc (0.2 unit, Biolinc) was added to each reaction tube;
these were then subjected {o the following sequence of incubations:

1. Denaturation at 94°C for 30 sec

2. Primer extension at S5°C for 45 sec

3. Product extension at 72°C for 30 sec

The incubations were repcated for 30 cycles, after which product extension at 72°C
was maintained for 10 min. Thermocycling was carried out using a programmable

dri-block (I'echne Genius).

Analysis of PCRR products

PCR products were viewed under u.v. light following electrophoresis through 2%
agarose gel containing ethidium bromide (0.5ug ml™). Specificity and yield of each
reaction was assessed by comparison with a marker (100bp ladder; Gibco) and DNA
guantitation standards (Gibco) which were included on the gel. Any remaining

reaction mixture was stored at -20°C until analysed by DGGE.

Denaturing Gradient Gel Electrophoresis

DGGE (sece Myers e al., 1988) is a gel system which separates DNA fragments

according to their melting properties. When a DNA fragment is electrophoresed
through a linearly increasing gradient of denaturant (urea/formamide), the fragment
remains double stranded until it reaches the concentration of denaturant equivalent
to a melting temperature (T,, ) that causes the lower temperature melting domains of
the fragment to melt. At this point, branching of the molecule occurs, sharply
reducing the mobility of the fragment in the gel to approximately 20% of the helical

molecule (Myers ef al., 1987). Fragment separation on a gel can be caused by as
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little as a single base difference.

To allow good resclution of fragments within a sample, it is necessary {o distinguish
between the effects of electrophoretic mobility and denaturant concentration. ‘Fhis
is done using a perpendicular gradient gel. This relationship can be displayed as a
sigmeidal curve in a gel, where migration occurs at right angles to the denaturant
gradient (usually 0 - 100%), such that each molecule travels in a path of constant
denaturant concentration. DNA molecules at the left side of the gel (low denaturant),
will migrate as double stranded DNA (dsDNA), but at the other side of the gel,
where the concentration of denaturant is high, the molecules melt into branched
forms as soon as they enter the gel, and therefore halt. At intermediate
congcentrations of denaturant, the molecules have different degrees of melting which
allows different mobilities. A steep transition in mobility occurs at the denaturant
concentration corresponding to T,. Calculation of the gradient range which
encompasses the T, and allows a 10 - 20% gradient either side, allows subsequent
analysis of samples using the parallel gradient gel, which allows the examination of
a large number of samples within one gel containing the optimised gradient. The
parallel gel allows samples to be loaded in adjacent lanes, so molecules travel through
an ascending denaturant concentration until reaching the gradient level where
continued migration is slow. Separation of the different fragments within a sample
corresponding to ditferent PCR products, results in short bands at differing positions

throughout the gradient, and these can subsequently be excised and identified.

Perpendicular gradient gel

All apparatus and chemicals used were part of the Dcode™ Universal Mutation
Detection System (BIORAD), unless otherwise stated. 16 x 16cm glass plates were
assembled with 0.1mm grooved spacers and single well comb which was tilted to the
appropriate position using the casting stand and tilt rod. The gel was poured as
follows: a salution containing 0% denaturant was placed in a syringe attached to the

gradient delivery system (Lo density side). The solution contained 14.5ml of 0%
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denaturant solution {see Appendix 2 for recipe), 1501l ammonium persulfate (10%
wt val” in distilled water) and 12pl TEMED. A second solution containing 100%
denaturant was placed in a syringe attached to the gradient delivery system (Hi
density side). This solution contained 14.5ml of 100% denaturant solution (see
Appendix 2 for recipe), 150ul ammonium persulfate (10% wt vol™ in distilled water)
and 12ul TEMED. Syringes were connected to the gel sandwich assembly and the
gel poured by rotating the cam wheel of the gradient delivery system. The gel was
left to polymerise for 1 hour after which the gel sandwich was attached to the system
core, the comb removed and the well rinscd with prcheated 1X TAE. The core and
attached gel assemblies were placed in the electrophoresis tank containing the running
buffer (1X TAE) preheated to 65°C and left to equilibrate for 30 min before samples

were loaded.

The samples were warmed to 37°C prior to loading and mixed with an equal volume
of 2X loading dye (see Appendix 2 for recipe). A potential difference of 130 volts
was applied to the Dcode system at a constant tank temperature of 65°C for four
hours or until the dye was close to the end of the gel. Following electrophoresis, one
glass plate was removed and the gel stained for 15 min in running buffer containing
ethidium bromide (50ug ml?). The gel was destained using running buffer before
examination under u.v. ilfumination. To determine the T, of the sample, the width
of the gel is divided by 100 to allow an indication of the distance within which a 1%
change in denaturant had occurred. To identify the denaturant percentage of the T,
the midpoint of the slope was measured and this figure divided by the distance

allowing the 1% change in denaturant.

Parallel gradient gel

All samples were prepared as described previously using PCR amplification and 16
x 16cm glass plates assembled ag before, but with ungrooved 1.0mm spacers. The
denaturant solutions identified from the perpendicular gradient gel were prepared (see

Appendix 2 for recipes) and placed in syringes attached to the gradient delivery
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system. Both denaturant solutions had 150! ammonium persulfate (10% wt vol™ in
distifled water), and 12ut TEMED added prior to placing in gyringes. Syringes were
connected to a 19 pauge needle which was attached to the top-centre of the gel
sandwich, the gel poured and a toothed combed inserted. The gel was allowed to
polymerise for 1 hour after which the comb was removed and the wells rinsed with
running buffer (1X TAE) to remove unpolymerised material. Sample preparation
prior to loading, run conditions and ethidium bromide staining following
electrophoresis, were as described for the perpendicular gel system, with samples

visualised using u.v. illumination following destaining.

Preparation of bands for sequencing

Bands from parallel gradient gels were excised with a sterile razor blade and the small
blacks of acrylamide containing each individual band were placed in sterile 1.5ml
tubes containing 100p] TE buffer {(Sigma). Tubes were incubated at 37°C overnight
to allow passive elution of DNA from gel fragments. Sample DNA was recovered
using Wizard™ PCR Prep DNA purification system (Promega) as follows: following
overnight incubation, the aqueous phase from each tube was transferred to fresh
tubes, 1ml of purification resin added and tubes were vortexed for 20 seconds. Each
sample was drawn through a minicolumn using a vacuum manifold, and subsequently
washed with isopropanol (2ml, 80%, Sigma) drawn through the column. Each
minicolumn was placed in a 1.5ml microcentrifuge tube and spun (2 min, 10,000g)
to remove residual isopropanol, before columns were transferred to new tubes and
50ul TE buffer applied to each column and left for 1 min before briefly centrifuging
(10,000g) to elute bound DNA. Samples were re-amplified using PCR conditions as
before, but with primer 1 instead of primer 3. Following PCR, samples were again
inspected using u.v. illumination of cthidium bromide stained agarose to confirm
successful reamplification. The samples were then subjected to a cleanup process
(Qiaquick PCR spin column) to remove excess primers and dNTP’s which would

inhibit subsequent PCR reactions. Samples were identified using bi-directional 165

rDNA sequencing,
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Gene sequencing and phylogenetic analyses

Sequencing was carried out by Dr. P. Carter, University of Aberdeen, with sequence
analysis performed under the supervision of Dr. M. Rappé, CNRS, Roscoff. Full
length sequences of RFLP characterised bacterial strains were analysed using PCR
products generated for RFLP analysis. Two internal primer sets were also included

to allow the whole PCR product to be analysed.

DGGE bands and representative RELP pattern isolates were sequenced using an AB1
model 373A automated sequencer (Applied Biosystems Inc., Foster City, California).
Bi-directional sequence data from the SSU rDNA gene fragments were manually
aligned with bacterial sequences abtained from Genbank, the Ribosomal Database
Project (RDP) (Maidak ef af., 1994), and the ARB sequence databases (Ludwig &
Strunk, 1997) using the ARB and Genetic Data Environment (GDE) v2.2 (Steve
Smith, Millipore, Bedford, Mass.) sequence analysis software packages. Raw
sequence similarities were calculated without distance correction by using the
program DNADIST available with the Phylogeny Inference Package (PHYLIP v3.5;
Felsenstein, 1989). Sequence similarities were performed on partial sequences using
conservative phylogenetic masks, which only included regions of umambiguous

alignment.

For further identification of RFLP pattern representatives, evolutionary distances
were calculated using the programme DNADIST and Kimura 2-parameter model for
nucleotide change, with a transition/transversion ratio of 2.0. Random resampling
of sequences (bootstrapping) to check the consistency of resulting trees was

performed, with trees generated representing a consensus of 100 trees for each group

of related sequences.
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RESULTS
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RFLP analysis of the bacterial flora of dinofiagellate coltures at three phases of
the growth cycle

Bacteria cultured on marine agar from dinoflagellatcs A. fusitamicum NEPCC 253,
A. tamarense NEPCC 407 and PCC 173a, and S. trochoidea NEPCC 15, were
identified as gram-negative rods. Approximately 500 bacterial isolates were
categorised into 24 groups using a detailed colony morphology scheme (Coliins and
Lynes, 1984; Table 2.2). The majority of the isolates formed distinct non-pigmented

colonies, with a small number of strains producing coloured pigments.

All of the strains were further analysed using restriction fragment length
polymorphism (RFLP; Suzuki ef af., 1997), with the exception of yellow pigmented
colonies from A. lusitanicum NEPCC 253 (not included in Table 2 2), which were
not viable on sub-culture. Tabie 2.3 lists the number of RFLP patterns obtained for
bacteria from each dinoflageliate with an example of the RFLP patterns generated
shown in Figure 2.2. A total of 25 RFLP patterns were detected which corresponded
to individual colony morphotypes (Table 2.2), with the exception of isolates described
as circular, convex and cream with a rose centre, which gave two separate RFLP

patterns (Figure 2.2; patterns 2 and 3).

Figure 2.3 shows the number of bacterial colony forming units ml™?, for each RFLP
pattern, from the four dinoflagellate cultures, at the three growth phases. Each
bacterial group contained between 10* - 10° bacteria mI™ of dinoflagellate culture,
with numbers more dependent on the bacterial strain than dinoflagellate growth
phase. However, the number of bacteria isolated from §. frochoidea NEPCC 15 was

generally lower than those from the other dinoflageliates.

Representative isolates from each banding pattern, except patterns 18, 19, 20 and 24
(due to sample contamination), were further analysed using 16S rDNA sequencing
{see Appendix 3 for individual sequences). The sequences were submitted to the

SIMILARITY RANK (Simrank) program of the Ribosomal Database Project (RDP),
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RFLP Colany mavphology RDT (Nearest phylugenetic RDP
pattern {on MA) neighhour) S _AB valuc
1 circutar, sineoth surlace, umbonate, cream Thiobaciitis sp. str. THI0S51 $.69
2 circular, convex, eream with rose centre Raseabacter algicola 0.5871
ATCC 51440
3 circular, conves, cream with rose centre Roseobacter algicaia 0.80
ATCC 51442
4 irregular, with lobate mavgin, heige Rhizabium lofi 1AM 13588 0.7
5 rirculur, smootl, raised, creom Rhivubing sp. str, H152 092
6 cireular, smouth, gelulinvus, Mal, cream Altermonas macleadii a.89
1AM 12920
7 irvegalae with an winbulate marcgin, ssnooth, convex, Roscobacter littoralis a.82
dark brown ATCC 49566
B irregular with fobate margin, conves, smootls, brown Roseabacter tittoralis 0.73
centro ATCC 49566
Sulfttobacter sp. RE-36 0.94
24 circdlar with entire margin, smooth, cream Rosevbacter ulgicola 4.9
ATCC 51440
9h circular with erose margin, granulur, mabonate with Sulfitobacter sp. ER-36 0.82
a brown centre and pale margin
10 circular, smooth, viscous, raised, crenm Sagittuin steliata 0,4
i1 circulsr, mucoid, raised, bright yellow Oytopiiaga lptica ATCC 23178 0.63
12 circulur, fiat, yellow Roseohacter algicola 9.7%
ATCC 51442
13 circular, convex, viscous, ycllow Altermonas mecleodil 0.9
TAM 12920
14 clreular mucold, viscaus, Jarge cream Pseudoaltermonas fudoplanktis 0.95
15 pubctilorm, mucsid and viscous, pink Raseobacter algicola 0.77
ATCC 51442
16 Irregular with undalite margin, convex, browr cenire Lignin aaziclnent cultnre 1-87 0188
with crenm wnargin
17 dreular, entire, eonvex, smouth, irown centre with Hyphamonas sp.. MHS3 0.92
cream margln
18 frregular with lebate margin, white centre with pale + -
margin
19 circulyr, entire, cunvex, smooth wilh brown centre -+ -
and while margin
20 vjreulur, umbonate, mucoid, wlth ornnge centre *+
21 civcular, pulvinate, entire, stnaotlh, whife centre syith IHyphomonas sp. MIIS3 0.53
CFESM MUrgin
22 circulir, conyex, smuoth, cream Cyluphaga baterenla ».67
23 ctrenlar, pulvinate, smoath, cream Caulnhacter creseentus CR2A, +.70
24 cirenlar, erose rargio, browo ¥ -
25 irregular, lobole, Dai, yellow Psendomonas stutzeri AN11 0.96

Table 2,2 RFLP, colony morphology and nearest phylogenetic neighbour of baeteria isolated on marinc agar trom
faur dinoflagellate cultures at throe growth phases. Representative isolates were obtained from: ALUS_253, A.
lusitanicum WNEPCC 253; ATAM 407, A. tamarense NEPCC 407, ATAM 173a, A, tamarense PCC 173a,
SCRIPPS, 8., trochoidea NEPCC 15,
“No fONA sequence data available
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Dinoflagellate Number of isolates Number of REFLP
analysed by RFLP paiterns detected

A. lusitanicum 77 4
NEPCC 253
A. tamarense 90 7
NEPCC 407
A. tamarense 130 8
PCC 173a
S. trochoidea 200 12

NEPCC 15

Table 2.3 Number of RFLP patterns from bacteria isolated from dinoflagellate
cultures: A. fusitanicum NEPCC 253, A. tumarense NEPCC 407, A. tamarense PCC
173a and S. trochoidea NEPCC 15.

.
2
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Figure 2.2 Restriction tragment length polymorphism (RFLP) patterns for
representative bacterial isolates from 3 growth phases of Alexandrium lusitanicum
NEPCC 253.
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Numbers marked in red (12, 18 - 86, 3a, 38a, 70a), indicate different isolates, with ‘
representatives from each RFLP pattern (patterns (1) - (4)), subjected to sequence s
analysis for further identification. T
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and a preliminary list of closest phylogenetic neighbours determined (Table 2.2;
Maidek, 1994). Bascd on Simrank values, expressed as S_AB values, scquences
were classified according to phylum and sub-phylum affiliations. Fifteen of the RFLP
patterns were identified as «-Proteobacterial, with eight of these pattcrns being
Roseobacter-related sequences. y-Proteobacterial isclates were classified as closest
neighbours to four of the RILP patterns, with a further two patterns identified as
Cytophaga/Flavobacter/Bacteroides (CFB) related sequences. Four RFLP patterns
gave S AB values below 0.7 (patterns 1, 11, 20 and 22), indicating thal these
bacteria did not possess close sequence similarity to other isolates depesited within
the database. However, a strong enough association was present to be able to infer
that these isolates were «-Proteobacteria and CFB isolates. RDP separated the
strains into the same groupings as RTLP analysis, with the exception of band 9 which

was further divided into 9a and 9b, based on differences in sequence (Table 2.2).

Sequences representative of each RFLP pattern were subsequently aligned using the
ARB programme. Phylogenetic trees (Figs. 2.4 - 2.7) were calculated with the
neighbour-joining algorithm using the programme NEIGHBOUR of PHYLIP version
3.5 (Felsenstein, 1989). Bacterial sequences from dinoflageliates and other marine
environments which have not yet been deposited in sequence databases {S. Gallacher,
M. Rappé and L. Medlin pers. comm,), were included in the phylogenetic analysis,
along with sequences available from Genbank, in order to provide the most complete

comparison of strains,

All inferences associating RFLP pattern affiliation to bacterial classes determined by
RDP, were confirmed by the further phylogenetic analysis. However, more closely
related neighbours were identified in some instances, due to the inclusion of
undeposited sequences. Of the isolates sequenced, most were catcgorised as «-
Proteobacteiia with the majority of these belonging to the Roseobacter clade. Of the
latter, only strains from three representative RFLP patterns were associated with
designated species: Octadectabacter arcticus, Antarctobacter heliothermus and

Roseobacter gallaenciesis (Fig. 2.3; RFLP patterns 7, 10 and 9 respectively), with
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Figure 2.4 Phylogenetic affiliations of a-proteobacterial strains (16S rRNA genes)
isolated from dinoflagellates ALUS 253, A. lusitanicum NEPCC 253; ATAM 407,
A. tamarense NEPCC 407; ATAM 173a, A. tamarense PCC 173a; SCRIPPS, S.
trochoidea NEPCC 15.

Phylogenetic trees were generated by the neighbour-joining method from a mask of 340 nucleotide
positions; the tree is rooted to the y and B-proteobacteria. Bootstrap values (n = 100 replicates) are
indicated for each of the branches. Affiliations based on RFLP patterns are shown following isolate
numbers.
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Figure 2.5 Phylogenetic affiliations of a-proteobacterial strains within the
Roseobacter clade (16S TRNA genes) isolated from dinoflagellates ALUS 253, 4.
lusitanicum NEPCC 253; ATAM 407, A. tamarense NEPCC 407; ATAM 173a, A.
tamarense PCC 173a; SCRIPPS, S. rrochoidea NEPCC 15.

Phylogenetic trees were generated by the neighbour-joining method from a mask of 350 nucleotide
positions; the tree is rooted to the y and B-proteobacteria. Bootstrap values (n = 100 replicates) are
indicated for each of the branches. Affiliations based on RFLP patterns are shown following isolate
numbers,




G.L.Hold, 1999 49

o7 |ATAMA407_18, 36, 77 RFLP PATTERN 6

008 subhstitntions per e 407-2, 5, 6
nucleotide position Alteromonas macleodii 1.10938
72 I{l;— 2c¢3, 2¢c6, 4alphavs3
253-19, 20
pi

Glaciecola pallidula (U8584)

99 67

Glaciecola punicea (U85853)
I— ATAM 173a_S§ RFLP PATTERN 13
Gymnodinium associated strain E401 (AB004313)

lool———Colwellla demingiae (URS5845)
Colwellia psychrerythraea (U85842)

100 Vibrio alginolyticus (X56576)
:Vlbrio Sischerii (X74702)
- 82 Pseudoalteromonas haloplanktis (X82147)
rLATAM 173a_36 RFLPF PATTERN 14

100

100

Pseudoalteromonas rubra (X82147)
Pseudoaltermonas sp (AF030381)
q [Moritella)l marinus (X02249)

76

:Shewanella alga (X81621)

Shewanella frigidimarina (U885906)

env. scrip75
p—l00
env. scripl122

61 " 407-13

Lo Marinobacter sp 1C022 (U85863)
Marinobacter hydrocarbonoclasticus (X67022)
I_ 100 [———Halomonas aquamarina (M93352)
L' Halomonas marina (M93354)
-| 100 |_Oceano:pirillum linum(M22365)

Oceanospirillum multiglobuliferum (RDP)
[Oceanospirillum) kriegii (RDP)
100 [~ Methylophaga marina (X95459)
| I Methylophaga thalassica (X95460)

99 [ Pseudomonas stutzeri (U26415)
98

SCRIPPS_740 RFLP PATTERN 26

100

= Pscudomonacs putida (X939%7)
a

Pseudomonas aeruginosa (M34133)

94 [ [Oceanospirillum] jannaschii (RDP)
Marinobacterium georgiense (U58339)

l Methylomicrobium album (X72777)

Piscirickettsia salmonis (X60783)

Figure 2.6 Phylogenetic affiliations of y-proteobacterial strains (16S rRNA genes)
isolated from dinoflagellates AT.US 253, A. lusitanicum NEPCC 253; ATAM 407,
A. tamarense NEPCC 407, ATAM 173a, A. tamarense PCC 173a; SCRIPPS, S.
trochoidea NEPCC 15.

Phylogenetic trees were generated by the neighbour-joining method from a mask of 440 nucleotide
positions; the tree is rooted to B-proteobacteria. Bootstrap values (n = 100 replicates) are indicated for
each of the branches. Affiliations based on RFLP patterns are shown following isolate numbers.
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Figure 2.7 Phylogenetic affiliations of Cyfophaga bacterial strains (16S rRNA
genes) isolated from dinoflagellates ALUS 253, A. lusitanicum NEPCC 253,
ATAM 407, A. tamarense NEPCC 407, ATAM 173a, A. tamarense PCC 173a;
SCRIPPS, S. trochoidea NEPCC 15.

Phylogenetic trees were generated by the neighbour-joining method from a mask of 390 nucleotide
positions; the tree is rooted to the Bacteroides genus. Bootstrap values (n = 100 replicates) are
indicated for each of the branches. Affiliations based on RFLP patterns are shown following isolate
numbers.
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the remaining sequences having no closely relaied designated spectes (Fig, 2.5). Of
seven RFLP patterns identified as a-Proteobacterial outwith the Roseobacter clade
(Fig. 2.4), five were associated with designated species: Hyphomonas oceanitis,
Rhizobium mediterrameum, Agrobacterium kieliense, Agrobacterium stellulatum and

Caulobaciter bacteroides.

The four patterns defined as y-Proteobacteria (Fig. 2.6) were closely related to
defined species: Alteromonas macleodii, Glaciecola punicea, Pseudoalteromonas
haloplanktis and Pseudomonas stutzeri. A further four patterns were classified as
(B phylum isolates within the Cyfophaga family (Fig. 2.7), however, not closely
associated with any defined species. Within the groupings discussed above, several
of the strains showed 100% similiarity to bacteria isolated from the same
dinoflagellate culture a number of years previously, e.g ATAMA407_54 and 407-20
(Fig. 2.5), indicating that some bacterial/dinoflagellate associations have remained

stable over time.

Summarising the bacterial flora of each dinoflageliate, indicated that although certain
bacterial groups were common to all cultures, different bacterial populations were
maintained by each dinoflagellate culture (Fables 2.4 - 2.7). A. lusitanicum NEPCC
253, contained four different bacteria groups, which were detected in all phases; these
were comprised of ¢-Proteobacteria, marine Agrobacterium related isolates (patterns
1 and 4; Fig 2 3; Fig. 2.4 and Table 2.4), and bacteria of the Rosechacter clade with
no closely associated designated species (patterns 2 and 3; Fig 2.3; Fig. 2.5 and Table
2.5). Bacteria grouped as RFLP pattern 2, were also detected in all phases of A.
tamarense NEPCC 407 and PCC 173a (Table 2.3), although pattern 3 was only
detected in A. tamarense NEPCC 407,

A. lusitanicum WEPCC 253 also contained yellow pigmented bacteria which lost
viability on sub-culture. Tfforts were made to re-isolate this colony type by sub-
culturing the isolate after two days as opposed to the fourteen days previously used.
The strain, which was present at 1.56 x 10°cfit mI” at lag phase, 6.6 x 10°cfu ml™ at
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Dinoflagellate | phase y-prolevbacteria isolutes
of
arowth RILP Pattern
6 13 14 25
Reluted/Not related 10 defined species
Alteromonas | Glaciecala | Pseudoalteromonas | Pseudomonas
species punicen haloplanktiy stittzers
A. lusitanicion lag
NEPCC 253
log
stat
A. tanrense lag X
NEPCC407
log
stat X
A. tamarense lag X
PCC173a
log X
stat
8. trockoidea lag
NEPCC 15
log
stat X

Table 2.6 Summary of y-proteobacicria relaled sirains detected from each dinoftagellate
growth phase, depicted as RFLP patterns, with related defined species indicated where
possible.

stat = stationary
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A
&

Dinoflagellate | phase (CFB isolates
of
gIUWﬂ‘.l RFLP Pattern
22 11 na pattern 12
Retated/Not refated to defined species :
not retated not related not related not relajcd
A. lusitanicum Iag X
NEPCC 253
fog X
stat X
A, tamarerise ]Hg
NEPCCa07
log
stat
A. femarevise |ﬂg
PCC 173a
log
stat
S. trochoidea lug
NEPCC |5
log X
stat

Table 2.7 Summary of CFR related strans detected from each dinoflagellate
growth phase,depicted as RFLP patterns, with related defined species indicated
where possible.

Stat = stationary
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log phase and 1.03 x 10°cfu ml™ at stationary phase, again lost viability after four
sub-cultures but sufficent DNA was obtained to allow sequence information to be
obtained. The isolate (AT.1JS253 6), was classified as a CFI3 phylum isolate, most
closely associated with Gelidibacter algens (Fig. 2.7, Table 2.7), and was only
obtained from A. lusitanicum NEPCC 253,

Bacteria associated with A. tamarense NEPCC 407 produced four banding patterns
in lag phase (Fig. 2.3, patterns 2, 3, 6 and 9a). Patterns 2 and 3 were undefined
Roseobacter related species as discussed above for 4. {usifanicum NEPCC 253,
although pattern 9a isolates were also Roseobacter clade isolates which were closely
related to the newly defined species Roseobacter gallaeciensis (Fig. 2.3, Fig. 2.5;
Table 2.5). Pattern 6 strains belonged to the y-Proteobacteria subclass and were
closely related to Alteromonas species (Fig. 2.6; Table 2.6), with an additional pattern
(pattern 8) identified at log phase, which belonged to the Roseobacter clade, but not
related to a defined species. This strain was also detected in all three growth phases
of 4. tamarense PCC 173a and S. trochoidea NEPCC 15. Two more patterns unique
to 4. famarense NEPCC 407 (Fig. 2.3; patterns 5 and 7) were detected at stationary
phasc, both were o-Proteobacteria with pattern 7 most closely assoctated with
Octadecabacter arcticus of the Roseobacter clade and pattern 5 related to Rhaizobium

mediterraneum (Fig. 2.4; Table 2.4).

The RFLP profile for bacteria from A. famarense PCC 173a, although diverse,
remained constant throughout the growth cycle, with the exception of isclates
expressing pattern 14, This was a y-proteobacterium, closely related to
Psendoalteromonas haloplankiis, and was uniquc to this dinoflagellate (Fig. 2.6;
Table 2.6). A. famarense PCC 173a shared two bacterial isolates with other
dinoflagellates (Fig. 2.3, patterns 2 and 8), and contained a further five unique
banding patterns (Fig. 2.3; patterns 10, 11, 12, 13, 15). Two of these belonged to the
Raoseobacter clade, one closely related to Sagittula stellata (pattern 10), and the other
not related to any defined species (pattern 15, Fig. 2.5; Table 2.5). Two of the
remaining isolates belonged to the Cytophaga class (patterns 11 and 12; Fig, 2.7;
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Table 2.7), whereas the remaining strain a y-Proteobacterium was closely related to

Glaciecola punicea (pattern 13; T'ig. 2.6; Table 2.6).

Identification of bacteria from S. trochoidea NEPCC 15 showed that the culture
possessed seven RELY patterns in lag and log phases, with only 5 patterns detected
at stationary phase. This culture had the most transient bacterial population, for
cxample, lag phase contained pattern 18 which subsequently fell below detectable
levels, however, paitern 25, not detected in lag and log phases, appeared in stationary
phase (Fig. 2.3). The majority of patterns associated with S. frochoidea NEPCC 15
were unique to this dinoflagellate with the exception of one strain belonging to the
Roseobacter clade (patterns 8) previously detected in A. famarense PCC 173a (Fig.
2.5, Table 2.5). Of the remaining efeven unique strains, five were o-Proteobacteria,
with two not related to defined species (Fig. 2.4, Table 2.4; patterns 16 and 21). The
remainder associated with Hyphomonas oceanitis (Fig. 2.4, pattern 17) and
Caulobacter spp. (Fig. 2.4; pattern 23), with one strain belonging to the Cytophaga
family (Fig. 2.7, Table 2.7; pattern 22); the final strain, a y~protcobacterium was
closely related to Pseudomonas stufzeri (pattern 25; Fig. 2.6; Table 2.6).
Unfortunately, as mentioned previously, no sequence data could be obtained from

bacteria identified by RFLP analysis as patterns 18, 19, 20 and 24.

Use of DGGE to identify the bacterial flora associated with dinoflagellates

Denaturing gradient gel electrophoresis (DGGE), has been widely used to detect
different species present in bacterial communities (Muyzer ef al.,, 1993), In this
study, it was used for two purposes; firstly, to identify bacterial strains associated
with dinoflagcllales without relying on culture and, secondly, to identify any
remaining bacteria present in dinoflagellate cultures following treatment to produce

axenic cultures {described in Chapter 3).

In order to use DGGE for identifying bacteria associated with dinoflagellate cultures,

it was necessary to optimise the denaturant gradient to allow good separation of PCR
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products. This was achieved by running perpendicular denaturing gels for products
from A. lusitanicum NEPCC 253, A. tamarense NEPCC 407 and PCC 173a, and S.
trochoidea NEPCC 15, with DNA extracted and amplified [rom each growth phase.

Figure 2.8, indicates the perpendicular melt curve generated by dinoflagellate 4.
lusitanicum NEPCC 253, when a sample comprising lag, log and stationary phase
PCR products was run through a 0 - 100% denaturant gradient. The figure
demonstrates the majority of PCR products were denatured by a similar denaturant
concentration (prominent sigmoidal curve), but that an additional group required a
higher gradient (less prominent sigmoidal curve). The required gradient for analysis
of all PCR products from A. fusitanicum NEPCC 253 was ascertained using the
formula described in the Materials and Methods section, which identified a gradient
of 20 - 60% as being required. Similar gradients were determined for the three other

dinoflagellates, although each of these cultures only produced one sigmoidal curve.

In initial experiments using DGGE bacterial diversity was investigated at the
stationary phase of growth, from six non-axenic dinoflagellates, namcly - A.
tamarense NEPCC 407, UW4, and UW2C, A. lusitanicum NEPCC 253 and A.
affine NEPCC 667 and S. trochoidea NEPCC 15. All these dinoflagellates are
known PST producers (Cembella ez «l., 1987; I. Lewis pers comm; Cembella, 1987,
Gallacher ef af, 1997), with the exception of A. gffine NEPCC 667 whose toxicity
has been debated. §. rrochoidea WEPCC 15, a dinoflagellate of similar size and
morphology to Alexandrium species, but not previously associated with PST
production, was included as a control (see Table 2.1 for strain details). A supposedly

‘axenic’ culture provided by CCMP - A. tamarense CCMP 117, was also examined.

DNA extracted from all cultures including the ‘axenic’ A. tamarense CCMP 117,
generated a PCR product after amplification using eubacterial primers 341F and
534R (Primers 2 1 3; Fig, 2.1). PCR products were subsequently analysed by DGGE
using the 20 ~ 60% gradient, Bands were detected at different locations within the

denaturant gel, indicating 12 different PCR amplification products were present, most
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Figure 2.8 Perpendicular denaturing gradient gel electrophoresis of DNA from A.
lusitanicum NEPCC 253.

Vertical arrows indicate the positions within the sample identifying the lower and
higher limits of denaturant concentration, used for analysis of samples on parallel
gels.
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of the bands being detected in more than one dinoflagellate culture. Representative
bands from each location were excised and subjected to 168 rDNA sequencing (see
Appendix 4 for individual DNA sequences). Table 2.8, indicates the dinoflageliate

culturcs possessing particular bands.

Identification of DGGE bands

Following bi-directional 16S rDNA sequencing, Simrank S_AB values (RDP) were
used to classify the twelve DGGE bands. Bacteria fram three phylogenetic groups,
the « and y- Protecbacteria, and the Cyfophaga-Flavobacter-Bacteroides (CFB)
phylum were detected (Table 2.9; Exp. 1). All dinoflagellates contained e-
Proteobacterial isolates related to the Koseobacter clade, although, §. trochoidea
NEPCC 15 was unique in showing another o-Proteobacterial sequence unrelated to
Roseobacter. y-Proteobacteria sequences were detected in 4. tamarense NEPCC
407 and UW4, but not in other cultures, with CFB phylum sequences only seen in 4.
lusitanicurmn NEPCC 253 and §. trochoidea NEPCC 15.

Subsequent phylogenetic analyses were performed on each group of related
sequences, using conservative phylogenetic masks which included only regions of
unambiguous alignment. Identification of bands 1, 2, 4, 5, 6 & 12 was achieved by
comparison with Roseobacter-related reference sequences. Phylogenetic analysis was
performed using a 141 nucleotide mask to produce a similarity matrix (Table 2.10).
Table 2.11 contains a list of abbreviations used within Table 2.10, Table 2.12 and
2.13, The matrix (Table 2.10), indicated bands 1, 2, 5, 6 and 12 were more than 99%
stmilar, differing in only one or two base pair positions within the sequence mask.
Bands | and 2 were identical within the mask and to Roseobacter litoralis, with both
bands present in dinoflagellate cultures, 4. famarense UW4 and 2C. Although these
bands were identical using phylogenetic analysis of the 141 nucleotides, the bands
(approx. 200 nucleotides) appeared far enough apart on the gel to be considered
different. This would indicate that they differ by a few base pairs within their entire

sequences. Bands 5, 6 and 12 were identical to strain 667-12, a bacterium isolated

P T
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Dinoflagellate Bands identified

12131456} 7|8|19}10 |11 |12
A. tamarense NEPCC 407 lxix|x|[x X | x X
A. tamarense UW4 x[x x| x
A. tamarense UW2C X | X S
A. tamarense CCMP 117 x
A. lusitanicum NEPCC 253 | x X
A. affine NEPCC 667 X X{X|{x X
S. trochoidea NEPCC 15 X |x x| x X

Table 2.8 DGGE bands associated with different dinoflagellates at the stationary
phasc of growth.
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Abbreviation used in sirnilarily matrix

Isolate identification

S34

E-37
RosDeni
RosLitor
Rosdlgac
UniAlph2

223Lance

Str36
4Q07-20
667-12
Rorubrum3
R.phmewic
Agsp.iters
Azs.lipofe
Azs.brazil
Azs.halprf
env. MC77
R.centerum
Rhe.spl
Azs.sp1
Azs.spl
Azs.amazon
R.molischi
R futviom
Mag.gryphi
Mag.magre2
R.sodomens
R.salinarm

scripp131

Sargasso Sca isolale S34
environmental gene clone [37
Roseobacter denitrificans
Roseobacter litoralis
Reosecbacter algicola

Octadecabacter antarcticus sp. 307

gall symbiont of red alga Prionitis lanceolata

U37762

isulale Nielsen 36 (RDP only)

A. tamarense NEPCC 407 isolate 407-20
A. affine NEPCC 667 isolate 667-12
Rhodospirilfum rubrum
Rhodospivillum photometricum
Aquaspirillim itersonii
Azospirillum lipoferum
Azospirillum brasilense
Azospirillum haloproferens
environmental gene clone MC77
Rhodocista cetenavia

Rhodocistra sp. MT-SP-2
Azospiritlum sp. DSM4834
Azospirillum sp. 125MA4835
Azospiriltum amazonia
Rhodospirilfum malischianum
Rhodospiriflum fulvum
Magretospivillum gryphiswaldense
Magnetospirilium magnetotacticum
Rhodospiriilum sodomense
Rhodospivillum salinarum

S trochioidea NEPCC 15 clone
library number 131

.\
R
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G5

Abbreviation used in similarity matrix

Isolate identificaton

scripp4

Faguatile
Cy.suceini
Cy.aguatil
Cy.mmarina
Fle.glomer
Flx.narit2
Ves.antare
Cap.canim
OM271
Cy.lytica
C.uligino
C.marino
Comaring2
env.aggl3
Cy.latercu

F.salegens

S. trochoidea NEPCC 15 clone
library number 4

Flavobacterium aquatile

Cytophaga succinicans

Cytophaga aquatile

Cyviophaga marinoflava ATCC 19326
Flectobacillus glomeratus
Iexibacter maritimus

Antarcticum vesiculatum
Capnocytophiaga canimatus
environmental gene clone OM27|
Cytophaga lptica

Cytophaga uliginosa

Cytophaga marinoflava MSBT70
Cytophagae marinoflava NCIMB 397
environmental gene clone AGG13
Cytophaga latercula

Flavobacterium salegenes

Table 2,11 Abbreviations used in Tables 2.10, 2.12 and 2.13

KA
%
e
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previously from A. affine NEPCC 667, which grouped closely with Sagittula stellata
and Antarctobacter heliothermus (Fig. 2.5). Again bands were considered identical

using phylogenctic analysis, but they appeared at different positions within the gel.

Band 4 was closely related to other bands within the Roseobacter clade {96 - 98%)
and was detected in 4. famarense NEPCC 407, 4. affine NEPCC 667 and S.
trochoidea NEPCC 15 (Table 2.8). This band was also detected in 4. famarense
CCMDP 117 which was provided by the CCMP as an axenic culture. Band 3 (not
included within the analysis), was not sequenced successfully with both primers,

hence, it was only possible to identily it as a member of the Roseobacter clade.

Band 7 was also identified as an n-Proteobacterium, detected only in S. trochoidea
NEPCC 15 (Table 2.8). It was classified as belonging to the Rhodospirilium
assemblage, most closely, but not strongly associated, with Agquaspirillum itersonii
(94%; Table 2.12).

Bands 10 & 11 were identified as members of the CFB phylum of bacteria,
specifically associated with the Cyfophaga subgroup. Searches for related isolates
indicated that those from the Scrippsiella unculturable clone library (Rappé ef al., in
prep), were most stmilar, with no previously defined strains being closely associated
(Table 2.13). Excluding ambiguous nucleotides, bands 10 and 11 were 95% similar
with 144 bases being included in the analysis. The sequences differed in 7 nucleotide
positions within the masked sequence, with band 11 being most similar to

Scrippsiella clones.

Bands 8 & 9 were identified as y-Proteobacteria, showing 97% similarity to each
other and ca. 95% similarity to members of the Methylomonas, Oceanospiriltum,
and Pseucdomonas groups of bacteria. With the short 200bp fragment of 168 rRNA
gene sequence analysed by DGGE, a single closely related group of sequences could

not be identified for these bands.




a7

001 L'68 174
LG8 6
ge6

G.L. Hold, 1999

<6
97
8'e6
0001

1973
SP6
8'E6
0001
000l

816
8’16
§T6
7ee
TE6
TEd

068
68
§'96
¢

Teh
TEG
IS )

88
¥'88
%6
§'T6
§'To
55
€es
€66

117 2GR 998 ‘SUOIBIASIGQE JOF

‘oseqd ATBUOTIRIS UT PRISSATRY ST DD JHN PapIoyo04] S WOT] PIIRIOST OPE[D L21o0g0as0y
Ol IMINC BLID1OBQO30Id-0 UE §& poiiuapt Ajsusnbasqns  pueq [0 10§ Xujew Ajuepunsg 71°7 9[qel,

L'68
L'e8
56

€6
8’6
8'¢6
Ts6
&'LE
986

L'68
L8R
756
L6
86
L6
756
6°LE
986
0001

56
g6
€6
646
6L6
6'L6
8'es
578
g'Ls
(433
Tes

06
¥06
AN
ST
Sv6
5 497
€Ls
£Ls
996
6L
&'L6
756

gl
R16
8'co
T
T
76
86
656
56
9%
996
8EG
986

706
706

A
§T6
$T6
A
Te6
L6
[
16
ES

576

216
816
LL8
068
068
068
{'re
P88
#'88
L'68
L'68
L'68
788
LG8
7’88
I'ts

§Z6
€To
0L
L'6R
L'68
L'68
¥ie
068
788

068
8715
£'66

TS
e
L'L8
U'le
Fie
vig
1'1e
I'Té
706
g'i6
816
T'16
'le
Uls
[
8'Es
¥'06
'le

uLDUyDS Y
SUBUIDPOS™Y
JouSvur vy
wydda8 Fopy
wnagnfy
nastjousy
UOZDWD SZ
1dsszy

s szy
pdsayy
wnuR U 'Y
LLOW AUD
Fdymyszy
204G 'SZY
afodyszy
s dsby
ouigauiyd yf
R ]

L peeyg




o0
O

[1'Z S]qE.L 99 SUONPRIARIQQE 10

oseyd Areuonels ur poiseAtey “GiD)JHN PapIOHI04 S PUE £ST IDAHN MnUblSH] Y
sote[[eSefjourp woly pateost ‘dnoIdqns pdvydoid7) o) Yua paleose Afeogroads “ersioeq Jo winjAyd (1))
SOPIOLIIIVY-12120q0AD] J-03vydo3 ) 243 01 SWSUORY SB POTHUPI A[uenbasqns spueq FHN( J0F XUIBW ARG £1°7 JI9EL

1'¢6 z'88 808 143 898 5§18 £06 Y8 88 I (AT $L8 Sey £l6 Ul6 £06 €S cuR Gay suoBaps
t'es 2’08 5 588 §e8 Q16 <8 €05 688 ¢'L8 538 788 £C6 o'l6 L6 LS 698 788 noaofd) |
0’16 L 146 L g6 L6 0'i8 26 z'e8 vis £06 98 oL $96 3H] S8 238 £188eama |
6 1¢6 £66 L6 0'ts A1 688 A1 5'38 638 g 96 £06 €05 L8 198 ZouuouD
F56 1'¢6 L6 1'¢s 633 L8 1'98 L6 298 358 L] 0’16 0’15 378 pEE ouMoms
26 £06 968 £05 €08 568 €06 788 88 788 L6 LS 1'% SLy  amdim)
#6 L6 683 DY 638 96’ 568 683 tes v16 015 768 398 eandidD
26 £05 L4 28 P06 016 16 1'€6 86 g€y '8 z88  LLINO
192 683 08 698 288 S8 7388 £06 €08 23 v'5y wmwodo)
06 TL6 o6 2e6 0’16 76 6 vvs 298 E08 odmursaf
016 020t 588 688 €05 1§53 1'e5 4% L8 GuDwxd
06 716 788 68 L1 L 398 £06 swopdog
S'88 588 £ (g6 1'¢8 768 $1y vutmd)
L6 6 $ES g6 L8 88 menbody
% 866 1'ss R 278 198 tteonsdd
b 3] P58 L8 S8 pmonboy
110.., 700t 738 £06 tldos
m 738 £06  eidduss
3 156 01 pueg
o ‘11 pueg




G.L. Hold, 1999 69

To determine if the bacteria identified above were present at other stages of the
dinoflagcllatc arowth phase, and if the original data was reproducible, cultures of
dinoflagellates 4. lusitanicumm NEPCC 253, A. tamarense NFPCC 407 and §.
trochoidea NEPCC 15 were examined in more detail. For additional control

purposes a non-toxic strain, 4. famarense PCC 1734, was also included.

Figure 2.9, is an cxample of the DGGE patterns gencrated from the three growth
phases of dinoflagellate cultures A. lusitanicurn NEPCC 253 and A. tamarense
NEPCC 407. Different profiles were detected from each dinoflagellate, although
profiles remained constant throughout the growth cycle. Unique profiles were also
determined for 4. tamarense PCC 173a and S. frochoidea NEPCC 15. It was noted,
however, that certain bands appearing at wdentical positions within different phase
samples of each dinoflagellate varied in intensity, ¢.g. bands 4, 13 and 22 in 4.
tamarense NEPCC 407 (Fig. 2.9).

Sequence analysis of excised bands using RDP again identified the presence of
bacteria from the CFB phylum, with ¢ and y-Proteobacteria sub-phylum isolates
(particularly Roseobacter species). Phylogenetic analyses were again performed
using conservative masks, but these were created for each individual DGGE sequence
to eliminate areas of uncertain alignment and ambiguous nucleotide positions, whilst
maximising the quantity of data available for each sequence, The length of most
masks varied between 122 and 200 nucleotide positions, with identification of closest
reference sequences to each of the excised bands presented in Tables 2.14 - 2.17.
However, three sequences 173a/16, 173a/14 and SCRIPP/27 generated mask lengths
of 73, 76 and 75 respectively indicating that little significance could be attributed

from these sequence similarities.

DGGE analysis of A. fusitanicum NEPCC 253 indicated the presence of Roseobacter
related species (253/33, 34, 35 and 52; Table 2.14) and 2 distinct a-Proteobacterial
species (Hyphomonas 253/29 and 31; Table 2.15). Bands 253/34 and 35 gave 100%
sequence similarity to isolates identified using the culture-based technique (RFLP
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Figure 2.9 Parallel denaturing gradient gel of PCR amplified DNA from each
growth phase from dinoflagellate cultures 4. tamarense NEPCC 407 and A.
lusitanicum NEPCC 253. Numbers correspond to the different bands which were
excised and sequenced.
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Dinotlagellate Band Number % Similarily  Refarcnce sequence

A lusitanicien 253/290 93.9 Hyphonionas aceaniris related isolates
NEPCC 233 (RFLP pattern 17)
253/31 100 [yphomonas oceanitis 1€lated isolates

(RFLP patiern 17)

A. tamarense 407/2 977 Hyphomonas oceanitis related isclates
NEPCC 407 (RYLP pattern 17)
A. tamnarense 173a/21 97.9 No defined speeics (RELI pattern 16)
PCC 173a

173a/22 $5 Sphingomonas sp. SW54

173a/25 100 Llastobacter natatorivs
S. trochoidea SCRIPP/31 913 Agrobacterium steflulatum related isolates
NEPCC 15 (RILP pattern 4)

Table 2.15. Degree of similarity of denaluring gradient gel electrophoresis (DGGE) bands
grouped as o-Proteobacteria related sequences, but outwith the Roseobacter clade from
dinoflagellates A. fusitanicum NLEPCC 253, A. tamarense NEPCC 407 and PCC 173a,

and S. trochoidea NEPCC 15 when compared to reference sequences,

Dinotlagellalc Band Number % Similarity Referencs sequence
A. tamarense 407/3 nat classified,
NEPCC 407 poor seguence
A. tamarenye PCC 173a11 97.2 Ralmella aguatilis
173a
S. trochoidea SCRIPT/28 94 Pseudonionas stuizeri
NEPCC 15
SCRIPP/29 96 Pseudomonas syringae

ATCC 19310
Tabic 2.16. Degree of similartty of denaturing gradient gel electrophoresis (DGGE) bands
grouped as y-Proteobacteria relaled sequences from dinoflagellates 4. tamarense NEPCC
407and PCC 1734, and S. trochoidea NEPCC 15 when compared to reference sequences.

Dinollagellate Band Number %o Similarity Reference sequence
A.lusitanicum 253/30 100 Gelidibacter algens related isolates
NEPCC 253
A, tamarense 4071 931 Marine psychrophile IC076
NEPCC 407
A, tamarense 173a/10 99.1 No deflined species (RELP paltern 12)
PCC 173a
173a/14 poor sequence
8. trochoidea SCRIPY27 poor sequence
NEPCC 15

Table 2.17. Degree of similarity of denaturing gradient gel electrophoresis (DGGE) bands
grouped as Cyviophaga/Flavobacter/Bacteroides related sequences [rom dinoflagellates A.
lusitanicum NEPCC 253, A. tamarense NEPCC 407 and PCC 1732, and S. trochoidea
NEPCC 15 when compared to reference sequences.
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pattern 8; Fig. 2.5), with band 253/52 differing by one or two nucleotides within the
phylogenetic mask from the other group of cultured Roseobacter isolates which were
identified (RFLP pattern 3; Fig. 2.5). A CFB phylum-related species {253/30; Table
2.17) was also detected in A. Iusitanicum NEPCC 253, most closely related to
Gelidibacter algens, with 100% sequence similarity to sequences identified in
culture-based experiments (Fig. 2.7; ALUS253_6). An a-Proteobacterial sequence
outwith the Roseobacter clade, classified potentially as a Hyphomonas species, was
also detected which was not identified in previous DGGE experiments or RFLP

analyses.

Analysis of DGGE sequences from 4. fagmarense NEPCC 407 showed that
Roseohacter related sequences isolated from consecutive positions on the gel had
high sequence similarity to previously detected cultured isolates (407/3a - 8; Fig. 2.9;
Table 2.14). Nevertheless, a wide gradient separated the Roseobacter rclated
sequences (25%), indicating the sensitivity of the system in detecting minimal
differences in sequence. Identification of like-position bands from different growth
phases (407/4, 13 & 22; Fig. 2.9; Table 2.14), confirmed the consistency of the
banding position, although there was not 100% similarity between sequences. This
is probably due to errors in sequence alignment caused by unresolvable bases, rather
than actual differences in sequences. «-Proteobacteria sequences related to
Scrippsiella unculturable clone library isolates and Hyphomonas species were also
detected in 4. tamarense NEPCC 407 (407/2; Table 2.15). A vy-Proteobacteria
related sequence was also identified, although similarity to known reference
sequences was low due to the quality of the sequence (407/3; Table 2.16). A band
identified as belonging to the CFB phylum, not detected previously, was most closely
related to the marine psychrophile ICO76 (a member of the Flavobacter subgroup;
407/1; Table 2.17).

Sequences obtained from A. tamarense PCC 173a again identified several
Roseobacter related sequences, previously detected in A. fusitamicum NEPCC 253

and 4. tamarense NEPCC 407, spanning a large distance through the gel (173a/1-4,
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7-9, 15-20, 23-25; Table 2.14). Several other ct-Protcobacterial species, including
a Scrippsiello unculturable clone library isolate, similar to that identified in A.
lusitanicum NEPCC 253 and A. tamarense NEPCC 407, were identified. Two
similar isolates, Blastobacter natatorius and Sphingomonas sp SW.54, both seawater
isolates, were also identified in A. tamarense PCC 173a and not detected in oiher
cultures (1734/22 and 25; Table 2.15). A y-refated sequence most closely associated
with Rahnella aquatilis was detected (173a/11; Table 2.16), with a CFB related
isolate most similar to a marine psychrophile, positioned within the Cyfophaga

subgroup also identified, with good sequence similarity (173a/10; Table 2.17).

Bands excised from S. rrochoidea NEPCC 15 indicated a vastly different microflora
compared to the other dinoflagellates, with only one band related to the Roseobacter
clade (SCRIPP/26; Table 2.14). Another a-Proteobacterial sequence belonging to
the Agrobacterium genus, grouping with certain bacteria isolated previously from a
toxic 4. tamarense (Kopp el al., 1997; PTB1 and PTB2), but with low similarity
(91%), was also identified (SCRIPP/31, Table 2.15). Two y-Proteobacteria
sequences were detected in the Scrippsiella culture, closely related to Pseudomoncs
stutzeri and Pseudomonas syringae (SCRIPP/28 and 29; Table 2.16), although not
detected in initial DGGE experiments. Identification of CFB phyla isolates was also
apparent in S, #rochoidea NEPCC 15, (SCRIPP/27; Table 2.17), although the quality

of the sequences were poor making identification of reference sequences impossible.

Comparison of DGGE results generated from stationary growth phase dinoflagellate
samples from both experiments (Table 2.9), indicated that all bacterial classes and
sub-classes detected in Experiment 1 were confirmed in Experiment 2. However, the
second experiment identified some bacterial sequences not previously detected in the
initial experiment. A. Jusitanicum NEPCC 253 was previously not found to contain
a-Protecbacterial sequences other than Rosecbacter related isolates. However, both
DGGE and RELP analyses performed during Experiment 2 confirmed their presence,
with Roseobacter related sequences and CFB isolates also reaffirmed. A. famarense

NEPCC 407 was initially reported to contain Roseobacter and vy-Proteobacterial
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sequences, although Experiment 2 also identified the presence of a-Proteobacteria
oulwith the Rosecbacter clade and CFB phylum isolates. RIFLP also confirmed the

presence of a-Protcobacterial isolates, but not the presence of CFB isolates.

S. trachoidea NEPCC 15 did not appear to contain y-Proteobacteria in Experiment
I, although these were identified in the subsequent DGGE analysis, with RFLP

confirming all identifications, except for CFB phylum isolates.

Table 2.18 summarises the results gained from dinoflagellates A. fusitanicum NEPCC
253, A. tamarense NEPCC 407 and PCC 173a, and §. frochoidea NEPCC 15, when
culture-based and non culture-based identification systems (RFLP and DGGE) were
compared. In the majority of cases, the systems complemented each other, with all
A. Iusitapicum NEPCC 253 identifications detecied by both systems and
confirmation of Roseobacter related sequences in all dinoflageliates at the three
growth phases. However, certain anomalies were apparent, where DGGE identified
the presence of isolates, whereas RFLP did not. RFLP failed to detect -
Proteobacteria outwith the Roseobacter clade in lag and log phase samples of 4.
tamarense NEPCC 407, and in all phases of 4. tamarense PCC 173a. CI'B phylum
isolates were also not detected in any growth phase of 4. tamarense NEPCC 407, or
in lag and stationary phases of 8. frochoidea NFPCC 15, using RFLP. DGGE also
identified v-Proteobacteria in all phases of S. frochoidea NEPCC 15, with RFLP only

identifying such isolates at stationary phase.
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DISCUSSION
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Molecular methods have been used extensively to determine the phylogenetic
diversity of bacterial species present within marine environments. However, the use
of both culture-based and non culture-based techniques in one investigation within
a community is not well documented. The obiect of this study was to investigate
bacterial community diversity in toxin-producing dinoflagellate cultures, with the aim
of detecting differences between the microflora of toxic and non-toxic dinoflagellate

cultures.

Previous attempts to identify bacteria associated with dinoflagellate cultures have
investigated both toxic Alexandrium and Prorocentrum species (Lafay et af., 1995;
Doucette, 1995; Gallacher ef af., 1997, Kopp et af., 1997; Prokic et al., 1998).
Recently, Prokic et al. (1998) isolated bacteria and vsed cloning and sequencing to
identify the microflora associated with cultures of Prorocentrum lima, derived from
the same original culture but maintained in different laboratories. Their study
indicated that the two cultures did not retain the same bacterial microflora, although
bacteria related to the Roseobacter genus in the o-Proteobacteria were dominant in
both cultures. One culture appeared to contain only «-Proteobacteria, while the
other culture sustained a more complex flora comprising «-Proteobacteria, -
Proteobactcria, Cyfophaga-Flavobacler-Bacteroides phylum isolates and low G+C
Gram-positive isolates. They identified bacterial isolates from both these cultures
with significant sequence homology to Roseobacter algicola, a bacterium initially
identified from the original dinoflagellate culture from which these secondary cultures
were derived. However, cultures also contained bacteria which were phylogenetically
affiliatcd with the Roseobacter clade, but were distinct [rom this original isolate.
Prokic ef @f. concluded that toxic 2. Jima could maintain a large spectrum of bacleria,
although no explanation was offered as to why the microflora of the two cultures had

not remained similar,

The ability of other toxic dinoflagellates, in the form of Alexandrium strains, to
sustain a diverse microflora with Roseobacter related species being dominant, was

indicated in the current study, with at least two bacterial phyla or subphyla dctected
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in both cultures tested. The non-toxic Alexandrium culture was found to have
diffcrent bacteria present within the microflora; again, Roseobacter related species
predominated. Only the dinoflagellate species not associated with PST production,
S. trochoidea NEPCC 15, appeared not to harbour large numbers of Roseobacier
related isolates. This may indicatc that a species-specific association exists between
Roseobacter related strains and certain algal species, including Prorocentrum and

Alexandrium species,

All Alexandrium cultures contained several Roseobacter related isolates, with certain
strains isolated from toxic and non-toxic Alexandrium cultures showing 100%
sequence similarity. Bacterial isolates from 8. #rochoidea NEPCC 15 within the
Roseobacter clade did not group closely with these isolates. However, certain
bactcrial igolates from the non-toxic 4/exandrium culture were grouped along with
these isolates. Examination ol e-Proteobacteria outside the Roseobacter clade
indicated that afl bacteria from toxic dinoflageliates clustered together, distinct (rom
nan-toxic bacterial isolates, and grouped with isolates from a previous study
identifying bacteria from toxic Alexandrium cultures (Kopp ef af., 1997). All y-
Proteobacteria and CFB isolates were distinct, with no overlap of bacteria from toxic

and non-toxic dinoflagellate strains.

The use of colony morphology and RFLP to assess the microflora of

dinoflagellates

The 500 cellular clones isolated following serial dilution from the four dinoflageilate
cultures in the current study were streamlined into manageable groups to allow group
representatives to be further characterised. Differences in colony morphology was
initially considered as selection criteria. However, as reports indicate, variability
within morphotypes 1s uncertain and probably under-estimated, especially in common
morphotypes (LeBaron ¢! ai,, 1998), it was decided that colony morphology was not
specific enough to categorisc the isolates. Since successful reports combining colony

morphology and RFLP analysis of PCR-amplified rRNA genes to classify bacterial
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isolates have been published (Suzuki ef af/. 1997, LeBaron ez al. 1998), it was
decided to investigate this approach to characterise our clones. Suzuki ef al. (1997)
used the tetrameric restriction endonuclease Hae If7 on PCR-amplified 165 tRNA
genes to categorise bacteria isolated from seawater and obtained suflicient
information from single enzyme digests of full length 168 IDNA sequences Lo classify

bacterial isolates successfully.

In the current study, 500 isolates were divided into 25 groups based on RFLP and
colony morphology and representatives of each group were further characterised
using 16S sequencing. The inability of colony morphology alone to categorise
bacteria was noted within the study. Although, a single colony morphology gave
two different RFLP patterns, subsequent sequence analysis identified both as
Roseobacter related isolates with relatively close sequence similarity. This indicated
the potential of RFLP analysis to discriminate between closely related bacteria.
However, RFLP analysis also grouped together two dissimilar colony morphotypes
which on sequence analysis were also classified as Roseobacter related strains, but
not closely associated. This indicated that restricting our RFLP analysis to one
enzyme was not ideal, and that the use of three or more tetrameric restriction
enzymes as proposed previously by Moyer ef al. (1996) may be necessary to

distinguish definitively between groups of closely related bacteria.

Within the current study, eight different RFLP patterns were subsequently classified
as Roseobacter-clade related isolates, with most patterns dissimilar to known species.
This provides strong evidence that these bacterial isolates are new strains belonging
to a different genus, although further phenotypic and genotypic tests would be
required to confirm this. The study by Prokic ef /. (1998} on P. lima confirmed that
previously identified bacteria were still present within cultures up to three years later.
The current study also confirms the presence of certain bacteria which were isolated
previously (Gallacher ez af., in prep.). In the study by Gallacher ef @/. bacteria were
isolated from A. lusitanicum NEPCC 253 and A. tamarense NEPCC 407 and their

capability for sodium channel blocking toxin production tested as well as subsequent




G.L. Hold, 1999 81

identification of isolates using 16S rDNA sequencing. The current study shows that
the majority of previously isolated strains are still present within dinoflagellate
cultures, with the exception of 253-16, 253-19/253-20 and 407-13. This indicates
that the association between these isolates and the dinoflagellate cultures was not
stable or that levels of isolates fell below a detectable limit. Of the bacteria
characterised previcusly by Gallacher ef a/. many were shown to produce PST
(confirmed using HPLC and CE-MS) including isolates 407-2 and 253-11 (Gallacher
et al., 1997). Interestingly, certain bacteria from the non-toxic A. tamarense PCC
173a also clustered with these toxic strains. However, this was not the case for 5.

trochoidea NEPCC 15 bacterial isolates.

The use of DGGE to assess the microflora of dinoflagellates

Scveral rescarchers have used DGGE to estimate the genetic diversity of microbial
communities in naturai habitats, by taking the complexity of the DGGE ‘fingerprint’
as a measurement of community diversity (Muyzer ef al., 1993; 1994; Wawer and
Muyzer, 1995, Ferris ef af., 1996; Teske et al,, 1996; Vallaeys ef al,, 1997). In
addition, the subsequent use of DNA sequencing of individual fragments to infer
phylogenetc relationships within microbial communities allowing DGGE bands to be
grouped alongside reference sequences, is well documented (Muyzer et af., 1995,
1995; Kowalchuk ef al., 1997, Teske ef «l., 1998). In the current study, bands
excised from DGGE gels allowed identification of bacteria from the four
phyla/subphyla previously shown to be present from bacterial culture and RITLP
analysis. However, although DGGE confirmed the presence of bacteria from o-
Proteobacteria outside the Roseobacter clade and within the y-Proteobacteria,

sequence similarities to cultured isolales were not conclusive,

This must, however, be put into context; due to the length of the sequence fragments
obtained from DGGE analyses, as there is a restricted ability to identify isolates which
is an accepted drawback of the system. Therefore, it was expected that DGGE

percentage similarities would be lower than values obtained from RILP sequences.
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Although probably due to the length of the sequences, it is also possibly due to the
primers selected, as these were designed to encompass a hypervariable region of the
TRNA gene in order to identify as much sequence variation as possible. This is a
known shortfall when using DGGE, therefore, it would be anticipated that the
sequence similarities shown here would be artificially low compared to similarities of

full sequences had these been available,

It would be beneficial for future work using DGGE to use longer fragments, nearer
the separation limit of approximately 500bp (Myers ef al, 1985; Muyzer ef al. 1994).
This would generate more sequence information than in this study and should be
considered in future investigations using this technique. The use of a larger fragment
in subsequent analyscs by Vallaeys ef ¢, (1997) indicated that certain DGGE profiles
of small DNA fragments could not be suitably resolved. This indicated the limits of
DGGE analysis in the measure of diversity in complex microbial populations when
using universal primers to amplify small 16S rRNA gene fragments. Vallaeys ef o/,
stated that the number of fragments visualised on a gel may underestimate the actual
diversity of a community, and should be considered as a lower limit of estimation of
the total numbers of species present. Although these shortfalls were recognised
before the present study was instigated, it was decided to pursue work with the
primer set which generated the 200bp fragment, as the method has been successfully
used within a range of habitats (Muyzer ef af., 1993; 1994; Wawer and Muyzer,
1995, Ferris ef al., 1996; Teske ef al., 1996, Vallaeys ef al., 1997).

In this current study, it was also noted that bands excised from like positions on the
DGGE gel from dilferent growth phases, did not generate the anticipated 100%
similarity to each other. This was probably duc to errors in sequence alignment
caused by unresolvabic bases, rather than actual sequence differences. However,
differently positioned bands were identified as 100% similar to each other. This is
always a problem when large numbers of scquences require identification. 1If
sequences cannot be analysed together as this will dramatically reduce the quantily

of reference sequences included in the analyses. Therefore, all sequences were
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compared scparately to related reference sequences, resulting in different size masks
being generated between isolates and allowing slightly different sequence similarities

to be generated.

DGGE also failed to detect y-Proteobacteria from 4. tamarense NEPCC 407 and
PCC 173a, although they were detected using cell isolation and RFLP analysts.
Assessment of the ability of PCR coupled with DGGE primers to amplify these
isolales was investigated by attempting to amplify the Alferomonas macleodii type
strain and y-Proteobacteria isolates classified as closcly related to Alferomonas
macleodii identified in this study. DGGE primers successfully amplified these isclates
indicating that the only explanation for the previous lack of identification was due to
difficulties in amplifying y-Proteobacterial sequences from complex samples.
Nevertheless, DGGE bands fiom A. famarense NEPCC 407 and PCC 173a, classified
as y~Proteobacterial sequences, were detected during the initial DGGE analysis,
although further classification was impossible due to sequence quality. Therefore, it
is possibie that RFLP-identifiable isolates were amplified during DGGE, although

without further analysis this is pure speculation.

Interestingly, ail DGGE sequence similarities for y-Proteobacteria appear consistently
low (94 - 97%) compared 1o results seen for the other bacterial classes, which could
again be attributed to difficulty in sequencing this subphyla in this region. Ferris ef
al. (1995) also noted the absence of certain bacterial species when using DGGE

compared to cultivation, indicating that this was possibly due to primer bias.

Although the results appear to highlight limitations of DGGE, there are many possible
reasons why, although expected, populations may not have been detected by this
method. These include sampling technique and PCR biases, with both explanations
offered previously (Ward ez al,, 1992). It must be noted, however, that DGGE
identified certain bacterial phyla which the culture-based approach failed (o detect,
including the CFB phylum isolates from A. tamarense NEPCC 407 and o-

protechacterium isolates outwith the Rosecbacter clade in A. tamarense PCC 173a.
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This indicates that DGGE, although having limitations, still offers a rapid means of
detecting potentially dominant populations. The system also eliminates any further
biases generated by using other systems such as cloning (Rainey ef al., 1994) and, as
shown in this study, can provide data not availabie using a culture-based approach.
Information from DGGE could also be used to provide a starting point for culture-
dependent microbiological investigations and as a guideline to identify and
subsequently isolate specific microorganisms from natural bacterial communities
(Kane ef al., 1993).

I it is assumed that non culture-based techniques provide more information on
community structure than methods dependent on culture, explanations as to why the
culture-based method failed to uncover certain bacteria in the current study must be
addressed in order to improve the system for future use. Previous attempts to
enumerate bacteria associated with dinoflagellate cultures assumed that marine agar
was a suitable media for the growth of most marine bacteria (Romalde ¢f al. 1990a,
b). However, growing evidence indicates that marine cligotrophic bacteria require
low levels of nutrients in order to grow (Akagi et al. 1977). In addition it has been
shown that the numbers of bacteria isolated on solid marine media can be two orders
of magnitude lower than numbers observed using microscopy (Kogure e al. 1977).
This indicates that a considerable number of bacteria present may have been ignored

by limiting the media used.

Limited success of cultivation in the laboratory was also the explanation forwarded
for discrepancies detected when complex bacterial communities were compared using
culture-based and non culture-based methods (Dunbar et al,, 1999). The work
indicated that although similar results were detected using the two methods, culturing
failed to identify the diversity deiected using the non culture-based method.
Therefore, in futurc comparisons of culture-based and non culture-based techniques,
the use of several marine media which encompass a range of nutrient concentrations
should be considered. Different agar formulations such as malt extract, scawater agar

and 1/100 strength marine agar, have already been shown to enumerate bacterial
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isolates from dinoflagellate cultures which are unable to grow on marine agar (8.
Gallacher pers. comm.). This indicates thal certain bacterial isolates were under-
represented within the current study. Further culturing work is crucial, as only
limited numbers of 168 rDNA sequences from cultured isolates are thought to have
been deposited in sequence databases such as RDP and Genbank (Suzuki ef al.
1997). However, consideration of the increased workload that including a more
extensive media range would entail must be appreciated. Nevertheless, the
information generated from microbial isolation marine agar in this study must be
considered one of the most extensive investigations to date of culturabie bacteria

associated with toxic and non-toxic dinoflagellate cultures.

The application of molecular techniques to identify bacteria present within complex
communities has been shown to be of great value. However, in consideration of the
biases and limitations of both techniques, a more complete understanding can only
be obtained by combining molecular and cultivation-based methods to thoroughly
characterise a given habitat. Therefore, in conclusion, the results from this study

emphasisc the value and complementarity of both molecular and classic cultivation-

based microbial isolation methods.
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CHAPTER 3 : THE PRODUCTION OF AN AXENIC
DINOFLAGELLATE CULTURE
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Introduction

Although historically the production of PST was attributed to dinoflagellates
including Alexandrium species, strong evidence now exists to show the autonomous
production of PST by bacteria associated with dinoflagellate cultures (Kodama &
Ogata, 1988; Kodama, 1990, Kodama ef af., 1990a; Doucette, 1995; Franca ef «l.,
1995; Gallacher et af., 1997). However, the autonomous production of PST by
dinoflagellates is still open to question due to scepticism regarding the generation of
axenic cultures. Several rescarchers have claimed success in producing axenic
dinoflagellate cultures (Singh ef al., 1982; Sako ef al,, 1992; Imai and Yamaguchi,
1994), with numerous methods published. Traditional methods mainly rely on
physical dissociation techniques such as sterile washing, diution series,
ultrasonication and centrifugation, however, more recently, methods requiring the
addition of chemicals such as bacteriostatic compounds and antibiotics have been

used.

Although all published methods indicate that bacteria~-free cultures were generated,
the truly axenic status of currently available culturcs is open to question due to
methods used to determine the absence of bacteria. The main method used for
assessment of axenic cultures is media plating, generally with one or two media
formulations, and occasionally microscopy. Unfortunately, the majority of the
formulations utilised were nutrient-rich, leading to underestimates of bacterial
numbers because many marne isolates fail to grow in high nutrient conditions (Buck,
1974; Akagi et oi., 1977, Ishida et af., 1986). Therefore, more stringent methods for
assessing the effectiveness of axenic prolocols including epifluorescence microscopy,

are required.

The production of axenic Alexandrium cultures has been reported by several
researchers (Guillard, 1973; Singh et al, 1982; Sako ef af, 1992; Imai and
Yamaguchi, 1994; Doucette and Powell, 1998), with axenic cultures being produced

by both physical dissociation methods and by the addition of chemicals to culiures.
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Therefore, the atms of this investigation were to assess previous methods used to
produce axenic algal cultures, paying particular attention to methods published using
Alexandrium cultures, and to produce axenic dinoflagellate cultures from the strains
under study. It was considered important to use more stringent methods to assess
the bacterial status of the cultures, therefore molecular techniques were adopted

alongside the traditional methods of media plating and epifluorescence microscopy.
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Dinoflagellate strains

The strains used were 4. lusitanicum NEPCC 253, and A. tamarense NEPCC 407,
CCMP 117 and 1771. The first two sirains were chosen as they are PST-producing
dinoflagellates, with A. lusitanicisn NEPCC 253 being less toxic than A. tamarense
NEPCC 407 (Franca ef ¢l.1995; Hummert et @l. 1997), and because the bacterial
microflora had been characterised (Chapter 2). The third strain, 4. famarense CCMP
117, was selected as it produces high levels of PST, and had been maintained as an
‘axenic’ culture for over five vears by the Culturc Collection for Marine
Phytoplankton (CCMP, Bigelow Harbor, Maine). The last strain, 4. famarense
CCMP 1771, was included as an ‘axenic’ non PST-producing culture, maintained by

the culture collection as ‘axenic’ for less than two years.

Removal of bacteria from dinoflagellate cultures by a washing technique

The washing procedure for removing associated bacteria was adapted from Singh e/
al. {(1982). Stationary phase cultures (100ml) from A. lusitanicunm NEPCC 253 and
A. tamarense NEPCC 407 were centrifuged (10min, 2,000 x g) and the supernatant
decanted. The cells were resuspended in sterile seawater (10ml) and centrifuged as
before. This procedure was repeated a further three times, after which serial dilutions
of the cell suspension in sterile seawater were made. The dilution series was plated
in triplicate onto marine agar plates and incubatcd for 14 days at 20°C. Control
samples, i.c. those not subjccted to the sterilc washing regime, were also serially

diluted, plated in triplicate and incubated.

Removal of bacteria from dinoflagellate cultures following dinoflagellate cell

lysis

A second set of samples (200ml), from the two cultures were centrifuged (10min,
2,000 x g), and glass beads (1g, 0.16 - 1.17mm - gamma sterilised, Sigma), added,

with samples vortexed for 5 periods of 1 minute to lvse the dinoflagellate cells
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(checked using microscopy). Following disruption, samples were subjected to the
washing regime, serial dilution and plating as before, Control samples, i.e. those not
subjected to washing, but lysed by the addition of glass beads and vortexing, were

also serially diluted, plated in triplicate and incubated.

Antibiotic profiling of bacieria isolated from dinoflagellate cultures

Bacteria previously isolated and characterised from A. Jusitanicum NEPCC 253 and
A. tamarense NEPCC 407 (Scc Chapter 2), were moculated into marine broth (10ml,
Difco), and incubated for 24h in a shaking incubator (20°C, 120 osc min™), Each
bacterial suspension (200ui) was inoculated onto marine agar plates, spread evenly
and allowed to dry, before antibiotic sensitivity discs (Oxoid), were placed evenly
across the inoculum. Plates were subsequently inverted and incubated at 20°C for
48h before results were recorded. Antibiotic sensitivity was identified by production

of a zone of inhibition of at lcast Smm width around the disc.

Antibiotic treatment of dinoflagellate cultures

An antibiotic cocktail (ciprofloxacin, gentamycin, streptomycin and penicillin G at
concentrations of 46 pg ml™?, 240 pug nl?, 25 pg ml” and 20 units m!™' respectively,
see¢ Table 2.2), deemed to be effective for the two dinoflagellate cuitures from
antibiotic profiles determinations of the individual bacteria, was added to flasks
containing exponential phase dinoflagellate cultures. Flasks containing the above
antibiotic cocktail with the omission of peniciflin were included, with a half strength
combination also added to a set of flasks. As bacteria remained in both cultures
following addition of these combinations, surviving isolates were tested for sensivily
to additional antibiotics to be included in further treatments. Penicillin was effective,
therefore, a further treatment of control cultures by adding ciprofloxacin, gentamycin,
streptomycin and penicillin G, at levels of 46 pg ml™, 240 ug ml”, 25 ug mi” and 20
units ml”, was used. All flasks were re-incubated under normal growth conditions

(See Chapter 2), for a further 12 days before subculture.
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Antibiotic

Stock solution

Concentration

required

Dilution required

Streptomycin

Ciprofloxacin

Gentamycin

Penicillin G

25, 000ug mi™

2,000ug ml?

40,000ug ml™!

100,000 units mi™!

25ug ml*

46pg ml?

120pg ml™

20 units ml”?

100ul stock solution
added to 100ml
dinoflagellate culture
2.3ml stock solution
added to 100ml
dinoflagellate culture
0.3ml stock solution
added to 100ml
dmoflagellate culture
20l stock solution
added to 100ml

dinoflagellate culture

Table 3.1 Antibiotic concentrations used for production of axenic dinoflagellate

cultures
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Untreated dinoflagellate flasks were also maintained under the same regime and
subcultured accordingly. Following the addition of antibiotics, treated cultures were
allowed to go through three normal subculture patterns (in order to dilute out any

effects due to the antibiotics) prior to assessment of bacteriological status.

Use of different marine culture media to assess the presence of bacteriz in

antibiotic-treated dinoflagellate cultures.

To detect the presence of any remaining culturable bacteria within antibiotic treated
cultures, 17 different marine media (See Appendix 5 for formulations), were used.
The two dinoflagellate cultures purchased and maintained as “axenic” ie. 4.
tamarense CCMP 117 and 1771, were also included within the experiment. The
original untrcated A. lusitanicum NEPCC 253 and A. tamarense NEPCC 407
cultures were also included as positive controls. Cultures were inoculated (100p1)

into 5 tubes and 3 plates of cach medium and incubated at 20°C for 1 month.

EPIFLUORESCENCE MICROSCOPY

Preparation of Sybr Green 1 nucleic acid stain

Sybr Green 1 nucleic acid stain (Molecular Probes Inc.), was bought as a comercial
stock solution, a 10,000-fold concentrate of the recommended working
concentration. 10ul of the stock solution was added to 10m] of TE buffer (10mM
Tris, 10mM EDTA plI8; Sigma) to give a solution ten times the recommended
strength. This solution was then added to samples at a ratic of one part stain to nine

parts sample, to give the correct final working stock concentration.

Preparation of dinoflagellate samples for epifluorescence microscopy

Samples from all dinoflagellate cultures were taken in a laminar flow cabinet and

diluted in sterile seawater to give approximately 10° cells mI™. The previously
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prepared Sybr Green 1 stain was added to samples, which were subsequently
incubated in the dark at room temperature for 5 minutes before placing in a filter
column and drawing slowly (<150mm Hg vacuum) onto a black polycarbonate
membrane (0.2um, Poretics Inc.). The membrane was fixed onto a microscope slide
by addition of a drop of immersion oil above and below the membrane, and a
coverslip added. Slides were examined immediately by epifluorescence microscopy

(Zeiss, Axiovert 10} using oil immersion at an excitation wavelengh of 460nm.

Determination of PCR sensitivity Limits for the detection of bacterial srains

associated with A. lusitanicum NEPCC 253

Bacterial isolates from 4. Zusitanicum NEPCC 253, corresponding to RFLP patterns
1, 3 and 4 (Chapter 2; Fig. 2.2), and Alferomonas macleodii type strain, were
inoculated into marine broth (100ml, Difco), and incubated at 20°C for 24h. the
concentration of bacteria in the inoculum was determined using a Thoma counting
chamber (Gibco). Samples were subjected to five freeze/thaw cycles, followed by
boiling for 5 min, before serial dilutions were performed using sterile seawater to

generate samples containing 10° to 10° cfu mi™.

Aliquots (5pl) of each dilution were used as templates for PCR reactions (performed
as for DGGE analysis in Chapter 2), with amplilication products concentrated using
Prep-a-Gene (Biorad), before complete PCR reactions were visualised using ethidium
bromide (50ul ml™) stained agarose (2% gel). A 100bp marker standard (Gibco),

was also included on the gel for reference.

The use of PCR for checking the bacteriological status of dinoflagellate coltures

Antibiotic-treated dinoflagellate cultures of 4. fusitanicurs NEPCC 253 and A.
famarense NEPCC 407, CCMP 117 and 1771, were subjected to PCR analysis in all
phases of growth. Dinoflagellate cultures were sampled and DNA extracted as

described in Chapter 2, with each growth phase sample subjected to two sets of PCR
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reactions: set 1 eubacterial primers, Primers 2 and 3 (Fig. 2.1), used previously in
Chapter 2 for DGGE analysis, and sct 2 cubacterial primers 27F and 1522R (Fig.
2.1), as used previously in Chapter 2 for RFLP analysis. Fach set of samples was
amplified using the conditions specific for the primers used as described in Chapter
2.

Prior to visualisation of PCR products, samples were concentrated using Prep-a-Gene
(Biorad), which allowed the concentration of 100ul PCR reaction volumes to 10ul.
Concentrated PCR products (10ul), werce inspected using electrophoresis (2%
agarose gel in 1 X TAE containing ethidium bromide (0.5pg ml™)), with markers
(10Cbp and 1KB, Gibco) included on the gel for reference.

The use of DGGE to analyse PCR products generated from “axenic”

dinoflagellate cultures

Following the visualisation of a PCR product in 4. famarense CCMP 117 using
primers 2 and 3, DGGE analysis of the sample using experimental conditions
determined in Chapter 2, identified the presence of one DGGE band, which was
subsequently excised from the DGGE gel, the DNA eluted, recovered, re-amplified,
cleaned and identified using bi-directional 16S rDNA sequencing as described

previously in Chapter 2.




G.L. Hold, 1999

RESULTS




G.L. Hold, 1999 94

The use of a washing technique to produce an axenic dinoflagellate culture

The effectiveness of a washing tcchnique in removing the microflora of dinoflagellate
cultures was investigated by comparing bacteria from untreated dinoflageliate cells
plated directly onto marine agar and washed dinoflagellate cells. Figure 3.1
summarises the morphotypes present in the untreated A. fusitanicurm NEPCC 253 and
A. tamarense NEPCC 407 cultures and those remaining after the sterile washing
procedure. The procedure was effective at reducing bacterial numbers in A.
tusitanicumm NEPCC 253, with numbers of three morphotypes reduced by
approximately 90%, with the other morphotype (the small crcam) climinated, which
may indicate that this small cream isolatc had a loosc attachment with the

dinoflagellate cells compared to the other morphotypes.

In eartier experiments using A. tamarense NEPCC 407, the culture exhibited four
morphotypes which were characterised as detailed in Chapter 2. However, three
additional morphotypes were identified during this experiment; the raised pink, smali
orange, and chalky yellow isolates, although they comprised a small percentage of the
total bacteria present. Washing of the dinoflagellate cells did not result in removal
of any morphotypes, with the numbers of the small orange isolate actually increasing
on washing. The reduction in numbers of the other bacterial morphotypes in 4.
tamarense NEPCC 407 was not seen to the same extent as in 4. lusitanicum NEPCC
253.

Therelore, washing appeared unsuccessful at removing bacteria associated with the
dinoflagellate cells, which indicated that a tight association may exist beiween
dinoflagellate cells and bacteria. An investigation assessing the level of attachment
was instigated to determine the effectiveness of other physical dissociation
techniques. Dinoflagellate cells were subjected to lysis and washing prior to plating
onto marine agar, with quantities and types of bacteria compared to the untreated
culture with bacterial numbers resulting from both treatments expressed as a

percentage of the original culture. Results from 4. lusitanicum NEPCC 253 (Fig.
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A. lusitanicum NEPCC 253 A. tamarense NEPCC 407

10

L R S 0 ) §

Number of each colony morphotype (cfu ml™)

|
Untreated Washed Untreated Washed
culture culture culture culture

Figure 3.1 Concentration of each colony morphotype of bacteria in dinoflagellate
cultures A. lusitanicum NEPCC 253 and A. tamarense NEPCC 407, following

washing, compared to untreated cultures.
The detection limit was 10cfu ml™.
M = yellow/orange mucoid isolate, M = large cream isolate, M = small rose rough

isolate, l = beige flat isolate, ® = small cream isolate, ® = raised pink isolate,

= small orange isolate, M = small chalky yellow isolate.
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rphotype (% of untreated culture)

)

Colony mo

Treatment regime

Figure 3.2 Colony morphotypes from stationary phase A. lusitanicum NEPCC 253,
expressed as a percentage of the untreated culture, after being subjected to different
bacterial dissociation methods. (1) dinoflagellate culture subjected to disruption by
vortex mixing with the addition of glass beads to lyse dinoflagellate cells. (2)
dinoflagellate cells subjected to disruption an in (1), but with the addition of sterile

seawater washing after lysis.

M = yellow/orange mucoid isolate, ¥ = large cream isolate, ® = small rose rough

isolate, M = beige flat isolate.
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3.2) indicate that lysing the culiure gave 25% more yellow/orange isolates and 35%
less rase coloured isolates, although the numbers of cream and beige morphotypes
remained comparable to the original culture. Washing the lysed cells resulted in a
large reduction of all bacterial types, with the beige isolate totally removed as seen
during washing of whole cells. The difference between numbers of the large cream
and rose coloured isolates when the two washing treatments were compared (Fig 3.1
and Fig 3.2) was negligible, although yellow/orange isolates were further reduced in

the washed cell lysate compared to the washed whole cells.

Figure 3.3 depicts the results generated from A. tamarense NEPCC 407 after similar
lysis treatment to A. fusitanicum NEPCC 253, Disruption of the dinoflagellate culture
removed one of the Iess dominant morphotypes, the chalky yellow isolate and
reduced the numbers of rose coloured and large cream isolates by 80% and 50%
respectively. However, lysis of the culture also caused an increase in the numbers of
the small cream, raised pink, and small orange isolates by 40%, 350%, and 80%
respectively, with the beige isolate remaining fargely unaffected. As with washing of
the whole cell culture, washing of the cell lysate vastly reduced bacterial numbers,
although another of the less dominant morphotypes, the small orange isolate was
removed when the lysed culture was washed. This could indicate the morpholype Lo
have been of intracellular origin. Interestingly, washing of the whole cells saw a large
decrease in the numbers of the rose coloured isolate, however, examination of the
washed lysate indicated the presence of more rose coloured isolates than were
present in the original culture. Numbers of the small cream and raised pink
morphotypes were reduced following washing of the cell lysate, with the {arge cream

and medium beige morphotypes largely unaffected compared to whole cell numbers.

These investigations indicated the tight degree of association between the bacteria
and the dinoflagellate cells, with even complete disruption of the algal celis not

causing removal of the majority of morphotypes. Therefore it was accepted that
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Figure 3.3 Colony morphotypes from stationary phase 4. rtamarense NEPCC 407,
expressed as percentage of the untreated culture, after being subjected to different
bacterial dissociation methods. (1) dinoflagellate culture subjected to disruption by
vortex mixing with the addition of glass beads to lyse dinoflagellate cells. (2)
dinoflagellate cells subjected to disruption an in (1), but with the addition of sterile

seawater washing after lysis.

M = rose coloured isolate, M = large cream isolate , B = small cream isolate, Il =

medium beige isolate, M = raised pink isolate, M = small orange isolate.
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physical dissociation methods would not produce axenic cultures of the
dinoflagellates present within the current study. Therefore another approach was

required.

Identification of an effective antibiotic cocktail to produce an axenic

dinoflagellate culture

The efficiency of antibiotics in removing the bacterial flora of A. lusitanicum NEPCC
253 and A. tamarense NEPCC 407 was assessed. Tnitially, bacteria were exposed to
a range of antibiotic sensitivity discs (Oxoid) to ascertain which antibiotics were

effective against the culturable bacteria described previously in Chapter 2.

Large cream isolates from A. fusitanicum NEPCC 253 were effectively removed by
streptomycin and novobiocin, whilst 4. tamarense NEPCC 407 isolates were
resistant to these antibiotics, but sensitive to penicillin, gentamycin and ciprofloxacin.
A similar response was detected with the rose coloured isolates from both
dinoflagellate cultures, with all isolates responding to penicillin, streptomycin,
gentamycin and ciprofloxacin, This combination, with the inclusion of kanamycin,
was also effective against yellow/orange isolates in A. lusitanicum WEPCC 253.
Ciprofloxacin was the only antibiotic tested which inhibited growth of beige isolates
[rom A. lusitanicum NEPCC 253, whilst the beige isolates from A. lamarense
NEPCC 407, although scnsitive to ciprofloxacin, also responded to streptomycin and

novobiocin.

From the above, it appeared that a combination of streptomyecin, ciproftoxacin and
gentamycin would be effective against all strains. Therefore, a cocktail of these
antibiotics was used to treat dinoflagellate cultures, together with a second antibiotic
cocktail hall the strength of the first, in case dinoflagellate cells were sensitive to high
doses of the antibiotics. Dinoflagellate cultures were subscquently exposed to these
cocktails for 12 days, after which they were subcultured into fresh media free of

antibiotics. As shown in Table 3.2 combinations 1 and 2 were both effective in

RO VLI
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reducing the concentration of all bacterial morphotypes from A. lusitanicum NEPCC
253 and A. tamarense NEPCC 407, with combination 1 completely removing three

bacterial morphotypes from each culture.

The addition of penicillin to combination I (Table 3.2 combination 3), removed all
morphotypes from both dinoflagellaie cultures without adverscly affecting the growth
of 4. lusitanicwm NEPCC 253 (See Chapter 4). However, it was noted that there
was an adverse ellect on the growth rate of 4. tamarense NEPCC 407 under these
conditions. This was rectified by altcring growth conditions, allowing the culture to
remain in continuous light for a 2 week period rather than the usval 14h:10h
light:dark cycle. Following the altered light phase period, growth of the treated
culture appeared stable which allowed the assessment of growth rates and toxicity

profiles (See Chapter 4).

However, A. tamarense NEPCC 407 stiil conlained a contaminant in the form of a
fungus, which was not detected in the original culture. The fungal culture was
identified by Dr S. Moss, University of Southampton, as a Botryfis sp., a genus
known to contain many plant-pathogenic species but not usually associated with

marine environments {Coley-Smith, 1980).

Use of a range of marine media to assess the effectiveness of antibiotic

treatments

Following antibiotic treatments, dinoflagellate cultures were maintained through three
growth cycles, to remove any potential influence the antibiotics may have had on
growth of the cultures. Although antibiotic treated cultures were free of bacterial
growth on marine agar, the possible presence of bacteria capable of growth in other
media was investigated. Initially this involved inoculating 0.1ml of the treated

dinoflagellate cultures onto seventeen different media, which were incubated at 20°C

Lo




G.L. Hold, 1999 101

Table 3.2a
Colony Antibiotic combination
morphology 1 2 3
yellow/orange 100 50 10¢
large cream 85 20 100
small rose 100 45 100
flat beige 100 75 100

Table 3.2b
Colony Antibiotic combination
morphology 1 2 3
rose 100 55 100
large cream 100 30 100
small cream 80 15 100
medium beige 100 35 100

Table 3.2 Percentage of each bacterial morphotype removed from cultures of A.
tusitanicum NEPCC 253 (Table 3.2a), and A. tamarense NEPCC 407 (Table 3.2b),

by various antibiotic cocktails.

Combination 1 = ciprofloxacin (46ug ml™), gentamycin (240ug ml™), streptomycin
(25ug ml™)

Combination 2 = ciprofloxacin {23 g mi"), gentamycin (120pg ml™?), streptomycin
(12.5ng mi™h)

Combination 3 = ciprofloxacin (46pug ml™), gentamycin (240ug ml™), streptomycin
(25ug mI™) and penicillin G (20 units ml™)
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for 30 days, after which time no bacterial colonies were detected. As the detection
limit for bacteria on an agar plate was 10 cfu ml”, it could be stated that there were
no culturable bacteria present above this level. However, the Bofryiis sp. was still
detected in A. tamarense NEPCC 407 using most agar formulations, with the
exception of the nutrient-poor media, including 1/100 strength marine agar, seawater
media and ST10®. The probability of bacteria being present at < 10 cfu ml™, was
assessed by inoculating 1ml of each dinoflagellate culture into 5 replicate tubes
containing broth of each media formulation. After 30 days incubation, no turbidy was

detected, although Bo#rytis was again present in the higher nutrient formulations.

From this work, using solid and liquid media, comprising a wide nutrient spectrum,

it was conchided that no culturable bacteria remained in either dinoflagellate culture.

Epifluorescence microscopy of dinoflagellate cultures

Figure 3.4a shows the dinoftagellate culture A. fusitanicum NEPCC 253 prior to
antibiotic treatment, stained using Sybr green 1 and examined using epifluorescence
microscopy. The nucleus of the cell is visible as the large green fluorescing mass,
surrounded by the rest of the dinoflageliate cell, which autofluoresces faintly red duc
to the presence of chlorophyll. The remainder of the green fluorescence, in the form
of small particles, 1s due to bacterial cells present within the culture. Following

successful antibiotic treatment, no fluorescence could be attributed to the presence

of bacteria, either attached to the dinoflagellate cell, or free-living in the culture
media (Fig. 3.4b).
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Figure 3.4a A. lusitanicum NEPCC 253 prior to antibiotic treatment, stained using

Sybr Green (x 400 magnification).

Figure 3.4b A. lusitanicum NEPCC 253 following antibiotic treatment, stained

using Sybr Green (x 400 magnification).
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Use of molecular techniques to confirm the axenic status of dinoflagellate

cultures

The culture technique and epifluorescence microscopy described above confirmed
that dinoflagellates were free of culturable bacteria. However, the possibility that
unculturable bacteria remained was assessed using PCR analysis with two eubacterial
primer sets (Chapter 2; Fig. 2.1). The primer sets used amplified different length
fragments of the 168 gene, with primer set 1 targelting the hypervariable V3 region
of the 168 gene corresponding to nucleotide positions 341 - 534 in . coli, whilst
primer set 2 corresponding to nucleotide positions 8 - 1522, amplified the whole 168
gene generating a 1500 base pair fragment. Prior 1o use, both primer sets were
investigated for the spectrum of bacteria which, theoretically, would be targetted.
The majority of bacleria, excluding certain B-proteobacteria and the Planctfomycetes,
would be amplified by primer set 1, and only a limited number of bacteria, including

certain Vibrio spocics would be unaffected by primer sct 2.

Prior to examining the dinoflagellate cultures, the sensitivity limit of the PCR reaction
was invesligated. Serial dilutions of three bacterial groups isolated from 4.
lusitanicum NEPCC 253 (RFLD patterns 1, 3 and 4, see Chapter 2) and Alterononas
macleodii type strain, were subjected to PCR amplification using primer sct 1.
Clearly visible products were detected with all bacteria in sampies containing 10' - 107
cfu per reaction, indicating a detection himit of < 10 cfu per reaction volume in all

bacterial groups.

Following PCR amplification of dinoflagellate samples, PCR products were
concentrated to allow the contents of the whole reaction volume to be visualised in
ethidium bromide stained agarose. No PCR products were detected in either

antibiotic treated culture following assessment with both primer sets. Therefore,

cultures were subsequently considered bacteria-free.
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Assessment of the bacteriological status of culture collection axenic

dinoflagellates

The bacteriological status of the two “axenic™ 4, tamarense cultures obtained from
the culture collection, CCMP 117 and 1771, was also investigated. The culture
collection deemed these cultures to be bacteria-free as judged by the absence of
bacteria by epiflucrescence microscopy and inoculation into liquid media. Analysis
using the seventeen different media formulations and epifluorescence microscopy
described above, did not show the presence of bacteria in either culture. However,
PCR amplification analysis with primer set 1, revealed a product from all growth
phases of 4. tamarense CCMP 117. Examination of these samples by DGGE showed
there to be one PCR fragment. This was excised from the acrylamide gel, and
subsequently identified (see Chapter 2} as an a-Proteobacterium related to the
Roseobacter clade (see Appendix 4 for sequence information). PCR amplification

of A. famarense CCMP 117 using primer set 2, failed to generate a PCR product.
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One of the aims of this project was to assess the influence of bacteria on
dinoflagellate toxicity, with removal of the dinoflagellate microflora and determining
the subsequent effect on toxicity being one approach that can be taken to address this
issue. Several researchers including Singh ef al,, (1982), Sako ef o, (1992), Imai
& Yamaguchi, (1994) and Doucette and Powell, (1998), have claimed success in
producing axenic dinotlagellate cultures using various methods, including washing
technigues, dilution series, physical dissociation and addition of bacteriolytic
compaounds. Assessment of their success was determined using various media and

occasionally epifluorescence microscopy.

Tnitial work in this study investigated the efficiency of a washing technique reported
by Singh ef al (1982) to be effective in producing axenic Alexandrium cultures.
Bacteria-free statns of cultures was concluded by the lack of bacterial growth on
three media formulations including a non-marine formuta, However, although strains
used in the current study were also Alexandrium species, the method was found to
be ineffective in completely removing the majority of isolates, although all
morphotypes were reduced. The ability of bacteria to remain in algal cultures
following washing was also demonstrated by Spencer (1952), who showed that
washing removed free-living bacteria, but not firmly attached isolates, from algal
cultures. However, the cffcctivencss of this procedure was not demonstrated on
dinofagellate cultures. Lysis of dinoflagellate cells to remove bacteria in the current
study also failed to remove all isolates, indicating that some bacteria are tightly

associated with dinoflageliate cells.

Since the washing of the dinoflagellate cells was unsuccessful in producing bacteria-
free cultures, the use of antibiotics was assessed. Several workers have claimed
success using antibiotics {Spencer, 1952; Hoshaw and Rosowski, 1973; Guillard,
1973; Bates ef al., 1993), with broad-spectrum antibiotic cocktails being added to
cultures, and subsequent assessment of remaining bacteria in cultures dictating further
treatments. 1However, in the current study, a more methodical approach was

adopted, in that antibiotic sensitivies of all culturable bacteria from the dinoflagellate
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cultures were determined. This resulted in precise information for each dinoflagellatc
culture, allowing an effective cocktail to be generated which was subsequently
adjusted to allow remaval of all culturable bacteria without adversely affecting the

dinoflagellate culture.

Using information from antibiotic sensitivity profiles, the antibiotic combination
initially used for treatment of the two dinoflagellate cultures in this study included
streptomycin, gentamycin, ciprofloxacin. However, this combination although
effective against all previously cultured isolates did not produce bacterial free
cultures. Therefore, subsequent investigations of antibiotics effective against
remaining isolates indicated the addition of penicillin would produce bacterial free
cultures. The combination of all four antibiotics was used recently to produce axenic
Alexandriyvm cultures in New Zealand (. Maas pers. comm.), However, due to the
use of different Alexardriumm species and culturing regimes, it was anticipated that the
bacterial flora from the dinoflagellates used in this study would probably differ from
cultures investigated by Maas, and therefore, the combination may not necessarily be
effective. Flowever, antibiotic treatments were repeated using the four antibiotics on
previously untreated dinoflagellate cultures, with subsequent assessment using marine

agar indicating no bacterial growth,

Investigation of published methods for assessing the axenie nature of algal

cultures

One of the main criticisins of previously published protocols for producing axenic
algal cultures, has been the {ack of methods used to assess the sterility of cultures.
The majority of published methods utilise limited media plating, containing mainly
nutrient-rich formulations, although not necessarily suitable for marine organisms.
However, as the detection limit of media plating is ten cfu mlI”, it is possible for low
concentrations of bacteria to have gone undetected and remained within cultures.
Therefore, the second aim of the current study was to devise a more comprehensive

method for assessing the bacterial status of supposedly axenic dinoflageliate cultures.
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Bacteriological status of antibiotic treated dinoflagellate cultures

The use of seventeen diflerent media formulations in the current study gave a high
probability of enumerating bacterial species which may have remained following
antibiotic treatment. The different media encompassed a wide variety of nutrient
compositian, with both general and selective formulae included. Several low nutrient
formulations were employed as viable cell counts have often been shown to increase
when low nutrient media are used, because most marine bacteria, under natural
conditions, are not routinely exposed to high substrate concentrations (Azam and
Ammerman, 1984, Nissen, Nissen and Azam 1984). This could indicate the presence
of bacterial species which are not routinely detected using traditional high nutrient
marine media such as marinc agar (Buck, 1974; Akagi ef a/l., 1977; Ishida et al.,

1986).

It was also important to address the detection limit of methods to assess the bacterial
free status of dinoflagellate cultures. As the detection limit of media plating was ten
cfu ml™! inoculations of broth were also used to confirm media plating results, and

achieve even greater detection sensitivity.

‘The success of antibiotic treatment methods was shown by the lack of culturable
bacteria in all seventeen different media preparations, both in agar and broths.
However, following antibiotic treatment of A. famarense NEPCC 407 a fungus
subsequently identified as a Botrytis sp., was detected. It is possible that removal of
bacteria allowed the Botrytis sp. Lo colonise, whereas previously its growth had been
suppressed by the presence of bacteria or their extracellular products. The lack of
fungal growth in four of the media /2, ST10™, seawater media and 1/100 strength
marine medium may reflect the high nutrient requirements for fungal growth.
Although not detected in A. famarense NEPCC 407 whilst bacteria were present, the
ability of this fungal species to persist in the axenic culture for the duration of the
study indicate its ability to survive in marine conditions. However, Botryiis sp. have

not been previously detected in marine environments {Coley-Smith, 1980} and it was
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not observed in any of the other axenic dinoflagellates, maintained under the same
regime. Therefore, its presence is unlikely to be as a contaminant introduced during
maintenance. Future work to produce an axenic culture of 4. tamarense NEPCC

407, should also include a treatment capable of eliminating the [lingal contamination.

The use of epifluorescence microscopy to determine the bacteriological status

of treated dinnflagellate cuitures

The majority of recently published studies on the production of axenic cultures rely
on epifluorescence microscopy to confirm the axenic status of cultures. Thus, many
believe that epifiuorescence microscopy is a better method for assessing the axenic
nature of cultures than traditional plating method (Bolch and Blackburn, 1995). In
the current study, epifluorescence microscopy was initially done using DAPI, a stain
commonly used to analyse algal/bacterial associations (Porter and Feig, 1980, Kim
el af., 1993). However, the results lacked clarity duc to autofluorescence from
background detritus within samples and this made images very difficult to interpret.
This problem was eliminated by the use of Sybr Green 1, a nucleic acid stain
developed initially to stain electrophoresis gels, although, it has been used
successiully to stain picoplankton and other algac for flow cytometry analysis (Marie

et al., 1997), producing excellent results using both live or fixed samples.

Assessment of current literature indicates that DAPI is stifl the stain of choice for
assessing the axenic nature of algal cultures. However, in the current study Sybr
Green 1 was a much more effective stain for assessing algal/bacterial interactions, due
to its ubility to penetrate dinoflageliate cells without requiring sample fixation, unlike
stains such as DAPI  Fixation is the main problem cncountered in using
epifluoresence microscopy to determine the axenic status of dinoflageliate cultures,
as the introduction of glutaldehyde or formalin alters the structure of the
mucilagenous layer surrounding dinoflagellate cells (J. Lewis, pers. comm.), causing

difficulties when investigating the association between bacteria and dinoflagellate

cells.




G.L. Hold, 1999 (16

difficulties when investigating the association between bacteria and dinofiagellate

cells.

Other microscopy techniques such as confocal microscopy or transmission electron
microscopy (TEM) are now more frequently used for analysis ol algal samples.
These techniques allow section-by-section analysis ot cells, which can be recombined
to generate a 3-dimensional composite image. However, these techuiques require a
long sample preparation time and costly reagents and equipment to process samples;
these methods were not available in this project. However, as these techniques are
gaining favour for analysis of supposedly axenic cultures, future work must consider

their possible use.

Molecular assessment of antibiotic treated cultures

Molecular techniques have been used routinely to detect the presence of bacteria
within a community (Olsen ez af., 1986; Ward ef al, 1992; Amann et al., 1995;
Suzuki ef of 1997), However, in the cumrent study, molecular techniques were
adopted o confirm the absence of bacleria. A PCR sensitivity investigation indicated
a detection limit of less than one colony forming unit per 10ml of dinoflagellate
culture, for several different bacterial morphotypes, indicaiing the system to be ten
times more sensitive than traditional plate counts, not subject to the constraints of
cultivation methods, and less time consuming for multiple samples than

cpifluorescence microscopy.

PCR amplification of antibiotic treated cultures using two universal eubacterial primer
sets did not generate PCR products, indicating the presence of < 0.1 c¢fu ml™ of
dinoflagellaic culiure at all points of the growth cycle, equivalent to < 100 colony
forming units per litre of culture. This roughly equates to one bacterium per ten
dinoflagellate cclls in lag phase, with 1 bacterium per 1000 dinoflagellate cells in

stationary phasc samples.
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Axenic status of culture collection ‘axenic’ dinoflagellate cultures

Dinoflagellate cultures A. tamarense CCMP 117 and 1771 were bought as “axenic’
cultures from the culture collection (CCMP), and the axenic nature of these cultures
had been regularly checked using broth inoculation and epifluorescence microscopy.
whilst maintained at the culture collection. Subsequent assessment using the
seventeen media, and epifluorescence microscopy using Sybr Green 1 in the current
study also failed to detect any bacterial contamination. Although molecular analysis
of A. tamarense CCMDP 1771 failed to generate a PCR product from any growth
phase, this was not the case for 4. famarense CCMP 117, with molecular analysis
detecting a Roseobacter sp., a common marine bacteriat species (Sorokin, 1995).
Although the detection limit of the PCR reaction was lower than the plating method,
more than 100 colonies would have been present within the whole culture for the
positive PCR reaction to have been generated. It must be emphasised however, that
the molecular technique would also have detected bacteria remaining unculturable by

current plating methods.

The detection of such a readily culturable isolate (Sorokin, 1995), must question the
viability of the bacteria within the culture, as both epitluorescence microscopy and
media plating failed to detects its presence. Several possibilities can be offered to
explain the detection of bacteria in A. famarense CCMP 117 using molecular
analysis. Tirstly, contamination of samples could have occurred during processing.
However, all samples from antibiotic treated cultures, 4. tamarense CCMP 117 and
1771 were processed at the same time, with each growth phase sample being treated
individually. Therefore, it is scarcely conceivable that all three A. tamarense CCMP
117 samples became contaminated when none of the other samples produced positive
PCR reactions. The second possible reason for detection of bacterial DNA could be
due to carry over of DNA during subculture. However, 4. tamarense CCMP 117
had been maintained as axenic {determined by media plating and epifluorescence
microscopy) in the current study for six months prior to molecular analysis, and

previously maintained in the culture collection for five years. Therefore, it had been
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repeatedly subcultured, which would have greatly reduced any bacterial DNA
remaining following antibiotic treatment. This is further confirmed by negative PCR
reactions from the dinoflagellate cultures treated with antibiotics during the current
study. which did not generate PCR products although maintained for a much shorter

time than A. famarense CCMP 117 before analysis.

In conclusion, no definite answer can be offered as to why molecular analysis
identified the presence of bacteria in A. tamarense CCMP 117, when other methods
fatled. But, this indicates that the molecular method used within the current study
offers the most sensitive system to date for assessing the axenic nature of
dinoflagellate cultures. The method provides an accurate method for identifying the
presence of bacterial contamination in cultures, with a sensitivity level at least 100
times greater than traditional plating methods for those bacteria which could be
cultured. Therefore, the use of molecular techniques must be considered essential for
future experiments requiring definitive proof of the axenic nature of dinoflageliate

cultures.
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CHAPTER 4: INVESTIGATION OF BACTERIAL
INFLUENCE ON DINOFLAGELLATE GROWTH
AND TOXIN PRODUCTION
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Introduction

‘The ability of axenic Alexandrium cullures 1o producc PST has been widely reported
(Singh er al., 1982; Boyer ef al., 1987; Boczar e al., 1988; Doucette and Powell,
1998), although comparison of the levels of toxins produced by axenic cultures
compared to original cultures varies. Singh ef /., (1982) and Danlzer and Levin,
(1997), noted higher levels of toxin production it axenic culturcs compared o
original cultures, however, Sako ef al., (1992) noted levels to be comparable to
original cultures, whilst Doucette and Powell, (1998) showed toxin production from
axenic culturcs was half that of original cultures. However, 1t is suggested by some
researchers that the axenic cultures used within thesc studies were possibly not truly

hacteria-free.

The majority of work investigating the ubility of bacteria (o aller Alexandrium sp.
toxin profiles, has been concemed with effects observed when bacleria were
removed, with only one study investigating the effect of re-introducing bacteria to
dinoflagellate cultures (Doucette and Powell, 1998), although a pavallel study was
attempted in a toxin producing diatom culture (Bates e/ of., 1993). Results from the
two studies generated different findings, with re-introduction of bacteria to the
diatom cultures causing an increase in toxicity compared to the original culture,
although results from introducing bacteria to the axenic dinoflagellate culture

appeared to merely restore the original toxicity of the culture.

Tn this study, effects on the growth and toxicity profiles of dinoflagellate cultures
were investigated following the production of an axenic culture (as detailed in
Chapter 3), with particular attention paid to effects on toxicity following the re-
introduction of bacteria to axenic cultures. Toxicity following re-introduction of
bactcria was seen 1o increase compared to both axenic and original cultures, with
effects due to the introduction of a non-toxin producing dinoflagellate culture’s
micreflora also assessed, however this did not appear to have such a dramatic effect

on Loxicity. Attempts were also made to assess the ability of the axenic dinoflagcllate
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culture to sustain different bacterial floras using molecular techniques detailed

previously in Chapter 2.
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MATERIALS AND METHODS




G.L. Hold, 1999 115

Dinoflagellate muintenance and cell counting

Culiures were maintained following protocols described in Chapter 2. Cell counts
were oblained using flasks sct aside purely for growth curve analysis, and maintained
under the same conditions as experimental flasks. Aliquots of culture (5ml) from
growth curve flasks were aseptically removed every second day following gentle
swirling of flasks to generate a uniforin suspension. Lugol’s iodine (10ul) was added
to each culture aliquot to fix the sample, which was then counted using a Sedgewick-
rafter slide, Thirty six fields of vision were counted to give statistically viable resulls,
with dense cultures serially diluted in sterile seawater to leave between 10 and 20

cells per ficld of vision.

PST cxtraction from dineflagellate samples

Dinoflageliate cultures were harvested for PST apalysis in lag, log and stationary
growth phases. Aliquots of cultures (5ml) were set aside for growth curve analysis
before the majority of the culture (1000ml) was collected by centrifugation (2000 x
g, 10 min), the supernate decanted, the resulting cell pellet resuspended in 1ml acetic
acid (0.05M), and frozen at -20°C overnight. Following thawing of samples, cells
were disrupted by the addition of 25% w/v glass beads (0.16 - 1.17mm - gamma
sterilised, Sigma), and vortex mixing for 3 min. Microscopic examination of the cell
debris revealed cells had been completely disrupted. Samples were centrifuged briefly
(13,000 x g, 30 sec), with the supernatant carcfully removed and filtered through
0.45um syringe filters prior to storage at -20°C for subsequent toxin analysis.
Comparison between cell counts generated from growth curve analyses and flasks

sacrificed for toxin analysis indicated negligible differences between the two data scts,

HPL.C analysis of dinoflagellate samples

HPLC analysis of dinoflagellate samples followed the method described by Franco

and Fernandez-Vila (1993), with the following amendments:
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1) A silica based reverse phase column was used (C18; 250 x 4mm id, Purospher
Merck), held at constant temperatuie (35°C), with a mobile phase flow rate of 1.0ml
min™.

2) External calibration standards (NRC, Canada) were included before sample
analysis and after every fourth run to monitor the performance of the system. Toxin
composition profiles were determined from triplicate analyses.

3) Confirmation of toxin peaks was determined by the inclusion of internal toxin

standards within samples.

Detection of SCB activity in bacterial isolates from A. lusitanicumm NEPCC 253
and A. famarense NEPCC 407

Examination of bacteria for SCB activity was carried out using the mouse
neuroblastoma assay described by Gallacher and Birkbeck (1992), with the following
amendments; -

1) All bacterial supernates were tested at 1/10 dilution.

2) The ouabain and veralridine concentrations were optimised to take into account
matrix effects from the marine broth, and were used at concentrations of 0.6mM
ouabain and 0.025mM veratridine,

3) Saxitoxin standards were diluted in 1/10 marine broth.

4) A saxitoxin standard curve was incorporated onto cach sample plate.

Preparation of bacterial supernatants for determination of SCB activity

Bacterial isolates from 4. Zusitanicum NEPCC 253 and A. famarense NEPCC 407
were inoculated into 50ml flasks containing marine broth (30ml) and incubated in a
rotary incubator (20°C, 100 osc min™). After 24h, bacterial suspensions were
centrifuged (12,000 x g, 10min), before supernatants were carefully removed and
aliquoted before freezing (-20°C), prior to analysis. Frozen supernatants were
subsequently delrosted and diluted 1/10 in tissue culture dilution medium (RPMI +

penicillin/streptomycin (2%)) before analysis using the MNB assay.
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Optimisation of Quabain and Veratridine Concentrations

The effect of marine broth on the ability of ouabain and veratridine to cause cell death
was investigated by a cuabain/veratridine titration. ‘This incorporated a combination
of six ouabain and three veratridine concentrations in a chequerboard pattern, as
described by Gallacher and Birkbeck (1992). Hach well contained SOpl of the
required concentration of cuabain and veratridine along with 100ul of either dilution
medium, or marine broth diluted 1/10 in dilution medium. Platcs were seeded as
described by Gallacher and Birkbeck (1992), before incubation at 37°C for 24h. The
response of the cells to ouabain and veratridine was assessed as stated in Gallacher
and Birkbeck (1992),

Serial dilution of Saxitoxin Standard

A saxitoxin standard curve was constructed and included in each sample plate where
sample quantification was required. STX dilutions were made up in 1/10 marine
broth diluted in dilution medium. SCB activity percentages were calculated and dose
response curves generated as described by Gallacher and Birkbeck (1992), to which

sample SCB activity could be compared and converted to toxicity measurements.

Assessment of bacterial flora associated with dinoflagellate cultures A
tusitanicum NEPCC 253 and A. tamarense PCC 173a using colony morphology,
RFLFP and DGGE analysis

Dinoflagellate cultures A. lusifanicum NEPCC 253 and A. tamarense PCC 173a were

subjected to microflora analysis prior to re-introduction experiments.

Samples of each culture from the three growth phases were subjected to serial
dilution and plated onto marine agar as described previously in Chapter 2. All
colonies from the dilution plate containing between 50 and 100 colonies were

analysed further by picking and replating each isolate to obtain pure cultures.
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Following classification using colony morphology (described previously in Chapter
2), isolates were also subjected to RFLP analysis (as described m Chapter 2) (o
further group the bacteria.

Samples from the three growth phases of each dinoflagellate culture were also
subjected to analysis using DGGE. Samples were collected and analysed as described
in Chapter 2, with corresponding samples from microflora analysis (see Chapter 2)

included on the acrylamide gel to act as refcrence.

Assessment of the axenic status of A. lusitanicum NEPCC 253 prior to re-

introduction experiments

Prior to re-introduction experiments, the bacterial status of the axenic culture was
assessed fallowing the pratocols described in Chapter 3. Samples from each growth
phase of the culture were subjecied to investigafion using the seventeen different
media. Epifluorescence microscopy analysis and PCR were also performed on all

growth phase samples.

Preparation of axenic dinoflagellate cultures for re-introduction experiments

Experiments allowing the re-introduction of bacteria to axenic dinoflagellate culture
A. lusitaricum NEPCC 253 required a variety of samples to be collected from each
growth phase. Large quantites of culture were required [or HPLC and DGGE
analysis (1000ml per analysis), therefore, each dinoflagellate culture required two
flasks (1500ml coltures) per growth phase. Eight flasks of freshly subcultured axenic
A. lusitaricum NEPCC 253 were required for re-introducing the bacterial flora of 4.
tusitanicum NEPCC 253, another eight flasks for re-introducing the microflora of 4.
tamarense PCC 1734, and a final eight flasks were required as axenic controt [lasks.
Eight flasks of original 4. lusitanicum NEPCC 253, were also included as a control
culture. The number of flasks for each set of bacterial introductions included a single

flask for growth curve analysis, and also a final flask for subsequent culture which

y
-9
k2
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remained untouched during the analysis.

Disruption of dinoflagellate cultures 4. lusitanicam NEPCC 253 and A
tamarense PCC 173a to allow the introduction of their microflora into axenic
cultures of A. lusitanicum NEPCC 253,

Aliquots (2000ml) of stationary phase dinoflagellate cultures 4. lusitanicum NEPCC
253 and A. famarense PCC 173a were centrifuged (10,000 x g, 10 min), with the
supernatant decanted and the resultant cell pellet resuspended in sterile scawater
(10ml). This suspension was subjected to disruption by the addition of glass beads,
followed by vortex mixing as described in Chapter 3, with microscopy used to

confirm lysis of dinoflagellate cells.

Following complete lysis of dinoflagellate cells, Iml of the suspension was subjected
to a ten-fold dilution series using sterile seawater, with each dilution added (100ul)
in triplicate Lo marine agar plates which were then incubated for 14 days at 20°C.
Following incubation, the dilution plate containing between 50 and 100 colonies was
analysed further, with bacteria isolated and classified as described previously in
Chapter 2. Previously unidentified bacteria were subsequently identified using bi-
directional 16S rDNA scquencing and phylogenetic analysis as described in Chapter
2.

Introduction of (he microflora from A. lusitanicum NEPCC 253 and A.

tamarense PCC 173a to axenic cultures of A. usitanicum NEPCC 253.

The remaining disrupted ccll suspension from A. Jusitanicum NEPCC 253 and 4.
tamarense PCC 173a cultures were each added (500u]) to eight freshly subcultured
flasks of axenic 4. fusitanicum NEPCC 253. Flasks were swirled to generate a
uniform suspension before being maintained under normal growth conditions
described in Chapter 2 alongside control cultures, with growth curve data collected

every second day from all cultures.
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Sampling of growth phase cultures

All culture regimes were analysed at the three growth phases. Sampies for HPT.C
analysis were collected and extracted for toxin analysis, as described previously.
DGGE samples were collected and prepared for DGGE analysis as described in
Chapter 2. Samples for identification using colony morphology and RFLP analysis

were also taken following protocols described in Chapter 2.
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As results from Chapter 3 demonstrated that antibiotic treated dinoflagellate cultures
were bacterial-free, these cultures, A. usitanicum NEPCC 253 and A. famarense
NITPCC 4907, along with the culture collection axenic A. tamarense CCMP 1771, will
henceforth, be referred to as axenic cultures, whereas dinoflagellate cultures
maintained with a normal bacterial flora will be referred to as control cultures. The
supposedly axenic 4. famarense CCMP 117, will be referred to as “axenic’, when
included in comparisons with truly axenic cultures. All references to lag phasc

cultures refer to newly subcultured flasks exhibiting minimal cell division.

The cffect of removing the microflora on dinoflagelate growth curves and toxin

production
Growth curves

The effects on growth and toxin production of dinoflagellate cultures following
recmoval of bacteria (Sce Chapter 3), were investigated, by comparing control
cultures of A. Iusitanicum NEPCC 253 and A. tamarense NEPCC 407 to axenic
culturcs. Growth and toxicity of the axenic A. famarense CCMP 1771 compared to
its control culture PCC 173a were also investigated. The toxicity of A. famarense
CCMP 117, the dinoflagellate culture deemed ‘axenic’ by the culture collection was

also assessed.

Figures 4.1a and b, show growth curves generated from dinoflagellate cuftures 4.
tusitanicum WEPCC 253 and A. tamarense NEPCC 407 over a 30 day period.
Respective control and axenic culturcs showed no change in growth rate during the
first 25 days, however, after this time, the axenic A. fusilanicum NEPCC 253,
continued to increase in cell density, although cell numbers in the control culture
began to decline. This was not observed with 4. tamarense NEPCC 407. Further
investigations into the decline in growth rate of A. fusitanicum NEPCC 253 control
culture compared to the axenic culture were conducted. Figure 4.2 depicts the

growth of 4. lusitanicum NEPCC 253 cultures over 65 days, with the analysis




- :‘J_.‘Q::-,‘

G L. Hold, 1999 122

Figure 4.1a A. lusitapicum NEPCC 253
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Figure 4.1b A. tamarense NEPCC 407
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Figure 4.1 Growth curve (n=3 = sem) over 30 days for 4. fusitanicum NEPCC 253

and A. tamarense NEPCC 407 in the presence/absence of bacteria. Arrows indicate
cell sampling points for HPLC analysis.

A = dinoflagellate culture with bacteria (control)
M — dinoflagellate culture without bacteria (axenic)
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Figure 4.2 Growth curve (n=3 + sem) over 65 days for A. lusitanicum NEPCC 253
in the presence/absence of bacteria. Arrows indicate cell sampling peints for HPLC
analysis.

4 = dinoflagellate culture with bacteria (control)
M = dinoflageliate culture without bacteria (axenic)
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instigated following subculture of exponential cells from Fig 4.1a into fresh media.
A change in growth rate was again detected between cultures, although it occurred
after 30 days compared to 25 days in the previous analysis. Also, four times the
number of cells were present in the axenic culture at 60 days, compared to the control

culture.

Analysis of the growth cycle of 4. tamarense CCMP 117 over a 35 day period (Fig.
4 3a), indicated the growth curve, although showing typical characteristics, had a
lower cell density than other cultures. A maximum of seven thousand cells per litre
of culture was noted in stationary prowth phase, compared to greater than twenty
thousand cell per litre of stationary growth phase detected in all other cultures.
Similar patterns in growth curves for 4. famarense PCC 173a and A. famarense
CCMP 1771 over 35 days (Fig. 4.3b), were obtained in the early stages of the cycle.
However, the curves started to bifurcate after 32 days, although both cultures
continued to increase in cell density, with the control culture showing more celis
compared to the axenic culture. This is a reversal of the pattern seen in A.
tusitanicum NEPCC 253, where the original culture reduced in cell density compared

to the axenic culture.

Effects on toxin production following antibiotic treatment of dinoflagellate

cultures

All growth curve invesligations, were coupled with foxin profile analysis at the three
growth phases of each dinoflagellate culture. This allowed the toxin profilc of 4.
fusitanicum NEPCC 253, to be assessed in two consecutive growth cycles, allowing

information to be gathered on the stability of the toxin profile through subculiure.

HPLC analysis was performed in (riplicate for cach sample, with negligible

diffcrences in values between replicate runs detected.
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Figure 4.3a 4. tamarense CCMP 117
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Figure 4.3b A. tamarense CCMP 1771 - PCC 173a
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Figure 4.3 Growth curve for 4. tamarense CCMP 117 and A. tamarense PCC 173a
J/CCMP 1771. Arrows indicate cell sampling points for HPLC analysts,

A = dinoflagellate culture with bacteria (control)
M = dinoflagellate culture without bacteria (‘axenic’)
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Minimum and maximum potential toxicity values were generated using minimum and
maximum cell counts obtained to take into account variation in toxicity values
resulting from cell counts in a particular sample. These values are included on all
toxicity graphs as error bars of toxicity values obtained from mean cell counts.
Figure 4.4 demanstrates typical HPLC traces for PST standards GTX | - 4. GTX
1/4 standard also contained small quantities of GTX 2/3, with the standard for GTX
2/3 also containing trace quantities of deSTX which is the small peak detected at 26
minutes. Figure 4.5 shows typical traces from 4. fusitanicurmn NEPCC 253, The
control culture (Fig. 4.5 A), contained five peaks, with the first peak at ca. 4.5
minutes initially thought to correspond to C toxins, however subsequent analysis
indicated this was not the case. ‘I'he two peaks (a and b), corresponded in retention
time to GTX 4 and 1 respectively, with peaks (¢ and d) at 25 and 29.5 minutes
possibly attributed to small quantities of GTX 3 and 2. Examination of the
chromatogram from the axenic culture (Fig. 4.58), indicated peaks a and b were
again present, but at a diffcrent ratio to the control culture. Peaks ¢ and d were also
detected but in much higher quantities, with the peak at 4.5 minutes again observed.
As peaks present in the sample traces corresponded in retention time to GTX 4, 1,
3 and 2 respectively, sample spiking with known concentrations of toxin standards
was performed. Figure 4.6 shows the HPLC traces seen in Figure 4.5, when PST
standard GTX 1/4 was added to the control culture samplc (Fig. 4. 6A) and GTX 2/3
was added to the axenic culture sample (Fig. 4.6B} prior to HPLC analysis. This
strongly indicates the presence of GTX 1 - 4 within the samples, as the peaks in

question increased when toxin standards were added.

Sample spiking is currently the strongest HPLC evidence available for confirmation
of PST profiles, therefore all future reference to dinoflagellate toxin profiles in this

chapter are based on this method.

Both control and axenic cultures of 4. lusitanicum NEPCC 253 contained carbamate
toxins GTX 1- 4 (Fig. 4.7 and Fig. 4.8). Non-quantifiable traces of GTX 2 were

detected in the lag phase of the control culture, and also in log phase of both control
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Figure 4.5 TIPLC analysis of 4. fusitanicum NEPCC 253 culture. (A) control
culture, (B) axenic culture. Peaks a - d arc referred to in the text.
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Figure 4.6 HPLC analysis of control and axenic 4. lusitanicum NEPCC 253 cultures spiked with GTX 1 -4. A
= Control culture spiked with GTX 1/4; B = Axenic culture spiked with GTX 2/3. Black traces represent
dinoflagellate sample traces, coloured traces (blue and red) represent samples spiked with GTX standards.
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Figure 4.7 Effect of bacteria on PST production by A4. /usitanicum NEPCC 253,
grown in batch culture over 30 days. Results calculated from HPLC data (n = 3),
with error bars indicating the maximum and minimum toxicity values, when
variance in dinoflagellate cell counts are considered.

M = control culture
B = axenic culture
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Figure 4.8 Effect of bacteria on PST production by A. lusitanicum NEPCC 253,
grown in batch culture over 65 days. Results calculated from HPLC data (n = 3),
with error bars indicating the maximum and minimum toxicity values, when
variance in dinoflagellate cell counts are considered.

® = control culture
M = axenic culture
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and axenic cultures. This was also the case with G1X 3, with the exception of lag
phase in the 65 day analysis (Fig. 4.8), where levels of GTX 3 although small, were
quantifiable. The axenic culture produced the most of each individual foxin in all
growth phases, with the exception of GTX 4 during lag and late stationary phase
(Figs. 4.7 and 4.8), where no siguificant difference was detected between the control
and axenic cultures, The majority of toxicity in both cultures was detected in lag

phase (Fig. 4.7 and Fig. 4.8), and late stationary phases (Fig. 4.8) of growth,

Toxin analysis of A. tamarense NEPCC 407 (Fig. 4.9), indicated a more diverse toxin
profile than A. lusitanicum NEPCC 253, with six quantifiable toxin groups
comprising of both carbamate and sulfocarbamoyl toxins. A further toxin - deGTX
2, a decarbamoyl toxin, was also suspected in all phases of A. famarense NEPCC
407. However, no calibrated standard was present, thercfore quantification was not

possible.

The most limited profile of both 4. tamarense NEPCC 407 cultures, was detected in
lag phase, with only three quantifiable toxing present in the control culture and two
quantifiable toxins present in the axenic culture. However, trace amounts of other
toxins were present; with GTX 1 detected in the control culture and neoSTX
detected in the axenic culture. C 1 toxin was also present in trace amounts in the log

phase of the axenic culture.

In general, the toxin profiles of 4. tamarense NEPCC 407 cultures were similar,
although, quantities varied greatly. Interestingly, distinctly different trends noted
between cultures was seen in the production of GTX 4, with the control culture
decreasing in toxicity over the growth cycle, while the axcnic culture showed an
increase in production as the culture matured. The detection of large quantities of
GTX 4 in the axenic culture at stationary phase, coincided with the production of
large quantities of C 4, the sulfocarbamoyl toxin formed following acidic
derivatisation of GTX 4, whose presence was not detected in any control culture

growth phases even when high levels of GTX 4 were present. This elevated level of
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Figure 4.9 Effect of bacteria on PST production by 4. tamarense NEPCC 407,
grown in batch culture over 30 days. Results calculated from HPLC data (n = 3),
with error bars indicating the maximum and minimum toxicity values, when
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GTX 4 also coincided with an increase in its isomer GTX 1.

Toxin profiles for the ‘axenic’ 4. tamarense CCMP 117 (Tligure 4.10), also showed
a diverse profile of seven quantitiable toxins from the carbamate and sulfocarbamoyl
toxin groups, with the presence ot dcGTX 2 also suspected in all growth phascs.
Similar (o A. famarense NEPCC 407 cultures, the most limited toxin profile occurred
during lag phase. G1X 1 and 2 were nol present in this phase, although their level
increased sharply throughout the rest of the growth cycle, in opposition to C 2, which
decreased sharply over the growth cycle. The other toxins detecled (GTX 3, GTX
4, NeoSTX and C 1) did not exhibit such clear trends, with highest toxicity values of
GTX 3 and 4 detected in lag phase, whilst highest levels of NeoSTX and C 1 were

present at stationary phase.

As expected toxicity was not detected in dinoflagellate cultures 4. tamarense PCC

173a and CCMP (771.

ldentification of SCB production from bacteria previously isolated from A.

{usitanicum NEPCC 2583 and A, tamarense NEPCC 407

Bacterial isolates from A, lusitanicum NEPCC 253 and 4. famarense NEPCC 407,
as detailed in Chapter 2, were assessed for their ability to produce SCB toxins using
the mouse neuroblastoma assay. Potentially positive isolates, were re-tested on at
least two subsequent occasions, with results indicating 37% of isolates [rom A.
lusitanicum NEPCC 253 produced SCB activity. These isolates were from three
RFLP patterns groups (pattcrns I, 2 + 3) within the e-Protcobacterial subclass with
approximately 50% of RFLP pattern 1 and 3 isolates exhibiting SCB activity,
whereas only 20% of RTLP pattern 2 isolates tested positive (Chapter 2, Fig. 2.4 +
2.5) . SCB activity was also detected in 55% of 4. tamarense NEPCC 407 bacterial
isolates, with SCB producers comprising approximately 33% of the three major
RFLP pattern groups (patterns 2, 3 +6) from the « and y-Proteobacterial subclasses

(Chapter 2 Fig. 2.4, 2.5 + 2.6). Howcver, all toxic isolates produced SCB activity
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of less than 25fmol STX equivalents per bacterial cell.

Assessment of the microflora from 4. fusitanicum NEPCC 253 and A

tamarense PCC 173a prior to addition to axenic cultures

The microflora of A. lusitanicum NEPCC 253 and A. tamarense PCC 173a cultures,
was assessed prior to introduclion Lo axenic A. lusitanicum NEPCC 253 cultures, by
comparison with results from Chapter 2 (Fig. 4.11 + Fig. 4.12 data sets 1 +2). Both
cultures possessed the same bacterial morphotypes as described previously, with
these similarities confirmed using RFLP analysis (Chapter 2; Table 2.2). Numbers
of each morphotype remained constant between the two analyses, although 16
months apart, with the exception of RFLP pattern 11 and 12 isolates from A.
tamarense PCC 173a (Fig. 4.12), whose numbers had slightly increased and
decreased respectively. In order to introduce bacteria to axenic cultures, control
cultures were subjected to disruption to lyse dinoflagellate celis (described previously
in Chapter 3). Comparison of the microflora from cultures following lysis (Fig 4.11
+ 4.12 data set 3), indicated the tour morphotypes of 4. fusitaricum NEPCC 253
(Fig. 4.11 data set 3) and the seven from 4. famarense PCC 173a (Fig. 4.12 data set

3) remained comparable with bacterial numbers of unlysed cultures.

However, lysis also identified the presence of two new bacterial morphotypes in 4.
tusitanicum NEPCC 253 and a further two morphotypes in 4. zamarense PCC 173a
(Table 4.1 + Table 4.2 ). These isolates were subsequently examined using RFLP
analysis (See Chapter 2), which grouped one of the strains from 4. fusitanicum
NEPCC 253, the translucent pinprick colony (Table 4.1), as RFLP pattern 21
(Chapter 2; Fig. 2.4; Table 2.4), This pattern was previously generated by a §.
trochoidea NEPCC 15 bacterial isolate, subsequently identified as a Hyphomonas
related species. However, colony morphology between the original RFLP pattern 21
isolate (smooth cream with white centre) and the newly isolated 4. lusitanicum
NEPCC 253 strain were not compatible, The other isolate from A. lusitanicum

NEPCC 253, the small pink pinprick morphatype, generated an RFLP patiern not
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Figure 4.11 Comparison of bacterial numbers present on marine agar, per ml of 4.
lusitanicum NEPCC 253 culture, expressed as RFLP patterns, based on criteria
determined in Chapter 2. B yellow/orange isolates with no RFLP pattern; =
RFLP pattern 1 isolates; ll = RFLP patterns 2 and 3 isolates, M = RFLP pattern 4
isolates.

Dataset 1 = control culture Chapter 2,

Dataset 2 = control culture 16 months later prior to re-introduction experiments,

Dataset 3 = dinoflagellate culture subjected to cell lysis during re-introduction
experiments.
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Figure 4.12 Comparison of bacterial numbers present on marine agar, per ml of 4.
tamarense PCC 173a culture, expressed as RFLP patterns, based on criteria
determined in Chapter 2. M = RFLP pattern 2 isolates, M = RFLP pattern 8 isolates,
M = RFLP patterns 10 isolates, M = RFLP pattern 11 isolates, M = RFLP pattern 12
isolates, = RFLP pattern 13 isolates, 8 = RFLP pattern 15 isolates.

Dataset 1 = control culture Chapter 2,

Dataset 2 = control culture 16 months later prior to re-introduction experiments,

Dataset 3 = dinoflagellate culture subjected to cell lysis during re-introduction
experiments
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Morphotypes

RFLP patterns*

Identification®

yellow/orange mucoid

large cream

convex cream with rose
centre

no pattern

patlern i

patterns 2 and 3

Gelidibacter algens
related isolates

Agrobacterivm kieliense
related isolates

Roseobacter clade, no
closely defined species

flat irregular beige pattern 4 Agrobacterium
stellulatum related
isolates

translucent pinprick pattern 21 Hyphomonas sp.

small pinprick pink not previously identified  Sphingomonas sp.

Table 4.1 Colony morphotypes isolated from lysed 4. lusitanicum NEPCC 253 cells,
prior to re-introduction to axenic cultures.

* Refer to Chapter 2
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Morphotypes

RFLP patterns*

Identification®*

convex cream with rose
centre
convex smooth brown

smooth raised cream

mucoid raised yellow

circular flat yellow

convex viscous yellow

punctiform mucoid pink

small pinprick pink

irregular flat beige

pattern 2

pattern 8

pattern 10

pattern 11

pattern 12

pattern 13

pattern 15

not previousty identified

not previously identified

Roseobacter clade, no
closely defined species

Roseobacter clade, no
closely defined specics

Antarctobacter
heliothermus related
isolates

Cytophaga isolates, with
no closely defined
species

Cytophaga isolates, with
no closely defined
species

Glaciecola punicea
related isolates

Raoseobacter clade, no
closely defined species

Sphingomonas sp.

Sinorhizobivm fredii
related (solates

Table 4.2 Colony morphotypes isolated from lysed 4. tamarense PCC 173a cells,
prior to re-introduction to axenic cultures.

* Refer to Chapter 2
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detected previously during microflora characterisation in Chapter 2. However, the
pattern was also generated by one of the newly identified 4. famarense PCC 173a
isolates (Table 4.2}, with colony morphology confirtning similarity. The final isolate
from A. tamarense PCC 173a, the irregular flat beige isolatc also generated a
previously undetected RFLP pattern. All four isolates, were subjected io 165 rDNA
sequencing and phylogenetic analysis as described in Chapter 2 (See Appendix 3 for
individual DNA sequences). Briefly, sequences were submitted to RDP to obtain a
preliminary list of closest phylogenetic neighbours, with S AB values generated from
RDP allowing isolates to be classified according to phylum and sub-phylum
affiliations, and suhsequently aligned using ARB. Phylogenetic analysis identified the
ncwly isolated bacteria from 4. Jusitanicum NEPCC 253 exhibiting RFLP pattern 21,
was also a Hyphomonas related isolate, with an S__AB value of 0.7. The small pink
pinprick isolates from 4. fusitanicun NEPCC 253 and A. tamarense PCC 173a, were
hoth classified as Sphingomonus related isolates with S AB values of between 0.62
and 0.65 respectively. The beige bacterial isolate from 4. ramarense PCC 173a, was
classified as a Sinorhizobium fredii related isolate, associated with Rhizobium isolates

withan 8 AB value of 0.77.

DGGE analysis ol control cultures prior to reintroduction studies, generated identical
profiles to those generated during microflora characterisation experiments 16 months
previous (See Chapter 2; Fig. 2.8; Tables 2.13 - 2.16). Thercfore, lurther

identification of the bacterial species present wus not required.

However, as further bacterial morphotypes had been generated by culture lysis
{described above), a re-examination of bacterial species identified previously using
DGGE in Chapter 2 was instigaled. This indicated DGGE analysis had previously
identified bacterial sequences in 4. lusitanicum NEPCC 253 and A. tamarense PCC
173a that were not confirmed by RFLP analysis. DGGE analysis of A. lusitanicum
NEPCC 253 in Chapter 2 identificd a Hyphomonas related species, not confirmed by
culturing, with DGGE analysis of A. famarense PCC 173a detecting a

Sphingomonas related species which was not identified by cuiture methods. Tt is
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therefore possible that these ncw isolates identified following dinoflagellate cell lysis,
although culturable, were not detected due Lo competition, or they were able to grow
on marine agar during microflora characterisation experiments in Chapter 2.
However, lysis of cultures allowed these previously uncultured isolates to grow

indicating the possibility of intracellular origin.

Effects on microflora stability, growth and toxicity following re-introduction of

bacteria to axenic A. lusitanicum NEPCC 253

Effects on microflora stability, growth and toxicity upon re-introducing bacteria to
axenic cultures of 4. lusitanicum NEPCC 253 were assessed by introducing the
original microfiora of A. lusitanicum NEPCC 253 and 4. tamarense PCC 173a.
Tntroduction of A. tamarense PCC 173a microflora allowed effects on A. lusitanicum

NEPCC 253 to be determined in the presence of a different bacterial microflora.

Microflora stability

RFLP and DGGE were vsed to assess the fate of the re-introduced microflora
throughout the growth cycle, by comparison to control cultures of 4. lusitanicum
NEPCC 253 and 4. tamarense PCC 173a, These control cultures were maintained
alongside re-introduction flasks, with comparisons made at the three growth phases.
Table 4.3a and b shows RFLP analysis results, with the RFLP patterns present in
control cultures throughout the growth cycle, compared to the RFLP patterns present
in re-introduction cultures. Both tables indicate that the microflora of the re-

introduction cultures behaves the same as the microflora of the control cultures.

This was expected with 4. lusitanicum NEPCC 253, as all morphotypes were
detected throughout the growth cycle. However, with the microflora of 4.
tamarense PCC 173a being more compiex, with certain morphotypes only detected
at selected growth stages and with the microflora being introduced into a new

dinoflagellate host culture, it was not expected that 100% similarity would exist.
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R¥LP Tentative ID Detected in control | Presenton Detected aftor rc-
pattermn (related strain) culture re-introduction introduction of
ariginal microflora
Lag | Log | Stat Tag | Log | Stat

1 Agrobacterivm | X X X X X X X

2 Roseobacter X X X X X X X

3 Roseobacter X X X X X X % >
4 Agrobacterinm | X X X X X X X

Table 4.3a Presence of A. lusiianicum NEPCC 253 related bacteria in the control
culture compared to re-introduction cultures.

RTLP Tentative ID Deteeted in control | Present on Detected after re-
patteen (refated strain) cullure re-introduction | introduction of
original microflora
Lag | Log | Stat Lag | Log |} Stat

2 Rosevbacter X X X X X X %

8 Roseobacter X b4 X X X X X
10 Antarctohacter | x X X X X X X
11 Cytophaga X X X X X X X
12 Cytophaga X X X X X X X
13 Cilaciecola X X X X X X %
14 Pseudomonas X X - - X X -
15 Raseabacier X X X X X X X

Table 4.3b Presence of A. tamarense PCC 173a related bacteria in the control culture
compared to re-introduction cultures.

x = detected

-=not detected
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However, this was apparent, with certain morphotypes detected in later growth
phases, which were not present on re-introduction due to the addition of the
microflora from a lag phase culture. This would appear to indicate that the
microffora of both dinoflagellate cultures were stable, with the microflora of A.
tamarense PCC 173a capable of survival in a foreign host environment, but also the
ability of A. lusitanicum NEPCC 253 cells to sustain a very different bacterial

population to its usual microflora,

Stability of the microflora in re-introduction experiments throughout the growth
phase was aiso confirmed by DGGE analysis, with identical profiles generated from

control and re-introduction cultures.

Growth curves and toxicity assessment

Effects on growth following addition of the different bacterial floras, were compared
both to control and axenic cultures (Fig. 4.13), with both new cultures generating
growth curves comparable (o the control culture, with a rapid drop in culture density
noted on reaching stationary phase (Iig. 4.13 A, C + D). The axenic culture also
appeared to drop in cell density on reaching stationary phase, although this effect was
not as acute as in cultures containing bacteria. Toxin analysis of corresponding
samples (Fig. 4.14), indicated profiles remained constant between cultures, with GTX

1 - 4 detected in samples at all phases, although the quantities of each toxin differed.

The quantity of toxins produced by the culture containing the re-introduced
microflora of 4. fusitaricum NEPCC 253 (Fig. 4.14), was particularly high i lag
phasc, with at least twice the quantity of each toxin present compared to all other
cultures. This cffcct was drastically reduced in log phase. Stationary phase appeared
to be the least toxic of the three growth phases, with the control culture producing

the most GTX 2 and 3, with the axenic culture praducing the most GTX 1 and 4.
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Figure 4.14 Effect of bacterial re-introduction on PST production by A4. /usitanicum
NEPCC 253, grown in batch culture over 35 days. Results calculated from HPLC
data (n = 3), with error bars indicating the maximum and minimum toxicity values
detectable, when variance in cell counts are considered.

B = control bacterialised culture, M = axenic culture, ¥ = axenic culture with
original microflora re-introduced, ™ = axenic culture with microflora from A.
tamarense PCC 173a introduced.
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Generally the profile of the culture containing the A. tamarense PCC 173a microflora
did not appear particularly similar to the axenic culture profile indicating the noun-

toxic dinoflagellate microflora was exerting some effect over dinoflagellate toxicity.

Comparison of control and axenic toxin proftes throughout the duration of the

study

During the course of the current study which lasted 16 months, three growth and
toxicity profiles were generated for control and axenic A. lusitanicum NEPCC 253
cultures, with the three toxin profiles presented in Fig. 4.15. Data sets 1 and 2 were
generated from consecutive subcultures in months one and two, with data set 3
collected 16 months after data set 1. Comparison of growth curves (Tig. 4.1a; Fig.
4.2; Fig. 4.13 A + B), indicated similar trends for each culture throughout the
experimental period, although the reduction in cell numbers seen in control cultures
during stationary phase, was more pronounced in months 2 and 16 compared to
month 1. However, the initial subculture for month 1, was less dense than the other
two experiments, and cell densities reached during stationary phase were much lower.

Therefore, it is possible this affected resultant growth curves.

Comparison of axenic cuiture growth curves also indicated lower cell densities in
stationary phase of month 1, than the other two data sets, with again a lower cell
inoculum added to initial flasks. However, growth trends in all axenic cultures were
consistent with cell densities remaining constently higher than control cultures on

reaching stationary phase,

Assessment of toxicity protiles from control and axenic cultures at months 1 and 2
of the investigation (Fig. 4.15 data sets 1 + 2), indicate limited differences between
toxicity profiles, with values directly comparable as expressed per cell basis.
However comparison of these toxin profiles, with profiles generated from cultures

16 months later (Fig. 4.15 data set 3), indicate toxin profiles in both control and
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axenic cultures have altered over the period. Data sets from months 1 + 2 show GTX
1 reduces dramatically through the growth cycle in both control and axenic cultures.

However, 16 months later {data set 3), GTX 1 increases between lag and log phases.

A marked difference was also noted in quantities of GTX 2 and 3 over the time
course of the experiment. Only trace amounts were detected by control cultures
during months 1 and 2 (Fig. 4.15 data sets 1 -~ 2), however, data set 3 indicates
quantifiable levels of both toxins in all phases with the exception of log phase, where
only trace levels of GTX 3 remained. Levels of GTX 2 and 3 for the axenic culture
also showed higher levels in data set 3 than previous data sets, with the exception of
lag phase, where levels were comparable with the first data set. GTX 4 levels remain
at detectable levels in all cultures at all phases, with cach data set showing highest
quantities per cell basis in lag phase. Generally each data sct indicates a dramatic fall
in GTX 4 during log phase compared to lag phase, with stationary phase containing
comparable levels of GTX 4 to log phase.

In conclusion, both control and axenic cultures reported higher or comparable levels
of all toxins per cell basis in re-introduction experiments (Fig, 4.15 data set 3), when
compared to original experiments (Fig. 4.15 data sets 1 + 2), indicating although
growth cycles may have remained relatively constant over the course of the
investigation, along with numbers of associated microflora, toxin profiles have altered

dramatically.
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Toxin profiles from all control dinoflageltate culturcs used in the current study had
previously been determined, although, investigations were only carried out at
stationary phase (Cembella ef al., 1987, Franca ef al., 1995; Hummert ez al., 1998).
Similar profiles to previous published reports were reported in the current study, with
the toxicity profile from 4. &usitanicum NEPCC 253 identical to that reported by
Franca et al., (1995), who also indicated it had remained constant for the last 30
years. Franca ef af., (1995) alsc detected the presence of a large peak which was
thought to be due to C toxins, as seen in the current study, however in both cases,

this was later rejected.

Previous reports examining effects on growth following the generation of axenic
culturcs, generally indicate that algae grow more slowly in axenic culture. This
reduced growth rate has been attributed to a reduction in nutrients within the growth
medium, usually supplicd by the associated bacteria (Singh et al., 1982, Tostensen
et al., 1989). Investigations into toxin production following the generation of axenic
cultures however, has yielded more controversial results than effects on growth, with
reports of non-existent, lower, similar and higher levels of toxin production in axenic
cultures compared to control cultures (Singh ef al., 1982, Tostensen ef a/., 1989,
Kim et al., 1993; Doucette and Powell, 1998). There is only one report documenting
the effects on toxicity following the re-introduction of bacteria to axenic cultures,

however information on growth rates was not presented.

The aim of the current study was {o identify changes in growth rates and toxin
production following the generation of truly axenic dinoflagellate cultures (Chapter
3), with subsequent examination of these factors when different bacterial microflora
were introduced. The fatter part of the study also assessed the bacterial microflora,
growth rates and toxin profiles of dinoflagellate cultures over a 16 month period, to

determine whether these functions remained stable.

As mentioned previously, growth rates of axenic cultures in some published reporis

were lower than control cultures (Singh er a/., 1982, Tostensen et al., 1989),

s ms
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however, in the current study this was not always the case. Growth rates of all
axenic cultures matched control cultures, until stationary phase, upon which time
axenic A. fusitanicum NEPCC 253 growth rates exceeded those of the control
culture in stationary phase. The lower growth rates in previous studies were
attributed to the lack of bacterial exudate, however, an opposing theory attributing
increased dinoflagellate cell numbers in axenic A. lusitaricum NEPPCC 253 in
stationary phase, due to a reduced nutrient utilisation of cultures following removal
of the associated bacteria, must be proffered. It is possible to propose that the
bacterial flora of 4. lusitanicum NEPCC 253, was having a limiting effect on
dinoflagellate growth rates in stationary phase of control cultures, as removai of the
bacteria led to an increased division rate under identical conditions. However, as this
change in growth rates between control and axenic cultures was not detected in 4.
tamarernse NEPCC 407 cultures following removal of bacteria, this indicates different
dinoflagellate cultures are probably affected in different ways by their associated
microflora. Removal of bacteria from A. tamarense PCC 173a actually caused
growth rates to drop on reaching stationary phase, indicating bacteria were possibly
producing nutrients upon which dinoflagellate cultures were reliant for sustaining cell

numbers in stationary phase.

These effects could be attributed to interactions between the microflora associated
with particular dinoflagellate cultures. If this was the case, it would be expected that
these microflora would exert similar effects when intraduced to different cultures.
However, on re-introduction of the microflora from A. lusitanicum NEPCC 253 and
A. tamarense PCC 173a to axenic 4. fusitanicum NEPCC 253, both re-introduced
cultures showed growth profiles typical of the control A. lusitanicum NEPCC 253
culture, in that cell numbers reduced compared to the axenic culture on reaching
stationary phase. This was not expected based on growth curve results generated by
A. tamarense PCC 173a, which appeared to indicate the prescnce of its microflora
causcd dinoflagellate cell numbers to increase in stationary phase. This would
indicatc differences in growth rates of dinoflagellate cells following removal or

addition of bacteria are dinoflagellate species specific and not dependent on the
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composition of the microflora.

During the current study, levels of certain toxins in axenic cultures exceeded control
cultures, with highest levels of most individual toxins being detected in lag and
stationary phases, which contradicts previously published data by Boyer ef al,,
(1987). Boyer indicated toxicity was generally highest in log phase, with the low
levels of toxicity detected in lag and stationary phases probably reflecting low CO,
levels in the growth medium. Although contradicting Boyer by indicating highest
levels of toxicity were detected m lag and stationary phases, the current study agrees
with other published literature that toxin production varies between growth stages
when grown in batch cultures (Prakash, 1967, Proctor ef af., 1975; White and
Maranda, 1978; Oshima and Yasumoto, 1979; Schmidt and Loeblich, 1979).
Nevertheless, these differences in toxicity between the current study and the results
of Boyer, could be explained due to the use of different dinoflagellate strains and also

the use of different culture medium.

It was apparent from the current study that removing bacteria from toxic
dinoflageflate cultures caused many different effects on toxicity, with vastly differing
quantities of specific toxins being seen in most axenic cultures compared to control
cultures. Also in some cases, different toxins were detected. These findings would

appear to strongly indicate bacterial involvement in dinoflagellate toxin production.

The ability of bacteria to transform PST, was first reported by Kotaki et af., (1985a),
who showed the conversion of GTX 1/4 to STX, with GTX 2 and 3 also detected.
This ability to convert PST was identified in a wide range of bacteria indicating the
enzymes required for such reactions were wide spread within the bacterial kingdom.
Traosformation of PST by bacteria could explain why different profiles are detected
between control and axenic cultures and could alse explain why toxing were present
in certain phases and not in others. However, the ability of bacteria to transform PST
was not shown in the current study, but should be the basis for future work in order

to determine if the bacterial strains present in this study are capable of
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biotransformation.

This ability of bacteria to interconvert PST could also potentially explain the
differences in the total toxicity values detected between control and axenic cultures
in published studies. However, many enzymes would be required to perform the
various interconversions due to the different toxin groups, therefore, as bacteria may
possess varying enzyme combinations, it is feasible that different microflora may
produce different degrees of transformation. Therefore, future work assessing the
role of associated bacteria in toxin {ransformation, must investigate which bacteria
play a role in biotransformation and whether the numbers of these isolatcs at a
particular growth phase can explain differences in toxicity profiles between control

and axenic cultures.

Previous re-introduction studies by Doucette and Powell, (1998), assessing
dinoflagellate toxicity, added a toxic Pseudomonas stutzeri isolate from A.
Hsitenicum NEPCC 253 back to the axenic culture. The axenic culture was initially
seen to produce half the toxicity of the control culture, however, on introduction of
the bacteria, toxicity levels were restored to those detected in control cultures. In
subsequent experiments, bacteria contained within dialysis tubing, 300K molecular
weight cut-off, were introduced to algal cultures, with no change in toxicity detected.
This suggested bacterial influence on toxicity was dependent on the attachment
between bacteria and dinoflagellate cells, although the mechanism was uncertain,
Doucette and Powell, also introduced bacteria from other toxic dinoflagellates to
axenic A. lusitanicum NEPCC 253 cultures, although no effect on toxicity was
detected, which was attributed to the lack of recogpition between host dinoflagellate

cells and the bacteria.

In the current study, axenic cultures produced similar quantitics of toxins compared
to control cultures, with elevated levels of toxicity detected following re-introduction
of A. lusitanicum NEPCC 253 bacteria to axenic cultures. However, the levels

detected exceeded quantities present in control cultures, which does not correlate
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with Doucette’s results. The initial increase in toxicity in lag phase cultures seen on
re-introduction of the host microflora could possibly be attributed to carry over of
toxicity following introduction of the bacteria to the axenic culture. ITowever, if this
was the case, it would be predicted that levels of toxicity in cultures containing
bacteria from A. famarense PCC 173a, would remain similar to the axenic culture.
However, this was not the case, with greater levels of toxicity detected in these
cultures compared to axenic culturcs. Interestingly, levels of toxicity in both re-
introduction cultures appear to normalise as the growth cycle progressed, with results
more comparable with control and axenic toxin levels detected in log and stationary
phases. Possible reasons for this include conversion of toxins by bacteria to non-
toxic compounds, or reduced production of toxins in later growth stages of re-

intreduction cultures as dinoflagellate cultures adjust to the presence of the bacteria.

Other studies investigating effects on toxicity following re-introduction of bacteria
to algal cultures, were performed by Bates ef af (1993). The experiments allowed
bacteria from a toxic diatom to be re-introduced to the axenic culture, with large
increases in toxicity detected, which were comparable to levels detected in the current
study. Subsequent investigations by Bates, allowed bacteria from a non-toxic diatom
species to be introduced to the axenic toxic diatom, which resulted in even higher

levels of toxicity being detected, an event not comparable to the current siudy.

Although comparisons can be drawn between the findings presented in the current
study and the published data, the present study offers the only re-introduction
investigation to date which assesses the effects on toxin production when complete
microflora are presented to dinoflagellate cultures. Previous studies have
concentrated on assessing the effects of individual bacterial isolates. However, it is
well recognised that bacteria exhibit different characteristics when maintained under
different conditions (Azam and Ammerman, 1984), therefore it must be accepted that
bacteria will probably not elicit usual responses when investigated individually. In
order to assess true microflora effects all associated bacteria must be included within

the analysis. Nevertheless, investigations using single isolates are still important in
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order (o identify whether particular enzymes are present, although conclusions about
their actual contribution under normal conditions based on their effecis in

monoculture, must be extrapolated with care.

Production of SCB activity by bacterial isolates

The ability of bacterial isolates [rom A. fusitanicum NEPCC 253 and 4. famarense
NEPCC 407 to produce SCB toxins was previously investigated by Gallacher ef al.,
(1997). The study indicated 60% of A. tamarense NEPCC 407 and A. lusitanicum
NEPCC 253 bacterial isolates isolated from stationary phase dinoflagcllate cultures
produced SCR toxins. Gallacher also noted bacterial SCB production to be 36 - 66
fimol STX equivalents per bacterial cell. A particular bacterial isolate (407-2), fiom
4. tamarense NEPCC 407 analysed further using HPLC and CE-MS was seen to
contain STX, neoSTX, GTX 1 -4 and C toxins. This toxin profile is almost identical
to the toxin profile detected from the A. famarense NEPCC 407 culture in the current
study and also the toxin profile published by Cembella ez a/., (1987). As some SCB-
producing bacteria isolated within the current study have been classified as being
100% identical to the 407-2 isolate using 16S rDNA. sequencing, it is possible that

this toxin profile existed in bacteria within the current study.

However, levels of toxicity produced by individual bacterial isolates, although
comparable to levels detected previously from dinoflagellate associated bacteria, were
previously indicated by Gallacher ef ¢/. as not able to explain the toxicity detected in
dinoflagellate cultures (Gallacher ef al., 1997). However, Gallacher drew a parallel
with bacterial production of TTX, where the quantity of toxin detected was not
sufficient to explain the high levels detected in the animals of source. Therefore, it
is feasible that the differences in toxicity detected 7n vitro during the current study,
were due to the inability to reproduce in-vive conditions, particularly in relation to

changes in phenotypic expression which may occur upon surface attachment and

upen exposure to exudate (Doucette, 1995).
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Re-introduction studies allowing the original microflora and also the microflora of a
non-toxin producing dinoflagellate provided strong evidence for bacterial
involvement in dinoflagellate toxin production. These studies also tentatively
indlicated that bacterial involvement could be independent of a microfloras ability to
produce SCB toxins as introduction of the microflora from the non-toxic
dinoflagellate 4. famarense PCC 1734, altered the toxin profile of the axenic culture.
Unfortunately, this is pure speculation at the present time as bacterial isolates from
A. tamarense PCC 1732 were not tested for SCB activity. If further time had been
available, assessment of bacteria isolated from A. famarense PCC 173a [or SCB
production would have been a priority. This would have determined whether the
effects on toxicity seen by introducing the microflora of A. ‘amarense PCC 173a to
axenic A. lustanicum NEPCC 253 could be attributed purely to bacterial influence on

host toxicity rather than due to bacterial production of SCB toxins.

Nevertheless, different levels of effect were detected between the two re-introduction
cultures, with addition of the original flora gencrating & larger increase in toxicity
compared to addition of the microflora from A. tamarense PCC 173a. It is possible
(as recognised by Doucette and Powell, 1998), that differences were due to the
extent of host cell recognition of bacteria, which obviously would have been greater
on introduction of the host microflora. Therefore it is possible to hypothesise that
the lower although still elevated level of toxins produced by the non-toxic
dinoflagellate microflora, compared to the control culture, was due to the lack of

recognition of the ‘foreign’ microflora.

Stability of dineflagellate cultures over a 16 month period

As the microflora and growth profiles of 4. lusitanicum NEPCC 253 remained
constant over the 16 month investigation, changes in toxin content of control cultures
over the same time period cannot be attributed to these factors. Changes in toxicity
were also detected in axenic cultures, which also cannot be explained by differing

growth rates, with the change also seen to be independent of bacterial involvement.
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No explanation can be offered to address the change in toxin profile that has occurred
over the course of the study. However, at the outset, it was not thought necessary
to assess the stability of dinoflagelfate culture toxicity as this extent of changc was
not antficipated. Therefore, in hindsight, any future work must assess changes in the
toxin producing capabilities of cultures, which would require assessment of toxin
production over several consecutive growth cycles. Nevertheless, as indicated by
Cembella ef af,, (1987), it is more important to assess whether the same toxin profile
is present over time, rather than the quantity of each toxin detected as environmental
factors are known to influence production of individual toxins. The results [fom the

current study indicatc the same toxin profile was present over time.

In conclusion, the production of axenic cultures appears to have no effect on growth
profiles untif reaching stationary phase, where effects appear specific to the
dinoflagellate culture under investigation. However, removal of bacteria from
cultures dramatically alters toxin profiles, with axenic cultures retaining the ability to
produce toxins. Re-introduction of bacteria to axenic cultures, whether from toxic
or non-toxic dinoflagellate culturcs also results in an clevation of toxin profiles.

Indicating that bacteria do influence dinoflagellate toxin profiles and emphasises the

necd for further investigation in this field.
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CHAPTER 5 : THE INFLUENCE OF PST-
PRODUCING BACTERIA ON THE
TOXICITY OF MYTILUS EDULIS
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Introduction

There is now convincing evidence that certain bacteria produce PST (Gallacher er ¢,
1997), and it has been suggested that PST-producing bacteria have been the sowrce
of PST during some episodes of shellfish toxicity (Kodama and Ogata, 1988).
Filtration of seawater has shown the presence of PST in fractions containing particles
of the approximate size of bacterfa (Jodama ef al., 1993; Levasseur et al., 1995).
The detection of bacteria capable of SCB toxin production was also investigated by
Gallacher and Birkbeck (1993) who found that more than 37% ot bacteria isolated
from seawater produced SCB activity, and that Mytilus edulis could filter such
bacteria from suspension and accumulate SCB-toxicity within three hours of
exposure. Due to the low levels of toxicity produced by these bacteria, il is currently

impossible to identify the SCB activity as due to PST.

In this study, the uptake of SCB-producing bacieria by Mytilus edulis, and
subsequent detection of toxicity in shellfish flesh were studied to confirm the original
Ondings of Gallacher and Birkbeck (1993). Particular care was taken to optimise
eertain parameters in the tissue culture assay, to allow detection of SCB activity in
low dilutions of shellfish flesh homogenate. The results confirmed that shellfish could
accumulate SCB-toxins following exposure to SCB-producing bacteria, with toxicity

detected within one hour of exposure to bacteria.
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MATERIALS AND METHODS
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Tissue culfure

The mouse neuroblastoma assay was used as described by Gallacher and Birkbeck
{1992), with the following amendments:-

1) The ouabain and veratridine concentrations were optimised to take into account
matrix effects from shellfish flesh

2) Saxitoxin standards were diluted 1n negative control shelifish extract

3) A saxitoxin standard curve was incorporated onto each sample plate.

Optimisation of Quabain and Veratridine Concentrations

The effects of the shellfish matrix on the ability of ouabain and veratridine to cause
cell death was investigated by titration of various ouabain/veratridine concentrations
as described for bacteria in Chapter 4. These incorporated a cambination of 6
ouabain and 3 veratridine concentrations in a chequerboard pattern as described by
Gallacher and Birkbeck (1992), but incorporating sample matrix conirols. Each well
contained 50n] of the required concentration of ouabain and veratridine along with
100ul of the respective assay medium (RPMI |- penicillin/streptomycin, 2%}, but for
shellfish sample toxicity (tested at 1/8, 1/10 and 1/12 dilution of shellfish sample),
shellfish homegenate diluted 1/8, 1/10, or 1/12 in dilution medium was incorporated.
Plates were seeded as described by Gallacher and Birkbeck (1992) and combinations
of ouabain, veratridine and respective assay medium were incorporated before
incubation at 37°C for 24h. The response of the cells to ouabain and veratridine was

assessed as stated in Gallacher and Birkbeck (1992).

Serial Dilution of Saxitoxin Standard

A saxitoxin standard curve was constructed and included in each sample platc when
quantification of sample toxicity was required. Each set of STX dilutions was made
up in the assay medium appropriate for the plate; for testing shellfish samples at 1/8,

1/10 and 1/12 strength, saxitoxin standards were diluted in shellfish homogenate at
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the same concentrations. SCB activity percentages were calculated and dose
response curves generated as described by Gallacher and Birkbeck (1992), to which
sample SCB activity was compared and converted to saxitoxin equivalent

concentrations.

SHELLFISH FEEDING

Bacterial Strains and Culiure Condifions

The bacteria used are listed in Table 5.1. Strains, originally from -80°C glycerol
stocks, were stored on marine agar plates (Difco) at 4°C and cultured in marine broth
(Difco) at 20°C.

Bacterial growth curves

SCB producing bacterial strains were inoculated into S0ml flagks containing marine
broth (30ml) and incubated in a rotary incubator (20°C, 100 osc min™). Afier 24h,
10mi was sub-cultured into 1000ml of marine broth and incubated as above. Sampies
were removed cvery 30 min to obtain viable ccll counts by plating 0.1ml of ten~fold
dilutions in triplicate, onto marine agar plates and incubating for 48h at 20°C. Optical
density (OD) readings (600nm) using 2 spectrophotometer (Varian Cary 3E uv-
visible spectrophotometer) were also obtained every 30 min and used to construct an
optical density growth curve. This was subsequently compared with the growth
curve generated from total viable count results, so that comparison of OD readings
to previous total viable count growth curves allowed an immediate estimation of the
numbers of bacteria being added to experimental jars, These OD results were

confirmed by plate count results subsequently available after 2 days.
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Bacterium Strain Source

Shewanclla alga OK1 Alga (Janria sp.; Simidu ef af,, 1990)
unidentified isolate =~ A862  Seawater (Gallacher and Birkbeck, 1992)
Alteromonas sp. 407-2  Dinoflagellate (4. tamarense NEPCC 407,

Gallacher ef al., 1996)
Table 5.1 SCB producing bacteria used in feeding studies with AMyrilus edulis
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Uptake of SCB producing bacteria by Myfilus edulis

The protocol for the uptake of bacteria by mussels was adapted from Birkbeck and
McHenery (1982). The concentration of bacterial cells in 24h cultures of SCB-
producing bacteria was determined by optical density measurements as detailed
above. Samples were also taken for subsequent plate count anulysis. From sample
OD values and the OD/bacterial concentration conversion factor determined above
for each bacterial strain, an appropriate volume of suspension was added to give
10%fu ml™, 10%fu ml "or 10 &fu ml “in experimental jars containing 1000ml of
aerated seawater and 10 mussels (M. edulis, 5-6cm length), or control jars containing
seawater and bacteria. Control jars containing seawater and mussels were included
to generate negative control shellfish samples for subsequent mouse neuroblastoma
assays. Samples of seawater for total viable counts, and shellfish for SCB detection,
were taken hourly for up to 6b (dependent on the time course of the experiment} and

a final 24h sample taken.

Analysis of mussel extracts in a tissue culture assay

Shellfish were processed in accordance with the standard method for PSP analysis
(AOAC, 1990). This involved combining the soft parts of mussels from each jar, and
homogenising them with an equal volume of 0.1M HCl. The pH was adjusted to
between pH 2.0 - 4.0 and the resultant mixture boiled gently for 5 minutes, after
which it was allowed to cool to room temperature. The pH of the mixture was re-
checked belore centrifugation (12,000 x g, 10 min) to obtain a ¢clear supernatant
which was decanted and frozen in aliquots (-20°C) until required for testing in the

tissue culture assay.

Calculation of sample toxicity

Sample toxicity was determined by calculating SCB activity from each sample

dilution as described by Gallacher and Birkbeck (1992). The SCB activity from each
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sample dilution was converted to saxitoxin equivalents (nM) by comparison with the
corresponding saxitoxin dose response curve, Appropriate scaling factors for cach

sample were applied (o normalise all dilutions used and final toxicity figures were

expressed as pg per 100g of shellfish flesh. See below for details:-

sumple shellfish OD - reagent blank OD  x 100 = % cell survival of sample (4)
cell survival OD at 1/X dilution
negative control sheltfish QD - reapgent blaok QD x 100 — % cell survival of {B8)
cell survival OD control at 1/X dilution
A-13  x 100 =% SCB activity in 1001 of sample at /X dilution ()
100 -B
Subsequent determination of $'TX equivalents (nM) in 100p1 of sample at (D)

14X dilution were obtained by reading {C) from the enrresponding STX dose

response curve

D= STX equivalents (nM) in 100l of sumple at 17X dilution

D x 10 = STX equivalents (nM) in 1000p] of sample at 1/X dilution (&)

E x 2 = STX equivalents (uM) in 10001 of sample at 1/X dilution, scaled up (F)

by a factor of 2 1o compensate for dilution during homogenisation

F x X~ STX equivalents (nM) in 1000u! of sample at neat concentration {G)
G x 2 = STX equivalents (nM) in 1000ul of neat sample scaled up (H)
by a factor of 2 to take into account dilution in the well
= S8TX equivalents (pM} in 1000l shellfish homogenate L
1000
Ix 100 =STX equivalents tM/100g shellfish flesh )]

4 = 8TX equivalents pg/100g shelifish flesh
300+

* = molecular weight of saxitoxin
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Optimisation of the mouse neuroblastoma assay

To determine the response of the MINB cells to sodium channel blocking compounds,

it was first necessary to optimise the concentration of chemicals used to stimulate the

influx of sodium ions, i.e. ouabain and veratridine. To obtain maximum sensitivity
from the assay these chemicals must give maximum cell death when added in
combination, and little or no cell death when used separately (Kogurc ef al., 1988).
Figure 3.]a demonstrates cell survival after exposure of MNB cells to various
combinations of ouabain and veratriding in dilution medium (RPMI +
penicillin/streptomycin. In difution medium alone, concentrations of 0.4mM ouabain
and 0.025mM veratridine gave 92% cell death (8% cell survival) when combined, but
100% cell survival when used individually. However, when cell survival was
determined at these concentrations of ocuabain and veratridine when diluted in
shellfish extract (IFig. 5.1b - d), cell survival increased to 60% when a 1/8 dilution of
shellfish extract was incorporated. Cell survival subsequently decreased as the
concentration of shellfish extract was reduced to 1/12 dilution, but still remained
higher than the ouabain and veratridine alone level (Fig. 5.2). Hence, if the
appropriate dilution of shellfish extract were not used as a negative control, false
positives would occur. Although differences in cell survival were apparent between
the three dilutions of shellfish extract, a combination of 0.7mM ouabain and

0.025mM veratridine allowed the three shellfish extract dilutions to be tested on the

same plate (Table 5.2), thus reducing the number of plates required.

Saxitoxin dose response curve

Figure 5.3 demonstrates the effect on saxitoxin response (expressed as SCB activity)
when STX was serially diluted in either dilution medium or 1/12 shellfish extract in

dilution medium, using cuabain and veratridine concentrations previously assessed

as optimal for 1/12 shellfish cxtract. Little response was detected with STX

-
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Figure 5.1 Survival of MNB cells after exposure to various concentrations of
ouabain and veratridine in differeni concentrations of shellfish extract in dilution
medium (mean + sem, n=3), (a) dilution media alone (b) shellfish extract diluted 1/8
in dilution medium (<) shellfish extract diluted {/10 in dilution medium (d) shellfish

extract diluted 1/12 in dilution medium.

(w) = OmM veralridine, (1) = 0,025mM vcratridine, (») = 0.05mM veratridine.
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Figure 5.2 Mouse neuroblastoma cell survival after exposure to 0.4mM ouabain and
0.025 mM veratridine combined with dilution medium or different dilutions of

shellfish extract in dilution medium.
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QOuabain [mM] Veratridine [mM]
RPMI 0.4 0.025
1/8 0.7 0.025
1/10 0.7 0.025
1/12 0.7 0.025

Table 5.2 Concentrations of ouabain and veratridine which allowed
the required cell survival range (10-20%) and therefore the levels

used in experiments to determine SCB activily in shellfish samples.
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Figure 5.3 Comparison of cell swrvival, expressed as percentage sodium channel

blocking (SCB) activity, when ouabain/veratridine concentrations were optimised for

shelifish extract.

(m) = dilution medium {mean + sem, n = 12), (®) = shellfish extract diluted 1/12 in

dilution medium {mean + seni, n — 6).
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m dilution medium until 100nM, whereas a response with STX diluted 1/12 in
shellfish extract was detected at 5SnM. Table 5.3 delails the detection limit and
corresponding linear ranges for saxitoxin prepared in dilution medium, compared to
shellfish extract diluted 1/8, 1/10 and 1/12 in dilution medium, when levels of ouabain.
and veratridine were optimised for shellfish samples. The results clearly show the

importance of correctly ascertaining ouabain and verairidine concentrations.

Comparison of optical density and total viable counts for bacterial growth

curves

So that optical density (OD) measurements could be used to detetmine the bacterial
inoculum for shellfish feeding experiments, the relationship between OD and viable
counts ml™ was determined at various points in a 24k batch culture. Figure 5.4 shows
the change in OD and viable counts of Shewanelia alga during growth in marine
broth over 24h. The trends of each data set are similar, with OD readings directly

related to the viable count in the range 0.4 - 1.8.

Table 5.4 indicates the viable count determinations for 24h marine broth batch
cultures of the three different bacterial isolates used in feeding studies. As OD
readings for nitial inocula were above the linear range upper limit for each bacterial
strain accurate assessment of bacterial nuimbers was not possible. However, it was
possible to ascertain from OD readings that each strain was in stationary phase.
Therefore an assumption of maximal cell numbers present allowed the addition of
bacteria (o experimental jars, with the accurate determination ot bacterial numbers

added being determined later from viable counts.
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Detection limit [nM] Linear range [nM]

RPMIL 100 no lincar range
1/8 5 10-30
1/10 5 10 -~40
1/12 5 20 - 80

Table 5.3 Deteclion limits and linear ranges of saxitoxin dose response curves for

dilution media and diluted shelifish extract determined using ouabain and veratridine

concentrations optimised for shellfish extracts.

g D
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Figure 5.4 Growth of Shewanella alga in marine broth batch culture over a 24h

period, as measured using spectrophotomelry (OD) and viable counts.

(©) = optical density (600nm; mean = sd, n = 2), () = colony forming units (cfu) per

ml, (mean 3 sd, n = 2).
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Strain Viable count per ml of
24h broth (x107)
Alteromonas sp. (407-2) 4.52+0.02
unidentified isolate (A862) 3.83+0.01
Shewanella alga (OK1) 8.33+0.019

Table 5.4 Viable counts (mean = sem, n = 3) for the 3 bacterial isolates grown for

24h in marine broth batch cullure and used for feeding studies.




(G.1.. Hold, 1999 173

Removal of Alteromonas sp. 407-2 suspension by Mytilus edulis

Figure 5.5 shows the removal of Alteromonas sp. 407-2 from seawater over 24
hours. The culture added had a viable count of 4.52 x 10° = 2.04 x 107 cfy ml?
giving an initial density of 1.53 x 10° bacterial cells ml™ of seawater in experimental
jars. Inthe presence of Myfilus edulis, the bacterial concentration in seawater fell by
73% in the first hour, compared to 2% in control jars. A further 12% of bacteria
were removed after 3h by the mussels, with less than 1% of the original suspension
remaining after 24h, compared to 96% of the original inoculum remaining after 24h
in jars without sheflfish. No visible signs of pseudofaeces production by Myzilus
edulis occurred, nor was seltling or clumping of bacteria apparent, therefore,
assimilation of the bacteria by Myfilus edulis was assumed. The rapid removal of
bacteria in the first hour corresponded to detection of 0.84pg saxitoxin equivalents
per 100g of shellfish tissue, with the highest level of toxicity (1.275 pg saxitoxin
equivalents per 100g of sheiifish tissue) detected at 4h (Fig. 5.5). Toxicity levels
subsequently dropped to 0.4ug saxitoxin equivalents per 100g of shellfish tissue at
6h, with a rise in toxicity detected afier 24h.

Bacterial uptake and SCB activity of Mytilus edulis after exposure to different

inoculum densities of Shewanellu alga and isolate A862.

Shewanella alga and A862 were inoculated at different concentrations into seawater
containing Mytilus edulis, with removal of bacteria and subsequent SCB activity
monitored over a 3h period. Tablie 5.5a summarises the removal of A862 from
seawater in the presence of Myiilus edulis. With an initial inoculum of 10° cells ml™,
less than 20% of bacteria were eliminated in 3h, with no toxicity detected in shellfish
samples. Similarly with an initial loading of 10* cells ml™, only 44% of bacteria were
removed after 3h, although in this case toxicily was detected. AMyfilus edulis was
more effective at clearing bacteria from the 107 cells mi™ loading, with only 14% of

bacteria remaining in seawater after Th. SCB activity was detected

AT A
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Figure 5.5 Removal of Alteromonas sp. 407-2 from jars containing Mytilus edulis and
subsequent toxicity of shellfish samples over 24h. (®) = toxicity (STX equivalents
ug 100g™ of shellfish flesh; mean + sd, n = 2); (m) = cfu ml” of seawater from tank
containing Mytilus edulis (mean + sem, n = 3); (®) = cfu ml" of seawater from

control tank containing seawater and bacteria only (mean + sem, n = 3).
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Initial Time (cfu ml” & sd) % bacteria Toxicity
inoculum (ml™) {(h) x10° removed
0 0.08 = 0.001 Q -ve
10¢ 1 0.07=0.004 38 -ve
3 0.06 4 0.006 17.8 -ve
Q 0.523 £ 0.064 0 “ve
10°7 i 0.073 £0.009 86.1 +ve
3 0.062 - 0.001 88.1 +ve
0 8.1340.131 0 Ve
10° 1 7.40+0.7 9 -ve
3 4,56+ 125 14 +ve
Table 5.5a
Initial Time (cfu mi™ =+ sd) % bacteria Toxicity
inoculum (ml™) (h) x10° removed
0 0.064 +£0.003 0 -ve
108 I 0.060:1:.0.025 3.8 -ve
3 0,027 £ 0.006 56.9 +ve
0 0.836 + 0.086 0 ~ve
107 I 0.184+£0.0235 78.5 +ve
3 0.039 £ 0.005 953 +ve
0 6.704+0.121 0 -ve
10% 1 6.23+£0.45 7.1 -ve
3 2.08 £0.286 &9 e
Table 5.5b

Table 5.5 Number of bacteria {mean = sd, n = 2) remaining following exposure of
Mptitus edulis to varying inocula of a) A862, and b) Shewanella alga for a three hour

period and resultant shelifish toxicity.
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within 1h and was still present after 3h, with little change occurring in bacterial

numbers.

With Shewarnella alga (Table 5.5b), results were similar to those found for A862,
with maximum removal of bacteria occurring with 2 107 cfu ml™” inoculum. However,
S. alga was more effectively removed from seawater at 10° inoculum than A862, with
almost 40% more bacteria having been removed after 3hr, with toxicity subsequently
detected. Due to maximum removal of bacteria occurring with 107 cells mi™ initial
inoculum and the quickest detection of toxicity, a further experiment was undertaken

using S. alga at an initial loading of 107 celis ml™.

Exposure of mussels to Shewanella alga at exposure levels of 107 ¢fu ml” over

a 6 hour period.

Further investigations into S. afga uptake by Mytilus edulis over a six hour period
(Fig 5.6), indicated 95% of the initial inoculum was removed within 1h, with SCB
activity detected. However, maximum toxicity of 1.14ug saxitoxin equivalents per
100g shellfish flesh was not detected until 3h, although, bacterial levels remaining in
seawater had hardly altered since 1h. Toxicity was still detected at 6h, although the
concentration had dropped suggesting that some processing of toxin or depuration
had occurred. A control consisting of seawater and bacteria determined the
proportion of bacteria not removed by mussels, which indicated 18% ol initial
inoculum was lost over 6h when Myfilus edulis was absent compared to 99% when
shellfish were present. It was therefore reasonable to deduce that Adytilus edulis
were responsible for removal of the bulk of bacteria and that this resulted in the

accumulation of SCB toxins in shellfish flesh.
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Figure 5.6 Percentage removal of Shewanella alga from jars containing Mytilus
edulis and subsequent toxicity of shellfish samples. (®) = toxicity (STX equivalents
ug 100g™ of shellfish flesh) (mean + sd, n = 2); (m) = cfu ml”of seawater from tank
containing Mytilus edulis (mean + sem, n = 2); (®) = cfu ml™ of seawater from control

tank containing seawater and bacteria only (mean + sem, n = 3).
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Uptake of bacteria by Mytilus edulis

Earlier experiments by Gallacher and Birkbeck (1993), indicated that sodium channel
blocking activity could be detected in mussels (Myfifus edulis) exposed to
Alteromonas tetraodonis strain GFC. However, several parameters, including matrix
effects and the methodology were not optimised. Particular aspects of the
methodology to consider were maxinising bacterial removal to allow subsequent
detection of toxicity within the shortest period of time. The objective of the current

study was to confirm and expand on the above report by addressing these issues.

This study clearly showed that shellfish flesh altered the response of the cell line to
ouabain and veratridine, by increasing cell survival. This may have been due to
sodium ions present in shellfish extract, which at high concentrations, are known to
compete with saxitoxin for binding to the sodium channel (Weigle and Barchi, 1978).
Therefore, unless appropriate matrix controls for this increcased cell survival were
incorporated into the assay, false positives could result when testing low dilutions of
shellfish flesh.

Once the mouse neuroblastoma assay was optimised, initial shellfish feeding studies
were conducted with the PST-producing bactertum, Alferomonas species 407-2.
Experiments showed 85% of bacteria, from a 107cfu ml™? initial loading, were
removed from suspension in 3h, with a corresponding SCB activity detection of
0.75 g saxitoxin equivalents per 100g of shellfish tissue. The experiment confirmed
the work of Gallacher and Birkbeck (1993), in that mussels could remove
Alteromonas sp. from seawater, with resultant SCB activity. However, further
experiments utilising 407-2 were not possible as the sirain formed large clumps,
which prevented accurate assessment of bacterial numbers. Owing to tune constraints
and the availability of other SCB-producing bacterial strains, work on strain 407-2
was not continued and later work concentrated on exposing mussels to Shewanella

alga and an unidentified seawater isolate A862. Initial experiments with thesc strains
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investigated the effects of exposing nmusscls to different concentrations of bacteria,

and subsequent removal of bacterial cells from suspension.

Previous reports on the removal ratcs of bacteria from seawater by mussels, utilised
a variety of bacterial densities as the initial ineculum (Zobell, 1936; McHenery and
Birkbeck, 1982, Gallacher and Birkbeck, 1993). Zobell (1936), exposed mussels to
10 bacterial cells per ml and showed less than 1% of the original inocutum remained
after 3h. In the current investigation, with the same cell density, only 44% of sirain
AB62 and 69% of Shewanella alga were removed after 3h. However, toxicity was
not detected in these samples as quick as in lower imtial inoculum samples. There are
a multitude of possible reasons for these differences including the use of different
bacterial strains (Birkbeck and McHenery, 1982), and experimenlal protocols,
physical environmental constderations such as temperature and salinity reported by
Theede (1963) and Renzoni (1963), shellfish physiological factors including gill
porosity (Zobell and Landon, 1937; Jorgensen, 1949) and seasonal variance
(Dodgson, 1928; Theede, 1963). Exposure of Aytilus edulis to different bacterial
strains by Birkbeck and McHenery (1982), indicated rates of filtration could be
altered depending on the bacterial species present. However, experiments in this
study, using an initial density of 107cfu ml”, showed that more than 90% of bacteria
were removed within 3h, which was equivalent to results reported by McHenery and
Birkbeck (1982) and Gallacher and Birkbeck (1993). Therefore an inoculum of
107cfi ml™ was deemed optimum for further experiments and was used to determine

if Shewanella alga caused SCB activity in Myfilus edulis.

Detection of SCB activity in Mytilus edulis

Following exposure of mussels to Shewanella alga, at an initial inoculum of 107 cfu
ml™!, 95% of bacteria were removed within 1h, with 0.89ug STX equivalents per
100g detected in the shellfish flesh. After 3h, a turther 2% of bacteria had been
removed and SCB activity had increased to 1.14pg STX equivalents per 100g. This
toxicity value is lower than the 2pg per 100g STX equivalents previously reported

vivbamE 35S
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by Gallacher & Birkbeck (1993). This may be due to the use of a different bacterial
strain, or the fact that in the current study shellfish samples were not tested after 7h
compared 1o single time point of 24h chosen by Gallacher and Birkbeck (1993). The
latter point is important as this study showed that the amount of toxin detected in
shellfish samples did vary over time, with maximum toxicity detected at 3h followed
by a steady decrease to the final sampling point of 6h. Further investigations should
focus on determining how quickly mussels commence depuration and whether the
rise in toxicity detected at 24h in the initial expcriment is reproducible. 'I'he most
likely assumption to make regarding the incrcasc in toxicity at 24h would be
transtformation of the toxins to more active forms, although to substantiate this
theory, IIPLC analysis would be required. Unfortunately, the levels of toxicity
detected in shellfish samples were too low for HPLC analysis by current protocols
(Franco ef al,, 1993). Nevertheless, this study and the earlier one of Gallacher and
Birkbeck (1993) have shown that SCB activity can be detected in mussels afier
exposure to SCB-producing bacteria and gives weight to the statement by Kodama

& Ogata (1988) that toxification of bivalves in some areas may be due to bacteria.

Although levels detected in the current study are comparable with those previously
detected by Gallacher and Birkbeck, the levels of SCB activity are still lower than
those reported to occur naturally in the environment. If levels of toxicity detected in
this study were extrapolated to take into account potentially available bacteria (10°cfu
I'; Amann, 1987) in natural seawater, a toxicity value of 1.2 x 10°ng STX
equivalents per 100g shellfish flesh could be achieved in 24h, based on mussels
filtering up to 21 of seawater h™! (Winter 1978) over this period, assuming all bacteria
were toxic and the ability of mussels to filter and process this high guantity of
bacteria. Birkbeck and McHenery (1982), calculated that mussels can process 10°
bacteria ' indicating that high concentrations of SCB toxins could accumulate in
mussels as suggested here. The efficiency of particle removal by mussels has
previously been shown to vary depending on age, size and also food concentration

(Winter, 1973, Wilson and Seed, 1974). However, experiments exposing mussels

Se s iesel St . . R vt . .
R B O P R SR A P R L T S 1y S




G.L. Hold, 1999 181

continuously to single and mixed bacterial suspensions would address this issue and

furthermore mimic a more natural situation and possibly enhance toxicity.

Other explanations as to why levels of toxicity detected in this study are lower than
those routinely detected in the environment are also available. Previously,
researchers have indicated that growth of bacteria in batch culture is not ideal for
maximum toxin production {(Gallacher and Birkbeck, 1993; Doucette, 1993).
Doucette, (1995) and Gallacher ef af. (1997), both discussed bacterial adhesion
indicating that this could play a big factor in the ability of bacteria to produce PSTs
in any great quantities. It is known that in a dinoflagellate culture, bacteria attach to
the dinoflagellate cell wall (Nelinda ez of., 1985), and in the marine environment,
bacteria can attach to phytoplankton and inorganic particles (Doucette ef al., 1998),
most of which can be readily accumulated by animals such as bivalves (Vahl, 1973a).
Therefore, future experiments which take into account adhesion could result in
increased toxicity levels in shellfish, by reproducing the natural situation. Previous
experiments investigating bacterial uptake from seawater when mussels were exposed
to bacteria in the presence of algae, were reported by McHenery and Birkbeck
(1985), who showed an increased uptake of bacteria in the presence of algae.
Although these experiments did not use SCB producing bacteria, it could still be
assumed that if the quantity of SCB producing bacteria accumulated by mussels can
be increased by introducing algae into the experimental setup, then the resultant SCB

activity detected in mussel flesh would be higher.

TIn conclusion, SCB activity could be detected in shellfish exposed to SCB producing

bacteria and there is much scope for more detailed investigations within this research

area.
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This thesis set out to examine the role of bacteria in paralytic shellfish poisoning,
Emphasis was placed on identifying differences between the microflera associated
with toxic dinoflagellate sirains and the microflora associated with non-toxic
cultures. The work also attempted to turther the current understanding of the
production of PST by dinoflagellate strains, by assessing the ability of bacteria to alter
these profiles. Finally, the detection of SCB activity in Myfilus edulis following
exposure to SCB producing bacteria was investigated, with the aim of confirming
whether bacteria could be identified as the sole source of toxicity. The findings from

the above experiments were as follows:-

¢ Dinoflagellate sustain a diverse bacterial microflora, with bacteria
identified from two or three phyla/subphyla present within each

dinoflagellate culture studied.

4 Roseobacter rclated isolates appear to be the dominant strains
associated with 4/exandrium cultures - independent of whether the

dinoflagellate cultures produce PST.

+ Several potentially new bacterial species were detected, however,

further work is required to confirm these identifications.

+ Most of the major phylogenetic groups detected within the study

contained bacterial isolates which produced SCB toxins.

¢ The majority of e-Proteobacteria from Alexandrium cultures were
closely related, regardless of whether cultures were I’ST producers.
However, bacteria from 8. frochoidea NEPCC 15, the non toxic,
non-Alexandrium species were not related to any a-Proteobacteria

from toxic dinoflagellate strains, but certain isolates did group with

bacteria from the non toxic Aflexandrinm culture.
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¢

Although the two molecular bacteria identification methods generated
comparable results, more bacteria were identified by the non culture-
based technique, indicating the limitations of relying on culture to
infer diversity. However, stronger identifications were possible using
the culture-based method, due to the longer length DNA sequences
generated, indicating a combination of the two techniques is required

to confidently attribute diversity with identification.

Antibiotic treatments appear to be an effective method for completely
removing bacteria associated with dinoflagellate cultures, with

physical dissociation methods shown to be ineffective.

The inclusion of molecular methods for assessing the bacterial status
of axenic cultures proved essential, as traditional methods failed to
detect the presence of bacteria. This indicates the need to adopt more
stringent checking methods when assessing the bacteriological status

of cultures, with the current study providing such a method.,

Limited effects on dinoflagellate growth profiles were detected
following the production of axenic cultures, with the effects appearing

to be species specific,

Production of axenic dinoflagellate cultures altered toxin profites,
with differing quantities of certain toxins detected, however, in some

cases previously undetected toxins were apparent.

Re-introduction of bacteria to axenic cultures showed a change in
dinoflagellate toxin profiles, with the introduction of the microflora
from a non toxin-producing culture also causing changes to the toxin

profile of the axenic culture, indicating the possibility that the ability
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ol bacteria to alter dinoflagellate toxin profiles could be independant
from their ability to producce PST,

The microflora of dinoflagellate cultures was shown to be stable over
a 16 month period.

The ability of SCB-producing bacteria to cause toxicity in Mytilus
edulis was confirmed when shellfish were exposed to levels of

bacteria comparable to levels present within the environment.
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APPENDIX 1

Dinoflagellate Culture Media

1. 172

72 Guillard’s marine water enrichment solution without silicate. {Guillard 1975)
Supplied by Sigma catalogue number G 0154. Requiring 20ml of the 50x solution
made up to 1 litre with autoclaved seawater (110°C, 30 mins).

2. K minimum (Km) medium

Working stock solutions Amount added per litre of
seawatet base (ml)

NaNO, (75g/1 ddH,0) 1.0

NaH,PO,.H,0 (5g/l ddH,0) 1.0

Trace metals (sec below) 1.0

Vitamins (see below) 0.5

Na,SeQ, (see below) 1.0

Working trace metal solution

For 1 litre stock

Na,EDTA. (2H,0) 4 36g (4.57 of dihydrate)
FeCl,.6H,0 3.15g

Dissolve each of the above separately in ultrapure distilled water. The EDTA may
require 500ml for dissolution; dissolve the F'eCl, in approx 100ml and then mix.
Add 1ml of the following primary stock solutions

Trace metal primary stocks £/100ml
ZnS0O,.7H,0 2.2
Co(l,.6H,0 1.0
MnCl,.4H,0 1.8
NaMo0,2H,0 0.63

Make up to 1 litre using ultrapure distilled water. This will generate a clear, pale
yellow/brown solution containing no precipitate. Store in the dark at 4°C.

Vitamin stock solutions

Primary vitamin stocks

Cyanocobalamin (Vitamin B,, - Sigma V2876). Make up at lmg ml™ in ultrapure
distilled water.

Biotin (Vitamin H - Sigma B4501). Make up at 0.1lmg ml™ in ultrapure distilled
water.
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Working vitamin stock

To 900mi ultrapure distilled water add 10ml of Biotin primary stock and Il
Cyanocobalamin primary stock.

Weigh out 200mg Thiamine HCI (Vitamin B, - Sigma T4625) and dissolve in 50ml
ultrapure distilled water. Add to the above solution and make up to 1 litre with
ultrapure distilled water.

Selenite working stock
Dissolve 0.173g of Na,SeQ,in ultrapure distilled water (= 17.3mg ml"). Take 1ml
of this solution and make up to 1 litre with ultrapure distilled water.
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APPENDIX 2

Denaturing Gradient Gel Electrophoresis Reagents

All chemicals unless otherwise stated were supplied by BIORAD.

50X TAE Buffer

Final concentration

Tris base 242.0g
Acetic acid, glacial 57.1ml
0.5M EDTA, pH 8.0 100ml
distilled watcr To 1 litre

Dissolve and autoclave at 121°C for 20-30 minutes.
Store at room temperature.

Acrylamide/bis needed for particular size range of fragmcent

Gel percentage Base Pair Separation
6% 300-1000 bp
8% 200-400 bp
10% 100-300 bp

0% Denaturing Solation @ 10%

40% Acrylamide/Bis 25ml
50X TAEL buffer 2ml
distilled water 73ml

Degas for 10-15 minutes. Filter through a 0.45um filter.
Store at 4°C in a brown bottle for approximately 1 month.

100% Denaturing Solution @ 10%

40% Acryiamide/Bis 25ml
50X TAE buffer 2ml
Formamide (delonised) 40ml
Urea 42g

distiled water Upto 100ml

Degas for 10-15 minutes. Filter through a 0.45um filter.
Store at 4°C in a brown bottle for approximately 1 month.
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For denaturing solutions of less than 100%, use the quantities of acrylamide, 50X
TAE buffer and distilled water as for the 100% solution, with the following quantities
of deionised formamide and urea.

Denaturing soln. 10%  20% 30% 40% S0% 60%  70%  80% 90%
Formamide (ml) 4 8 12 16 20 24 28 32 36
Urea (g) 4.2 8.4 126 168 2l 252 294 336 378

10% Ammonium Persulfate

Ammonium persulfate 0.1g
distilled water 1.0ml
Make up fresh as required and store on ice.

2x gel loading dye
Final concentration
2% Bromophenol blue 0.25ml 0.05%
2% Xylene cyanol 0.25ml 0.05%
100% glycerol 7.0ml 70%
distilled water 2.5ml

Store al room temperature
1x TAE running buffer

50X TAE buffer 140ml
distilled water 4,860ml
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APPENDIX 3.
168 rDNA sequences from RFLI* analyses
NAME ALUS253 3a
LENGTH 843 nucleotides
AFFILIATION a-proteobacteria related o Roseobacter clade
1 GCGGACGGGT GAGTARACGCG TGGGARCGTA CCCTCTTCTG CGGRATAGCC
51 ACTGGARACG GTGAGTAATA CCGCATACGT CCTTCGGEGE AAAGATTIAT
101 CGGAGGAGGA TCGGCCCGCE TTGGATTAGE TAGITGGETGG GGTAATGEGCC
151 TACCARAGCCT ACGATCCATA GCTGETTTTA GAGGATGATC AGCCACACTG
201 GGACTGAGAC ACGGCCCAGA CTCCTACGGGE AGGCAGCAGT GGGGAATCTT
251 AGACAATGGG CGCAAGCCTG ATCTAGCCAT GCCGCGTGTG TGACGAAGGC
301 CTTAGEETCd TAAAGCACTT TCACCTETAEA TEATAATGAC AGTAGCAGAT
351  AAAGAARCCC CEACTAACTC CGTGCCAGCA GOCACGOTAA TACAGAUGHG
401 GITAGCGTTG TTCGGAATTA CIGGGCGTAMA AGCGCACGTA GGCGGACCAG
451 AAAGTTGEGGEG GTGARAATCCC GGGGCTCAAC CCCGGAACTG CCTCCAADAC
501 TTCOTGGTCTG GAGTTCGAGA GAGGTGAGTG GAATTCCGAG TGTRGAGGTG
551 AARTTCGTAG ATATTCGGAG GAACACCAGT GCGCGRAGGCG GUTCACTGGC
601 TCGATACTEA QGUTERAGGTE CGAARGIGTGE GEGAGCAARAL AGGATTAGAT
651 ACCCTGGTAG TCCACACCGT AAACGATGAA TGUCAGTCGT CGGCAAGCAT
701 GCTTGTCGGT GACACACCTA ACGGATTAAG CATTCCGCCT GGGGAGTACG
751 GTCGCRAGAT TAAAARCTCRA AGGAATTGAC GGEGGCLCEC ACAAGCGGTG
801 GAGCATATGG TTTAATTCGA AGCARCSGCGC AGAACCTTAC CAA
NAME ALUS253_6
LENGTH 1462 nucleotides
AFFILIATION cytophaga-flavobacter-bacicroides phylum
1 GATCATGGCT CAGGATGRAC GCTACCGGCA GGCTTAACAC ATGCAMGTCG
81 AGGGGTAACA GGGTTITCGE ACTCCTGACG ACCGGECOGCAC GrrTGCGTAA
103 cCGCGTATGA AARCCTACCTT ATACAGGCGG ATAGCICAGA GAAATTTGGAR
151 TTAATACCCC ATGGTACTGT GAATCTGCAT GGATTTATAG TTAMRGATTT
201 ATCGCTATAAL GATGGTCATG CGTTCTATTA GTTAGTITGGET AAGGTAACGG
251 CTTACCARGHh CTGCCGATAGA TAGGGSCCCT GAGAGGGGGA TCCCCCACAC
301 TGAETACTGAG ACACGGACCH GACTCCTACG GOAGGECAGCA GTEAGGRATA
351  TTGGACAATG GTUHAGACAC TGATCCAGCC ATGQCgUGTG TAgCGAAGACT
401 GuCCTATGGG TTGTAMCTA CTTITATAGA GGAAGARALG CAGATACGTG
451 TATTTGITTG ACGGTACTCYT ACGAATAAGG ATCGGCTIAAC TCOCTESCCAG
501 CAGCCGCGGET AATACGGAGE ATCCAAGCGT TATCCGGAAY CaTTGOGTTT
551 ABAAGGGTCCG CAGGCGGWTG TTTAAGTCAG AGGTGAAAGT TTGCAGCTCA
501 . ACIGTAAARY TGCCITTGAT ACTBAATAAC L'UGAGLTAIA ATGAALTGGT
651 TAGAATATGT AGTGTAGCGG TGAAATGTAT AGATATTACA TAGAATACCG
731l ATTGCGAAGG CAGATCACTA ATTATATACT GACGCTGAGG GACGAAAGCG
751 TGCEGEAGCGA ACAGGATTAG ATACCCTGGT AGTICCACGCC GTAARCGATG
801 GTCACTAGCT GTYTGEACTT TTGTCTCGAGT GGCTAAGCGA AAGTHEATAAG
851 TGACCCACCT GOGGACTACG ATCGCARGAT TGAAACTCAA AGCGRATTGAC
901 CGGEEEECCCEC ACARGCGCETE CGAgCmTGTGE TwWwIAATTUGA TEATACGCUGA
@51 GGAACCTTAC CAGEGCTTAA ATGTAGAGTE ACAGGGGTAG AGATACCTTT
1001 TTSTTCGGAC ACTTTACAAG GTGCTGECATG GITGT,CETC ACGCTCGTGCC
1051 GTGAGGTGETC AGGTTAAGTC CTATAACGAG CGCAACCCCT GITGITAGTT
1101 ACCAGCACGT AGTGGTGGGG ACTCTAACAA GACTGCCGGT GCARACCGIGE
1151 AEGAAGGTAEG GGATGACETC AAATCATCAC GGCCCTTACE TCCTEGGCTA
1201 CRACACGTGCT ACANTGETAGS GTACAGAGAS CAGCCACCTC GUAAGGGEGA
1251 GCGAATCTRC AADACCTATC TCAGTTCGGA TCGGAGTCTSG CRACTCGACT
1301 CCOTGAAGCT GGARTCGOUTA GTAATCGGAT ATCAXCCATG ATCCGGTEAN
1351 TACETTCCCG GGCCTTETAC ACARCCGCCeG TCAAGCCATGE GARGCTGGGG
1401 GTACCTGAAG TCGGLGACCG TAAGGAGCTG CCTAGGGTAA AACTAGTAAC
1lak1l TGGGGECTAAL TC
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NAME
LENGTH
AFFILIATION
L TGATCATGGC
52  GAGCCRACCT
101 ACCCTCTTCT
151 GCCCTTTGGG
201 GGTAGTTCGT
251 TAGAGGATGA
301 GGAGGCAGCA
351 ATGCCGCGTG
401 AGATUATAAT
451 GCAGCCCGCG
501 GCTARMAGTCECa
$51 CAACCCTCGGA
601 AGTGGAATTC
651 CAGTGGCGAA
70 TGETGGGGAGC
751 TGAATGCCRG
801 TAABCATYCC
851 TEACAIGHAC
901 GUGCAGAACC
951 GTTTCGTCAG
1001 GCTCGTCTCG
1051 TCCCTAGITG
1161 ATAARGCGGGA
1151 GTTGGGCTAC
1201 AAGCCATCTC
1251 PAATCGCTAGT
NAME
LENGTH
AFFILIATION
1 TGATCATGGC
51 GAGCGACACC
101 Glacoorerr
151  CoCcclMicaes
201 AGGTAGTTGG
251 TTAGALGGRTG
301  GAGEARACAQAC
351 CATGCCGCGT
401 TgATGATAAT
451 GCAGCCGCGE
$01 TAAAGCGCAC
551 AARCCCCGGAA
601 CIGGBAALTTCC
651 AGTGGCGAARG
701  GTGGEEAGCA
751 GAATGCCAGT
801 ARGCATTCCG
851 GACGGEGGGCC
901 CGCAGARCCT
951 TTTCCTTCAG
1001 GCUTCGTGICG
1051 TCOCCTAGTTG
1101  TAAGCGGGEAG
3151 1GGGCTACA
1201  ARCCATCTCA
1251 ATCGCTAGTA
NAME
LENGTH
AFFILIATION

1  GCTTAAYGCG TTAACTGCGC CACCGAACAG TATACTGCCC GACGGCTAGC

ALUS253 18

1281 nucleotides
o-proteobacteria related to Roscobacter clade

TCAGARCGAA
TCGEETTAGC
GOGGGATAGC
GGAAAGATT'T
GGGGTARTEG
TCAGCCACRE
GTBGEGGAATC
ABTUACGAAG
GaCRGTATCT
GTAATACGGR
CGTAGGCGGA
ACGGCCTCCA
CGAGTGTAGA
GGCGGCTCAC
ARACAGGATT
TCGTCEGCAL
GCCTEOBGAG
CCGCACARGC
TTACCARCCQ
TTCGGCTGGA
TGAGATGTTC
CCAGCAGHTT
GGAAGSTETG
ACACGTGCTA
AGTTCGGATT
AATCGCGTAA

CGCTAGOGHC
GGCGGEACGREG
CACTGGAAAC
ATCGGRAGGRG
CCTACCMAGC
TGGEACTGAG
TTAGACAATG
GUCCITAGCGT
GOTARAGARAA
GGGGGTTAGC
TTGGAMGTT
ABACTCCCAG
GGTGAARTTC
TGGCTCEATA
AGATACCCTG
GCATGCTTGT
TACGGTCGCA
GGTGGAGCAT
TTGACATGGA
TATCACROAG
GGTTAAGTCC
ARGCTGGGCA
GATGACGTCA
CAATGETGEY
GGGGTCTGCA
CAGCATGACG

ALUS253 1¢

1282 nucleotides
a~proteobacteria related to Roseobacter clade

TCAGRACGAA
TTCGGGTICTA
CTGCGGAATA
GGGARAGRTT
TGGGGETRATG
ATCAGCCTACA
AGTGGGGAAT
GTGTGACGAR
GRUAGTAGCA
TAATACGGAG
GTAGGCGGAC
CLTGECCTCCARn
GRGTGTAGAG
GCGGCTCACT
AACAGGATIA
CGTCGECCAAG
COTGEGGAGT
CGCACAAGCCG
TACCABRCCCT
TTCGACTGOA
TGREATATTC
CCAGCAGTTC
GARGGTETEG
CACGTGCTAC
GTTCGGATTG
ATCGCGTAAC

CGCTGGCGGEC
GCGGTGGACG
GCCACTGGAA
TATCGCGRGGA
GCCTACCAMG
CTEGGACTGA
CTTAGACAAT
gGTCTTAGGG
GGTABAGAAR
GGGETTAGCG
CAGALAGTTE
AARCTTCTGGET
GTGHARTTCG
GGCTCGATAC
GATACCCTGG
CATGCTTGTC
ACGGTCGCAA
GTGGAGCATG
‘FCACATCCTG
TCAGTEACAG
GATTARGTCC
GGCTGGGCAC
ATGACGTCAA
BATGGTGGTG
GGGTCTGECAR
AGCATGACGC

ALUS253 23
804 nucleotides
e-proteobacteria

AGGCCTAACA
TGAGTAACGC
GGTGAGTAAT
GATCGGCCCG
CTACGATCCA
ACACGECCUA
GBCECANGCC
CGTARAGCTC
COCCGGCTAA
GTTGLTCGSR
GBGEGTGAAR
TCTAGAGTTC
GTAGATATTC
CTGACUCTGA
GTAGTCCACA
CGGTACACA
AGATTARANC
GTGGTTTAAT
TATCGTAGTT
GTGCTGCATG
GGUARCGAGT
CTCTATGGAA,
AGTCCTCATS
GACPATGGET
ACTCGACCCC
c

AGGCCTAADN
GGTGAGTAAC
ACGG'TGAGTA
GGATCGGCCC
CCTACGATCC
GACACGGCCC
GGGECGCRAAGC
TCGTRARGCA
CCUCGGCTaA
TTEIICECEAA
GAGGTCARAT
CTGEGAGTTCG
TAGATATTCG
TOACGCTGAG
TAGTCCACAC
GGTGACACAC
GATTABRACT
TGGTTTALT
ATCGCGGATC
GTCCTGCATG
GGCAACGAGC
TCTATGGARA
GTCCTCATGG
ACAATGGGTT
CTCGACCCCA
GG

CATGCARGTC
GTECGARCET
ACCCECATAC
CGTTGGATTA
TAGCTGETTT
GACTCCTACG
TEATCTAGC
£ TTTCGCCMZ
CTCCGTGCCA
ATTaCTGGRC
TCCCAGGGOT
GAGAGAGGLG
GGAGGZRCAC
GGTGCGAARG
CCGTAARCGR
CCTARCGGAT
TCARRGGAAT
TCGAAGCAAC
ACCAGAYATG
GOTGTCETCA
GCRACCCACA
ACTGCCCGTG
GCCCTTACGE
TAATCCCAAR
APCGARGTCEG

CAIGCBATIC
GCGTGGERAC
ATACCGCATA
GCGTTEGATT
ATAGCTGGTT
AGACTCCTAC
CTGATCTAGC
CTTTCGCCTG
CICCETECCA
TTACTGCGCG
CCCGGGECTC
ACAGAGGTGA
GRGGAACACC
GTGCGARAGT
CETAARCGAT
CTAACGGATT
CARBGGEARY
CEALAGCAMCG
GCGGAGACGT
GCTGTCGTCA
GCALCCCOACA
CIGCCCGTGA
COOTTACGES
BATCCCARAA
TGABGTCCGA
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51
101
151
201
251
201
351
401
45%
502
551
601
GS1
701
751
3ol

TTCCATCGTT
CCACGCTTTC
CACTGGTGTT
CCACTCRCCT
GGTTGAGCCC
TTTACGCCCR
CYGECTGGCAL
TTCACCATTC
CATGECTGGA
TCCCGTAGGA
CTCAGACCAG
AGCTAATCTA
GGCGTATACG
GTATATTCCC
GTTCAACTTG
ATCA

NAME
LENGTII

AFFIL
1

51
101
151
201
251
301
351
401
451
501
L5l
601

IATION

CACATGCARG
ACGCGTGGGA
TANTBCCGTA
CLECETTACA
CTATAGCTGS
CCAGACTCCT
GCOTGATCCA
CACTTTCAAT
AACTICGIEC
AATTACTGGG
RTCCCAGGGC
COAGAGAGGT
CGGAGGANCA

NAME
LENGTH
ATTILIATION

TACGGCGTGG
GCACCTCAGC
CCTCCGRATA
CTTTCGATCT
TGGEATTTCA
GTARTTCCGA
GAAGTTAGEC
ARAGTGCTIT
TCRGGCTTTC
GTCTGEGCCG
CTATAGATCG
ACGCCGGCTA
GTATTAGCAG
ACGOGTTACY
CATGTATTAR

ACTACCAGGS
GTCAGTATCG
TCTACGAATT
CTAGACTGAC
CCTCTAMCTG
ACRACGCTAG
GEACCTICTY
ACARCCCOTAA
GCCCATTGTC
TGTCTCAGT
TCGCCATGGT
BTCTATCAGC
TCGTTTCCAA
CACCQGTCTS
GCITECGCT

ALUS253 24
647 nucleotides
a-proteobacteria

TCGRACGGTC
ATATACCTAT
TACGCCCTTT
TTAGCIAGAY
TCTGAGAGGA
ACGEGARGGECA
GCCATGCCGC
GGTGAAGATA
CAGCAGCCGC
CGTAARGCGC
TCRACCCTGG
GRGTGGARTT
CCAGTGGOGA

TCTTCGGABG
CAGTRCGGRA
GEGGGARAGA
GUTCCOGTAR
TCATCAGCCA
GCAGTGGGGR
GTGTGTGATG
ATGRCGGTAR
GGTAATACGR
ACGTAGGCGG
ARCTGECCTIT
CCBRETGTAG
AGGCGGOTCN

ALUS253 25
657 nucleotides

e-proteobacteria
1 CACATGCAAG TCGEARCGGTC TCTTCEGAGGE CAGTEGCAGH CGGCTCAGT

TATCTAATCC
AGCCAGTGAG
TCACCTCTAT
AGTATTARAG
ATCRATCCGC
CCCCOTTOGT
CTATCETTAC
GGECCTTCATC
CAATATTCCC
CCAGTGTGGC
AGGCCTTTAC
AATARATCTT
CTGTTGTTCC
CCACTEOCTS
AGOETTORTT

CAGTGGCAGA
CBACLKGTTGG
TTTATTGCTE
AGGCCTACCTA
CACTGGGACT
ATATTGGRCA
ARGGCCTTAG
CCATAGRAGA
AGGGGGCTAG
ATTGATCAGT
ABLTACTGTCA
AGGETLGALATT
CTGRCTCGAT

TGRTTGCTCC
CCGCCTTCGT
ACTCGGAATT
GCAGTTCCAG
CTACGTGCEC
ATTACCGIGG
COLCAIYATC
ACRCACGCGG
CACTGCTGCC
TGATCATCCT
CCCACCATCT
TCCCCCAAARG
GTACTGATAG
CGRAGAGACC
CTGAGCCATG

CGGGETGAGTA
AADMCGRCTGC
ATRGATTAGC
TGCLCGACGAT
GRGACRCGGC
ATGGGCGARR,
GGTTGTAAAG
ABCCCCGGCT
CGTTGTTCGG
TAGAGGTGAA
GTCTAGAGAT
CHETAGA AT
ACTGALG
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€1 ACGUGTGGGA ACATACCITT CGGTACGGARA CAACAGTIGG AAACGACTGC

101 TAATACCGTA TACGCCCTAT GGGGGARAGA TTTATCGECCG AGRGATTGGC
151 CCGmGTTGEA TTAGCTAGTT GGTEGEGGTAR TGGCCTACCHK RAGGCGACGAT
201 CCATAGCTGG TCTGAGAGGA TGATCAGCCA CACTEUGACT GAGACACEAC
251 CCRGACTCLCT ACGGGAGGCA GCAGTGGGGA ATATTGGACHA ATGGGCGCAM
301 GCCITGATCCA GCCATGUCGC GTGAGTGATE AAGGCCTTAG GGTTCTAAAG
351 CTCTTITCGCC GGTGAAGATA ATGACGGTAA CCEGGTARAAGA AGTLCCCGGLT
401 AACTTCGTGC CAGCAGCOCGEC GGTAATACGA AGGGGEGCTAG CZGETTGETTCGG
451 AARTTACTGEG CGTVAAAGCGC ACGTAGGCTG ACTTTTAAGT CAGGEGTGARA
501  ATCCCGGGLC ['CAACCICGE AAUTGCCTTT GALVAUIGGAA GUCTUIGAGLC
551 CGAGAGAGGT GAGTGGAACT CCGAGTGETAG AGGTGAAATT CGTAGATATT
GQ01 CGGAAGAMCA CCAGTGGCGA AGGCGGCTCA CTIGGCTCGGT ACTGRCGCTG
651 AGGETGECG
NAME ALUS253 27
LENGTH 659 nucleotides
ATTILIATION a-proteobacteria
1 CGCACCTCAC CGTCAGTATC GAGCCAGTGA GCCGCCTTCG CCACTGGETGT
51 TCCTCCGAAT ATCTACGAAT TTCACCTCTA CACTCGGAAT TCCACTCACC
101 TCTCTCGATC TCUTAGACTGA CAGTATTARA GCCAGTTCCA GGGITGAGCC
151 CTGGGATTTC ACCTCTAACT GATCAATCCG CCTACGTGCG CTITACGCCT
201 AGTAATTCCG ARCAACGCTA GCCCCCTTCG TATTACCGCE GUTCGCTGGRCA
251  CGAAGTTAGC CGGRECTILY TULATGETTA CCGrCaltar CrrCaccatry
301 GAAARGTGCTT TACAACCCTA AGGUITTCAT CACACACGCG GCATGGCTGG
351 ATCAGGCTTT CGCCCATTGT CCAATATTCC CCRACTGITGS CTLCCGTAGS
401 AGICITGGGECC GTGICTCAGT CCCAGTGTGGE CTGATCATCC TCTCAGACCA
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451 GCTATAGATC GTCGCCATGG TAGGCCTTTA CCCCACIATC TAGCTAATCT
S01 ARCGCCGGCT AATCTATCAG CAATAAMATCT WTCCCCCAAA GGGCGTATAC
551 GGIATIAGCA GTLGTIIICA ACIGTTGTTC CGTACTGATR GGTATATTCC
601l CACCCCTTAC TCACCCOTCT GCCACTGCCT CCGAAGAGAC CGTTCGACTT
651 GCATGTGTT

NAME ATUS253 28

LENGTH 1304 nucleotides

ATTILIATION c-proteobacteria

: GANTCATAGCT CAGAACGAAD GCTGCCHUECA CUCTTAARCAC ATGCAAGTCG

5% ANCGGTOTCT TCGGAGGCAG TGGCAGACGG GTCAGTAACG CGTGGGAATA
103 TACCTATCAG TRACGGAACAR CAGTTGGARA CGACTGCTAA TACCGTATEC
151 GCCCTTTGEEGE GGARAGATTT ATTGOTGATA GATTAGCCCGE CGTTAGATTR
201 GCTAGATGGT GGGGTAAAGE CCTAUCATGG CGACGATCIA TAGCTSGTCT
251 GAGAGGATGA TCAGCCACAC TGGGACTGAG ACACGGCCCA GACTCCTACG
301 GGAGGCAGCR GTGGGGBATA TTGGACARTG GGUGAARGCC TGATCCAGCC
351 ATGECCGCGTG TGTGATGBAG GUCTTAGGET TGTAAAGCAC TTTCRATGGT
401 GBRAGATAATG alGGTAACCA TACAAGNGC CCCGGCTANC TTCGTGCCAG
451 CAGeCCGCGG TAATACGAAG GOOCCTAGCC TTGTTCGGAA TTACTGGGCG
501 TAARGCGCAC GTAGGCGGAT TGATCAGTTA GAGGTGAAAT CCCAGGGCTC
551 ARCCCTGGAR CTGCCTITAA TACTGTCAGT CTAGAGATCG AGAGAGGTGA
601 GTGGAATTCC GAGTGTAGAG GTGAARATTCG TAGATATTCG GAGGAACACC
651 AGTGACGAAG GCGGCTCACT GGCTCGATAC TGACGCTGAG GTGCGNAAGC
701 GTGEGAAAGCA AACAGOATTA GATACCTIEG TAGCICCAUGT COGTAAACGAT
731 GGAAGCTAGH CGTCGEGGCAG TATACTGTTC CATGOCCCAG TTAACGCATT
821 AAGCTICCCG CCYTGBGGGAGT ACGCTCGCAA GATTARRACT CAARGGAATT
851 GACGGGGGCC CGCACAAGCGE GTEGAGCATG TGHTTTAATT COABGCARLH
%01 CGCAGAACCT TACCAGCCCT TGACATACCG AICGUGGLAT ClGGAGATAG
951 ATACCTTCAG TTAGGCTGGA TCGGATACAG GTGCTGCATG GCTGITCGTCA
001l GCTCGTGTCG TGAGATGTTIG GGTTAAGTCC CGCRACCGAGC QCAACCCTCG
1051 CCOTITAGITG CCAGCATTAA QTTGURCACT CTAGAGGHAC TGCCRGETHAT
1161 ARAGCCCOEAGG AAGGSTGGGCEA TGACGTCAAG TCCTCATGEGC CCTTACGGGC
1151 TGGCCTACAC ACCTGCTACA ATGGTGGIGA CARITGGGCAG TGRGACLGCG
1201 AGGTCGAGUT AATCTCCAAA AMCCATCTCA GTTCGGATCG CACTCTGECAA
1251 CTCGAGTGCG TGAAGTTGGA ATCGCTAGTA ATCGEIGGATT AGCATGCCAC
1301 GGTG

NAME ALUS253 36

LENGTH 012 nucleotides

AFFILIATION ¢-proicobacteria related lo Rosevbacter clade
1 TGATGATAAT GCAGTAGCAG GTRAAGARAC CCCGGCTRAC TCCETGECCAG
51 CAGCCGCCEGT AATACGGAGG GGGTTAGCGT TGTTCGGARAT TACTGEGCGT
101 AARGCGCACE TAGGCGGACC AGNAAGTTGG GGGTGRAATC CUEGIECTCA
151 ACCCCGGAAT TGCCTCCAAA ACTTCTGGTC TCGAGTTCGA GAGAGSGTGAG
201 TGOEAATTCCE AGTCTAGAGE TGARATTICGT AGATATTCGG AGGAACACCA
251 GTGEGCGAAGE CGGCTCACTG GCTCGATACT GACGCTGAGG TGCGARAGTG
301 TGOGOGAGUAA ACAGGATTAG ATACCCIGGEY AGTCCCACAC CUTRARCGAT
351 GRATGCCAGYT CGICOGCAAC CATGCLTIIIC UGIGACACAC CTARCGGATT
401 BAGCATTCCS CCTGGGRGAGT ACGGTCCCAR GATTAAAACY CAAARGGAATT
451 GACGEGGEGCC CGTACAACGCG GTGGAGCATG TGGTTTAATT CGAAGCAMCG
501 CGCAGAACCT TACCAACCCT TGACATCCTG ATCGCEGATC GCEGAGACGC
551 TUTCCTTCAG TTUGECTGCA TCAGTSACARG GTGCTGCATG GCTGTCITCH
601 GCTCGTGTCG TGAGATGTTC GGTTAAGTCC GGCAACGAGC GCAACCCACE
651 TCCCTAGTTG CCAGCAGTTC GGLTGSGCAC TCTATGGAAR CTGCCCETGA
YOl UAAGCGGLAG GAAGULTETCG ATGACGTCAA GTCCTCATEG CCCTTACGGG
151 TILGGGCTACA CACGIGCETAC AATGCTGBCETC ACARTCCCTT AXATCCCARAA
801 AACCATCTCA GTTCGGATTIG GGETCTECAA CTCGACCCCA TGAACTCGGA
351 ATCGCTACGTA ATCGCGTAAC AGCATGACGT CGGTEAATACG TICCCGEGTC
901 TTGTACACAC G

ERAAES

A Y
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NAME
LENGTH
AFFILTATION
1 TCATGGCTCA
1 CGAGACCTTC
101 CCCTCTTCTG
151 CCTTCGGGGG
201  TBRGTIGATGG
251  GAGGATGAYC
301 AGGCAGCAGT
351 GCCGCETETS
401 TGATAATGAC
451 GeCCGUGGETA
501 AAGUGCACGT
551 CCCCGGAACT
601 GGAATTCCGA
651  TGEUGARGHT
701 GGEGAGCARA
751 ATGCCAGTCE
801 GCATTCCGCC
851 CGGGEGEGCLCE
901 CAGAACCTTA
951 TCCTTCAGTT
1001 TCGTGTCGTG
1051 COTAGTIGECC
1103 AGCOGGRAGEA
1151 GGGCTACACA
1201 CCATCTCAGT
1251 CGCTAGTART
NAME
LENGTH
AFFILIATION
1 TGATCATGGC
51 CGAACGEICIC
101 ATACUCTATCA
151 CGCCCTTTES
201 AGCTRGATGG
251 TGAGAGGATG
301 GGGAGGCAGC
351 CATGCCGCGT
401 TgARGRTART
451  GORGeCCECG
501  GTABAGCGCA
S51 CAACCCUTCCGA
601 AGTGGAATTC
651 CAGTGGCGAR
701 CGTGGEGAGC
751 TGGRAGCTAG
801 TAAGCTTCCG
851 GACGGEGGCT
901  CGCAGBACCT
951 ATaCCTTCAG
1001 rCTCGTATCS
1051 CCTTTAGTTG
1101 BAGCCGGAGG
1151 TGGGCTACAC
1201 AGGTCTAGCT
1251 CTCGAGTECG
NAME
LENGTH
ATTILIATION

1  GCTTARCACA (GCARGTCGR ACGGICPCTY CHGAGGCAGT GECAGACGGS

ALUS253 40

1282 nucleotides
w-proteobacteria related to Roseobacter clade

GARCGAACGC
gGGTCTAGCG
CGGAATAGCC
AARRGATTTAT
GATAATGGCC
AGCCACACTG
GGEGAATCTT
TGACGAAGGEC
AGTAGCAGGT
ATACGGAGGG
AGGCGGACCA
GCCTCCARAR
GTGTAGAGGT
GGCTCACRGG
CAGGATTAGA
TCGECAAGCA
TGEGEGARGTAC
CACAAGCGET
CCARCCCTTG
CGGCTGGATC
AGRTGETICGG
AGCAGT'ICGSG
AGGTGTGGAT
CGTGCTACAA
TCGGATTGGG
CGCGTAACAG

TGGORGCAGE
GCGGACGGGT
ACTGGAAMCG
CGGRGGAGGA
TACCAAGCCT
GGACTGAGAC
AGACAATGGC
CTTAGGGTCG
ARAGAAACCC
GGT1TAGCGTT
GAAAGTTGCGG
CTTCTGGTCT
GBAATTCGTA
CTCGATACTG
TACCCTEGTA
TGCTTGTCGG
GGTCGCARGA
GGAGCATGTG
ACATCCTGAT
AGTGACAGGT
TTAAGTCCGG
CTGEGCACTC
GACGTCARGT
TGGTGGTGAC
GTCTGCAACT
CATGRCGCGG

ALUS253 41

1290 nucleotides

o-proteobacteria

TCAGAACGAA
TTCGGAGYCA
GTACGUARCA
GCGARACGATT
TGGGGTAAAG
ATCAGCCACH
AGTZGGCAAT
GTGTGATGAR
gACGGTAACC
GTAATACGAN
CETAGGCRGR
ACTGCCTITA
CGAGTGTAGA
GGOGGETCAC
AAACAGGATT
CCGTCGBGGTA
CCTGGEGAGT
CECACABGOG
PACCArCCCT
TTEGGCTGGA
TGAGRIGTTS
CCAGCATTAR
ADGETGGCER
ACGTGCTACR
ALTCTCCAAR
TGAAGTTGGA

CGCTGECEET
GLEGCAGACE
ACAGTIGGAA
TATTCCTGAT
GCCTACCATG
CTGRGACTGA
ATTGGACAAT
gGCCTTAGGE
ATRGAAGARG
GEGEECTAGC
TTGATCAGTT
ATACTGTCAG
GGTGABATTC
TEGCTCGATA
BGATACCCTG
GIATACIGTT
ACGGTCGCAA
GTGEAGCATG
TGACATACCG
TCEGATACAG
GGETTARGTCC
GTTGGGCACT
TGACGTCARG
ATGGTGGTGA
ARCCATCTCA
ATCGCTAGTR

ALUS253 42
663 nucleotides
e-proteobacteria

CCTRACRCAT
GAGTAACGCG
GTGAGTAATA
TCGGOCCGCG
ACGATCCATA
ACGHCCCAGA
CGCRRGCCTG
TARAGCACTT
CEGCTAACTC
GTTCGGAATT
G3TGARATCC
GGAGTTCGAG
GATATTCEGA
ACGCTGAGEY
GTCCACACCO
TGACACACCT
TTAAAACTCA
GTTTAATTCG
CCCGGATCGC
GCTGCATGGC
CARACGRGCGC
TATGGALACT
COTCATERCC
ARTGGGTTAR
CGACCCCATG
TG

AGGCTTAACA
GETGAGTAAC
ACGACTCCTA

GATTARGCCC
GCGACGATCT
GROACGHCCT
GGGCGARAGT
TTGTAARGCA
CCCCGGUTAR
GTTGTTCGUEA
AGAGGTGRAL
TCTACATATC
GTAGATATTC
CTCACGCTGA
GTAGTCCACG
CEGTgGCGCA
GATTARRACT
TEETTTARTT
ALCGCGOTAT
GTGCTGCATE
CECAACGAGC
CTAGAGGCAC
TCCICATGSC
CAGTGGGCAG
GTTCGGATCG
ATCGTGGATC

GCAAGTCGAG
TGEGARCGTA
CCGCATARCCC
TTGGATTAGG
GCTGGTTTTA
CTCCrACGGS
ATCTAGCCART
TCGCCTGTGA
CETGECAGCA
ACTCGGCGTA
CGGGEGCTCAA
AGAGGTGAGT
GGARCACCAG
GCGAAAGTGY
TARACGATCA
ARCCGGATTAR
RAGGAATTGA

AGCAALGCG
GGAGACGCTT
TGTCGTCAGC
AACCCATATC
GCCCGTGATA
CTTACGGGTT
TCCCAALLAAA
BAAGTCGGAAT

CATGCARGTC
GUGTEEGALNY
ATACCGLTATA
GCGTTAGATT
ATRAGCTGATC
AGACTCCTAC
CTGATCCAGC
CTTTCAATGG
CTTCGTGCCA
ATTACIGGEC
TCCCAGGGC'T
GAGAGAGGTG
GGAGGMACAC
GGTCECCAARRG
CCGTARACGA
GTTAACGCAT
CAARGGARTT
CEARGUARCG
CTGGACGACAL
GCTCTCGTTA
GCAACCCTIG
TGCCGGTGAT
CCTTACGGGC
CGAGACCGCG
CACTCTGCAA
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51 TGAGTRACGC GTGEGRARTAT ACCTRTCAGT ACGEARCAAC AGTTEHEAAAC
101 GACTGCTAAT ACCGTATACGE CCCTTIGGGEG GARNGATTTA TTGCTGATAG
153 ATTAGCCCGC GTTAGATTAG CTAGRTIGETE GCUTAARGGEC CTACCATCGC
201 GACGATCTAT AGCTGGTCTG AGAGGATGAT CAGLCACACT GOGGACTGACA
251 CACGGUCCAG ACTCCTACGGE GAGGCAGCAG TGGGGAATAT TGGACAATGS
301 GCCGAABRCCCT GATCCAGCCA TGCCGCGETGT GTIGATGAAGG CCTTAGEGTT
351 GTARBAGCACT TTCAATGGTG AAGATAATGA CGGTARCCAT AGAAGAAGUC
401 CCGECTAACT TCGTECCAGC AGCCGUGGTA ATACGRAGGC GGCTAGCGTT
451 GTTCGGAATT ACTGGGCGTA ARGECGCACGT AGGCGGATTE ATCAGTTAGA
501 GGTGCARAATCC CAGGGCTCAA CCCTGGAACT GUCTETAATA CTAETCRATCT
551 AGAGATCGAG AGAGGTGAGT GGAATTCCGA GTGTAGAGGT GAAATTCGTA
601 GATATTCGOA CCAACACCAG TGGCGARRCIC GSCTCACTGG CTCGATACTG
651 ACGCTGAGAET GCG
NAME ALUS253 43
LENGTH 1363 nucleotides
AFFILIATION a~-proteobacteria related to Roseobacter clade
1 TTGATCATGG CTCAGARCGA ACGCTGGCEG CAGGCCTAAC ACATGCAAGT
51 CGAGCGAGAC CTTCKGGLCY AGUGGCGGAC GGUTIAGTAA CGCGTGGGAA
101 CGTACCCTCT TUTGCGGAAL AGCCACTCGA AACGGTGAGT AATACICGCAT
151 ACGCCCTTCG GGGGARAGAT TTATCGCAGGE AGGATCGGCC CGCETTGGAT
201 TAGGTAGTTG GTGCGGTAAT GGECCTACCAA GCCTACGAYC CATAGCTGEGT
251 CfPrAGAGCAT GATCAGCCAC ACTGGGACTG AgACACGGCC CAGACTCCTA
301 CGGGAGGCAG CAGTGGGGAA TCTTAGACAA TGGGCECAAG CUTCGATCTAG
351 CCATGCCACG TGTGTGACKkA AGGCCTTAGG GTCGTARAGCT ACTTTCGCCT
407 GTGATGATAA TGACAGTAGC AGGETAAAGRA ACCCCGGECTA ACTCCETGCC
451 AGCAGCCGCGE GTAATACGGA GUGGGETIAGT GTICTUCGGA ATTACTGEGEC
501 GTAAAG.CGC ACGTAGGCGG ACCAGAARGT TGGGAGTGAA ATCLUGEEGO
551 TCBACCCCGO ARACTGCCTCC ABARCTTCTG GTCTGGRGTT CGAGAGAGGT
6§01 QGAGTEGAATT CCGAGTGTAC AGGTGAAATT CGTAGATATT CGGAGGAACA
651 CCAGTGGUGCA AGGLGRACTCA CTEGCOTCGAT ACLTGACGCTGE AGETGCGAAR
701  GTGTGGGGAG CAAACAGGAT TAGRTACCCY GOTAGTCCAC ACCETAAACGE
751 ATGAATGCCA GTCOTCGGCA AGCATGCTTE TCGGLLGACAC ACCTARCHGA
801 TTAAGCATTC CGCCTGGGGA CTACGGTCGC AAGATTAAAA CTCAAAGGAR
851 TTGACGGGGRG CCCGCACAAG CEGTGGAGCR TGTGGTTTAA TTCGAAGCAA
501 CGCOGCAGAACT CTHTACCAACC CTYVPGACATCT TGATCGCGEA TIECGEMGAC
951 GCTTTCCTTC AGTTCEGCTE GATCAGTGAC AGUTGCTGCA TGGCTGTCGT
1001 CAGCTCGIET CETGAGATGT TCEGTTARGT CCGGCAACGR GCGCAACCCA
1051 CATCCCTAGT TGCCAGCAGL TCEGCTCGLC ACTCTATGGA AACTGCCCGET
1101 GATARGCGGG AGGARGGTGET GOATGACGCTC AAGTCOCYCAT GGCCCTTACG
1151 GGTTGGGUTA CACAUGTGCT ACAATGGTGE TGACAATECE TTAATCCCAA
1201 AAMRACCATCT CAGTTCGEAT TGGGRTCTEC AALTIGACCC CTATGAAGTCG
1251 GAATCGCTAG TAATCGCGTR ACAGCATGAC GCCGULGRATA LGTIICCUGGG
1301 CCITGTACAC ACCGeCCGTC ACACCATGGE AGTTGGGTTYT ACCCGACGCG
1381 CCOTGCGITA ACC
NAME ALUS253_46
LENGTH 1327 nucleotides
AFFILIATION a-protecbacteria related to Roseobacter clade
1 GGOTTAGCECA CGGCCGTCEE GTAANCCCAA CTCCCATCEGT GTCACGCGLG
51 STETGTACAR GGCCCGGGARA COTATTCACC GCGTCATGCT GTTARCGLGAT
101 TACTAGCGAY TUCGACKICA TGGGGTLGAG TTGCAGACCC CAATCCGRAAC
151 TGAGATGGTT TITTCCCEATT AACCCATTCT CRCCACCATT CTAGCAUGTIG
201 TGTAGCCCAA CCCGTAAGEG CCATGAGGARC TITGACGTCAT CCRCACCTTC
251 CTCCCGCTTA TCACGGGCAG TTTCCATAGA CGIECCCARGCC GARCTGCTGE
301 CBACTAGGGA TGTGGGTTGC GUTCOETTGLC GGACTTAARCC GARCATCTCA
351 CGRCACGAGC YTGACGACAGC CATGCAQCAC CTGTCACTCA TCCRGCCGRA
401 CTCAAGGARA GOGTLTCCGC GATCCGOGAT CRGGATGTCA AGGGTTEGYA
451 AGGTICTGCG CGTTGCTTCGE AATTAMACCHA CATGCICCAC CGULTGEIGCG
501 GGCCOANGTC RATTCCTITG AGTTTTAATC TTGCGACCET ACTCCCCAGG
551 CGGAATGCTT AATCCGTYTAG GULGTGETCACC GACARGCALG CIrTGCmEACG
501 ACTGGCATTC ATCCTTTACG GTGTGGACTA CCAGGGTARLC 'WARVCCLCLT
551 TGCTCCCCAC ACTTTCGCAC CTCAGCGTCA GTATTGAGCC AGTGAGCCGC
101 CTTCGUCACT GGETGTTCCTC CGARTATCTA CGAATTTCAC CTCTACACTC
751  GGAATTCCAC TCACCTCICT CCAACECCRAG ACCAGAAGTT TTGGAGGCAG
801 TTCCAGGGTT GAGTCCCECG ATTTCACCCC CAAUTTTCTG GTCCGCCTAC
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851 GTGCGCTTTA CGCCCAGTAA TTCCGARCAA CgGCTAACCC CCTCCGTATT
901 ACCGCGGCTG CTGGCACGGR GTTAGCCEGG GTTTCTTTAC CTGCTACTGT
951 CATTATCATC ACAUGGCGAAR GTGCTITACG ACCCTAAGGC TTCGTCACRC
1001 ACGCGGCATG GCTAGATCAG GCTTECEICC ATTGTCTABG ATTCCCCACT
1051 GCTECCTCCC GTAGGAGTUT GGGGUCGTET UTCAGTCCCA GIETEEULGA
1101 TCATCCTCTA AAACCAGCTA TGCATCGTAG GCTTGGTAGG UCATTACCCC
1151 ACCAACTACE TAATCCANCG CGGGCCGATC CTCCTCCGAT ABATCTTTCC
1201 CCCGAAGCGC GTATGCGGTA TTACTCACCG TTTCCRGTGG CTATTCCGCA
1251 GAAGAGGGTA CGTTCCCACG CGITACTCAC COGTCTGCCG CTAGACCAKD
1301 AGGTCTCGCT CGACTTGCAT GTETTAG
NAME ALUS253 55
LENGTH 963 nucleotides
AFFILIATION a-proteobacteria related to Roseobacter clade
1 AGETTACCGC ACGGCCETCG GGTAAARCCCA ACTCCCATEG TETGACGGGEC
51 G@TGTGTACA AGGCCCGGGA ANGTATTCOAC CGCGETCAYSC TETTACGCGA
101 TTACTAGCGA TTCCGACTTC ATGGGGTCGA GTTGCAGACC CCAATCCGAR
151 CTGAGATGGT TTTTTGGGAT TAACCCATTG TCACCACCAT TETRGCACGT
202 GTGTAGCCCA ACCCGTAAGG GCCATGAGGA CTTGACGTCA TCCACACCTT
251 CCYCCCGCTY ATCACGEGCA GTTICCATAG AGTGCCCAGC CGAACTGCTG
301 GCAACTAGBGG ATGICUGTTE COCTCGTTGC CGGACTTAAC CGRACATITC
351 ACGACACCAG CTCACGACAG CCATGCAGCA CCTGTCACTG ATCCAGCCGA
401 ACTGAAGGAA AGCETCTICE CGATCCGIGA TCAGGATGT ABGGGTTGGT
451 AAGGTTCTGC GCGTTCOTTC GAATTAAACC ACATGCTCOA CCAOTTGTARC
501 GECCCCCCGT CAATTCCTTT GAGTTTTAAT CTTBCGACCG TACTCCCCAS
551 GCGGAATGCT TAATCCGTTA GGTGTGTCAC CGACAAGCAT GCTTGCCGAC
601 GACTGGCATT CATCGTTTAC GGTGTGGACT ACCAGCGGTAT CTAATCCTGT
651 YTUTGCTCCCCA CACTTVCECA CCICAGUCGTC AGTATCGAGC CAGTGAGCCG
701  CCTTCGCCAC TCCTETTCIT CCGAATATCT ACGAATTITCA CCTCTACACT
751 CGGAATTCCA CTCACCTCTC TCGAACTCCR GACCAGARGT ‘TTIGGAGGECA
801 GTTCCAGGGRT THAQCCOCGEE GATTTCACCC CCAACTTRCYT CGITCGCCTA
851 CGTGCGCTTT ACGCCCAGTA ATTCCCAACA ACGCTARACCC CCTCCGTATT
901 ACCGCGGCTG CTGGCACGAA GTTRACCEGG GTTTCTTTAC CTECITACTGT
981 CATTATCATC ACA
NAME ALUS253_59
LENGTH 1363 nucleotides
AFFILIATION a~-proteobacteria related to Roseobacter clade
1 TAGAGTTTGA TCATAGCTOA GAACGBACEC TECAEGCAGGC CTAACACATG
51 CARGTCEAGC GAGACCTTCG GGTUTAGRCGEG CAGACGRATE AGTAACGCAET
10. GGGARCGTAC CCTCTTCTGC GGAATAGCCA CTGGAARCGG TGAGTAATAC
152 CGCATACGCC CTTCOGGGGA ARGATTTATC GGAGGAGGAT CGGCCCGCGET
201 TGGATTAGGT AGTTGEGTGGGE GTAATGGCCT ACCAAGICTA CGATCCATAG
251 CTGGTTTTAG AGGATGATCA GCCACACTGG GACTGAGACA CGGCCCAGAC
301 TCCTACGGGA GGCAGCAGTG GGGRATCTTA GACAATGSGGC GCARGCCOTGA
351 TCTAGCCATG CCGCETGTIGT GACGAAGGUC TTAGGGTCET ARAGCACTTT
4070 CGCCTGETGAT GATAATGACA GTACCAGCTA AAGAAPCLOCC CCLCTAACTCC
451 GTGCCAGCAG CCGCGGTAAT ACCUAGUGGT TTAGeCOTTG TTCGCAATTA
501 CTGGGECGTAA AGCGCACGTA GGCGGACCAG AZARGTTGGREG ATGARATCCC
551 GGGGCTCAAC CCCGEAACTGE COTCCAAAAC TTOTGGTCTGE GAGTTCHAGA
501 GAGGTGAGTG GAATTCCGAG TGTAGAGGTG AAZATTCGTAG ATANTTCGGAG
551 GRACACCAGT GGLGAAGGCGE GCTCACTGGEC TCGATACTGA CECTGAGGTG
701 CGRAAGTGTG GGGAGCAAAC AGGATTAGAT ACCCTGEGTAG TCCACACCGET
451 ABACGATGAA TELCAGICHT CGGCAAGCAT GCTTETCGGT GACACACCTA
B0l ACCGAITAAC CAT'ITCCGCCT GGLGGEGAGTACG GTCGCAAGAT TAAARRCTCARN
851 AGGAATTOARC GEEEGCCCOC ACAAGUGGTG GAGCATGTGE 1"MM'ARTICGA
901L  AGCAACGOGES AGAACCTTAC CALKCCCTTGA CATCOTCATC GUCGATCECG
851 GAGACGCTTT CCTTCAGTTC GGUTGGATCA GITGACACGTG CIGCATGGCT
1001 GTCOTCAGCCT CCTCETCOTGE GATCTTCGGT TAAGTCCGEGC AACGAGCGCA
1051 ACCCACATCC CTAGTTICCA GCAGTTCGGC TGGGCACTCT ATGGAARCTG
1101 CCOGTGATAN GCEGEAGGRA GGTGTGEGATG ACGICAAGTC CTCATGGCCC
1151  TTACGGGITG GGCTACACAC GTGCTACAAT GGTGGTGACA ATGGGTTAAT
1201 CCCAAAAAAC CATCTCAGTIT CGGATTGGGG TCTGCAACTC GACCCCATGA
1251 AGQTCAGAATC GQUTAGTAATC GUEUAACAGC ATGACGUGHL GAATAUGILIC
1301 CCGGGCCTTG TACACACCGC CCGICACACC ATGUEGAGTITS COTITACCUCG
1351 ACGGGCLCTSE CGC
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NAME
LENGTH
AFFILIATION
1 CGUACCTCAG
51 TCCTCCGAAT
101 TCCTCUAAC
151 CCGGGATTIC
201 AGTAATTCCG
251 COGAGTIAGC
301  GBARGTGCTT
351 ATCACGCTTG
401 AGTCTGGGCC
451 GCTATGGATC
501 AACGCGEECC
551 GGTATTACTC
501 CACGCGTTAC
651 GCATGTGITA
NAME
LENGTH
AFFILIATION
1 GOCAGETTAS
51 GsCGETGTGT
101  CGATTACTAG
151 GAACTGAGAT
201 CGTITGTAGC
261  CTTCOTCOCS
301 GOTAACAACT
351 TyTCACGACA
401 CCGAACTGAC
451 GGTAAGGTT
NAME
LENGTH
AFFILTATION
1 ATCATGGCTC
51 ACGGATCTCET
101 ACCTATCAGT
151 CCCTITGGGG
201 CRAGRIGGTG
251 NGAGGATGAT
301 CAGGCAGCAG
351  TGCCGCSTGT
4C1 ARGATAATGA
481 AGCCCOOEET
501 TARAGCGCAC
551 ARCCCTGGAA
601 GTGEAATTCC
651 AGTEGCGAAG
701 GTGGGGAGCA
751 GGABGOTRGE
801 AAGCTTCCCG
851 GACGGGGGCC
901 CGCAGARCCT
951 ATACCTTCAG
1001 GCTCGTGTCG
1051 COTTTAGTTG
1101 ARGCCGGAGG
1151 TCCGCTACAC
1201 BGGTCGAGCT
1251 CTCGAGTGCG

ALUS253 62
662 nucleotides

a-proteobacteria related to Roseobacter clade

CGTCAGTATC
ATCTACGAAT
TCCAGACCRG
ACCCCCAACT
ALCARCGCTA
CGGGGETTTCT
TACGACCCTA
COCCCATTGT
GTGTCTCAGT
GTAGGCTTGA
GATCCTICCLC
ACCGTTTCCA
TCACCCGTCC
e ¢]

GRAGCCAGTGA
TTCACCTCTA
AAGTTTTGGA
TTCTGGTCCG
ACCCCCTCCE
TTACCTGCTA
AGGCCTTCGT
CTRRGATTCC
COCAGTGTGE
TAGGCCATTA
COATAMATCT
GTGGCTATTC
GCCGCTAGAC

ALUS253 70a
459 nucleotides

a-proteobacteria related to Roseobacter clade

CGCACCETCG
ACABRGGECCCGE
CGATTCCGAC
GCCTII'TTGG
CCAACCCGTA
CTTATCACGG
AGEEATGETGG
CGAGCTGACS
GAARCCATCT

TCGGGTAXAC
GGAACGTATT
TTCATGEGET
GATTRACCCH
RAGGGCCATGA,
GCAGTTICCA
GLPECCECTed
ACAGCCATCC
CTEETAARCTA

ALUS253 78
1299 nucleotides
a-protecbacteria

AGARACGAACG
CGGAGGCAGT
ACGGAACRAC
GAALGATTTA
GBGTARAGLC
CaGocacacy
TGGCGAATAT
GTGATGAAGG
CGATAANCAT
AATACGAAGG
GTAGGCGGAT
CTGCCETTAA
GAGTGTAGAG
GCGGCTCACT
AARCAGGATTA
CETUGGECAG
CUTOGGOAGT
CGCACRAGCA
TACCAGCCCT
TTAGGCTGGA
TGAGATGTTG
CCAGCATTAS
AAGGTGGEGGEA
ACGTGCTACA
AATCTCCARA
TGRAGTTGRA

CTGGLGGCAG
GGUAGACGEG
AGTTGGARAC
TTGCTGATAG
C'TACCATGEBC
GUGACTGAGA
TGGACAATGG
CCTTAGGGTT
BGARGRAGCKY
CEGCTAGeCE
TGATCAGTTA
TACTGTCAGT
GTEAALTTCG
GGCTCGATAC
GATACCCTGG
TATACTEITC
ACCGTCGCAA
ATGkrrmmTG
TGACATICCG
TCEGATACAG
GETTARGTLCC
GITGGGCRIY
TGACGTCAAG
ATGGTGGTGA
RACCATCTCA
ATCCCTAGTA

GCCGCCTTCG
CACTCGGAAT
GGCAGTITCCG
CCTACGTACG
TATTACCGCG
CTGTOATTAT
CACACACGCG
CCACTGCTGEC
CIGATCATCC
COCCACCRAC
TTCCCCCGAA
CBCAGALGAG
CCEAAGATCT

CCARCTCTCTA
CACCGCGTCA
CGAGTTGECAG
TTGTCACCAC
GCACTTGACG
WAGAGTGECUC
TIECCECACT
AGCACCTGTG
CGATATCCAT

GCTTAACALI
TGAGTAACGC
GACTGCTARAT
ATTAGCCCGC
GACGATCTAT
CACGCCCCAC
GCGARAGCCT
GTAAAGCATT
CUGGCTAALT
TTETTCGGRA
GAGGTGARAT
CTAGAGATCG
TAGBRLTATTCG
TGACGCTGAG
TAGTCCACGC
GOTEOCGCAG
GATTAALACT
TAATTTAATT
ATCEOGETNT
GITGUTGCATG
CECLACGAGC
CrRGAGEGAC
TCCTCATGGR
CAGTGGGCAG
ATTCGEATCG
ATCGTGOATC

CCRCTGETGT
TCCACTCACC
GGITTGAGCC
CTTTACGCCC
GCTGCTEGCA
CATCACAGGEC
GCATGGCTAG
CTCCCETAGG
TCTAAARARCCA
TACCTAATCC
GGGCGETATGEC
GGTACCTTCC
CECTCEACTT

TGETETCACG
TGECTGTTACG
ACCCCAATCC
CATTGTAGCA
TCATCCACAC
ABCITIAACCT
TAACCGAACA
TSATATCCAG
GTCRAGEATT

TGCAMGTCOGR
GTGGGAATAT
ACCSTATACGE
GTTAGATTAC
AGCTGGTCTGE
ACTCCTACGG
GATCCAGCCTA
TTCARTGGTY
TCETGCCCAGC
TTACTgGGCG
CCCAGGGCTC
LGAGAGGTSGA
GAGGAACACC
GTGCGARAGC
CETARARCGAT
TTARACGCATT
CAARGGAALT
COGARGCARCG
CTGGAGACAG
GCTLEICGTCA
GCRACCOTOG
TGCUGGIGAT
CCTTACGGGC
CGAGACCGCG
CACTCTSUAR
AGCRTGCA
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NAMLE ALUS253 79
LENGTH 656 nucleotides
/\I‘FI[ IATION c-proteobacteria related to Roseobacter clade

CGCACCTCAG CGTCAGTATC GRGCCRETGA GCCOGCCTTCE CCACTGGTGT
51 TCOTCCGART ATCTACGAAT TTCACCTITA CACTCGGAAT TCCACTCACC
101 TCTCTCGARC TCCAGACTAG AAGTTTTGGR GGCAGTTCCG GGGTTGAGLC
151 CQCGGGATTTC ACCCCCAACT TTCTGGTCCG CCTACGTGCE CTTTACGCCC
201 AGTAATTCCOE AACAACGLTA ACCCCOTICG TATTACCGCE GCIGCIGECA
281 CGEGAGTTAGC CGGGGTTTCY TTACCTGTIA CTGLCATTAT CAICACACCC
301 G TCCTT TACGACCCTA AGGCCTTCGT CACACACGCG GCATGSCTAG
351 ATCAGGCTTG CGCCCATTGT CTAAGRTITCC CCACTGCTGC CTCCCGTAGG
401 AQTOCTAGGCC GTGTCTCAGT COCAGTGTGG CTGATCATCC TCTAAARRCCH
451 GUPATGGAT GTAGGOTTGG TAGGCUATTA CCCCACCAAC TACCTAATCC
5§01 AACGCGGGCC GATCCTCCTC CGATABAATCT TYCCCCCORAR GGGCGTATGC
E531 GGTATTACTC ACCGTTTCCA GTGGCTATTIC CGCAGAAGAG GGTACGTICC
G0l CACGCETTAC TCACCCGTCC GICGCTAGAC CCGRAAGGTCT CGCTUGACTT
651 GCaTeL

NAMELE ATAM407 1
LENGTH 1362 nucleotides
AFI"ILIATION o-proteobacteria related to Roseobacter clade

CGCRLGECCE TCOGGTAAAC CCAACTCCCA TGGETGTGACG GGCGGTGTGT
51 ACAAGGCCCG GGAACGTATT CACCGCGTCA TGCTGTTACG CGATTACTAG
101 CGATTICGAC TTCUATAGAGT CGAGTTGCAG ACCCCBATCC GAACTGAGAT
151 GATTTTTTGG GATTAACCCA PIGTCACCAC CATTGTAGCA CCTUTCTAGC
201 CCAACCCGTA AGGGCCATGA GOACTTGACC TCATCTACAC CTTCCTCCCG
251 CTTATCRCGG GCAGTTITCCA TAGAGTGCCC AGCCGAMACTG CTGGCAACTA
301 GGGATGETGEGE TTGCCCTCET TECCGEACTT BRACCGARCAT CTCACGACAC
351 GAGCTGACGA CAGCCATGCA GCACCTGTCA CTGATTCAGC CGRACTGAAG
401 GBAARCCGTCT CCGCGATCCSG CGATCAGGAT GTCAAGGGTT GGTRAGGTTC
451 TGCGCSTTGC TTCGAATTAD ACCARCATGCT CCACCGCTTIC TGCGEAECCCC
501 CGTCANATTCC TTTGAGSTTTT AATCTTGCGA CCGTACTCCC CAGGCEGAAT
551 CGUITAATCCE MTACCIGTCT CACCCACAAC CATCGCTTGCC GACGATTGGC
601 2ATTCRYCOTT TACGCTGTEGE ACTACCAGCEC TATCTAATCC TGTTTICTCC
651 CCACACTTIC GCACCTCAGC GTCAGTATCG AGCCAGTEAG CCARCCTTCGEC
70%.  CACTGGTGTT CCTCCGAATA TCTACGAATT TCACCTCOTAC ACTCGIAATT
753 CCACTCACCT CTCTCGAACT CCAGACCAGA AGTTTTGGAG GCAGTTCCGGE
801 GETTGAGCCC CGGGATTTCA CCCCCAACTT TCTGGTCCGC CTACGIGCEC
851 TTTRACGCCCA GTARTTCCGA ACARACGCTAA CCOCCCTCCGT ATTACCGCGG
901  CTCCTGACAL GGAGTTAGCC GREETTTCRY TACCLGUTAC WEICATTATC
951 ATCACAGCCG AAACULGCIYL ACCACCCTAA TCCyTTwGTC ACACACGCGG
1001 CATGGCTAGA TCAGGCTIGC GCCCATTETC TABGATICCC CasTGEsTGCC
1051 TCCyGTAGGAR GTmTrGCCCE TGTmITCAITC CCAGTGETEC= TEATCATCCT
1101 CTARAQCCAD CTATGgATCG TAGGTTTSGT AGGCCATTAC CCCACCARCT
1151 ACSTAATCCA asGCSGGCCE ATCCTCCTCc gATARATCTT TCCCCCGRAG
1201 YrGCGTATGCG GTATwCACTC wCCGTTTCCA GTCEobATTC CGCAGAAGAG
1251 GOGWACGTICC CACGCGTTAC TCACCOGTCY GUCLCTAGAC CngAAGGTCT
1301 CGCTCGACTT GCATGTGTTA GGCCTGCCGEC CAGCATTCGT TUTGAGCCAT
1351 GATCARACTC TA

NAME ATAMA407 11
LENGTH 398 nucleotides
AlﬂFILIATION a-proteobacteria related o Roseobucter clade

CGCTACCTCAG CGTCAGTATC GAGCCAGTGA GCCGCCITCG CCACTGGTET
bl TCCPCCEAAT ATCTACGAND 'VICACCICTA CACLITGGAAT TCCACTCACC
100 TCTCTCGAAD TCCAGACCAG AACTIINGGA COCAGITUCG GEGTTGAGCC
151 CCGCGGATTTC ACCCCCAACT TTCTGGTCCG CCTACGTGECG CTTTACGICC
201 AGTAATTCCSG BACAACGCTA ACCCCCTCCGE TATTACCECG GCTGCTGGCAH
251 CGGAGTTACCC GGGGTTTCTIT TACCTGCTAC TETTATTATC ATCRCARGGCG
301 ApAGTGCTTTA CGACCCTAAG GCCTTCGTCAR CACACGCSEGC ATIGCTAGHT

351 CAGGCTTGCG CCCATTGTCT AAGATTCCCS ACTECTGCCT CCCGTA
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NAME
LENGTH
AFFI.LIA? TON

SL
103
151
201
251
301
351
401
4T 1
5¢1
551
601
651
701
751
BO1
B51
501
951,

100l
1051
1101
1151
1201
1251
1201
1351
1401

TTGATCATGG
GARCEGTAAC
AGTREATGCTT
CTGCTAATAC
GCARRGAGAG
CHAGGCAACG
CTGAGACACG
CARTGGECEA
CGAGTTETREA
GCTAGCCGTG
CAGCCGCsGT
AMAGECGCACG
ACTTGCGATG
TGGRATTCCA
GTGGCENAGG
TGEGTAGCGa
GTCTACTAGC
TAAGTAGACC
TGACGGEGEC
GQGARAGAACC
TTCGTGCCTT
CGTGTCGTGA
TTAGITGCCA
CCGGAGGAAG
GCTACACRCG
TCGARCGAACT
CCACTCOATG
TGAATACGTT
GGATGCABRAA

NAME

ATAMA407_18

1422 nucleotides

Y-prot
CTCAGATTGA
ATTTCTAGCT
GGGAACTTGC
CGCATAATGT
GCCCRAGTGA
ATCTCTAGCT
GCCCAZACTC
AAGCCTGATG
AGCACTTTCAR
ACGTTAACKA
AATACCGAGGE
CAGGCGSTTT
GTCATTTAGA
GGTGTAGCGE
CGACTCCCTG
ARCAGGATTA
TETGTGTGCC
GCCTGGGGAG
CCGCACARGT
TTACCTACAT
CGGEAACTCT
GATGTTGCGT
GCATTAAGTT
GTGGGGACGA
TGCTACAATG
CCCTTAAAGE
AAGTCGGART
CCCGGGCCTT
GAAGTAGTTA

eobacteria
ACGCTGECGEC
TGCTRAGAAGA
CTTTGCGAGE
CTTCGGEACCA
GAT'I'AGCTAG
GTTCTGAGAG
CTACGGGAGG
CAGCCATGECC
GTTGTGAGGH
CAGCAWGAAGC
GIGOGAGCGT
GTTAACGCTAR
ACTGGCAGAC
TGARATGCGT
GCCAARGAQT
GATACCOCTGG
TTTAAGGCGT
TECGGTCGCA
GETGGAGCAT
TTGACATGCA
GACACAGGTS
TRAGTCCCGC
GGACACTCTA
CGTCALGTCA
GCATTTACAG
ATGTCGTAGT
CGCTAGTAAT
GTACACACCG
GT

AGGCCTAARCA
TGACCAGTGS
GGGATAACHAG
ANGGEEGCTY

TTCCTrAGGT
GRAGATCAQC
CAGCRATASA
GCGTGTGTGA
AAAGTTAGTA
ACCGGCTAABC
TAATCGEBAT
ATGTGARAGL
‘FACAGTCTTG
AGATATCTGG
ARCROTCATE
TAGTCCACAC
GUGTAGCGAR
AGGTTAABAC
GTGGTTTAAT
GAGAAGTTAC
CTGCATGECT
ABCGAGCGCA,
MERAGBOTGD
TCATGGCLCT
AGGGAAGCGA
COGGATTGGEA
CGCAGGTCAG
CCCGTCACAC

CATGCAAGT

CBGACGGGTG
1 LEGAAACHR
eGGCTCCCAC
ARRGGCTCAC
CACACTGGGA
GAATATTGCA
AGARAGGCCTT
GTTAATALCCT
TCCGTGCCAG
TACTGGGCGT
CCCGAGLTCR
GAGREGGENG
AGGARACATCA
PGCGRAAGTG
CGTARACGCT
GOUAACGCGA
TCAAATGAAT
TCGATECRAC
TAGAGATAGY
GTCGTCAGCT
RECCCTTGTCC
CGGTGACAAA
TACGTETAGG
GACAGTGATG
GTCTGCARCY
AATBCTGCGG
CATGGGAGTG

228

ATAMA407 20
877 nucleotides
a-proteobacteria related to Roseobacier clade

LENGTH
AFFIL]A TION

851
101
i51
201
252
301
351
301
451
502
552
60
651
701
751
801
251

NAME

AGAGTTTGAT
wAGTCGAGCG
GGAACGTACT
GCATARLGCCC
GGATTAGGTA
TGGTTTTAGA
CCTACGGGAG
CTAGUCATGE
GCLTBTGATG
TGCCAGCAGC
GGGCGTAARG
GGCTCARCTIC
GGTGAGTGGA
ACACCAGTGG
AMAGTGTGGG
ACGATYAATG
CGGATTARGC
GGAATTGACG

CATGECTOAG
AGACCTTCRG
CTCTTCTGCG
TTCGIGUUAA
GLTCETCOGG
GGATGATCAG
GCAGCRGTGE
CECETCTETE
ATBATGACAG
CGCGUTAATA
CGCACCTAGE
COGRACIGEC
ATTCCCACTE
COARGECGAC
GAGCRARCAG
CCAGTCETCy
ATTCCGCCTE
GRGEECCKER

BACGAACGCT
GreLrAGCGEC
GAATAGCCAC
AGRTTTATCG
TRATGECOTS
CCACROTGAG
GGAATCTTAG
ACGAAGGCCT
TAGCRGGTNA
CGBAGGGGCT
CGGACCAGRA
TCCABRACTT
TAGAUGTGAA
TCACTGGCTC
GATTAGATAC
GOAAGOATHO
GCGAGTACS
CARRCGG

ATAMA407 25

GCGGCAGGCC
GGACGGCETGA
TGGABACGGT
GRGGAGGATC
COBAGCCTAC
ACTGACACAC
ACAATGGECT
TAGGEGTIGTA
AGAAACCCCG
TAGCGTTGTT
AGTTGGGGET
CTESTCTGGA
ATYTCETAGAT
GATACTGACG
CCTGGTAGTC
TTGLPCGGTG
TCGTAAGATT

TAACACATGC
GTRECGCGTG
GMGTAATACC
GECCCaCaETT
GATCCATAGC
GGCCCAGAOT
CAAGCURGAT
BAGCACTTIC
QCTAACTCCG
CGGAATTACY
GAAATCCCGG
GTTCGAGAGA
ATTCOGCGAGGA
CTGAGGTIGCG
CACACCGTAR
ACACTACCTAA
ABRACTCACA

LENGTH
AFFILIATION

1360 nucleotides
¢-proteobacteria related to Roseobacter clade

51
101
151
201
251

TTGATCATGE
COAGCERAKALC
CgTACCCTCT
BCGCYCTTCG
TAGETAGT'IG
TTTAGAGGAT

CTCAGARCGA
CTTCRGETet
TCTGCGGAAT
GGGGAARAGAT
GTGGGGTAART
GATCAgCCAC

ACGCTGGCGEG CAGGUCTAAC ACATGCAAGT
AGCGGCEEAT GGGTKAGTAA CECGTEREAN
AgCCLCTAGA AACGGTGAGT AATACCGCAT
TTATCGGAGY AGGATCAGIC CGCGTTyGAT
GGCCTACCAA GCCTACGATC CATAGCTGGT

ACTCUGACTG AGACACGGTC

CAGACTCCOTHR
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301 CGGGAGGCAs CAGTGGGCAA TCTTAGACAA TGGGCGCAAG CCTGATCTAG
351 CCATGCCGCG TGWGTGRYGA AgGCCTTAGG GTCETMAAGC alTTTCGCCT
401 GLGATGATAA TGACAGTALC aGGTABRGAA ACCCCGGCTA ACTCCGTGCC
451 AGCRGUCGCG GTARTACGGA KGGGEITAGL GTIGITCEGA ATIACTGGET
501 CETAAAGCGCA CGTAGGCGGA CCAgARAGTT rnGGGCTGAAA TCCCOCGACT
551 CAACCCCGGAR ALTGCCTCCA AMACTKCTGE TCTYGAGTTC CAGAGAGATS
601 AGTGGAATTC CGAGTATAGA GUETGRAATTC GTAGATATTC GGAGGEAACAC
651 CAGTGGCGAN GOCEGCTCAC TGGUTCGATA CTGACGCTGA kGTGCGAAAG
701  EGTGGGGAGC ARACAGGATT AGATACCCTG GTAGTCCACa CCOTAAACGA
751 TCAATGCCAC TCOTCGCGCAA GCATGCTYGT CGGTGACACA CCTARCGGEAT
801 TAAGCATTCC GCCTGGGGAC TACGGTCGCA AGATTAAAAC TCASAGGAAT
851 TGACGGGEEC CCGCRCAAGC GGTGGAKCAT GTGOWTTAAT TCGARGCARC
901 GCGCRGAACC TTACCAACCC TTGACATGECT GATCGCGEGAT CGCGGAGAUG
951 CTTTCCTTCA GITCGECTGE ATCAGGWSAC AGGTGCTGCA TGGCTGTCGT
1001 CAGCTcGTGT CGTKAGATGT TCGGTTARGT CmGkCAaCGAR GCGCAAsSCCA
1051 CATCCMTAGT TAECCAGCAQT TmEGCTGEGC ACTCTATGgR AACTGECCCGT
2101 GATANGCAGG AGANAGHETET GRATOACHTC AAGTCRTCAT GECLCLIMCC
1151 GGTTGGGCTA CACACGTGCT ACAATGGTLG TGACAATGGG TTAATCCCuA
1201 AAPACCATCT CAGTTMGGAT TGYGGATCTGe AACTMGACCC CATGARGTCG
1251 GAATCGCTad GTAATCGetG TAACAGCATG AmgCGGTgAR TACRTTCwkG
1301 GSCCTTGTAC rCACWMGCCCGE TCASTCCATs GSAGTTAGGT TGATCCrCCG
1351 TECCGTGCGT

NAME ATAMA07 36
LENGTH 704 nucleotides
AFFILIATION vy -proteobacteria
1 CATGCAAGTC GAACGGTARAC ATTTCTAGCT TECTAGRBAGA TGACGRETGE

51 CGGBACGGGTGE AGTAATGCTT GGGARACTTGC CITIGCORCG GGUATAARCAG
103 TTGGAAACGA CTGCTARTAC CGCATAATST CTTCGGACCA AAGGGGGCTT
151 CGGCTCCCAC GCAAAGAGAG GCUCAAGTGA GATTAGCTAG TTGGTGAKGT
201 ARBGGCTTAC CAAGGCAACG ATTTCTAGCT GTTCTGAGAG GAAGATCAgC
251 CACACTGGCGA CTGAGACACG GoelCArACTC CTACGGCGAGG CAGCAGTGEG
301 GAATATTGCA CRAATGGGCGA AAGCCTGATGE CAGCCATGEC GCETETETGA
351  ACAAGATCTT COGEIIGTAA AGUACTUITCA GTTGTGAGGA AAAGTTAGTA
101 GTTAATACCT GCTAGLCGTG ACGTIAACAA CAGAAGAAGC ACCCTCTRAC
451 TCCGTGCCAG CAGCCGCGGT AATACGGAGG GTGUGAGCET TAATCGEAAT
501 TACTGGGCGET AAAGCGTACG CAGGCGEGTTT GTTAAGCTAG ATHATGAAAGE .
551 CCCGAGCTCA ACTTCGGGATG GTCATTTAGA ACTGGCAGAL TAGAGTCTTG -
601 GAGAGGGGAC TCGAATTCCA GGTGTAGCGG TGAAATGCST AGATAYCIGG
651 AGGARCATCA GTGGCGAAGG CGACTCCCTG GCCAAAGACT GACGCTCATG

701 TGLG
NAME ATAM407 48
LENGTH 618 nucleotides
AFFILIATION a-proteobacteria related to Roseobacter clade
1 GGICTACCGC CAGACCCGTC AGTAARCGCAT GGGRACGTAC CCTCITCTGCC

51 GGAATAGCCA CTGCAARACGG TGAGTAATAC CGCATACGCC CTTCGGGGGA
101 AAGATTTATC GGAGGAGGAT CGGRCCCGOGw TGGATTAGGT AGTTGGTEGEC
151 GTAATGGCCT ACCAAGCCTA CGATCCATAG CTGGTTTTAG AGGATGATCA
201 GCCACACTGG GACTGAgGATA CGGCCCAGAC TCCTACGGGA GGCAGCAGTG
251 GGGAATCTTA GACAATGGGC GCAAGCCTIGA TCTAGCCATG CCGCGTGTGT
301 GACGAAGGCC TTAGCGGTCUIY ALACCACUTY COGCCIGLGAT GATAALTGACA
351 CGTAGCAGUTA AAGAAAUCCC GOCTAACTCC CGTGCCAGCAG CCGCGGTAAT
401 ACGEGAGGGGE TTAGCSTTGT TCGGAATTAC TGEGCGTRAR GCGCACGTAG
451 GCGGACCAGA ALGTIGGRGG TOAAATCCCG CGCEUTCAARCC CCGGAACTGC
501 CTCCAAARCT TCTGGTUTSE AGTTCUAGAG AGGTGACTCG AATTCCGAGT
551 GTAGAGSTGA AATTCGTAGA TATTCAGAGGE ARCRCCAGTEG QCEARGGCGG
E01 CTCACTEGCT CQGATACTG

NAME ATAMA07 54
LENGTH 959 mucleotides
AFFILTATION ¢t-proteobacteria related to Roseobacter clade

1 GCCAGACATG ATAATGACAG TATCITGGTAA AGAMACCICG GCTAACTCCG
51 TGCCAQCAGO UGCHGTAATA CGGAGGEGGT TAGCGTTGTT CGGARTIACT
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101 GOGLGTABAG CGCACGIAGE COGATTGEAA BGTTGOGCEGT GABRATCCCAG
181 GGCTCARCCC TGGAACGGCC TCCAAARCTC CCAGTCTACA CTTCGAGAGA
201 GGTGAGCTGGA ATTCCGRGTG TAGAGGTGAR ATTCGTAGAT ALICGGAGGA
251  ACACCAGTGG CGARGGCGGT TCACTGGCTC GATACTGACG CTGAGGTGCG
301 ABMAGTGTGGG GAGCARACAG GATTAGATAC CCTGGTAGTC CACACCGTAA
351 ACGATGRATG CCAGTCGTCGE GCAAUCATGY 'I'I'GUTCGEIGA CACACCTAAC
401 GGATTRAGCA TTCCGCCTCG GOAGIACGCL CCCARAGATTA AAACI'CAANS
451 GAATTGACGG GGGCLECGCAC AAGCGGTAGEA GCATETEUETT TBATTCGAAG
501 CAACGCGECAG AACCTTACCA ACCCTTGACA TEHEATATCGT AGTTACCAGA
551 GATGGTTTCG TCAGTTCGGC TGGATATCAC ACAGGTCCTE CATGGITHTC
G0l GUTCAGCTCAT GTCETGAGAT GTTCOGTTAA GITCCEECAAC GAGCGTAARCC
651 CACATCCOTA GPTTGCCAGCA CGTTAAGCYIG GGCACTCTAT GOAAAUTSCC
701 CGTGATAAGC GGGAGGAAGG TGOTGGATGAC GTCARAGTCCT CATGGICCTT
7%:i ACGGGETTCGG CTACACACST GCTACAATIG TGGTGACAAT GGGUTAATCT
803 CARAAAGCCA TCTCAgTTCG GATTGEGGETC TGCAACTCGA CCTCCATGRAG
851 TCkGAATCGC TAGTARATCGC GTAACAGCAT GACGCGGTGA ATACGTTCCC
901 CGECCCTTGTA CACACCGCCC GTCACACCAT GGGAGTTCGGE TCTACCCGAC
951 GACGGETGCG

NAME ATAMAQ7 56

LENGTH 1348 nucleotides

ATFILIATION a-proteobacteria related to Roseobacter clade

1, TTGATCATGG CTCAGAACGA ACGCTGGCGEG CTAGGUTTAAC ACATGCADGY
51 COGAGCCCACT CTTCGGAGTCG AGCGGCGGAT GGGTTAGTAR CGCGTGGGAL
101 CETGCCCTIC WCLAAGGAAT ACGCCACTGGA AACGGIGAGT AATRCCTTAT
151 ACGCCCTTCG GGGGAAAGAT TTATCGGAgA AGGATCGGCC CGCGTTaGAT
203 TAGATAGTTG GTGGGETAAY GACCTACCAD GTCTACGATC TATAGCTIAET
251 TTITAGAGGAT GATCAGCAAL ACTGGGACTGE ACGACACUCCC CAgRCTCCTA
301 CGGGAGGCAG CAGTCGGGAA TCTTGGACAS TCICCGCAAG CCTGATCCRG
351 CCATGCCGCGE TGAGTEGATGA AGGCCTTAGE GTCGTARAGC TCTIMPCGCCA
401 GAGATGATAAR TGACASTATC TGEGTAAAGAA NDCCCCGROTA ACTCCGTGCC
451 AGCAGCCGCG GTARTACCGA GGGGGTTAGC GTTGTTCGGA ATTACTIGGC
501 GTARAGCGCA CGTAGGOGGA TCAGAAAGTA TAGGGTGARA TCCCAGGGOT
551 CAACCCTGES ACTGCCTTGT AAACTCIUVGG ‘LCTIGAGTLIC GAZAGAGGLG
607  AJITGGAATTC CGAGTGTAGA GGTGAARATTC GTAGATATTC GGAGGAACACL
651  {AGTGICGAN GGCGGCTCAC TGGCTCGATR CTGACGITGA GGTGCGAAAG
701 TITGEEGAGT ARBCAGGALYT AGATACCCTG STAGTCCACH CCGIAAACGR
751 TGARTGCCAG ACGTCAGCAR GCANGCIVEY IGCTCTCACE CCOTARACGCAT
401 TAAGCATTCC GCCTSUGGAG TACCCOTCGCA ASATTARRAC TCABAGGAAT
851 TGRUGGGGGC CCGCACANGC GETGGAGCAT GTAGTTTAAT TCEAAGCAAC
901 SCGOAGAACC 'MIALCAACCC TTGACATCCT TEGACCGCTA GAGAGATCTA
961  GCTTTCTCGC ANGAGACCAA GTGACAGGTG CTGCATGGCT GTCGTIAGCT
1001 CGOTGTCCTGA GATGTTCGGET TAAGTCCGGC AACGASCGCA ACCCACATCC
1051 TTAGTTGCCA GCAGTTCGGC TSGGCACTCT AGGEARACTG CCUGTCATAA
1101 GCGEGAGGAA GOTGTGGATG ACGTCRAGTC CTCATGGUCC 'L'TACGHGTTG
1251 GGCTARCACLC GTGCTACAAT GGCATCABRCA ATGGGTTAAT COCCAAAACA
1201 TGTICTCAGTT CGGATTGGGG TCTGCAMCTC GACCCCATGA AGTCUGUAATC
1251 GCULAGTAATC GUCETAAUASC ATGACGUGGT GAATACGTTC CCGEGCOTTG
1302 TACACACCGT CCGTCACACC ATGGGAGTTG GATCTACCCGE ARAGGOCGT

NAME ATAMAOT7_57

LENGTH 637 nucleotides

AFFILTIATION e-proteobacieria related to Roseobacter clade

1 GTCGAGCGCA CTCTTCEGAG TGAGCGGCGEE ACGGGTTAGT ARCACCTGGEG
51 AACGTGCCCT TCTCTRAGGA ATAGCCACTG SGABRACGGTGR GTAATACCT
101  ATACGCCCTT COGG3GAAAG ATTTATCGGA GARGIATCSCG CCUCGCGTTAC
151 ATTAGATAGT TGGYWGGGTIA ATGGCCTAUC AAGTCTACGA TCTATAGCTG
201 GTITTAGAGGE ATGATCAGCA ACACTGHGAC 'I'GACACACGE CCCAGARCTCC
25). TACCGGAGGCT AGCAGTGGGG AATCTTGGAC AATGCSCCCA AGCCTGEATCC
0L AGUCATGCCG CECTGRGTGAT GAAGGCCTTA GGGTCGTAAA GCTUTTTCGC
351  CAGASATGAT ANTGACAGTA TCTGGTAAAG ARACCCCEGC TBACTCCGTS
401 CCAGCAGCCE CCGGTAATACG GAGGGGETTA GoCGTTGTTC GGAAITTACTG
451 GGCGTARAGC GCRCGETAGGC GCGATCAGAAA GTATAGGGTG ARATCCCAGS
501 GCTCAACCCT GGARCTGCCT TGTAAACTCC TGGTCIWGAG TTCCRUAGHU
551 GTGAGTGGAA TTCCGAGTGT AGALGGIGAAA TTCGTAGATA TTCGCAGGAA
EDY  CACCAGTGGC GAAGGCGGCT CACTGGCTCG ATACTGA
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NAME
LENGTH
AFFILIATION
1 TGATCATGEGEC
31 GAGCGCARCCT
101 ACCCTTTTCT
151 CCCTTCGGGG
201 ATAGTTGGTG
251 AGAGGATGAT
301 GAGGCAGCAG
351  TGCCGECETGT
401 ATGATARTGA
451 AGCCGCGGTIL
501 AAGCGTACGT
551 CCTCGCAACT
601 GGAATTCCRA
651 TGGCGAAGGC
701  GGGGAGCARMD
751 ATGCCAGTCG
801 GCATTCCGCC
853 OGGIGGCCCG
901 CAGAACCTTA
951  TTCACTTCGG
1001 GTCGTGAGAT
105L  GIPGCCAGCA
1101 GGAGGAAGGT
1151 TACRCARCGTG
1201 CTCAGTTCGE
12581 AGTBATCGCG
1301 ACACCGCCCG
NAME
LENGTH
AFFILIATION
1 AGTTEGATCA
51 AGTCCAGCGA
101 ACGTRLCCCTC
153 TACACCOTTT
200 TTAGGTAGTT
251  TTTTAGAGGA
301 ACGGGAGGCA
351 GUCALGCOGC
401 AGAGATGALTA
451 CAGCAGCIGC
501 CGTAARRGTUGC
551 TCARCCOTGG
601 GAGTGGAATT
651 CCAGTGGCGA
701  GTGTGGGEAG
P51 ATGAATGCCA
501  TITAAGCALTC
8§51 TTGACGGGGG
901 COCGCAGARC
951 GOTTTTGTCA
1001 AGCTCGTCTT
1051 ATCCCTAGTT
1101 GATAAGCGGS
1151 GGTTGGGCTA
1201 AMGCCATCT
1251 GAATCGCTAG
1301 CCTTGTACAC
1351 GGTGCGCTAR

ATAMA07_58

1350 nucleotides
a-proteobacteria related to Roseobacter clade

TCAGARCGARA
TCEEETGAGC
ACGGARTAGC
GAAAGATTTA
GGGTAATGGC
CAGCAACACT
TGEGGAATCT
GTGATCRAGS
CAGTACCT
ATACGGAGCGE
AGGCGGATCA
GCCTCCTARA
GTGTAGAGGT
GGCTCACTGG
CAGGATTAGA
TCGEGCAGTA
TGGSGAGTAL
CACBAGUGGT
CCAACCCTTG
TGACGCAGTG
GTTCGGTTAR
GIICGEECTIEG
GTGGATGACG
CTACARTGGT
ATTCGGGGTCT
TARCAGCATG
TCACACCATG

CGCTGGCGGE
GGCEGRCGEE
CTCAEGAALC
TCEGGAANGE
CTACCAAGTC
GGGACTGAGA
TAGACARTGG
CCUTAKGGTC
TAPRAGAAARCT
GGTTAGCGTT
GAAAGTAGCG
CTCCTGGTCT
GAAATTCGTA
CTCEATACTS
TECCCTIGGTA
TACTGTTCGS
GGTCGCARGA
COAGCATETS
ACATCCTGTG
ACBGGTGCTG
GTCCGGCARS
GCACICTABRR
TCAAGTCCTC
AGTGACAATG
GCARCTCAAC
ACGCGGTGAA
GGAGTTGATT

ATAMA407 61

1377 nuclcotides
a-protecbacteria related to Roseobacter clade

TGGCTCAGAN
ACCTTCGGGT
TTCTGCEEOA
GAGGAEAARGAA
GGTGGGETAA
TGATCAGCCA
GCAGTCGGEGA
GrGAGLGACG
ATGaCAGTAT
GGTAATACGG
ACCTAGGCGG
ANCEGGOCTCC
CTGAGTGTAG
AGGCGGCTCA
CAARCAGGAT
GICGTCGGLA
COCCTCGEUA
CCCGCACAAG
CITTACCAACT
GTTCGGCTSEG
GTGAGATGTT
GCCAGCAGGT
AGGARGGTGT
CACARCGTACT
CAGTTCGGAT
TARTCGCGTA
ACCGCCCGTC
CCTCGCAAGA

CGARCGCTGG
TAGCGGCGGA
TAGCCACLTGG
TTTATCGGRG
TCGCCTACCA
CACTGGGACT
ATCTTAGACA
AAGECCTTRG
CTGGTARRCGA
AGGGGGTTAG
ATTEGANGT
ARMMACTCCON
AGGTGARATT
CTGGCTCGAT
TAGATACCCT
AGCATCCLTGE
GTACGGETCEC
CGGTGGAGCA
CTTGACATGG
BTATCACACA
CGGTTARGTC
TAAGCTGEGGC
GGATGACGTC
ACARTAGTEG
TEEGEETCIEC
ACAGCATGAC
ATACCATGGG
CGAGGCA

AGGCCTARCA
TTAGTAMRCGT
TGRGAGTAAT
ATCGEECCOEO
TACGATCTAT
CACGGLCCRG
GCGAZAGCCT
GTAAAGCACT
CCBEUTABCT
GTTCEGAALYT
GGTGAANTCC
TGAGTTCGAG
GATATTTGGA
ACECTGAGGT
GTCCACACCG
TGACACACCT
TTAAMRACTCA
CITITAATTCG
CTAACCCGAG
CATGGCTGTC
GAGCGCARCC
GAARCPGLCC
ATGGCCCTTA
GEGTTARTCCC
CCCATGEGAMGT
TACGTTCCCG
CTRCCOGRIG

CGGCAGGCIT
CGGGTGAGTA
ARBCGETGAG
GAGGATGGC
AGCCTACCAT
GAGACACGGC
ATIGGCGCAA
GEICGTAAAG
BAACCCCEGCT
CGTTGTTCGG
TGGAGGTGAN
GTCTAGAGTT
CGTAGATATT
ACTGACGCTS
GBGTAGTCCAC
YCGGTGACAC
AAGATTAARA
TGETGGTTTRA
ATATCCETAGT
GGTGCTGCAT
CGGCABCGRG
ACTCTATGGA
AAGTCCTCAT
TEACARTGGE
AARCTCCACCC
CCGOTCAATA
AGTTEGGETCT

CATGCARGTC
GTGGGRACGT
ACCGTATRAG
GTTAGAITAG
AGCTGGTTTT
ACTCCTACGS
GATCTAGCCA
TTCGCCAGGS
CUGTGCCAGC
ACTGGGCAETA
CGAGGCTCAR
AGAGGTGAGT
GGAACACCAG
ACGABAGTGT
TAARACGATGA
AMCGGATTAA
NAGGAATTGEA
AACCAACGCS
AGATCGGGCG
GPCAGCTCGT
CACATCTTTA
GTGATRAGCG
CEGGTTEGET
ARAAAGCTAT
CGGRATCGCT
GGCCTTGTAC
BACBCTROGCT

BALCACATGCR
ACGCETGGGA
TARTACCGCA
CCGOETTGGA
CCATAGCTGG
CCAGACTCCT
GCCTGATCTA
CTCTYICGCC
AARCTCCOTCC
AATTACTGGG
ATCCCAGAGT
CGAGAGAGGT
CAGAGGARCA
AGETGCGARA
ACCGTAAACG
ACCTAACGEGA
CTCAMAGGAR
TTCGAAGCHN
TACCAGAGAHT
GGCTGTCGTC
CGCAACCCAC
AACTGCCCGT
GGCCCTTACG
TTAATCCCABR,
CATCAAGTCS
COTTCCCGCS
ACCCGATGAC

231
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1999

E

LENGTH
AFFILIATTON

Sl
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951

1400
1951
1101
1151
1201
1251
1301
1351

NAM

TGATCATGEC
GAGCGCTACC
ATACCCTTTT
CGCCCCTCGE
AGRTAGTTGG
TGEAGAGGATG
GEGAGGCAGC
YATGCCGCET
AGRTGATART
SCRAGCCENGE
TARAGCGOAC
AARCCCCEGEAA
GTGGAATTCS
AGTGGCOART
GTICCEAGCA
GRATGCCAGA
AAGCATTCCE
GACGEGEECC
CGCAGABCCT
ATTTCGTCAG
GCTCETGTCG
PCEFTAGYLTG
TAACCGGGAG
TTEEGCTACA
AgATUTCTCR
ATcGCTAGTA
TTGTACACAC
TECGC

|2

LENGTH
AFFILIA'I ION

ATAMA407 62
1355 nucleotides

w-proteobacteria related to Roseobacter clade

TCRGARCGAA
TTCEGHATGGA
CTACGGAATA
GGGAARGATT
TEGGGTAATG
ATCAGCAACA
AGTBGGAAAT
GAGTGATGAN
GACAGIATCT
TAATACGGAG
GTAGGCGGAT
CTGCCICICA
GAGTGTAGAG
GdCAGCTCACT
RACRGGATTA
CGTCAGGGGS
CCTGGGGAGT
CGCACANGCE
TACCAARCCCT
TTCGGCTGGA
TGRAGATGTITC
CCAgCAGTTC
GAAGGTGTGEG
CACATGCTAC
GTTCGGATTG
ATCGCGTARC
CGTCAGTCAC

CGCTGGCGET
GCGGCEGACE
QCCTCGGGRL
TATCGGTGAA
GCCTACCRAG
CTGGGACTGA
CTTAGRCAAT
GGTCTTAGGA
GGTAARGAAN
GGGITTAGCG
TATTAAGTGA
TACTGGTAGT
GTGAAATTCS
GGCTCCGATAC
GATACCCTAA
CTTGCCCTTT
ACGGTCGCAR
GTGEGAGCATG
TGACATITGT
TACBACACAG
GGTTAAGTCC
GGCTEEGECAC
ATCACGTCARA
ARTGGCATCT
GGGTCTGCAA
AGCATGACKC
ACCATGGTAG

ATAMA407_68

920 nucleotides

RACGCCTARACA
GGTKAGTAAC
ACIARGAGTA
GOATTEHCC
TCKACGATCT
GACACGGCCC
GEGCGCAAGC
TCETABAGCT
CCCCBGUTBA
TTCTTCCGAA
GGGGTGAART
CTAGAGTTCG
TAGATATTCG
TGACGCTGAG
TAGTCCACXC
GGTGTCACAC
GATTAARACT
TGGTTTEATT
ALCERGATIT
GTBMTGCATG
GGCAACCAGT
TCTAKAGAAR
GTCCTCATGG
ACAGTGGGTIT
CTCGACCCCA
GATGAATACG
TTGELICYAC

o-proteobacteria

CATGCARGTC
GCGTGGGAAC
ATACCGTATA
GCGrAAGALT
TTAGCTGGTT
AGACTCCTIAC
CTGATCTAGC
CITTCECCAG
CTCCGTGCCA
TTACTGGGCG
CCCAAEqAcTC
NEREAGETEA
GAGGAACACC
GTGCGAAAGT
CGTARACGAT
CTAACGGATT
CAMAGGAATT
CGRAGCARCG
CCOGABAGGE
GUIGTeGTCA
GCAACCCACA
CTGCCCGTAR
CCOTTACGGG
ARTCCCCARR
TGAAGTCGGA
TTCCCGGGCC
CIGACGTCCG

51
1.01
151
201
251
301
351
401
451
501
551
6l
651
70%
755
201
851
901

NAME

TAGAGTTTGA
GCARGTCGAG
CGAATCTACC
GraLaceecce
GGRATTAGCTA
TGGTCTGAGA
CCINRCGEGAG
CCAGCCATGC
AMCGGTgARG
TGCCAGCRGT
GGGCGTARAG
GGCTCAACCC
GGPGAGTGGA
BCACCAGLGE
ARAGCGTGGE
ACGATGARTG
GCATTAARCA
SAATTGACGG
CARCGCCCAG

LENGTH
AT II JATION

51
101
151
201

CATGCAAGTC
CGGACGEGGTG
TTGSAAARCGA
CCGLTCCCAT
APRAGGCTTAC

TCATGGCTCA
CGCCCCGCAR
CATCTCTACG
TTCEGEEGAR
CITGETEEGE
GGATGATCAG
GCAGCAGTGG
CGCGTETETG
ATALTGACGG
CGUGETARTA
CGCACGTAGE
TGGAACTGCT
AIVCCGRGTE
CCAAMACGHT
GAGCMANCAG
TTAGCCGTCG
TICCGCCTGG
GGGCCCGCAC
BACCTTACCA

GAACGAACGC
GGGGAGCGGC
GAATAACTCA
AGRTTTATCG
TAMAGGCCTA
CCACACTSGG
GGAATATTGG
ATGAAGGCCC
TAACCSTAGH
CGARGEGGGEC
CGGATCGTTA
TTTCATACTG
TAGAGGTGAR
TCARCTGECET
GATTAGATAC
GGCAGTTTAC
GGAGTACGGT
AAGCAGTGGA

ATAMA407 77
695 nucleotides
y-proteobacteria

GAAIGGTARC
AGTAATGCNT
CTGCTAATARC
GCAARGAGAG
CAAGGCAACHE

ATTTCTAGCT
GUGAACITIC
CGCATAATGT
GCCCARATCR
ATCLCTAGCT

TEECGECAGE
AGACGGGTGRA
GGGANACTTG
GAGATGGATG
CCAAGGCGAC
ACTGAGACAC
ACAATGGGECC
TACGGTTSTA
AGRAGCCCCG
TAGCGTTGTT
AGTGAGEGEGT
CCGATCTTGA
ATTCGTAGAT
GATARCTGACG
CCTGGTAGT
TGTYCGELIGE
CGCAAGATTR
GCATGTGGTT

TGCTAGAAGA
CITTGCGAGE
C1'ICEGACCA
GATTAGCTAG
CITCTGACHG

CTTAACACAT
GLAALCUGTE
TGCTAATACC
AGCCCGCETT
CATOCHTAGC
GGCCCAGACY
CABGCCTGAT
ARGCACTIIC
GCTAACTTCG
CGGAATTACT
GAAATCCOAG
STTCGAGAGH
ATTCGGAGGA
CTGAGGTECG
CATGCCGTAR
CGpGcCrAacC
AAACTCAAAG
TARTTCGAAG

TGACGAGTGG
GGGATAACAG
AAGUGGGCTT
TTGEETGAGET
GANGATCAXC
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251
301
351
401
451
501
551
601
651

CACACTGGGA
GAATATTGCA
AGAAGGCCTT
GTTAATACCT
TCCGTGCCAG
TACTGGGCGT
CCCGAGCTCA
GAGAGGGGAG
AGGAACATCA

NAME

LENGTH

AFFILIATION
1

TAGAGTTTGA
51 GCAAGTCGAG
101 TGGGAACGTG
151 CCTTATACGC
201 TTAGATTAGA
251 GCTGGTTTTA
301 CTCCTACGGG
351 ATCCAGCCAT
401 TCGCCAGAGA
451 CGTGCCAGCA
501 CTGGGCGTAA
551 AGGGCTCAAC
601 GAGGTGAGTG
651 GAACACCAGT
701 CGAAAGTGTG
751 AAACGATGAA
801 ACGGATTAAG
851 AGGAATmMGAC
901 AG

NAME

LENGTH

AFFILIATION
1

CGGCTCCTTG

51 CGGGCGGTGT
101 ATCCGATTAC
151 TCCGAACTGT
201 CTCATTGTCC
251 GTGATGATTT
301 TCGCTAGAGT
351 CTCGTTATAG
401 ATGCAGCACC
451 AGACTACATT
501 CACATGYTCC
551 TCTTGCGACC
601 CTGAGGTAAA
651 AGGGTATCTA
701 ACATACGTAG
751 CATTTCACCG
801 AACCAGTATC
851 ACTTAATTGA
901 CTTGGACCCT
951 TATTCTTACA
1001 ATAAAAGCAG
1051 TGGGTCAGAG
1101 AGGAGTCTGG
1151 GCCCCTACCT
1201 TAGGACGCAT
1251 CCAGTTCTCA
1301 CCTGTAAAAG
1351 ATCTGTGCAA
1401 GCTAGCGTTC

CTGAGACACG
CAATGGGCGA
CGGGTTGTAA
GCTAGCCGTG
CAGCCGCGGT
AAAGCGCACG
ACTTGGGATG
TGGAATTCCA
GTGGCGAAGG

GyCCAXACTC
AAGCCTGATG
AGCACTTTCA
ACGTTAACAA
AATACGGAGG
CAGGCGGTTT
GTCATTTAGA
GGTGTAGCGG
CGACTCCCTG

ATAM407 85
902 nucleotides

a-proteobacteria related to Roseobacter clade

TCATGGCTCA
CGCACTCTTC
CCCTTCTCTA
CCTTCGGGGG
TAGTTGGTGG
GAGGATGATC
AGGCAkKCAGT
GCCGCGTGAG
TGATAATGAC
GCCGCGGTAA
AGCGCACGTA
CCTGGAACTG
GAATTCCGAG
GGCGAAGGCG
GGGAGCAAAC
TGCCAGACGT
CATTCCGCCT
GGGGGCCCGC

GAACGAACGC
GGAGTGAGCG
AGGAATAGCC
AAAGATTTAT
GGTAATGGCC
AGCAACACTG
GGGGAATCTT
TGATGAARKGC
AGTATCTGGT
TACGGAGGGG
GGCGGATCAG
CCTTGTAAAC
TGTAGAGGTG
GCTCACTGGC
AGGATTAGAT
CAGCAAGCAT
GGGGAGTACG
ACAAGCGGTG

ATAMI173a 2
1427 nucleotides

cytophaga-flavobacter-bacteroides phylum

CGGTGACCGA
GTACAAGGCC
TAGCGATTCC

CTTCAGGCAC
CGGGAACGTA
AGCTTCACGG

CTACGGGAGG
CAGCCATGCC
GTTGTGAGGA
CAGAAGAAGC
GTGCGAGCGT
GTTAAGCTAG
ACTGGCAGAC
TGAAATGCGT
GCCAAAGACT

TGGCGGCAGG
GCGGACGGGT
ACTGGAAACG
CGGAGAAGGA
TACCAAGTCT
GGACTGAGAC
GGACAATGGG
CTTASGGTCG
AAAGAAACCC
GTTAGCGTTG
AAAGTATAGG
TCCTGGTCTT
AAATTCGTAG
TCGATACTGA
ACCCTGGTAG
GCTTGTTGGT
GTCGCAAGAT
GAGCATGTGG

TCCCAGCTTC
TTCACCGGAT
AGTCGAGTTG

GATATGGTTT
ATACCATTGT
GACGTCATCC
CCCCATCTTT
GACTTAACCT
TTGTAATCTG

ATAGATTTGC
AGCACGTGTG
CCACCTTCCT
ACATGCTGGC
GACACCTCAC
TCCGAAGARAA

TAAGCCCTGG
ACCGCTTGTG
GTACTCCCCA
CCCCAACAAC
ATCCTGTTCG
TAGACTGCCT
CTACACTACA
AAAGGCAGTT
CCGCCTGCGG
CCGTATTACC
GTACCGTCAA
TTTACAACCC
TTGCCTCCAT
TCCGTGTCTC
ATCGTAGCCA
AGCCATCTTT
ATACTATGGG
GTAAGTTCTA
GCACAATGTT
ATCCTGAGCC

TAAGGTTCCT

CGGGCCCCCG
GGTGGGATAC
TAGTATCCAT
CTCCCCACGC
TCGCAATCGG
CATTCTATCT
CCATAGTTAA
ACCCTTTAAA
GCGGCTGCTG
GCCGCTACAC
ATAGGGCAGT
TGCCCAATAT
ArTACCAGTG
TGGTAAGCCG
TACCGATAAA
ATATTAATCT
TACGCGTTAC
ACCCCTCGAC
ATGATCA

TCTCTGTTGC
TGGCCCAGGA
CGCGGTTTGC
AACTAACGAC
GGCACGAGCT
ACTCTATCTC
CGCGTATCAT
TCAATTCCTT
TTATCACTTT
CGTTTACGGC
TTTCGTCCAT
TATTCTGTGT
ACTTCCATAT
GCTATGGGAT
CCCAATGATT
GCACGGAGTT
GTAGCGGTGT
CTTCCTGCAC
TCCTcACTGC
TGGGGGATCC
TTACCTTACC
TCTTTAATTA
TCATTTCTAA
GCACCCGTGC
TTGCATGTGT

CAGCAGTGGG
GCGTGTGTGA
AAAGTTAGTA
ACCGGCTAAC
TAATCGGAAT
ATGTGAAAGC
TAGAGTCTTG
AGATATCTGG
GACGC

CTTAACACAT
TAGTAACGCG
GTGAGTAATA
TCGGCCCGCG
ACGATCTATA
ACGGCCCAGA
CGCAAGCCTG
TAAAGCTCTT
CsGCTAACTC
TTCGGAATTA
GTGAAATCCC
GAGTTCGAGA
ATATTCGGAG
CGCTGAGGTG
TCCACACCGT
GTCACACCTA
TAAAACTCAA
GTTAATTCTA

CATGGCTTGA
CATGGCTGAT
CAGACTCCGA
CAGATGGCTG
CGTAAGGGCC
ACCGGCAGTC
AAGGGTTGCG
GACGACAACC
TAAAGCTGTC
CGAATTAAAC
TGAGTTTCAG
CGCTTAGTCA
GTGGACTACC
GAGCGTCAGT
AATATCTATG
GACTCAAGTC
TTCACCTCTG
CCGGATAACG
AGCCGGTCCT
TTCTTCCTGT
GCGGCATGGC
TGCCTCCCGT
CCCTCTCAGG
ATCTAGCTAA
ARAACTGATG
AGGCTATCCC
GCCGGTCGTC
TAAGCCTGCC
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NAME
LENGTH
AFFILIATION
1 CACTCCCAGC
51 GTATTCACCG
10L CGGAGTCGAG
151 CGCTCCTGGT
201 GTGTAGCCCA
251 CCUCGCAEY
301 GGCRACTANRC
351 CACGGCACGA
401 ARAAGTCTAT
451 COCTCQUAETAT
501 CCGTCAATTC
5531 TACTTATCAC
631 CATCGTTTAC
651 CGCTTTCGTC
7L PGETRITCIA
751 RACTACTTCAT
Bl TGAGCTGCAG
851 ARACCCAATG
901 CTGGCACGGA
551 GCTCGAGGGR
1001 CAGTCTTCCT
1051 ATATTCCICA
1101 AGTGTGGEGG
1151 GCCGTTACCA
1201 AACCTTTAAT
1251 CCAAATTTCT
1301 ACGCACCCGT
1351 ACTTGCATGT
NAME
TENGTH
AFFILIATION
1  CACTCATGAA
51  ACTTCTTTITG
101 CCGGGAMCGT
151 GACTTCRTGG
201 ARCGGATCCG
251 TAGCACGTGT
301 CCCACCTTCC
351 AAGGCTGGCA
401 ACATCTCACG
451 TCCCGAAGGC
501 GGTAAGETTC
551  TGCGGGCICC
60) CAGGOGGTCT
651 HAAUBGCLIAG
701 CTGTTCGTTA
751 GTCGCCTTCG
B01 CACCAGBAAT
B51 TGCAATICCC
301 CCTGCGTGCy
951  GTATTACCGT
100%L  AACGTCACAT
1053 GIGCTTTACA
1101  GGETTTCCCC
1151 TGGACCGTGT
1201 GAGATCGTCG
1251 TAGGCCAZTC
1301 ATGCGGTATT
1351 TTCCTAMGTA
1401 ACATETTTCC
1451 TGACGCCATGA

ATAM173a 3

1398 mucleotides
cytophaga-flavobacter-bacteroides phylum

TTCCATGGCT
GATCATGGCT
TTGCAGACTC
CACCCAGTGG
GGACGTAAGG
TGCACTGUCR
AACAGGUBETT
GCTGACGACA
CTCTAAACCT
CATCGAATTA
CTTTGAGTTT
TTTCGCTTAG
GGCGTAGACT
CATCAGTGTC
TGTAATATCT
AATBATTCNA
ACTTTCACCT
ATTCCGGATA
GTTAGCCGAT
GTGTTTCTITC
GCRCGCGGCA
CTGCTGCLNC
ATCCCCCTICY
CACCRACTAG
ATAATGCTCA
CTGGGCTATC
GCGCCEETCG
GTTAGGCCTG

TCACGGGOGCE
GATATSCGAT
CGATCCGARC
CTGCTITCTG
GCCGTCATGA
GTCTTGCTAG
GUGCTCETTA
ACCRIGCAGC
GTCAATCTAC
AACCACATGC
CATTCTTGCG
CCaCtGAACC
ACCGCGGTAT
AATTGATTAT
ATGCATTTCA
GRTAACTAGT
CTGACTTAART
ACGCTTGGAT
CCTTATTCTT
CTGTATAARA
TGGCTGGATC
CCGTAGGAGT
CAGGGCCCCT
CTAATAGGAC
TGCEAGCTCT
CCACAGTURDA
TCGECGGTEC
CCGOTAGCGT

ATAM173a_5

1463 nuclectides

y-proteobacteria

TCACAARGTG
CAACCCOACTC
ATTCACCGCA
AGTCGAGTTG
CTTACCCTCG
GTAGCCCTAC
TCCGGTTTAT
ACTAAGGACAH
ACACGAGCTG
ACCAATTCAT
TTCGCGTTGC
CGTCRATTCA
ACTTATCECG
TAGACAGTGT
CCCACACTTY
CCRCTGATGT
TCCACTCCCC
AGGTTGAGCC
GCTTTACGCC
GECTECTGGE
CTGATGGGTA
ACCCGAAGGC
CATTGTGCRA
CTCAGTTCCA
CCTTRGTGAC
TCTGGGCEGA
AGCCATCGTT
TTACTCACCC
GTTCGACTTG
TCA

GTAACCGTCC
CCATGGTGTG
ACATTCTGAT
CAGARCTCCAN
CAGGTTCGCT
TCGTAAGGGC
CACCGGCAGT
AGGGTTGCGC
DCGACAGCCA
CITCTGAAAAG
ATCGAATTAM
TTTGAGTTTT
TTAGCTTCGC
PLACGETETG
CGCACATGEAG
TCCTTCTGAT

TCTCCAAGAC

CGGGGCTTTC
CAGTRATTCCD
BCGGAGTTAG
TTAACCRCCH
CTITCTTCACA
TATTCCCCRT
GTGTGGCTGA
CCTTTACCTC
AGCCRARGCC
TCCAATEETT
GTCCGCACTC
CATCGTGTTAG

TGTGTACAAG
TACTAGCGAT
TGTGALTAGGG
TCCCIACCAT
TTTGACETCA
AGTTCCCATC
LAGGACTTAA
ACCTTGTABR
ATTTAAGCCC
TCCACCGCTT
ARCGTACTCC
GARGTCCARC
CTAANCCLGT
TAGTAATCTG
CCGCTACACT
ATCARAGGCA
TATCCACCTA
COTCCGTATT
ACAGTACCGT
GCAGTITACA
AGAGTTGCCT
CTGGTCCATG
ACCTATCGTT
GCATACTCAT
ATATACTATG
AGGCAGATTG
AAGCACTCCE
TCATCCTGRG

TCCCGAAGGY
ACGEGCGGTG
TTGCGATTAC
TCCAGACTALC
TCCCTCTGTA
CATGATGACT
CTCCTTAGAG
TCETTGOGRG
TGCAGCRCCT
TTTCTAGTAT
ACCACATGCT
AACCIIGCEC
TACTCACGGA
GACTACCAGG
CGTCAGTCTT
ATCTACCCAT
OTAGCCTGC
ACATCTAGCT
GATTAACGCT
CCGGTECTTC
ARCTTTQOTL
CACGCGGCAT
TGCTGCCTeC
TCTTCCTCTE
ACCAACAAGC
CCCTTTGGTC
ATCCCCCACC
GACATCATCT
GCCTGCCGTh

GCCCEGGARD
TCCABCTTCA
TTTATAGATT
TGTAGCACGT
TCCCCACCTT
TTTACATGCT
CCTGACACCT
T'TEGTCCGARG
TEGTAAGGTL
GTGCEGEGCCC
CCAGATGEUA
AGCTAGTATC
TCGCTACCTA
CCTTCGCRAT
ACATATTCEA
ATTCTACAGT
CGGACCCTTT
ACCGCGGCTG
CAAGCTCCCT
ACCCATAGGE
CCATTATCCA
TCTCAGTACC
GCCTTGCICT
CTTTTGCCGT
CGGTATTAAT
TATACGCGTT
TTACCCCTCG
CCATGATC

TAGACTAGCT
TGTACAAGGC
TAGCGATTCC
GACGAGCTTT
CICOCCATTG
TGACGTCGTC
TECCCAACTT
ACTTAACCCA
GTATCTAGAT
GTCARGAGTA
CCAZCGCLIE
CCCTACTCCC
TTARATCOAC
GTATCTAATC
TGGTCAGGGA
TTCACCGCTA
CAGTTCTARA
TAACARACCG
CGTACCCTCC
TTCTGTTGCT
BCARCTGAAR
CECTGECATCA
CGTAGEAGTC
AGANCAGCTA
TAATCTCGCT
CGTAGACGTT
CAARGGCATG
AGCAAGCTAG
GCGTTCAATTC
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NAME
LENGTH
AITIT JATION

bl
101
151
201
251
201
351
401
451
501
551
601
651
701
751
801
851
901
951
1001
1051
1101
1151
1201
1251
1301
1351
4ol
1451

TGATCATGGC
GAGGGGTAAC
CACCGCCETAT
GATTAATGCC
TTCEGECGGT
BCGGRCTTACT
ACACTGGTAC
AATATIGGAC
AGAATGCCCT
ACGTGTAGCT
GCCAGCAGCC
GGTTTRARGCE
CGCTCAACGE
AGTTGCCGER
ACACTCATTG
ARAGCTGTGGG
ACGATGGATA
BGTGATARGT
GGAALTGACS
GATACCCCAC

ATAMI173a 6
1485 nucleotides

cytophaga-flavobacter-bacteroides phylum

TCAGGATGAR
ATTTSTGCTT
GGAACCTGCC
CCETAGTACT
ACAAGATGGC
AAGGCTACGA
TGAGACACGG
ARVGGAGGAG
ATGGGTAGTA
TACTGACGGT
GCGGTAATAC
GTCCGTAGGC
TAGAACTGCC
ATATGTAGTG
CGAAGBGLAGG
GAGCEAACAG
CTAGCTGTCC
ARTCCCACCTG
GGAGCCOGCA
GAACCTTACT

CGCTAGCGEC
GCACARGATE
TIrGTACAGEG
GCGACCCGTC
CATGCEGTCCC
TGGETABGGE
ACCAGACTCC
ACTCTGATCC
AACTGCTTTT
ACCGTAAGAA
QGAGHATCCS
GGGCCOGATA
TTIGATACTG
TAGCGGTGAR
TGACTAACTE
GATIAGATAC
GGTGCCTTCA
GGGAGTACGT
CAAGCEGTEE
AGGGCTTARL

GATAGATTTT
CTCATECCHT
CC.GTTAGTT
GCARACCGTG
TOCTGGGOCA
GCAAGCECGEGA
CAACTCGACC
ATCCGGTGAN
GAAGCCGGGA
GATCGGTARAC

NAMI

CCTTCGGECA
GAGGTGETCA.
GCCBGCATGT
ACGAAGGTGG
CACACGTGCT
GCEAATC AT
CCGTGRAGCT
TACATTCLCG
GTGCCTAARG
TAGGGCTAAG

ATTTCCAACG
GGTEAAGTCC
CATGATEOGG
GEATGACETC
ACARATGGCAG
AABACCTGTC
GGAATCGCTA
BECCTTETAC
TCCETCACCG
TCGTARCARG

ATAMI173a 9

AGGCTTAACA
ACGACCGGECG
GARTAGCCCA
ATCGGGATGC
ATTAGCTAGT
CCCTGAGAGG
TACGGGAGGC
AGCCTATGE . CC
ATAUGGGAAG
TAACCACCCG
AGCGTTATCC
AGTCAGGGAT
TCGGTCTTGA
ATGCATAGAT
TATACTGACG
CCTEGTAGTC
GTACTGRGOG
TCGCAAGAMT
AGCATGETGET
TGCATATTGA
TGCTGCATEG
TATARCGAGC
ACTCTAACGG
ARARTCAICAC
GTACAGAGAG
ACAGTTCGGA
STAATCGGAT
ACACCGCICG
IraRGGAGCGG
GTAGET

CATGCAAGTC
CACGGGTGLG
GGGARACTTG
GGTTRARGTC
TGGTARGGTA
GGGATCCCCC
AGCAGTGAGG
GCGTGCAGGA
AMARAGACCY
CTARCTCCGT
GGARATTATTG
GARAGTCTGO
GTTATAGIGA
ATTACATAGA
CTGATGGACG
CACECLGIAA
GOCARAGCIGAL,
GAARCTCAAA
TTAATTCGAT
CAGGTCTAGA
TTGTCGTCAG
GCRACCCCTA
GACTGCCGGT
GGCCCTTACG
CAGCCACGTC
TCEEGETCTE
ATCAGCCATG
TCARGCCATG
CCTAAGGCAA

wh

LENGTE
AFF lL[Al ION

625 nucleotides
a-proteobacteria related to Roseobacier clade

k1
101
i51
201
251
301
351
401
4501
501
551
601

TATCGARECCA
CARTITCACT
CTGATAGTTT
TACLITTCCAA
GCTAACCCCC
TTCTTTACCA
CCTRAGGCCY
TTGTCTAAGA
CAGTCCCAGT
TFCGETACSCC
TCwCCEGATAL
TCCCEAGGCT
GTCCGCCGCT ¢

NAME

GTGAGCOGCC
TCTACACTTG
ACAGGGCAGT
TCCGCCTRCG
TCmGTATTAC
GATACTGTCA
‘TCGTCACTCR
TTCCCCRCTG
GTTGCIGATC
ATTACCCCAC
ATCTTTCCCC
ATTCCGTAGA

CAUTCCGARG

TTCGCCACTG
GCAATTCCACT
TCCAGGETTC
TACGCTTTAC
CGCGBGCTECT
TTATCATCTC
CGCEGCATGEG
CTGCCTCCCG
ATCCTCTCAR
CAACTAI'CTA
CCARGGCCGT
AARGEGTATG
AGTGC

ATAMI 734 13

GTGTTCCICC
CACCTCTCTC
AGCCCTGGGA
GCCUAGYART
GGCACGGAGT
TCGCGARAGA
CTARNTCRGG
TAGGAGLITG
ACCAGCTAAN
ATCTTACGCGE
ATRCGETATT
TTCCCACGCG

ARATATCTAC
GAACTCTAGA
TTTCACCCCA
WCCGEALUAAC
TAGCCGGGHT
GCTTTACAAC
CPTECGCCCA
GGCCEIETCT
GATCGTAGAC
GGCCAATCCT
ACTCTCAGTT
TTACTAACCC

LENGTH
AI’]"ILIATION

615 nucleotides
o-proteobacteria related to Roseobacter clade

51
101
151
201
251
30
sl
401
451

CGTTAUTATC
ATCTACGANT
TCTRGACTGG
ACCCCCAACT
BACAACGCTA
CEGEGLLTCT
TACGATCCTA
CUCCCATTGT
CGTGTCTCAG
CGTAGGCTITS

GAGCCARGTGA
TTCACCTCTA
GAGTTTTGGA
TTCCARATCCG
ACCCCCTCCG
T'EACCAGATA
AGGCCTTCGT
CTARAGATTCC
TCCCAGTGTE
GTAGGCCATT

GCCUCCTITCG
CACTCGGART
GGCCGTTCCA
CITACGTGCG
TATTACCGCG
CTGTCATTAT
CACTCRCGCE

NCRTIGETGT
TCCACTCACC
GGUTTGRECC
CTWTACGCCC
GUTGCTGSECA
CATCTCTSGC
GCATGGCTAG

TCCTCCGAAT
TCTCTHNGARC

CTGGBGATTIC
ACTAATTCCG
CCGAGTTAGC
GAAAGAGCTT
ATCAGCCTTG

CCACTGCTG CCTCCCGTAG GAGTCTGGGC
GCT'GATCATC CTCTAARACC AGCIATGGAT
ACCCCACCAA CTACCTAATC CAACGCGGGC
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501 QGATCOTCT
551 CACCGITTCC
601 CTCACCCGTC
NAME
LENGTH
AFFILIATION
1 TAGAGTTTGA
51 GCAAGTCGAG
101 TGGGARCATA
151 CCETATGAGC
201 TAAGATTAGA
251 GCTGGTTTTA
3Gl OTPCCTACGECG
3571 ATCTAGCCAT
401 TCHECCAGGGA
451 CGTGCCAGCA
501 CTGGGCGTAA
551 AGGGCTOANC
601 GAGGTGAGTG
A51 GAARCACTAGY
701 CGAAAGTGIG
751 AAACGATGAA
801 ACGGATTAAG
851  AGGARTTGAC
Y01 AGCARCHECGC
35% GATCGGGCGET
1001 GTCAGCTCGT
1051 CACATCTTTA
1101 TGATAAGCSGG
1151 CGGITTGEGECT
1201 AAAAGCTGTC
1251 GGARATCICTA
1301 GCCM™MGTACA
NAME
LENGTH
AFFILIATION
1 TAGRGTTTGR
51 GCARGTCCAG
1INt TGGGARCATA
151 CCGTATACGC
201  TTAGATTAGA
251 QCTGGTTITA
301 CTCCTACGEG
351 ATCTAGCCAT
401 TCGCCAGGGA
451 CGYGCCAGCA
501 ACTGGUCATA
5] CAGGGCTCAA
£01 AGAGGTGAGY
£61  GGARCACCAG
701  ACGRAMGTGT
751 TARAACGATGA
801 AACGGATTAA
851 AAGGAATTGA
901 AAMGCANCGCG
951 AGATCGCGCG
1l GTCAGCTCGT
2051 CACATCTTTA
1101 GIGAYTAAGCG
1151 CGGGTISGEC
1201  ABAARIGCTGT
1251 CRGAATCCCT
1301 GGCCTTTTAC
1351 RCGUTGCGCT

CCGATABATC TTTCCCCCAD AGGGCGETATG CGGTATTACT
CCOUAGAAGA GUGTAUGTTIC CCACGUGTTA

AGTGGCTATC
CGCCG

ATAMLT7la 16

1339 nucleotides
a-proteobacteria related to Roseobacter

TCATGGCTCA
CGCACCCTTC
CCCTTTGGTA
CCTTCGGEGG
TAOTTCOTGES
GRAGGATGATC
AGGCAGCAGT
GCCECETETG
TGATBATGAC
GCCGCGCGTAA
LGCOGTACGTA
CCTEEAACTG
GAATTCCGAG
GOUGAAGGCG
GGGAGCAAAT
YGUCRAGTCGT
CATTCCGCCL
ddagdacedae
AGAMCCTTAC
TCACTTOEGT
GTCGTGAGAT
GTTGCCATCA
GAGGAAGGTG
NACACACETGC
TCAGTTCGGR
GTAATCGCGT
CACCGCCCET

GAACGAACHC
GAGGCGAGCS
CGGRATAGCC
ADBGATTTAY
GGTARTGGECC
AGCARCACTG
GGGGAATCTT
TEATGARGGE
AGTACCTCET
TACGGAGECS
GICCCRTCAG
CLTCTTARAC
TGTAGAGGTS
GCTCAUTGGC
AGGATTAGAT
CGGGCAGTAT
GGGGAGTACG
RCARGCGGTG
CARCCCTTGR
GACGCAAGTE
GTTCGETTAA
TTTAGTIGGG
TGGATGACGT
TACAATAGCA
TTGGGGTCTG
AACAGCRTGA
CACACCATGE

ATAM173a_17

1363 nucleotides

TGGCGGECAGG
CCOCACGEET
TCGGGARRCT
CGCCRAAGHEA
TACCAAGTCT
GGACTGAGAC
AGACARTGGG
CTTAGGGTCG
AMDGAARCCC
GTTAGCGTTG
ARAGTAAGGG
TCCTGGTCIT
AAATTCGTAG
TCGATACTGA
ACCCTGGTAG
ACTGTTCGGET
GTCGCARGAT
GAGCATGTGEG
CATCCTGTGC
ACAGGTGOTG
GICCGGCARC
CACTCTAAAG
CAAGTCCTCA
GTGACABTGEG
CARCTCGACC
CGCGETEAAT
GAGTTGGTT

COTAACACAT
TACTAACGCC
GAGAGTAATA
TTGGOCCGCG
ACGATCTTTA
ACGGCCCAGA
CECRAGCCTG
TARRGCACTT
CGECTAACTC
TTCGEGANTTA
GTGARATCCC
GRGTTCGAGA
ATRTTCGGAG
CGCTGAGGTA
TCCACACCGT
GACMCACQTA
TAARACTORR
TTTAARTTCGA
TAACCCGAGA
CATGGCTGTT
GAGUGTARCC
AARCTCCCCO
TGGCCTTTAC
GYTAATCCCR
CCATGAAGTC
ACGITCCLGG

clade

a-proteobacteria related to Roseobacter clade

TCATGGCTCA
CGCACTCTTC
CCCTTTTCTA
COPRLCBEEEE
TAGTPGETEG
GAGGATGATC
AGGCAGCAGT
GQCGCETGETG
TGATAATGAC
GSCCGCCETAR
ARGCETACGET
CCCTRENROCT
GGAATICCAA
TGGCGAAGGC
GGHGAGCRAA
APGCCAGTCG
GCATTCCGCC
CGGGGARCCCH
CAGAACCTTA
TTCACTTCGG
GTCGTGAGAT
GUTGCCATCA
GGAGGAAGGT
TACRCACGTG
CTCAGT I'CGG
AGTARTCGCG
ACACCGCCCG
ARC

GAACGAACGC
GGOLCGAGCE
CGGRATAGCC
AARGATTTAT
GGTAATGACC
AGCPACACTG
GGGGAATCTT
TGATGRAGGT
AGTACCIGGT
TRCOGABUGG
AGGCGCATCR
GCCTCCTARR
CTGTAGAGGT
GGCTCACTGG
CAGGATTAGA
TCGGGCAGTA
TEGOUACTAC
CACAAGCGGT
CCARCCCTTG
TGACGCAGTG
GITCGGTTAA
GTTCGGCTGE
GTGGRTGACG
CTACRARTGGC
ATTGGGGETCT
CAACRGCATS
ZCBCACCATS

TGGCGECAGE
GCGGACGGGT
TCGGGAALCT
CGGAGRAGGAR
TACCRAGTCT
GGACTEAGAC
AGRCAATGGG
CTTAGGGTCG
AARGAAACCC
GTTAGCCGTT
GARAGTAGGE
CTCCTGGTCT
GABATTUGTA
CTCGATACTG
TACCCTGGTA
TACTGTICGG
COTCCCARCA
GGAGCATGTG
ACATCCIGTG
ACTAGGTGCTG
GTCCGGCARC
GCACTCTARD
TCAAGTCCTC
AGTGACARTG
GCARCTCGAT
ACGCGGTGAA
GGAGTTGGETT

CCTARCACAT
TAGTANCGEG
GAGAGTAATA
TTGGCICGCG
LCGATCTATA
ACGGCCCAGA
CGTRRGCCTG
TAARGCACTY
CGGCTARCT
GTTCGGAATT
GETGAAATCC
TGAGTTCGAG
GATATTTGGA
ACGCTGAGGT
GTCCACACCG
TGACACACCT
TTARARACTCA
GTTTAATTCG
CTRRCCCGAG
CATGGCTGIC
GAGCGCRACT
GARACTACCT
ATGGCCCTTA
GGTTAATCCC
CCCATGAAGT
TACGTITCCCG
CTACCCGALG

£
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NAME
LENGTH

AFFIL
1

51
101
131
201
251
3Nt
351
401
451
501
551
601
851
T3l
751
80l
851
901
951

100
1051
1101
1151
1201
1251
1201
1351

IATION
CAGTCGCTGA
CGTCGTCEGG
GCCCGEGAAC
CCEACTTCAT
TTAEAGATTA
CCGTALGGGC
CACGCGCAGT
GTGGGTTGCG
GACGACAGCC
TCTCTCTGGC
CTTCGRATTA
CTTTGAGTTT
GTTAGETGTG
PLACGE GG
CGTACCTCAG
TCOTCCARAT
TCTCTCGAAL
CTGGGATTTC
AGLARTTCCG
CEGAGTTAGL
CARAGAGCTT
ATCAGGCTTG
AGTCTGGEIC
GCTANAGATC
TACGCGGGCC
GGTATTACTC
CACGCGTTAC
GCATGTGTTA

NAME
LENGTH

AFFIL
1

S1
101
151
201
251
301
351
401
451
50%
551
601
651
RALNS
52
301
as1
941
951

1001
1051
13670
1181
1201
1281
13C¢1
1351
1401

IATION
CGTCCTCCCG
GTGTGACGGs
CTGATACGCG
TCCAATCCGG
TCECAGCACT
AGGGCCALGA
GCAGTCTCCT
GTTGCGCTCG
ACRGCCAYGC
TGGTAAGTTC
GAATTALACC
GAGLILITARC
GCTTTGAARA
GECGTGGACT
CATERGCHC
TCAGATCTCT
TCACACTCTA
GCTTTCACAT
ATTCCGATTA
GTTAGCCGGT
GACTAACCTT
TCACACRCS
CCCACTECTO
GCIGATCATC
ACCTCACTCRA
AAGTCCCCTT
CTGTTGTCCC
CCGCTCGTCA
WGITAGECCT

ATAMI173a 29
1395 nucleotides

a-proteobacteria related to Roseobacter clade

TCCTACCETG
TAGRACCAAC
GTATTCACCG
GGEATCGAGT
ACTCACTHTA
CNTGAGGACT
TTCCCTAGAC
CTCGTTGCCE
ATGCAGCACC
GGTCCGAGUA
AACCACATGC
TAATCTTGCG
ACACCGAAGG
GACTACCAGGE
CGTCRAGTATC
ATTUTACGRAT
TCTAGACTGA
ACCCCATACY
BAACARCGCTA
CGGEETTLICT
TACGACCCTA
CECCCATTAT
GrGNCTCAGT
GTAGACTTGG
ARTCCTTCAC
TCAGTTTCCC
TAACCCCTCC
GGCCTGCCEC

GrreeoIere
TCCCATGETS
CGBTCATGCTG
TGCAGACCCC
GATGCCATTA
TGACGTCATC
TGCCCAGTCG
GACTTAACCG
TGTCACTCGE
TATCRAGGET
TCCACQGTTY
ACCGTACTCC
GCAAGCCCCC
GTATCTAATC
GRGCCAGTGA
TTCACCTCTA
TAGTTTACAY
T'TCCAATCCG
ACCCCCTCCG
TTACCAGATA
AGGCCIICGET
CTAARGATTCC
CCCAGTGTTG
TAGGCCATTA
CGATARATCT
GAGGCTATTC
GCCUCTCACT
CAGCGTTCGT

ATAMI173a_36

1439 nucleotides

y-proteobacteria

AGGGTTAGAC
CGETGTGTAC
ATTACTAGCG
ACTRCGACGC
CTETAYGCGC
TCACTTGACG
TAGAGTTCTC
TTGCCEGACT
AGCACCTGTA
TCTGTATGTC
ACATGCTCCA
CITGCGECCE
ACAGARCCGA
BCCAGGGTAT

TATCTACITC
AAGGCCCAEGA
ATTOCHACTT

PUCCCGARGE
TGACGEGGCGG
TTACGCGATT
ARTCCGARACT
TAGCACGTHET
CACACOTTCC
ARCTGCTEGC
BACATCTCHC
vCWwCCGARGT
TGGTARGE' LT
GTGCEEECCC
CCAGCCCCAR
CGACATCTGG
CTGTTTECTC
GCCGCUTTCE
CACTTGGAAT
GGCAGTTCCA
CCTACGTRCG
TATTACCGCG
CTGTCATTAT
CACITACECG
CCACTGCTGC
CTGATCATCC
CCCCACCARC
TTCCCCCGAA
CGTAGAARARG
CCGARGAGTE
TCTGAGCCAY

TGGAGCAACT
BACATATTCA
CATGEGAGTCG

ACTTTAMGTG
CATTSTAGCA
TOETCCECAC
AGCATTACCT
TARCCCAACA
TCAGAGTTCC
AAGTGTAGGT
CCGCTTGTGT
TRCTCCCCAG
GOy ICCGAGC
CTARTCCTGT

AGIUTTOACT
BACCCATTITCA
STTTGCCAGT
CTCECTTAAC
ACGCTCGCAC
GCTTCTTCTG
TCCTCCTGAC
GGCATGECTG
CCTCCOG'TAG
CTCTCRAACT
CTAGCTAATC
TGGTCCGTAG
CCACCTCARG
TCTTCTAGCA
GCCGCCAGTG

CAGGETGGECTE
JCGUTACACC
TCGAARTGCA
AAACCGCCTG
CCTCCETATT
TCACLALCGT
TGARAGTGTT
CATCAGGCTT
GAGTCTEERC
AGCTAGGCAT
CCRCTTEEGC
ACATTATGCG
GCATGTTCCC
AGCTAGARAT
TTCARTCTGA

ATTCGCTTRC
CETGTETAGC
CTTCCTCCGE
GCTAGCAACT
TCTCACAACH
CEARGGCACC
AAGETTCTTC
GGGCCCCCGT
GCEETCTACT
TICTAGTAGA
TTECTCCCCA
CCTTCGECCAT
TEAAATTCTE
GTTCCCAGGT
CETACGITTT
AQCGIGEOTE
CACAUCTACC
TTACAACCCE
GCGCCCATTE
COTGTCTCAG
CGETTIGCCTTG
CRATCTAMAG
GTATTAGCAG
AAGCATTACT
GTTACCECTC
GCCATGATI

G TAGCGECAG
LETFIRCAAG
ACTARGCGATT
GAGRCATCTT
GTAGCCCAAC
TCCCGCTTAT
BAACTAAGGAT
GARCACEAGCT
GGAAACTAGA
CTGCGCGTTG
CCGICRATTC
TGCTTAATCC
CATTCATCGT
CCCACARCTTT
CCACTGGTGET
TCCACTCACC
GGGTTGAGCC
CTTTACGCCC
GCTGCTGGECN
CATCTCTGGC
GCATGGCTAG
CTCCCGTAGRG
TCTCAAACCA
TATCTBATCT
GGGCGTATAC
GGTATGTTCC
CATTCGACTT
GALCR

CACTCOCATG
CCECGTCATT
AGFITECAGAT
TCTCCCArGT
CCTACACGTA
TTTATCACCG
MACGGATRGGG
CGAGCTGACG
AAACCATCTC
GCGTTGECATC
CAATTCATTT
TRATGCGTTA
CATC3TTTIAC
CGCTITCGTA
CGETATTCCT
CCACCCTCTA
TGAGCCCGGE
ACGCCCAGA
CUIGGCACAGA
cCUTATTAAC
AAGGCCTICT
TGCAATATTC
TTCCAGTGTE
GTGAGCCATT
GCGRERGCCGE
TCGTTTCCAR
CRCCTGYTCG
GACTTGCATG

237




G.L. Hold, 1999

NAME

LENGTH

ATFILIATION
1

51
101
151
221
251
30
i51
401
451
501
551
601
651
701
751
801
851
501
551

100z
1051
1101
1151
1201
1257
1301
1351
1401

TGATCATGGC
AGCGCRCTCT
TACCCTTTTC
GCCCTICGGG
JATAGTGWGS
TQAGAGGATG
GEORAGGORGE
CATGCCYCGT
AGATGATaAT
GCAGCTGCKG
gTARAGCGTA
CAACCCTGGA
AGTGGAATTC
CRGTGGCGRA
TGTGEEERGC
TGAATGCCAG
TALGCATTCC
TGACGGEGEEGT
GCGCAGAACT
GTTTCCACTT
CGTETCGTGA
TTArITGCCA
BCGGGAGGAR
GGCTACACAT
TGTCTCACTT
GCTAGTAATC
PRCACACCGC
GCTAACCCTT
GAAGTCGTAR

NAME
LENGTH

AFFKIL

51
101
151
2.01
251
301
331
401
401
501
551
601
651
701
152
801
851
901
251

100%
1061
1101
1251
1201

1IATION

ARTATECCCT
AYACGCCCTA
GGTGAGGTAA
TGATCAGCCA
rCraTGEaGGA
GTGAGTGATG
ATGACAGTAC
GETAATACGEE
GCGTAGGCGG
AACTGCCTCA
CCGAGTGTAG
AGGCGCECTCA
CAAMCAGCGAT
GTCGTCGGCA
CUECCTGUEEGA
CCCGCACAAG
CTTACCAACC
TTAGGUTIGA
TGAGATETTC
CCAGCAGTTC
GRAAGGTGTGG
CACGTACTAC
GTTCGGATTS
ATCGECETANC
CGCCGTCACA

ATAM1732_40

1434 nucleotides
o-proteobacteria related to Roseobacter clade

TCAGRRCGAR
TCGGAGTGAG
TACGGAATAG
GGARRGATTT
TGGGGTARTE
ATCRECARCA
AgTGGGGART
GAGTGACGAR
GACAGTATCT
TANTACGGRY
CGTAGGCGGR
ROTEECTCCT
CAAGTGTAGA
GECEGCTCAT
AARCAGGATT
ACGTCGGGGE
GCCTGGEGEAG
CCGCACRAGT
TTACCAACCT
CGGTGECCGA
GATGTTCGGT
JCAGTTCGGE
BOLGLGGATE
GUGCLACAAT
CGOATTGSGE
GCATARCAGC
COGTCACACT
CGGGERAGECA
CARRGGTAGCC

CECTECGGCA
CAGCAGACAG
CCTCGGEEANA
ATCGGAGAAG
GCCTACCAAG
CIGGGACTGA
CTTAGACAAT
gACCTTAGGE
GGTAAAGAAR
GGEGTTAGCC
TTRgARAGTR
AALCTACTAG
GGETGARATTC
TGGCTCGATA
AGATACCCTE
GCTTGCCCTT
TACGGTCGCA
GGTCCAGCAT
TTGACATCOT
GTGACAGGTG
TARGTCCSGC
TGGGCACTCT
RCGTCAAGTC
GACATCTACH
POTGCAACTC
ATGACGCGET
ATGGGAGTTG
GEUGBCUACG
CGTAGGGGAR

ATAM173a_47

1247 nucleotides
c-proteobacteria related to Koseobacter clade

TCTETTUAGG
CGGGGEGRAGER
TGGCTCACCA
CACTHGRACT
ATCTTARACA
AAGGCCTTAG
CTGGTAAAGA
AGUUEAETTAG
ACCAGAAAGT
TARACTCCTG
AGGTGAARTT
CTGGCTCGAT
TAGATACCCT
AGCATGCTTG
GTACGETCOC
CGGTGGAGCA
CTTGACATAC
CARGATACAG
GGTTARGTOC
GGCTGEGCAC
ATGACGTCAR
AATEGCATCT
GGGTCTGCARM
AGCATGACGC
CCATGGGAGT

ATAGCCCTGE
BAGARATTAGT
AGCCTACGAT
GRGACACGEC
ATGGGCYCAR
GETCGTRAAG
BACCCCEECY
COTTATTOGE
ATGEEETGEAA
GTOTTGAGTT
CGTAGATATT
ACTGACGCTG
GUTEGTCCAL
TCGGTGACAL
ARGATTAARA
TGTAERTPTTAA
TTGTCGTCGC
GTGCTGOATG
GECAACGAGE
TCTGHAGAAR
GTCCTCATSE
ACAATGGGTT
CTCGACCCCA
GGTGAATACG
TGGTTCTACC

GGCCTAACAC
GTTAGTARCS
CTGAGMAGTLN
GATTGGCCCG
TCTACKATCA
kACACGGECCC
GEGCGCRRAGT
TCETARAGCT
CCCOGGECTAR
gTTGTTCYGA
JGGEGTGARR
TCTAGAGTTC
GTAGATATTT
CTGACGLTGA
GTAGTCTACA
CGGTGTCACA
RAGATTARAAC
GTGETTTAAT
CGGATCECCA
CTGCATGGCT
AMCGAGCGTA
AGGGRAAACTG
CTCATEGCCC
GTGAGTTRAT
GACCCCATGA
GBATACGTITC
GTTCTACCCG
GTAGGATCAG
CCTG

GAALRCTGUGA
COGCETTAG

CTATAGCTCC
CCAGACTCCT
GCCTGATCTA
cleTirdced
AACTTCEICC
ARTTACTICG
ATCCOREGGEC
COAGAGAGGT
CGGAGGARCH
AGGTGCGAAR
ACCETRAACE
ACCTAACGGA
CTCABRAGGAA
TTCGAAGCAR
TCCAGAGATE
CCTGTCETCR
GCAACCCACA
CTQCICETGA
CCCTTRCECE
AATCCCCARA
TGAAGTCGGR
T2CCCGGERC
TGACGGCCET

ATGCARGTCG
CGTGGGEARCA
TACCKYPATAC
CGTTTGATTA
ATAGCTGGETT
AGACTCCTAC
CTGATCTAGT
T CGCCAG
CLCCEIACCA
ATTACTGGGC
TCTCAGGGCT
GAGAGAGGTG
GGAGGARCAL
GGTACGARAC
CCITARACGA
CCTAACGGAT
TCRAAGGAAT
TCGARGTAAC
GAGRGATCTG
GTCETCAGCT
ACCCACALCC
CCCGTGATAR
TTRACGGEITSE
CTCCAAAAGA
AGTCGGAATC
CCGGGCCTTG
ACGACGCTSC
CGACTGEGET

GTRATACTCC
TTArGTAGTT
TTTTAZAGGA
ACGGRASCGCA
qCCATGCCGE
BGGGATGATA
CAGCAG{CGC
CATARAGCCC
TCARCCCCGG
GAGTCGAATT
CCAGTGGCGA
GTGTGGGGAG
ATGAATACCA
TLAAGCATEC
TTUACCGGEC
CGCECAGRAC
GACGCTTTCZAG
GCTCETEYTCG
TCTTCAETTS
TARGCGGGAG
TICGECTACA
AGRTETCTCA
ATCGOTAGTA,
TTETNCACAC
GCGCTAR




G.L. Iold, 1999

NAME
LLENGTH
AFFILIATION
1 CGAACGCTGG
51 GAGCGrCrGA
101 TAGCCTOGGS
151  ATTRATOGGS
201 ATGGCWTACC
251 wCANTGGKAC
3012 AATCcTTAGAC
351 GAAGGTCTTA
4201 CsTGGETRAAAG
451 TAGGKEGTTA
50) GGATTGGAAA
551 CCRAABCTAT
601 AsAGGTGAAA
651 CACTGGCTCK
701  ATTAGATACC
751 GCAGTATACT
801 GAGTACGGTC
851 AGCGGTGGAG
901 CCCTTGRCAT
951 GCAGIGACAG
1001 CGGTTAAGTC
1051 CrGCTGGGCA
1101 GATCACGTCA
1151 CARATCGGCAGT
1291 GGGGTYTGCA
1251 CAGCATaGAC
1301 ACACCATGGEG
NAME
LENGTH
AFFILIATION
1  TTTGATCATG
51 CETEEGECECC
101 TATGCCCTTC
151 ACGCCCTACG
201 TGAGGTAATG
251 ATCAGCCACH
301 AGTGGGGAAT
351 GAGTGATGAA
401 GACAGTACCT
451 'I'AATACSGAG
501  GTAGGUCGAC
551 CTACCTCATA
601  GAGTCGTAGAL
K51 GCGGITCACT
701 AACAGGATTA
751 {CGOTCECGCRAG
801 CCTUGCGGAGT
851 CGCaCAAGCG
901 TACCAACCCT
957 AGGUTGGACA
1002 AGATGTTCGG
1051 AGCAGTICGG
1101 AGETGTGGAT
1261 CGTGCTACAR
1201 TCGGATTGGG
12651  CGCGETARCASG
1301 CCCGTCACAC
1351 TCGGGAGSCA

ATAMI73a_49

1346 nucleotides

a-protecbacteria related to Roseebacter clade

CGGCAGGCET
CGGGTTAGTA
BARCTGAKAG
ABAGGATIGG
AARGTCIACGA
TGAGACACKG
AATGGEGCGCa
GGATCGTARA
ARACCCCGGC
GC.BTTGTTC
GTTGGCGETG
CAGTCTAGAG
TTIGYAGATA
ATACTGACGC
CTGETAGTCC
UTTCEGTEAL
GCAAGATTAR
CATGTGGTTT
CCTGTECTAA
GILECPGECATLG
CGGCABCGAG
CTCTRAAGGAD
AGTCCTCATG
GACAATGGGT
ACTCGACCCC
rCGGTGAATA
BAGTTGGTICT

AACACATGCA
ACGCETGEGEA
TAATACGYGT
CCCUCELTAG
TCIATACCYG
MCCAGACTCs
AGCCeTGATCT
GCACTTTCGC
TAAYTCCGTG
GGARTTaCTG
AAATCCCAGG
PrCgAkKATAG
TIICKAGGAR
TrakGTACCA
ACACCGTARA
ACACCTANCG
AACTCAARGG
AATTCGAAGT
CCCGAGRGAT
GCTGTCETCA
CGCARCCCAC
ACTGCCCETE
GCCCTTACGG
TAATCCCARA
ATGRAGTCGG
CETTCCCEGE
ACCCGACGAC

ATAMI173a 51

1373 nucleotides

AGTCERImGEC
ACATACCOTT
ATAAGCCCTT
BLTAGATAGT
GLIUTAGRGG
TACGGKAGGC
AGCCATGCCG
CAGGTrATGAT
CCAGCDHGCCG
GGCGTAARGC
GCTCALCCCT
GTGAYTGGAA
CRCCAGTGGT
AACTCTAGGE
CGATGARTGC
GATTARNGCAT
ARTTGACGGG
BRCGCGCAGR
CRGECETTCA
GUTCKTGTCG
ATCCTTAGTT
ATAAGCGAGH
GTTEGGCTAC
AAGCTETCTC
ARTCGCTAGT
CCTTGTACAC
GCTGCGCTAR

ACCTTCEEGT
TTMTRCGGAA
ChGGGGARAG
TEETGGGETA
A'TGATCAGCA
RAGCAYTYGEE
CGTGTYTEAT
ANTGACAGTA
CGGTAATACS
GTACGTAGGC
GERACTGCCT
TFCCAAGTGT
GAAGGCGGCT
AGCRARCAGG
CAQTCETCGE
TCCCCCTGAG
GOCCLSCACA
ACCTTACCAA
CTTCEGYEAC
TGALGATGTT
GCCAGCAGTT
GGANGGTGTA
ACACGTGCTA
RGTTCGGATT
AATCGCGTAA
ACCGCCCETE
CCTTCG

o-proteobacteria related to Roseobacter clade

GCTCAGAACG
CTTCGGEGTG
TGTTGAGGAT
GGGGARAGGAA
GCTCACCAAG
CTGGGACTGA
CITAGACAART
GGCCTTAGGG
GGTAARGARA

AACBCTECGG
AGCGBCGGAC
ACCCCIUGCA
GEATTAGCCC
COTACGATCT
GACACGGCCC
GGGCGCAAGC
TCGTARAGCT
CCCCGECTAR

GGGEITAGCG
CAGAAAGTAT
AACTCCTGGT
GTGAMAATTCG
GGCTCGATAC
GATACCCTGG
CATGCTTGTC
ACGGICGCAA
GTGGAGCATG
TGACATACTT
AGATACAGLT
TTARGTCICC
CTGEGECACTC
GACGTCAAGT
TGGCATCTAC
GTCTGCAACT
CATGACGLGG
CATGGEGAGTT
GCGGACCACH

TiI'GLTTCCGAR
GGGGTGARAT
CTTERAETTCG
TAGATATTCS
TGACGCTCGAG
TASTCCACAT
GGTGRACACAL
GATTAAAACT
TGATTTAATT
GTCGETCGTTC
CCTECaIGLC
CAACGAGCCC
TGGAGALACT
CCTCATGGCC
AATGEGGTTAR
CGACCCCATS
TGAATACETT
GGTYCTACCT
GTA

CRGGCCTAAC
GEGTGAGLIAA
AACTCOGAGT
GCATTAGATT
ATAGCTGET
AGACTCCTAC
CTIGATCTAGC
CTTTCGCCAG
CTCCETGECA
TI'alTGGECE
CCOGGGGCTC
AGAGAGGTGA
GAGGAACACT
GTGCGRARGT
CGTARACGAT
CTARCGGATT
CABAAGGAATY
CGARGCARCE
CAGAGATGGA
TETCCLCAGC
AACCCACRTC
GCCOGTGATA
CTTACGGGTT
TCCCCAADAG
AAGTCGGAAT
CCCGGGCCTT
GACGGgCCGT

ACATGCAAGT
COCETGGHAA
ALTACTCGCGAT
AUGTAGTTEE
TTAGAGGATG
GEGAGGCAYS
CATGCCGCGT
GGATGATRAT
GCAGCEGCGA
TAAAGCGCGC
AACCCCGGAR
GTGEAATTCC
ACTEGCCAAG
GTGGGCAGCA
GAATGCCAGT
ARAGCATTCCG
GACGECGGEECC
CGCAGRACCT
gl CaET
TCETGEGTICOTE
TTCAGTTSCC
AGCGGGAGGA
GGGCTACDCA
ATGTCTCAGT
CGCTAGTAAT
CTACACACCG
GCGCTARCCT
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G.L.T

lold, 1999

NAME
LENGTH

AFFL
1

Sl
101
151
201
251
301
351
4C1
431
501
S5
6ol
851
701
751
201
BS1
90%
851

1001
1051
1007

1181
1201
1251
13C1
1331
L4sL

LIATION
TGACGGACTT
CAMRGGCCCGT
CEATTCCAGC
AGGTTTTATA
CCATTGTAGC
GTCATCCCCA
CATCATGACA
TTAACCTGAC
CADATTGCCC
GCCCTGGETAL
GCTTCTGCGE
CICCCCAGGT
GCACCGGACA
TAATCCTGTT
AGTCACCTGC
CGCTARCACTA
TCARBGGCAG
GgCCCGCCTA
CCTCCGTATT
ACBGTACCGT
CAGTTTACTA
ACAGTCTCCT
CTEGTCCGTG
ACCCATCGTA
GCATGGCCAT
GTCGCGGTAC
LACAAGECAT
TGTGCARAGCA
TAGLUGTTCAT

NAME

ATAMI173a_62

1431 nuclcotides
a-proteobacteria related to Roseohacter clade

CAGGCACTCC
CAACGTATTC
TTCACGGGGT
GATTCGCTCC
ACGTGTGTCG
CCTTCCTCAC
TGCTCECARC
ACCTCACGGC
GAAGGAAART
GGTTCCTCGC
GCCCCCGTCA
GGGATACTTA
GCTAGTATCC
CROTCCCCAT
CTTCGCAATC
CATATTCCGS
TTCTACCGTT
CGGACCCTTT
ACCGCGGECTG
CAGTAAGCTA
CCCATAGGGC
CCATTGTCCA
TCTCAGTACC
GCCTTGGTAA
CITGTACCGC
TACGEGGCAT
GTTCCATACG
CAARLGTIAC
CCTGAGCCAT

CEECTTOCAY
ACCGGATCAT
COAGTTGCAG
GCCTTECGAC
CCCAGGACGT
GETTTGCACC
TAACCGTAGG
ACGAGCTGAC
CTATCTCTAG
GTATCATCOGA
ATTCCTTTGA
TCACTTTCGC
ATCGTTTACG
GCTTTCETCT
GEUGTICTAT
CAARCTTCACT
GRAGCEETAGA
AARCCCRATA
CIGGCACGCA
CACGTAGCTC
ATTCTICETG
ATATTCCTCA
AGTGTCEGGGG
GCCGTTACCT
CCGARGACTT
‘TARTCCARGT
CGGTGCGCAC
COCTCSACTY
CATCARACTN

SCRIPPS 91

GGECTTAACGG
GGCTGATATC
ACCCCGATCC
GTGGCTGCTC
AAGGGCCGTG
GGCRETCCCE
GGTTGCGCT
GACARCCRTG
ACCTGTCAAT
ATTABACCAC
GTTTCATTCT
TTGGCCGCCC
GCGTGGACTA
ATCAGCHETCA
GTAATATCTA
ATARCTCARG
CTTTCACCCC
ATTCCGGATA
GTTAGCCGGT
TTTTTCTTCC
CACGCGEgCA
CTGCTGCCTC
ATCCCCITCT
TACCAACTAG
TAACCGCATC
TTCCCTGGEGT
CLGTGCGCTG
GCATGIGTTA
T

GCGGTCTGTA
CGATTACTAG
GARCTGTEAC
TCTGTACCTG
ATGATTIGAT
TrAGAGTCCC
G1"F'ATABGAC
CAGCATCTTG
ATGCATTTAL
ATGCTCCACC
PTGCEARCGTA
AGTACTCAAG
CCAGGGTATC
ATATATAGTT
TGCATTTCAC
ACCGACAGTA
TGACTTATCG
ACGCTCGGAC
CCTTATTCTT
CGTATRAAAAG
TEGCTGGAYLC
CCOTAUGAGT
CAGGCCeoC
CTAATECGAC
CCEATGCCCG
TATTCCCCTG
GICSTCATCT
AGCCTGCCEC

240

LENGTH 1448 nucleotides

»

~

ATFFILIATION
1

S1
101
151
201
251
201
351
401
451
501
551
6ol
651
701
752
&
851
901
251

1001
1051
L2101
1161
1201
1251
1301
1351
14¢1

TTAGAGTITG
TGCABGTCGA
GETGRGTAAC
ACGRCTGCTA
GGATYGEECT
BCGaCGATCT
GRCRCGHCCC
GOGUGRARAGE
TTGTAARRTT
CCCCRECTAR
TIGTTCEGAA
AGCGTGARAT
CTTGAGTTCT
TAGATATTAG
TGACGCTGAG
TAGTCCACAC
GGTGRCGCAG
GATTARRACT
TGGTTTAATT
GTCGAGATTT
GYGCUGCATG
CECARCGAGC
CTAGRAGHAC
TCOTCATGRE
CAGAGGGI'TA
TCEARGACAT
GTGARTACGT
TGGTTCTACC
CRCGGTACGG

o-proicobacteria

ATCATGGCTC
ACGAGACCCT
CCGTGGCRAC
ATACCcGTATA
GCGTTAGATT
ATAGCGGGTC
AGACTCCTAC
CTGATCCRGC
CTTTCGCTAG
CTCCGTGCCA
TTACTGGGCG
CCCNGGGCTC
GGAGAGGTAR
GAGGAACACC
GCACGARAGT
CGTARACGAT
CTARCGCATT
CAAAGARRTT
CGAAGCARCG
CCAGAGATGG
GCTGYCGTCA
GCAACCCTCA
TGCCGEGTGCT
CCTTACGGET
ATCCCTAAAR
GAAGTTGGAA
TCCCGGECCT
CGANGGUGCT
TCAAGCSACT

AGALCGBAACH
GETGOTTGOR
CTACCCTTCA
CBTeCTOCRG
RAGCTAGATGG
TEAGAGEATG
GGCAGGCAGC
BACHCCGOGT
GGAAGATAAT
GCAGCCGCGE
TAARGCGTGE
ARCCCTGEAR
GTGGAATTCC
AGLGECGAAG
GTECEGAGCA
GAGAGCTAGT
ARGCTCTCCG
GROGGGEGCC
CGCAGARCCT
ATTTCGTCAA
BUTCETGTCG
CTTTTAGTTG
AAGCCGGAGE
AGGECTACKL
GGCGTCTCAG
TCGCTAGTRA
TGTACATACC
GCGCTAACCA
GECGTCAAGT

CTGECGGCGT
COAGSTEACR
CTACGGEACA
gAGARAGATT
TGGGGTAATG
ATCCGCCACA
AGTAGGGAAT
GAATGATGAR
GACTGTACCT
TAATRCGGEAG
GTAGGCAGAC
CTGCCTTATA
TAGUIGTAGAG
GCGCCTTACT
AACAGGATTA
TGTCTECARS
CCTGGGGAGT
CGCACAAGCE
TACCTACCCT
TTCGOTTGEA
TGRGATETTG
CCAGCATTTA
ARGGTGGCBA
ACGTECTACA
TTCGGATTET
TOGTGGATCA
GCCCGTCACA
GTTTACTGGA
COTAACAAGG

GCTTANTACA
ATGGCAGACE
ACAGTIGEAA
TATCGGTGAT
GCCTACCATG
CTGGGRCTSA
ATTGCACALT
GGCOTTAGES
BGTALRGRAG
GEGECTAGCE
TAGCAAGTAT
BARCTGCTAGT
GLGARATTCG
GGRCAGATAC
GATACOCTGS
CATGCTTGTA
ACGGTCGCAR
GTgGRGCATS
TGACATGCCS
CCETECACAL
GETTRAGILC
FTTGEGCACT
TCACHTCAAL
ATGECGCTCA
CPTCTECRRC
CCATGCCACG
CCATGGGRAGT
GGCAGGCGAC
TAGCCGTA




G.L. Hold, 1999

NAME
LENGTH
AIT ILIATION
AGTTTGRTCA
51 ASTCGTACGA
101 TAACGCETGH
181 GCTAATACCG
201 ACCCGCOTTE
261 ATCCATAGCT
301 GCCCAGACTC
351  AACCCTGATC
401 AGCICTTTCR
451 CTAATTTCGT
501 GGATTTACTG
551 ARAGCCCGEG
601 ACTAGGAGAG
651 TTGEGAGGAA
701  TCAGGTGCGA
751 ACGCCGTARA
801 AGCTAACGCA
851 CTCARAGGAA
901 TTCGAAGCAA
951 TPCCAGAGAT
1001 TGECTETCAT
1061 GCGCARCCOS
1101  ACTGCCGETG
1151 GCCOTIACGE
1201 TGCTTCTTGG
1251 TGCACTCTGC
1301 TCAGCATECC
1351 ACACCATGGG
1401  CTEGAGGCAG
1251 BAGETAGCCC
NAME
LENGTH
AFFILIATION

1

SCRIPPS_ 94

1463 nucleotides

a-proteobacteria

TGGCTCACAA
GAAGGTTCTT
GGACCTACCT
CATACGCCCT
GATTAGATAG
GGTTTGAGAG
CTACGGGAGG
CAGCCANGCC
GATGCGAAGA
GCCRGCAGCC
GECGTARAAGE
GCTCAACCCC
GGTGGTGGAA
CACCAGAGAC
ARAGCHTAGAG
CGATGAGTGC
TTAAGCACTC
TTEACGECGG
CGCGCAGAAC
GGATTTCATC
CAQCTCETAT
TATCCTTAGT
ACAAGCCGER
GTTGGGCTAC
CANCANGTGG
AMRCTCGAGTG
BCGGTGAATA
AGTTGGTTTT
CCRECCROCGE
GTA

CGARCGOTAE
TCGESARCTG
CTTAGTCGGG
TCEGGGGARNA
TPEETGAGET
GATGATCAGE
ChGCAGTGCESE
GCGTGAGTGA
TGATGACGGT
GCGGTAATAC
GCACGCAGGC
GCAACTGCCT
TTCCCAGTET
GARGECGUCC
AGCRAACAGE
TAGTTGTCES
CGECCTGGGEA
CCCGCACARAG
CTTACCAACC
AGTTCGGCTG
CGTCAGATET
TECCAGCATT
GOARGGCGAT
ACACGTGCTA
CEANTCOCAA
CATGARGTTG
COTTCCOCEE
BCCCGARGAC
TARGGTCAGE

SCRIPPS 96
669 nucleotides

a-proteobacteria related to Roseobacter clade

CGEGECAGGCCT
GAGAGTGGCG
GATARCGGTT
GATTTATCGC
AARTGGECTCAC
CACACTUGEGA
GIAATATTGGEA
AGAAGGCCTT
AMCATCAGAR
GAARGGGGCA
GGTCTTGCCA
CTGATACIGT
AGAGGTGAAA
ACCTEUEACTA
BMUTAGATACC
GACTICSCTT
GTACGETCGC
CGGTGHEAGCA
CTTGACATCC
GATAGGTGAC
TEEETTAAGY
TAGT'TGGGCA
SATGACGICA
CAATGEGTAAC
AAMGTTATOT
GAATTIGCTAG
CCTTETACAC
GGTGEECTAA
GACTGGGGETG

ARCACATGCA
CACGGGTGRG
GGRRACGACC
TAAGAGATGG
CAAGTCEGCG
CTGAGACALGE
CAATYGGGEGEC
CGGGTTCTAR
gAAGCCCCEE
AGCGTTGTTC
GTCAGGGETE
ARGACTAGAG
TTCGTAGATA
GRTCTEACGC
CLESTAGTCC
TCGETHACGT
ARGATTARRR
TGPGGTTTAL
CTATCGCOAT
AGGTGCTGCA
CCUGUAACGA
CTOTAGEGAL
AGTCCTCATG
TACAGRAGGE
CAGTTCGGAT
TARTCGTEGR
ACCECCCETC
CCAGATTTAT
ARGTCGTAAC

AGGCCTAR CACATGCAAG TCQACCGCAC CTTCGGGTGRA GCGGCGGACG

51 GATTAGTARC GUGTAGGEAAC ATAJCCTTTIT CTACGGARTA GCCTCGGGALA K
101 ACTGAGAGTA ATACCGTATA AGCCOTTIGE GCCAAACATT TATCgGGARA .
151 GGATTGGCIC GCGITAGATT AGATAGTTEGE TGGGGTAATG GCCTACTAAG
201 TCTRCGATCIT ATAGCTGGIT TTAGAGGATG ATCAGCRACA CTGGCGACTGA
251 GACACGGCCC AGACTCCTAC GGGAGGCAGC AGTGUEGART CTTAGACAAT
301 GGGUGCANGC CTGATCTAGC CATGCCGCGT GTGTGATGAR GGTCIPAGGA
351 TCGTARAGCA CTTTCGCCAG GGATGATAAT GACAGTACCT GGTAAAGARA
401 CCCCETCTARN CTCCGTGECCA GCAGCCGCAEE TAATACGHAR GGUATTAJEC
451 GTTGTTCGGA ATTACTGGGC GTANMMGCETA CETAGECEGA TTGGAMLGTT
501 GGGGETGAAA TCCCALBGGCT CAACCCTGGA ACTGCCTCCA RRACTATCRG
551 TCTAGAGITC GAGAGAGETG ArTGGAATTC CAAGTGTAGA GGTGABATTC
601 GTAGATATTT GGAGGARCAC CArTGGCGAA GGCGGCTCAC TGGCTCGATA
€581 CTGACGCTGN GGTACGAAN

NAME SCRIPPS 101
LENGTH 1437 nucleotides
AFI* ILIATION a-proteobacteria related to Roseobacter clade
AGTTTGATCA TGGCTCAGAA CEAACGCTAEG CGECAGECCT AACACATGUA
581 AGTCGAGCGA GACCTTCGGGE TCTAGCGGCG GACGEGTTAG LAACGUGETGE
101 GARCETHOCS 1'TCICTECEE AATAGCUACT GGAAACGETGE AGTAATACCS
151 CATACGCCCT PCGGCCGAAR GATTTATCGG AGAAGGATCG GCCCCCGTTA
20. GATIAGATAG TTGGTGGGGT AATGGCCTAC CAAGTCTACG ATCTATAGCT
25% GGTTTTAGRG GATGATCAGC AACACTGGGA CTEAGACACG GCCCAGACTC
301 CTAUGGGACG CAGCAGIGGE GAATCTTAGA CAATGGGCGC RAGTCTGRTC
351 TASCCATGCC GCOTGTGTGA TGAAGGTCUTT AGGATCGTAA AGCACTTTCG
401 CCAGGGATGA TAATGATAGT nCCIGGETARA GAAACCCCGGE CTAACTCCGT
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451 GCCAGCAGCC GCGGTAATAC GCAGGGRUEGTT AGLGTIGLIC GGaArlacTd
501 GGCGTARAGC GTACGTAGGC GGATCAGAAA GTAAGGGGTG ABATCCCNGG
551 GCTCAACCCT GGAACTGCCT TTTAAACTCC TGGTCTTGAG TTCOGAZAGAG
601 GCTGRAGTGGAA TTCCADGTGY AGRUGTGAAR TTCGTAGATA TITGGAGGARA
551 CACCAGTGEGEC GAARCGCGELY CACTAGECTOG ATACTEACGC ‘GAGGILACGA
701 AAGTGTGGGG AGCAAACAGG ATTAGATAIC CTGGTAGTCC ACACCGTAARAR
751 CGATGAATGC CAGTCGTCGG GCAGTATACT GTTCGGTGAC ACACCTAACG
801 GATTAAGCAT TCCGCCTGICE GAGTACGGTC GCAAGATTAA AACTCAAAGG
g5l  BATTGACGHG GGOCCGCACA AGCGGLGGAG CATGTGGTTT AATTCGAAGC
901 RBACGCGCAGA ACCTTACCAA CCCTTUACAT COTGLGCLIAS CCCGAGAGAT
951 CGGGCGTCCA CTTCGGTGGC GCAGTGACHGE GTGCTGCATG GCLGLCGTCR
1001 GCTCGTGTCG TGAGATGTTC GGIITAMGICC GGCARCGAGC GCAACCCACH
1051 TCCTTAGTTG CCAGCRETTC GOCTOCGCAC TCTARGGAAA CTGCCCETGEA
1101 TAAMCGGEAG GANGGTATEG ATGACGTCAA GTCCTCATGG CCCTTACGGG
1151 TTGGRCTACA CACATGCTAC AATGGCAGTG ACBATERGTT AATCCCCARAR
1201 AGCTGTCTCA CTTCGGATTC GGGTCTGCAA CLICGACCCCA TGABGTCOUGAR
1251 ATCGCTAGTA ATCGTGGAAC AGCATGCCAC GGTGAATACG TTICCGGGLT
1301 TZGTACACAC CGCCCGTCAC ACCATGGGAG TTGGTTCTAC CCEARCgECCT
1351 GTGCGCCAAC CITTTCGAGGA GGCAGCGGAC CACGGTAGGA TUAGCGAOTH
1401 GGGTGAAGTC GTAARCAAGGT ACCCGTAGGG GAACCIGC
NAME SCRIPPS 115
LENGTH 1373 nucleotides
ALVILIATION w~proteobacteria related to Roseobacter clade
L UPACAGTETS ATCATGGCLIC AGRBCGARCG CTGECEGCRG GCCTAACACA
51 IGCAACTCCA CGCGACGACTYT CGGGTCTAGC GGCGGACGGEGE TTAGTAMRCGC
101  QTGGGARCGT GCCCTTCTCT GCGBAATACC CACTGGARAC GGTGAGTAAT
151 ACCGCATACH CCCTTCEAGE GARACGATTTA TCGGAGBAGE ATCGEGCCCsC
201  sTywkATTAG ATAGCTTEGe TGGSGTAATG GCCTACCAay TmIACGATCT
251 ATAGCTGGTT TTASAGGATG ATCAGCAARCA CTGGGACTGA GACACGGCCC
301 AGACTCCTAC GGGAGGCAGC AGTGGGGAAT CTTAGACAALT GGICGCAAGC
351 CTGATCTAGC CATGECCGCGET GTGTGATGAR AGTCTTAGGER TCGIAAAGCA
£01 CTTTCGCCAG GGATGATAAT GACAGTLACOT GATAARGAAL CCCIGGOTAR
~51 CTCCGTGCCA GCAGCCGCGG TAATACGGNAG GGGGTTAGCG TTGITTCGGAA
501 TTaCTGGGCG TAAARGCCTAC GTAGGTGCAT CRagARAGTA AGGGETGARA
581 TCCCAGGGCT CARCCCTGGA ACTGCCTCIT ABRACTCCTGG TCTTGAGTTC
601 CAGAGACCTG ACTCGARTTC CABMGTGTAGA CGETGAAATTC GTAGATATTT
251 GGAGGAACAC CAGTGECGADN CGGCGGCTCAT TGGCTUGATA CIGACGCTGA
701  GGTACHEAALG TGTGCGGAGC AAACAGGATT AGATACCCTS GTAGTCCACA
751 CCGTAARCGAE ''CAATGCCAG TCOTCGGECA GTATACTGIT CGGTGACACHE
801 CCTAACCCAT TAAGCATYICC CColGOGgAC TACGETUGUA AGATTAAND
851 TCRARGGAAT TGACIGGGGC CCGCACARGC CGG.TGgAGCA TGETGETTTAA
901 II'CGAASUAA COCCLACSAaC CTTACCRACC CTTGACATCe TGTGCTAACCT
951 CGAGAGATCG CGCOTCCACT TCOGTGGLCGC AGTGACAGGT GCTGCATGG
1001 TOTCETCAGT TCGTGTCGTE AGATGTTCEG TTAAGTCCGG CAACGAGLGC
1051 AACCCACATC CTTAGTTGOC AGCAGTTICGE CTGGGCACTC TAAGGAARLCT
1101 GCCCETGATA AGCGEGAAGR AGGIGTGLGAT GACGTCAAGT CCTCATGECC
1151 CTTACGREGTT GGGCTACACH CGTGCTACAA TGGCAGTSAC AATGGGTTAR
1201 LOCCCAAMAG CTETCYLCATT TCGGATTGEG GTCTECAACT CGACCCCATG
1251 AAUTCGGARL COCTACTAAT CGPGEAACAG CATGCCRCEE TGAATACETT
1301 CCCGGEGCCTT GTACACACCG CCOGTCACAC CATCGCRGTT GGTTCTACCC
1351 GACGGGLCET GCECCAACCT 'I'T
NAME SCRIPPS 117
[ ENGTH 654 nucleotides
AFFILIATION o-proteobacteria
1 TTAACACATG CAAGTCGAAC GATATAGTICG CAGACGGGTE AGTAACGCGET
51 GGGEAACGTAL CTITCACTAL GGAATAGITC TTGGANACGE GTGGTAATAC
101 CGTATACGCC CTTCGGGGGA AAGATTTATC GGTGAAAGAT CEGCCOGCGT
251 TAGATTAGCT RGTPTGGTACG GTAATGGICT ACCAAGGCGA CHATCTATAG
201 CEPGGTCTGAG AGCATGATCA GUCACACYIGE GACTGAGACA CGGCCCAGHAC
251 TCCTACGGGA GGCAGCAGTO JCGCAATCTTG CACAATGGGT GAAAGCCTGA
301 TEIAGCCATG CCGUGTGAAT GATGARGECC I"MAGGGTTGT NAAATTCII:
351 COCTACGCEAT GATAATCGACH GTACCTAITH AAGAAGCCCT GGHCTAACTTO
401 GTGCCAGCAG COGCGGTANT ACCAAGGIEGE CTAGCGTZGT TOGGAATTAC
451 TGGCOLLGTAARN GCGCACGTAG GSCGIACTTTT AAGTCAGNATAE TGAMATCCCG
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501
551
GGl
651

GEGCTCARNIC
AGGTIAGCGG
AACACCAGTG
GAAR

NAME

LENGTH

AFTILIATION
1

51
101
151
201
251
301
331
401
451
S50
5510
G601
851

GGCGTGCTTA
TGACAGTGGC
GGACRACAGT
BGAVTIATCG
TAATGGCCTA
CCACACTGGG
GGAATATTGG
ATGARGGCCT
TACCTAGTRA
CGGAGGEEGEC
GCGGACTAGC
CTTATAAACT
GTAGAGGTGA
CTTACTGGAC

NAME

LENGTH

ATTILIATION
1

51
1C1
181
201
251
301
351
401
454
501
551
acl
631
701
731
80L
851
201
951

1001
1051
11.01
1151
1281
1251
13¢1
1351
1401
1451
1507

TTAGBGLTTE
TOTARGTCGR
CGCACGGGTG
CHGAGARATT
ATCATTARAG
GTGTGGTAAC
GATCCCUCAC
CRAGTGAGGAA
TGCAGGAAGA
ACACCTCTAC
BACTCOGTGC
AATCaTTGGEE
ATCCTGCAGC
ATTATGARGT
ACATAGAARTA
ATGGACGAAA
GCCGTARACG
COARMGTGAT
CRARGGAATT
CGATGATACG
TPAGAGATAG
GTCAGCICHT
CCTGTTGTTA
GGTGCARRCT
ACGTCCTGGE
TTCGCGAGRA
CTGOAACTCG
ATGATGCGOT
ATGSAAGCTE
TAAAATCGGT
TEUES

NAME
LENGTH
ATFTILIATION

1
51
1Cl1

TAGAGTTTAEA
GCRAGTCGAR
GIGAGTAACG

TCEGRACTGC
BATACTGAGT
GCGAAGGCGG

ATTTGAAACT
GTAGAGGTGR
CTAACTGGAC

SCRIPPS 119
684 nucleotides
a-proteobacteria

ATACATGCRA
LGBCGGGTGA
TGGAAACGAC
GIUGATGGATG
CCATGGCGAC
ACTGAGACAC
ACAATGGGECG

GTCSADCGAG
GTRAACGCGTG
TGCTAATACC
GGGCCECETY
GATCTATAGC
GGCCCAGACT
ADAGCCTGAT

TAGCGTTOTA
AGRAGCCCCG
TAGeCGTTCT
ARGTATRGGG
GCTAGTCTITG
AATTCGTAGA
AGATACTGAC

ARATTCTTIC
GCTARCTCCG
TCGECAATTAC
TGABATCTECA
AGTTCTGEAA
TATTAGGAGG
GCTGAGGCAC

SCRIPPS 413

1505 nucleotides
cytophaga-flavobacter-bacteroides phylum

APCATGGCTIC
GGCGTAGCAG
CGTAACGCGT
TGGATTARTA
GTTACGGCAR
GGCATACCAA
BCTGGTACTG
TRPTEGaCAN
C.TGCCCTAT
GTETAGAGGC
CAGCAGCCGC
TTTAARGGCGT
TTARCTGTAG
GGTTAGAATA
CCAATTGCGA
GCGTGGGENG
ATGGTCACTA
ARG'PGRCCCA
GACGGGGEGCC
CGAGGRaCCT
AGTTTTCTTC
GCUGTGAGGY
GTTGCCAGCG
GLUAGGAAGG
CTACACACGT
GGAGCGRATC
RACTCQCGTRAR
GAATACGETTC
GGAGTGCCTG
BACTAGGGCT

AGGATGAACG
GARAADAGCTT
ATGCAATCTA
CCTCATAGTA
ARGATGAGCE
GUCAACUATA
AGACACGGAC
THOAGGCBAC
GGGTIGTARA
TTGACGGTAC
GGTAATACGG
CCGTAGGTGG
ARTTGCCTTT
TGTAGTGTAG
RGGCRGATCA
CGAACAGGAT
GCTGTTCGGA
CCTGGGGRGT
CGCACAAGCG
TACCAGGGCT
GGACAGATCR
GTCAGG'I'IAA
AGTPATGTCG
TGGEGGATGRC
GCTACAATGG
TATRARACCCT
GCTGGARTCG
CCGGGCCTTG
AAGTCCGTCA
MRGTCGTAAC

SCRIPPS 423
1456 nucleotides
e-proteobacteria

TCAPGECTCA

GAACGALCGC

GAARGTCTAG
AATTCGTAGA
TOBGTACTGAC

ACCCIGELIGL
GCAACCTACC
GTATACGTCC
AGATTAGCTA
GGGTCTGAGA
CCTACGGGAG
CCRGCRACGC
GUTAGGEGAAG
TGCCAGCRGC
TGGGCGTARA
GAGCTCRACC
AGGTAAGTGG
ARCACCAGAG
GAAR

CTAGCGGCAG
SCTTTTTTGE
CCTITTGCTG
TGATGACTTG
TGCEILCTAT
GATAGGGGTC
CAGACTCCTA
TCTGATICAC
CTCCTTTITAT
TGTAAGAATA
AGGATCCRAG
TAARTTRAGT
GATACTGGTT
CGGTGARATH
CTAATANTAT
TAGATACCCT
TTTCEETCTGE
ACGTTCGCAN
GTGGAGCATG
TAAATGTGGT
CAAGGTGCTG
GTCCTATANG
GGAACTCTAG
GTCAARTCAT
TAGGGACNGA
ATCRCAGTTC
CTAGTAATTG
TACRCACCGe
CCECARGGAG
AAGGTAGCCG

TEEEEGCETS

CSACACCCTG GTGCTTGCRAC CAGETGACAG
CGTGGCEACC TACCCTTCAC TACGGGACAA

AGRCCAGAGAG
TATTCGGTGG
GCTGAGGTGC

TYGCACCAGE
CTTCACTAG
TCCGGGAGAA
GATGGTGGGS
GGATGATCCG
GCRGCAGTAG
CGCGTGAATG
ATAXTGACTG
CGCGGTANTA
GCGTGCGTAG
CTGGAACTGC
AATICCTAYT
GCGARGGCGE

GCTTAARCACA
TGACGACTGG
AGGGATAGCC
GCATCAAGAT
TAGUTARGTTG
CTGAGAGLBGA
CGEGAGGCAG
CeATBCCGCG
ACAGGARGAA
AGGATCGGCT
CETTAaTCCGE
CAGRGGTGAR
GTCTTIGAGTT
CATAGATATT
ACTGACACTS
GGTAGTCCNC
AGEGCCTARG
GAATGARAACT
TGGTTTAATT
CTGA . CAGCT
CATGGTTGTC
GAGCGCARCC
CAAGACTGCC
CRCGGCCCTT
GAGCAGCCAC
GGATCGGRET
CATATCAGCC
CCGTCAMGCC
CGGCCTAGGE
TACCGGRAGG

CTTRATACAT
TGGCAGACGG
CARGTTGGAAR
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151
201
251
301
351t
201
451
501
551
501
€51
701
751
501
E51
901
951
1001
1051
1i01
1151
1201
1251
1301
1351
1401
1451

CGACTGCTRA
GATGGGGCCG
CGRCGATCTA
ACACGGCCCA
GGCGAABRGCC
TGTARARATTC
CCCGGCTAAC
TETTCGEAAT
GGETGBAATC
TTGAGTTCTG
AGATATTACG
GACGCTGAGG
AGTCCACACC
GTGACGCAGC
AT ARAACTC
GGTTTAATTC
TCGAGATTTC
TGCTGONTGG
GCARCGAGCG
TAGARGAACT
CCTCATGGCC
AGAGGGTTAA
CGAAGACALG
TGARTACGTT
COTrCTACCc
ACGCTAGGGT
AACCTG

NAME
LENGTH
AFFII JATION

51
101
181
201
281
301
351
401
453
501
551
601
651

BATACATGCA
ACGCOTGGGA
TAATACCGCA
CCRCGTTGEA
CCATAGCTLG
CCAGRCTCCT
GCCTGEACGCA
TTCLYTCRACC
RACTTCGTOC
BATTACTGGG
AGCCOAGGGT
CsGEAGATGY
CGGARGARCA
AGGCG

NAME
LENGTH
AFTILIATKON

ﬂl
101
151
2901
251
301
3b%
40%
a5
50
551
603
651
701
751

GGCCTARCAC
TAGTAACGCG
GAGAGTAATA
TTCGCCCECG
ACGATCTATA
ACGGCCCAGA
CGCARGCCTC
TAARCCACTT
CGGCTRACTC
TPCGGRATTA
GTGARATCCC
GAGSTTCGAGA
ATATTTGGRG
CECIGAGGYA
TCCACACCOT
GACACACCTA

TACCGTATAC
CGTTRGATTA
TAGCGGGTCT
GACTCCTACG
TGATCCRECA
TITTCHCTAGG
TCCGTGCTAG
TaCTGGGTGT
CCAGGGCTCA
GAGAGGTAAG
AGGAACACCA
CACGAAAGTG
GTAAACGATG
TARCGCATTA
AARGAABTTG
GARGCAMCGC
CAGAGATGGA
CTGTCETCAG
CAACCCTCAC
GCCGGTGCTA
CTTACGGGTA
TCCCTARARG
AACTTGGAAT
CCCGGGCCTT
GAAGGCGCTG
CAGCGACTGG

GTCCTCCGGG
GCTAGATUGT
GAGAGGATGA
GOACGGCAGCA
ACGCCGCGTG
GAAGATAATG
CRGCCGCGET
ARAGCGTGCG
ACCCTGGARC
TGGAATTCCT
GAGGCGARGS
TGGRGGAGCAA
AGAGCTAGTT
BGCTCTCCGC
ACGGGGECCC
GCAGAACCTT
T TCETCAAT
CTCEGTGTCCT
TTTTAGL'TIGC
AGCCUORGEA
GGGCTACACA
GCGTCTCAGT
CGCTAGTAAT
GTACACACCG
CGCTRACCAG
GGETGRAGTCG

SCRIPPS_ 426
656 nucleotides
a-proteobacteria

AGTCGAGCGC
ATATGCCCTA
TGTGCCCTAC
TTAGTTTGTT
TCTGAGAGGA
ACGGGAGGCA
GCCATGCCGC
GGGGACGATA
CAGCAGCCGC
CGTAAAGGGC
TCRACCTTGS
GUrGIeGAsCT
CCAGTGGCGA

ACCTTCGGGT
TGATGCGGAR
GGGGGEALAGA
GGTGAGGTARA
TEATCAGCCA
GCAGTAGGGA
CTGRATGATG
ATGACGGTAC
GGTAATACGA
GCGETAGGCGG
AATAGCCTTT
CCEAGTGTAG
AGGUGACACA

SCRIPPS 732
1332 nucleotides

a-proteobacteria related Lo Roseobacter clade

ATGCAAGTCG
TGGGAACATA
CCGTATAAGC
TTAGRTTAGA
GUTCGTTTIA
CTCCTACGEE
ATCTAGCCAT
TCGCCAGGGA
CGTGCCAGCA
CTGGGCGTAA
BGGGCTCARS
GAGGTGAGTG
GAACACCAGT
CGARAGTGTG
AMACGATGAR
ACGGATTRAG

AGCGCACCTT
CCCTTTTCTA
CCTTCGGGGE
TACTTGGTGG
GAGGATGATC
AGBCRGCAGT
GCCGCATGTE
TGATAATGAC
GCCGCGGTAA
AGCGTACGTA
CCTGGARCTG
GAATTCCAAG
GGCGAAGGCG
GAGAGCAANG
TGCCAGZCGT
CATTCCGCCT

AGAAAGATTT
GGUGTARTGES
TCCGCCRCAC
GTAGGGNAATA
AATGATGRAG
ACTGTACCTA
AATACGGAGG
TAGGCGGACT
TECCTERLYAR
AGTGTAGAGG
CGGCI'TACTE
ACAGGATTAG
CTCTGCAAGT
CTGGGGAGTA
GCACAAGCGG
ACCTACCCTT
TCGEITEGAC
GBRGATGTTGG
CAGCATTTAG
ACGTGGGGAT
CGTGCTACAR
TCAGATTGTC
CGTGGATCAG
CCOGYCACAC
TTTACTGGAG
TAACAAGETA

GAGCGELCCA
CRACTGAGGG
TTTATCGCOCA
TGGCICACCA
CACTGEGACT
ATCTTRCGCA
AAGGTCTTAG
COGGAGRAGA
AGGUGECTAG
ACAGTITAGE
GATACTGACT
AXGCTGAAATT
CTGECCCGTT

CGGETGAGCG
CGGAATAGCC
AABRGRTTTAT
GGTAATGGECC
AGCAACACTG
GGGGAATCTT
TGATGAAGGT
AGTACCTGGT
TACGGAGGGG
GGCGGATTGG
CCTCCRRARC
TCTAGAGGTS
GCTCACTGGC
AGGATTAGAT
CGGGCAGTA'
GGGGAGTACG

ATCGGTGATC
CCTACCATGG
TGGGACTGAG
TTGGACAATG
GCCTTAGGET
GTAARGARGC
GGGETAGCAT
AGCAAGTATA
ACTGCTRGTC
TGABATTCOT
GACAGATACT
ATACCCTGGT
ATGCTTGTAG
CGGTCGCAAG
TCEAGCATGT
GACATGCCGG
CGTGCACAGH
GTTAAGTCCC
TTGGGCACTC
GACGTCAAGT
TGGCCCTGAC
TTCTGCARCT
CATGCCACGE
CATGGGAGTT
GCAGGOGACC
QACCGTAGGAG

CGGGTGAGTTA
BABCLTCRGL
TAGGAGTAGC
BCACTTTGAT
GAGACACGGC
APGGGCGARA
GATTGTAAAA
AGCTCCEGCT
COIGCTCEE
CAGAGETGAA
QTCTTGAGTA
COTAGATATT
ACTGACGCTG

GUGUACGHGT
TCGAGAAACT
CGGGAARGGA
TACCAAGTCT
GGACTGAGAC
AGACARATGGG
CTTAGGATCG
ARMAGAARCCC
GTTAGCCTTG
ABAGTTCGGG
TATCAGTCTA
AAXTTUGTAG
TCGATACTGRH
ACCCRGGTAG
ACTGTTCGGT
GILCGCBAGAT
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801l TAARACTCARA AGGARAATTGAC GGGGGLCIGL ACAAGCGGTG GAGCATGTEG
851  TTTAATTCCA AGCAACGCGC AGARCCTTAC CAACCCTTGA CATCCTGTGC
901 TAACCCGAGA GATCGGGCGT TCACTTCGGT GACGCAGTGA CAGGTICTGC
951 ATGECTGICG TCRGULICEYS PCUTERGEATE TTCOIETTAAG TCCEECAACS
1001 AGCGCAACCC ACATCCITAG TTGOOAGCAL TTUIGUTGHE CACTCTARGG
1051 AAACTGCCCG TGATAAGCUGG GAGCGANGGTG TGCATGACGT CAAGTCCTCA
1103 TGGCCCTTAC GEOTTCCGECT ACACACGTGC TACAATGICR GTGACAATGS
1151 GUITAATCCCA ARARGCTATC TCASTTCGGA TTGGGGTCTG CAACTCGACC
1201 CCATGAAGTC GGAATCGQTA GTAATCGCGT AACAGCATGE CGCGGTGRAT
1251 ACGTTCCCGG GCCTTGTACA CACCGCUCGY CACACCATGG GAGITGGLLIC
1301 TACCCGACGA CGCTGCUGUTA ACCTTGGGGE GG
NAME SCRIPPS_ 735
LENGTH 676 nucleotides
AITTIJATION a-proteobacteria
CTTACACATG CARAGTCGTAC GAGAAGGTTC TTTCGEGAAC TGEGAGACTGCC
51 CGCACGGGTG AGTARCGCGT GGGGACCTAC CTCTTAGTIC GUGATAACGG
101 TTgGABACGa COGCTAALAC CGCATACCCC CTTOGGEGGA IAGATTTATC
151 GCTAAGAGAT GGACCCCGCG TTGGATTAGA TAGIMTECETEA GUTRATGGCT
201 CACCAAGTCG GCGATCCATA GCTCCTTTCA GAGCATGATC AGCCACACTG
251 GGACTGAGAC ACGACCCAGA (TCCTACGGEG AGGCRACROT GGGGAATATT
301 GGACANTGGG GGCARCCCTG ATCCAGCCAT GOCGCOGTIAG TGARAGARAGGC
351 CTTCGGGTTG TARAGCTICTT TCAGATGCGA AGATGATGAC GGTAACATCA
101 GABGRAGCCC CGGCTAATIT CGTGCCAGCA GCCGCGGETANM TACCARACGCG
451 GCRAGCGTTG TTCGGATTTA CTGGGCCTAA AGGGCACGUA gGCGGTCTTG
501 CCAGTCAGGG GTGAAAGCCC GGGGCTCAAC CCCGGAACTEG CCTCICATAC
551 TGCAAGACTA GAGACTAgGA rArGGTCEGETG GAATTCCCAG TGTAGAGCTG
601 BARTTCGTAG ATATTGGGAG GANCACCAGA QGQCGAAGHCG GGCCACCTAGE
651 ACTAGATCITG ACGCTTAGGT GCGAAR
NAME SCRIPPS 738
LENGTH 1417 nucleotides
AFP 1ILIATION o-proteobacteria
TAGAGTTTGA TCTATGGCTCA GAACGAACGC TGCGGCAGGC CTAACACATG
51 CAAGTCCTAC GAGAASGTTC TTTCGGGAAC TGEAGAGTGG CGCACGCUTG
101 AGTAACGCGT GGGGACCTAC CTCTTAGTEG CGIGATAACGE 'I'NGGABACGHR
151 CCGCTAATAC CGCATACGCC CIICGGGLGA AAGATITATC GUTAAGAUGAL
201 GHZACCCGCGET TGGATTAGAT AGTTGGTCAS GTAATGGCTC ACCAAITCGG
251 CGATCCATAG CIGGTTTCAG NGGATGATCA GCCACACTGGE GACTGAGACA
301 COEGCCCAGAC TCCTACCCEA GOCAGCAGTGE GGGAATATTG GACAATGGGEG
351 GCAACCCTGA TCCAGCCATG CCCGCCTCGAGT GRAGRAGCCC TTCGGGTTGT
40) AARGCTCTTT CRGATACGAA GATGATGACG GTAACATCAG AAGABGCCCT
451 QGCTAATTTC GTGCCAGCAG CCGCGGTAAT ACGAAAGGEGgG CAAGCGTTET
501 TCGGATTTAC TGEGCGTAAR GGGCACGCAgG GCGGTCTTGC CAGTCAGGGS
551 TGAARGCCCG GGECTCARCC CCGGARCTGC CTCTGATACT SCAAGACIAG
601 AGACTAGHAG AGGGTEGTGE AATTCCCAGT GTAGAGGTGA AATTCGTAGR
G51 TATTGGCAGG AMACACCAGAG GCEAAGGCHGGE CCACLTICGUAC TAGRTCTGAC
701 GCTCAGGTGC GAAAGCGTGHE GGAGCAAACA CGATTACATAR CCCTGGTAGT
751 CCACGCCGTA AACGATGAGT GCTAGTTATC GRGACTTCHG TTTCGGTGSAC
BEO0Y GCAGCTAACG CATTAAGCAC TCCGCsTGGG GAGTACGHRTC GCAAGATTAA
851 AACTCARRGG ARATTGACGGG GGUCCGCACA AGLGLTGGAG CATGCTGGILY
901 AATTCGAAGT AACGCGCAGA ACCTTACCAA CCTUTTGACAT CCCTATCGECG
951 ATTTCCAGAG ATCGATTTCA TCAGTTCGGS TGGATAGUTG ACAGETGUTG
1001 CATGGC.TGT CGTCAGCTCG TGTCGTGAGA TGTTGGEYTA AGTCICGCAA
2051 COAGCEGCAAC CCCTATCCIT AGTTGCCAGC ATTTAGTLGE GCACTCTAGG
1101 GRGARCTGCCCE GTGATAARGCC GOAGGAAGGC GGGBGAUIGACO ICAMGTIOTC
1151 ATGGTCCTTA CGGGTTGGGC TACACACGTC CTACAATGCT AARLTACAGRG
1201 GGCTACTTOT TGGECARCARG TGGCCGAATCC CARARAAGTTA TCTCAGTICA
1251 GATTGECACTC TGCAACPCGA GUGCATGAAG TTEGAATCGC THGTAATCGT
1301 GEATCAGCAT CCCACCCTCA ATACGTTCCC GGGCCTTGTA CACTACCGCCC
1351  GTCACACCAT GGGAGTTGGT TITACCCGAR GACGGTEEGC TARCCAGATT
1401 TATCTGEAIG CAGUCGEE
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NAME

LENGTH
AITILIATION
ALGTTTGATCA
S1 AQTCGAACAA
101  TTCACTACGG
151 TCGGGGGRAA
201 TTIGGTAGGGT
251 GATGATCAGC
301 CAGCAGTGGG
351 GCGTGMATGA
401 TAATCRCAGT
451 GCGUTBATAC
201 GCACGTAGGC
851 GGARCTGCAT
601 TRCCGAGTGT
661 GAAGGCGGLT
701 AGCAAACAGG
751 TAGITGTIGEG
803  TCCECCEGGA
851 GGCCCGCACA
9C1 ACCTTACCTA
951 TCAGTTAGGC
1001 GTCGTGAGAT
1651 GTTGCCATCA
11C1  CGGAGGAAGG
1151 CTACACACGT
1201 TCTCAGTTCG
1251 TAGTAARTCGT
1301 CACATZCGCCC
1351 TAACTTCGGA

NAME

LENGTH
AFl* ILTATION
BGTTTGATCA
51 AGTCGARGCCO
101 AGTAARTGCCT
151  ACGCTAATAC
201 TTGCGCTATC
251 GCTCACCRAG
301 CIGEAACLBA
381  AVICTACAAY
401 GGTCTTcGGA
451 ATACGTTAGT
501 TGCCAGCAGC
551 GGGCGTARAG
601 GGCTCAACZCT
651 GGGTGGTGGA
701 ACACCAGTGG
751  ABAGCGTGGG
B0l ACCATGTCGA
851 CGCATTAAGT
901 TGAATTGACG
§31 GCAACGCUAA
1001 ATGGATTGGT
1051 CAGCTCGTGT
1101 ©GTCCTTAGT
1152  TCACRBACCG
1201  SCGCCTGGGCT
1251 CCCGAGGTGG
1301 TGCAACTCGA
1351 GTCACGCETGA
1401 GGGAGTGGGT
1451 ACCACGGACT

SCRIPIS 739
1375 nucleotides
a-proteobacteria

TGGCTCAGAA
TATAGTGECA

ARTAGCTCTT G

GATTTATCGG
AATGGECCTAC
CACACTGGGA
GAATCTTGCA
TGENGECCTT
ACCTAGTAAA
GARGGCCGOT
GGACTTTTAA
TTGARACTGG
AGAGGTGABA
ARCTGGACTG
AIIAGKRIACC
CAGGCATGIC
GRATACGGTC
AGCGGTGGAG
CCCTTGACAT
TGGATCGGAT
GTTHGGTTAR
CQTTTGEGETG
TGGGGATGAC
GCTACAATGG
GATTGTCGTC
GGATCAGCAT
GTCACATCAT
GGCRAGGCGGC

CGAACGCTGG
GACGGGTGAG
GAARCGAGT
TGABRAGATCG
CANGGCGACG
CTGAGATCACG
CAATGGGCGA
AGGGTTGTAA
GAAGCCCCGG
AGCETTGITC
GTCAGATGTG
ARGTCTAGAG
TICETRGALA
GTACTGACGC
CTEETAGTCC
TETCGGTGAT
GCRAGATTRA
CATGTGGTTT
ACCGATCGOSG
ACAGGTGCTS
GTCCCGOAR
GGCACYTCTAL
GTCAAGTCCT
CAGTGACAAT
TGCANCTCGH
GCCACGGTGA
GGGAATTGGT
CACGG

SCRIPPS 740
1482 nucleotides
y-proteobacteria

TGGCTCAGAT
ATGRGTGGAG
AGGRATCTGC
CGCATACGTC
AGATGAGCCT
GCGACGATCC
GACACGGTCC
CUGCCAMAGE
TTGTABRAGIA
GTTTTGACGT
CGCGGTAATA
CGCGOETAGG
GBGGAACTGCA
ATTTCITGTG
CGAAGRECGAC
GAGCLALCAG
CTAGCCGTTG
CGACCGCCTG
GGGGCCCGCA
GAalCTTACC
GCCTTCGGGA
CGTGRAGATGT
TACCAGCACA
GRGGAAGGTG
ACACACGTGC
AGCTAATCCC
CTGCGTGARAU
ATRCETTCCC
TECICCAGAR
GATTCATGAL

TGAACGCTGG
CTTGCTCCAT
CTGCTAGTGGE
CTACGGGRGA
AGGTCGGATT
GTAACTGGTC
AGACTCCTAC
CTGATCCAGC
CTITTAAGTTG
TACCGACAGA
JGAAGGETES
TGGTTTGTTA
ToCBAAACTG
TAGCGGTGAR
CACCTGCGCT
GATTAGATAC
GGATCCTTGA
GGGACTACGC
CAAGCGGTGr
AGGCCTTGAC
GCTCTIGACAC
TGGGTTAAGT
TAATGETGGE
GGGATGACGT
TACARTGGTC
ATARARCCGH
TCOCAATCGC
GCGONMTTGTA
GTRGCTAGTC
TCEEGPYGAAC

CEECAGECTY
TAACGCGTGG
GGTAATRCCG
GCCCACAETTA
ATCTATAGCT
GCCCAGACTC
AAGCCTGATG
BATTCITTCG
CTAACTTCGT
GGAATTACTG
AARTCCCGGE
ACCAGGAGAC
TECCGTGEAM
TGRGGTGCGA
ACACCGETRAR
GCAGCTAMCG
ARCTCARAGH
RAATTCGAAGC
GTTTCCAGAG
CATGGCTGTC
GAGCGCBACC
GGABALNGCC
CATGGCCC'LY
GGGTTAATCC
CGGCATGARG
ATACGTTCCC
TCTACCCGRA

CGGCAGGCCT
GATTCAGUAEG
GGBGACAACGT
ARGCAGGGGEA
AGCTAGTTEG
TGAGACGCATGC
GGGAGGCAGC
CATGCCGCGT
CGAGGAAGGG
ATARGCACCG
AAGCGTTAAT
AGTIGAATGT
GCRAGCTAGR
ATGCGTAGAT
BATACTQACA
CCTGGTAGTC
GATCTTAGHLG
CCGOARMGGIT
AGCATGTGGT
ATGCAGAGaR
AGGTCCIGCA
CCCGTAACGA
CACTCTAMGS
CAAGTCARYCA
GGTACAAAGG
TCETAGTCCG
TAGTAATCGT
CACACCGeCC
TAACCZTCGE
C

AACACATGCA
GAACGTACCT
TATACGCCIT
GRTURGCTAG
GGRTCTEACAG
CTACGGGRGG
CAGCCATGCC
CTAGGGATGA
GCCAGCAGCC
GGUGTABRAGC
GCTCAACCTC
GTTAGCGGAA
CRCCAGTGGC
AAGTGTGGGGE
CGATANGAGC
CATTAAGCTC
AATTCACGEG
AARCGCGCAGA
ATGGATTCCT
GTCAGCTCGT
CTCATCCTTA
GGETGGTAAGC
ACUSGGTAGGH
CCAAARROTG
ATAGAATCCC
GGGCCTTGTA
GACGCTGTGC

ALACBCATGCA
aelentaeielcried
TUICOAAAGGA
COTTCEEGCC
POBLEGTAALG

ATCAGTCACA
AGTGGGGEAHAT
GTATGANGARA
CATTARTCTA
GCTARCTTICG
CGGAATTACT
GARAGCCCCG
GTATGGCAGN
ATAQGARGGR
CTGACGETECG
CACGCCGTAA
GCGCAGCTAR
RAAACTCRAAA
TTAATTCGAR
CTTTCCAGAG
TGGCTGICGY
GCECARCCCT
AGACTGCCGG
TGUCCCITAC
GTTGCCAAAC
GATOGCAGTC
GMATCAGAAT
GTCACACCAT
GAGSACGGTT
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NAME
LENGTH

247

A. tusitanicum NEPCC 253 re-introduction bacteria 1

AF FILIA TION

51
101
151
201
281
3¢l
351
4C1
451
501
551
601
651
701
751
801
851
201
951

1001
1051
1101
1151
1201
1281
1301

AGTTTGATCA
AGTCGARCGA
TTCACTACGG
TCGGGGGARA
TIGETAGGGT
GANGATCAGL
CAGCHhGTGEG
GCGTGARTGA
THRATGACAST
GCGGTAATAC
GCACGTAGGT
GGAACTGLAT
TACCGRGTGT
GARGGCGGCT
AGCARACAGG
TAGTTGTTGG
TCCGCCEGGG
GGCCCGCACA
ACCTTACCTA
TCAGTTAGGC
GTCGTGAGAT
GTTGCCATCA
CGGAGGARGG
CTACACACGT
TCTCAGTTCG
TAGTARTCGT
CACACCGCCC

NAME
LENGTH
AEFILJATION

1
51
101
151
201
251
301
351
401
451
501
551
60%
X
0%
75%
80C
852
902

GGAATARCAG
ARGATTTATC
GTAAAGGCCT
ACACTGUGTT
ATATTCGGACA
MGGCCTTCEA
TGGAGAATAA
AGGGAGCTAG
CTACTCARGT
TGAARCTAGG
GAGGTGAAAT
CTGGACAAGT
TAGATACCOT
CACTTGGTGA
TACGGTCGCA
GGTGGACGAT
TIGACATCCG
TGRACAGGTNC
AAGTCCCGCA

NAME
LENGTH
AfI‘ILI ATION

Sl
101
151
201
251
301

RGAACCAACH
GGATCTAGTG
CGGAATAATG
TATCAECCCAG
CCIACCARGC
TCGGACTGAG
TGGACAATGG

1330 nucleotides
t-protecbacteria

TGGCTCAGAR
TATAGTGACA
AATAGCTCTT
GATTTATCGG
BATGGCCTAC
CACACTGGGA
GAATCTTGCA
TGAAGGCCTY
ACCTAGTAAA
GRAGGGGEGCT
GGACTTTTAN
TITBARACICG
AGAGGTGAMA
AACTGGACTE
ATTAGATACC
CAGGCATGCC
GAGTACGGTC
AGCGGTGGAG
CCCTTGEMCAT
TGGATCGGAT
GTTGEGTTAA
CGTTTGGETS
TGGGGATGAC
GCTACRATGG
GATTGTCGIC
GGATCAGCAT
GTCACATCAT

A. lusitanicum NEPCC 253 re-introduction bacteria 2
948 nucleotides

CGAACGQTGE
GARCGEGGTEAA
GGAAACGAGT
TGARAGATCG
CARGGCGACG
CTGAGACALG
CAATEGGCGA
AGGGTTGLAA
GAAGCCCCGE
AGCGTTETTC
GTCAGATGTG
ARGTCTAGAS
TTCGTAGATA
GTACTGACGC
CTGRTAGTCC
TGTCGGTGAC
GCARGATTAA
CATETGGTTT
ACCGAPCACG
ACAGGTGCTG
GTCCCGCARC
GGCACTCTAR
GTCAAGTCCT
CAGTGACRAT
VGCAACTCGA
GCCACGETOA
QGEARTTGSGT

CGGCAGGCTT
TARCCTCTGG
GGTAATACCG
GCCCGCOTTA
ATCTATAGCT
GCCCAGACTC
ARGCCTGATG
AATTCTTTCG
CTARCTTCGT
GGAATTACTG
ADATCCOGRG
DCCAGGAGAG
TTCGCTGGAA
TGAGGTGCGA
ACBCCGTARA
GUAGCTARCG
AACTCABRAGA
AATTCGAAGC
GTTTCCAGAG
CATGGCTCTC
GAGCGCAACC
GGAARCTGCC
CATGGCCCTT
GGGTTALTCC
CGGCAIGANG
ATACGTTCCC

u-protecbacteria

TIAGARATGA
GGCARGICAT
ACCRAGCCGEA
GAGATACGGEC
ATGGECGCAA

TCGTAARGC
GCTCCEGCTA
COTTGEIICGE
CAGGAGGTCA
TAGCTGGAAT
TCGTAGATAT
ATTGACGCTG
GGTAGTCCAC
TTGGEETGEGCG
AGATTARARC
GTGGTTTART
CGCTACTTCC
TGCATGGCTG
ACGRGCGCAR

A. tamarense PCC 173a re-introduction bacteria |

CIGCTANTAT
GANCCCGCGT
CCGATCCTTAG
CCAGRCTCCT
GCCTGATCCA
TCTTTTACCA
BCTCCGTGCC
ALITATTGGRG
ARGCCCGEGEG
CTTGGAGAGG
TCGCAAGAAC
AGGTGCGAAR
GCCGTARACG
CAGCTAACGC
TCRAAGOAAY
TGGAAGCAAC
AGNGATGEGAR
TCGTCAGOTC
CCCTCGTCCT

CGGATGATAT
AGGATTAGGT
CTGGTCTGAG
ACGGGAGGCA
GCAATGUCGC
GGGATGATAM
AGCAGCCGCE
CETAANGCGC
CTCAMCCCCGE
TCAGTGGAAT
ACCAGTGGGA
GCGTGGGGAN
ATGATARCTA
BTAAGTTATC
PGATGUECTC
GCGTACARCC
GGTTCCCTTC
GTGTCOTGAG
TAGTTGCCAT

1037 nucleotides
a-proteobacteria

CTGGCGGCAT
GCGCACGGGT
AGABATTACT
GOATCAGCCC
CGACGATCCT
ACACGCCCAG
GCGRAAGCCT

GCCTACACAT
GCGTAMACGCG
GCTAATACCG
GCCTAGGATT
TAGCTGGETCT
ACTCCTACGG
GATCCAGCAS

GUAARUTCUAA
TGCGGAATCTG
GATBTCTTCG
AGGTAGTTGH
GAGAGGATGA
GAGGCAGCAG
TECCGCCGTGA

IACRCATGCA
GAACGTACCT
TRTACGCCCT
GATTAGCTAG
GGTCTGAGAG
CTACGGGAGG
CAGCCATGCC
CENGGENTGA
GCCAGCAGCC
BGCGTARAGC
GCTCAACCTC
GTTAGCGGAA
CACCAGTGGC
AAGTGTEGGE
CGATGAGAGC
CATTARGCTC
AATTGACGGG
AACGCGCAGA
ATGGRITCCT
GTCAGCTCGT
CTCATCCTTA
GGTGGTARGC
ACGGGTAGEU
CCABARACTG
GTGGAATCGC
GGGOCTTGTA

CTTCGGACCA
AGTTGGTGGG
AGGATCAGCC
GCAGTGGGEGA
GTCAGTGAGH
TGACAGTACC
GTR ATACGG
ACGTAGGCGH
GRACTGCCTIT
TCCGAGTGTA
AGGCEACTGA
CARAACATGAT
GCTGTCCGET
GCCTGGGGRAC
CITCCACARGC
TTACCAGCGT
GGGGATGCGEG
ATGTTGGETT
CAY TTAGT

CGAGATCTTC
CCCTTGGGTT
ACCARAGATT
TGGGGTAATGG
TCAGCCACAL
TGGGCRATAT
GGATENAGGC
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351
Q1
451
501

551

CT'raGGsTTd
GADTALGETCC
AGCGTTGTIC
TCAGAEGTCA
TERCTRGAAT

TAARGCTCTT TTACCAGGGA TGATAATGAC AGTACCTGGA
GGUTAACTCC GTGCCAGCAG COGOGGTAAR CCGAGGGAGC
GGAATTACTG GGCGARAGCG CGCGTAGGCG GTTACTCAMG
BAGCCCCOGG CTCRACCCCGE GARACTGCCTT 1GAAALTAGGE

601 GTAGATATIC
651 TGACGCTGAG
701 AGTCCACGCC
751 GUTGGCGCAG
801 TTABAACTCA
851 TTAATTCGAN
901 GCGGRTTTGG

GGAAGAACAC
GTGCGARAGT
GTAAMCGATG
CTARCGCATHR
AMGAATTGAC
GCRACGOGOR
GAGACCATTT

CAGTGEGECAAG
CTEEAURACA
ATAARCTAGCT
ATTATCCGCC
GCGGGACCTICA
GAACCTTACC
CCTTOACGTTC

CTTGGAGAGGET CAGTGGARTT CGAGTGTAGE GGTGAAATI(
GCGACTGACT GGACARGTAT
ACAGOATTAG ATACCOTGET
GTCCGAATAC TTEGRTACTTG
TGGGCAGTAC GGTCGCAAGA
CRAGCGGTGG AGCATETGEGT
AGCETT TGA CATGCCGAETC
GGOTGGACCE TCCACRAGGTG

951 CTAECATGGCT GTCGTCAGCT COTCGTGAGR TATTGGGLTA AGICCCGECAA

1001
NAME
LENGTH
AFFITIATION
1 TAGAGTTTGA
51 GCABRGTCGAG
101 GEABITCTACC
151 GrAVACECCC
201 GGATTAGCTA
251 TGGTCTGAGA
301 CCTACGGGAC
351 CCAGCCATGC
401 BACGGTGARG
451 TGCCAGCAGT
501 GGGCGTAAAG
551 GGCTCAACCT
601 GGTGAGTGGA
§51 ACACCAGTGG
701 ARAGCGTAGA
751 ACGATGRATG
80 GOATTAAARCA

A. tamarense PCC 173a re-introduction bacteria 2

837 nucleotides
o-protieobacteria

TCATGGCTCA
CGCCCCGTAA
CATCTCTACG
TTCUGGGGAR
QATTEATGEEE
GGATGATCAG
GCAGCAGTGEG
CGCGTETGTG
BTRATGACGS
CGUGGTAATA
CECACGTAGT
TAGAACTECC
ATTCCGAGTE
CGRAGGCAGT
GAGCAANCASG
TTAGCCSTCG
TTCCECCTEE

GARRCGAACAC
GGEGAGCGEC
GAATARCTCA
AGATTTATCG
TAARGGCCTA
CCACACTGGGE
GGAATATTGG
ATGARGGCCT
TAACCGTAGA
CGAAGGGGGT
CGGATCGTTA
TTTCATACTG
TAGAGGTGAA
TCACTGGCTC
GATTAGATAC
GGCAGTYTAC
GGAGTAC

COERAGCGCARC COTCGTCCTT AGTTGCCAGC ATTTGGT

TGEGCCGCAGS
MGACGGGTGA
GGGAANCTTG
GACGATGGATG
CCAAGGCGAC
ACTGAGACAC
ACRATEGEECG
TAGCGTTGTA
AGAAGCCCCG
TAGCGTTGTT
AGTGAGGGGT
GCGATCTTGA
ATTCGTAGAT
GATACTGACG
CCTGGTAGTC
TGTTICGTGE

CTTARCACAT
GTAMCGCETS
TGCUBATACC
AGCCCGUGTT
GATCCATAGC
GGCCCAGACT
CAAGCCTGAY
BAGCACTTTIC
GCTAACTTICG
CAGANTTACT
GAAATCCCAG
GTTCGAGAGA
ATTCSGAGGA
CTGRAGGTGCG
CACGCCGTAA
CGCARGCTRAC
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APPENDIX 4

DNA sequences from DGGE analysis

NAME Band 1
LENGTH 175 nucleotides
AFFILIATION c-proteobacteria related to Roseobacter clade

1 GGGGATCTTG GACAATGOGC GAAANCTGAT CNAGCCATGC CGCOTGTGTG ANGAATGCCC
61 TATGGTNGTN AAGCTCTTTC GCCNGGGANG ATAATGACAN TACCTGGTAA ANAAACCCCG
t21 ONTAACTCCA TGECAGCAGC CGCGGTNNTA TTCCNTGNCC NCAGGNATTG TAATA

NAME Band 2
LENGTH 175 nucleotides
AFFILIATION w-proteobacteria related to Roseobacier clade

I TGGGGATCTT GGAAATGGGC GAAAGCTGAT CNAGCCATGC CGCGTGTGTG ATGAATGCCC
61 TANGGTCGTA AAGCTCTTTC GCCNGNGATG ATAATGACAG TANCTGGTAA AGAAACCCCG
121 GNTAACTCCN TGCCAGCAGC CGCGGTAATA TICCGTGNCN CNAGGNANTG TAATA

NAME Band 3
LENGTH 174 nucleotides
AFFILIATION a-proteobacteria related to Rasenbacter clade

I GGGGATTTGG ACAATGGGCG AAACCTGATC CAGCCATGCC GCGTGTGTGA AGANGCCCTA
61 TGGTNGTTAA NCTCTTTCGC CNGAGAAGAA AANGACAATA CCTGNTNAAG TAAACNCCGG
121 NMNNCCTCCAY GCCAGATONN GCGUGINCTAT GCCATCANCC GCOGTAATAT AATA

NAMIS Band 4
LENGTH 175 nucleotides
AFFILIATION a-proteobacteria related 10 Roseobacter clade

1 GGGGATCTTN GACAATGGGC GCAACCTGAT CTAGCCATGC CROGTGTG TG ACGAATCGCCT

61 TAGGGTCGTN AAGCNCITTC GCCTGTGANG AAAATGACAG TACCTGGTAA AGAAACCCCG
121 GCTAACTCCA TGCCAGCAGC COGCGGTNATA TGCCATCANC CGCGGTAATA TAATA

NAME Band §
LENGTH 169 nucleotides
AFFILIATION a-proteobacteria related to Roseobacter clade

I GGGGATCTTG GACAATGGGC GCAACCTGAT CNAGCCATGC CGCGTGTGTG ATGAAGNCNT
61 AGGOTNGTNA AGCTCTTTCG CCNGAGAAGA NAATGACAGT ATCTGGTAAA GAAACCCCGG
121 CTAACTCCGT GCCAGCAGCC GCGGTAATAT GCCANNAGCC GCGGTATTA

NAME Band 6
LENGTH 174 nucleotides
AFFILIATION a-proteobacteria related to Roseobacter clade

L TGGGGATTTG GACATGGGCG NAAGCCTGAT CNAGCCATGC CGCGTGAGTG ATGAAGCCTT
61 AGGGTCGTAA AGCTCTTTCG CONGAGATGA TAATGACNGT ANCTGGTAAA GAAACCCCGUG
121 CraACTCCGT GCCAGCAGCC GCGGTAATAT TCCATGNCCN NAGGCGCNGT AATA
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NAME Band 7
LENGTH 169 nucleotides
AFFILIATION w-proteobacteria

1 CCTACGGGAG GCAGCAGTGG GGAATATTGG ACAATGGGGG CAAGCCTGAT CCAGCCATG
61 CGCGTGNGTG AAGAAGTCCT TeGGGTIUTA AAGCTCTTTC GCATGGGAAG AAGATGACGS
121 TACCnTea(GA AGAACCCCOUG CTAATToeG T GOCAGCAGCC GCAGTAATA

NAME Band 8
LENGTH 165 nucleotides
AFFILIATION y-protecbacteria

1 CCTACGGGAG GCAGCAGTGG GGAATATTGG ACAATGGGCG AAAGCCTOAT CCAGCCATGC
61 CGCGTGIGTC AAGAAGGNCT TCGUGNTTGTA AAGCACTTTC «TCeGGGAAG AAGTGen'fee
121 NGCTAATACC TgaGeTneAT GACGNTACCE AUAGAATAAG eACCGGCTAA CTCCGTGCCA
181 GCAGCCGOG TAATA

NAME Band 9
LENGTH 195 nucleotides
AFFILIATION y-proteobacteria

1 CCTACGGGAG GCAGCAGTGG GGAATATTGG ACAATGGGEG AAAGCCTGAT CCAGCCATCC
61 CGCGTGTGTG AAGAAGEECT TCGGGTTGTA AAGCACTTTT ATTCGGGAAG AAAWGGNCTCn
121 TGCTNATACC TGTGGknyAG GACGNTACCa AaAGAapgAAg cACCGGCTAA CTCCGTGCCA
181 GCAGCCGCGG TAATA

NAME Band 10
LENGTH 187 nucleotides
AFFILIATION cytophaga-flavobacter-bacteroides phylum
1 CCTACGEGAC ACaGCAGTGa gGaATATIGG ACAATGGGCG AGARNCTGAT CCAGCCATGC

61 CGCGTCTNTG AAGACTGCCC TmTGGETonT AAACTnTTT TATAGAGGAA GAaannGCGA
121 TaCgTeTATe TaTTTGACRG TACTCTACCA ATAAUGATCS GeTane1'CCn nuCCATCnCC
181 CoCGGTA

NAME Band 11
LENGTH 188 nucleotides
AFTILIATION cytophaga-[lavobacter-bacieroides phylum

1 CTACGEGACA CAGCAGTGag GaATa ' TGGA CAATgGnnpgA pAnTCTGATC CAGCCaTGCC
61 GCGTGTGTGA AGANTGCCCT ATGGGTG TA AACTNCTTTT ATAGaGGAAg AsACECTGAT
12) ACGTGTAT:T sTTTGACECT ACTeTAAGAA TAArcATCGg cTaanTeCn'l gCCATCnCCC
181 gCGGTAAT

NAME Band 12
LENGTIL 160 nucleotides
AFFILIA'TION ti-proteobacteria rclated Lo Roseobacter clade

I GGGGATCTIN GACAATGGGC GAAAGCTGAT CTAGCCATGC CGCGTGNGTG ATGAATGOCN
61 TAGGGTCGTA AAGCTCITIC GCCNGNGATG ATAATGACAG TANCTGGTAA AGAAACCCCG
121 GCTAACTCCG TGCCAGCAGT COCGGTAATA TTCCNTNNCG
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NAME 253/29b
LENGTH 164 nucleotides
AFFILIATION a-proteobacteria

1 CNNACNNTAG GCAACAGTGG NGAATATTAN ACAATGGGCG CGAGUCTAAT cCAGCCATeC
61 ¢GeGTGNATG ATGAAGGCNT TAGGGTTGTA aAACTCTTTC GCTNGGgATG ATAATOACAG
121 TACCTAGTAA ApAAGCCCeG GCTAacTeca Teocageage cpen

NAME 253/30
LENGTH 185 nucleotides
AFTILIATION cylophaga-flavobacter-bacteroides phylum

t TCGGGAGGCA GCAGTGagGA AATTGGACAA TOGTGGAAC aCTGATCCAG CCaTGCCGCG
Gl I'GTAgGAAGA CTGCCCTATG GGTTGTAAAC TACTTTTATA GAGGAAGAAA CGCalGATACy
121 TGTATTTGAT TpACGGTACT ¢TaCAATaA nGaTCGGCTA AaTCCnTGUC AGCAGLCGCS
181 nAATA

NAME 253/31
LENGTH 169 nucleotides
AFFILIATION a-proteobacteria

1 CCTACGGGAG GCAGCALTGG GGAaTaTTGC aCAATGGGCG AAAGCCTIGATT GCAGCCATGC
61 CGCGTCAATG ATGAAGGCCT TAGGGTTGTA AAATTCTTTC GCTAGGGATG ATAATGACAG
121 TACCTAGTAA AGAAGCCCeG geTAACTTCG TGCCAGCAGC CGTGnAATA

NAME 253/33
LENGTH 169 nucleotides
AFFILIATION a~proteobacteria related to Roseobacter clade

1 CCTACGGGAG GCAGCAGTGG GGaATaT TG0 ACAXTGGUCU sAAGLCCTCAT CeAGCCATGC
61 CGCGTGNGTG ATGAAZGCC T TAGGGTTGTA AAGCTCTTTC acegGTGATG ATAATGACAG
121 TACCgGanGA AGAAucCelCG GUTAcTnCG TGCCAGCAGC CGLGNTATA

NAME 253734
LENGTH 166 nucleotides
AFFILIATION a-proteobacteria related to Roseobacier clade

| CGGGAGGCAG CAgICGUGAA TCTTaGreAa TOGGCGCAAG CCTGATCTAG CCATGCCGCG
61 TGaGTGACGA AGGCCTTAGG GTCGTAAAGC TCTTTCGCCn GaGATGATAA TGACAGTATC
121 0GGTAAAGAA ACCCeGpreTA ACTCCGTGCC AGCAGCCGCG nimATA

NAME 253735
LENGTH 165 nucleotides
AFTILIATION a-proteobacteria related to Roseobacter clade

1 CGGOAGGCAG CAGTGUGGAA TCTTugACAs TGGGCGCAAG CCTGATCTAG CCATGCCGCG
61 TGAGTGACGA AGGCCTEAGG GTCGTAAAGC TCTITCGCCa GAGATGATAA TGACAGTATC
121 nGGTAAAGAA ACeCeligCTA ACTCCGTGCC AGCAGCCGCG nTATA

NAME 253/51
LENGTH 208 nucleotides
AFTILIATION unidentified

I CCCTACGGGA GGCAGCAGTG ACnAAnmTn (nCAACAgge GGGAMK ' a snAagGeapC
61 saGaceGaac TaaucaTocC cogTGTEGa cgAAnnacge algalegl'Ta aaGaaCacTe
121 geeeeTgal'g acua’lgacAc TacaacGTAa anAaAaCCac cegraCTCCG TGCCAGCAGC
181 COnGnuATAT GCCANCAnCC GCGGAATA
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NAME 253/52
LENGTH 169 nucleotides
AFFILIATION a-proteobacteria related to Roseobacter clade

] CCTACGURAG GCAGCAGTGG GGuATCTTaG ac AATGGUUG CAAGCCTRAT CTAGCCATGT
61 CGCGTGTGTG ACGAARGeel TAaGG TcgTA AAGCACTTTC GCCTGTgATy aTAA Toacag
121 TaccaggTaa agAAACCCCG GCTAACTCCG TGCCAGCAGC CGninnATA

NAME 407/1
LENGTH 186 nucleotides
AFFILIATION cytophaga-flavobacter-bacteroides phylum

1 TACGGNAGGC AGCAGTGaGG AaTaTTgeaC AATeGacGCA AGTCTGa e AgCCATGOCG
61 GTGCALEAA cAATECCeTa TOGGTTG YAR aCTGe T TaT aTGGGaAgT s AnCCTeTuAC
121 gTGTaGAGAG cTgacGGTAC CAnncgAATa anCacCGeeT AACTeCuTGC CAGCAGCCGC

131 GGAATA
NAME 40712
LENGTH 162 nucleotides
AFFILIATION o.-proteobacteria

1 TCCTaGGEAG GCAGCAGTGG GGAATATTGC aCAATGOGCG CAAGCCTGAL GCAGCeATGC
61 cGCGTGAATG ATGAAGGCCT TAgGGTTGTA aAACTCTTTC Ge'taGiGGATY ATAATGeCa(G
121 TACCTAgTaA AGAARCCCeG GeTAACTCCa TpCCALCALC CG

NAME 407/3
LENGTH 194 nucleotides
AFFILIATION y-proteobacteria

1 CCTACGGGAG GCAGCAGTGG GGAATaTTGC ACAATGeaCg caAGCCTgAT GCAGCCaTyC
61 ¢GeGTGaGTg AaGAaGGCeT TAGGGTTGTA aAGCTCTTTC aGeTGgnnnn nnnnnunnan
121 unniunnnCC TGcTARCAGT GaAcgTeTACA TCAaCAACAAG CACCGGeTaA CTCCGTGCCA
181 GCAGCCGCGT AATA

NAME 447/3a
LENGTH 162 nucleotides
AFFILIATION e-proteobacteria related to Roseobacter clade

1 AGGCAGCAUGT GnGGAATCTT acaCAATGGG CGCAAGCCTG ATCTAGCCAT GCCGCGIGAG
61 TGATGAAGGC cTTAGGGTCG TAAAGCTCTT TCGCCAGaGA TGATAATGAC aGTATCTGeT
121 AAAGAALCCC COGCTAACTC CGTGCCARCA GeCGCGGTAA TA

NAME 407/4
LENGTH 142 nucleotides
AFFILIATION a-proteobacteria related to Reseobacter clade

I TACTaTAGGC aAcAGTGUGA AATTTTGAAC aATe(eGCA AgCetpATCe AGCCaTelCg
61 CyTGupTGAT GAAGGCCTTA glGaTCglAAA pClnnnuCna canonaTnaT AATGacagTa
121 ccTggTeAAp angCCCgGGT 1A

NAME 407/5
LENGTH 170 nucleotides
AFFILIATION a-protecbacteria related to Roseobacter clade

I CCTACGGIAG GCAGCAGTGn GuAATCTTAG ACAATGGGCG CAAGCCTGAT CTAGCCATEC
61 €GCGTGAGTG ATGAAGGCUT TAGGUICGTA AAGCTCTTTC GelaGalGATG ATAATGaCaC
121 TATCTGGTnA AgAAaCCUCG GCTAACTCCG TGCCAGCAGC CgLGGTUATA
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NAME 407/6
LENGTH 162 nucleotides
AFFILIATION a-proteobacteria related to Roseebacter clade

I AGGCAGCAGT GnGGAATCTT GGACAATGGG CGeAAGCCTG ATCCAGCCaT GCCGCGIGA
61 TGATGAAGGC CTTAGGGTeG TAAACTCTT TCgeCAGGGA aGATAATGAC nGTACCTGGT
121 a1 AAGAARCCC CGQCTAACTC CGTGCCAGCA GCCGCGGTAA TA

NAME 407/7
LENGTH 170 nucleotides
AFFILIATION a-proteabacteria related to Rosecbacter clade

1 CCTACGGGAG GCAGCAGTGn GGAATCTTAG ACAATGGGCG CAAGCCTGAT CTAGCCATGC
61 CGCGIGAGTG ATGAAGGCCT TAGGGTCGTA AAGCTCTTTC GCCTGTGAAG ATAATGACHG
121 TAgCAGGTaA AGAAWCCCCG GCTAACTCCG TGCCAGCAGE CGCGGTAATA

NAME 407/8
LENGTH 166 nucleotides
AFFILIATION o-proteobacteria related to Roseobacter clade

1 ACGGGAGGCA GCAGTGGGGA ATCTTAGACA ATGGGCGCAA GCCTGATCT A GCCATGCCGC
61 GTGTGTGACG AAGGeeTTAG GGTCOTAAAG CACTTTCGCC TGTGATGATA ATGACAGTAG
121 CAGGTAAACGA AACCCCGGCT AACTCCGTGC CAGCAGCCGC GTAATA

NAME 407/12
LENGTIT 166 nucleotides
AFFILIATION a-proteobacteria related to Roseodacter clade

1 COMAGGC AN CAgTGRGEAA TCTTepACAa TOGGCRCAAG CCTGATenAG CCATGCCGCG
61 TGAGTGATGA AGGeCTTAGG ICGTAAALC TCTITCgCUA GaGATGATAA TGACAGTATC
121 TG IaAAGAA aCeCeGeeTA ACTCCGTGCC AnCARCCGCG GTinTA

NAME 407/13
LENGTH 138 nucleotides
AITILIATION o-proteobacteria related to Roscobacter clade

1 AGTgglGaAT cTTGGACsAT GGgegCaage CTgATCeAGC CATCCopCGT GaGTGATgA
61 GOeeTTATGE TCCTAAAGCT ¢TTTencTac nTaThaTaAl gacag Fuccg GnTAATAAAC
121 CCeGeanAnC TCCNTGCC

NAME 407/22
LENGTH 169 nucleotides
AFFILIATION o-proteobacteria related (o Roseobacter clade

1 CniTACGGnAG GCAGCAGTGG GGARTCTTGG ACAATGGGCG CAAGCCTGAT CCAGCCATC
61 CGCGTGAGTG ATGAAgGeeT TApGGTCGTA AApCTCTTTC GeCAGAGATG ATAATGaCAG
121 TATCTGGTAA aGaAAeCCCG GCTAACTCCG TGCCAGCAGT CaCGnaATA

NAME 407/24
LENGTH 160 nucleotides
AFTILIATION g~proteobacteria related to Roseobacter clade

1 CGGGAGGCAG CAGTGGGgan TCTTGGACAA TGGGCGCAAG CCTGATCAS CCaTGCCGTG
61 IGAGTGATGA AgGCLTTAGG GTCGTAAAGC TCTTTCGCCA GaGATGATAA TGACaGTACC
121 TGGTaaAgan acCeegGCTA ACTCCGTGCC AGCAGCCGCG

NAME 407/24A
LENGTH 163 nuclcotides
AFFILIATION a-proteobacteria related to Roseobacter clade

 CCTCOGGAGG CAGCAGTGEG gAATCTTGGA eAaTGGGCGe AnGCCTGATC cAGCCatTGOC
61 GCGICAETGA TGAAGZCeTT AgGGTTGTAA AgCTCTTTCa ¢cCAGGGAAGA TAATGACGT
121 ACCTGeTGAA GAANCCCeGg cTAACTCCGT GCCAGCAGCC GCG
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NAME 407/27a
LENGTH 168 nucleotides
AFFILIATION o-protecbacteria related to Roseobactrer clade

1 CCTAGGGAGG CAGCAGTGGG GaaTeI'TAGa CAATGgECGC AAGCCTGATC nAgCCATGCC
61 GCGTGAGTGA 1GAAgGCCTT AgGGTCGTAA AGCTCTTTCG CCaGAGATGA TAATGACAGT
121 AcCTGGTAAA GaAaCCCeGG CTAACTCCGT GCCAGCAGCC GCGnnATA

NAME 173a/1
LENGTH 146 nucleotides
AFFILIATION o-proteobacteria related to Roseobacter clade

1 TACGunAGGC AACAGTGNGG AATnTTgeae aaTGOungCA AgeCTGATCe AGCCaTGCcG
61 CGTGeGTaAT GAAgGCCTTA gGGTeglAAA pCTeTTTene cATgGATGAT AalGACeGTA
121 CeTGTADNAG AnnCCCCGUGA TRACTC

NAME 173a/2
LENGTH 170 nucleotides
AFFILIATION a-proteobacteria related to Roscobacier clade

1 CCTACGGGAG GCAGCAGTGG GGAATCITAG ACAATGGGCG CAAGCCTGAT CTAGCCATGC
61 CGCOTCGAGTG ATGAAGGCCT TAGGGTCGTA AAGCTCTTTC GCCAGAGATG ATAATGACAG
121 TATCTGGTAA AGAAACCCCG GCTAACTCCG TGCCAGCAGC CGCGGTAATA

NAME 173a/3
LENGTH 148 nucleotides
AYFILIATION o-proteobacteria related to Roseobacter clade

I TCeTACGNGA GOCANCAGTG nGnAATHT Ty CacadTGGee pcAAGCCTGA TUnAGCCHTG
61 CeGeGTGaGT gATGAApGee TTAGGETngT AAAGCTCTTT ¢1ecTACGAT GATAATGACE
121 GTACCTGTC AAGAATCCCC GGaTnACT

NAME 173a/4
LENGTH 170 nueleotides
ATFILIATION g-proteobacteria related to Roseobacter clade

I CCTANMGGAG wCACCAGNGG GGAATCTTAN ACAATGGGCG CAAgCeTGA'l CTAgCCATeC
61 CGCGTGAGTG ATGAAGGCCT TAgGGTCGTA AAGCTCTTIC necAgGGATG ATANTGaCag
121 TACCTGGTAA AGAAACCCCG GnTAANTCCr TnCCAGCACH CGnGGTnATA

NAME 173a/5
LENGTH 165 nucleotides
AFFILIATION unidentified

1 CCTACRGTAG GCAACAIMGT nGrATHT T'nn ACTARGCANC AGHGERNAAT CTnACCCANC
51 COTGTCTAGC AnnATMATN nAnGCTGeGT GAGCaTaTpn nGGnTaTAAG GTCGTnCAGC
121 TCTTTrnCCn TGGAEToARA ATGACGGTAC nnTegaGAAn AAGCA

NAME 173a/6
LENGTH 142 nucleotides
AFFILIATION unidentified

L TTGAGTGAAG AnCGTCCTa 1 GGGICGTACH TGCTCTIgAA ToGATGATGA TCCTgTACAT
61 GAnCTGgTCA ATGAAACCCC AGeGTAANgT GTGCCCCAAN ACGCGenGAT ATACCCCC e
121 CCGGAAGCon CAGICATeAg CC

NAME 173a/7
LENGTH 127 nucleotides
AFFILIATION a~proteobacteria related to Roscobacter clade

1 CnTAGGGTAG GCANCAGTGG GGAATCTTAG CCAATGGGCG CoAGCuTuAT CTAGCCARgC
61 CGCGTGAGTT ATGAAGGCCT TAGGGICUTA TAGUTCCTTC GCCnTGTATn ATAATGACHG
121 TACCGGT
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NAME 173a/8
LENGTH 167 nucleotides
AFFILIATION a~protechacteria related to Roseodbacter clade

1 CeThCGngAG GCAGCAGTGC GTAATCTane aCaaTGGGeG CAAgCeTGAT guAgeCATGC
61 cGCGTGAGTG AcgaAGGCCT TAGGGTeGTA aAGCTCTTTC GCTAGAGATg ATAATGACKG
121 TAccTGeToA AZAAACCCCG GnTAACTCCg TGCCAGCARC CGCnGTA

NAME 173a/9
LENGTH 122 nucieotides
AFFILIATION o-proteobacteria related to Roseobacter clade

| CCTACGGGAG GCAGCAGTGG GOAATCTTAG ACAATGGGCG CAAGCCTGAT CTAGCCATGC

61 CGCGTGAGTC ATGAAGGCCT TAGGGTCGTA AAGCTCTTTC GCCAGAGATG ATAATGACAG
121TA

NAME 173/10
LENGTH 191 nucleotides
AFFILIATION cytophaga-flavobacter-bacteroides phylum

i CCTACGOGAG GCAGCAGTGA GOGAATAT TG nCAATGGanG aGACTCTGAT CCAgCCATGC
61 CGeGTGCAgg aAgAATECCC TaTGeGTART AaucTeTTTT TaTacggnua nonnannanC

121 TacGTGTTGC TTACATGACG GTACCnaTnG AATRARGACC GGETAACTIn nTGCCAGCAG
181 CCGCGGTAAT A

NAME 173a/11
LENGTH 195 nucleotides
AFFILIATION y-protcobacteria

1 CCTANGGGAC GCAGCAGTNG GGAATNTTGe aCaaTOgglg cAAGCCTgAT CCAGCCATIC
Gi CGCGTGTaTe AaGAgGCe T TAGGETTGTs AAGCACTT Tn AGT AgnnAgG ninnnonnnn
121 nmannnannn nnanannn T'T GAcggTaCeT acagaATAAg CaCCGGCTnA CTCCGTGCCA
181 GCAGCCGCGG TAATA

NAME 173a/12
LENGTH 166 nucleotides
AFFILIATION unidentified

1 GCaCTTGGaC GCAAGTCTGA TCCAGCCATG CCGUGTGCTT GATGAATGCC CTATGOGTIG

61 nAAsCTGTTT cTATANEAT GATAAcgann GTACCTGTTC nAGacTCCCC GGnTeAnTeC
121 nAnCCAGCAT CCGTTANTTT ATTCCaACag CCCCGGTAAT aAAATA

NAME 173a/13
LENGTH 150 nucleotides
AFFILIATION unidentificd

1 CeTACGNgAG GCAGCAGTGC GTAATNToGC CCAATGGGGT nhAnCnTGAT CnnGCnATGC
61 TGCOTGAGNG AnGAAGGCCT TAGGGTCGTA AAGCTCTTIC ACCRCCGACG ATAATGACGG
121 TACCGeAGAA GAAGCACGGC TARTTCAAAG

NAME 173a/14
LENGTH 80 nucleotides
AFFILIATION cytophaga-flavobacter-bacteroides phylum

[ TGGACGCAAC TCTGATCCAG CCATGCCGCG TGeGCTGAAGA ATGCUn IATG GTTGnAAALC
61 TSTITCTMTA CAGATGAAAA
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NAME 173a/15
LENGTH 127 aucleotides
AFFILIATION a-protecbacteria related to Roseobacier clade

1 CCTACGGNAG GCAGCAGTGN GnAATCTTGE AcaaTGGeeT CAAgec TUAL CeAGCCATGC
61 cGCGTGaGTy ATGAARGCCT TANGGTeGTA AACTCITIC TnTACAGATG AAAADRNCHN

121 TAnTGT
NAME 173a/16
LENGTH 82 nucleotides
AFFILJATION a~-protecbacteria related to Roseobacter clade

| genAATHTTG nCnAATGGGG TCAARCCTGA TCGAGCCATG CnGCGTGAGT GnTGAnGGCC
61 TTAGGGTCGT AAAGCTCTUT TC

NAME 173a/17
LENGTH 143 nucleotides
AFFILIATION w-proteobacteria related to Xoseobacter clade

1 CGnAANGCANR CAGNGCGTAA TaTTGCacTT GGGegeaAgC cTGA TgnalGl CATGeelicGT
61 guGTgATgaa gGCCTTAZGG Ie3TAaALCT CTTTeACCag GGaTgATAAT GACaGTATuT
121 GnTCCAGARA CCnCnGATAA CTC

NAME 173a/18
LENGTH 170 nucleotides
AFFILIATION w-proteobacteria related to Roseobacter clade

| CCTACGGGAG GCAGCAGTGG GGAATNTTRG ACAATGGGCG CAAGCCTGAT CTAGCCATGC
61 CGCGIGAGTG ATGAAGGCCT TAGGGTCGTA AAGCTCTTTC GCUCAGAUATG ATAATGACAG
121 TATCTGgiAA AGAAACCCCG GCTAACTCCG TGCCAGCAGC CGCGGTAATA

NAME 173a/19
LENGTH 170 nucleotides
AFFILIATION a-proteobacteria related to Roseobacter clade

1 CCTACGUGAG GCAGCAGTGG GGAATCTTnG ACAATGGGCG CAAGCCTGAT CnAGCCATGC
6t CAGCGTGAG TG ATGAAGGCCT TAGGGTCGTA AAGCTCTTTC GCCAGGGATG ATAATGACAG

121 TACCTGGTAA AGAAACCCCG GCTAACTCCG TGUCAGCAGE CGOGGTAATA
NAME 173a/20

LENGTH 140 nucleotides

AFFILIATION a-proteobacieria relaled to Roseohacter clade

1 CCTACGGGAG GCAGCAGTGG GGAATHTTnG ACAATGGGCG CAAGCCTGAT CTAGCCATGC

61 CGCGTGTGTG ATGAAGGCCT TAGGGTCGTA AAGCNCTTTC GCCAGGGATG ATAATGACAG
121 TAcagyTAAA GnACCACGGC

NAME 173a/21
LENGTH 170 nucleotides
AFFILIATION a~proteobacteria

1 CCTACGGGAG GCAGCAGTGG GGAATATTGG ACAATGGGGU CAAgCCTGAT CeAGCCHIGE
61 CGCUIGAGTG ATGAAGGCCT TAGGGTTGTA AAGCTCTTTC ACCTGCGATG ATUATGACIG
121 TAcCageaGA AgAAACCCCG GCTAANTNCG TGCCAGCAGC CGLGGTAATA

NAME 173a/22
LENGTH 134 nucleotides
AFFILIATION a-proteobacteria

1 TCCTACGGAA GGCAGCAGTG nGGAATATTG nACAATGOGG GCAAGCCTGA TCCAGTCATG
01 CCGCHIGAGT GATGAAGGCC TTAGOUGTTGT AAAGCTCTTT CACCAGGGAT GATAATGACK
12t GTACCGGeAG Aana
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NAME 173a/23
LENGTH 170 nucleotides
AFFILIATION a-proteobacteria related to Roseobacter clade

[ CelnCGnAAG GCAGCAGTGD GRAATCT Tac acaaTGgeeg CAAGCCTGAT pTAgCCATGC
61 cGeCTgAGTG uaTGAAGGCCT TAGGGTNGTA AAGCTCTTTe gCCAGAGATG ATANTGACAG
121 TATCTGgTca agAAALCCCCG GnTAACTCCG TGCCAGCARC CGUaGTARTA

NAME 173a/24
LENGTH 145 nuclcotides
AFFILIATION o-proteabacteria related to Roseobacter clade

1 GCGTAATneC CaATgeTeGe aagecTGATG caTeeATGaC GegTeAGTea ega AGGCETT
61 agGGTcGTAA aGCTCT T Tea aCagugA\TgA TpgTgACaGT aTCTGUnUCn TAAACCCTnG
121 0 TAACTCCn T GCCARCAANC nCCGT

NAME 173a/25
LENGTH 170 nucleotides
AFFILIATION o-proteobacteria related to Roseobacter clade

1 CeTACGGNAG GCAGCAGTGN GGAATATTGn nCAATGGGCG cAAGCCTGAT CCAGCarTGC
8] CGUGTGuG TG ATGAAGECCT TAGGGTTCTA AAGCTCTETI ACCAGGGATG ATAATGACAG
121 TACCTUGGAGA ATAAaChceg gCTAACTUCG TGCCAGCAZC CGCGGTAATA

NAME Scripp/26
LENGTH 170 nucleotides
AFFILIATION a-proteobacteria
1 CCTACGGNAG GCAGCAGTan GGAATATTGe acas TGGGCG naAgCCTGAT CCAGCAATGC

61 CGCGTGARTG ATGAAGECCT TAGGGTTGTA AAgCTCTTTC sgCTAGGGATG ATAATGACAG
121 TACCTnGTAA AGAAACCCCG GCTAACTCCG TGCCAGCAGE CGCGGTAATA

NAMI: Scripp/27
ILENGTH 157 nucleotides
AFFILIATION cytophaga-flavobacter-bacteroides phylum

{ ACGnAANNCA GCAGTGunGn ATANTAGGCA AnAGAaCIGA a1CTgATCeA pCCnTgeCge
6f G'lgeglpnag aATgCCeTaT GnGal'GTAsa CTGTTTTTaT aTngGaAGAN mingagCTAC
121 GTGTagCTTA RTGACGGTAC CeraccAATa cAGuaCG

NAME Scripp/28
LENGTH 193 nucleotides
ATTTLIATION y-proteobacteria

1 CCTACGGGAG GCAGCAG TGS GGAATNTTGG ACAATGHACE AAARCCIGAT CCAGTCATGC
61 COCGTpuGTG AAGAAGGTCT TuGGaTTGTA AAGCYCT T I'a AGnonunnnr aunnnnmmu
121 inTTeACCTT AcTGTCTRGA CraToCCAAC nCAGNAAGCA CCGGeTnACT TCeTGCTARC
181 AGCCGCnGTA ATA

NAMI Seripp/29
LENGTH 195 nucleotides
AFFILIATION y-proteobacleria

1 cCCTACGGGA (UGCAGCAGTG GGGAATNTTG CACAATGGGC nAAAGeCTGA TnCageCALG
61 CCGCOTOGTGT pAAGAAGGTC T1eGG 1G] AAAGCaCETT AAGTGGaAg(t AAnnunnnnn
121 mnnmnnnCT TpacaGTeTT GACGK 1aCcT ACacAaTsAG CACCGGCTAA CTeagTGCCA
181 GCAGCCGCGU TAATA

NAME Scripp/30
LENGTH 193 nucleotides
AFFILIATION unidentified

| CTACGGGAGG CAnCAGT Tnei GAATC Teacs anaggueeC A AGCCTaA Tee aacaCaagCC {




G.1.. Hold, 1999

61 GCGTgAeTeA TGAAGGTCTT aGGnTEGTAA ApCTCTeTAN AGZaANGAAL Aun g GeAc
121 nacceaapni ¢F1CT TGACG GTacCTAnnC AGAAAGCCCC GGCTAACTUC GTGCCAGTAG
181 CCGCGGTAAT AAA

NAME Scripp/31
LENGTH 170 nucleotides
AFFILIATION a-proteobacteria

1 CCTAcGeAAn ACAGCAGTGE GGAATANTIN ACAATGGGGE CTAgeCTeAl cCapaCATGe
61 CGCGTEAGT g ATgAaGUCCT TAGGGTTGTA AAgCTCTITC naCn(GGgaCG ATaaTGACGG
121 TACCGUnmA ATAAACCCCG GCTAACTTCG ngCCATCAnn CGCGGYAATA -

NAMIE Seripp/32
LENGTH 192 nucleotides
ATFILIATION unidentified

1 CAecTACGGEG aCGe 'mGnA AGnCAGCATT GGGGAATATT GCaCAATGGG CGepAAGCCIG
61 ATGCAGCaAC GCCGCeTrel GeATGACGGC TTCEG2TTGT AAACCGCTT L Cgec I Ggpac
121 gAAGCETeAG TpACGGTALG mToAAgARC teCOMTAAC TACGTGUUng CATNCcAGGT
181 AATACGGTAA TA

NAMID CCMP 117 band from “axenic” culture
I.ENGTH 170 nucleotides
AY¥FILIATION g-proteobacteria

1 TCCTACGGGA GGCAGCAETG GeGAATaTTg GACAATGGGC GCAAGCeTGA TCeAgCCATG
61 CCGCGTGAGT GATGAAGGCC TTAGGETHGT AAAGCTCTTT CACCaGGGAT GATAATEACA
121 GTACCTGGna AAgAAACCCe GGCTAACTCe gTGCCAGCAG CCGUGGAATA
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APPENDIX §

Bacterial Culture Media

All chemicals unless otherwise stated wete supplicd by Sigma Chemicals.
All media formulations were adjusted to pH 7.6 prior to autoclaving.

Marine Agar

Bacto-Marine Agar 2216 55.1g/1
(Difco code 0790)

Boiled for 2 minutes and autoclaved at 121°C for 15 minutes.
Marine Broth

Bacto-Marine Broth 2216 37.4¢/1
(Difco code 0791)
Boiled for 2 minutes and autociaved at 121°C for 15 minutes.

The recipes below are for broth cultures. For plates 15g/1 technical agar (agar no. 3;
Oxoid L13) was added prior to autoclaving,

ST10° medium
Trypticase 1g/l
Yeast extract 0.1g/1
Seawater 1]

Boiled for 2 mimates and autoclaved at 121°C for 15 minutes.

ST10"! medium

- Trypticase 0.1g/1
Ycast extract 0.01gA1
Seawater 11

Boiled for 2 minutes and autoclaved at 121°C for 15 minutes.

ST10™ medium
Trypticase 0.1mg/1
Yeast extract 0.01mg/1
Seawater 11

Boiled for 2 minutes and autoclaved at 121°C for 15 minutes.
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1/10H) strength Marine Broth

Bacto-Marine Broth 2216 0.374g/1
{Difco code 0791)

Boiled for 2 minutes and autoclaved at 121°C for 15 minutes.

Seawater medium

Seawater 11

Boiled for 2 minutes and autoclaved at 121°C for 15 minutes,

Peptone Seawaier A medinm

Ferric Phosphate 0.1g/1
Bacto-peptone S5g/l
Seawater 11

Boiled for 2 minuies and autoclaved at 121°C for 15 minutes.

Peptone Seawater B medinm

Peptone 1g/1
Ferric Phosphate 0.1/
Seawaler 11

Boiled [or 2 minutes and autoclaved at 121°C for 135 minutes.

Peptone Seawater B without Iron mediam

Peptone 1g/1
Scawatcr 11

Boiled for 2 minutes and autoclaved at 121°C for 15 minutes.

Malt extract medinn

Malt Extract 10g/1
Bacto-peptone Sgit
Distilled water 250ml
Scawater 750ml

Boiled for 2 minutes and autoclaved at 121°C for 15 minules.

Yeast extract medium

Yeast extract 0.1g/1
FFerric Phosphate 0.1g/1
Seawater 11

Boiled for 2 minutes and autoclaved at 121°C for 15 minutes.
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Yeast extract without Iron medium

Yeast Extract 0.1g/1
Seawater 11
Boiled for 2 minutes and autoclaved at 121°C for 15 minutes.

12 medinm

/2 Guillard’s marine water enrichment 20ml/1

solution without silicate.

(Sigma catalogue number G 0154)

Seawater 980m]

Boiled for 2 minutes and autoclaved at 121°C for 15 minutes.

Cuasein Seawater medium

Bacto-peptone 0.5g/1
Soluble Casein (.5g/1
Soluble Starch .5¢/1
Glycerol Iml/1
Dipotassium hydrogen phosphate (.2g/1
Scawater 11

Boiled for 2 minutes and autoclaved at 121°C for 15 minules.

Pcptone GGlucose medium

Glucose 1g/l
Bacto-peptone 1g/t
Seawater 1l

Boiled for 2 minutes and autoclaved at 121°C for 15 minules.

Peptone Yeast medium

Peptone 1g/1
Yeast Extract 1g/l
Ferric Phosphate 0.1g/
Seawater 11

Boiled for 2 minutes and autoclaved at 121°C {for 15 minutes.

Peptone Yeast without Iron medium

Peptone 1g/1
Yecast Extract g/l
Seawater 11

Boiled for 2 minutes and autoclaved at 121°C for 15 minutes.
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Applicd Biosystems
Amicon Ltd
Bioline

BIORAD

BDH
CCMP

Difco

Gibeo BRL

Merck

Millipore

Molecular Probes Inc

NRC-Canada

OSWEL DNA Service,
PCC

Pharmacia

Porvair Filtronics
Promega

Qiagen

Rathburn Chemicals Ltd
Sigma Chemical Co.

UW
Whatman Scicatific
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APPENDIX ¢
LIST OF SUPPLIERS
Foster City, California, USA. .
Upper Mill, Stonehouse, Gloucestershire,
16 The Edge Business Centre, Humber Road, London. 5

Biorad House, Maylands Avenue, Hemel Hempstead,
Herts.

Hunter Boulevard, Magna Park, Lutterworth, Leics.
Bigelow Laboratory, West Boothbay Harbor, Maine,
USA.

Michigan, USA.

3 Washington Road, Paisley.

Burnfield Avenue, Thornlichank, Glasgow. t
The Boulevard, Blackmoor Lane, Watford, Herts. i
Molecular Probes Europe BV, PoortGebouw,
Rijnsburgerweg 10, 2333 AA Leiden,

The Netherlands.

1411 Oxford Sireet, ITalifax, Nova Scotia, Canada.
Department of Chemistry, University of Edinburgh,
Kings Buildings, West Mains Road, Edinburgh.
Citadel Hill, Plymouth, PL1 2PB,

Davy Avenue, Knowlhill, Milton Keynes.

Unit 6, Shepperton Business Park, Govett Avenue,
Shepperton, Middlesex. ’

i

Iipsilon Housc, Enterprise Road, Chilworth Research

Centre, Southampton.

Unit 1, Tillingbourne Court, Dorking Business Park,

Dorking, Surrey. s
Caberston Road, Walkerburn, Pecbles. Scotland. %
EH43 6AU. f‘
Fancy Road, Poole, Dorset,
University of Westminster.
St. Leonard’s Road, 20/20 Maidstone, Kent. ‘




