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Diatom-bacteria interactions evolved during more than 200 million years of coexistence in the same environment.
In this time frame, they established complex and heterogeneous cohorts and consortia, creating networks of
multiple cell-to-cell mutualistic or antagonistic interactions for nutrient exchanges, communication, and defence.
The most diffused type of interaction between diatoms and bacteria is based on a win-win relationship in which
bacteria benefit from the organic matter and nutrients released by diatoms, while these last rely on bacteria for the
supply of nutrients they are not able to produce, such as vitamins and nitrogen. Despite the importance of diatom—
bacteria interactions in the evolutionary history of diatoms, especially in structuring the marine food web and

controlling algal blooms, the molecular mechanisms underlying them remain poorly studied.

marine diatoms marine bacteria microbial interactions microbiomes

| 1. Introduction

Diatoms are among the most successful phytoplanktonic organisms, thriving in all aquatic environments I, where
they have to cope with competitors, pathogens, and grazers [l To defend themselves, they have developed
different strategies, including the production of secondary metabolites affecting the reproduction, fitness, and
viability of grazers, competing microalgal species, and bacteria. The interactions with bacteria living in their
surroundings are particularly crucial to success in most environments 4. Bacteria assimilate nutrients from the sea
and sequester minerals with high efficiency, competing with microalgae, including diatoms, for resources while
establishing positive collaborations with some other species based on the exchange of nutrients fundamental for
both 5,

The interactions between diatoms and bacteria are fundamental in shaping population dynamics, are not only
related to nutrient exchange, and are often complex and heterogeneous, spanning from mutualistic to antagonistic
[BI78]. However, despite the importance of such interactions in the evolutionary history of diatoms, in structuring
the marine food web, and in controlling algal bloom termination, the molecular mechanisms and factors underlying
this crosstalk remain poorly studied . The existence of an inter-kingdom mechanism of signalling between
bacteria and diatoms has been confirmed only in the last decade 19. In this interplay, bacteria communicate
through the production and release of quorum sensing (QS) molecules, while diatoms produce pheromones

possessing functionalities similar to bacterial QS molecules.
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| 2. Diatom-Bacteria Niches of Interactions

The ocean is a heterogeneous environment in which nutrients are not uniformly distributed but are pumped into the
water column by biotic and abiotic sources and spread by turbulence and currents, creating local nutrient patches
(L1 Consequently, bacteria, microalgae, and other members of the marine plankton are aggregated in “hot spots”
(11 in which nutrient exchanges, communication, and defence are facilitated 12131, |n those spots, interactions
between diatoms and bacteria may occur both through chemo-attraction and attachment to the cell surface, which
are mediated by QS in the case of motile bacteria 4, or more rarely by random encounters and collisions due to
water movements in the case of non-motile bacteria 41316l These microenvironments have different features,
and the most common are marine snow in open waters 17 or biofilms on the surface of different substrates in the
photic zones 22181 A relevant role in establishing interactions among diatoms and bacteria is played by the
phycosphere I,

2.1. Phycosphere

The phycosphere is the physical space surrounding the diatom’s cell surface, in which nutrients and exudates are

mostly concentrated and the exchanges between diatoms and bacteria occur to a greater extent B2 (Figure 1).
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Figure 1. Phycosphere features and diatom—bacteria interactions occur in it. The phycosphere is represented as a
dark blue gradient. The different types of interactions and types of contact are illustrated in the zoom-in circles
(details in the text). Zoomed-in circle n° 1: bacteria attached to diatom cells by direct contact or to fucose
glycoconjugate threads. Zoomed-in circle n° 2: bacteria unable to directly bind glycoconjugates benefit from their

degradation by other bacteria possessing polysaccharide-degrading enzymes.

In general, phycosphere size depends on the size of phytoplankton cells, growth, and exudation rates that set
different phytoplankton-phycosphere radii . Since the turbulence is not able to influence water layers at a smaller
scale, the transport of exudates from diatoms occurs mainly by diffusion 4. However, when the phycosphere and
cell radius are over a certain threshold size, mild to moderate turbulence can influence the diffusion rate and the
phycosphere size itself by stirring and stretching its shape and mixing the exudate gradient B, Due to the
diversified interactions occurring and the variability of its composition and structure, the phycosphere can be
considered a very dynamic environment 29, This milieu offers several advantages to the bacterial community
associated with microalgae by providing them with easier access to organic matter released compared to those
free living in the water column 4. This may lead to an increased local concentration of bacteria in the
phycosphere, as it was shown that richness in particulate organic matter may increase bacterial species diversity

and abundance 2 (Figure 1).

The stability of the phycosphere and the interactions occurring in it are influenced by the chemical composition of
exudates released by the diatoms. Indeed, a greater loss of small molecules compared to large ones generally
occurs since the latter diffuse at a lower rate, which results in an increase in their residence time in the
phycosphere, ultimately influencing its size and stability [&l. This may generate a chemotactic gradient, attracting
coloniser bacteria that often form consortia with commensal or mutualistic relationships, degrading diatom-released
compounds 22, On the other side, bacteria may also influence the chemical composition of the phycosphere, with

some differences related to the diversity of metabolism in different species [48]115],

Confocal laser scanning microscopy (CLSM) imaging showed that some bacteria stay in the phycosphere by either
binding directly to the diatom cell surface or attaching to fucose glycoconjugate threads extending from diatom
cells, as observed for bacteria associated with Thalassiosira rotula [23. On the contrary, other bacteria associated
with the same diatom are not able to directly attach to the diatom cell surface needing to interact with
glycoconjugate-binding bacteria in order to colonise diatom cells. Bacteria possessing polysaccharides degrading
enzymes can be attracted by threads and tufts of diatoms that can be used as carbon sources, favouring the
establishment of cooperative association with other bacteria, as happens for Gramela forsetii that degrade the
fucose glycoconjugate, making them available for Planktotalea frisia that in return produce vitamin B, for which G.

forsetii is auxotroph (Figure 1, Zoomed-in circles n° 1 and 2).

Among bacteria interacting with diatoms, the epibiotic ones, that are attached to diatom cell surfaces, often have
been found between and underneath a specific region of the diatom frustule, the cingulum, where they are more
protected against several stressors while taking advantage of organic matter released by diatoms in the

surroundings of this structure 24 (Figure 1).
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Metagenomics and metaproteomics analysis of bacteria occurring during phytoplankton blooms in the North Sea
revealed a “tight adherence (tad)” gene cluster codifying for the formation of pili, allowing the attachment on the
diatom surfaces and the colonisation of the phycosphere in a subset of bacteria belonging to the order
Rhodobacterales 23], Those bacteria relied on tad in combination with QS, motility, and chemotaxis to colonise the

phycosphere.

Diatoms also contribute to the selection of the bacteria species entering the phycosphere. This is the case of A.
glacialis, which releases rosmarinic acid (RA) and azelaic acid (AA), which are able to selectively promote the
motility and growth of specific bacteria, operating as a selection agent [28. Transcriptomics, metabolomics, and co-
expression network analysis revealed that Phycobacter was able to assimilate and catabolize AA using it as a
carbon source, while Alteromonas macleodii showed the activation of a stress response mechanism based on the
activation of cytoplasmic efflux and the downregulation of ribosome and protein synthesis pathways 22, confirming

that AA is able to mediate microalgae-microbiome interactions.

The phycosphere displays some similarities with the plant rhizosphere, the interface between plant roots and soil
(28] As already reviewed by Seymour et al. [ in both microenvironments, interactions with microorganisms are
established and driven by the chemotactic perception of plant-released organic compounds, and some microbial

taxa can be detected at both types of interfaces, such as Rhizobium and Sphingomonas.

2.2. Marine Snow

Diatom aggregation is one of the main driving forces in marine snow formation, occurring commonly at the end of
diatom blooms due to the collision and aggregation of the cells with organic matter and, to a lesser degree, from
the resuspension of benthic biofilms 9. Marine snow patches, being rich in nutrients and widely distributed,

transport organic matter from the upper to the lower layers B9 (Figure 2).
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Figure 2. Marine snow formation and composition. The background gradient from light to dark blue indicates the
sinking from the upper to the lower water layers occurring when diatoms, followed by other phytoplankton algae,
aggregate with organic matter at the end of blooms. A zoom on a single particle highlights the presence of bacteria
and of different phytoplankton groups. Bacteria can reach these aggregates by chemotaxis. Transparent
exopolymeric particles (TEPS) released by diatoms and bacteria are responsible for the cohesion of the particles.

Bacteria are also able to degrade TEPs produced by diatoms, influencing the aggregation process.

The quality and quantity of organic matter transported to the deep ocean by sinking particles are greatly influenced
by bacterial succession B, In a network analysis conducted on a 3.5-year sampling dataset, it emerged that
Flavobacteriia and some Gammaproteobacteria, among which Pseudoalteromonas and Alteromonas genera, use
chemotactic motility to detect and rapidly reach diatom aggregates, contributing with other bacterial species to their

degradation in the dark ocean.

One of the main agents training the aggregation are TEPs, principally released by diatoms [22 but also by bacteria
and by phytoplankton in general 2 (Figure 2). TEPs are acid-rich polysaccharides that can be formed both

abiotically and biotically through the condensation or exudation of extracellular polymeric substances (EPS) [2l,
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The production of diatom TEP precursors is species-specific. Different diatom species can produce them in low or
high quantities, while others do not produce them at all 7. For high TEPs producing diatoms, it seems that the
aggregation of particles is part of their life cycle, contributing to their sinking at the end of the blooms.
Polyunsaturated aldehydes (PUAS), released by diatoms in high quantities at the terminal phase of the blooms or
through wound-activated mechanisms B4, have a dose-dependent effect on TEP formation B2 and on the

community composition of the bacteria associated with sinking particles 38,

2.3. Biofilms

Biofilms represent one of the most widespread modes of aggregation among microorganisms, whose interaction
actively regulates organic matter cycles and energy fluxes 22181 They represent a hub for microorganisms’
aggregation where metabolic cooperation, cell-to-cell communication, genetic exchanges, protection against
grazers, pathogens, toxins, and environmental stressors are favoured 12, Diatoms are among the first colonisers
of organic and inorganic surfaces in the marine environment, representing an important component of the
biofouling community BZ. Pennate diatoms, having predominantly a benthic lifestyle, often dominate biofilms.
Among them, the most widespread species belong to the genera Navicula, Amphora, Nitzschia, Pleurosigma, and
Thalassionema 28, Biofilms are composed of a matrix of EPS, mainly produced by bacteria and diatoms, that can
be colonised by autotroph and heterotroph organisms, among which other bacteria, fungi, protozoa, and algae 32
(401 |l establishing connections among them and with the substrates 18 (Figure 3). EPS comprise different
organic macromolecules, mainly polysaccharides but also glycoproteins and other organic polymers BJ44 and can
be bound to the cells or released in the medium 18, The EPS have a key function in mediating the initial

attachment of cells to different substrata and provide protection against environmental stress 42,
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Figure 3. Biofilm structure and composition. The figure shows interactions that take place in biofilms. Curved
arrows indicate the direction of the influence. The different types are grouped in black boxes: (1) bacteria
influencing the behaviour of other bacteria living in the biofilm; (2) positive (green arrow) or negative (red cross)
effect of bacteria on the dominance of different diatom species; (3) stimulatory effect (green arrow) on diatom
extracellular polymeric substances (EPS) production. Abiotic factors, such as light, water flow, temperature,

oxygen, and nutrient composition, are able to influence biofilm structure and stability.

The EPS matrix and its modifications occurring during diatom—bacteria interaction are involved in the
biogeochemical cycle of carbon, nitrogen, and sulphur, and they are also relevant for a wide range of metal cations
33 The binding of metals to EPS is considered fundamental for their vertical transport in the water column and
their final accumulation into the sediments at the depth where they are transformed and finally re-enter the food
chain “3l. Among the different diatom species, the polysaccharides present in the released EPS show high
diversification in their molecule structures and branching 4. The most frequently secreted ones are composed of
galactose and glucose, but often also of xylose, rhamnose, mannose, and fucose #2I46147148] that can be used as
carbon sources by bacteria 4849 These are able to influence the EPS composition of the biofilms as they secrete
EPS themselves and may influence the formation and changes in the matrix composition through the release of

chemicals, especially QS molecules 22,
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Bacteria can also influence the species balance inside the biofilms (Figure 3). An example is the change in species
prevalence when a mixed axenic co-culture of the three benthic diatoms Navicula phyllepta, Seminavis robusta,
and C. closterium is added with a freshly prepared bacterial inoculum from marine sediments B, While in the
axenic co-culture C. closterium was the dominant species, after the addition of bacteria isolated from intertidal
surface mud, its growth and that of N. phyllepta were impaired, while S. robusta became the dominant species.
Interestingly, each of those species cultivated individually with the same bacterial inoculum developed a specific

bacterial community that became a combination of the three when the diatom species were cultivated together.

| 3. Diatom-Bacteria Types of Interactions

Diatom—bacteria interactions may occur through the exchange of metabolites, from small volatiles to complex
molecules 52 Such compounds are produced and released by both organisms to communicate, protect

themselves, or impair the survival of their counterparts, ultimately contributing to the functioning of the ecosystem
s3],

One example of metabolites produced by diatoms serving as defence strategy and also influencing the ecosystem
equilibrium is the neurotoxin domoic acid (DA), produced in higher quantities during the stationary growth phase by
some diatoms of the genera Pseudo-nitzschia and Nitzschia 4. Silicate, phosphate, and iron limitation, as well as
the change in nitrogen sources, seem to influence DA production B3EEITIEE There is also evidence that biotic
factors, such as the presence of non-autochthonous bacteria able to utilise DA as a source of organic matter 2459
(60J[611[62](63] may affect DA biosynthesis. However, the molecular mechanism underlying the influence of these

bacteria on DA production has not yet been clarified 641,

Interactions between diatoms and bacteria may involve different mechanisms. The first is based on the exchange
of nutrients and the release of growth factors that is beneficial for both partners; the second is based on the benefit
for only one of the organisms involved in the relation without damage for the other 2IE!: the third implies the
inhibition of growth or the release of algicidal compounds by bacteria 63l which leads to the death of co-

occurring diatoms.

Diatom—bacteria interactions may be affected by several factors, such as the phase of the growth of both
organisms involved and the cultivation conditions. A study of pairwise interactions between 8 diatom species and
16 bacterial strains highlighted that these relationships were strain-specific, with regards to bacteria, and may
depend on the growth phase of the diatom. Overall, no universally positive or negative effects on diatom growth

have been observed €€,

Nutrient availability can also influence bacteria—diatom population dynamics, as demonstrated by the capability of
A. macleodii to have positive, negative, or neutral interactions with the diatom P. tricornutum, depending on
nitrogen availability (671, Specifically, A. macleodii establishes commensal relationships with P. tricornutum during its
exponential growth, with no impact on diatom growth, when nitrogen is abundant, benefiting from the dissolved

organic carbon (DOC) released by this diatom species. Later, during the stationary phase, both diatoms and
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bacteria continue to increase their cell numbers, suggesting the occurrence of a cooperative interaction with the
bacteria providing the nitrate to the diatom for their growth, while diatoms provide the organic matter to bacteria.
Conversely, the addition of DOC to the media at the diatom’s early growth phase, before nitrate becomes depleted,
triggers A. macleodii proliferation and reduces P. tricornutum growth, suggesting that in the presence of sufficient

DOC, the bacterium competes with the diatom for nitrogen uptake.

3.1. Mutualistic Interactions

A typical mutualistic relationship is based on the exchange of cobalamin (vitamin B4,), for which many diatoms, as

well as many other eukaryotic algae, are auxotrophs (68169,

In exchange for organic carbon or nitrogen, selected bacteria and archaea establish symbiosis with diatoms by
proving vitamin By, that is produced de novo or through modifications of pseudo-cobalamin and other closely
related compounds [Z9. However, this system represents an active relationship and not a mere passive exchange
of nutrients 172, |ndeed, to create a specific association with the bacterium Ruegeria pomeroyi, which supplies
diatoms with vitamin B4, Thalassiosira pseudonana releases 2,3-dihydroxypropane-1-sulfonate (DHPS). When in
co-culture with T. pseudonana, R. pomeroyi shows an up-regulation of the genes involved in DHPS catabolism,
while the diatom upregulates genes involved in the release of organic compounds, supporting bacterial growth. In a
coastal environment in which iron and vitamin By, limitations were found, the main vitamin B, producer in plankton
communities was found to be the Gammaproteobacteria Oceanospirillaceae ASP10-02a [3l. This bacterium
showed high expression of genes related to organic matter acquisition and cell surface attachment, thus
entertaining a mutualistic relationship with phytoplankton, among which diatoms, to fuel vitamin B, production.
Moreover, Pseudo-nitzschia subcurvata exuded organic matter that is used by Sulfitobacter sp. SAL as a source of
nutrients, while the bacterium provides biotin, vitamin B4,, and thiamine that support diatom growth in vitamin-
limiting conditions /4. SA1 also possesses a catalase that, similarly to what was previously observed in another
diatom-Sulfitobacter association, can further improve P. subcurvata growth, supporting it in detoxification

processes.

Similarly, diatoms unable to fix atmospheric N, establish symbiosis with nitrogen-fixing cyanobacteria, giving in
return amino acids and organic carbon [BIZ3, N,-fixing cyanobacteria can be both obligate and facultative. As an
example, Richelia intracellularis is an obligate symbiont adapted to live inside the Rhizosolenia and Hemiaulus

genera frustules and is also transmitted to the host’s next generation 8],

Certain bacteria use monomethyl amine (MMA), ubiquitously present in the ocean, as sources of organic carbon,
energy, and nitrogen (or the sole nitrogen source) 83, For example, the strain KarMa of the Rhodobacteraceae
Donghicola sp. retrieves nitrogen in the form of ammonium from MMA degradation, providing it to P. tricornutum,
thus sustaining its growth under photoautotrophic conditions. This interaction has a mutualistic character since
KarMa growth, in turn, is supported by diatom-released organic carbon. This cross-feeding is widespread, since it
was also observed when KarMa was co-cultured with the other two diatoms, i.e., Amphora coffeaeformis and T.

pseudonana 1,
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3.2. Facilitative Interactions

The beneficial effect of bacteria on diatom health and growth has been shown in many studies to occur through
different mechanisms, always involving metabolite exchange [B2I[Z8I79E0IB1IE2] | ess is known about possible
advantages for the bacterial community growing with diatoms, besides the already-ascertained advantage of

benefiting from organic matter released by co-occurring diatoms.

Bacteria are able to influence the diatom metabolic profile by stimulating diatom cells towards the synthesis of
amino acids and secondary metabolites. In a study conducted by co-culturing T. pseudonana with the bacterium
Dinoroseobacter shibae, separated by a membrane that allowed only the exchange of chemical signals without any
physical contact, diatom abundance was higher in comparison with the axenic algae 2. Metabolic activity was
also increased, especially with regards to the concentration of some intracellular amino acids and their derivatives,

while the general health status did not change.

The bacterium Bacillus thuringiensis, following sporulation and mother cell lysis, releases compounds among which
two diketopiperazines (DKPs), which are able to stimulate the growth of P. tricornutum as well as its content in
neutral lipid (8],

3.3. Antagonistic Interactions

3.3.1. Inhibitory Effects of Bacteria on Diatoms

Not always the interactions between diatoms and bacteria are beneficial for one or both of them 4. Table 1 reports

a simplified list of the inhibitory effects exerted by bacteria on diatoms.

Table 1. Examples of antagonistic interactions based on the inhibitory effects of bacteria on diatoms, including the
compounds involved. Acronyms: NA = Not Available; OXO12 = N-(3-oxododecanoyl) homoserine lactone; TA12 =

0OXO012 tetramic acid; HHQ = 2-heptyl-4-quinolone; PHQ = 2-pentyl-4-quinolone; PQ = 2-n-pentyl-4-quinolinol.

. . . . Bacterial -
B rial i Diatom i Eff n Diatom Referen
acteria Spec es ato Spec es Compounds ects o atoms eferences
. . Pseudo-nitzschi inducti f DNA
Croceibacter atlanticus seudo-nitzsciia NA nduction ot - (20
multistriata fragmentation
Methylophaga DBl NA competition for vitamin B (3]
yiophag communities P =
Olleya sp. A30 G ] NA growth impairment (4]
subcurvata
inhibition of cell division,
. . Thalassiosira extracellular alteration of cell
Croceibacter atlanticus 1051 x Y on . &3]
pseudonana metabolites morphology, increase in

organic matter release
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. . . . Bacterial .
Bacterial Species Diatom Species Compounds Effects on Diatoms References
negative influence on
Marlt?acter sp. and Seminavis robusta NA sexual reproduetlon rate by [9][84]
Marinobacter sp. affecting
diproline production
marine Proteobacteria Pha.eodacty fum OXO12 and inhibition of growth [85)
tricornutum TA12
Growth impairment by
Phaeodactylum inhibition of photosynthetic [86]
. HHQ
tricornutum electron transport and
respiration
Thalassiosira
Pseudoalteromonas sp. weissflogii and PHO inhibition of arowth [87]
and Alteromonas sp. Cylindrotheca g
fusiformis
Amphora
coffeaeformis, o . [88]
Navicula sp., and PQ inhibition of motility .
Auricula sp. Jiatoms;

Faicliatore, A., VIOCK, |., E0S.; Springer Internatonal Puplisning: Cham, Switzeriand, 2Uzz; pp. 59—
86. ISBN 978-3-030-92499-7.
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presence of biosynthetic pa Ways for bioactive compounds In the Thalassiosira rotula
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engyi| t@@htﬂeﬁs@@@twgﬂﬁaﬂeﬁﬂm. A30, which possesses genes able to degrade diatom-derived organic

compounds seems be able to enter the frustules consumln dlatom organic matter from the jnside (4] when in
Azam, F.; Fenchel, T.; Field, J.; Gray, J.; Meyer-R hingstad, F. The Ecological Role of

co -culture Wlth P. subcurvab A30 negatlvely |mpacts th Igrowth of thls latom by com %etlng for vitamin B1o.
Water-Column Microbes in the Sea. Mar. Ecol. Prog. Ser. 1983 10,257
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the2008INBf@BD1g pennate diatom S. robusta, generally more efficient in axenicity. On the other hand,

Roseovarlus sp. increased the proportion of sexually active_S. robusta cells
7. Cirri, E.; Pohnert, G. Algae—bacteria Interactions That Balance the Planktonic Microbiome. New

Some alrlnzeo%rgdtezoznacg'ena 1J'equently associated with diatoms use AHLs as signal molecules in QS 85 |na
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tetramic acid (TA12) inhibited the growth of the diatom P. tricornutum, with TA12 exerting this action at lower
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LT NIES TAOIOY: it e MeRsd e MR o O R PR S Re R e a0 RO s tarum, T
weis s SeNPACoNSYSING AN I0VR/ SNSRI 1SR/ BB Rt Ma 3 e A k.
alg/%%'presence, and, surprisingly, the medium in which they are co-cultured is still active against S. costatum 241,
17 spemdessusceivitisealsivithl the russane, bf. ifubias tavidss; WilichotvhS: BiistanvAsseciatis Bacteriher
algidiceiRegenie®¥or Aggregation of Thalassiosira weissflogii. ISME J. 2011, 5, 436-445.
185 ARy OGRS o SRANGIRE B SARAAISGH igfim: A Review on Prediction of Adhesior
on Substrates. Bioengineered 2021, 12, 7577-7599.
137 S HAASSHAPES R - Pin 2P 1. PR ISLBI  MEGARTS. (653 A RUAGKE! RAREEAJRAWIRR "ot of
exalg]@rll% iips;rﬁl%l&%)ri[ﬁ]g the Phycosphere of the Marine Diatom Skeletonema marinoi. Front. Microbiol.

019, 10, 1828. L . . S .
Table 2. Examples of antagonistic interaction based on diatom inhibition of bacterial growth and of the compounds

ZavoelaedTokrbhivins A, ISoAAvAitabbr USPAE: \éiddbigetiaienditaatint Bacterinmolaiibits DHarom(€x10Z, 127)-
heXaddsanenSdHeid. 2017, 11, 31-42.

24 Il mtmne Mo Aenoana T A~ | A o DA RV S o IR - PRV YIS SR I A PGP T A {'\?awater'

Diatoms Effects on

Bacterial Species Diatom Species . References
Compounds Bacteria
. . . inhibition
- [90] X
2 Kordia algicida Chaetoceros didymus 15-HEPE of growth ,sembly
Ul paulTiial LuUlIiDulI LA VI UIT viAauwulll 1iriamikadoivdlia tvuuia 10 vlavic aliu F\CPIUUUL;IUIC. I\JIVIE \]
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. . . . Diatoms Effects on
Bacterial Species Diatom Species Compounds  Bacteria References

2 . . Nitzschia laevis, two Nitzschia Jnjugate
Vibrio alginolyticus, V.

campbelfi, and V. frustglum strgms, Navicula lngerta, NA inhibition [96] t for
. Navicula cf. incerta, and Navicula of growth
harveyi .
biskanterae
2 marine and not-marine EPA PA and |
gram-positive and Phaeodactylum tricornutum ,HT A death 798I ilture,
negative bacteria 741

2155 Is_aﬁg_, A F#ancis, (Ii%_.; Amann,bR.I.;_Almin, S.A. Tigiht Adhéa_rendcg (Tad) Pilus Ghene_s Indicate .

inhibjtor cts of diatoms on hacterial growth are often mediate oynds that, in some cases, have

ePutatlveyl\ﬁCFleS'Dl{'ferentlatlon In hytogp?anﬁton oom S\SSOCIat)égoIS]ln)oao%actera es. Front.

bee'\r)l.isol teq a£|8 chargcteri g gUAs, for example, affect diatom-associated bacterial communities when present
021,15 118297,

ICrobIO
in high concentrations . Pure 2E,4E-decadienal, 2E,4E-octadienal, and 2E,4E-heptadienal tested on 33

260 cRhiB, Avdins| sRag i iuRN IRPK Ut MufhiiSnardaBRsd Aa; Tiels - oBeRERgERBing\eMX cdAceRtiation-
depdndSatRswiN ifhifRidAS8IHS et R ighbwii e MRAUAIN efRrirg! Bastesiioseitld o ahdiwal
strditRididBIREE ORIt elabtdranEXR CsbiatlyvbreacisacCiohderie2029, hbdratof$4Bxpefhidnts using PUA

PSR OURYBH KU P oRh Mg R . e5E I L DAt Ay RGN ISIOMRBIELARF NFGBASIIGmYess 'ess
affegiRe SOMBRECH LB IAFSRAN IR ARaUPRSS AURARRG MEESRRIRE A& RHdBeHiBRX (99 UAS in the

regulation of diatom-associated microbiome composition [104]
28. Philippot, L.; Raaijmakers, J.M.; Lemanceau, P.; van der Putten, W.H. Going Back to the Roots:

on thedMisrelial xgainay olhe feizogphekeivhie S aw Wedaki@t. 2Rddud hgdB3trKO9gicida attacks 24,
2996sibrAle BT ARYEY Sttt trs SeteRhAnYIRLARE L AR K ieRHEHEE #, Yound-

dquﬂ%rét'_df{m‘f’eﬁ?@@\i%ip counteract the bacterial attack, which activates the synthesis and release of

oxylipins B9 pyt also releases proteases [202] The most abundant oxylipin released by C. didymus when attacked
30 RZA e 1 Aoy BB MIHRG ORI N Ui g iRParty {HtSE bacterial growth 122
31. Arandia-Gorostidi, N.; Krabbergd, A.K.; Logares, R.; Deutschmann, I.M.; Scharek, R.; Moran,

P KRB, RIS S ARRRLE S 38Y PRCRIBY e THIEYaltiofiEn iER Ny IBIAHRIbiCa it BRIERS G ©F

CICaSARRRAANAG G SEREb ARSI Cb A8 Bedan \RAEFXARTEAT AR, 3. T2, B PGSt

both marine and non-marine gram-positive and negative bacteria 78] The analysis of the concentration of these

FoPSSEATRRLG G e e PRHA S b Mo R RERBeb migniizan AR el BRIGERINSNISHIRR ARIRHIRERS «

the%QgI ng(gwics of Transparent Exopolymer Particles in the Mediterranean Sea. Microb. Ecol.
2010, 59, 808-818.

:13.@_hz[yia:tb‘fnBmgsél@ia@gepihnlfﬁtmwmm@gneric Substances in Marine

Biogeochemical Processes. Curr. Sci. 2005, 88, 45-53.
In tEe Iﬁst Cf:eyvli/ears, inter%?t iE.stéld%inﬁ tEe_clngplﬁing of intﬁactionsl\ﬁs'&aplli_shed in_natur beﬁweerHji.atoms and
3?1].. aul, X eurﬁam(_), . |g ehof, .,.d_e gkvi t,_Jf., ausz, i arssoln, Hmi?lchter, S of th
‘ e\r/vg‘r%Be'Pg”?d d_.ﬁ?; "eskinen, L?.‘;fsgﬁ?v'éa?aﬂﬁ;wet'%ﬁrBﬁf{'t%?n" e‘riveérd;BS'iBIS%satu_faf‘tle% Aldelyaes
2B Nt Strictite The Plankibnic Microbial Commmunity I & Mesacoam Stidy. Mar. 15nigs 2012 18]
ex%&&&ecent in situ study performed through metabarcoding of samples collected along the Australian coast

in different seasons and locations allowed the characterization of the microbial community and reported that

3anBartab Andvicemie Cefmdbdsitblcehde SialBRetentmiEiodLRbRisagier Rnbiensabigiashnidesidrss.
MoRdBE fREEE dpistrRutionehiranspaentExaAlyRened atisiessihad mparmamahbistaainBlaeia
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beldAginddiolth20Hosebb4ctd28nd Flavobacteria clade with the diatoms of the genera Skeletonema, Thalassiosira,
%1dEC lindlr thgcia[l_—%] augqgsﬂ 10, that |§/{)eciesBs%ieg‘;.iﬁﬁ)intera tions tza<e ?Ieace b?tvv.een these or an's’mst.ar}d that
36. ards, B.R.; Bidle; K.D.;"Van Mooy, B.A.S. Dose-Dependent Regulation of Microbial Activity on
o R B AP 8 BBl R e ATy SR AR RO K i e RS8R BT BFSe. Na

Acad. Sci. USA 2015 1252, 5909-5914. . _ . . .
In general, the structure of a didtom’s associated microbiomes may be determined, in some cases, by selective

SotoBratsles] 18at Aral btk eQuirantifecedicsm o fHo s iguinedn &iddilots:rStasedatai satioralobiéeyhid SorBoetaakinfpr
whi2B@ie PadsdibilitylB88 certain bacteria becoming part of a microbiome is proportional to its abundance in the

' [106]
3%1\/53%%:{“ Anil, A. Biofilm Diatom Community Structure: Influence of Temporal and Substratum

Variability. Biofouling 2005, 21, 189-206. . . .
Chemo-attractant ané’I chgmo—repe ent compounds, but also secondary metabolites, released by diatoms in the

shyBodphererid BRI, Sehgriza|yBrflEémdetes, AiciSoblabeckyidsittrott). AGaBacienseMay dndlyss thiehe P
tric@eangtioexofnédtatinidike FPeotalad IhetipeoBuatom éthagadactmetdbaoesusbia. td. BHayeoth20ds0bidted
micA@BeAé L.omposition, among which the 4-hydroxybenzoic acid selectively stimulated the growth of bacteria

. . . . M

4%%%'&?”%%%?3%,%% ﬁ\%%arlsla}farg%rﬁﬁ%ﬂﬁ Bhaskar, P.V.; Joshi, K.B.; Vinayak, V.

xS .oggggl%h%vrﬁgﬁsrepiHgglE%(‘[jeEWﬁ)he!t“sSerig%m ol DIpioms Jriggered, an Fiastics and Quher Manne

itter. Sci. Rep. 2020, 10, 18448. . . . - .
and metabolome Sro iles and starteé secreting azelaic acid (AA) and rosmarinic acid (RA), able to favour the

4dstBkidnaumenf Jejdded baityidl b fagsaspie ounthingGhecipeRbbie domdcesSagzepadiedSHlerwood, G.J.C.
Different Types of Diatom-Derived Extracellular Polymeric Substances Drive Changes in

On e &iBerope BRILIRGIRTB FRACIARIBLE fROIH I RafIHI ISt eamenssionrehivTissBiome Gerogaegyith a

certain diatom. This is the case of Phaeobacter inhibens, naturally occurring in association with T. rotula, which

Gadiesls: B lncranin, Dol Undenwood, G G, Rigtestan of Gelipm Salinty Stress by

Extracellular Polymeric Substances in Diatom Biofilms. Biofouling 2014, 30, 987-998.

A9amhalsikgrcited. SBAISS|B2YE. BeEaraadid ekirdabAANPEAVAIEITS Shbseapreqtrdyna-errrriaditHebihe

asspRAg imigiebiEehe Fodd-AFaIANERIADBR. Ahr He01edopy919/agglis and Nitzschia longissima, which

maintained a unique bacterial community for up to one year of growth in the laboratory . In addition, species

44. Muhlenbruch, M.; Grossart, H.-P.; Eigemann, F.; Voss, M. Mini-Review; Phytoplankton-Derive
belongmg to tHe Roséobacter crade were constantly presentsln all the ana ysegvglatonY stPa%s a_ng the peﬂods.

Polysaccharides in the Marine Environment and Their Interactions with Heterotrophic Bacteria.
Also, th/e mlcrogiromes 0 J?ﬁerent P. tricornutum strains, despite belonging to d|¥¥erent geogra&ﬁcaﬁocaﬂons, were

ver)llE rs]l\(r%rlf?a\rr]al\n/’lllocr{g %Igéhzo?%esr’ a%n% rzta?ngl'r?esz §t5able during laboratory cultivation, differing from the ones of other
4hicBralgkhgen€r 4G i; Babtubkamés; dRdhalkaseis SehinkteB . inkitetsaR 6 c Balitenia R8s etk yvithitivation
parBestic dvimedon édelvonstangeskibylcpeayiarc | sine e asomatosrdrgvitiranded slightly

wh&egr@tioim of dkiracetatiurk oiytneehigHeubstéeracesndqgptatonviron. Microbiol. 2008, 74, 7740-7749.

46. Chiovitti, A.; Bacic, A.; Burke, J.; Wetherbee, R. Heterogeneous Xylose-Rich Glycans Are

S:Mast MS%@W Oﬁ&heﬁm&ﬂwom&mtﬁti%edostauros australis
Communities! Diversityos, 3s, 351-360.

gh@@%o%gmdaﬁ %Werﬁehgt%'sdedéllw% brﬁcésgéﬁiﬁao@f&,qgaﬁz?géﬁyzéémnbgfi@(tfélcﬂw&fing our
unde¥SRARNBY AR BRMARE ERIRE IGHRIAP IR Syl deothtranciRsiRridm AR N Blec RSN the
intelg:ﬂ‘é{tio% B’Mﬁ%aljaggﬁniﬁé’ﬁ%maﬁf@%nt approaches and omics techniques 223, This approach integrates the

analyses of meta-omics data to predict: (i) potential biotic interactions; (ii) reveal niche spaces; and (iii) guide more
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48clsedenwdios o6 pd3sibleatilalbnRaidas|es .oMdalsonnds. feomvidiffereantabEifects amposipg iy eacteria—
diafenocatianrity. Mae ne BeaihienBiaparsn Dypastos @ hasefdstiolGonmgesifiossilsladcBatbatiays afmong
micRradeacisorns kadel yeoha084ldian293—-304.

49. Kamal han, M.: iu, M.-H.: B H.. wehr, K.; T -M_: Doyl . Yard, A, M
Ag\nortﬁ?er eeglagf 6}eéo ut’locrihlsu’represehtegcgs?}ﬁe “frgggas%g"’a bro%%h,swhicﬁ ai%%bsre’coﬁsgr_bct ’corr{];1 Sr“?i’ty

. (§ Vaseguez, %‘ Bretherton, L.; et ﬁ/ ole of Polysaccharides in Diatom Thalassiosira. .,
biodiversit tracking microorganisms’ functional traits; ultimately inferring ecosystem functionin [119] |
Pseudonana and [ts Assqclated Bracterlam H){drocarbon Presence. Plant Phxsml. 201?, ?180,
particular, this approach uses functional annotations 1o cluster genomes by functions that co-evolved and are

1898-1911.
possﬁ)?y connected, which allows grouping both known and unknown microorganisms. The use of clustered

S50ndtamg, snpBien ghéanSgsis bf, dhowands metigendmicRevesdinguit eBbact@rasi@piicatieSandingr&afédiciy
of the ithécBiofilrer fenrmaettio rliwdeB iEthm @ylinanbthease s chlajiex Marttimmoitals| FHEEHY. Microorganisms
2023, 11, 1841.

The bioinformatics pigeline IDBac is a useful tool to integrate information on bacteria, proteins, and secondary

51. Koedooder, C.; Stock, W.: Willems, A.; Mangelinckx, S.;,De Troch, M.; Vyverman, \W.; Sabbe, K.
meta olﬂe proflrl’es obtal%e tWou\g% MALDI-TOF Msg analysé r?ﬂ T‘?‘ns approach |sybase on the'assessment of

Diatom-Bacteria Interactions dulate th omposition and Productivity of Benthic. Diatom
bacteralla traits, t%e i enrtll%a%on 0 phg ogenetelc re?a%ongmps, ang the compaHson o¥meta OﬁC gi#zzrences among

il SULTS lor 2Rt A SFOR G101, 10- 1255
52. Paul, C.; Mausz, M.A.; Pohnert, G. A Co-Culturing/Metabolomics Approach to Investigate
At TRERTiIEaR MegraBNMErattioAL bR PRIRIGAIRNDTBBHESHIR B /MRCIARIREEcHR Bas Reislwhed by a

conmiiaien\E &e oI HN IRt BRE s ie_AI2DERIeNgIe _smgencing of all the species composing the microbial

community. Sec?_uence clustering allows them to associate a set of genomic sequences with each species
5 G

53. Fuentes, J. arbayg, l.; Cuaresmre\, M.; Monterg, Z.; Gonzalez-del-Valle, M.; Vilchez, C. Impact
composing the consortium. Subsequent phylogenetic analysis can lead to identification at a species or genus level

w@ﬂ'ﬂ&%'gﬁ‘eeéﬁé‘éﬁg%é nieracions anhe Dnduetion ol ARl BIonass arM49SeSBiHe ceneious®
soft(v:vgpe]p@{]toS 'i(%%trl’fy gﬁ Sedcl)tlg'eli‘%% Or%NA sequences found in the previous step and then the SILVA
SdllcBates;aBASgnketulobaSINAYAG dligncthelseqdendde HEEsaRBMs, dlsavusdd. . iBeetifgoibnisaachisediidnsehiant
idewatific:dDwithoiiceAatickr News Reseasph Sicaa0ili FHarmtuNatiae 204 88| Belk3to cluster the sequences
e R o R N B = T Ker I P S (= ats B T (Vo Ts LA Hsats S

Pseudo-nitzschia: A Physiological Perspective. Nat. Toxins 1998, 6, 127-135.

. Potential Biotechnalogic Qp lication latom-
% s il chyRs L E%Pal,\(.;%eukgrt, I:al aBn,%i.; 9u, ?-)?El%cts o?gnanging p CO 2
Bacteria Consor

osphate Availability on Domoic Acid Production and Physiology of the Marine Harmful

Ba&éﬂgnﬂgg’u@é&*) 5&#%@@?&}]? Mtiﬁﬁgeés U%@&ke@%ﬁ%ha@%“% ‘T"rﬁc%%%ﬁ%‘lalltures grown for
SolrIBYAaEd, MIPPRRShEE MRS E. hagelRy Mhateesferd GHEEEiNnThestear ongiaaerD anfbibeir
micreiePecHa e By esiiaies-iMtaasaiblenisrisk Ao caiemstat dlenerSerasarans harsiHgies produced
untirs AeiFePIb® UaF 06eensopiE made of microalgal species in the Chlorella, Scenedesmus, Tetraselmis, and
Chlamydomor_las_genera_l and their as_sociated bact(_eria for the removal of _nL_Jtrients from eutro?hic waters,
SR M ey GG e A e My prodingl (uBAsBfiG Acid: The Synergy of lron,
Copper, and the Toxicity of Diatoms. Limnol. Oceanogr. 2005, 50, 1908-1917.
sHheshanefivianeRePaRIE IMHGCONSTRATVREN diRtaEsl /NR RCIqBatDSeRifided HERBi SRS JPePREMIRE the
Progiteihabtieh BICtRRI ARSI RiRBNSITPS e dBORitS i REYdCTIRTAtRi cRobioRE $SRFEN) diztam @owtLzed
consequently in their biomass 23, as for T. pseudonana, which increased cell density by 35% when cultivated in

the presence of D. shibae 2. The stimulatory effect of bacteria on diatom growth finds application mainly in
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6aBateserSrSarrimigis e Delliabmuéaie2Gand Ibdes) Grotimhandé¥emt viDenoit Aeic Rreduoticadiyg
nuriteintob duciitg Brictegiale Axeriap ety rdsanifitiel Riateorti® spedifieniiz sednih ppdticaitas bhkad Toxite
intel&9bnIndkBridB3S occurring in the consortia 1211,
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68. Croft, M.T.; Lawrence, A.D.; Raux-Deery, E.; Warren, M.J.; Smith, A.G. Algae Acquire Vitamin B12

I f“r%ﬁérﬁlgfgcﬁglationship with Bacteria. Nature 2005, 438, 90-93.

69. Sultana, S.; Bruns, S.; Wilkes, H.; Simon, M.; Wienhausen, G. Vitamin B12 Is Not Shared by All
TheViRifiFRe RSt ORUISITIE BRI (R0 TR PaCiRiiPoFAN AV S IR IaniR A fipnegengggsystem functioning,
as they affect primary production, phgtoplankton agl%rggation, and carbon and nutrient fluxes. AIthou%hV\}h_e

70, Heal, K.R.: Qin, W.: Ribalet, F rtagnolli, A,.D.; - . W.; Hmelo, L.R.; ffett,
r?alevgr?c’e ofF\t)h’ls(%ntér ay isb[g;éli%h mcr%ats?iﬂg %tténtlon fr%o %tee s'\éllgr?t%ca:' Scommunlrt?/?n%re S'[UC!\I/I el

Devol, A.H.; Armbrust, E.V.; Stahl, D.A.; et al. Two Distinct Pools of B12 Analogs Reveal
for a deeper understandyng of the mecpan%ms involved. Due to the compﬁaxny o]f ther}ntelg;lct%ns occurring, new

munity Inter n ies in th n. Proc. I. Acad. Sci. USA 2017, 114, 364—369.
appcr:ooar;':]ﬁeé'I atd rﬁ%tﬁg se agee Ce%sg dévglo%gg ato re\%%l taé[ int%?a(ljctc‘)snge Hestworlg an’dl :ll'de’n:f%lg cgr%%ounds

Tibspundilsinfol3 dRerSibalr oudg riuhicatiorHan sy tthe@iid gnismis, TheAin déessiter |ével . oDeartteo§eRn Yanfilaayil
havB.A Bo@lanip agestaiBisRindd nganappiiath&s 1@ baswerypiisticasbelatad th Sulfivsrysliagchatyee but also
in Sulfacen@ceaniiankion aPsastaMatileAeaploBtiot) BA diafdn-bhi&odbdied sdnsortia for biotechnological

A S B P B B R AR S R R R0 PR S g e R Y AR Bfust, E.v.;

Moran, M.A. Recognition Cascade and Metabolite Transfer in a Marine Bacteria-Phytoplankton
Model System. Environ. Microbiol. 2017, 19, 3500-3513.

es are’'needed

https://encyclopedia.pub/entry/53075 16/21



Diatom-Bacteria Interactions in the Marine Environment | Encyclopedia.pub

73.

74.

75.

76.

17.

78.

79.

80.

81.

82.

83.

84.

Bertrand, E.M.; McCrow, J.P.; Moustafa, A.; Zheng, H.; McQuaid, J.B.; Delmont, T.O.; Post, A.F;
Sipler, R.E.; Spackeen, J.L.; Xu, K.; et al. Phytoplankton—Bacterial Interactions Mediate
Micronutrient Colimitation at the Coastal Antarctic Sea Ice Edge. Proc. Natl. Acad. Sci. USA 2015,
112, 9938-9943.

Andrew, S.; Wilson, T.; Smith, S.; Marchetti, A.; Septer, A.N. A Tripartite Model System for
Southern Ocean Diatom-Bacterial Interactions Reveals the Coexistence of Competing Symbiotic
Strategies. ISME Commun. 2022, 2, 97.

Foster, R.A.; Kuypers, M.M.M.; Vagner, T.; Paerl, R.W.; Musat, N.; Zehr, J.P. Nitrogen Fixation and
Transfer in Open Ocean Diatom—Cyanobacterial Symbioses. ISME J. 2011, 5, 1484-1493.

Villareal, T.A. Marine Nitrogen-Fixing Diatom-Cyanobacteria Symbioses. In Marine Pelagic
Cyanobacteria: Trichodesmium and Other Diazotrophs; Carpenter, E.J., Capone, D.G., Rueter,
J.G., Eds.; NATO ASI Series; Springer Netherlands: Dordrecht, The Netherlands, 1992; pp. 163—
175. ISBN 978-94-015-7977-3.

Zecher, K.; Hayes, K.R.; Philipp, B. Evidence of Interdomain Ammonium Cross-Feeding from
Methylamine- and Glycine Betaine-Degrading Rhodobacteraceae to Diatoms as a Widespread
Interaction in the Marine Phycosphere. Front. Microbiol. 2020, 11, 533894.

Sittmann, J.; Bae, M.; Mevers, E.; Li, M.; Quinn, A.; Sriram, G.; Clardy, J.; Liu, Z. Bacterial
Diketopiperazines Stimulate Diatom Growth and Lipid Accumulation. Plant Physiol. 2021, 186,
1159-1170.

Jauffrais, T.; Agogué, H.; Gemin, M.-P.; Beaugeard, L.; Martin-Jézéquel, V. Effect of Bacteria on
Growth and Biochemical Composition of Two Benthic Diatoms Halamphora coffeaeformis and
Entomoneis paludosa. J. Exp. Mar. Biol. Ecol. 2017, 495, 65-74.

Kimura, K.; Tomaru, Y. Coculture with Marine Bacteria Confers Resistance to Complete Viral Lysis
of Diatom Cultures. Aquat. Microb. Ecol. 2014, 73, 69-80.

Fenizia, S.; Thume, K.; Wirgenings, M.; Pohnert, G. Ectoine from Bacterial and Algal Origin Is a
Compatible Solute in Microalgae. Mar. Drugs 2020, 18, 42.

Sison-Mangus, M.P.; Kempnich, M.W.; Appiano, M.; Mehic, S.; Yazzie, T. Specific Bacterial
Microbiome Enhances the Sexual Reproduction and Auxospore Production of the Marine Diatom,
Odontella. PLoS ONE 2022, 17, e0276305.

Bartolek, Z.; van Creveld, S.G.; Coesel, S.; Cain, K.R.; Schatz, M.; Morales, R.; Virginia Armbrust,
E. Flavobacterial Exudates Disrupt Cell Cycle Progression and Metabolism of the Diatom
Thalassiosira pseudonana. ISME J. 2022, 16, 2741-2751.

Cirri, E.; Vyverman, W.; Pohnert, G. Biofilm Interactions—Bacteria Modulate Sexual Reproduction
Success of the Diatom Seminavis robusta. FEMS Microbiol. Ecol. 2018, 94, fiy161.

https://encyclopedia.pub/entry/53075 17/21



Diatom-Bacteria Interactions in the Marine Environment | Encyclopedia.pub

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Stock, F.; Syrpas, M.; Graff van Creveld, S.; Backx, S.; Blommaert, L.; Dow, L.; Stock, W.;
Ruysbergh, E.; Lepetit, B.; Bailleul, B.; et al. N-Acyl Homoserine Lactone Derived Tetramic Acids
Impair Photosynthesis in Phaeodactylum tricornutum. ACS Chem. Biol. 2019, 14, 198-203.

Dow, L.; Stock, F.; Peltekis, A.; Szamosvari, D.; Prothiwa, M.; Lapointe, A.; Bottcher, T.; Bailleul,
B.; Vyverman, W.; Kroth, P.G.; et al. The Multifaceted Inhibitory Effects of an Alkylquinolone on
the Diatom Phaeodactylum tricornutum. Chembiochem 2020, 21, 1206-1216.

Long, R.A.; Qureshi, A.; Faulkner, D.J.; Azam, F. 2-n-Pentyl-4-Quinolinol Produced by a Marine
Alteromonas sp. and Its Potential Ecological and Biogeochemical Roles. Appl. Environ. Microbiol.
2003, 69, 568-576.

Wigglesworth-Cooksey, B.; Cooksey, K.E.; Long, R. Antibiotic from the Marine Environment with
Antimicrobial Fouling Activity. Environ. Toxicol. 2007, 22, 275-280.

Syrpas, M.; Ruysbergh, E.; Blommaert, L.; Vanelslander, B.; Sabbe, K.; Vyverman, W.; De Kimpe,
N.; Mangelinckx, S. Haloperoxidase Mediated Quorum Quenching by Nitzschia Cf Pellucida:
Study of the Metabolization of n-Acyl Homoserine Lactones by a Benthic Diatom. Mar. Drugs
2014, 12, 352-367.

Meyer, N.; Rettner, J.; Werner, M.; Werz, O.; Pohnert, G. Algal Oxylipins Mediate the Resistance
of Diatoms against Algicidal Bacteria. Mar. Drugs 2018, 16, 486.

Bigalke, A.; Meyer, N.; Papanikolopoulou, L.A.; Wiltshire, K.H.; Pohnert, G. The Algicidal
Bacterium Kordia algicida Shapes a Natural Plankton Community. Appl. Environ. Microbiol. 2019,
85, e02779-18.

Meyer, N.; Bigalke, A.; Kaulful3, A.; Pohnert, G. Strategies and Ecological Roles of Algicidal
Bacteria. FEMS Microbiol. Rev. 2017, 41, 880—899.

Sohn, J.H.; Lee, J.-H.; Yi, H.; Chun, J.; Bae, K.S.; Ahn, T.-Y.; Kim, S.-J. Kordia algicida Gen. Nov.,
sp. Nov., an Algicidal Bacterium Isolated from Red Tide. Int. J. Syst. Evol. Microbiol. 2004, 54,
675-680.

Paul, C.; Pohnert, G. Interactions of the Algicidal Bacterium Kordia algicida with Diatoms:
Regulated Protease Excretion for Specific Algal Lysis. PLoS ONE 2011, 6, e21032.

Lee, S.; Kato, J.; Takiguchi, N.; Kuroda, A.; Ikeda, T.; Mitsutani, A.; Ohtake, H. Involvement of an
Extracellular Protease in Algicidal Activity of the Marine Bacterium Pseudoalteromonas sp. Strain
A28. Appl. Environ. Microbiol. 2000, 66, 4334-4339.

Molina-Cardenas, C.A.; del Pilar SGnchez-Saavedra, M. Inhibitory Effect of Benthic Diatom
Species on Three Agquaculture Pathogenic Vibrios. Algal. Res. 2017, 27, 131-139.

Desbois, A.P.; Mearns-Spragg, A.; Smith, V.J. A Fatty Acid from the Diatom Phaeodactylum
tricornutum Is Antibacterial against Diverse Bacteria Including Multi-Resistant Staphylococcus

https://encyclopedia.pub/entry/53075 18/21



Diatom-Bacteria Interactions in the Marine Environment | Encyclopedia.pub

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

aureus (MRSA). Mar. Biotechnol. 2009, 11, 45-52.

Desbois, A.P.; Lebl, T.; Yan, L.; Smith, V.J. Isolation and Structural Characterisation of Two
Antibacterial Free Fatty Acids from the Marine Diatom, Phaeodactylum tricornutum. Appl.
Microbiol. Biotechnol. 2008, 81, 755-764.

Desbois, A.; Walton, M.; Smith, V. Differential Antibacterial Activities of Fusiform and Oval
Morphotypes of Phaeodactylum tricornutum (Bacillariophyceae). J. Mar. Biol. Assoc. UK 2010, 90,
769-774.

Ribalet, F.; Intertaglia, L.; Lebaron, P.; Casotti, R. Differential Effect of Three Polyunsaturated
Aldehydes on Marine Bacterial Isolates. Aquat. Toxicol. 2008, 86, 249—-255.

Balestra, C.; Alonso-Saez, L.; Gasol, J.; Casotti, R. Group-Specific Effects on Coastal
Bacterioplankton of Polyunsaturated Aldehydes Produced by Diatoms. Aquat. Microb. Ecol. 2011,
63, 123-131.

Paul, C.; Pohnert, G. Induction of Protease Release of the Resistant Diatom Chaetoceros
didymus in Response to Lytic Enzymes from an Algicidal Bacterium. PLoS ONE 2013, 8, e57577.

Majzoub, M.E.; Beyersmann, P.G.; Simon, M.; Thomas, T.; Brinkhoff, T.; Egan, S. Phaeobacter
inhibens Controls Bacterial Community Assembly on a Marine Diatom. FEMS Microbiol. Ecol.
2019, 95, fiz060.

Ajani, P.A.; Kahlke, T.; Siboni, N.; Carney, R.; Murray, S.A.; Seymour, J.R. The Microbiome of the
Cosmopolitan Diatom Leptocylindrus Reveals Significant Spatial and Temporal Variability. Front.
Microbiol. 2018, 9, 2758.

Le Reun, N.; Bramucci, A.; O'Brien, J.; Ostrowski, M.; Brown, M.V.; Van de Kamp, J.; Bodrossy,
L.; Raina, J.-B.; Ajani, P.; Seymour, J. Diatom Biogeography, Temporal Dynamics, and Links to
Bacterioplankton across Seven Oceanographic Time-Series Sites Spanning the Australian
Continent. Microorganisms 2022, 10, 338.

Stock, W.; Willems, A.; Mangelinckx, S.; Vyverman, W.; Sabbe, K. Selection Constrains Lottery
Assembly in the Microbiomes of Closely Related Diatom Species. ISME Commun. 2022, 2, 11.

Brisson, V.; Swink, C.; Kimbrel, J.; Mayali, X.; Samo, T.; Kosina, S.M.; Thelen, M.; Northen, T.R;
Stuart, R.K. Dynamic Phaeodactylum tricornutum Exometabolites Shape Surrounding Bacterial
Communities. New Phytol. 2023, 239, 1420-1433.

Steinrticken, P.; Jackson, S.; Mller, O.; Puntervoll, P.; Kleinegris, D.M.M. A Closer Look into the
Microbiome of Microalgal Cultures. Front. Microbiol. 2023, 14, 1108018.

Li, C.; Lim, K.M.K.; Chng, K.R.; Nagarajan, N. Predicting Microbial Interactions through
Computational Approaches. Methods 2016, 102, 12-19.

https://encyclopedia.pub/entry/53075 19/21



Diatom-Bacteria Interactions in the Marine Environment | Encyclopedia.pub

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

Krause, S.; Le Roux, X.; Niklaus, P.A.; Van Bodegom, P.M.; Lennon, J.T.; Bertilsson, S.; Grossart,
H.-P.; Philippot, L.; Bodelier, P.L.E. Trait-Based Approaches for Understanding Microbial
Biodiversity and Ecosystem Functioning. Front. Microbiol. 2014, 5, 251.

Zoccarato, L.; Sher, D.; Miki, T.; Segre, D.; Grossart, H.-P. A Comparative Whole-Genome
Approach ldentifies Bacterial Traits for Marine Microbial Interactions. Commun. Biol. 2022, 5, 276.

Clark, C.M.; Costa, M.S.; Conley, E.; Li, E.; Sanchez, L.M.; Murphy, B.T. Using the Open-Source
MALDI TOF-MS IDBac Pipeline for Analysis of Microbial Protein and Specialized Metabolite Data.
J. Vis. Exp. 2019, 147, €592109.

Di Costanzo, F.; Di Dato, V.; van Zyl, L.J.; Cutignano, A.; Esposito, F.; Trindade, M.; Romano, G.
Three Novel Bacteria Associated with Two Centric Diatom Species from the Mediterranean Sea,
Thalassiosira rotula and Skeletonema marinoi. Int. J. Mol. Sci. 2021, 22, 13199.

Baker, L.J.; Kemp, P.F. Exploring Bacteria-Diatom Associations Using Single-Cell Whole Genome
Amplification. Aquat. Microb. Ecol. 2014, 72, 73-88.

Pruesse, E.; Peplies, J.; Gléckner, F. SINA: Accurate High-Throughput Multiple Sequence
Alignment of Ribosomal RNA Genes. Bioinformatics 2012, 28, 1823-1829.

Ludwig, W.; Strunk, O.; Westram, R.; Richter, L.; Meier, H.; Yadhukumar; Buchner, A.; Lai, T.;
Steppi, S.; Jobb, G.; et al. ARB: A Software Environment for Sequence Data. Nucleic. Acids. Res.
2004, 32, 1363-1371.

Schloss, P.; Westcott, S.; Ryabin, T.; Hall, J.; Hartmann, M.; Hollister, E.; Lesniewski, R.; Oakley,
B.; Parks, D.; Robinson, C.; et al. Introducing Mothur: Open-Source, Platform-Independent,
Community-Supported Software for Describing and Comparing Microbial Communities. Appl.
Environ. Microbiol. 2009, 75, 7537-7541.

Yao, S.; Lyu, S.; An, Y.; Lu, J.; Gjermansen, C.; Schramm, A. Microalgae-Bacteria Symbiosis in
Microalgal Growth and Biofuel Production: A Review. J. Appl. Microbiol. 2019, 126, 359-368.

Labeeuw, L.; Bramucci, A.; Case, R. Bioactive Small Molecules Mediate Microalgal-Bacterial
Interactions. In Systems Biology of Marine Ecosystems; Springer: Berlin/Heidelberg, Germany,
2017; pp. 279-300. ISBN 978-3-319-62092-3.

Liu, J.; Wu, Y.; Wu, C.; Muylaert, K.; Vyverman, W.; Yu, H.-Q.; Muioz, R.; Rittmann, B. Advanced
Nutrient Removal from Surface Water by a Consortium of Attached Microalgae and Bacteria: A
Review. Bioresour. Technol. 2017, 241, 1127-1137.

Zhu, S.; Higa, L.; Barela, A.; Lee, C.; Chen, Y.; Du, Z.-Y. Microalgal Consortia for Waste
Treatment and Valuable Bioproducts. Energies 2023, 16, 884.

Zhang, B.; Li, W.; Guo, Y.; Zhang, Z.; Shi, W.; Cui, F.; Lens, P.N.L.; Tay, J.H. Microalgal-Bacterial
Consortia: From Interspecies Interactions to Biotechnological Applications. Renew. Sustain.

https://encyclopedia.pub/entry/53075 20/21



Diatom-Bacteria Interactions in the Marine Environment | Encyclopedia.pub

123.

124.

125.

126.

127.

Energy Rev. 2020, 118, 109563.

Kahla, O.; Garali, S.; Karray, F.; Ben Abdallah, M.; Kallel, N.; Mhiri, N.; Zaghden, H.; Barhoumi, B.;
Pringault, O.; Quémeéneur, M.; et al. Efficiency of Benthic Diatom-Associated Bacteria in the
Removal of Benzo(a)Pyrene and Fluoranthene. Sci. Total Environ. 2021, 751, 141399.

Fouilland, E.; Gales, A.; Beaugelin, I.; Lanouguére, E.; Pringault, O.; Leboulanger, C. Influence of
Bacteria on the Response of Microalgae to Contaminant Mixtures. Chemosphere 2018, 211, 449—
455.

Malik, S.; Khan, F.; Atta, Z.; Habib, N.; Haider, M.N.; Wang, N.; Alam, A.; Jambi, E.J.; Gull, M.;
Mehmood, M.A.; et al. Microalgal Flocculation: Global Research Progress and Prospects for Algal
Biorefinery. Biotechnol. Appl. Biochem. 2020, 67, 52—60.

Mata, M.T.; Luza, M.F.; Riquelme, C.E. Production of Diatom—Bacteria Biofilm Isolated from
Seriola lalandi Cultures for Aquaculture Application. Aquac. Res. 2017, 48, 4308—-4320.

Caruso, G. Microbial Colonization in Marine Environments: Overview of Current Knowledge and
Emerging Research Topics. J. Mar. Sci. Eng. 2020, 8, 78.

Retrieved from https://encyclopedia.pub/entry/history/show/119898

https://encyclopedia.pub/entry/53075 21/21



