The bacterial response to
ohytoplankton blooms

Alison Buchan
Department of Microbiology

THE(JNIVERSITYof I ENNESSEE KNOXVILLE




F
CcO
A : COZ
A J l
@ Phytoplankton Zooplankton
X ¢ ORI F
) *e
)
Ty @ \’ A
DOM POM
DOC, DON and DOP POC, PO(L\I and POP
0© 0 _o© ©pg © 0% o o0%ep
°o°°o°°°%° Siale ) 000080

| Microbial loop I

Heterotrophic
bacteria

Inorganic
nutrients

~
Yo

00 0% oo

Biological
anp @

Microbial
Lcarbon pump @

Y

Long-term storage

@ [Viatshur] y

Buchan et al (2014) NRM



Free
bacteria ¢»

7 1 """bacteria on

L Mmarlne snow

i

Azam 1983 Science



Generalized response

» Bacteria increase in abundance
« Secondary production increases

» Bacterial community composition
changes in a successional fashion



Substrate-Controlled Succession German Bight, North Sea
of Marine Bacterioplankton Populations
Induced by a Phytoplankton Bloom
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biomolecular signatures

« Amplicon sequencing of taxonomic (SSU rRNA)or
functionally informative genes
« ‘omics approaches

Microbial potentiality
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What do 16S rRNA gene surveys revedl
about bacterial communities in bloomse

« They are diverse, but generally less so than
non-bloom conditions

« Select lineages respond to bloom conditions
* They are dynamic

— Successional changes from pre-bloom
throughout bloom

— Within broader phylogenetic groups,
subgroups peak (“bloom”) at different times
during the phytoplankton bloom



Changes in bacterioplankton composition under different phytoplankion regimens.
Pinhassi et al (2004) Appl Environ Microb

“...majority of the bacterial phylotypes identified in our study belonged to the Roseobacter
group or the phylum.”

Differing growth responses of major phylogenetic groups of marine bacteria to natural

phytoplankton blooms in the Western North Pacific Ocean

Tada et al (2011) Appl Environ Microb

“Roseobacter bacteria remained widespread, active, and proliferating despite large

fluctuations in organic matter and chlorophyll a concentrations. The relative confribution of
to total bacterial production was consistently high.”

Major differences of bacterial diversity and activity inside and outside of a natural iron-
fertilized phytoplankton bloom in the Southern Ocean.

West et al (2008) Environ Microbiol

“In the bloom, the dominant operational taxonomic units (OTUs) were the Roseobacter
NACI1-7 cluster, SAR92 and a Cyfophaga- -Bacteroides cluster related to the
aggs8 group, whereas in the HNLC region, SAR11, Roseobacter RCA and

dominated.”

Substrate-controlled succession of marine bacterioplankion populations induced by a
phytoplankion bloom

Teeling et al (2012) Science

“....distinct populations of , Gammaproteobacteria, and Alphaproteobacteria
are specialized for successive decomposition of algal-derived organic matter.”



“Roseobacter”

Domain: Bacteria

Phylum: Proteobacteria
Class:  Alphaproteobacteria
Order. Rhodobacterales
Family: Rhodobacteraceae

“Flavobacteria”

Bacteria
Bacteriodetes
Flavobacteriia
Flaviobacteriales
Flaviobacteriaceae
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Red = metagenome
Blue = metaproteome
Magenta = 16S rRNA

Alphaproteobacteria

Flavobacteria

Gammaproteobacteria

Teeling et al (2012) Science
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Recruitment of Teeling data to Roseobacter genome HTCC 2150
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Gulf of Mexico mesocosm bloom
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Transcripts of specific functional gene families are
more (or less) abundant during blooms
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Metaproteomes

A
3 N
S
5 2 ‘
(%5}
z ' ‘
1 N
N
31/03
Q7/04
N 14/04
4 21/04 5
[ susD \\
B TBDT AN
| T BN
[[1 TRAP 0.3 \\ \
B ABC 3 N
8 v i N
il ;
< N
g \\
0.1 N
\\
| N
31/03 NES | F N
- Q07/04 ﬁ;\: SEE ' _ “ S
e 14/04 - 8 - A NS
% 21/04 = e \
< o iy = S >
<., o = ‘7439 6”0‘9 o, %
3 %5 < = K ‘o %
c;,.@ﬁ o, 6% OéO’ cP‘?O 60’ S,
[ phosphate ABC-type transporter ‘?90 Q"% 690(, - 2 = ,6'6@
[] phosphonate ABC-type transporter g < % .
[[] phosphate:sodium symporter < y—ProTeoncTeno
O phosphate uptake regulator PhoU o
Flavobacteria

Diatom-dominated bloom
Teeling et al (2012) Science



GH16| |CE6 )
0.10 o
0.05 + 0.01
§ § 0.03 GH30| |sulfatases B8 g
g g e 0.10 &
z g9 2 0.05 é
E y G‘H‘s G"-@1' . g ; 0'02
0.10
0.01
0.05
(v
988388 988888
-MNO =N~ - MNMOvrYwQN ™
% 2009 2009
_’%f
/4 4'%
@ maximum expression at 31/03/2009 [] other/unclassified
[@ maximum expression at 07/04/2009 ’%@ = Gammaproteobacteria - SAR92 clade
@ maximum expression at 14/04/2009 &y Gammaproteobacteria
maximum expression at 21/04/2009 4 O Flavobacteria - Polaribacter
B maximum expression at 16/06/2009 [0 Flavobacteria
e A ; f¥¥v ; 2 . ~—e— DAPI TCC a0
B BBECHa
= 3E+06 - - 30 &
3 E
gzaoe 20 @
§ 1E+06 4 - 10 g
ST FFEEEL ST S Teeling et al (2012) Science



Moving forward with ‘omics

Missing low abundance functionadl
traits

Making sense of hypothetical
genes/proteins

Making sense of annotated
genes/proteins

— Deciphering the underlying intferactions
that give rise to system-level response

Relating data to system level C fluxes



General features of bloom
response bacterio

Table 1. Physiological characteristics of the model copiotroph P. angustum S$14 and oligotroph S. alaskensis
RB2256

Physiological characteristic P. angustum 514 S. alaskensis RB2256
Trophic strategy Copiotroph Oligotroph
Growth strategy Feast and famine Equilibrium
Cell size Large (>1 um?3) Small (<0.1 um3)
Maximum growth rate >1h-1 <0.2 h1
Growth rate dependence on media richness Yes No
Starvation cross-protection to high levels of other stress Yes No
inducing agents
Growing cells inherently resistant to stress inducing agents No Yes
Lag phase after starvation Yes No
rpoS-dependent reductive cell division Yes No
Consistent cell yield during nutrient limited growth No Yes

Lauro et al (2009) PNAS



Inferring frophic status from

oligotroph

genome seguences

Sphingopyxis alaskensis RB2256

Pelagibacter ubique HTCC1062
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Genomic features of copiotrophs

« Large genome sizes (>4Mb)
* More transporters, high specificity

* More sensory mechanisms (e.g.
chemotaxis)

« Motility & adhesion

« Secondary metabolite production,
excretion and detoxification

« Complex and numerous regulatory
networks

« Chemical signaling

Lauro et al (2009) PNAS and others



What can we learn from model systems?
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The “Jekyll & Hyde" nature of roseobacter-
phytoplankton relationships

Reugeria sp.
Phaeobacter sp. Seyedsayamdost et al (2011) Nat Chem Bio

Dinoroseobacter shibae Wang et al (2014) (Frontiers)



CFU/bead

Interactions with other bacteria
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Interactions carly late
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Structural Replication/Host regulation Host integration/excision Lysis/structural
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doi:10.1038/nature14488

Interaction and signalling between a cosmopolitan
phytoplankton and associated bacteria

S. A. Aminm, L.R. Hmelos, H. M. van Toll, B. P. Durham®, L. T. Carlsonl, K. R. Heall, R. L. Moralesl, C.T. Berthiaumel,
M. S. Parker', B. Djunaedi', A. E. Ingalls', M. R. Parsek®, M. A. Moran® & E. V. Armbrust’ (2015) Nature

Cryptic carbon and sulfur cycling between surface
ocean plankton

Bryndan P. Durham?, Shalabh Sharma®, Haiwei Luo®, Christa B. Smith®, Shady A. Amin¢, Sara J. Bender®,
Stephen P. Dearth®, Benjamin A. S. Van Mooy®, Shawn R. Campagna®, Elizabeth B. Kujawinski, E. Virginia Armbrust,

and Mary Ann Moran®" (20] 5) PNAS
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Conclusions

Specific lineages of marine bacteria respond
positively to phytoplankton blooms

"Omics field data provides evidence for niche
specialization

Lab experiments provide evidence for highly
specific inferactions between bacteria and
phytoplankton

Reconciling ‘omics data with system level
measurements
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