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Abstract

This dataset contains measurements of fluorescence, cell abundance, phosphate concentrations, and
intracellular phosphorus (P) pools from continuous culture experiments of Synechococcus sp. WH8102
conducted under controlled laboratory P treatments (High-P, Mid-P, and Low-P). Experiments were performed
under steady-state conditions in exponentially fed batch (EFB) cultures (Fischer et al., 2014), with three
biological replicates per treatment for four to five consecutive days. Intracellular P partitioning across major
macromolecular pools, including ATP, DNA, RNA, free phosphate (Pi), phospholipids, and polyphosphate
(polyP). Intracellular P pools were quantified using established biochemical and analytical methods appropriate
for each fraction, enabling assessment of cellular P allocation under contrasting nutrient regimes. These data
were generated to investigate how P availability constrains microbial physiology, cellular resource allocation,
and population dynamics in marine cyanobacteria. The dataset provides a comprehensive view of physiological
responses across organizational scales, linking P conditions and growth rates to intracellular P allocation and
cell physiology in Synechococcus. Together, these measurements provide a resource for examining P-driven
changes in cellular composition and nutrient use strategies in marine microbial systems.
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Methods & Sampling


https://www.bco-dmo.org/dataset/1005084
https://www.bco-dmo.org/project/891607
https://www.bco-dmo.org/person/542287
https://www.bco-dmo.org/person/747718
https://www.bco-dmo.org/person/1005091
https://www.bco-dmo.org/person/924467

Synechococcus sp. WH8102 was grown in exponentially fed batch (EFB) continuous cultures under controlled
laboratory conditions to maintain near steady-state physiology. Cultures were maintained at 26 °C on a 12:12 h
light:dark cycle (250 HE m=2 s71) in SN medium with three phosphorus treatments: High-P (36 uM), Mid-P (5
uM), and Low-P (1 uM). Continuous dilution rates were adjusted (0.35, 0.25, and 0.12 d-1, respectively) to
match growth rates and maintain stable biomass.

Samples were collected daily and processed immediately. Cell abundance was measured using a Coulter
Counter, and growth rates were calculated from changes in in vivo fluorescence (measured by fluorometry),
corrected for dilution. Subsamples were filtered onto 0.2 um polycarbonate or GF/F filters for intracellular
phosphorus analyses and stored at —80 °C or extracted immediately, depending on the assay.

Intracellular phosphorus pools were quantified across major macromolecular fractions, including ATP, DNA,
RNA, phospholipids, and polyphosphate, using established biochemical and fluorometric methods. ATP was
measured via bioluminescence, nucleic acids via fluorometric assays, polyphosphate via dye-based
fluorometry, and phospholipid-associated P following extraction and colorimetric phosphate determination.
Dissolved and particulate phosphorus fractions, including soluble reactive phosphorus (SRP), total particulate
phosphorus (TPP), and intracellular inorganic phosphate (Pi), were measured using standard colorimetric
methods. Intracellular phosphorus pools, including ATP, DNA, RNA, phospholipid-associated phosphorus
(P_lipid), free inorganic phosphate (free_Pi), and polyphosphate (PolyP), as well as TPP, are reported as bulk
concentrations in the culture (uM), phosphorus quotas per cell (fmol cell-?), and phosphorus normalized to cell
biovolume (fmol um-3).

Together, these approaches enabled quantification of cellular phosphorus allocation and nutrient dynamics
under controlled phosphorus supply conditions.

Data Processing Description

All statistical analyses were conducted in R (v4.3.3; R Core Team, Vienna, Austria). Data were tested for
normality using the Shapiro-Wilk test and for homogeneity of variances using Levene’s test. When
assumptions of normality and homoscedasticity were met, differences among treatments were assessed using
one-way ANOVA followed by Tukey’s post hoc tests for pairwise comparisons. When assumptions were
violated, non-parametric Kruskal-Wallis tests were applied, followed by pairwise Wilcoxon rank-sum tests with
multiple-testing correction. Effect sizes for ANOVA were quantified using eta squared (n?). Within-treatment
variability was assessed using coefficients of variation (CV). A significance threshold of o = 0.05 was applied
throughout.

Because not all intracellular P pools were quantified at the same sampling events, fractional P allocation was
evaluated at the treatment level rather than per replicate. Mean concentrations of each P-containing pool were
calculated from all available steady-state replicates within each treatment and summed to construct a
treatment-level intracellular P budget. The relative contributions of individual pools were then expressed as
fractions of this calculated budget. Statistical analyses were performed on absolute pool sizes, whereas
proportional allocations are reported descriptively. Relative treatment responses were quantified by calculating
fold changes for each pool or metric relative to the high-P condition. Fold change was computed as the ratio of
the mean value in the low-P or mid-P treatment to the mean value in the high-P treatment.

BCO-DMO Processing Description

- Loaded data from P_pools_cell srp fluo.xIsx (Sheetl), using row 1 as header, table named
p_pools_cell srp fluo; applied Excel floating point error adjustment and preserved cell display formatting on
load; set " and "nd" as missing value indicators

- Overwrote biovolume_um3 column for every row based on treatment group (value was identified for each
treatment group, but were not filled out in all cells of the table), filing in a fixed per-treatment culture property:
0.844 for Low-P, 0.845 for Mid-P, and 0.436 for High-P

- Renamed columns in compliance with BCO-DMO parameter naming guidance: SRP_uM to SRP, FLUO_RFU to
FLUO, cell_ mL to cell, biovolume_um3 to biovolume

- Exported file as 1005084 v1 p pools cell srp fluo
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Parameters

Parameter Description Units

treatment categorical
Experimental Phosphorus supply treatment: Low-P, Mid-P, or (none)
High-P.

day days
Sampling day (time-point) of the experiment

bottle categorical
Biological replicate/sample container ID (a, b, ¢) (none)

FLUO RFU (relative
Fluorescence signal (proxy for pigment or cell activity depending |fluorescence
on assay) units)

cell cells per mL
Cell abundance concentration in the culture (cells / mL)

SRP MM (micromoles
Soluble reactive phosphorus (SRP) concentration in the culture per liter)

biovolume pm3 per cell
Average cellular biovolume for each treatment group (0.844 for
Low-P, 0.845 for Mid-P, High-P=0.436)

growth rates 1 day per day

Specific growth rate over a one-day interval, calculated from
changes in in vivo fluorescence and corrected for culture dilution



https://doi.org/10.4319/lom.2014.12.432
https://osprey.bco-dmo.org/dataset/998248
https://osprey.bco-dmo.org/dataset/1005186

ATP_value_uM

MM (micromoles

ATP-associated phosphorus concentration in the culture per liter)
ATP_value_fmol um3 fmol P um-3
ATP-associated phosphorus quota per cell
ATP_value_fmol_cell fmol P cell-*

ATP-associated phosphorus normalized to cell biovolume

DNA value uM

DNA-associated phosphorus concentration in the culture

MM (micromoles
per liter)

DNA_value_fmol_um3

DNA-associated phosphorus quota per cell

fmol P um~—3

DNA value fmol_cell

DNA-associated phosphorus normalized to cell biovolume

fmol P cell-*

RNA_value uM MM (micromoles
RNA-associated phosphorus concentration in the culture per liter)

RNA _value fmol um3 fmol P um-3
RNA-associated phosphorus quota per cell

RNA_value_fmol cell fmol P cell-*

RNA-associated phosphorus normalized to cell biovolume

P_lipid_value uM

Phospholipid-associated phosphorus concentration in the culture

MM (micromoles
per liter)

P_lipid_value fmol um3

Phospholipid-associated phosphorus quota per cell

fmol P um~—3

P_lipid_value fmol cell

Phospholipid-associated phosphorus normalized to cell biovolume

fmol P cell-*

free Pi value_uM

Free inorganic phosphate (Pi) concentration in the intracellular
phosphorus pool, expressed as a bulk culture concentration

MM (micromoles
per liter)

free Pi_value fmol um3

Free inorganic phosphate (Pi) quota per cell

fmol P um~—3

free_Pi value_fmol cell

Free inorganic phosphate (Pi) normalized to cell biovolume

fmol P cell-*

PolyP_value uM

Polyphosphate-associated phosphorus concentration in the
culture

MM (micromoles
per liter)

PolyP_value fmol um3

Polyphosphate-associated phosphorus quota per cell

fmol P um~—3

PolyP_value _fmol cell

Polyphosphate-associated phosphorus normalized to cell
biovolume

fmol P cell-*




TPP_value uM MM (micromoles
Total particulate phosphorus (TPP) concentration in the culture per liter)

TPP_value_fmol um3 fmol P um-3
Total particulate phosphorus (TPP) quota per cell

TPP_value_fmol cell fmol P cell-*
Total particulate phosphorus (TPP) normalized to cell biovolume
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Instruments
Dataset-
specific Coulter Counter Multisizer 4e (Beckman Coulter, Indianapolis, USA)
Instrument
Name
Generic
Instrument |Coulter Counter
Name
Dataset- |- .und d using a Coulter C d h lculated f
specific ella un. ance_was measured using a Coulter Counter, and growth rates w_ereT calculated from
. . changes in in vivo fluorescence (measured by fluorometry), corrected for dilution.
Description
G . An apparatus for counting and sizing particles suspended in electrolytes. It is used for cells,
eneric . ; ; . !
Instrument chterla, prokaryotic cells and virus particles. A typl;al Coulter counter _has one or more
D . .. _|microchannels that separate two chambers containing electrolyte solutions.
escription . o . .
from https://en.wikipedia.org/wiki/Coulter_counter
Dataset-
specific Fluorometer (AquaFluor, Turner Designs)
Instrument
Name
Generic
Instrument |Fluorometer
Name
Dataset- |- j1,nd d using a Coulter C d h lculated f
specific ell abundance was measured using a Coulter Counter, and growth rates were calculated from

Description

changes in in vivo fluorescence (measured by fluorometry), corrected for dilution.

Generic
Instrument
Description

A fluorometer or fluorimeter is a device used to measure parameters of fluorescence: its
intensity and wavelength distribution of emission spectrum after excitation by a certain
spectrum of light. The instrument is designed to measure the amount of stimulated
electromagnetic radiation produced by pulses of electromagnetic radiation emitted into a water
sample or in situ.



https://en.wikipedia.org/wiki/Coulter_counter

Dataset-

LS Luminometer (Berthold LUMAT LB 9510 |)
Instrument
Name
Generic
Instrument Luminometer
Name
Dataset- ATP was measured via bioluminescence, nucleic acids via fluorometric assays,
specific polyphosphate via dye-based fluorometry, and phospholipid-associated P following
Description extraction and colorimetric phosphate determination.
Generic . . . : . .
A luminometer is an instrument that measures light and other optical properties of
Instrument

Description

specimens in chemiluminescent and bioluminescent applications.

Dataset-
specific . .
Spectrophotometer (SpectraMax iD5, Molecular Devices, San Jose, USA)
Instrument
Name
Generic
Instrument Spectrophotometer
Name
Dataset- Dissolved and particulate phosphorus fractions, including soluble reactive phosphorus (SRP),
specific total particulate phosphorus (TPP), and intracellular inorganic phosphate (Pi), were measured
Description using standard colorimetric methods.
Generic . : . . -
An instrument used to measure the relative absorption of electromagnetic radiation of
Instrument

Description

different wavelengths in the near infra-red, visible and ultraviolet wavebands by samples.
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Project Information

Collaborative Research: Assessing the role of polyphosphate production and cycling in marine
ecosystem functioning (Polyphosphate production and cycling)

Coverage: Mediterranean Sea and California Current Ecosystem

NSF Award Abstract:

Phosphorus (P) is a vital nutrient required by all forms of life. In the ocean, which sustains half of global
photosynthesis and oxygen supply, P can be scarce enough to constrain biological productivity, carbon
dioxide uptake, and therefore climate. Human activity is accelerating the delivery of nutrients like P to the
ocean, but rates of nitrogen inputs are even greater. This imbalance may increase levels of P stress in marine
ecosystems, placing ocean productivity more and more under the control of P supply. Given the critical role of
P in sustaining ocean health and ecosystem services now and into the future, a comprehensive understanding
of its utilization and fate in the marine environment is nhecessary. In this project, the research team investigates
marine polyphosphate (polyP), a ubiquitous yet poorly understood form of P made by all living organisms. To
close major knowledge gaps on marine polyP, the investigators are overcoming major technical barriers to
produce the first quantitative measurements of polyP in marine microorganisms. These measurements are
being conducted on laboratory microbial cultures, as well as field samples from environments with high P
supply, such as the California Current Ecosystem, or very low P supply, such as the Mediterranean Sea. In
addition, the research team is resolving the cellular function of marine polyP across these different organisms
and environments in order to clarify its role in biological P nutrition. This work helps advance polyP research
across disciplines, including terrestrial science and even cancer research, and has broad application to P
bioremediation. This project supports a postdoctoral researcher, a graduate student, and several
undergraduate students in the labs of two female scientists. New educational tools to teach the public about
marine polyP are being produced and disseminated through this project. A K12 teacher is participating in the




work and communicating the findings to their classrooms and to broad audiences online.

PolyP is ubiquitous in marine systems, where it plays critical roles in microbial P nutrition and P mineral
formation and sequestration. In these ways, polyP has the potential to shape long- and short-term marine P
cycling, primary productivity, microbial ecology, and global climate. However, major knowledge gaps still exist.
Due to technical limitations, the scientific community currently lacks a quantitative understanding of marine
polyP pools, their chain lengths, and biological origins. Furthermore, given the view of polyP as a P storage
molecule, recent observations pointing to the preferential retention of particulate polyP in low phosphate (Pi)
environments raise new questions about its ecophysiological functions. To close these knowledge gaps, two
research questions are addressed: Q1: What is the total content and chain length distribution of polyP across
different microbial groups and environmental conditions? Q2: How do the production of particulate polyP
contribute to microbial P demand and stoichiometry across a broad range in Pi availability? The following
hypotheses are tested: H1 (Q1): Functionally and environmentally diverse plankton produce a broad range of
polyP chain lengths and concentrations. H2 (Q2): The preferential retention of polyP in low Pi environments can
be reconciled with its role as a P storage molecule by a combination of taxonomic and physiological factors.
These hypotheses are tested in the laboratory using representative cultures of marine plankton and in the field
using observational approaches along natural Pi gradients in the Pacific Ocean and Mediterranean Sea. Applying
a new P-targeted method using mass spectrometry, the team is resolving an unprecedented level of detail in
marine polyP content and speciation. By combining cell sorting with elemental, biochemical, and radiotracer
analyses, the team is gaining a mechanistic understanding of polyP physiology and its cycling in the ocean.

This project is supported by the Biological Oceanography and Chemical Oceanography Programs. This award

reflects NSF's statutory mission and has been deemed worthy of support through evaluation using the
Foundation's intellectual merit and broader impacts review criteria.
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Funding

Funding Source Award

NSF Division of Ocean Sciences (NSF OCE) | OCE-2245249
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