
1. Figure S1. Amino acid contents in P. tricornutum grown in f/2 (NaNO3 concentration was reduced to 500 μM) enriched artificial 

seawater medium. Error bars represent SE of three biological replicates (Data from Ge et al., 2014). 
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Nitrogen was limited after 6 days and then triacylglycerols (TAGs) accumulated. 
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2. Growth and experiments conditions in Figure 2 

(1) Transcriptome data of 15 min, 45 min and 18 h (nitrogen starved batch cultures) 

(Smith et al., 2019) 

Duplicate 2 L cultures of P. tricornutum (CCAP-1055) were grown on artificial 

seawater medium with f/2 nutrients, trace metals, and vitamins with 880 μM ammonium as 

the sole nitrogen source and were stirred and bubbled with air with 14:10 light:dark (150 μE 

m
−2

 s
−1

) at 18°C. Cells were collected by centrifugation at mid-exponential phase (~3×10 
6
 

cells mL
−1

), washed, and resuspended in N-free media in respective flasks (2 L) for 2 h. 

Replicate cultures were spiked with nitrate to 150 μM and incubated for 90 min. Cells were 

collected by centrifugation, washed, and material from each replicate independently split 

into 800 mL no nitrogen treatments. Samples were taken during the pretreatment (at 

mid-exponential (pre_3), and after the 2-h N-pretreatment (pre_2) and 90 min nitrate 

incubations (pre_3)) and at 15 min (N-5), 45 min (N-4), and 18 h (N-6) exposure to no 

nitrogen treatments. Fold changes of 15 min, 45 min and 18 h were re-calculated by N-4, 

N-5 and N-6 contrasting with pre_3, respectively. 

(2) Transcriptome data of 4 h, 8 h and 20 h (nitrogen starved batch cultures) (Matthijs et 

al., 2016; Matthijs et al., 2017) 

P. tricornutum (Pt1) Strain 8.6 cells were grown in 500 mL Erlenmeyer flasks with 

ESAW medium containing 7.5 mg sodium nitrate per liter and other nutrients. Flasks were 

placed on a shaking platform at 120 rpm with an average lighting intensity of 100 μE 

m
−2

 s
−1

 in a temperature controlled room at 21°C. Exponentially growing P. tricornutum 

cells were transferred to nitrogen-replete medium, and sampled 4, 8, and 20 h after medium 

transfer. 

(3) Transcriptome data of 48 h (nitrogen starved batch cultures) (Levitan et al., 2015) 

P. tricornutum (accession Pt1 8.6) was maintained axenically in sterile artificial 

seawater enriched with F/2 nutrients. Three independent cultures was maintained under 

exponential growth conditions starting at 2.5 × 10
5 
cells/mL in flasks at 18°C and 120–150 

μmol photons m
−2

 s
−1

 continuous white light emitting diodes and aerated through 0.2-μm 

filters. After 48 h of growth, cells were centrifuged, washed two times with nitrogen-free, 

artificial seawater-based F/2, and split into nitrogen-replete and -free conditions. To assure 

the largest contrast between the physiological states, both treatments were sampled after 48 

h. 

(4) Transcriptome data and proteome data of SSL and SSD (nitrogen starved continuous 

cultures) (Remmers et al., 2018) 

P. tricornutum SAG1090-1b cells cultivated aseptically in a flat panel airlift-loop 

reactor with a working volume of 1.7 L and a light path of 0.02 m (Labfors 5 Lux, Infors HT, 

Switserland). Cultures were continuously purged with 1.7 L min
 −1

 air enriched with 1% CO2. 

The temperature was controlled at 20°C and the pH was maintained at 7.2 using 5% H 2SO4. 

1–2 drops of 1% w/w antifoam (Antifoam B, Baker, the Netherlands) were added once per 

day. The culture was exposed to two feeding regimes using a separate nitrogen (N) feed: N 

replete growth (control experiment, nitrogen supply rate of 0.11 g N day
−1

) and N limited 

growth (0.02 g N day
 −1

). When the culture reached steady state, samples were taken at 5–6 h 

intervals for biomass composition, proteome, metabolome and transcriptom analysis. All 



samples taken in the light period are separated from samples taken after the 8 h of darkness. 

(5) Transcriptome data and proteome data of T. pseudonana (nitrogen starved continuous 

cultures) (Bender et al., 2014) 

Thalassiosira pseudonana were maintained without bubbling in semi-continuous batch 

cultures under continuous light (100 µmol photons m
−2

 s
−1

) in modified artificial seawater 

with f/2 concentrations of nutrients (882 µM NaNO3, 106 µM Na2SiO3, 36.2 µM NaH2PO4)  

at 20°C. Cultures were considered acclimated to these growth conditions when the growth 

rates of three consecutive transfers were not significantly different from one another. Each 

acclimated diatom culture was then transferred into a batch culture with nutrient-replete 

media (882 µM NaNO3, 10 6µM Na2SiO3, 36.2 µM NaH2PO4) and a batch culture with low 

nitrate media (55 µM NaNO3, 212 µM Na2SiO3, 72.4 µM NaH2PO4) in artificial seawater, 

maintaining three biological replicates per condition. Experiments were conducted in 10 L 

bottles; all cultures were bubbled with sterile filtered air. The experimental cultures were 

filtered onto 0.8 µm polycarbonate filters during mid-exponential growth (nutrient-replete) 

or at the onset of stationary phase due to nitrate limitation. 
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3. Gene annotation and subcellular localization prediction 

Functions of predicted genes were based on the annotations, which were summarized from 

EnsemblProtist (https://protists.ensembl.org/Phaeodactylum_tricornutum/), NCBI 

(https://www.ncbi.nlm.nih.gov/), Uniprot (https://www.ebi.ac.uk/uniprot/) and KEGG 

(https://www.kegg.jp/kegg/). 

To predict a subcellular localization for each protein, we used the updated Phatr3 

(https://protists.ensembl.org/Phaeodactylum_tricornutum/) protein sequences as input for 

TMHMM 2.0 (Krogh et al., 2001), TargetP 2.0 (Emanuelsson et al., 2000) and HECTAR 

(Gschloessl et al., 2008). All programs were run using default settings. 
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4. Figure S2. Sequence alignment of the amino acids of glutathione 

S-transferase in P. tricornutum (Phatr3_J36390 and Uniprot: B7GDK0), T. 

pseudonana (Tp_33717), and human (GSTZ1). The conserved motif 

(LYSYWR/LSSCSXR/KVRIAL) and catalytic sites of maleylacetoacetate 

isomerase (MAAI) are indicated by red frame and black arrows, 

respectively. 

 


