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Figure S1.1 Chromatographic profile of zwitterionic metabolites from P. bermudensis using UHPLC with detection by 

ESI-HRMS. (A) Total Ion Count (TIC), (B) GBT ion trace m/z 118.08638, (C) proline ion trace m/z 116.07067, (D) 

Cysteinolic acid ion trace m/z 156.03239, (E) 4-hydroxyproline ion trace m/z 132.06567 (F) ectoine ion trace m/z 143.08162, 

(G) Sarcosine ion trace m/z 90.05499. 
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Figure S1.2 Chromatographic profile of zwitterionic metabolites from P. bermudensis using UHPLC with detection by 

ESI-HRMS. (A) Total Ion Count (TIC), (H) DMSOP ion trace m/z 151.04231, (I) Choline ion trace m/z 104.10696, (J) DMSP 

ion trace m/z 135.04753, (K) carnitine ion trace m/z 162.11246 (L) Gonyol ion trace m/z 179.07376. 

Comparison of MS/MS spectra of zwitterionic metabolites from P. bermudensis and reference standards  

All MS/MS spectra of our reference standards were deposited and publicly available online in the GNPS 

spectral libraries. The charts were made using the Metabolomics Spectrum Resolver (https://metabolomics-

usi.ucsd.edu/) [1] and scannable QR-codes link out to the individual annotated charts and library spectra with 

their metadata. All spectral mirror charts had cosine similarity scores not lesser than 0.98. Identical MS/MS spectra 

proved the identity of compounds from P. bermudensis were identical compounds with reference standards.  
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Figure S2.1. Comparison of MS/MS spectra of DMSP from P. bermudensis (top plot) and reference standard (bottom 

plot). Link could be found here, CCMSLIB00006716179 

 
Figure S2.2. Comparison of MS/MS spectra of DMSOP from P. bermudensis (top plot) and reference standard (bottom 

plot). Link could be found here, CCMSLIB00006716180 

 

https://metabolomics-usi.ucsd.edu/dashinterface/?usi1=mzspec%3AGNPS%3ATASK-baaca59785e84a1e8e8b2dc80d6b9836-spec%2Fspec-00000.mzML%3Ascan%3A1&usi2=mzspec%3AGNPS%3AGNPS-LIBRARY%3Aaccession%3ACCMSLIB00006716179&width=10.0&height=6.0&mz_min=None&mz_max=200.0&max_intensity=150&annotate_precision=4&annotation_rotation=90&cosine=standard&fragment_mz_tolerance=0.1&grid=False&annotate_peaks=%5B%5B63.02666473388672%2C%2073.02872467041016%2C%20135.04745483398438%5D%2C%20%5B63.02653884887695%2C%2073.02860260009766%2C%20135.04766845703125%5D%5D#%7B%7D
https://metabolomics-usi.ucsd.edu/dashinterface/?usi1=mzspec%3AGNPS%3ATASK-8ab751a7c6684e00b456b0f6c8ae6164-spec%2Fspec-00000.mzML%3Ascan%3A1&usi2=mzspec%3AGNPS%3AGNPS-LIBRARY%3Aaccession%3ACCMSLIB00006716180&width=10.0&height=6.0&mz_min=None&mz_max=200.0&max_intensity=150&annotate_precision=4&annotation_rotation=90&cosine=standard&fragment_mz_tolerance=0.1&grid=False&annotate_peaks=%5B%5B79.02131652832031%5D%2C%20%5B79.02139282226562%5D%5D#%7B%7D
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Figure S2.3. Comparison of MS/MS spectra of cysteinolic acid from P. bermudensis (top plot) and reference 

standard (bottom plot). Link could be found here, CCMSLIB00008851455 

 
Figure S2.4. Comparison of MS/MS spectra of gonyol from P. bermudensis (top plot) and reference standard (bottom 

plot). Link could be found here, CCMSLIB00006716181 

https://metabolomics-usi.ucsd.edu/dashinterface/?usi1=mzspec%3AGNPS%3ATASK-63284577229543e08ec14935674066a6-spec%2Fspec-00000.mzML%3Ascan%3A1&usi2=mzspec%3AGNPS%3AGNPS-LIBRARY%3Aaccession%3ACCMSLIB00008851455&width=10.0&height=6.0&mz_min=None&mz_max=200.0&max_intensity=150&annotate_precision=4&annotation_rotation=90&cosine=standard&fragment_mz_tolerance=0.1&grid=False&annotate_peaks=%5B%5B56.04982376098633%2C%20138.0220184326172%2C%20156.03228759765625%5D%2C%20%5B56.04983139038086%2C%20138.02203369140625%2C%20156.0323028564453%5D%5D#%7B%7D
https://metabolomics-usi.ucsd.edu/dashinterface/?usi1=mzspec%3AGNPS%3ATASK-ba90d640d77545ccb554c4892b641cf1-spec%2Fspec-00000.mzML%3Ascan%3A1&usi2=mzspec%3AGNPS%3AGNPS-LIBRARY%3Aaccession%3ACCMSLIB00006716181&width=10.0&height=6.0&mz_min=None&mz_max=200.0&max_intensity=150&annotate_precision=4&annotation_rotation=90&cosine=standard&fragment_mz_tolerance=0.1&grid=False&annotate_peaks=%5B%5B55.054630279541016%2C%2075.04414367675781%2C%2099.04400634765625%2C%20117.05477142333984%5D%2C%20%5B55.054378509521484%2C%2075.04399108886719%2C%2089.02325439453125%2C%2099.04383087158203%2C%20117.05437469482422%5D%5D#%7B%7D
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Figure S2.5. Comparison of MS/MS spectra of glycine betaine (GBT) from P. bermudensis (top plot) and reference standard 

(bottom plot). Link could be found here, CCMSLIB00006716183 

 
Figure S2.6. Comparison of MS/MS spectra of carnitine from P. bermudensis (top plot) and reference standard (bottom 

plot). Link could be found here, CCMSLIB00008851519 

https://metabolomics-usi.ucsd.edu/dashinterface/?usi1=mzspec%3AGNPS%3ATASK-0616b43d5e9a4c5eabe1bf6389256ef6-spec%2Fspec-00000.mzML%3Ascan%3A1&usi2=mzspec%3AGNPS%3AGNPS-LIBRARY%3Aaccession%3ACCMSLIB00006716183&width=10.0&height=6.0&mz_min=None&mz_max=200.0&max_intensity=150&annotate_precision=4&annotation_rotation=90&cosine=standard&fragment_mz_tolerance=0.1&grid=False&annotate_peaks=%5B%5B59.07326889038086%2C%20118.08644104003906%5D%2C%20%5B59.07329177856445%2C%20118.08643341064453%5D%5D#%7B%7D
https://metabolomics-usi.ucsd.edu/dashinterface/?usi1=mzspec%3AGNPS%3ATASK-3a57dba663da4ee68c60065faba01f1c-spec%2Fspec-00000.mzML%3Ascan%3A1&usi2=mzspec%3AGNPS%3AGNPS-LIBRARY%3Aaccession%3ACCMSLIB00008851519&width=10.0&height=6.0&mz_min=None&mz_max=200.0&max_intensity=150&annotate_precision=4&annotation_rotation=90&cosine=standard&fragment_mz_tolerance=0.1&grid=False&annotate_peaks=%5B%5B60.081172943115234%2C%20103.03907775878906%2C%20162.1122283935547%5D%2C%20%5B60.08126449584961%2C%20103.03905487060547%2C%20162.1126708984375%5D%5D#%7B%7D
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Figure S2.7. Comparison of MS/MS spectra of ectoine from P. bermudensis (top plot) and reference standard (bottom 

plot). Link could be found here, CCMSLIB00006717988 

 
Figure S2.8. Comparison of MS/MS spectra of choline from P. bermudensis (top plot) and reference standard (bottom 

plot). Link could be found here, CCMSLIB00008851521 

https://metabolomics-usi.ucsd.edu/dashinterface/?usi1=mzspec%3AGNPS%3ATASK-64b4c8b6c01b44cb923de5108e5ea80f-spec%2Fspec-00000.mzML%3Ascan%3A1&usi2=mzspec%3AGNPS%3AGNPS-LIBRARY%3Aaccession%3ACCMSLIB00006685799&width=10.0&height=6.0&mz_min=None&mz_max=200.0&max_intensity=150&annotate_precision=4&annotation_rotation=90&cosine=standard&fragment_mz_tolerance=0.1&grid=False&annotate_peaks=%5B%5B68.0497817993164%2C%2097.07600402832031%2C%20143.08175659179688%5D%2C%20%5B97.07659912109375%2C%20143.08200073242188%5D%5D#%7B%7D
https://metabolomics-usi.ucsd.edu/dashinterface/?usi1=mzspec%3AGNPS%3ATASK-43221881fbc2465fbdabffbcb06cbb97-spec%2Fspec-00000.mzML%3Ascan%3A1&usi2=mzspec%3AGNPS%3AGNPS-LIBRARY%3Aaccession%3ACCMSLIB00008851521&width=10.0&height=6.0&mz_min=None&mz_max=200.0&max_intensity=150&annotate_precision=4&annotation_rotation=90&cosine=standard&fragment_mz_tolerance=0.1&grid=False&annotate_peaks=%5B%5B60.08115768432617%2C%20104.10688781738281%5D%2C%20%5B60.081153869628906%2C%20104.10694122314453%5D%5D#%7B%7D
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Figure S2.9. Comparison of MS/MS spectra of 4-hydroxyproline from P. bermudensis (top plot) and reference standard 

(bottom plot). Link could be found here, CCMSLIB00010013001 

 
Figure S2.10. Comparison of MS/MS spectra of proline from P. bermudensis (top plot) and reference standard (bottom 

plot). Link could be found here, CCMSLIB00008851522 

https://metabolomics-usi.ucsd.edu/dashinterface/?usi1=mzspec%3AGNPS%3ATASK-a30f8045a549452784ef01928e55e861-spec%2Fspec-00000.mzML%3Ascan%3A1&usi2=mzspec%3AGNPS%3AGNPS-LIBRARY%3Aaccession%3ACCMSLIB00010013001&width=10.0&height=6.0&mz_min=None&mz_max=200.0&max_intensity=150&annotate_precision=4&annotation_rotation=90&cosine=standard&fragment_mz_tolerance=0.1&grid=False&annotate_peaks=%5B%5B68.04977416992188%2C%2086.06021118164062%2C%20132.0657196044922%5D%2C%20%5B68.04983520507812%2C%2086.06022644042969%2C%20132.06610107421875%5D%5D#%7B%7D
https://metabolomics-usi.ucsd.edu/dashinterface/?usi1=mzspec%3AGNPS%3ATASK-5ad21329c0db4eb7a4fc8af9f3fe12e9-spec%2Fspec-00000.mzML%3Ascan%3A1&usi2=mzspec%3AGNPS%3AGNPS-LIBRARY%3Aaccession%3ACCMSLIB00003740034&width=10.0&height=6.0&mz_min=None&mz_max=200.0&max_intensity=150&annotate_precision=4&annotation_rotation=90&cosine=standard&fragment_mz_tolerance=0.1&grid=False&annotate_peaks=%5B%5B70.06537628173828%2C%20116.07077026367188%5D%2C%20%5B70.065185546875%2C%20116.07059478759766%5D%5D#%7B%7D
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Figure S2.11. Comparison of MS/MS spectra of sarcosine from P. bermudensis (top plot) and reference standard (bottom 

plot). Link could be found here, CCMSLIB00008851520 
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Figure S3.1. OD600 during the growth curve of P. bermudensis cultures grown in marine broth in NaCl concentration of 

0.33 M – 1.33 M. Error bars represent standard deviation of three biological replicates. Sampling for extraction was taken 

at the late exponential phase.  

https://metabolomics-usi.ucsd.edu/dashinterface/?usi1=mzspec%3AGNPS%3ATASK-9acde5328c9948fbbc7863ade0ba4f95-spec%2Fspec-00000.mzML%3Ascan%3A1&usi2=mzspec%3AGNPS%3AGNPS-LIBRARY%3Aaccession%3ACCMSLIB00008851520&width=10.0&height=6.0&mz_min=None&mz_max=200.0&max_intensity=150&annotate_precision=4&annotation_rotation=90&cosine=standard&fragment_mz_tolerance=0.1&grid=False&annotate_peaks=%5B%5B72.08112335205078%2C%2090.05504608154297%5D%2C%20%5B90.0550308227539%5D%5D
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Figure S3.2. OD600 during the growth curve of P. bermudensis cultures grown in marine broth with NaCl concentration 

of 0.033 M – 0.33 M and the absence of NaCl. Error bars represent standard deviation of three biological replicates.  
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Figure S3.3. OD600 during the growth curve of P. bermudensis cultures grown in marine broth with a temperature range 

of 18 ֯C - 38 ֯C. Error bars represent standard deviation of three biological replicates.  
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Figure S3.4. OD600 during the growth curve of P. bermudensis cultures grown in marine broth under the exposure to T. 

striata extract in different concentrations (0.15 µg µL-1, 0.30 µg µL-1, 0.60 µg µL-1, and 1.2 µg µL-1). Error bars represent 

standard deviation of three biological replicates.  
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Figure S4. Cell densities of P. bermudensis under different stress treatments at the late exponential phase. 
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Figure S5. The intracellular concentration of sulfur- and nitrogen-containing zwitterionic metabolites in P. bermudensis 

HTCC2601 after treatment with T. striata extracts in different concentrations. (A) DMSOP, (B) DMSP, (C) gonyol, (D) 

cysteinolic acid, (E) GBT, (F) ectoine, (G) sarcosine, (H) choline, (I) carnitine, (J) proline, and (K) 4-hydroxyproline. 

Concentrations are normalized based on the cell count, error bars represent standard deviation (biological replicates, 

N = 3). Statistical analysis is based on One-Way ANOVA with a Tukey test for multiple comparison procedures. All 

statistical analyses were performed with a 95% confidence interval using GraphPad Prism 9.3.1 version. p > 0.05 is 

considered not significantly different. No statistically significant changes upon addition of T. striata extract were ob-

served. Ext: extract; n = amounts per cell. 

 

Table S1. Concentration of sulfur- and nitrogen-containing zwitterionic metabolites from T. striata by LC-HRMS 

Zwitterionic metabolites 
Concentration of metabolites* 

(Mean ± Standard Deviation) 

Glycine betaine (GBT) 0.98 ± 0.11 

DMSP 0.19 ± 0.013 

Cysteinolic acid 0.046 ± 0.0016 

Ectoine 0.016 ± 0.00089 

Sarcosine 0.010 ± 0.00036 

DMSOP 0.0091 ± 0.0017 

Proline 0.00068 ± 0.00012 

Choline 0.00040 ± 0.000043 

Hydroxyproline 0.00045 ± 0.000045 

Carnitine 0.000039 ± 0.0000047 

 

⁎ Mean ± Standard Deviation were expressed in µg mg-1 dried algal extract (biological replicates, N = 3) 
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