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Abstract
We isolated Pseudanabaena sp. Strain SR411, a novel filamentous, nonheterocystous, freshwater cyanobacterium from the
West Branch of the Susquehanna River in Pennsylvania. Analysis of phycobilisome protein accumulation indicates
Pseudanabaena SR411 acclimates to changing light wavelengths and we classified it as a chromatic acclimating
cyanobacterium type CA3. The 5,780,083 bp genome has a GC content of 42.2% in which we identified 5,218 coding
sequences and 58 RNA sequences. The genome includes putative homologs to the CA3 regulatory proteins RcaE, RcaF and
RcaC.

Figure 1. Light conditions alter the phycobiliprotein composition of the phycobilisome in Pseudanabaena SR411:

A. The distal proteins in the phycobilisome (PBS) of chromatic acclimating (CA) cyanobacteria vary in red light (RL) and
green light (GL). In all light conditions, the core of the PBS contains allophycocyanin (AP, λmax = 652nm, blue circles) and an
inner layer of phycocyanin (PC, λmax = 620nm, turquoise squares) (Adir, 2005). The distal layer of phycobiliproteins contains
either PC (green dotted squares or phycoerythrin (PE, λmax = 560nm, red checked squares) depending on the environmental
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light conditions (Adir, 2005). PSII: photosystem 2, TM: thylakoid membrane B. Confocal image of a filament from
Pseudanabaena SR411 grown in RL. Unlike some CA species (Bennet and Bogorad, 1973, Singh and Montgomery, 2014),
cell shape of Pseudanabaena SR411 does not alter when grown in GL. C. Whole cell absorbance spectrum from cells grown
in RL and GL. In GL grown cells, PE is abundant and PC less abundant, whereas in RL PC is very abundant and PE is not
detectable. D. PBS protein measurements from cells grown in RL and GL. Measurement of isolated PBS proteins again
indicate that PE is more abundant in GL than RL and PC levels decrease in GL compared to RL. These data support the
conclusion that Pseudanabaena SR411 is a CA3 species (Sanfilippo et al., 2019).

Description
As photosynthetic bacteria, cyanobacteria make important contributions to both the carbon and nitrogen cycles (Whitton and
Potts, 2000). In order to maintain photosynthetic efficiency in a changeable light environment, many cyanobacteria produce
phycobilisomes (PBS) specifically tuned to the light conditions (Green 2007; Figure 1A). Chromatic acclimation (CA) is used
to produce red light (RL) absorbing PBS containing phycocyanin (PC) or green light (GL) absorbing PBS containing
phycoerythrin (PE, Bennet & Bogorad, 1973, Kehoe and Gutu, 2006). Seven forms of CA have been described that allow
cyanobacteria to respond to changes in light conditions (CA1-7, Sanfilippo et al., 2019). CA1-3 processes alter the PE and PC
contents of the PBS in response to light color. Specifically in CA3, the terminal rod components are PC in RL but PE in GL
(Tandeau de Marsac 1977, Sanfilippo et al., 2019). CA optimizes light absorption for photosynthesis by altering PBS
composition in fluctuating light environments and in environments where competition for specific wavelengths might exist
(Stomp et al., 2004, Stomp et al., 2007). In a shallow river, like the Susquehanna River, attenuation of RL is not expected and
therefore CA species might not be favored or expected to be abundant. However, a competitive light environment could favor
CA species (Stomp et al., 2004, Stomp et al., 2007). We thus began to explore the diversity of cyanobacteria in the
Susquehanna River to determine if CA species existed in this environment. Preliminary analysis of this unpublished
metagenomic data indicates that there are at least three genera with known CA species in the river: Calothrix, Nostoc and
Pseudanabaena (Wang et al., 2022). We isolated a novel strain named Pseudanabaena SR411 from surface water samples of
the Susquehanna River. The cells of Pseudanabaena SR411 are rod shaped with rounded edges (Figure 1B). Pseudanabaena
SR411 has sheath-less filaments growing in a single plane, does not form heterocysts or akinetes. These characters place it in
Section III of the major groups of cyanobacteria (Rippka et al., 1979). The 16S rRNA gene was amplified (Weisburg et al.,
1991) and analyzed on EZBioCloud where it showed 99.43% identity to Oscillatoria limnetica MR1 (also known as
Pseudanabaena limnetica) and 99.36% identity to Pseudanabaena biceps (Yoon et al., 2017). Whole cell spectra analysis
indicates that PE is nearly absent in RL grown cells while PC is reduced in GL grown cells compared to RL grown cells
(Figure 1C). Subsequent measurement of isolated phycobiliproteins indicated that PC is 2 fold more abundant in RL compared
to GL and PE is 11 fold more abundant in GL compared to RL (Figure 1D). This allows us to classify the CA response in
Pseudanabaena SR411 as CA3. We will confirm this observation via qPCR analysis of PBS genes which will allow us to
determine which of the two identified PC gene encoding operons is RL inducible (PC2) and which is constitutive (PC1). The
draft genome assembly of Pseudanabaena SR411 consists of 264 contigs, totaling 5,780,083 base pairs, with a GC content of
42.2%; the final coverage is 16X and N50 is 49,591. The genome size falls within the expected range for Pseudanabaena
species (2.5Mbp-13.6Mbp) (Herdman et. al., 1979, Chen et al., 2021), but is smaller than other CA cyanobacteria such as
Nostoc punctiforme (CA2) (Meeks et al., 2001) and Tolypothrix sp. PCC 7601 (CA3) (Yerrapragada et al., 2015). CA1-3 have
been confirmed in other Pseudanabaena species (Wang and Chen, 2022, Su et al., 2023). As expected for a CA3 organism,
multiple phycocyanin operons, phycoerythrin, associated bilin synthases and lyases were identified. Additionally, we
identified putative homologs of CA3 regulatory proteins RcaE (WP_094535076), RcaF (WP_094535075) and RcaC
(WP_094535074), which have 72%, 87.9% and 59.6% identity, respectively, to the homologs in the model organism
Tolypothrix PCC7601 (Kehoe and Grossman, 1997, Terauchi et al., 2004, Kehoe and Gutu, 2006). These regulatory genes are
located within close proximity to the PE encoding structural genes and both PC and PE bilin synthase genes. The presence of
these regulatory genes further supports classifying Pseudanabaena SR411 as a CA3 organism. While we identified nifHDK
homologs, indicating the potential to fix nitrogen (Tsygankov, 2007), we have not yet found conditions in which nitrogen
fixation is induced. Pseudanabaena SR411 will provide information useful in studying the maintenance of photosynthetic
efficiency in fluctuating and competitive light conditions and the regulation of nitrogen fixation in nonheterocystous
cyanobacteria.

Methods
Pseudanabaena SR411 was isolated from surface water of the Susquehanna River collected April 2011 in Lewisburg,
Pennsylvania (40.9645° N, 76.8844° W). The strain was isolated on BG11 media supplemented with 10 mM HEPES (pH 8.0)
and 1.5% w/v agar in white light and subsequently grown in liquid BG11 in red or green light and bubbled with air (for
conditions see Stowe et al., 2011). Unialgal cultures were obtained by repeated streaking on BG11. This strain can be obtained
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by communicating with the corresponding author. We characterized the strain using a combination of physical and genetic
characteristics. Pseudanabaena SR411 has a straight trichome, with cylindrical cells, moderate constrictions between cells, no
sheath, and cells with more rounded edges (Fig 1B). Pseudanabaena SR411 exhibits filamentous growth in one plane and
reproduce through trichome breakage. This strain did not produce heterocysts when grown in a low nitrogen environment.
Using the morphologically-based classification rubric devised by Rippka et al. (1979), these characteristics place
Pseudanabaena SR411 in subsection III of the major groups of cyanobacteria. Whole cell and isolated PBS composition was
done on fully adapted cultures brought to equivalent concentration by A750 measurement on a Beckman DU640
spectrophotometer as described in Stowe et al. (2011). We isolated DNA from RL grown cells using a ZR Fungal/Bacterial
DNA MiniPrep™ kit (Zymo Research D4068) and the genome was sequenced at Genomic Services Lab at HudsonAlpha
Institute for Biotechnology (https://www.hudsonalpha.org/gsc/capabilities/) using an Illumina HiSeqX 150PE platform. We
assembled the genome using NextGENe v2.2.0 software from SoftGenetics® using default parameters
(https://softgenetics.com/products/nextgene). Annotation by NCBI Prokaryotic Genome Annotation Pipeline 4.1 identified
5218 coding sequences and 58 RNA genes (Tatusova et al., 2016). This organism was submitted to NCBI as BioSample
SAMN06761459 and BioProject PRJNA383344 and assembly GCA_002251945.1. Genome Assembly accession number
ASM225194v1. This Whole Genome Shotgun project was deposited at DDBJ/EMBL/GenBank as accession NDHW01.

Acknowledgements:

We thank Juniata College and GCAT-SEEK for allowing us to access to NextGENe v2.2.0 software from Soft Genetics®.
GCAT-SEEK is funded by awards NSF-DBI-1248096 and NSF-DBI-1061093. These funders had no role in this study design,
data collection and interpretation or publication. Additionally, we are forever grateful for the assistance of Dr. W. C. Stowe for
culture maintenance and encouragement.

References
Adir N. 2005. Elucidation of the molecular structures of components of the phycobilisome: reconstructing a giant. Photosynth
Res 85(1): 15-32. PubMed ID: 15977057

Bennett A, Bogorad L. 1973. Complementary chromatic adaptation in a filamentous blue-green alga. J Cell Biol 58(2): 419-
35. PubMed ID: 4199659

Chen MY, Teng WK, Zhao L, Hu CX, Zhou YK, Han BP, Song LR, Shu WS. 2021. Comparative genomics reveals insights
into cyanobacterial evolution and habitat adaptation. ISME J 15(1): 211-227. PubMed ID: 32943748

Green B. 2007. Evolution of Light-Harvesting Antennas in an Oxygen World. In: Falkowski P, Knoll AH, editors. Evolution of
primary producers in the sea. Elsevier Science & Technology.

Herdman M, Janvier M, Rippka R, Stanier RY. 1979. Genome Size of Cyanobacteria. Journal of General Microbiology 111:
73-85. DOI: 10.1099/00221287-111-1-73

Kehoe DM, Grossman AR. 1997. New classes of mutants in complementary chromatic adaptation provide evidence for a
novel four-step phosphorelay system. J Bacteriol 179(12): 3914-21. PubMed ID: 9190806

Kehoe DM, Gutu A. 2006. Responding to color: the regulation of complementary chromatic adaptation. Annu Rev Plant Biol
57: 127-50. PubMed ID: 16669758

Meeks JC, Elhai J, Thiel T, Potts M, Larimer F, Lamerdin J, Predki P, Atlas R. 2001. An overview of the genome of Nostoc
punctiforme, a multicellular, symbiotic cyanobacterium. Photosynth Res 70(1): 85-106. PubMed ID: 16228364

Rippka R, Stanier RY, Deruelles J, Herdman M, Waterbury JB. 1979. Generic Assignments, Strain Histories and Properties of
Pure Cultures of Cyanobacteria. Microbiology 111: 1-61. DOI: 10.1099/00221287-111-1-1

Sanfilippo JE, Garczarek L, Partensky Fdr, Kehoe DM. 2019. Chromatic Acclimation in Cyanobacteria: A Diverse and
Widespread Process for Optimizing Photosynthesis. Annual Review of Microbiology 73: 407-433. DOI:
doi.org/10.1146/annurev-micro-020518-115738

Singh SP, Montgomery BL. 2014. Morphogenes bolA and mreB mediate the photoregulation of cellular morphology during
complementary chromatic acclimation in Fremyella diplosiphon. Mol Microbiol 93(1): 167-82. PubMed ID: 24823920

Stomp M, Huisman J, De Jongh F, Veraart AJ, Gerla D, Rijkeboer M, et al., Stal LJ. 2004. Adaptive divergence in pigment
composition promotes phytoplankton biodiversity. Nature 432(7013): 104-7. PubMed ID: 15475947

Stomp M, Huisman J, Vörös L, Pick FR, Laamanen M, Haverkamp T, Stal LJ. 2007. Colourful coexistence of red and green
picocyanobacteria in lakes and seas. Ecol Lett 10(4): 290-8. PubMed ID: 17355568

 

8/22/2024 - Open Access

https://www.hudsonalpha.org/gsc/capabilities/
https://softgenetics.com/products/nextgene
https://www.ncbi.nlm.nih.gov/biosample/SAMN06761459/
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA383344/
https://www.ncbi.nlm.nih.gov/assembly/GCA_002251945.1
https://www.ncbi.nlm.nih.gov/data-hub/genome/GCF_002251945.1/
https://www.ncbi.nlm.nih.gov/nuccore/NDHW00000000.1/
https://www.ncbi.nlm.nih.gov/pubmed/15977057
https://www.ncbi.nlm.nih.gov/pubmed/4199659
https://www.ncbi.nlm.nih.gov/pubmed/32943748
https://doi.org/10.1099/00221287-111-1-73
https://www.ncbi.nlm.nih.gov/pubmed/9190806
https://www.ncbi.nlm.nih.gov/pubmed/16669758
https://www.ncbi.nlm.nih.gov/pubmed/16228364
https://doi.org/10.1099/00221287-111-1-1
https://doi.org/doi.org/10.1146/annurev-micro-020518-115738
https://www.ncbi.nlm.nih.gov/pubmed/24823920
https://www.ncbi.nlm.nih.gov/pubmed/15475947
https://www.ncbi.nlm.nih.gov/pubmed/17355568


 

Stowe WC, Brodie-Kommit J, Stowe-Evans E. 2011. Characterization of complementary chromatic adaptation in Gloeotrichia
UTEX 583 and identification of a transposon-like insertion in the cpeBA operon. Plant Cell Physiol 52(3): 553-62. PubMed
ID: 21288891

Su M, Fang J, Jia Z, Su Y, Zhu Y, Wu B, et al., Yang M. 2023. Biosynthesis of 2-methylisoborneol is regulated by chromatic
acclimation of Pseudanabaena. Environ Res 221: 115260. PubMed ID: 36649844

Tandeau de Marsac N. 1977. Occurrence and nature of chromatic adaptation in cyanobacteria. J Bacteriol 130(1): 82-91.
PubMed ID: 856789

Tatusova T, DiCuccio M, Badretdin A, Chetvernin V, Nawrocki EP, Zaslavsky L, et al., Ostell J. 2016. NCBI prokaryotic
genome annotation pipeline. Nucleic Acids Res 44(14): 6614-24. PubMed ID: 27342282

Terauchi K, Montgomery BL, Grossman AR, Lagarias JC, Kehoe DM. 2004. RcaE is a complementary chromatic adaptation
photoreceptor required for green and red light responsiveness. Mol Microbiol 51(2): 567-77. PubMed ID: 14756794

Tsygankov AA. 2007. Nitrogen-fixing cyanobacteria: A review. Applied Biochemistry and Microbiology 43: 250-259. DOI:
10.1134/s0003683807030040

Wang F, Chen M. 2022. Chromatic Acclimation Processes and Their Relationships with Phycobiliprotein Complexes.
Microorganisms 10(8). PubMed ID: 36013980

Weisburg WG, Barns SM, Pelletier DA, Lane DJ. 1991. 16S ribosomal DNA amplification for phylogenetic study. J Bacteriol
173(2): 697-703. PubMed ID: 1987160

Whitton BA, Potts M. 2000. Introduction to the Cyanobacteria. The Ecology of Cyanobacteria : 1-11. DOI: 10.1007/0-306-
46855-7_1

Yerrapragada S, Shukla A, Hallsworth-Pepin K, Choi K, Wollam A, Clifton S, et al., Weinstock GM. 2015. Extreme Sensory
Complexity Encoded in the 10-Megabase Draft Genome Sequence of the Chromatically Acclimating Cyanobacterium
Tolypothrix sp. PCC 7601. Genome Announc 3(3). PubMed ID: 25953173

Yoon SH, Ha SM, Kwon S, Lim J, Kim Y, Seo H, Chun J. 2017. Introducing EzBioCloud: a taxonomically united database of
16S rRNA gene sequences and whole-genome assemblies. Int J Syst Evol Microbiol 67(5): 1613-1617. PubMed ID: 28005526

Funding:

This work was funded by Bucknell University.

Author Contributions: Emma Hundermark: writing - review editing, investigation. Emily Stowe: conceptualization, project
administration, writing - original draft, methodology.

Reviewed By: Anonymous

History: Received July 9, 2024 Revision Received August 12, 2024 Accepted August 20, 2024 Published Online August
22, 2024 Indexed September 5, 2024

Copyright: © 2024 by the authors. This is an open-access article distributed under the terms of the Creative Commons
Attribution 4.0 International (CC BY 4.0) License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

Citation: Hundermark, E; Stowe, E (2024). Isolation and Characterization of the Chromatic-Acclimating, Filamentous
Cyanobacterium Pseudanabaena sp. Strain SR411. microPublication Biology. 10.17912/micropub.biology.001280

 

8/22/2024 - Open Access

https://www.ncbi.nlm.nih.gov/pubmed/21288891
https://www.ncbi.nlm.nih.gov/pubmed/36649844
https://www.ncbi.nlm.nih.gov/pubmed/856789
https://www.ncbi.nlm.nih.gov/pubmed/27342282
https://www.ncbi.nlm.nih.gov/pubmed/14756794
https://doi.org/10.1134/s0003683807030040
https://www.ncbi.nlm.nih.gov/pubmed/36013980
https://www.ncbi.nlm.nih.gov/pubmed/1987160
https://doi.org/10.1007/0-306-46855-7_1
https://www.ncbi.nlm.nih.gov/pubmed/25953173
https://www.ncbi.nlm.nih.gov/pubmed/28005526
https://doi.org/10.17912/micropub.biology.001280

