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Figure 1. Growth rate and depth distribution of Prochlorococcus. A: The growth rate of two high-light adapted
Prochlorococcus at different temperatures; B: Changes in light intensity and abundance of Prochlorococcus at
different depths of the ocean (modified from Biller™®!). HL: High-light adapted ecotype; LL: Low-light adapted

ecotype.
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Table 1. The main branches and distribution of Prochlorococcus
Clades Representative strains ~ Habitats References
HL | MED4, MIT9515 Distributed in the upper-middle euphotic zone, typically in the subtropical [25]
ocean, and the distribution is shifted to higher latitudes.
HL II AS9601, MIT9215, Often found throughout the euphotic zone, and typically among the most [25-26]
MIT9312, MIT9301 abundant clade in the water column. Especially abundant at lower latitudes
consistent with their higher optimum growth temperature relative to HLI cells.
LL [ NATLI1A, NATL2A Typically most abundant in the middle euphotic zone of stratified waters, and  [23]
often remain abundant in mixed waters throughout the water column owing
to their ability to tolerate light shock.
LL II SS120 Usually found in the middle-lower euphotic zone. [23,27]
LL IIT MIT9211 Usually found in the middle-lower euphotic zone. [23,27]
LL IV MIT9303, MIT9313 Typically most abundant near the base of the euphotic zone and highly [23]

sensitive to light shock.
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Figure 2. Two kinds of chlorophyll a structural formulas, absorption spectrum and PSII structure of
Prochlorococcus. A: MV Chl a structural formula; B: DV Chl a structural formula; C: Comparison of absorption
spectra of two kinds of chlorophyll a in diethyl ether, acetone and methanol at room temperature (dashed line is MV
Chl a, solid line is DV Chl a, modified from Komatsum]); D: Photosystem II (PS II) structure diagram of
Prochlorococcus protothecoides (modified from Biller™). Pcb: prochlorophyte chlorophyll-binding proteins;
CP43/CP47: antenna protein; OEC: oxygen-evolving complex; Cyt bsse: cytochrome bsso.
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Figure 3.

Schematic diagram of electron transfer in the cyanobacteria photosynthesis system. Black and green

arrows indicate linear electron transfer paths, and red arrows indicate circulating electron transfer paths. Qa:

primary plastoquinone electron acceptor of PS II; Qg: secondary plastoquinone electron acceptor of PS II; PQ:
plastoquinone; NDH: NADH dehydrogenase complex; Cyt b4f: cytochrome b4f complex; PC: plastocyanin; Fd:

ferredoxin; FNR: ferredoxin-NADP reductase.
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Figure 4. Schematic diagram of the protection of Prochlorococcus by heterotrophic bacteria in the marine
environment. H,0, production (green) and removal (red) (modified from Zinser!”*’). AA-DA: amino acid deaminase;
AHP: animal haem peroxidase; (C)DOM: (Chromophoric) dissolved organic matter; NOX: NADPH oxidase; FP:
flavo-proteins; SOD: superoxide dismutase.
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A schematic presentation of possible physiological and molecular mechanisms of Prochlorococcum
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Physiological and molecular mechanisms of Prochlorococcus in
response to environmental stresses

Libin Zhao, Kui Xu’, Yingli Lian, Qingyun Yan, Zhili He"

Southern Marine Science and Engineering Guangdong Laboratory (Zhuhai), Environmental Microbiomics Research Center,

School of Environmental Science and Engineering, Sun Yat-sen University, Guangzhou 510006, Guangdong Province, China

Abstract: As the most abundant phytoplankton in the marine environment, Prochlorococcus plays a vital role in
driving element cycle and energy flow of marine ecosystem. Numerous studies indicate that the growth and
photosynthetic activity of Prochlorococcus are vulnerable to environmental stresses, thus resulting in the damage to
marine ecosystem stability. Therefore, it is crucial to study the responses of Prochlorococcus to environmental
stresses for maintaining the marine ecological stability. Generally, Prochlorococcus could adapt to different light
and nutrient conditions in the ocean by differentiating into different ecotypes. However, they cannot cope with
sudden changes in the marine environment. Here, we review the progress on the responses of Prochlorococcus at
physiological and molecular level to environmental stresses, which includes the important role of cyclic electron
transport around photosystem [ in light changes, RNA-regulated gene expression, and the protection
Prochlorococcus against oxidative stress by heterotrophic bacteria. Moreover, we discuss the future directions for
studies on Prochlorococcus responding to environmental stresses, aiming to provide fundamental bases to further

explore anti-stress mechanisms of Prochlorococcus.

Keywords: Prochlorococcus, resistance mechanism, cyclic electron transport around photosystem I, algae-bacteria
symbiosis, regulatory RNA
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