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NF-kB   innate immunity gatekeeper transcription factor 

nr18S   nuclear small subunit ribosomal gene 

nr28S   large subunit ribosomal gene 

NPQ   non-photochemical quenching 

NO   nitric oxide 

-OH   reactive hydroxyl radical 
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1O2   singlet oxygen 

O2
-   superoxide 

OAA   oxaloacetate 

OD680   optical density at 680 nm 

ONOO-   reactive nitrogen species peroxynitrite 

P   phosphorylation 

PC   plastocyanin 

PCP   peridinin-chlorophyll-protein complex  

PDB    protein databank 

PEP   phosphoenol pyruvate 

PEPCK   phosphoenol pyruvate carboxykinase 

Per    carotenoid peridinin 

PGA   phosphoglycerate 

PGK   phosphoglycerate kinase 

pI   isoelectric point 

PID    protein sequence with peridinin 

PP   serine/therionine protein phosphatases 

PQ   plastoquinone 

psbA   plastid-encoded photosystem II protein D1 gene 

psbAncr   chloroplast psbA non-coding region gene 

PSI   photosystem I  

PSII   photosystem II  

PSM   protein sequence match 

PSU   photosynthetic unit 

RAW 264.7  abelson murine leukemia virus induced tumor macrophage 

ROS   reactive oxygen species 

s   second 

SDB   poly(styrene-divinylbenzene) copolymer  

SDC    sodium deoxycholate 

SDS-PAGE  sodium dodecyl sulphate-polyacrylamide gel electrophoresis 
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SOD   superoxide dismutase 

SP   signal peptide 

SP3    single-pot solid-phase-enhanced sample preparation  

ST    stop-and-go-extraction tips (STAGETips) 

S-trap   suspension trapping 

STN   Serine/threonine-protein kinase 

TCEP   tris (2-carboxyethyl) phosphine 

TEAB   triethylammonium bicarbonate  

TFA   trifluoroacetic acid 

μmol photon m-2 s-1 micromole per square meter per second 

μg    microgram 

µg.ml-1   micrograms per millilitre  

μL   microliter 

v/v   volume per volume 

w/v   weight per volume 

w/w   weight per weight 
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Thesis Summary 

The marine dinoflagellate called Symbiodinium sp. in the family Symbiodiniaceae has 
received increasing attention due to its symbiotic relationship with reef-building corals. This 
symbiosis is sustained through metabolic exchange between the two partners. Stability of this 
symbiosis rests on metabolic ‘compatibility’ relative to external resource provisioning (light, 
nutrients); however, this symbiosis often breaks down (“dysbiosis”) under unfavourable 
environmental perturbations or stress (Suggett & Smith 2020). Despite intensive efforts over 
several decades to understand the nature of how this symbiosis functions effectively, the 
underlying regulation mechanisms remain largely unknown.  

Recently, the increasing availability of genomic and transcriptomic resources for both 
corals and Symbiodinium has shifted the “molecular horizon” and now provides unprecedented 
opportunities to investigate invertebrate–microalgal symbiosis. This influx may in turn uncover 
diagnostic tools for more targeted management of this vulnerable ecosystem. However, relative 
transcript abundances are not always a good proxy for phenotypic traits, due in part to post-
transcriptional/translational regulation and modification. Proteins serve as the ultimate effectors 
of the variation manifested within genomes and/or transcriptomes, and thus are considered closer 
to the resulting phenotype. Consequently, proteomics studies may allow for a more realistic picture 
of the functional cellular response of an organism to environmental stress. However, to date the 
proteomics insights into cnidarian–microalgal symbiosis has largely stemmed from proteomes of 
the host invertebrate, and not the microalgal symbiont. Therefore, this thesis applied high-
throughput shotgun-based proteomics approaches to investigate and understand the molecular 
mechanism of light stress tolerance in Symbiodinium. 

 

Aim, Objective and hypothesis 

The overall aim of the thesis is to investigate the molecular mechanism of light stress 
tolerance in Symbiodinium using high-throughput proteomics approaches. Additionally, given the 
fact that peridinin carotenoids have high pharmaceutical activity, a secondary aim of this thesis is 
to examine the bioactivity of purified peridinin-chlorophyll-protein complex (PCP) protein 
isolated from Symbiodinium, ultimately to explore their potentials for medicinal applications.  

The three objectives of the thesis are to: 

1. Examine the peridinin-chlorophyll-protein complex (PCP) protein accumulation in 
Symbiodinium under light limitation. 

2. Understand the light stress tolerance behaviour between two Symbiodinium phylotypes; 
Breviolum sp. (Symbiodinium sp. clade B) and Durusdinium sp. (Symbiodinium sp. clade 
D) at the proteomic level.  

3. Extraction and purification of PCP from Symbiodinium to explore its bioactivity in 
pharmaceutical applications.  
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Thesis Outline  

This thesis first provides a comprehensive review on the molecular understanding of the 
coral-Symbiodinium relationship, state-of-the-art information on proteomics investigations in 
Symbiodinium and the importance of PCP in the pharmaceutical industry (Chapter 1). This study 
applied three different proteomics sample preparation techniques; filter-aided sample preparation 
(FASP), single-pot solid-phase-enhanced sample preparation (SP3) and stop-and-go-extraction 
tips (STAGETips, ST) to develop a high-throughput proteotyping protocol for Symbiodiniaceae 
algal research. To demonstrate the functionality of the optimized SP3 sample preparation 
workflow, we examined the proteome of S. tridacnidorum to better understand the molecular 
mechanism of peridinin-chlorophyll-protein complex (PCP) accumulation under light limitation 
(30 μmol photon m-2 s-1) (Chapter 2).  

Dinoflagellates of the genus Symbiodinium express a broad diversity in both their genetic 
identity (phylogeny) and photosynthetic function that presumably determines their ecological 
success across extreme light environments. However, our understanding of the molecular 
mechanism controlling stress tolerance to such light extremes amongst the different clades is 
largely unknown. We undertook an iTRAQ labelled shotgun proteomic investigation to better 
understand the difference between light stress tolerance mechanisms between two Symbiodinium 

phylotypes; Breviolum sp. (Symbiodinium sp. clade B) and Durusdinium sp. (Symbiodinium sp. 
clade D) exposed to low and high light conditions (500 µmol photon m-2 s-1) (Chapter 3). Further, 
the outcomes of Chapter 2 were further examined in Chapter 4, wherein PCP was extracted and 
purified to assess its bioactivity including – antioxidant, antibacterial, cytotoxicity and anti-cancer. 
Chapter 5 concludes and summarise the overall findings and discusses future research directions.  

Expected Outcome 

The thesis has developed a high-throughput shotgun based proteotyping tool for Symbiodinium and 
has provided new knowledge and insights into the molecular mechanism of stress tolerance to 
environmental perturbations. We outline several key processes related to light stress tolerance as 
well as new directions that are required to better understand how environmental change shapes the 
ecological success of Symbiodinium algae. Further, by describing the functionality of PCP 
extracted from Symbiodinium as a potential antioxidant and anticancer bioactive agent, we hope 
will attract the interest of pharmaceutical researchers and engineers to bioengineer Symbiodinium 
for PCP production at a commercial scale.   
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