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Abstract

Abstract

Phytoplankton are the major contributors to marine primary production and also
important component of marine food chain (web), they play important roles in marine
carbon cycling, ecosystem maintenance and global climate regulation. Phytoplankton
blooms, especially high frequent occurrence of dinoflagellates and diatoms,
significantly influence marine ecosystem, global climate and human health. Much
effort has been devoted to the ecological and oceanographic mechanisms of
phytoplankton bloom formation. However, little is known about the molecular
mechanism of bloom formation.

This thesis applied proteomic theory and methodology to the study of marine
phytoplankton bloom combining with bioinformatics analysis, established
metaproteomic studying method of phytoplankton blooms, compared protein
expression profiles of blooming and non-blooming samples, different blooming stages,
and field bloming and laboratory culture phytoplankton, identified and confirmed
important proteins and their biological processes involved in formation and blooming
of phytoplankton blooms, and discussed molecular mechanism of phytoplankton
bloom formation. The main results were as follows:

(1) The global protein expression profiles of the blooming and non-blooming
samples were compared. The result showed that 3,912 and 2,762 proteins were
confidently identified in blooming and non-blooming samples respectively. The
taxonomic origin of proteins indicated that Dinophyta contributed about 92% and
60.6% to the proteins in blooming and non-blooming samples, respectively, followed
by Bacillariophyta, Cyanophyta, Ochrophyta and Haptophyta species with the
proportion ranging from 5.5% to 8.3%. In blooming sample, proteins involved in
translation, transcription, protein turnover and modification, and photosynthesis
presented higher expressions, indicating active protein synthesis and high requirement
of light energy. Moreover, nearly all urea cycle enzymes and one urea degradation
eyzyme, urea carboxylate, were detected in two samples, indicating utilizing
mechanism of organic nitrogen, such as urea in dinoflagellates. In non-blooming
sample, proteins participating in energy production and conversion, translation and
photosynthesis were more abundant. However, the expressions of light utilization and
pigment proteins varied significantly among those key phytoplankton groups in
non-blooming sample, indicating differences and preference of different
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Abstract

phytoplankton groups on light utilization. High affinity ABC transporters binding
organic compounds were identified more abundant in Bacillariophyta, Cyanophyta,
and Ochrophyta in non-blooming sample, especially in Bacillariophyta, indicating that
they initiated organic compound utilization mechanisms in order to adapt high
competition of inorganic nutrient in field environment.

(2) The global protein expression profiles of Prorocentrum donghaiense samples
collected at early and middle blooming stages were compared. The result showed that
3,300 and 4,720 proteins were confidently identified with two or more peptides in
early and middle blooming P. donghaiense samples, respevtively. Taxonomic origin
of proteins indicated that more than 90% of identified proteins were matched to
dinoflalgellates, and the proportion in the middle blooming sample was higher than
that in the early blooming sample. Proteins involved in translation, transcription,
protein turnover and modification were more abundant in early blooming sample,
indicating more active protein biosynthesis in early blooming sample. While proteins
participating in carbohydrate, lipid, anmino acid and coenzyme compound metabolic
process presented higher expressions in the middle blooming sample, indicating more
active substance and energy metabolism in the middle blooming sample in order to
maintain rapid cell division and vigorous cell activity. More abundant urea
degradating enzyme, almost all catalytic enzymes involved in urea cycle, and
inorganic phosphate transport protein were identified in the blooming samples, but no
organic phosphorus transport and utilization proteins were identified, indicating
utilization mechanism of intracellular urea and high efficient transport system of
inorganic phosphate in P. donghaiense, which might be an important reason resuling
in the frequent occurrence of P. donghaiense in the East China Sea. Moreover, higher
abundances of some cell cycle and growth regulation proteins and programmed cell
death protein were detected in the middle blooming sample, indicating their
importance in maintainging dinoflagellate blooms and decay process. For those
non-blooming phytoplankton groups, proteins involoved in photosynthesis, energy
metabolism, carbohodrate metabolism, and translaton were more abundant which
maintained cell basic life activities.

(3) The global protein expression profiles of both field-collected (FC) and
laboratory-cultured (LC) blooming cells of Skeletonema costatum were compared.
1150 and 1061 proteins were identified in the FC and LC samples, respectively. Of
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Abstract

which, 839 were shared proteins between two samples. Proteins involved in
photosynthesis, energy metabolism, protein translation and nucleosome assembly
were high abundant in both samples, such as fucoxanthin chlorophyll a protein, light
capture protein, photosynthetic carbon fixing protein Rubisco, energy metabolism
protein ATP synthase, indicating high requirements of energy and carbon in the
blooming cells. In the FC blooming sample, protein involved in light harvesting,
photopigment synthesis, light protection and cell division were more abundant than
those in the LC sample, while proteins participating in translation, protein and amino
acid metabolism, CO, and nitrogen uptake presented higher expressions than those in
the FC sample. The differences of protein expression profiles and the identification of
specific proteins in the FC and LC samples suggested that S. costatum had evolved
adaptive mechanisms to the changing environment, which might explain their

dominant status in taking the niche in the harsh and variable marine environment.

Key words: Phytoplankton bloom; Dinoflageliate; Diatom; Prorocentrum

donghaiense; Skeletonema costatum; Metaproteomics; Proteomics
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