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Abstract

Marine organic matter, including particulate and dissolved organic matter,is one
of the largest carbon pools in the world and plays a very important role in global
carbon cycle. The study of sources, composition and mechanism of degradation and
protection of marine organic matters will provide in-depth understanding of marine
carbon biogeochemistry and global climate regulation.

This thesis developed a high resolution and high-throughput method, shotgun
proteomics to identify and characterize proteins from marine particulate organic
matter (POM) and dissolved organic matter (DOM). Using this approach, protein
species, composition and biological origin in POM and DOM from the South China
Sea were investigated. Featured proteins which reflected the characteristics of
different marine area, water depths and abiotic environment were also identified.
Furthermore, according to these protein features, the mechanisms resistant to
biodegradation were revealed. The main results were as follows:

(1) Using the shotgun proteomic approach combined with bioinformatic analysis,
a total of 737 proteins matching one or more peptides were detected in a POM sample
collected from the 41 m water layer in the basin area of the northern South China Sea
(SCS). Of these, 184 were identified as high-confidence proteins matching two or
more peptides, including photosynthetic proteins, transporters, molecular chaperones
and porins. In addition to these proteins with known functions, a significant number
of novel proteins (accounting for ~ 30% of the proteins identified) were also
identified. The identification of a large number of high-confidence proteins in the
POM sample demonstrated that the shotgun proteomic approach is reliable and
feasible for the study of particulate proteins, and will provide a powerful tool to
comprehensively investigate the nature and dynamics of POM in the ocean.

(2) Using the established shotgun proteomic approach, we characterized
particulate organic matter (POM) collected from both the surface (41 m and 200 m)
and meso-pelagic layers (500 m and 1000 m) in the western SCS. A total of 3035
proteins matching one or more peptides were detected from four POM samples, 505
of which were identified as high-confidence proteins matching two or more peptides.
Cyanobacteria was the largest contributor throughout the water column, while
crustaceans and dinophytes were the two major groups contributing to the particulate

proteins in the POM collected from 200 m. Subcellular locations and biological
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processes of particulate proteins varied significantly between the 41-m and 200-m
layers: photosynthesis-associated proteins were highly abundant in the 41-m layer
while tubulins and actins accumulated in the midwaters, especially at the 200-m layer.
Porins, adenosine triphosphate (ATP) synthases, nutrient transporters, molecular
chaperones, and ectoenzymes were frequently detected in the POM samples and
presented different distribution patterns within the water column, revealing complex
biological processes at the different water layers and/or during the sinking of POM.
The sources of surface and midwater particulate proteins are different, and the cellular
metabolism, generation of energy and transport processes in POM were attenuated
rapidly down ocean water column. Zooplankton fecal pellet packages and membrane
encapsulation might play important roles in protecting particulate proteins from
degradation.

(3) Metaproteomic of dissolved organic matters(DOM, <0.7 um in size) collected
from the surface (10-m and 75-m) and bathypelagic (3000-m) layers in the SCS were
investigated using the shotgun proteomic approach. A total of 182 proteins matched
by 286 unique peptides were identified from three DOM samples. The number of
proteins in the large DOM (LDOM, 0.2-0.7 um fraction) was significantly greater
than that in the small DOM (SDOM, 5 kD-0.2 um fraction). There was no remarkable
difference in the number of proteins between the surface and bathypelagic SDOMs.
The sources of dissolved proteins were diverse in surface DOM including various
bacterial and phytoplankton groups as well as Oomycetes while the Archaea,
Proteobacteria, and some phytoplankton groups were the major contributors to
bathypelagic DOM. Proteins involved in cytoskeleton, energy production and
conversion, posttranslational modification, protein turnover, and chaperones presented
high abundance in surface LDOM while proteins involved in translation, ribosomal
structure, and biogenesis were more abundant in bathypelagic LDOM. Proteins
involved in transport and metabolism, cell wall or membrane or envelope biogenesis,
and photosynthesis were abundant in the 75-m LDOM. A urea ABC transporter
assigned to amino acid transport and metabolism was the most abundant protein in the
10-m SDOM while methylenetetrahydromethano- pterin reductase involved in energy
production and conversion dominated the protein profiles in the 75- and 3000-m
SDOMs. The dissolved proteins in the water column are diverse and dynamic, with
each layer characterized by unique proteins, and only a very minor amount of proteins

from the surface are protected and transferred to deep sea.
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