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Abstract

Abstract

The biogeochemical nitrogen cycle is almost totally dependent on regulation by
abundant microorganisms in marine systems. Nitrification (ammonia oxidation and
nitrite oxidation) is carried out by specific groups of prokaryotes: ammonia is firstly
oxidized to nitrite by ammonia-oxidizing bacteria (AOB) and ammonia-oxidizing
archaea (AOA), and subsequently to nitrate by nitrite-oxidizing bacteria (NOB).
Ammonia oxidation is typically assumed to be the rate-limiting step in nitrification,
and thus its rate is usually given as the overall nitrification rate, meaning that the
contribution of nitrite oxidation is ignored. Recent studies on the Namibian oxygen
minimum zone and the upper water column and oxygen minimum zone of the eastern
tropical North Pacific (ETNP) Ocean have shown that the nitrite oxidation rate may
be higher than the ammonia oxidation rate. Thus, the two steps of nitrification are not
necessarily coupled.

In this paper, we used nxr gene as a Genemarker for researching on NOB
communities from the Pearl River estuaries to the South China Sea basin. Our
research focused on particle-attached (>3 pum) and free-living (0.2-3 um) microbial
communities in the Pearl River estuary, and total (>0.2 um) microbial communities in
the South China Sea basin. Nitrite concentration was very low in all samples, and
often could not be detected; nitrate concentration was much higher. This implied the
presence of functional groups of NOB in the research area. Based on this preliminary
result, we examined our samples on the diversity of NOB groups that have previously
been found in marine habitats (including Nitrobacter, Nitrococcus, Nitrospira and
Nitrospina).

Nitrospira and Nitrospina were the major contributors to nitrite oxidation in the
Pearl River estuary and the South China Sea, respectively. Rarefaction curves and
diversity indices suggested that Nitrospira was the dominant NOB taxon in the Pearl
River estuary. Nitrospina was widely distributed from the Pearl River estuary to the
South China Sea basin, with much higher diversity in the bottom of the Pearl River
estuary and in the weak light layer of the South China Sea. Nitrobacter was present,
but not abundant, at the bottom of two PRE stations; and Nitrococcus was not
detected.

Phylogenetic analysis of Nitrospira-nxrB gene sequences indicated that most

detected strains could have come from waste water treatment plants (WWTPSs). There



Abstract

was also a unique lineage of Nitrospira in the Pearl River estuary, which was found at
almost all PRE sampling sites. On the basis of its ubiquity, we speculated that the
PRE-Lineage might perform a key function in nitrite oxidation. Phylogenetic analysis
of Nitrospina-nxrB sequences showed that the lineage found at the SEATS site in the
South China Sea basin was distinct from those found at other PRE stations. Members
of both Nitrospira and Nitrospina were also detected using quantitative PCR.
Quantitative data showed that copy numbers of Nitrospira-nxrB gene were markedly
higher than those of Nitrospina-nxrB in the Pearl River estuary, but were too low to be
detected in the South China Sea. In contrast, Nitrospina-nxrB gene copy numbers
increased significantly from the shelf to the basin. Our data showed that NOB was
predominantly distributed below the euphotic zone.

Here, we provided the first analysis of NOB community structure at two different
scales, particle-attached and free-living, in the Pearl River estuary. Nitrospira-nxrB
gene copy numbers were higher in the particle-attached than the free-living portions,
while Nitrospina-nxrB gene copy numbers were higher in the free-living than the
particle-attached portions, possibly indicating habitat preference of the strains
detected from each genus. In addition, Nitrospira-nxrB gene copy number correlated
negatively with dissolved oxygen (DO) concentration, and positively with NO,™ and
total suspended material (TSM) concentrations in the Pearl River estuary. Nitrospina
was predominant in the disphotic zone of South China Sea basin.

In addition, a new strain of JL1095", named Acuticoccus yangtzensis, isolated
from the surface water of the Yangtze Estuary, China. We described its morphological
structure, its chlorophyll a, cellular fatty acids, respiratory chain, polar lipids, G+C
content, carbon source utilization, enzyme activity and other physiological and

biochemical characteristics, and its phylogenetic evolution.

Key Words: Nitrite oxidation; NxrB gene; Diversity; Abundance; Pearl River estuary;
South China Sea basin
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Fig. 1-1 Schematic representation of the marine cycles of carbon, nitrogen,

phosphorus and oxygen (Gruber, 2008)
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Fig. 1-2 The main processes of carbon fixation and storage in the ocean (A), the

biological process on the left side of the Fig 1-2(A), and the physical process on
the right side of the Fig 1-2(A) (Chisholm, 2000). The main biological mechanism

of marine carbon cycle (B), green represents “Biological Pump”, yellow
represents “Microbial Carbon Pump” (Jiao et al., 2010)
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