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1. Introduction

It has been recognized that the concentration of particles in the ocean increase with the
decrease of their particle sizes. In 1990, Koike et al (1990) reported the presence of so called
sub-micrometer particles (SMPs). The number of SMPs is about 107 particles ml™', which is about
one order of magnitude larger than those of bacterial cells. This means that one bacterium is
surrounded by 10-100 particles including colloidal particles.

When bacteria degrade organic compounds, they synthesize and exclude the enzyme to
degrade into small size (around 100Da), before taking up into the cells. This scenario fits well
when bacteria degrade large organic material such as marine snow and has been investigated by
many workers, whereas virtually no work has been accomplished for small particles. Recently,
Seo proposed a concept that bacteria have the ability of “particle capturing (PC)” (Seo et al 2007).
This means, cells retain the submicron particles on their surfaces prior to utilizations as nutrient
sources. Seo reported that 10% of total bacteria possessed particle capturing activity in the
coastal sea water, and the community structure of those PC bacteria differed from that of
free-living bacteria or attached bacteria. However, Seo used model paramagnetic beads to collect
PC bacteria and it was not clear whether natural marine bacteria actually possess particles, or the
particle capturing process links to efficient hydrolysis-uptake.

The aim of this study is to clarify the dynamics of PC bacteria in the ocean. I focused on
the abundance, distribution, community structure and enzyme activity of PC bacteria. In addition,
the presence and number of SMPs on the cells were directly observed and quantified under the

atomic force microscopy (AFM).

2. Sampling and Methods

Sea water samples were collected at three sampling stations (Sta.T, P, S) during the
KT-06-31 cruise of RV Tansei Maru cruise (Ocean Research Institute, the University of Tokyo and
JAMSTEC) from 6 to 10, December in 2006. For observation of seasonal dynamics of PC bacteria,
monthly samplings were made from October 2006 to November 2007 at Sta.M in Sagami Bay. To
isolate PC bacteria, dextran-based paramagnetic particles (0.5um diameter) were used as model
particles. One ml of subsamples were incubated with the particles for 1h. The bacteria collected
with paramagnetic particles together by a magnet were defined as PC bacteria. I analyzed 5
parameters below using PC bacteria and natural sea water;
D Number: PC bacteria were stained with DAPI and counted with epifluorescence microscopy
@Community composition: DNA of PC bacteria were extracted and Denaturing Gradient Gel

Electrophoresis (DGGE) were carried out



@ Enzyme activity: PC bacterial enzymatic activities were assayed using fluorogenic peptide
analog substrate (Leu-MCA)
@Particle number on the cell: Natural sea water were filtered through 0.2pm filter and SMPs
were observed by Atomic Force Microscopy (AFM) and the particles were counted from the
image
®Environmental factors which varied PC bacterial abundance/percentage: Environmental
parameters and PC bacterial numbers/percentages were examined with Multiple regression

Water temperature, salinity, chlorophyll @ concentration, particular organic carbon
(POC), particular organic nitrogen (PON), total bacterial number, virus number, 0.2-0.5um SMPs

number, 0.5-1um SMPs number, and bacterial production rates were measured.

3. Results and Discussion

(D The numbers of PC bacteria were 10°-10° cells ml™" which was 0.4-29.5% of total bacteria. The
relative number of PC bacteria to total bacteria increased from coastal towards oceanic area.
@Environmental factors which varied PC bacterial abundance/percentage were bacterial
production rates, PON, 0.5-1um SMPs, temperature and salinity. The percentage of PC bacteria
increased with the decrease of bacterial production rate. This indicates that particle capturing
activity play more important roles in low nutrient condition.

@ Dominant PC bacterial members and free-living bacterial members were distinct from each
other and gradually shifted over the sampling period. MDS analysis clarified that the extent of
diversity of PC bacterial community was larger than that of free-living bacteria. This means that
varieties of bacteria are involved in PC processes.

@The specific enzymatic activities of PC bacteria were 5.8 times higher than those of non-PC
bacteria. The activity collected by 0.5um model particle was higher than that by 0.17um particle
(0.5pum PC bacteria had 7.2 times higher, 0.17um PC had 4.4 times higher).

®From the observation by AFM, 47-64% of marine bacteria have particles on the cell. The
average number of particles on a PC cell was 2.8. This result represent that 30-79% of total
particles in sea water are on the surface of bacterial cell.

From these results, the presence of bacteria possessing PC activity was confirmed by both
paramagnetic particle method and direct observation by AFM. PC activity was coupled with
enzymatic activity and SMPs on the cell account for about half of total SMPs in the ocean. The
PC activity is expected to play important roles in biogeochemical cycle of particulate organic

material in the ocean, especially in oligotrophic environments.
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