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ABSTRACT

ABSTRACT

Iron plays an important role in life activities. For example, iron-containing
metalloenzymes are essential for many life processes, including photosynthesis,
respiration, nitrate and nitrite reduction, nitrogen fixation and DNA synthesis.
However, the concentration of bioavailable iron in the ocean surface is extremely low
that limits phytoplankton growth. In some open oceans where iron is limited, marine
microorganisms are able to produce and secrete low-molecular-weight, high affinity
iron binding ligands named as siderophores. The siderophores can specifically
combine iron in seawater, and be recognized and transported by the highly efficient
transport systems. In this way the iron is transferred into microbial cells to meet the
demand of organisms.

The siderophores are difficult to analyze due to their complicated structures and
low concentrations in seawater. Traditional treatment methods suffer shortages of
complex operation and poor reproducibility, while the detection methods widely used
for siderohpres have matrix effects, resulting in poor recoveries and sensitivity. To
compensate of existing analytical methods, the present study aimed to develop
methods for determination of three representative hydroxamate siderophores in
seawater, which possessed the features of higher recoveries, good reproducibility,
high sensitivity and accuracy. The contents and results of the study are summarized as
the follows:

(1) An instrumental analysis for siderophores was established, using high
performance liquid chromatography (HPLC) equipped with diode array detector
(DAD). The LC parameters, including separation columns, composition of the mobile
phases, gradient elution program, were optimized based on the resolution, peak
symmetry and signal intensity. The results showed that C,g reversed phase column
was better for retention and separation of the siderophores than gel columns. The
standards had good linearity within the concentrations of 0.20-8.00 pg/mL for
Pyoverdines-Fe (PVDs-Fe), 3.00-20.00 pg/mL for Ferrichrome (FC), 0.20-5.00
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po/mL for Ferrioxamine E (FO E). The instrumental detection limits and limits of
quantification for PVDs-Fe, FC, FO E, were 0.015 pg/mL, 0.155 pg/mL, 0.061
po/mL; 0.050 pg/mL, 0.517 pg/mL, 0.203 pg/mL, respectively.

(2) A solid-phase extraction (SPE) pretreatment method for the siderophores in
seawater was investigated in detail. The method was developed with matrixes of
synthetic seawater and natural seawater. In present study the parameters affecting SPE
were investigated, which included the selection of SPE cartridges, concentration of
methanol in the eluting solution, volume of the eluting solution, volume of the
seawater sample, sample salinity, and sample pH. An orthogonal experiment was
designed for optimization of SPE parameters. From the results, parameters for
extraction were selected as: ENVI-18 cartridge for SPE, 4 mL 100% methanol for
elution, sample volume of 1.0 L, and the sample could be extracted without adjusting
salinity and pH. The method was applied to analyze 1.0 L seawater collected from
Xiamen coast, and the average extraction efficiencies were 39.6%, 144%, 76.1% for
PVDs-Fe, FC, FO E. The relative standard deviations (RSDs) (n=4) of the extraction
efficiencies for PVDs-Fe, FC and FO E were 12.1%, 6.50%, 7.70%.

(3) An analytical method for siderophores in seawater was established, using
high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS).
Based on the HPLC-DAD method, LC parameters were further optimized for
HPLC-MS/MS. The analytical speed, sensitivity and qualitation were enhanced. The
linearities were good (R*>0.99) for PVDs-Fe, FC, FO E at the concentrations of
0.001-3.00 pg/mL, 0.005-15.00 pg/mL, 0.001-3.00 jg/mL, respectively. The
instrumental detection limits and limits of quantification for the three analytes were
0.08, 1.76, 1.36 ng/mL; 0.27, 5.87, 4.53 ng/mL, respectively. Combined the SPE
pretreatment method, recoveries were 12.1%-18.6% for PVDs-Fe, 82.0%-97.7% for
FC, 70.0%-98.3% for FO E, while the RSDs (n=4) were lower than 12%. A seawater
sample collected from Xiamen coast was analyzed with the proposed method for
siderophores, and no target siderophores could be detected. In the study, MS? analysis
of PVDs-Fe, FC, FO E was carried out, providing the reference information for

analysis of unknown siderophores.
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