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Abstract
The toxicological response characteristic of the wetland organisms including
Aegiceras  corniculatum, Eichhornia crassipes, Phascolosoma esculenta in
Quanzhou Bay to environmental pollution were researched based on pollution
distribution and their chemical partition and physiological and ecological and
molecular toxicological level. The main results are as follows:

1 The sediment soils inhabited by plants of the Quanzhou Bay are moderately or
strongly contaminated with Zn and Pb, and the concentrations of Pb and Zn are
correlated to each other positively. both the exchangeable fraction and the carbonate
fraction of either Cu or Zn or Pb exist only in relatively small amounts, while the
reducible fractions are excellent scavengers for all measured heavy metals. The
measured oxidizable fraction exhibits higher retention capability for Zn and Cu, but
lower retention capability for Pb. Similar distribution patterns of Cu, Zn, Pb appeared
between the sediments @éfegiceras corniculatum community habitats and the
sediments oLimonium sinense community habitats, and the same similarity appeared

in the sediment betweellternanthera philoxeroides communities andPhragmites
communis communities. Most of the heavy metals may be bound to the immobile
fraction and unavailable to plan®&lternanthera philoxeroides has the best ability to
accumulate Cu, Zn and Pb compared wAegiceras corniculatum, Limonium
sinense and Phragmites communisunder natural condition$hragmites communis

was quite tolerant to Zn and Pb and had a good capability to transfer Zn and Pb.
Aegiceras corniculatumis a useful species in resisting heavy metal pollution, rather
than an indicator of contamination. More action should be taken to deal with Zn and
Pb pollutants in Quanzhou Bay's wetlands. Among the nourishment elements, K
content in the soil of coastal Quanzhou Bay is higher. The bioaccumulation abilities
of Alternanthera philoxeroides, Alternanthera sessilis, Solanum  nigrum,
Phragmites australis are stronger than other researched plants, and these plants
present potential capacity of phytoremediation for the heavy-metal contaminated soil.
The ability of absorbing and transferring K @henopodium album is high, and K
contents of their roots, stems or leaves are highest in all research plants included in
the study. The nitrogen contents of leave8asella rubra, Alternanthera sessilis,



Phragmites australis, Chenopodium album are higher, but the phosphorus contents of
Basella rubra, Alternanthera sessilis are much lower, and the ratios of N/P are
extremely high. There is no significant correlation between the contents of N, P, K
with the contents of Cu, Zn, Pb in the coastal plants grown up under the natural
condition of Quanzhou Bay.

2 The carbohydrate metabolism including the activities-wfylase and the content

of chlorophyll in Aegiceras corniculatum seedlings were affected by both their
exposure time and increasing Pb concentratin in the sediment soils. The activities
ofa-mylase in the seedlings with 15 d Pb stress are higher than that of 3 d Pb stress,
With the lower concentrations under 2 000 mg/kg Pb in the sediments, the activities
of a-mylase in the seedlings were higher than the control group without Pb stress,
while the activities decreased significantly with Pb concentration up to 3 000 mg/kg
in the sediment. It showed the damage to synthesizing chlorophyll with the treatment
of Pb concentration up to 3 000 mg/kg, and the damage to chlorophyll a is much more
pronounced than that to the chlorophyll b.

3 There were some effects on nitrogen metabolism in the roots, the stems, and the
leaves ofAegiceras corniculatum seedlings cultivated for 30 days in nutrient solution
containing PB". The NADH-GOGAT activities imAegiceras corniculatum seedling

roots stems and leaves decreased undéf fttess in nutrient solutienwhile the
content of soluble proteins and MDA increased. The GS activity of the roots and
stems decreased due to’Rbeatments of the concentrations with the range of 0.1 to

2 mmol-L*, while the GS activity of the leaves increased and higher than that of the
control experiment group, but which were inhibited by*Piith a higher
concentration of 2mmol:t. Whether P was added or not to the nutrient solution,

the GS activitiy of the leaves was higher than those of the roots and stems, while the
GOGAT activitiy of the roots was higher than those of the leaves and stems. GS and
NADH-GOGAT in roots was more sensitive than those in stems and leave$‘to Pb
stress, thus Pbhad the most effect on primary nitrogen metabolism of root. It was
also suggested that there is some negative correlation between the content of MDA
and the NADH-GOGAT activity or the GS activity.

4 The SOD activity of the leaf is strongest of all vegetative orgamsegteras
corniculatum seedlings, and the activity of the root is weaker than that of the stem



and the leaf. There are Cu-Zn—SOD isozyme&emceras corniculatum and there is

no organ specificity of SOD isozymes existinggiceras corniculatum habitated in

the natural wetland condition of Quanzhou Bay. This presents a similar strong mode
between SOD isozymes and SOD activity Adgiceras corniculatum vegetative
organ, that is SOD isozymes and SOD activity in the leaf and stem are stronger than
those of the root.

5 Extracting RNA with CTAB is a good method to extract RNA of mangrove
speciesAegiceras corniculatum. A part of sequences of Cu,Zn-SOD cDNA with
278bp was cloned from the young stem tissudepfceras corniculatum (Genebank
accession number DQ913822). The cDNA sequence is a portion of the open
reading frame(ORF) near the C-Terminal Domain. An amino acid sequence
comparison ofGossypium hirsutum and other plant species proteins shows that the
Cu,Zn-SOD sequence is highly homologized with those cloned from other plant
species, the identity can achieve 93%.

6 Increasing SOD activity diegiceras corniculatum stem tips induced by a certain
range of C&" and PB'concentration might show a adaptive protection. Cu, Zn-SOD
gene showed a good ability to resist Pktress but sensitivity to &dstress. The
expression level of Cu, Zn-SOD geneAegiceras corniculatum stem tips increased
notably with 40umolel* Cf* stress. This existed an antagonistic action betweén Pb

" and Cd" in the SOD metabolization of Aegiceras corniculatustem tips.

7 A part of sequences of PM'#ATPase cDNA with 323bp was cloned from the
young stem tissue ofegiceras corniculatum. The PM H-ATPase activities of
Aegiceras corniculatum vegetative organs from high to low order as follows: stem >
root > leaf. The expression level of PM-ATPase gene ikegiceras corniculatum

leaf significantly higher than that of root and that of stem, while there was no
obvious difference between the expression level of root and that of stem. The
expression levels of PM HATPase gene ir\egiceras corniculatum leaf increased

by Cd'stress or P8 stress or the combined Ptand Cd" stress, but all the
expression levels in the root decreased under those stresses. The expression level c
PM H'-ATPase rapidly increased under’Cdtress with higher concentration, while

the sensitivity to Ct stress would become weak ag Réntering the stress system.

8 The chlorophyll contents iichhornia crassipes with treatments of 0.1mmoli~



2mmol-L* PE¥* are higher than the comparison group with nd” Press
significantly, but the ratios of Chlorophyll a/ Chlorophyll b decrease remarkably. The
Hill reaction activities ofEichhornia crassipes leaves with PB treatment of lower
concentration are higher than that of the comparison group considetaltiythe
activities are inhibited with Pb at higher concentration(.5mmol-L* P, and

the inhibition of their activities were more and strongly with increasing
concentration of PB. The results of observing Chlorophyll fluorescence
microstructure ofichhornia crassipes showed that higher concentration’firess

on Eichhornia crassipes can damage the chloroplasts structure partly, including
destroying the thylakoid membrane, and relaxing the dense of granum. MDA
contents ofEichhornia crassipes leaves decrease when the plants were under low
concentration PY stress, which would result from the new balance between
producing and removing active oxygen built by the antioxidant protection system of
Eichhornia crassipes leaves, but more serious peroxidation of membrane-lipid
occurred when treated with higher concentration 6t.Pb

9 The account of the Micro-organismsEdthhornia crassipes root and the value of
DO,COD were influenced by Pbstressdepended on not only time ,but also the
concentrations. The amounts of every micro-organisms in seedling growing in the
treated water for 27 days are fewer than those of 3 days caused’ pglRiion with

a series concentration from 0.1mmol/L to 2.0 mmol/L, and they all showed a decrease
tendency after the first increase. Bacterial colony was dominahbse tolerant
concentration of PBwas 0.25mmol/L and those &ungi was 0.50mmol/l. There

was trends that DO increased while COD decreased of each water sample with the
increased stress time. However, at the same time, as the concentratiof® of Pb
increased, the DO value showed a decrease after the first increase, while the COD
value was in reverse with DO, and there was a relationship between DO ,COD and
the growth of micro-organisms in the water.

10 96h LGoof Cd* on Phascolosoma  esculenta is 35.84 pg-§ (fresh mud).

The SOD and CAT activities of enteron were higher than those of humor, while

the concentration of MDA was lower than that of humor. In the exposure of 0.4
Hg-g-~80 pg-g Cdf*, there were different responses of antioxidant enzymes
activities and MDA content betweeRhascolosoma esculenta humor and



enteron, and humor was more vulnerable than enteron witheposure.

11 The BaP content oPhascolosoma esculenta body wall was obviously
increased under BaP stress with 100~10000 ng / g dry sediRieascolosoma
esculenta showed a strong ability to resist BaP stress but a low ability to accumulate
BaP. The part cDNA sequences of Mn-SOD (Genebank accession number EF062359,
protein_id=ABN13920.1) and 18srRNA were cloned and identified. Amino acid
sequence comparison d¢thascolosoma esculenta and aquatic species proteins
shows that the Mn-SOD sequence is highly homologized with those cloned from
other species, the identity can achieve 68%. The sequence identity of the 18srRNA
cDNA betweerPhascolosoma esculenta and some othdPhascolosoma species can
achieve 100%.

12 The exposure of 106-10000 ng BaP:iry sedimenbrought different effects

on both the total SOD activities and the Mn-SOD activitiesPhascolosoma
esculenta body wall. Change in SOD activities did not show a certain rule as the
change in BaP concentration, but SOD activities showed the similar tendency with the
BaP exposure time. The SOD activities reached the peak value when the exposure
time reached 4 d, then the activities gradually decreased with increasing exposure
time. The proportion of Mn-SOD in the total SOD increased with the exposure time.
Mn-SOD gene was sensitive to BaP, and the expression level rapidly increased and
reached the peak value in 4 h, then the amplitude modulation decreased, while the
expression level of Mn-SOD gene showed decrease tendency when the exposure time
reached 2 d. The response of SOD gene level to BaP was sensitive than those
responses to SOD physiological activity. If thinking over applying some biomarker
for the pollution, the molecular response of SOD gene may be easier to alarm the
earlier pollution than the physiological response of SOD activity.

Keywords: the wetland of Quanzhou Baegiceras corniculatum, Eichhornia crassipes,
Phascolosoma  esculenta, toxicological response, chemical pollution, Cu,Zn-SOD,
Mn-SOD, PM H-ATPase
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