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Abstract

Macroalgae have been suggested to play an important role in seawater decontamination. It is
reported that Sargassum thunbergii has been one of the dominant macroalgal species of the
intertidal zone along the coastal Shandong Province. However, serious degradation has
occurred because of the pollution and the deterioration of seawater quality. The purpose of
the present study was to study the growth changes of S. thunbergii when exposed to different
nutrient conditions, and the possible effective mechanism basing on nutrient-relating
enzymatic activity was studied. Result showed that: (1) The relative growth rate (RGR) of S.
thunbergiiis varied greatly when exposed to different nutrient conditions, and its fresh weight
in the treated group was significantly inhibited as compared to that in the control. It seemed
that high concentration of phosphate had more obviously inhibitory effect on growth of S.
thunbergii as compared to the effect of nitrate changes. Moreover, the concentrations of
phosphate and nitrate fluctuated with time and concentration increasing, inferring the
mechanism of absorption and release might co-existe in S. thunbergii. (2) The activity of
Nitrate reductase (NR) increased with the increment of the environmental nitrate
concentration, but relatively higher N:P ration (32:1) significantly inhibited its activity.
Alkaline Phosphatase (AKP) increased with the increment of the environmental phosphate
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concentration in groups of 0 and 2.5umol/L, but decreased adversely with concentration
increment in groups of 16umol/L and 80umol/L. Results in the present study demonstrated a
significant effect of environmental nutrient conditions on growth of S. thunbergiiis and a
co-existent mechanism of absorption and release of nitrate and phosphate was suggested in S.
thunbergiiis.

Keywords: Nutrient condition, Nitrate/phosphate ratio, Nitrate reductase (NR), Alkaline
phosphatase (AKP)
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1. Introduction

There has been a growing awareness worldwide of the problems associated with red tides,
which cause serious destruction to the coastal marine environment and massive mortality of
cultured fish (Anderson, 1997). Extensive research has been undertaken to manage blooms
using physical and chemical methods, but the potential ecological impact is a big obstacle to
implementation.  Biological strategies thus are suggested because of their
environment-friendly features (Jeong et al., 2000). One of the most promising of control
techniques is applying seaweeds as the potential algicide sources, which are abundant and
represents an easy, low cost and relatively environmentally benign. Two main mechanisms
are thought to involve in the impact of seaweed in bloom mitigation. One is through
allelopathic pathway; the other is through nutrient competition, which could effectively
decrease the nutrient resource availability for microalgal growth (Zhang et al., 2009).

Eutrophication is suggested to be the material basis of red tide in coastal area. It’s the
combinational effects of physical (temperature, light and turbulence), chemical (nitrogen,
phosphate, heavy metal, pH, dissolved oxygen and CO, etc) and biological factors , among
which nutrient is thought be the most essential factor resulting in eutrophication. Nitrogen
and phosphate are the massive nutrient necessary for the growth of marine plants including
seaweeds. Seaweeds absorb nutrients and assimilates into nutritional ingredients itself needs.
This procedure would benefit to alleviating the eutrophication and playing essential role in
material cycle and transformation in marine environment and therefore, is suggested to be
widely used in bloom mitigation and water purification (Chung et al., 2002).

S. thunbergiiis, a common sargassum species, distributed in intertidal zone or below-tidal
zone. It is an important economic resource for industrial extraction and bait for holothurians
and abalone aquaculture. S. thunbergii is also the spawning and feeding refuge for crabs,
mollusks, and clam worm in tidal and subtidal area. We thus performed the present study to
examine the responses of S. thunbergiiis when exposed to different nutrient conditions. The
purpose of the study aims at elucidating the absorption and alleviating ability of S.
thunbergiiis on the environmental nutrients as a potential candidate for marine eutrophicaiton
mitigation.

2. Materials and Methods
2.1 Macroalgal Collection and Cultivation

The frond of Sargassum thunbergii (Mertens) O’Kuntze(s. thunbergii) were collected from
intertidal zone of Taiping Cape, Qingdao, Shandong Province, China. The thalli were
collected separately in 500 ml sterile bottles filled with sterile seawater and then immediately
transported to the laboratory in glass containers. To remove any non-attached
microorganisms, the thalli were rinsed on both sides with 100 ml of sterile seawater (SSW),
and then were treated with a mixture of penicillin, chloramphenicol, polymixin and
neomycin, namely the amount that was necessary to produce non-inhibition in population
growth from the growth responses according to Nakanishi et al. (1996) and Jeong et al.
(2000). The sterilized water used for algal cultivation was prepared according to the method
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of Jin and Dong (2003), and the pH and salinity were adjusted to 8.0 and 31, respectively.
Treated blades were placed in empty, sterile bottles containing sterilized seawater enriched
with /2 culture medium and were allowed to adapt to the laboratory environment for 6 d
before use. The culture medium changed every 3 days so that the growth conditions of all the
collected the thalli were consistent. During the cultivation, the temperature was kept at 20 +
0.1 °C on a 12-h light: dark cycle. Illumination was provided by cool-white fluorescent lamps
at 80 p mol m™>s™.

2.2 Responses and Absorption of S. thunbergii to Different Concentrations of Nitrate and
Phosphate: Experimental Design

2.2.1 Experimental Design

Healthy blade at a fresh weight of 3.00+0.010 g were chosen and inoculated into 300mL
sterilized natural seawater. The whole experiment lasted for 6 days and the nutrient condition
was adjusted by NaNOs. KH;POj to the setting concentrations listed in Table 1. The trace
metal elements and vitamins were added just as the f/2 culture medium. The group cultured in
/2 medium was used as the control. Group without nutrient addition was used as the blank
control. All other conditions and procedures in this experiment were the same as those
described in 2.1. The fresh weight, the activities of NR and Alkaline Phosphatase (AKP) were
analyzed on 0 day, 3" and 6™ day after exposure.

Table 1. The setting concentrations of nitrogen and phosphate in the test

Concentrations of N(umol/L) Concentrations of P(umol/L) N/P ratio
Nitrogen deficiency (I ) 0 16
Phosphate deficiency (1I) 80 0
Phosphate enrichment (III) 80 80 1:1
Phosphate enrichment (IV) 80 16 5:1
/2 medium (V) 880 36 16:1
Nitrogen enrichment (VI) 80 2.5 32:1
Nitrogen enrichment (VII) 512 16 32:1

2.2.2 Enzyme Activities Assay

Samples (0.4-0.5 g FW) were ground in liquid nitrogen and extracted with 1.5mL 50-mmol/L
potassium phosphate buffer (pH7.4) containing 0.1-mmol/L EDTA. Extracts were centrifuged
for 15min at 15,000 rpm at 4°C. The supernatant, here referred as crude enzymatic extraction,
was used for enzymatic activity assay. Alkaline phosphatase (AKP) activity was determined
by the kits purchased from Nanjing Jiancheng Bioengineering institute (Nanjing, China). One
unit of AKP activity was defined as enzyme reacts with base materials to produce 1mg
phenols per cell during 15min at 37°C. The activity of nitrate reductase (NR) was
determination according to the method of the original protocol of Berges and Harrison (1995)
by spectrophotometric NO,™ detection at the end of incubation period. Rates of NR were
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normalized to the appropriate cell density at the time of enzyme sample collection to
calculate cell-specific enzyme activity rates (Lomas, 2004).

All assays were performed at 20°C. Results for AKP and NR ere expressed as units (U) of
enzyme activity per milligram of total soluble protein.

2.2.3 Protein Assay

Total soluble proteins of the crude extract for antioxidant enzyme activities were determined
using a commercial Protein Assay (BioRad), based on the Bradford method (Bradford, 1976).
Protein content was determined spectrophotometrically at 595nm and concentrations were
calculated compared with a standard of bovine serum albumin (SIGMA).

2.2.4 Nutrient Assay

Simultaneous assay on nutrient change in the culture medium during the experiment was
performed. The procedures and conditions were exactly the same as described in 2.2.1 with
an exception that the experimental volumn was expanded to 500 mL. A 10-mL water sample
was collected from the co-culture every 24 h and was filtered through a membrane filters
(Millipore, 0.45-um pore size). The nitrate and phosphate concentrations were analyzed
according to the method of Jones (1984) and Hager et al. (1968) respectively. At the same
time, pH values in the co-culture were estimated by using a portable pH & temperature meter
(HI 98128, Hanna Instrument Co. Ltd, Hanna, Italy).

2.3 Statistics Assay

Results were analyzed with the software package Sigmaplot 8.0 and SPSS 13.0. We
calculated mean values and standard deviations from the different replicates per treatment (n
= 3), and the significance between the treated group and the control was analyzed by one-way
ANOVA with significance set at P < 0.05. Tukey tests (o = 0.05) were used to group
homogeneous means. Piror to assessment by ANOVA, all data were tested for normality
(Kolmogorov Smirnor test, 0=0.05) (Mulderij et al., 2005).

3. Results

3.1 Changes of the Fresh Weight Changes of S. thunbergiiis When Exposed to Different
Nutrient Conditions

The changes of the relative growth rate (RGR) of S. thunbergiiis varied greatly during the
experiment (Table 2). The fresh weight increased a little during the first 3 days after exposure
in groups of [, VI and VIl and then decreased steadily till the end of the experiment. As to
group II, III and V, the growth of S. thunbergiiis was obviously inhibited and the RGR was
negative throughout the whole experiment. Results in this experiment inferred that high
concentration of phosphate in the environment could inhibit the growth of S. thunbergiiis.
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Table 2. The changes of the RGR of S. thunbergiiis during the experiment

1d 2d 3d 4d 5d 6d
Blank 0.028 0.053 0.106 0.124 0.096 0.0833
Group [ 0.011 0.031 0.053 0.021 -0.039 -0.076
Group Il -0.017 -0.035 -0.071 -0.059 -0.042 -0.03267
Group [II -0.049 -0.064 -0.15933 -0.179 -0.168 -0.157
Group [V -0.017 -0.016 -0.06167 -0.052 -0.035 -0.00667
Group V -0.018 -0.025 -0.08433 -0.099 -0.114 -0.12533
GroupVI 0.011 0.021 0.0327 0.043 0.065 0.0999
GroupVIl 0.015 0.027 0.0468 0.034 -0.019 -0.192

3.2 Changes of Nitrate and Phosphate Concentrations in the Culture Medium When Exposed
to Different Nutrient Conditions

The changes of nitrate (Figure 1) concentrations in the culture medium were shown in Figure
2. The concentrations in all the treated groups decreased steadily with time increasing. In
groups of nitrogen and phosphate enrichment, the nutrient concentrations in the culture
medium decreased on the first 2-3 days after exposure and increased a little. Similar trend
was observed in blades cultured in f/2 medium. However, quite different changes were found
in such groups of nitrate deficiency as the blank control and nitrate enrichment group, which
increased firstly and then decreased to some extent. Results in the present study inferred that
S. thunbergiiis could luxuriously absorb the nutrients when they enough presented in the
environment while released from blade to the environment when nutrient were deficient in
the culture medium.
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Figure 1. Changes of nitrate concentrations in different treatment groups
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Similar changing tendency of phosphate concentration in the culture medium during the
experiment was observed, and the concentrations in either treated groups or the blank control
decreased steadily during the experiment. Obvious significance was found between the initial
concentrations and those of the end of the experiment (P<0.05) (Figure 2).
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Figure 2. Changes of phosphate concentrations in different treatment groups

3.3 Changes of NR and AKP Activities in S. thunbergiiis When Exposed to Different Nutrient
Conditions

Changes of NR activities in S. thunbergiiis when exposed to different nutrient conditions
were shown in Figure 3. Activities in group IV and V increased a little at the beginning of
the experiment and decreased thereafter. Different changing tendency was observed in
group I, II and III which increased steadily till the end of the experiment. NR activity in
group VII decreased till the end. Little change was observed in group VI during the
experiment. Taking the activity on the third day for example: great difference was observed
between the treated groups compared by #-test (P<0.05) except that between groups of [ and
III and between group of VI and VIl which showed little difference.

Moreover, the initial concentrations of phosphate was 16pumol/L in group of I . IV. V and
VII, and the initial nitrate concentration in the group was Oumol/L. 80umol/L, 256umol/L,
512umol/L respectively. The order of NR activities in the groups was VII< [ <I[V<V, and the
NR activity increased with the nitrate concentration increment in the culture medium. It
seemed that there was a positive relation between the environmental nitrate concentration and
the NR activity. On the 6™ day after exposure, significance was observed between all groups
(P<0.05, r-test) except that of the blank control and group V, and the order of NR activity
was VI<IV<V<T.NR activity in group of IV, V and VIl decreased significantly by about
59.1%, 65.2% and 51.6% as compared to that on the 3™ day after treatment. Results indicated
that different concentrations of nitrate and N/P ratio affected NR activity greatly. NR in group
VI and VII kept low throughout the experiment indicating that nitrate enrichment or relatively
higher concentration of nitrate would inhibit NR activity.
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Figure 3. Activity of nitrate reductase (NR) in different treatment groups

Changes of AKP when exposed to different nutrient conditions were shown in Figure 4.
Results demonstrated that AKP in control blank and group III increased firstly and then
decreased a little. Opposite changing tendency was observed in group [ and VI which
decreased firstly and then decreased. AKP activity in other treated group decrease steadily
with time increasing. Moreover, paired t-test showed significant difference between treated
groups and the blank control at any set time indicating that the phosphate concentration and
N/P ratio in the culture medium exerted effect on AKP activity. Taking group of II . VI. IV
and III for example: the initial nitrate concentration was 80umol/L and the phosphate
concentration was Oumol/L, 2.5umol/L, 16umol/L and 80umol/L, respectively. AKP activity
in group Il and VI on the 6™ day after treatment was higher than that on the 3™ day while
that of group [Vand III on the 6™ day was lower than that on the 3™ day. The possible reason
was that the phosphate concentration was limited in group I[land VI and AKP was induced.
Contrarily, high concentration of phosphate in the environment would inhibit the induction of
AKP activity, which was indicated in group III and IV (Figure 4).

10 www.macrothink.org/ast



H Aquatic Science and Technology
A\ Mac.rOtthI;‘.k ISSN 2168-9148
Institute 2014, Vol. 2, No. 2

__0.045

g 0.040 - T [ The initial day
; - The third day
= 0.035 b The sixth day
o 4

£ 0.030 - .

>

2z 4

S 0.025 -

o

v 0.020 =

3 ] 25 B |

£ 0.015

S 7 |

@ 4

< 0.010 4 o

° 4

S 0.005 <

! -

£

—~ 0.000 v f v f v f v f v T v § v T v T v 1
= blank Group I Group IIGrouplll GroupIV Group VGroupVI Group VIl -

Figure 4. Changes of alkaline phosphatase activities when exposed to different nutrient
conditions

4. Discussion

Different concentration of phosphate and nitrate as well as different N/P ratio in the
environment would exert different effects on growth of S. thunbergii. The macroalgal growth
was significantly affected and the fresh weight decreased. Moreover, enzymatic activities that
relate to the nutrient mechanism were affected and a relatively obvious changing tendency
was observed between the environment concentration of nutrient and the enzymatic activities.
It had been reported that different environmental nutrient conditions exerted impact on
nutrient uptake mechanism or damage to enzyme involved in the N or P metabolism in algae
(Shelly et al., 2005).

Nitrogen is the necessary elements for algal growth. Nitrate reductase (Nitrate reductase, NR)
is one of the key enzyme of nitrogen metabolism and it is also a rate-limiting enzyme
controlling the whole process of assimilation. When plants absorb NO;™ in the environment,
NR would play role in transfer NO3™ to NO,™ and then the nitrite reductase (NIR) reduce it to
NH4". Only basing the procedures above mentioned, it could involve in the synthesis of
amino acids and proteins. NR activity is susceptible to the external factors such as NOs
concentration in the environment which is the substrates of the reaction of NR reduction.
Thus, NOj' is suggested to be the optimum factor for NR induction. NR activity is very low if
NOjs' in the environment was low or limited while it increased immediately if extra NOs" is
added onto the medium. That was why we observed the fluctuation of NR activity in the
present study.

Alkaline Phosphatase (AP) is a kind of non-specific hydrolase and could hydrolyze the
phosphate into inorganic phosphoric acid and the corresponding alcohols, phenolic
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compounds and sugar. AP is widespread in bacteria, fungi, algae, and animals and has been
reported to be involved in cellular phosphorus metabolism. It plays essential role in the
biogeochemical cycle of phosphate. Numerous studies have demonstrated that the
extracellular alkaline phosphatase phytoplankton or bacteria could catalse phosphate ester
compounds to hydrolyze into orthophosphate, which is one of the most important
supplemental way of phosphate in the water. In natural seawater, the environmental factors
would significantly affect AKP activity: there is a negative co-relative between the AKP
activity and the environmental concentation of phosphate. That means AKP could be induced
to relatively higher activity when the phosphate concentration is low in the water and this
mechanism is called “inhibition-induction mechanism”. Therefore, AKP fluctuated with the
changes of the environmental phosphate concentrations. Durin the 6 days of experiment,
either nitrate or phosphate presented fluctuation and the environmental nutrients might play
decisive role in nutrient-absorption of S. thunbergiiis.

5. Conclusion

The activity of NR and AKP fluctuated with the environmental concentrations of phosphate
and nitrate and a relatively clear relationship was observed between the enzymatic changes
and the environmental concentrations. However, NR and AKP demonstrated different
changing tendency when S. thunbergiiis was exposed to different nutrient conditions,
suggesting the co-existent mechanism of absorption and release of nitrate and phosphate in S.
thunbergiiis.
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