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Abstract. In the Marine environment, 3-methylphenanthrene mainly comes from Marine oil spill accidents
and the waste water discharge from the coastal petrochemical enterprises. In order to reveal the
ecotoxicological effects of 3-methylphenanthrene pollutants on A. japonicus, it was exposed to different
concentrations of the substance. The results showed, the survival rate of A. japonicus gastrula decreasing
gradually with the extension of exposure time and the increase of exposure concentration; The
bioaccumulation of 3-methylphenanthrene in A. japonicus increased significantly with the extension of
exposure time and the increase of exposure concentration; Compared to the control group, the expression
of CYP450 and p53 genes of A. japonicus was significantly inhibited in each treatment group. The above
results provide the basic data for the evaluation of the biological toxicity of 3-methylphenanthrene towards
A. japonicus.
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Introduction

Petroleum hydrocarbon pollution is one of the significant factors that may harm the
safety of marine ecological environment in global (Li et al., 2019). The toxicity of it is
mainly caused by PAH components, which are highly toxic and commonly found in
aquatic systems (Guo et al., 2017). 3-methylphenanthrene is the most representative
tricyclic PAHs with high content in petroleum, but its toxicity has been reported less in
the international scope (Guan et al., 2016; Liu et al., 2020). The physiological activities
and metabolism of organisms living in marine environments containing
3-methylphenanthrene were altered (Xu et al., 2018).

Apostichopus japonicus covered with meat spines, which feed on algae and plankton
and are widely distributed in the world's oceans. It is an important mariculture economic
species in China, with functions of improving memory, delaying aging, preventing
atherosclerosis and anti-tumor (Bo, 2017; Zhao et al., 2020). At present, most scholars
have studied the toxic effects of microplastic fibre (Mohsen et al., 2020, 2021), heavy
metals (Wang et al., 2016; Zhang et al., 2016), and organic pollutants (Luo et al., 2015;
Li et al., 2016a; Khazaali et al., 2016) on their larvae and adults and the accumulation of
residual pollutants in their bodies, but there has been no report on the toxicity of
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3-methylphenanthrene on A. japonicus. Therefore, it is of great significance to study the
toxicity of 3-methylphenanthrene to A. japonicus in China, so as to improve the quality
of A. japonicus and strengthen the utilization and protection of marine resources.

Marine oil spill and industrial wastewater discharge cause PAHSs to invade the Marine
environment and destroy the balance of Marine ecosystem. 3-methylphenanthrene is
widely found in marine water environment (Honda and Suzuki, 2020). It participates in
the normal physiological process of marine organisms and is closely related to its life
process. This article explores the different concentration of 3-methylphenanthrene on
A. japonicus gastrula survival rate, bioaccumulation of 3-methylphenanthrene at different
concentrations in A. japonicus and effects of different concentrations of
3-methylphenanthrene on the expression of CYP450 and p53 genes in A. japonicus, to
provide basic data and theoretical basis for risk assessment of marine environment and
aquatic organisms.

Materials and methods
Experimental materials

The seawater for the experiment was taken from the sand-filtered seawater of Dalian
Heishi jiao. A. japonicus was purchased from Dalian Pacific Marine treasure co. LTD.
The body length was (2+0.3) cm. After 2 weeks of clean sea water domestication, healthy
young A. japonicus was selected for experiment.

Experimental methods
Effects of 3-methylphenanthrene on early development of A. japonicus

The experiment was carried out in a 10 ml test tube, with the gastrula density of 2 ~ 3
a-mL in each test tube. The experiment used continuous micro-aeration method which
was used to ensure that the dissolved oxygen in the experimental water was greater than
6 mg-L™. The experimental method was semi-static. During the experiment, the water
was replaced every 24 hours, and the water was controlled at the temperature of 20 ~
21°C, the salinity of 30 ~ 31, and the pH of 8.1 ~ 8.2. According to the preliminary
experiment, set four treatment groups with 3-methylphenanthrene concentrations of 10,
50, 100 and 200 pg-L™, a blank control group and a 1%o acetone solvent control group,
each group set up three parallel experiments, and the number of survivors was observed
at 24, 48, 72 and 96 h, and the survival rate was calculated.

Bioaccumulation of 3-methylphenanthrene in A. japonicus

The medial lethal concentration (LCso) of 3-methylphenanthrene was 264.3 pg-L™ by
96 h acute toxicity test. Based on this, the concentration of 3-methylphenanthrene was set
as 5, 10 and 100 pg-L%. During the experiment, the dissolved oxygen was controlled
above 6 mg-L?!, and the water temperature was 20 ~ 21°C. Algal powder of
Sargassum thunbergii was fed regularly once a day, and the feeding amount was 1.5% of
the body weight. Samples were taken at the 3 d, 7 d and 14 d of the experiment and stored
in a refrigerator at -80°C for measurement. The freeze-dried biological samples were fully
weighed and added with anhydrous sodium sulfate and deuterium, followed by a mixture
of 100 mL n-hexane and acetone (1:1, v: v) for accelerated solvent extraction. The sample
extraction solution passed minicolumns of anhydrous sodium sulfate, and added
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desulphuration of copper powder which treated with hydrochloric acid. Concentrate the
extract to about 2.0 mL, after purification, pre-leaching and eluent taking, concentrate the
eluent to constant volume, then add 1ul internal standard. The sample gas-phase separated
by DB-5ms capillary column, and mass spectrometric detection was performed by El
ionization method.

Effects of 3-methylphenanthrene on expression of CYP450 and p53 genes in A. japonicus

Filled 1 L glass beaker with seawater, and added reserve solution of a certain
concentration of 3-methylphenanthrene. The concentration of 3-methylphenanthrene was
set as 5, 10, and 100 pg-L, each group placed 10 young A. japonicus. Test conditions:
water temperature (15+2) °C, salinity (30+1), pH (8.0+0.5), intermittent oxygenation,
ensure that the dissolved oxygen is greater than 4.5 mg-L, avoid light. After 3, 7 and
14 days of treatment with 3-methylphenanthrene, taking one young A. japonicus of each
treatment group was placed on the ice, and A. japonicus body fluid was extracted by pipet-
gun, then quickly put into the prepared liquid nitrogen in the tube and stored at -80 °C.
Trizol method was used to extract the total RNA of the above samples, DNase | was used
for DNA digestion, the concentration and purity of total RNA were detected by
micronucleic acid protein analyzer, and the RNA integrity was detected by Agilent 2100
biological analyzer. The total RNA of the above samples were retranscribed by Prime-
Script™ RT reagent Kit(TaKaRa). Mx3005p™ real-time fluorescence quantitative PCR
instrument and SYBR Prime-Script™ RT-PCR Kit I were used for real-time quantitative
PCR.

Data statistics and processing

The test data were expressed as mean+S.D. , SPSS 22.0 statistical software was used
for statistical analysis of the data, and One-Way ANOVA and Duncan's new multiple
range method were used to analyze the difference of the data. Set P<0.05, the difference
was significant.

Results
The effect of 3-methylphenanthrene on the early development of A. japonicus

The changes of survival rate of A. japonicus gastrula under different concentration of
3-methylphenanthrene were shown in Figure 1. Compared with the control group, the
stress of 3-methylphenanthrene significantly inhibited the growth of A. japonicus
gastrula, and its survival rate significantly decreased with the increase of stress time
(P<0.05). Under the stress of 3-methylphenanthrene for 24 h, the survival rate of
A. japonicus gastrula decreased gradually with the gradually increasing exposure
concentration, and the survival rate of A. japonicus gastrula reached the minimum value
of 79% when the stress concentration reached 200 pg-L™. Under 3-methylanthracene
stress for 48 h, the survival rate of A. japonicus gastrula was significantly different from
the control group (P<0.05), and with the gradual increase of exposure concentration, the
survival rate of A. japonicus gastrula decreased gradually. When the stress concentration
reached 200 pg-L™?, the survival rate of A. japonicus gastrula reached the minimum value
of 66%. Under 3-methylanthracene stress for 72 h, the survival rate of A. japonicus
gastrula was similar to result of 3-methylanthracene stress for 48 h, and the survival rate
of A. japonicus gastrula was 0% at 200 pg-L™. Under the stress of 3-methylanthracene
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for 96 h, the survival rate of A. japonicus gastrula reached the lowest value as a whole,
and the survival rate of A. japonicus gastrula reached 0% at 100 pg-L™* and 200 pg-L™.
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Figure 1. Results of acute toxicity test of 3-Melthylphenanthrene on early development of A.
Jjaponicus. Note: The means with different letters significant differences at the 0.05 probability
level, and the means with the same letters not significant differences. The error line in the figure

is expressed by standard deviation, which is the mean of the distance of each data from the
mean

Results of 3-methylanthracene bioaccumulation in A. japonicus

Figure 2 shows that under 5 pg-L™* and 10 pg-L* concentrations, the bioaccumulation
process of A. japonicus does not conform to the two-box dynamic model, and the
bioaccumulation equilibrium is not reached within 14 d. Under concentration of
100 pg-L?, the bioaccumulation of 3-methylanthracene in A. japonicus increased with
time, and the two - box dynamic model was used to fit, Ky =24.94, K, =0.210, R> = 0.923
(95% confidence interval). At low concentrations, the bioaccumulation of 3-
methylanthracene in A. japonicus did not obviously increase with time; In the case of high
concentration of 10 ug-L?, the bioaccumulation of 3-methylanthracene in A. japonicus
increased rapidly with the extension of exposure time, and even the enrichment
coefficient BCF reached 154.6. At the same time, there was exponential correlation
between the concentration of 3-methylphenanthrene and the bioaccumulation of
3-methylphenanthrene in A. japonicus, the correlation equations are ysq = 6.492e123%8
(R%q4 = 0.9448), y7q = 5.4134e!3¥1* (R%4 = 0.8876) and yiuug = 5.5551el474
(R%149 = 0.9446). Under the conditions of three concentrations, the content of
3-methylphenanthrene in A. japonicus increased rapidly, indicating that the
bioaccumulation rate of A. japonicus was much higher than the metabolic rate.

Effects of 3-methylphenanthrene on expression of CYP450 and p53 genes in
A. japonicus

The effect of 3-methylphenanthrene on expression of CYP450 gene in A. japonicus is
shown in Figure 3. The results showed that, compared with the control group,
3-methylphenanthrene (c>5 ng-L™) showed significant inhibitory effect on the expression
of CYP450 gene of A. japonicus under certain concentration stress (P<0.05). Compared
with the control group, the overall relative expression of CYP450 gene in the treatment
group was lower than that in the control group, and the relative expression of CYP450
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gene gradually increased with the increase of the concentration. The maximum expression
of CYP450 gene in the 100 pg-L™ treatment group reached 0.56 at 14 d, and the inhibition
rate was 44% compared with the control group.
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Figure 3. The effects of 3-methylphenanthrene on the CYP450 of A. japonicus

The effect of 3-methylphenanthrene on expression of p53 gene in A. japonicus is
shown in Figure 4. At the early stress of 3-methylphenanthrene (3 d), all the
3-methylphenanthrene treatment groups showed significant inhibitory effect on the
expression of p53 gene (P<0.05), and the inhibition effect decreased with the increase of
stress concentration. At the middle stress of 3-methylphenanthrene (7 d), with the increase
of stress concentration, the relative expression of p53 gene in A. japonicus showed a rule
of increasing first and then decreasing, and it was at the lowest value of 0.137 when the
stress concentration was 5 ug-L™, which the inhibition rate was 86.3% compared with the
control group. At the later stress of 3-methylphenanthrene (14 d), with the increase of
stress concentration, the relative expression of p53 gene in A. japonicus showed a
gradually decreasing pattern, and reached the minimum value of 0.31 when the stress
concentration was 100 pg-L™?, which the inhibition rate was 69% compared with the
control group.
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Figure 4. The effects of 3-methylphenanthrene on the p53 of A. japonicus

Discussion

3-methylphenanthrene can accelerate the accumulation of PAHs in Marine organisms,
which is related to the high 1-octyl alcohol/water partition coefficient of PAHs (Hodson,
2017). Studies had found that PAHs can quickly dissolve in fat through respiration and
surface penetration into aquatic organisms, thus causing harm to organisms (Li et al.,
2016a). In addition to shellfish, other invertebrates have a certain role in the metabolism
of PAHs (Yu et al., 2018; Mana et al., 2021). Therefore, the high concentration of 3-
methylphenanthrene in the water environment can be degraded and absorbed by marine
biodegradation, and eventually digested through the intestinal tract, which binds to the
adipose tissue (Hodson, 2017). The results showed that the bioaccumulation amount and
bioaccumulation rate of 3-methylphenanthrene increased with the increase of exposure
concentration, and the bioaccumulation rate in high concentration increased rapidly with
the increase of pollutant concentration. In addition, BCF decreases with the increase of
pollutant concentration, which may be due to the combination of fat and organic
pollutants is easier to reach the saturation state (Simning et al., 2019; Li et al., 2021).

The experimental results showed that with the extension of exposure time and the
increase of exposure concentration, the survival rate of A. japonicus gastrula decreased
gradually, and no individuals survived when the exposure concentrations were 100 pg-L™*
(96 h) and 200 pg-L* (72 h and 96 h). Simning et al. (2019) reported that the cumulative
mortality of embryo exposure of Cyprinodon variegatus significantly increased with the
increase of HEWAF concentration (6.25%-50%) under low salt conditions, and the
results of the study were similar to the rule in this paper. Through exploratory analysis,
PAHs have different effects on marine gastrulas and larvae (Simning et al., 2019): four
kinds of PAHs can damage the tissues of A. japonicus, resulting in the death of the
organism (Luo et al., 2015); Xylene reduces the hatching rate of Brachydanio rerio
gastrula, leading to the death of gastrula or abnormal movement of developmental
malformed larvae (Zhang et al.,, 2016). Therefore, it can be speculated that
3-methylphenanthrene is related to the toxic damage of A. japonicus gastrulas.

The expression of CYP450 and p53 genes showed an overall inhibitory effect under
the stress of 3-methylphenanthrene, which was related to the different main functions and
mechanisms of CYP450 and p53 genes in organisms. Different exogenous chemicals can
cause oxidative stress, genotoxic stress and protein toxic stress after entering the
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organism, thereby activating the biological cellular detoxification metabolic system to
maintain the relative stability of the environment inside organism (Duan et al., 2018).
Marine invertebrates produce a large number of by-products -- reactive oxygen in the
phase | metabolism of organic pollutants, and excessive reactive oxygen will lead to
oxidative damage of organisms (Li et al., 2016b; Lister et al., 2017; Danielli et al., 2017;
Duan et al., 2018). The CYP450 enzyme system can provide the basis for the second stage
of glutathione transferase (GST) to transform the exogenous (Tang, 2019). In this study,
the expression of CYP450 gene in A. japonicus was significantly inhibited under
3-methylphenanthrene stress compared with the control group (P<0.05) and the relative
expression of CYP450 gene gradually increased with the increase of concentration, which
showed a similar pattern to the effect of benzo[a]pyrene on gill tissue GSH activity of
Mytilus coruscus (Tang, 2019). Therefore, it was speculated that the expression of
CYP17A1 gene in A. japonicus was significantly increased after long treatment, because
of it induces the detoxification and metabolism of cytochrome P450 related system, and
causes the production of excessive oxidative free radical ROS in the cell body.

P53 gene is the main attack site of chemical mutagenesis. After p53 gene mutation, it
loses its regulatory effect on cell growth, apoptosis and DNA repair. And the complex
network of regulation of cellular stress and cellular response is composed of its various
regulatory factors and related genes (Li et al., 2019). In this study, the expression of p53
gene in A. japonicus was significantly inhibited under 3-methylphenanthrene compared
with the control group (P<0.05). However, in the same time period (3 d and 7 d), the
relative expression level of p53 gene increased with the increase of the concentration,
which was due to the system in A. japonicus did not respond in time at the beginning and
S0 as to inhibit the expression of p53 gene in A. japonicus. When the stress concentration
increased, the detoxification and metabolism process of cytochrome related system was
induced, and oxidative stress occurred, and the expression level of p53 increased
significantly (Liu et al., 2015). It has been reported that nano-silica coated with
manganese oxide can induce the increase of p53 gene expression in He La cells and L929
cells (Yuetal., 2015). Therefore, it is speculated that 3-methylphenanthrene has no strong
toxic effect on A. japonicus under low concentration (c<100 pg-L™*) and short time
(t<14 d) stress.

Conclusion

In this study, high concentration of 3-methylphenanthrene inhibited the survival of
A. japonicus gastrula and inhibited the metabolism of 3-methylphenanthrene in
A. japonicus, resulting in the bioaccumulation of 3-methylphenanthrene. The expression
of CYP450 and p53 genes in A. japonicus gastrula was significantly inhibited by
3-methylphenanthophane, thus inhibiting the metabolic effect of pollutants and losing the
regulatory effect on cell growth, apoptosis and DNA repair. Changes in the metabolic
mechanism and regulatory mechanism of marine organisms may lead to the death of
marine organisms. Therefore, the relevant marine departments should prohibit the
discharge of industrial wastewater into the sea and timely deal with marine oil spills,
strengthen the monitoring of PAHs in the marine environment and the management of
the total amount of marine pollutants discharged, which will provide a good living
environment and solve the major problems of aquaculture.
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