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ABSTRACT

We investigated the effects of particular wavelengths of visible light on salt-induced stress in
the ornamental cleaner shrimp Lysmata amboinensis (De Man, 1888). Na™/K*-ATPase (NKA)
activity and levels in tissues (gill, hepatopancreas, and muscle) of heat shock protein 70
(HSP70) and levels of glucose in whole-body fluids were measured for three days after the
shrimp were exposed to red (630 nm), green (520 nm), and blue (455 nm) wavelengths of light
at two intensities (0.5 and 1.0 W m?) while exposed to various salinities (25, 30, 35, and 40
PSU). The osmolality of whole-body fluids and the nuclear damage in hepatopancreas tissues
were also measured. Although all experimental groups showed negative responses to changes
in salinity, the groups exposed to green and red wavelengths of light showed milder negative
effects than the groups exposed to blue and fluorescent light. There was no difference in the
effect of different intensities of light, but green and red light effectively reduced the osmotic
stress caused by salinity.
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INTRODUCTION starvation (Calado et al., 2009), and diet (Calado et al., 2003) have
been conducted in L. amboinensis, few have investigated the effects
of rapid changes in salinity.

Aquatic organisms exposed to sudden changes in salinity gen-
erally undergo metabolic responses to maintain ion homeostasis

Marine ornamental shrimps, which inhabit tropical coral reefs, are
economically important in the aquarium industry (Sanjeevi et al.,
2016) and an important source of income in the Indo-West Pacific

region (Calado et al., 2009). Lysmata amboinensis (De Man, 1888) 1s a (Choi & An, 2008). Osmotic pressure and ion homeostasis in crus-
popular ornamental shrimp known for its bright colors and striking taceans are based on ion transport (mainly Na* and CI absorp-
patterns (Calado et al., 2003). This species inhabits temperate and tion or secretion), and Na*/K*-ATPase (NKA) is highly influential
sub-tropical waters and establishes a cleaning symbiotic relationship in ion transport (Chaudhari ¢ al., 2015). NKA plays an important
(Cétér 2000) with ﬁ‘shes, removing parasites, bacteria, .and .damaged role in maintaining intracellular homeostasisas well as in facili-
tissues. Cleaner shrimps are expensive and they are primarily traded tating most transport systems in various osmotic epithelial cells,
from naturally harvested stocks (Biondo, 2017), despite their eco- including in the gills (McCormick, 1995; Li ¢t al., 2015).
logical importance (Vaughan et al., 2017). Studies on the physiology
of L. ambomen'm, however, have rarely been conducted. environmental stress, and its concentration in the body is used as
Marine z}mmals tha.t are bred for ornamental purposes, such as a biomarker that reflects the degree of external environmental
.cleane‘r shrllmps, are likely to be CXPosed to a variety of changes stress (Hall & van Ham. 1998; Lorenzon, 2005). Glucose secre-
in their environment due to inexperienced management of breed- tion in crustaceans is controlled by the crustacean hyperglycemic

ing aquaria. Salinity, one of the primary factors to consider when hormone (cHH), which is secreted from the eyestalk (Kamemoto
rearing marine organisms, influences the physiology of shrimps & Oyama, 1985; Webster, 2015)

as well as their growth and survival (Liu e al., 2006; Robles ¢ al.,
2014). Ponce-Palafox et al. (1997) and Roy et al. (2007) reported
the negative effects of rapid changes in salinity on growth, res-
piration rate, and survival in shrimps. Although studies on the
physiological responses to temperature changes (Rui et al., 2014),

Glucose i1s used as an energy source for tissue damaged by

Heat shock protein (HSP) is one of the chaperone proteins
involved in refolding the denatured proteins to protect the struc-
tural integrity of intracellular substances (Kregel, 2002). HSP
was 1initially discovered in fruit flies exposed to thermal shock
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environments and the protein became known as a heat-toler-
ant gene (Ritossa, 1962). HSP was subsequently reported to be
involved in stress responses, the prevention of cell damage due
to environmental pollutants, and the maintenance of cellular
homeostasis, and was consequently used as an important i vivo
stress indicator in other animals (Mudagandur et al., 2016).

The solar light spectrum is absorbed by water molecules and
the spectral composition decreases with depth. The optimal light
spectrum for aquatic organisms, including crustaceans, thus varies
with depth (Myrberg & Fuiman, 2002). Ornamental aquatic crusta-
ceans, however, are often exposed to the artificial lighting installed
in indoor aquaria. Light is received as an optical signal mainly via
photoreceptors in the retina and induces physiological responses
in the tissues when converted into electrical signals (Migaud et al.,
2006). Studies to reduce light-induced stress in aquatic animals have
been conducted, specifically on the effect of particular wavelengths
on stress regulation in fishes (Shin et al., 2011; Kim et al., 2014).

Crustaceans are more sensitive to weak light than fishes (Covich
et al., 2010). Studies on crustaceans have shown changes in growth
(Guo et al., 2011) and food intake (Xu et al., 2003) when they are
exposed to specific light wavelengths. Donohue ez al. (2017) con-
firmed the presence of the photoreceptor opsin in the central
nervous system (SCN) of the stomatopod Neogonodactylus oerstedii
(Hansen, 1895). Caves ¢t al. (2016) studied optical responses and
sensitivity to light wavelengths in L. amboinensis and reported that
this species had the highest sensitivity to green light (518 £ 5 nm).
No research has yet examined the role of light of other wave-
lengths in the regulation of physiological responses in this species.

We investigated the effects of specific light wavelengths and
intensities of light on the regulation of salinity stress in L. amboinen-
sis. We exposed shrimp to three wavelengths (red (630 nm), green
(520 nm), or blue (455 nm) light-emitting diodes (LEDs)) at two
intensities (0.5, 1.0 W m™2) for three days in four osmotic environ-
ments (25, 30, 35, and 40 PSU (practical salinity units)). We also
investigated changes in homeostatic function, physiological stress
hormone levels (NKA and HSP70), and glucose concentration, and
compared degrees of nuclear DNA damage using comet assays.

MATERIALS AND METHODS

Experimental animals and laboratory conditions

Individuals of Lysmata amboinensis (N° = 336; mean length,
42.8 £ 2.3 mm; mean weight 2.23 + 0.15 g) were purchased from
a commercial aquarium (Choryang, Busan, Korea) and allowed
to acclimatize for two weeks in nine 300 1 closed-circulation-filter
tanks, each tank consisting of four mini tanks (45 cm X 45 cm
X 45 cm), in the laboratory. Shrimp were reared using automatic

temperature-regulation systems (JS-WBP-170RP; Johnsam, Seoul,
Korea). The water conditions were maintained at 22 °C, pH 8.0,
and 35 psu. Each filter tank (experimental groups at 25, 30, 35
(normal seawater), and 40 psu] consisted of 20 individuals. To
minimize density stress between individuals, each mini tank was
divided into five equal spaces, one per shrimp.

Shrimp in the control group were exposed to a white fluorescent
bulb. Those in the experimental groups were exposed to either red
(630 nm), green (520 nm), or blue (455 nm) LEDs (Daesin LED.,
Kyunggi, Korea) (Iig. 1). The LEDs were placed 20 cm above the
water surface and the depth of the water was 40 cm. The irradi-
ance level at the bottom layer of each tank with external light inter-
ception was maintained at approximately 0.5 W m2 or 1.0 W m?
using a spectrometer (MR-16; Rainbow Light Technology, Taoyuan,
Taiwan) and a photo-radiometer (HD 2102.1; Delta OMH CO,,
Caselle di Selvazzano, Italy). The photoperiod consisted of a 12 h
light/dark cycle, with the photophase lasting from 0700 to 1900.

All experimental shrimp were fed with commercial feed
(Tropical Tadeusz Ogrodnik, Chorzéw, Poland) daily until the
day prior to the experiments. The shrimp were anesthetized
using 2-phenoxyethanol (Sigma, St. Louis, MO, USA) to minim-
ize stress prior to tissue collection. Tissue was homogenized using
500 pl PBS (Sigma) and centrifuged (4 °C, 1000 X g, 15 min). We
removed only the supernatant and stored it at —20 °C until ana-
lysis. The tissues were immediately frozen in liquid nitrogen and
stored at =80 °C until analysis.

Analysis of NKA concentration in gill tissues

Gill tissues (20 mg) were immersed in SEI solution (200 mM
sucrose, > mM Na, EDTA, and 100 mM imidazole-HCI buffer,
pH 7.6) and then homogenized in 1 ml SEID solution (SEI +
0.1% sodium deoxycholate). Ten microliters of the supernatant
obtained using centrifugation (4 °C, 2000 X g, 5 min) was added
to reaction mixture A (125 mM NaCl, 75 mM KCIl, 7.5 mM
MgCl,, 5 mM Na, ATP, and 100 mM Imidazole-HCI buffer, pH
7.6) and 200 pl of reaction mixture B (mixture A + 10 mM oua-
bain). After incubation at 37 °C for 30 min, 50 pl of 30% tri-
chloroacetic acid were added to stop the reaction. The content of
inorganic phosphorus with and without ouabain was measured
at 650 nm using a Phosphate Colorimetric Assay Kit (BioVision,
Milpitas, CA, USA). Protein content in tissues was measured using
a Pierce BCA Protein Kit (Thermo, Waltham, MA, USA).

Analysis of glucose levels

Body fluids from whole bodies of shrimp were used as it was diffi-
cult to separate the hemolymph. Tissue preparation followed the
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Figure 1. Spectral profiles of the red, green, and blue light-emitting diodes (LEDs) and white fluorescent bulb (control) used in the study. Two different light
intensities (0.5 and 1.0 W m™?) were used for each type of LED. This figure is available in colour at Journal of Crustacean Biology online.
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method of Njemini et al. (2005) with modifications. The whole
body was homogenized using 500 ul PBS (Sigma) and centrifuged
(4 °C, 1000 X g, 15 min). We used the supernatant for glucose
measurement using a dry multiplayer analytic-slide method using
a biochemistry auto analyzer (Fuji Dri-Chem 4000; Fujifilm,
Tokyo, Japan).

Analysis of HSP concentration in tissues

The HSP concentration in the tissues was analyzed using an
ELISA Starter Accessory Kit (E101; Bethyl, Montgomery, TX,
USA) following a modified method of Njemini ez al. (2005). After
homogenization, we added 100 mg of tissue to 1 X PBS and cen-
trifuged (4 °C, 5000 X g for 5 min) to separate the supernatant.
Standards and samples were dispensed and coated at 4 °C for
at least 14 h. The coated wells were washed with washing buffer
and treated with blocking buffer, primary antibody (1:4000), and
secondary antibody (1: 4000). Washing was performed after each
reaction using a washing buffer, and 100 pl of TMB substrate was
dispensed into each well, reacted at room temperature for 30 min
at 250 rpm, and stopped by adding 100 pl of stop solution. The
final HSP activity was expressed as pM Pi~! mg protein™! h™!. The
HSP concentration was measured at 450 nm absorbance and
the concentration was expressed as ng mg™! total protein using a
standard curve.

Comet assays

The comet assay is a relatively simple and sensitive technique
for quantitatively measuring DNA damage in eukaryotic cells
(Bajpayee et al., 2005). Hepatopancreas cells (1 X 10° cells™!) were
examined using a CometAssay Reagent kit and single-cell gel elec-
trophoresis (Trevigen, Gaithersburg, MD, USA) according to the
method described by Singh et al. (1988), with some modifications.
Cells were immobilized in agarose gels on CometAssay comet
slides and immersed in freshly prepared alkaline unwinding solu-
tion for 20 min. The slides were then electrophoresed at 18 V for
30 min. The samples were stained using SYBR Green (Trevigen)
for 30 min in the dark and then examined using a fluorescence
microscope (Eclipse Ci, excitation filter 465-495 nm; Nikon,
Tokyo, Japan). At least 100 cells from each slide were analyzed.
To quantity the comet assay results, we analyzed the tail length
(distance of DNA migration from the head), % DNA in the tail
(tail intensity/total intensity in tail), and tail moment (amount of
DNA damage, product of tail length and % DNA in tail) using

comet assay IV image analysis software (version 4.3.2; Perceptive
Instruments, Bury St Edmunds, UK).

Statistical analysis

All data were analyzed using the SPSS statistical package (version
19.0; SPSS, Chicago, IL, USA). A one-way ANOVA followed by a
Tukey’s post-hoc test was used to compare differences in the data
(P <0.05). The data are expressed as mean * standard error (SE).

RESULTS

Change in NKA activity

NKA activity in the gill tissues of the experimental groups (25,
30, and 40 psu) on day 1 was higher than on day 0, and then
decreased significantly with time (from day O to day 3) in all light
groups except the blue LED group (Fig. 2). The lowest NKA activ-
ity was measured at 40 psu. NKA activity decreased more with
time under red and green LED wavelengths than it did in the
control group (white fluorescent bulb). Conversely, NKA activity
was maintained over time under the blue LED wavelength. The
responses were not different between the two light intensities.

Changes in glucose levels

Glucose levels in whole-body samples from the experimental
groups (25, 30, and 40 psu) on day 1 were higher than they were
on day 0, and then increased significantly with time (from day 0
to day 3) in all light groups (Fig. 3). The highest glucose level was
measured at 25 psu. When the light source was included as a fac-
tor, glucose levels increased less with time under red and green
LED wavelengths than they did under the control group’s white
fluorescent bulb. Conversely, glucose levels increased more with
time under the blue LED wavelength. The responses also showed
no differences between the two light intensities.

Changes in HSP70 concentration

HSP70 concentration in each of the tissues (gill, hepatopancreas,
and muscle) on day 1 was higher than it was on day 0, and then
increased significantly with time (from day 0 to day 3) in all light
groups (Fig. 4). The highest HSP70 concentration was measured at
25 psu. When the light source was included as a factor, the HSP70
concentration increased less with time under red and green LED
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Figure 2. Concentration of Na*-K*-ATPase (NKA) in the gills of Lysmata amboinensis exposed to various salinity environments and lighting: white fluores-
cent bulb (control), red (R), green (G), and blue (B). NKA activity was analyzed using a plate reader. Bars with different numbers indicate significant differ-
ences between each experimental group within the same salinity and exposure time (P < 0.05). All values are means + SE (V= 5). This figure is available in
colour at fournal of Crustacean Biology online.
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Figure 3. The level of glucose in the whole-body fluids of Lysmata amboinensis exposed to various salinity environments and lighting: white fluorescent bulb

(control), red (R), green (G), and blue (B). Bars with different numbers indicate significant differences between each experimental group within the same sal-

inity and exposure time (P < 0.05). All values are means £ SE (I = 5). This figure is available in colour at Journal of Crustacean Biology online.

wavelengths than it did in the control group (white fluorescent
bulb). Conversely, HSP70 concentration increased more with time
under the blue LED wavelength. There were no differences in the
responses between the two light intensities.

Analysis of DNA damage

Hepatopancreas tissue DNA damage following a three-day
exposure to various salinities (25, 30, 35, and 40 psu) was ana-
lyzed using 100 randomly selected cells. For the comet assay, we
analyzed the tail length and % DNA in the tail. The DNA con-
tent in the tail and tail length in the experimental groups (25, 30,
and 40 psu) increased significantly with exposure time, compared
with the 35 psu group (normal seawater) (Fig. 5). When the light
source was included as a factor, the % DNA in the tail and the tail
length in the 25 and 40 psu samples were significantly lower in the
groups exposed to red and green LED wavelengths, than those in
the control group. Conversely, % DNA in the tail and tail length
in the 25 and 40 psu samples was significantly higher in the blue
LED group than in the controls and the 30 psu groups.

DISCUSSION

Although L. amboinensis is an important commodity in the trade of
ornamental fishes, most studies have focused on sexual maturity
or ecology (Tziouveli et al., 2011; Rui et al., 2014), rather than on
physiology despite its sensitivity to changes in light, salinity, tem-
perature, pH, and other environmental factors.

Although aquatic animals commonly adapt to changes in
their environment and/or move to a more suitable environment,
ornamental species are unable to move from their aquaria so
responses to stress by environmental changes must take place
situ. NKA activity, one such response to maintain ion homeostasis,
is increased to regulate Na®™ and K™ concentrations in the body.
NKA also promotes the synthesis of glucose, a metabolic energy
source needed to restore tissue damaged by stress. NKA activity
in L. amboinensis was higher in all the salinity experimental groups
(25, 30, and 40 psu) than it in the control group (35 psu, normal
sea water), and it decreased significantly under all light sources,
except the blue LED, as the exposure time increased.
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Liu et al. (2014) examined NKA activity in the whiteleg shrimp,
Lutopenaeus vanname: (Boone, 1931), after exposure to a high osmotic
environment and found that NKA activity significantly increased
and played an important role in the osmotic reaction that regu-
lated the glucose synthesis required for the metabolism of NKA
activity. Pan et al. (2014) investigated NKA activity in L. vanname:
exposed to a low-salinity (21 psu) environment for nine days and
showed that NKA increased compared to that in animals exposed
to normal salinity (31 psu). Furthermore, NKA activity gradually
decreased over time and adapted to the change in the osmotic
environment.

We investigated the possibility of reducing stress in ornamental
animals that are particularly sensitive to environmental changes,
such as rapid changes in salinity, by using the artificial light (wave-
lengths), which are almost always installed in indoor aquaria.
Studies on the effects of specific light wavelengths on the physio-
logical responses in crustaceans have been rare until recently, with
studies focusing on growth, the endocrine system, and reproduc-
tion in fishes (Ruchin, 2004; Karakatsouli et al., 2008). Exposure
to green wavelengths, for instance, was reported to reduce the syn-
thesis of the stress indicators cortisol and glucose in the goldfish
(Carassius auratus (Linnacus, 1758)) and the rock bream (Oplegnathus
Jasciatus (Temminck & Schlegel, 1844)) exposed to high tempera-
ture (30 °C) (Jung et al., 2016; Choe et al., 2017).

Green and red light wavelengths significantly decreased NKA
activity and glucose concentration in L. amboinensis. We conclude
that these two light wavelengths were effective in reducing osmotic
stress 1n this species as they reduced NKA activity and glucose
concentration to steady states (Liew et al., 2015).

In studies of light wavelengths and fishes, red light has been
reported as having a negative effect on the stress response (Choi
et al., 2015b; Choe et al, 2017). Notwithstanding, Caves el al.
(2016) studied the regions of perceived light (350-600 nm) in
L. amboinensis and showed that the species is not very sensitive to
red light. The stress response in red light, however, was kept at
a low level compared to the control, and the red wavelength also
positively influenced adaptation to changing salinity by promot-
ing a lower level of NKA activity. Their results of stress response
were also similar to the green wavelength. Because studies on the
photoreactions of L. amboinensis are limited, it will be necessary to
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Figure 4. Concentration of heat shock protein 70 (HSP70) in the gill (A), hepatopancreas (B), and muscle (C) of Lysmata amboinensis exposed to various salin-
ity environments and lighting: white fluorescent bulb (control), red (R), green (G), and blue (B). HSP70 was analyzed using a plate reader. Bars with different

numbers indicate significant differences between each experiment group within the same salinity and exposure time (P < 0.05). All values are means = SE

W=

study the range of optically recognized wavelengths and the pho-
toreactive mechanisms in the species.

We found that the activity of HSP70, which was used as a stress
index for gill, hepatopancreas, and muscle tissues, was significantly
higher in shrimp exposed to 25, 30, and 40 psu, than it was in the
controls. It also increased significantly with increasing exposure
time (from day 0 to day 5). In general, the protein-synthesis system
is disrupted when a subject is exposed to salinity stress (Somero &
Yancey, 1997; Deane et al., 2002). The expression of HSP is thus
increased in order to restore the protein structure to its original state
through refolding (see Kregel, 2002; Dong et al., 2008). We hypothe-
size that the activity of HSP70 was increased as it plays an import-
ant role in preventing damage to cells and in cell homeostasis. Sun

5). This figure is available in colour at journal of Crustacean Biology online.
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et al. (2013) reported that HSP70 concentrations increased when
juvenile Chinese mitten crabs Eriocheir sinensis (H. Milne Edwards,
1853) were exposed to various salinities (1, 2, 10, 15 psu) in a river
(5 psu). Our results showed that HSP70 concentration was sig-
nificantly lower after exposure to red and green wavelengths, but
higher after exposure to blue light. These data suggest that the
green wavelength reduces environmental stress, and that the stress-
reducing effect of green wavelengths also applies to crustaceans.
Green light is assumed to reduce HSP70 activity in L. amboinensts
by reducing the stress induced by an abrupt change in salinity. From
similar studies in fishes (see Choi e/ al., 2015a, 2016), we conclude
that salinity changes increased the secretion of glucose and HSP70
in the tissues of L. amboinensis. and that red- and green-wavelength
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m?), in hepatopancreas cells of Lysmata amboinensis. White arrows in (A) indicate damaged nuclear DNA (DNA breaks) in the hepatopancreas cells, which

were stained using SYBR Green. Bars with different numbers indicate significant differences between each experiment group within the same salinity and

exposure time (P < 0.05). The asterisks (¥) indicate significant differences between different experimental groups within the same concentration (£ < 0.05).
Scale bars = 100 um. This figure is available in colour at Journal of Crustacean Biology online.

light had a stress-reducing effect. We suggest additional research on
the mechanisms of the stress-reducing effects of red-wavelength
light in L. amboinensts and other shrimps.

Tail length and % DNA were significantly lower after exposure to
red- and green-wavelength light, but were higher after exposure to
blue-wavelength light. In general, when an organism is exposed to
stress, free radicals (reactive oxygen species, or ROS) are produced
that are lethal to cells (Roch, 1999; Nordberg & Arnér, 2001). ROS
modify the DNA and degrade the ribose ring, resulting in strand
breaks, and strand breakdown occurs before recovery (Hong et al.,
2006). DNA damage appears to be correlated with ROS, and DNA
damage from the changes in salinity was due to degradation of the
DNA strand from an overproduction of ROS over time.

We conclude that changes in salinity promoted NKA activ-
ity and glucose levels. As the exposure time increased, there was
a gradual decrease in NKA activity and glucose levels, which
appeared to be an adaption to the salinity,. NKA and glucose
could therefore be used as saline-stress biomarkers in shrimps.
Blue LED light acted as a stress factor under osmotic conditions,
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which increased HSP70 concentration and caused DNA damage
in the nuclei of hepatopancreas cells, and green and red light were
effective wavelengths for decreasing stress as well as increasing the
ability of L. ambownensis to control osmotic pressure. These results
still present some difficulties in explaining detailed mechanisms,
such as the positive effects of red wavelengths and of photo reac-
tions and their effects in crustaceans. Our work aims to provide a
basis for further research into light responses in crustaceans.

ACKNOWLEDGEMENTS

This research was supported by the project “Development and
commercialization of high density low temperature plasma based
seawater sterilization purification system” and by a grant from the
National Research Foundation of Korea (NRF) of the Korean
Government (MSIP) (2018R1A2B6002569). All authors thank
the anonymous reviewers for their help with the manuscript. The
authors declare that they have no conflicts of interest.

Downl oaded from https://academni c. oup.conijcb/article-abstract/38/4/475/5056263
by TCS Menber _Access user
on 04 August 2018



EFFECTS OF WAVELENGTH SPECTRUM ON OSMOTIC STRESS

REFERENCES

Bajpayee, M., Pandey, AK., Parmar, D.,, Mathur, N., Seth, PK. &
Dhawan, A. 2005. Comet assay responses in human lymphocytes
are not influenced by the menstrual cycle: a study in healthy Indian
females. Mutation Research, 565: 163—172.

Biondo, M.V, 2017. Quantifying the trade in marine ornamental fishes
into Switzerland and an estimation of imports from the European
Union. Global Ecology and Conservation, 11: 95-105.

Calado, R., Lin, J., Rhyne, A.L., Araujo, R. & Narciso, L. 2003. Marine
ornamental decapods — popular, pricey, and poorly studied. Journal of
Crustacean Biology, 23: 963-973.

Calado, R., Vitorino, A., Reis, A., Lopes da Silva, T. & Dinis, M.'T.
2009. Effect of different diets on larval production, quality and fatty
acid profile of the marine ornamental shrimp Lysmata amboinensis (de
Man, 1888), using wild larvae as a standard. Aquaculture Nutrition, 15:
484-491.

Caves, E.M., Frank, T:M. & Johnsen, S. 2016. Spectral sensitivity, spatial
resolution and temporal resolution and their implications for conspe-
cific signalling in cleaner shrimp. Journal of Experimental Biology, 219:
597-608.

Chaudhari, A., Gireesh-Babu, P, Tripathi, G., Sabnis, S., Dhamotharan,
K., Vardarajan, R., Kumari, K., Dasgupta, S. & Rajendran, K.V
2015. Expression studies on NA*/K(*)-ATPase in gills of Penaeus
monodon (Fabricius) acclimated to different salinities. Indian jJournal of
Eixperimental Biology. 53: 273-280.

Choe, J.R., Shin, Y.S., Choi, J.Y., Kim, T.H., Kim, D. & Choi, C.Y. 2017.
Effects of various light spectra on physiological stress and DNA dam-
age by thermal stress in juvenile rock bream (Oplegnathus fasciatus). Ocean
and Polar Research, 39: 107—114.

Choi, C.Y. & An, K.W. 2008. Cloning and expression of Na+/K+-ATPase
and osmotic stress transcription factor 1 mRNA in black porgy,
Acanthopagrus schlegeli during osmotic stress. Comparative Biochemistry and
Physiology B, 149: 91-100.

Choi, J.Y., Kim, T.H., Choi, Y,J., Kim, N.N., Oh, S.-Y. & Choi, C.Y. 2016.
Effects of various LED light spectra on antioxidant and immunere-
sponse in juvenile rock bream, Oplegnathus fasciatus exposed to bisphenol
A. Environmental Toxicology and Pharmacology, 45: 140—149.

Choi, C.Y,, Shin, H.S., Kim, N.N,, Yang, S.-G., Kim, B.-S. & Yu, YM.
2015a. Time-related effects of various LED light spectra on reproduct-
ive hormones in the brain of the goldfish Carassius auratus. Biological
Rhythm Research, 46: 671-682.

Choi, YJ., Yang, S.-G., Jung, M.-M., Kim, B.-S., Yun, S.G. & Choi, C.Y.
2015b. Effects of waterborne selenium on toxic and physiological stress
response in goldfish, Carassius auratus. Molecular and Cellular Toxicology,
11: 35-46.

Covich, A.P, Thorp, JJH. & Rogers, D.C. 2010. Introduction to the
Subphylum Crustacea. In: Ecology and classification of North American fresh-
water invertebrates, Edn. 3 (J.H. Thorp & A.P. Covich, eds.), pp. 695-723.
Academic Press, New York.

Coté, I. 2000. Evolution and ecology of cleaning symbioses in the sca.
Oceanography and Marine Biology, 38: 311-355.

Deane, E., Kelly, S., Luk, J. & Woo, N. 2002. Chronic salinity adaptation
modulates hepatic heat shock protein and insulin-like growth factor
I expression in black sea bream. Marine Biotechnology, 4: 193-205.

Dong, YW,, Dong, S.L. & Meng, X.L. 2008. Effects of thermal and
osmotic stress on growth, osmoregulation and Hsp70 in sea cucumber
(Apostichopus japonicus Selenka). Aquaculture, 276: 179-186.

Donohue, M.W,, Carleton, K.L.. & Cronin, T'W. 2017. Opsin expression
in the central nervous system of the Mantis Shrimp Neogonodactylus oer-
stedit. Biological Bulletin, 233: 53-69.

Guo, B., Wang, I, Dong, S.L. & Gao, Q.F. 2011. The effect of rhythmic
light color fluctuation on the molting and growth of Litopenaeus van-
namet. Aquaculture, 314: 210-214.

Hall, M.R. & van Ham, E.H., 1998. The effects of different types of stress
on blood glucose in the giant tiger prawn Penaeus monodon. Journal of the
Waorld Aquaculture Society, 29: 290-299.

Hansen, H,J. 1895. Isopoden, cumaceen u. stomatopoden der plankton-
expedition. FEirgebnisse der Plankton-Expedition der Humboldt-Stifiung, 2:
1-105.

Hong, F., Wu, C., Liu, C., Wu, K., Gao, I. & Yang, F. 2006. Interaction
mechanism between Cd?* ions and DNA from the kidney of the silver
crucian carp. Biological Trace Element Research, 110: 33-42.

Jung, S.J., Kim, N.N., Choi, YJ., Choi, J.Y., Choi, Y.-U,, Heo, Y.S. & Choi,
C.Y. 2016. Effects of melatonin and green-wavelength LED light on
the physiological stress and immunity of goldfish, Carassius auratus,

Downl oaded from https://academ c. oup.confjcb/article-abstract/38/4/475/ 5056263
by TCS Menber _Access user
on 04 August 2018

481

exposed to high water temperature. Fish Physiology and Biochemistry, 42:
1335-1346

Kamemoto, FI. & Oyama, S.N. 1985. Neuroendocrine influence on
effector tissues of hydromineral balance in crustaceans. In: Current
Trends in Comparative Endocrinology (B. Lofts & W.N. Holmes, eds.), pp.
883-886. Hong Kong University Press, Hong Kong.

Karakatsouli, N., Papoutsoglou, S.E., Panopoulos, G., Papoutsoglou, E.S.,
Chadio, S. & Kalogiannis, D. 2008. Effects of light spectrum on growth
and stress response of rainbow trout Oncorhynchus mykiss reared under
recirculating system conditions. Aquacultural Engineering, 38: 36-42.

Kim, N.N., Choi, YJ., Shin, H.S., Lim, J.R., Han, J.M., Cho, J.H., Lee, J.,
Kil, G-S. & Choi, C.Y. 2014. The effect of LED light spectra on anti-
oxidant system by thermal stress in goldfish, Carassius auratus. Molecular
and Cellular Toxicology, 10: 47-58.

Kregel, K.C. 2002. Heat shock proteins: modifying factors in physio-
logical stress responses and acquired thermotolerance. Journal of Applied
Physiology, 92: 2177-2186.

Li, J., Ma, P, Liu, P, Chen, P. & Li, J. 2015. The roles of Na*/(K")-
ATPase o-subunit gene from the ridgetail white prawn Exopalaemon
carinicauda in response to salinity stresses. Fish & Shellfish Immunology, 42:
264-271.

Liew, HJ., Fazio, A., Faggio, C., Blust, R. & De Boeck, G. 2015.
Cortisol affects metabolic and ionoregulatory responses to a different
extent depending on feeding ration in common carp, Cyprinus carpio.
Comparative Biochemustry and Physiology A, 189: 45-57.

Liu, B, Yu, Z., Song, X., Guan, Y., Jian, X. & He, J. 2006. The effect
of acute salinity change on white spot syndrome (WSS) outbreaks in
Fenneropenaeus chinensis. Aquaculture, 253: 163-170.

Liu, M., Pan, L., Li, L. & Zheng, D. 2014. Molecular cloning, character-
ization and recombinant expression of crustacean hyperglycemic hor-
mone in white shrimp Litopenaeus vannamer. Peptides, 53: 115-124.

Lorenzon, S. 2005. Hyperglycemic stress response in Crustacea. Invertebrate
Survival Journal, 2: 132—-141.

Man, J.G. de. 1888. Bericht tiber die von Herrn Dr. J. Brock im indis-
chen Archipel gesammelten Decapoden und Stomatopoden. Archiv fiir
Naturgeschichte, 53: 289-600.

McCormick, S.D. 1995. Hormonal control of gill Na+, K+-ATPase
and chloride cell function. In: Cellular and Molecular Approaches to Fish
Ionic Regulation (C.M. Wood & T.J. Shuttleworth, eds.), pp. 285-315.
Academic Press, New York, USA.

Migaud, H., Taylor, J.E,, Taranger, G.L., Davie, A., Cerda-Reverter, J.M.,
Carrillo, M., Hansen, T. & Bromage, N.B. 2006. A comparative ex
vivo and in vivo study of day and night perception in teleosts species
using the melatonin rhythm. Journal of Pineal Research, 41: 42-52.

Milne Edwards, H. 1853. Mémoire sur la Famille des Ocypodiens. Annales
des Science Naturelles, Zoologie, série 3, 20: 163-228, pls. 6-11.

Mudagandur, S.K., Gopalapillay, G. & Vijayan, K.K. 2016. Effect of sal-
Inity stress on gene expression in black tiger shrimp Penacus monodon. In:
Abiotic and biotic stress in plants - Recent advances and future perspectives (A.K.
Shanker & C. Shanker, eds.), pp. 101-120. Intech, Rijeka, Croatia.

Myrberg, A.A. & Fuiman, L.A. 2002. The sensory world of coral reef
fishes. In: Coral reef fishes: Dynamics and diversity in a complex ecosystem (PE.
Sale, ed.), pp. 123-148. Academic Press, New York.

Njemini, R., Demanetb, C. & Mets, T. 2005. Comparison of two ELISAs
for the determination of Hsp70 in serum. Journal of Immunological
Methods, 306: 176—182.

Nordberg, J. & Arnér, E.S;J. 2001. Reactive oxygen species, antioxi-
dants, and the mammalian thioredoxin system. Free Radical Biology and
Medicine, 31: 1287-1312.

Pan, L., Liu, H. & Zhao, Q. 2014. Effect of salinity on the biosynthesis
of amines in Litopenaeus vannamer and the expression of gill related ion
transporter genes. fournal of Ocean Unwersity of China, 13: 453-459.

Ponce-Palafox, J. Martinez-Palacios, C.A. & Ross, L.G. 1997. The
effects of salinity and temperature on the growth and survival rates
of juvenile white shrimp, Penaeus vannamer, Boone, 1931. Aquaculture,
157: 107115

Ritossa, . 1962. A new puffing pattern induced by temperature shock and
DNP in drosophila. Cellular and Molecular Life Sciences, 18: 571-573.

Robles, J. Charmantier, G., Boulo, V., Lizarraga-Valdez, J., Enriquez-
Paredes, L.M. & Giffard-Mena, 1. 2014. Osmoregulation pattern
and salinity tolerance of the white shrimp Litopenaeus vannamer (Boone,
1931) during post-embryonic development. Aquaculture, 422: 261-267.

Roch, P. 1999. Defense mechanisms and disease prevention in farmed
marine invertebrates. Aquaculture, 172: 125-145.

Roy, L.A., Davis, D.A., Saoud, I.P. & Henry, R.P. 2007. Effects of varying
levels of aqueous potassium and magnesium on survival, growth, and



J. Y. CHOI ET AL

respiration of the Pacific white shrimp, Litopenaeus vannamet, reared in
low salinity waters. Aquaculture, 262: 461-469.

Ruchin, A.B. 2004. Influence of colored light on growth rate of juveniles
of fish. Fish Physiwology and Biochemistry, 30: 175-178.

Rui, R., Lopes, A.R., Pimentel, M., Faleiro, I, Sta, M.B., Ubenbach,
M.B. Narciso, L. & Dion, G. 2014. Ocean cleaning stations under
a changing climate: biological responses of tropical and temper-
ate fish-cleaner shrimp to global warming. Global Change Biology, 20:
3068-3079.

Sanjeevi, P., Ajithkumar, T. & Subramoniam, T. 2016. New records
of marine ornamental shrimps (Decapoda: Stenopodidea and
Caridea) from the Gulf of Mannar, Tamil Nadu, India. Check List,
12: 1-6.

Shin, H.S., Lee, J.H. & Choi, C.Y. 2011. Effects of LED light spectra on
oxidative stress and the protective role of melatonin in relation to the
daily rhythm of the yellowtail clownfish, Amphiprion clarki. Comparative
Biochemustry and Physiology A, 160: 221-228.

Singh, N.P, McCoy, M.T., Tice, R.R. & Schneider, E.L.. 1988. A simple
technique for quantitation of low levels of DNA damage in individual
cells. Experimental Cell Research, 175: 184—191.

482

Somero, G.N. & Yancey, PH. 1997. Osmolytes and cell volume regu-
lation: Physiological and evolutionary principles. In: Comprehensive
physiology (R. Terjung, ed.), pp. 441-484. Wiley, Hoboken, NJ, USA.

Sun, M., Jiang, K., Zhang, E., Zhang, D., Shen, A., Jiang, M., Shen, X. &
Ma, L. 2013. Effects of various salinities on Na*/K*-ATPase, Hsp70
and Hsp90 expression profiles in juvenile mitten crabs, Erocheir sinensts.
Genetics and Molecular Research, 11: 978-986.

Tziouveli, V., Hall, M. & Smith, G. 2011. The effect of maturation diets
on the reproductive output of the white-striped cleaner shrimp, Lysmata
ambowmensis. Journal of the World Aquaculture Society, 42: 56-65.

Vaughan, D.B., Grutter, A.S., Costello, M,J., & Hutson, K.S. 2017.
Cleaner fishes and shrimp diversity and a re-evaluation of cleaning
symbioses. Fish and Fisheries, 18: 698-716.

Webster, S.G. 2015. Endocrinology of metabolism and water balance:
crustacean hyperglycemic hormone. In: The natural history of Crustacea,
Vol. 4: Physwlogy. (Chang, E.S. & Thiel, M., eds.), pp. 36-67. Oxford
University Press, Oxford, UK.

Xu, Y., Yuan, WJ., Zhao, Y.L. & Hu, H. 2003. Influence of light wave-
length on the vision of the Macrobrachium nipponense. Journal of Shanghai
Normal Unwersity (Natural Sciences), 32: 75-78.

Downl oaded from https://academ c. oup.confjcb/article-abstract/38/4/475/ 5056263
by TCS Menber _Access user
on 04 August 2018



