Vol. 39(2):107-114
http://dx.doi.org/10.4217/OPR.2017.39.2.107

Ocean and Polar Research

June 2017

Effects of Various Light Spectra on Physiological Stress and DNA Damage
by Thermal Stress in Juvenile Rock Bream (Oplegnathus fasciatus)

Jong Ryeol Choe', Yoon Sub Shin', Ji Yong Choi', Tae Hwan Kim',
Dachee Kim’, and Cheol Young Choi"

'Division of Marine BioScience, Korea Maritime and Ocean University
Busan 49112, Korea
Inland Fisheries Research Institute, National Insitute of Fisheries Science
Gapyeong 12453, Korea

Abstract : In this study, we investigated the effects of light spectra on physiology stress and DNA damage
in juvenile rock bream (Oplegnathus fasciatus) using light-emitting diodes (LEDs; green, 520 nm; red,
630 nm) at two intensities (0.25 and 0.5 W/m®) with application of thermal stress (25 and 30°C). We mea-
sured the mRNA expression of heat shock protein 70 (HSP70) and the levels of plasma cortisol, glucose,
aspartate aminotransferase (AspAT), and alanine aminotransferase (AlaAT). Additionally, DNA damage
was measured using comet assays. Our findings showed that HSP70 mRNA expression and plasma cor-
tisol, glucose, AspAT, and AlaAT levels were significantly higher after exposure to high temperatures and
were significantly lower after exposure to green LED light. Thus, although high water temperatures
induced stress in juvenile rock bream, green LED light inhibited stress. In particular, green LED light
reduced stress and DNA damage to a greater degree than other light sources.
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1. Introduction

Factors inducing stress in fish include water temperature,
salinity, and breeding density (Beckmann et al. 1990). In
particular, changes in water temperature not only cause
oxidative stress in the fish body but also have negative
effects on physiological phenomena, such as antioxidant
control ability, immunity, and sexual maturity (Machado
et al. 2014; Jung et al. 2016).

When fish are exposed to rapid changes in water
temperature, heat shock proteins (HSPs) are produced in
large quantities. These HSPs act as chaperone proteins
that repair proteins damaged by external environmental
stressors and play a role in maintaining the normal functions
of the cells (Welch 1991; Donaldson et al. 2008). In
particular, HSP70 is highly expressed in various tissues
and is known to play an important role in cellular
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metabolism (Nakano and Iwama 2002).

In addition, cortisol is produced in the fish body to
maintain homeostasis when the fish are exposed to
environmental stress, such as rapid changes in water
temperature (Bonga 1997). Cortisol is a well-known
indicator of the stress response and directly affects cells
through binding to the glucocorticoid receptor in the cell
membrane following secretion into the blood, thereby
controlling various physiological responses (Beato and
Sanchez-Pacheco 1996). Cortisol is secreted through
activation of the hypothalamus-pituitary-inter-renal gland
axis (HPI axis); the first reaction in this process is the
release of corticotropin-releasing hormone from the
hypothalamus (Bonga 1997), followed by secretion of
adrenocorticotropic hormone from the anterior pituitary
gland, inducing cortisol synthesis in the inter-renal cells of
the head kidney (Bonga 1997; Flik et al. 2006). Cortisol
has been reported to directly increase the plasma
concentrations of glucose, which is used as an energy
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source in cell metabolism, by promoting cortisol-mediated
gluconeogenesis in the body in response to cell damage
caused by stress (Begg and Pankhurst 2004; Small 2004).

In addition, stress caused by the external environment
may cause liver damage (Cheng et al. 2005; Choi et al.
2015). Aspartate aminotransferase (AspAT) and alanine
aminotransferase (AlaAT) are well known indicators of
liver damage (Nemcsok and Benedeczky 1990).

The physiological stress responses of fish are mainly
controlled by the endocrine system. In particular, light is
an environmental factor that greatly influences the
endocrine system (Pierce et al. 2008; Jin et al. 2009).
Recently, various physiological effects of different
wavelengths of light from light-emitting diodes (LEDs)
on fish have been studied (Villamizar et al. 2009; Choi et
al. 2012; Song et al. 2016). LED in this study is a light
source that can emit light with a specific wavelength, and
is attracting attention as an eco-friendly light source with
low energy consumption (Shin et al. 2011). Many previous
studies have shown that specific LED wavelengths play a
role in regulating/maintaining physiological responses
such as homeostasis, immune, maturation, and growth in
the body (Karakatsouli et al. 2008; Kim et al. 2016).
LEDs have been shown to be effective for influencing fish
culture (Villamizar et al. 2009; Choi et al. 2015).

Rock bream was important to aquaculture industry as a
major aquaculture species on the East Asian coast included
Korea and Japan. In addition, acute changes in water
temperature frequently occur due to current abnormal
climate. It was confirmed to be a suitable fish species to
investigate the effect of environmental changes, which is
sensitive to environmental changes (Zhang et al. 2013).

Accordingly, in the present study, we investigated the
effects of specific wavelengths of light on regulation of
environmental stress (high temperature) by analyzing

changes in HSP70 mRNA in juvenile rock bream
(Oplegnathus fasciatus). In addition, we measured cortisol
and glucose levels to determine fluctuations in stress
under different conditions and measured the concentrations
of AspAT and AlaAT to determine the effects of stress on
the liver. Finally, we analyzed nuclear DNA damage in
juvenile rock bream liver cells in response to stress.

2. Materials and Methods

Experimental fish and environmental conditions

For each experiment, juvenile rock bream (n = 150;
length, 10.6 = 1.1 cm; mass, 8.7 £ 0.7 g) were purchased
from a commercial aquarium (Jeju, Korea) and were
allowed to acclimate in ten 100-L circulation filter tanks
in the laboratory. Each tank (each experimental group)
contained 15 fish. The fish in the control group were
exposed to a white fluorescent bulb. For the experimental
groups, the fish were exposed to either green (520 nm) or
red (630 nm) LEDs (Daesin LED Co., Kyunggi, Korea),
maintained at an intensity of approximately 0.25 or
0.5 W/m® in both cases (Fig. 1). The LEDs were placed
50 cm above the water surface and the depth of the middle
layer water was 50 cm. The irradiance level at the middle
layer of tanks with external light interception was
maintained at approximately 0.3 or 0.6 W/m’ using
spectrometer (MR-16; Rainbow Light Technology Co.
Ltd., Taoyuan, Taiwan) and PHOTO-RADIOMETER
(HD 2102.1; Delta OMH CO., Caselle di Selvazzano,
Italy). The photoperiod consisted of a 12-h light (L)/12-h
dark (D) cycle, with the photophase lasting from 07:00 to
19:00 h (the lights were turned on at 07:00 h and turned
off at 19:00 h). The juvenile rock bream were reared in
the presence of an automatic temperature regulation
system (JS-WBP-170RP; Johnsam Co., Seoul, Korea) and
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Fig. 1. Spectral profiles of the light-emitting diodes (LEDs; green, 520 nm; red, 630 nm) and white fluorescent bulb
(Cont.) used in this study. Each LED light source was set to two intensities: low, 0.25 W/m’ or high, 0.5 W/m’.
Reprinted from Shin et al. (2011), with permission from Comparative Biochemistry and Physiology, Part-A
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were allowed to acclimate to the conditions for 24 h after
transfer to the tanks. The water temperature was then
increased from 20°C to 30°C in daily increments of 1°C.
The fish received commercial feed twice daily until the
day prior to sampling. The sampling was performed at the
experimental temperatures (20, 25, and 30°C). All fish
were anesthetized using tricaine methanesulfonate (MS-
222; Sigma, St. Louis, MO, USA) and were sacrificed
prior to tissue collection. Liver samples were collected,
immediately frozen in liquid nitrogen, and stored at —80°C
until total RNA was extracted for analysis. Blood samples
were centrifuged (4°C, 10,000 x g for 5 min) to separate
plasma and serum. Then plasma samples were stored at
—80°C until analysis.

Total RNA extraction, cDNA synthesis, and quantita-
tive real-time polymerase chain reaction (QPCR)
Total RNA was extracted from each sample using a
TRIzol kit (Molecular Research Center, Inc., Cincinnati,
OH, USA), according to the manufacturer’s instructions.
The concentration and purity of the RNA samples were
determined by UV spectroscopy at 260 and 280 nm. Two
micrograms of total RNA was reverse transcribed in a
total volume of 20 pL, using an oligo-d(T) anchor and M-
MLV reverse transcriptase (Promega, Madison, WI,
USA), according to the manufacturer’s protocol. The
resulting cDNA was diluted and stored at 4°C for use in
gPCR. The gPCR analysis was conducted to determine
the relative expression level of HSP70 mRNA using the
total RNA extracted from the livers of juvenile rock
bream. The qPCR primer pairs were designed to span the
spliced exon-exon junctions using known rock bream
sequences. Primers for qPCR were designed with reference
to known rock bream sequences (GenBank accession
numbers: HSP70, KT962121; B-actin, FJ975145): HSP70
forward (5'-CTA TGT GGC GTT CAC TGA C-3') and
reverse (5-AGT CTC TTG GCA TCA AAC AC-3")
primers; and B-actin (internal control) forward (5'-CAG
AGC AAG AGA GGT ATC C-3') and reverse (5-TCG
TTG TAG AAG GTG TGA TG-3") primers. We
conducted qPCR amplification using a Bio-Rad iCycler
iQ multicolor real-time PCR detection system (Bio-Rad,
Hercules, CA, USA) and iQ SYBR Green Supermix (Bio-
Rad), following the manufacturer’s instructions. As a
control, the B-actin gene was also amplified for each
sample, and all data were expressed as differences relative
to the threshold cycle (Ct) of B-actin. The Ct values were
defined as the PCR cycle in which the fluorescence signal
crossed a set threshold during the exponential phase of the

amplification curve. The calibrated ACt value (AACt) per
sample and that for their internal control (B-actin) were
calculated as follows: (AACt = 2 1ACtsample~ ACtintemal controlly
The qPCR data from three replicate samples were
analyzed using a CFX96 Real-Time System (Bio-Rad) to
estimate the transcript copy numbers in each sample.

Glucose, cortisol, and AspAT/AlaAT levels in plasma

Plasma cortisol levels were analyzed using an immunoassay
enzyme-linked immunosorbent assay (ELISA) kit (E08487f;
Cusabio Biotech, Hubei, China). Plasma glucose levels
were analyzed using a biochemistry auto analyzer (Fuji
Dri-Chem 4000). Absorbance was read at 450 nm. Plasma
AspAT/AlaAT and glucose levels were measured using a
dry multiplayer analytic slide method in a biochemistry
auto analyzer (Fuji Dri-Chem 4000; Fujifilm, Tokyo,
Japan).

Comet assays

The comet assay is a relatively simple and sensitive
technique for quantitatively measuring DNA damage in
eukaryotic cells (Bajpayee et al. 2005). Liver cells (1 x
10’ cells/mL) were examined using a Comet Assay Reagent
kit with single-cell gel electrophoresis assays (Trevigen
Inc., USA), according to the method described by Singh
et al. (1988), with some modifications. Cells were
immobilized in agarose gels on Comet Assay comet slides
and immersed in freshly prepared alkaline unwinding
solution for 20 min. Next, slides were electrophoresed at
18 V for 30 min. The samples were stained with SYBR
Green (Trevigen Inc.) for 30 min in the dark and then read
using a fluorescence microscope (excitation filter 465—
495 nm; Eclipse Ci, Nikon, Japan). At least 100 cells from
each slide were analyzed. For quantification of comet
assay results, we analyzed the tail length (distance of
DNA migration from the head), percentage of DNA in tail
(tail intensity/total intensity in tail), and tail moment
(amount of DNA damage, product of tail length and
percentage of DNA in tail) using comet assay IV image
analysis software (version 4.3.2; Perceptive Instruments
Ltd., UK).

Statistical analysis

All data were analyzed using the SPSS statistical
package (version 10.0; SPSS Inc., USA). One-way
analysis of variance (ANOVA) followed by Tukey’s post-
hoc test was used to compare differences in the data (P <
0.05). The values are expressed as means * standard
errors (SEs).
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Fig. 2. Changes in HSP70 mRNA expression in juvenile rock bream. Results are shown for different water temperatures,
wavelengths of green (G) and red light (R) at two light intensities (0.25 and 0.5 W/m’), and the white fluorescent
bulb (Cont.). Lowercase letters indicate significant differences between different temperatures and LED spectra
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Fig. 3. The levels of cortisol (A) and glucose (B) in juvenile rock bream livers. Results are shown for different water
temperatures, wavelengths of green (G) and red light (R) at two light intensities (0.25 and 0.5 W/m’), and the
white fluorescent bulb (Cont.). Lowercase letters indicate significant differences between different temperatures
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Fig. 4. The activities of plasma AspAT (A) and AlaAT (B) in juvenile rock bream. Results are shown for different
water temperatures, wavelengths of green (G) and red light (R) at two light intensities (0.25 and 0.5 W/m?),
and the white fluorescent bulb (Cont.). Lowercase letters indicate significant differences between different tem-
peratures and LED spectra (P < 0.05). All values are means = SEs (n = 5)

3. Results

Changes in HSP70 mRNA expression

HSP70 mRNA expression was increased significantly
as the temperature increased in all experiment groups
(Fig. 2). Additionally, the activity and expression of
HSP70 in fish irradiated with green LED light were
significantly lower than those in the control groups,
although there were no significant differences in green
LED irradiation groups exposed to 0.25 and 0.5 W/m’
light. However, in groups irradiated with red LED light,
HSP70 activity and expression were significantly increased
as the light intensity increased.

Plasma cortisol and glucose levels
Plasma cortisol and glucose levels in all experiment
groups were increased at high water temperatures (Fig. 3).

Additionally, plasma cortisol and glucose levels were
significantly lower in groups irradiated with green LED
light than those in the control group, although there were
no significant differences between the groups of green light
at different intensities. Additionally, plasma cortisol and
glucose levels were significantly higher in groups irradiated
with red LED light than those in the control group.

Plasma AspAT/AlaAT levels

Plasma AspAT/AlaAT levels in all experiment groups
were increased at high water temperatures. Moreover,
plasma AspAT/AlaAT levels were significantly lower in
fish exposed to green light irradiation compared with that
in the control group. In contrast, plasma AspAT and
AlaAT levels were significantly increased in fish exposed
to red light irradiation compared with that in fish exposed
to control light (Fig. 4).
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Fig. 5. Comet assay images (A) and comet assay parameters (B; tail length, percentage DNA in tail, and tail moment)
during thermal changes using a white fluorescent bulb (Cont.), green light (G), and red light (R) at 0.5 W/m’
light intensity. White arrows indicate the damaged nuclear DNA (DNA breaks) of liver cells, which were
stained with SYBR-green. Scale bars = 100 pm. Lowercase letters indicate significant differences between dif-
ferent temperatures and LED spectra (P < 0.05). The asterisk (*) indicate the lowest value between different
LEDs within the same temperature. All values are represented as means = SEs (n = 5)

Comet assays

A total of 100 cells were randomly chosen for analysis
using a fluorescence microscope (Fig. 5), and the DNA
damage response was determined by measuring the
fraction of cells that had nuclear DNA comet tails (a
phenomenon indicative of DNA breaks). At 20°C, the
liver cells possessed normal nuclear DNA, but at 30°C,
cells with damaged nuclear DNA were visible in all
groups (Fig. 5A). The groups at 30°C exhibited significantly
higher tail length, percentage DNA in tail, and tail
moment than did the groups at 20°C (Fig. 5B). The cells
of the control groups at 30°C sustained high levels of
damage to their nuclear DNA and exhibited long tails,
high percentages of DNA in the tail, and high tail
moments. However, the high temperature group exposed
to green-wavelength LED light exhibited significantly
decreased tail length, percentage DNA in the tail, and tail
moments, indicating that they sustained lower levels of
damage to their nuclear DNA.

4. Discussion

In this study, we investigated the effects of specific
wavelengths (green, 520 nm; red, 630 nm) and intensities

(0.25 and 0.5 W/m?®) of light on the water temperature
stress response of juvenile rock bream. The results
showed that HSP70 mRNA levels increased as the water
temperature increased. Moreover, HSP70 mRNA levels
were significantly lower upon exposure to the green LED
compared with that in the control group but significantly
increased following exposure to red LED light. Thus, our
findings provided important insights into the effects of
environmental factors on stress responses in fish.

In a similar study, Kim et al. (2014) observed that as the
temperature increased, the expression of HSP70 mRNA
increased. Our results, which are consistent with the
previous findings, suggested that HSP70 mRNA expression
was significantly increased when rock bream was exposed
to a high temperature environment and that green LED
light effectively reduced the expression of HSP70 mRNA,
regardless of the intensity of light. However, red LED
light was found to increase the expression of HSP70
mRNA.

In this study, we also investigated changes in cortisol
and glucose concentrations, which are controlled by the
synthesis and release of HPI axis activity, in order to
investigate the stress response induced by the high
temperature environment. Our results showed that cortisol
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and glucose concentrations differed according to light
source, with significant increases upon exposure to green
LED light compared with that in the control group.
However, cortisol and glucose concentrations were
decreased following exposure to red light. In a similar
study, Ming et al. (2012) showed that when wuchang
bream (Megalobrama amblycephala) are exposed to a
high temperature environment (34°C), the cortisol and
glucose concentrations are increased significantly as the
water temperature increases. Additionally, Kim et al.
(2014) showed that when goldfish are exposed to high
temperatures, cortisol and glucose concentrations are
increased significantly as water temperature increases.
Moreover, cortisol and glucose concentrations in fish
exposed to the green LED light are significantly lower
when compared with those in groups exposed to other
types of light (fluorescent bulbs, blue, red, and purple
LEDs). Consistent with these findings, our results showed
that the cortisol and glucose concentration were significantly
increased when rock bream were exposed to a high-
temperature environment, although the green LED light
effectively reduced the stress generated in the fish body.

Notably, we found that AspAT and AlaAT concentrations
were increased as the water temperature increased.
Additionally, regardless of light intensity, AspAT and
AlaAT concentrations were significantly lower following
exposure to the green LED light compared with that in the
control group; in contrast, AspAT and AlaAT concentrations
increased with the intensity of red light. In a similar study,
Ciereszko et al. (1998) reported that when rainbow trout
are exposed to high temperatures (up to 40°C), AspAT
and AlaAT concentrations are increased significantly as
the water temperature increases. Moreover, Kim et al.
(2014) reported that when goldfish are exposed to high
temperatures, AspAT and AlaAT concentrations are
increased significantly as the water temperature increases.
Our results also showed that the green LED light reduced
thermal-induced liver damage, as result decreased AspAT
and AlaAT concentrations in the plasma, even for the
lower light intensity (0.25 W/m®).

In this study, we performed comet assays to measure
the degree of nuclear DNA damage in the liver cells of
juvenile rock bream following exposure to high water
temperatures. Notably, our results showed that high water
temperatures caused nuclear DNA damage in liver cells.
However, exposure to green LED light significantly
decreased nuclear DNA damage in juvenile rock bream
liver cells. In a similar study, Jung et al. (2016) reported
nuclear DNA damage in liver cells of goldfish (Carassius

auratus) exposed to high temperatures. Additionally, Kim
et al. (2016) reported that when olive flounder are
exposed to high temperatures (25 and 30°C), the nuclear
DNA damage in cells is increased significantly as the
water temperature increases. Taken together, these findings
suggested that green LED light effectively reduced
nuclear DNA damage in liver cells and repressed cellular
damage caused by high water temperatures.

In conclusion, the results of this study suggested that
the green LED light reduced environmental stress and
nuclear DNA damage in juvenile rock bream and
effectively mitigated water temperature stress, even when
used at a low intensity (0.25 W/m?). In contrast, the red
LED light caused stress and nuclear DNA damage, with
increased alterations observed as the intensity of light
increased. Further studies are required to assess the
physiological effects of light wavelength and intensity in
fish of various species. Our results may have applications
in other basic studies of the effects of light on stress
responses in fish.
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