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Abstract Growth hormone (GH) is an essential poly-

peptide required for the normal growth and development of

vertebrates. We have studied the effects of light-emitting

diodes (LEDs) emitting different spectra (red, green, and

blue) on the GH of yellowtail clownfish Amphiprion

clarkii. Full-length GH cDNA from the pituitary of the

yellowtail clownfish was first cloned and then the expres-

sion of GH mRNA under different light spectra was mea-

sured. GH mRNA expression was significantly higher

under green and blue light than under red light spectra.

These results indicate that in yellowtail clownfish, short-

wavelength LED enhances growth more than long-wave-

length LED, and that LED lights are more effective for

enhancing growth than white fluorescent bulbs. Injection of

melatonin resulted in significantly higher expression levels

of GH mRNA compared to the control. We therefore

conclude that green and blue light enhance GH levels and

that melatonin plays a role in modulating growth of the

yellowtail clownfish.
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Introduction

The influence of environmental factors on the growth and

reproduction of fish has been studied extensively for more

than 10 years. Salinity, pH, and oxygen availability are

known to play a major role on the capacity to develop and

grow, but light is not only essential to almost all life, both

plants and animals, on earth, it also modulates a number of

physiological and behavioral changes that occur within a

24-h period as part of the circadian rhythm [1]. Specifi-

cally, daily light conditions affect the survival and growth

of fish [2, 3]. Under lighting regimes, the somatic growth of

organisms, including fish, is an integral biological process,

and measures of growth may serve as indicators of

organismal fitness, since growth is related to the mainte-

nance of homeostasis [4].

Growth, food intake, and digestion are related to specific

behavioral rhythms, including reproduction, with pineal

hormones (such as melatonin) being the assumed regulators

of these mechanisms [5, 6]. For example, the administra-

tion of melatonin to goldfish maintained under a short (but

not long) photoperiod for several days caused an acceler-

ated weight gain and growth [7], and melatonin implants

increased the body weight of Atlantic salmon parr Salmo

salar [8].

Growth hormone (GH), which is required for the normal

growth of vertebrates, is synthesized in the pituitary gland

and functions to control growth through the complex

modulation of various metabolic processes [9]. GH also

promotes growth in vertebrates, including fish, through

various endocrine and environmental factors (i.e., salinity,

pH, oxygen availability, light) that play a role in the

physiological environment [10]. Another hormone that

promotes growth is melatonin [11]. This hormone modu-

lates GH synthesis, and it is primarily controlled by light.
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Melatonin may also modulate the central neural pathways

involved in the regulation of GH synthesis, as well as

control the circadian rhythm of organisms [12]. It has also

been shown to affect the physiological processes involved

in the growth and development of goldfish Carassius

auratus [13].

In some cases, color is added to rearing environments by

painting the tanks or using colored lights in an attempt to

increase the visibility of food and thereby increase growth

rates by increasing food intake [14]. For example, the

survival rate of haddock larvae Melanogrammus aeglefinus

L. is higher under blue and green light conditions [15], and

the growth rate of silver carp larvae Hypophthalmichthys

molitrix Val. and young carp Cyprinus carpio L. increases

under green light conditions [16, 17].

Light-emitting diodes (LEDs) represent a new form of

lighting technology that is still being developed. LEDs can

be manufactured to output specific wavelengths [18].

Consequently, by emitting narrow bandwidth light, espe-

cially short high-energy wavelengths, LEDs might provide

a much more efficient lighting system than those currently

used by the fish farming industry because they can be

adjusted to the environmental sensitivity of a given species

[19]. The spectral composition of incident light changes

differentially in underwater environments, with the short or

blue end of the visible spectrum becoming predominant in

deeper waters and the long or red end of the visible spec-

trum predominantly penetrating shallow waters [20, 21].

From a practical perspective, because there is a rapid

attenuation in light intensity with increasing depth, a par-

ticular LED wavelength can be applied according to the

species of interest and the water environment. Yamanome

et al. [22] reported that barfin flounder Verasper moseri

reared under light consisting of long-wavelengths, such as

green and blue light (fluorescent lamp), showed rapid

growth, while in Nile tilapia Oreochromis niloticus, the

blue light spectrum was found to prevent stress [23]. In

contrast, compared to short wavelengths, certain long

wavelengths, such as red light, have been found to induce

stress in yellowtail clownfish [24]. However, LED studies

have only recently begun to address the effects of photo-

period and light intensity in fish [1, 19, 25], and the number

of investigations carried out to date on the effects of LEDs

on the growth of fish is limited [19, 26].

The clownfish is a popular ornamental seawater fish

[27]. The rapid growth of ornamental fish aquaculture, such

as clownfish production, is an important component of

aquaculture in Korea. To understand the effects of different

LED spectra on growth and GH mRNA expression levels,

we reared yellowtail clownfish under different LED lights

(i.e., red, green, and blue) and investigated growth and

diurnal changes in GH mRNA expression levels under the

different light conditions. We also examined the effects of

LED lights on GH mRNA expression levels under different

LED spectra following melatonin injection in order to

understand the growth-promoting effect of melatonin.

Materials and methods

Experimental fish and conditions

Yellowtail clownfish (n = 300, length 3.5 ± 0.3 cm,

weight 2.1 ± 0.5 g) were purchased from the Center of

Ornamental Reef and Aquarium (CCORA, Jeju, Korea)

and then allowed to acclimate for 2 weeks in twelve 300-l

circulation filter black-frosted tanks in the laboratory. The

fish were exposed to a simulated natural photoperiod

(SNP). Fish exposed to a white fluorescent bulb (27 W)

constituted the control group; light intensity near the water

surface of the tanks was approximately 0.96 W/m2. The

water temperature and photoperiod were 27 ± 1 �C and

12/12 h (light/dark), respectively, with light supplied

between 0700 hours and 1900 hours. The fish were fed a

commercial feed twice daily (0900 hours and 1700 hours)

at a rate of 4–5 % of wet body weight per day. pH was

7.8–7.9, and ammonia was not detected (0 ppm) in the

water. For the experimental groups, the fish were exposed

to either blue (peak at 450 nm), green (530 nm), or red

(630 nm) LEDs (Daesin LED Co. Kyunggi, Korea)

(Fig. 1). The LEDs were set 50 cm above the water sur-

face, and the irradiance at the water surface was maintained

at approximately 0.9 W/m2. The fish were reared under

these conditions for 6 months. Prior to each experiment,

the fish were anesthetized with 200 mg/l tricaine meth-

anesulfonate (MS-222; Sigma, St. Louis, MO) and then

euthanized by spinal transection at 4-h intervals in order to

collect the pituitary under dim light.

Fig. 1 Spectral profiles of blue (B), green (G), and red (R) light-

emitting diodes (LEDs) used in this study. The filled square–dotted
line Spectral profile of white fluorescent light (SNP simulated natural

photoperiod)
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Isolation of GH cDNA

Primers for GH were designed using highly conserved

regions from fire clownfish Amphiprion melanopus GH

(GenBank accession no. ADJ57589) and green sunfish

Lepomis cyanellus GH (AAS20461) sequences. GH for-

ward (50-TTT GCA GAC GGA GGA ACA AC-30) and

reverse (50-GGC GAC AGT CGA CAT TTA GC-30)
primers were used. Total RNA was extracted from the

pituitary gland using a TRIzol kit (Gibco/BRL, Gaithers-

burg, MD). Reverse transcription (RT) was performed

using M-MLV reverse transcriptase (Bioneer, Daejeon,

Korea) according to the manufacturer’s instructions. PCR

amplification was performed using a Takara Taq DNA

polymerase (Takara, Tokyo, Japan) with the following

cycling conditions: initial denaturation at 95 �C for 2 min;

40 cycles of denaturation at 95 �C for 20 s, annealing at 56

�C for 40 s, and extension at 72 �C for 1 min; a final

extension at 72 �C for 7 min. The PCR product was sep-

arated in 1% agarose gels, purified, and ligated into a

pGEM-T Easy Vector (Promega, Madison, WI). A colony

that formed after transformation was cultivated in DH5a
(RBC Life Sciences, Seoul, Korea), and plasmid DNA was

extracted using a LaboPass Plasmid DNA Purification kit

(Cosmo, Seoul, Korea). The GH cDNA sequence data were

analyzed using an ABI 3100 DNA Sequencer (Applied

Biosystems, Foster City, CA).

GH rapid amplification of cDNA 30 and 50 ends

For the GH rapid amplification of cDNA ends (RACE)

reaction, total RNA was extracted from the pituitaries using

a TRIzol kit (Gibco/BRL). Using 2.5 lg of total RNA as a

template, 30 RACE cDNA and 50 RACE cDNA were syn-

thesized using a CapFishingTM full-length cDNA Premix

kit (Seegene, Seoul, Korea). First-strand cDNA synthesis

was conducted using an oligo (dT) anchor primer (50-CTG

TGA ATG CTG CGA CTA CGA T(T)18-30) and a CapF-

ishingTM adaptor (Seegene, Seoul, Korea).

GH-specific primers were designed based on the

sequences of the PCR product amplified by the reverse

transcription (RT)-PCR. For 30 RACE, the PCR reaction

mixture (50 ll) contained 5 ll of 30 RACE cDNA, 1 ll of

10 mM 30 RACE target primer (50-CTG TGA ATG CTG

CGA CTA CGA T-30), 1 ll of 10 mM 30 RACE GH-spe-

cific primer (50-CAC ATC CGA TCA CGG TGG AAA

CAT GTA C-30), and 25 ll of SeeAmp Taq Plus Master

Mix (Seegene). The PCR was performed as follows: initial

denaturation at 94 �C for 5 min; 40 cycles of denaturation

at 94 �C for 40 s, annealing at 62 �C for 40 s, and extension

at 72�C for 1 min; a final extension at 72 �C for 5 min.

For 50 RACE, the PCR reaction mixture (50 ll) con-

tained 5 ll of 50 RACE cDNA, 1 ll of 10 mM 50 RACE

target primer (50-GTC TAC CAG GCA TTC GCT TCA

T-30), 1 ll of 10 mM 50 RACE GH-specific primer (50-TGA

ACG TGG CTG CAG CGT TCT CTC TC-30), and 25 ll of

SeeAmp Taq Plus Master Mix. The PCR was carried out as

follows: initial denaturation at 94�C for 5 min; 35 cycles of

denaturation at 94�C for 40 s, annealing at 62�C for 40 s,

and extension at 72�C for 1 min; a final extension at 72�C

for 5 min. The PCR product was processed by electropho-

resis in 1% agarose gels. Transformation and sequencing

were performed as described above.

Sequence comparisons

The BLAST algorithm (Blastp) of the National Center for

Biotechnology Information was used to compare sequences

between the yellowtail clownfish and other teleosts.

Quantitative PCR

Quantitative PCR (QPCR) was conducted to determine the

relative expression levels of GH mRNA using total RNA

extracted from the pituitary. The following QPCR primers

were designed with reference to known sequences of the

yellowtail clownfish: GH forward (50-CTC CAG TTG GCT

CCT TAT G-30) and reverse (50-CAC CGT CAA GTA TGT

CTC C-30) primers; b-actin forward (50-CCA ACA GGG

AGA AGA TGA C-30) and reverse (50-TAC GAC CAG

AGG CAT ACA-30) primers. The GH forward primer

position was at 448–466 and the reverse position was at 555–

573; the b-actin forward primer position was at 128–146 and

the reverse position was at 212–229. PCR amplification was

conducted using a Bio-Rad iCycler iQ Multicolor Real-time

PCR Detection System (Bio-Rad, Hercules, CA) and an

iQTM SYBR Green Supermix (Bio-Rad), according to the

manufacturer’s instructions. The cycling program for the

QPCR was: 95�C for 5 min, followed by 35 cycles each of

95�C for 20 s and 55�C for 20 s. As an internal control, the

experiments were duplicated with b-actin, with all the data

expressed as the change relative to the corresponding cal-

culated b-actin threshold cycle (Ct) levels. The efficiencies

were found to be 95.3 % for b-actin 97.0 % for GH. All data

were expressed as change with respect to the corresponding

calculated b-actin cycle threshold (DCt) levels. The cali-

brated DCt value (DDCt) for each sample and internal control

(b-actin) was calculated DDCt ¼ 2^�ðDCt sample� DCt½
internal controlÞ�. In addition, to ensure that the primers

amplified a specific product, we performed a melt curve and

found melting at only one temperature.

Melatonin injection

Melatonin (Sigma) was dissolved and diluted in 0.9%

physiological saline. After being anesthetized, the
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yellowtail clownfish (3.5 ± 0.3 g) were intraperitoneally

injected with 200 lg melatonin/g body weight (BW) at a

volume of 10 ll/g BW. We injected the fish at 0700 hours,

with five fish subsequently being sacrificed by decapitation

at 1100 hours (Zeitgeber time, ZT4), 1500 hours (ZT8),

1900 hours (ZT12), 2300 hours (ZT16), 0300 hours

(ZT20), 0700 hours (ZT24), and 1100 hours (ZT28),

respectively. After injection, the pituitary was sampled

from five fish at 4-h intervals from ZT4 to ZT28, respec-

tively. All of the fish survived the experimental period.

Statistical analysis

All data were analyzed using the SPSS statistical package

(ver. 10.0; SPSS, Chicago, IL). One-way analysis of vari-

ance (ANOVA) followed by Tukey’s post hoc test was

used to assess statistically significant differences among

the different time-points of daily and circadian variation

and the different light spectra. A value of P \ 0.05 was

considered to be statistically significant. All values are

presented as means ± standard deviation (n = 5).

Results

Identification of full-length GH cDNA

A single PCR product of the expected size (428 bp) was

obtained by RT-PCR. A PCR-based cloning strategy (RT-

PCR followed by 30 and 50 RACE) was then used to clone

the full-length cDNA encoding GH. The full-length GH

cDNA contained a reading frame that was predicted to

encode a protein of 204 amino acids (JN008015). On

comparing the amino acid sequence of yellowtail clownfish

GH with those deduced from the GH cDNAs of other teleost

species, we determined that the yellowtail clownfish GH

sequence contained the conserved signal peptide (Met1-

Ser17) and the three putative N-glycosylation sites (Asn201-

Cys202-Thr203). The four cysteine (Cys) residues in

yellowtail clownfish GH are located at conserved positions

(69, 177, 194, and 202). The yellowtail clownfish GH amino

acid sequence showed 99% similarity with the fire clown-

fish GH (ADJ57589), 94% with the gilthead seabream GH

(AAA03329), 93% with the green sunfish GH (AAS20461),

and 93% with the ballyhoo GH (AAV48597) (Fig. 2).

Fig. 2 Comparison of the growth hormone (GH) amino acid

sequence of yellowtail clownfish Amphiprion clarkii, fire clownfish

Amphiprion melanopus, green sunfish Lepomis cyanellus, gilthead

seabream Sparus aurata, and ballyhoo Hemiramphus brasiliensis
optimally aligned to match identical residues, as indicated by the

shaded box. Line-box Signal peptide of the GH-encoding sequence.

Putative N-glycosylation sites (Asn-X-Ser/Thr) are marked by

asterisks, cysteine (Cys) residues are marked by closed inverted
triangles. The sequences were taken from the GenBank/EMBL/DDBJ

sequence database. The GenBank accession numbers for the GH

sequences used for alignment are as follows: yellowtail clownfish

(ycGH, JN008015), fire clownfish (fcGH, ADJ57589), green sunfish

(gsGH, AAS20461), gilthead seabream (gsbGH, AAA03329), and

ballyhoo (bhGH, AAV48597)
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Expression of GH mRNA in the pituitary

during the daily rhythm

We examined the effect of the different LED light spectra

on the expression of GH mRNA in the pituitary by QPCR

(Fig. 3). GH mRNA was expressed at significantly higher

levels during the scotophase than during the photophase for

all light spectra. In addition, the expression of GH mRNA

was significantly higher in the pituitary of fish in the green

and blue LED groups than in those in the red and SNP

groups (Fig. 3a).

Following the injection of melatonin into living fish, the

GH expression patterns of the different LED groups during

the daily rhythm were similar to those of the control (i.e.,

without injection) LED groups. However, the expression

levels of the GH gene in the melatonin-injected LED

groups were significantly higher than that of the control

LED groups (Fig. 3b).

Total length

The total lengths of the fish under green and blue LED

conditions were significantly higher compared to those

under other light conditions (Table 1). At the end of the

experiment (6 months), the green and blue LED groups had

the greatest total body length (6.1 ± 0.4 and 6.2 ± 0.2 cm,

respectively), while the red LED and SNP groups had the

shortest total body length (4.9 ± 0.3 and 4.8 ± 0.5 cm,

respectively).

Discussion

In this study, we examined the growth of yellowtail

clownfish under different LED spectra. We also determined

the effect of melatonin on the growth effects induced by

specific LED wavelengths by examining diurnal changes in

GH mRNA expression levels following the intraperitoneal

injection of melatonin.

Analysis of the full-length GH cDNA isolated from the

pituitary of yellowtail clownfish revealed that it had a high

identity (93–99%) with those of other species (Fig. 2). Li

et al. [28] reported that the first 17 amino acid residues

(Met1-Ser17) at the N terminus are highly hydrophobic in

GH of the orange-spotted grouper Epinephelus coioides

Fig. 3 Changes in the expression levels of GH mRNA in the pituitary

before (a) and after injection with melatonin (b) under lighting

conditions using red (R), green (G), and blue (B) LEDs and a

simulated natural photoperiod (SNP), as measured by quantitative

real-time PCR. The fish were reared under a light:dark (LD) cycle

(12:12 h). Total pituitary RNA (2.5 lg) was reverse-transcribed and

amplified. The results are expressed as normalized fold expression

levels with respect to the b-actin levels in the same sample. White bar
Photophase, black bar scotophase. The dagger symbol indicates

significant differences between different light spectra within the same

Zeitgeber time (ZT) (P \ 0.05), asterisks above the letters indicate

significant differences between the control (i.e., without melatonin

injection) and melatonin-injected group (P \ 0.05). All values are

presented as the mean ± standard deviation (n = 5)

Table 1 Changes in the total length of yellowtail clownfish reared under a simulated natural photoperiod and red, blue, and green light-emitting

diode lights

Months reared until LEDs Total length of yellowtail clownfish (cm)

SNP Red Blue Green

0 3.5 ± 0.3a1 3.5 ± 0.3a1 3.5 ± 0.3a1 3.5 ± 0.3a1

2 3.7 ± 0.2a1 3.8 ± 0.4ab1 4.2 ± 0.3b2 4.1 ± 0.2ab1

4 3.9 ± 0.3a1 4.0 ± 0.3a1 5.2 ± 0.4b3 5.3 ± 0.3b2

6 4.8 ± 0.5a2 4.9 ± 0.3a2 6.2 ± 0.2b4 6.1 ± 0.4b2

Different lowercase letters indicate significant differences between lights of different wavelengths; different numbers indicate significant

differences between the start of the experiment and after 6 months of rearing (P \ 0.05)

SNP Simulated natural photoperiod, LEDs light-emitting diodes
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and that that this sequence has a high degree of homology

to the signal peptide sequence of other fish GHs. The

positions of four Cys residues in yellowtail clownfish GH

(Cys69, Cys177, Cys194, and Cys202) were nearly the same

as those in other vertebrate GHs, whereby two disulfide

bonds were formed to contribute to the tertiary structure/

hormone binding/hormone receptor interaction [28]. One

possible site for N-glycosylation (Asn-X-Ser/Thr motif) is

present at Asn201 in the predicted amino acid sequence of

the yellowtail clownfish GH [29]. Therefore, we examined

yellowtail clownfish GH with respect to the GHs of other

teleosts for the presence of the signal peptide and the

putative N-glycosylation sites and found them to be

present.

We observed that the expression levels of GH RNA in

the pituitary of yellowtail clownfish were significantly

higher in the green and blue LED groups than in the red

LED and control groups during the diurnal rhythm

(Fig. 3a). In addition, yellowtail clownfish reared for

6 months under these different light regimes showed a

significantly rapid growth rate about 74 and 77 % under the

green and blue LED conditions, respectively, whereas the

growth rates were 37 and 40% under control and red LED

conditions, respectively (Table 1). Blanco-Vives et al. [26]

reported that the exposure of Senegal sole Solea senegal-

ensis larvae to red light resulted in a delay in growth, with

the yolk sac remaining visible, whereas under the blue light

treatment the yolk sac was completely absorbed. Based on

these results, blue light appeared to be the most efficient

light spectrum for the development of Senegal sole larvae.

Using a similar experimental design for European sea bass

Dicentrarchus labrax, Villamizar et al. [19] observed that

the growth rate and feeding performance of larvae were

significantly higher under the blue treatment than under to

red or white treatments. These researchers suggested that

blue wavelengths provide sufficient stimulus to the visual

system for the larvae to feed well. The difference in pho-

toperiodic response under the same intensity of light at

different wavelengths is due to a difference in the number

of photons received by the photoreceptors [30]. In another

study, Migaud et al. [18] reported that LEDs of the blue–

green spectrum might be the most suitable for fishes

because these wavelengths generally penetrate seawater

more efficiently. For example, the maximal growth rate of

crucian carp and rotan occurs under both green and blue

light [31]. This process is primarily regulated by the eyes

and pineal organ because only these organs can detect color

[32, 33]. It is known, for example, that crucian carp are

able to detect colors at an early stage of development.

However, it is more difficult to distinguish between blue

and green colors than green and red colors. In other words,

if there is greater contrast between colors, detection is

easier. Ruchin [31] suggested that the negative effect of red

light on growth rate was induced through changes in

energy metabolism, endocrinology, and/or physiology.

These various findings support our results that the rapid

growth rate was rapid under green and blue LED spectra,

leading to the conclusion that short wavelengths, such as

green and blue, effectively enhance the growth of adult fish

as well as larvae.

In this study, although changes in the GH mRNA

expression patterns were similar between melatonin-injec-

ted and non-injected fish, the GH mRNA expression levels

were significantly higher in the melatonin-injected group

(Fig. 3a). These results support the findings of John et al.

[12], who reported the stimulation of GH secretion by

melatonin in Japanese quail Coturnix japonica. The cause

of these changes is still unclear, but de Vlaming [7]

reported a concomitant increase in growth with increasing

doses of melatonin in goldfish, leading him to theorize a

functional relationship between growth and melatonin. In

addition, the localization of 2-[125I]-iodomelatonin binding

sites (melatonin binding site) in the brain revealed high

levels of melatonin binding within the preoptic area, which

has also been shown to contain neurons that are immuno-

reactive for GH-releasing factor [34, 35]. The effects of

melatonin on growth may thus result from the differential

impact of the hormone on GH, and perhaps on other

pituitary hormones. In addition to melatonin having a

direct effect on the pituitary, it might also modulate fish

feeding and growth through controlling the production of

releasing and inhibiting factors by neurons from the pre-

optic area and hypothalamic nuclei, as well as by directly

targeting peripheral tissues [36]. Furthermore, salmonid

fish are susceptible to certain wavelengths at which the

pineal photoreceptor cell integrates the light signal, which

allows melatonin production to be controlled in an on/off

manner [37–39]. Melatonin also contributes to the control

of GH secretions [40]. These findings led us to hypothesize

that light of different wavelengths controls melatonin

secretion, with melatonin production subsequently affect-

ing GH.

Shin et al. [24] reported that green and blue LED spectra

reduce stress relative to red LED spectra in yellowtail

clownfish, while Schlenk and Rice [41] reported that stress

inhibits the growth of fish. These results indicate that the

stress-reducing effect of short wavelengths, such as green

and blue LEDs, promotes the growth of fish.

In conclusion, we showed a component of the relation-

ship among different light wavelengths, GH expression,

and melatonin in ornamental yellowtail clownfish by using

LEDs, which are a new form of lighting technology. This

study indicated that green and blue spectra promote growth

in yellowtail clownfish and that melatonin stimulates GH

secretion, consequently playing a role in promoting fish

growth. Therefore, our study results might be applied to an

554 Fish Sci (2012) 78:549–556
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artificial photic system aimed at effectively enhancing the

growth of fish reared under captive conditions.
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