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Analysis of assessment factors for egg quality
by spawning-induced hormone treatment

of red spotted grouper Epinephelus akaara

Da Som Lee

Department of Marine Biology, The Graduate School,

Pukyong National University

Abstract

Control of spawning is essential for the sustainability of aquaculture
production in captivity and egg quality management is an important
for healthy seed production of fish. The red spotted grouper
Epinephelus akaara, have high commercial value in Korea, Japan,
China, and Southeast Asia. However, commercial production is still
very limited due to problems of spawning induction and
synchronization. The objective of this study is to improve the quality

of spawned eggs through hormone treatment and the quality was

Vi



evaluated by morphological characteristics, fatty acid composition and
maternal gene expression (cathepsin B and D). Red spotted grouper
broodstocks were injected intramuscularly with human chorionic
gonadotropin (hCG), prostaglandins (PGs; PGE2 and PGF2a), and
luteinizing hormone-releasing hormone analog (LHRHa). Spawning
occurred 36 to 40 hours after hormone treatment. The spawning rate
was 47.8+3.95% at hCG treatment, 41.7+8.33% at PGF2a treatment
and 37.5+12.50% at LHRHa treatment group. Fertilization rate was
81.4+14.30% at hCG treatment, 92.8% at PGF2a treatment and
99.1+0.46% at LLHRHa treatment. The spawning rate was highest at
hCG treatment group. The highest fertilization rate was observed at
LHRHa treatment group. Egg and lipid droplet diameters were
observed after 1, 2, 3, 6, 12, 24 and 36 hours of fertilization and the
resorption rates of yolk in larvae were analyzed after 0, 2, 12 and 24
hours of hatching. In LHRHa treatment group, the volumetric ratio of
lipid droplet/egg (L/E) was higher than that of hCG treatment group.
The yolk volume in the LHRHa treatment group was higher than
that of the hCG treatment group. The docosahexaenoic acid (DHA) in
PGF2a treatment group was higher than that of LHRHa and hCG
treatment groups. Cathepsin B expression of LHRHa treatment group
was higher than hCG treatment group until 36 hours after
fertilization. The results of this study indicate that LHRHa treatment
1s effective for egg quality improvement in E. akaara, although the

spawning rate is lower than the hCG treatment group.

vii



Bduolire] dadad AL Al - kA - A 49 S (Hypoth-
alamus—pituitary—gonad axis; H-P-G axis)oll o&] Zd=w, A2 A=t
=% 2 #(gonadotropins, GtH)?! AP A E =2+ (luteinizing hormone,
Lel €4 Wl sk Skt @ LHel o8] AsfEzEE
(maturation-inducing hormone, MIH) =H] S A=3to 24 G A E ]
A<y} wjgho] o]F o] tH(Lubzens et al, 2010). A =o]F9 F2 MIH
2 4 A 9l prostesterone®] =A<l 17a,208-dihydroxy-4-pregnen
-3-one (17a20BP)¢} 17a,208,21-trihydroxy-4-pregnen-3-one (1702083
21P)= FEAXY HFT AHA=S X5 (Nagahama et al, 1994
Nagahama and Yamashita, 2008; Yoshizaki et al., 2001; Patino et al.,
2003; Lubzens et al., 2010; Kagawa, 2013), ©] & WA ¥ o¥x =
S ZHE dRAETE BEEE wlgte] Al ZE tHGoetz, 1983).

dunoz A G4 BFNA o F 4% L AAx wEL SE

ol
=

Ak R AEY HZE A< (final oocyte maturation, FOM)dl| 2 3 &} 7
U S 84 ¢ 4971 Eoh(Mehdi and Ehsan et al., 2013). ©]F
FA A T2 o5 A fFre FATEE Tl Aakste], AARA]
712 24871 s FAgHolw, g ofFolM= tHHE  human
chorionic gonadotropin (hCG)2} luteinizing hormone-releasing hormone
analog (LHRHa)7} ©]-8¥th(Wahbi et al, 2017). LHRHa® GtHO]
=38, hCG= GtHeF 22 985 3vh FH2el= vty LH

) 1] (surge)ol] #FojstE Aom &

1]

il

v}

A l=(Stacey and Goetz,



1982) prostaglandins (PGs)% ©] & ¥ th(Takahashi et al., 2018).

A A FRE ste HAPolA Fd Hrbes dgAein. ¢4
< 4, sk 3 A el A AV AEES T AoHH
(Bromage et al., 1992), 42 & H7t3t7] YaliA = dol AL AAY
A2l wi(embryo)2 st Al7|74A] #FEoF §th(Bobe and Labbé,
2010).

ofg] Aol A ol 7o A Hrtsty] S g FEetH, Azt
A, A=A Axse] At sal dth(Bobe and Labbé, 2010;
Valdebenito et al, 2013). FEjst4 A x= iz A5 nFHArH
TFRGH AFFA7INAY] BEE, FAE, ¢F A", 281 FATEY
A5 =¥ (buoyancy)©] AF&®TH(Sakai et al., 1985; Kjorsvik et al.,
1990; Mansour et al., 2007, Bobe and Labbé, 2010). A 3}sts =25
T dd HUF AEe FE T8, gld, obr Al HER, I A A,
A HAE 24 o] AMgET, X HMAE ZA A= 53] docosahexaenoic
acid (DHA)®} DHA/Eicosapentaenoic acid (EPA) % n3m6 #AFe] H]
o] AFE-HtH(Seaborn et al, 2009; Lanes et al., 2012; F.G da Silva et
al., 2018). ¥ AAESH Axe 7] W Fd 5] FS tiAlel o
st Aow & Z cysteine protease cathepsin B, cathepsin L 2
aspartic protease cathepsin D7} 1531 ) 2™ (Carnevali et al., 2001;
Kwon et al., 2001, Carnevali et al., 2006; Cerda et al., 2007; Finn and
Fyhn, 2010; Tingaud-Sequeira et al., 2011), ¢o]ejdl %= t}3st X F 59
ek Ag7F Ay 9l

Bubele @, FH, G, Bgebiel Sl Yo Faw x

F-7E74A] o] Fol ARt Al A AR B A AW (IUCN) 9] A A 5 (red list)ol]l €]
st HEF 97| (endangered, EN)F 22 /5] glo] &2 &g T2
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Aols FF7] 2 52 2do 98 Hs F=® Hvkel(Epinephelus
akaara) ol WAE AHEsEH AdS T 43201749 64, 2017 74,
2018 249 9ja 20184 6ol 2A FHHA 1, 24 ddL Fuke
o] At FEE % AA T=2EY FRHE A7) A8kl Table 1.3
o] oy 2SS Astath. 4A A= hCG (Sigma-Aldrich Co.
St. Louis, MO, USA), LHRHa (Sigma-Aldrich Co. St. Louis, MO,
USA), PGE2 ¥ PGF2a (Sigma-Aldrich Co. St. Louis, MO, USA) 1]
3l 17a20BP (Sigma-Aldrich Co. St. Louis, MO, USA)E <T&FAF
(intramuscularly injection)a}itt. 7 A= 500IU/kg body weight
(BW)e] hCGE Agataitt. 1, 23 A Z23E vg o= 3 43 49
hCG¢} LHRHaZ 77} 500IU/kg BW$SF 100 ug/kg BW= A 23ttt 7
Ao AbgE HEukg] Jdoje] it A (total length, TL)Z Ao A%

(BW) Table 1. ¥ -t}



Table 1. Water temperature at each experiment, mean (#standard error, SE) total length and body weight,

injected hormone type and dose, and number of females of red spotted grouper FEpinephelus akaara,

broodstock.
Experiment Water Total length (cm) Body weight (g) Farone type Hormone dose N
[Date] temperature (Mean + SE) (Mean = SE) (/kg BW)
1 22+1.0°C 42.1+0.55 1,058.3£35.8 hCG 500 IU 42
[June 2017] PGE2 10 g 3
PGF2a 10 ug 3
2 26+1.0°C 41.5+1.25 1,014.3+£50.02 hCG 500 TU 23
[July 2017] B il | g .
PGF2a+17a20BP 1 ug 2
LHRHa 1 ug 2
3 21£1.0°C 42.2+1.02 994.2+55.03 hCG 500 TU 3
[February 2018] LHRHa 100 g 3
4 21£1.0°C 30.1+0.33 409.53+12.78 hCG 500 TU 55
LJune 2018] LHRHa 100 g 6
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(A)

(B)

Fig. 1. Measurement of red spotted grouper Epinephelus akaara, (A)
egg and lipid droplet diameters (ED and LD), (B) yolk length and
depth (YL and YD).



WAl B 28 AgF+ ¥ 04-15 g9 vsAH T 14% Boron
trifluoride (14% BF3, Sigma Chemical co., USA)E X 7}g & 287+
100CA 7FE3F H n-heptane 2-5 ml& #H7Fsta 1827 o 7149389
T} o] ¥ Sodium chloride 238}894S H7bste] FSolA < 1 mlo
heptaneS # 3+ & A %9 Sodium sulfateE Al A A WA 48 A
52 AFE-3}o] Gas Chromatography-mass spectrometry (GC/MS)Z &
A5kt GC #2412 fused silica capillary column (Supelco Inc., USA)
I} 99.9% helium= carrier gas® AFE3ATE ZF AWAES T 24

ol ] FF=AAF methyl ester mixture (Sigma Chemical Co., USA)%}
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AEste] A -75T
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Total RNAX RNeasy protect mini kit (Qiagen, Germany)Z ©|-& 3}

n

o
off
ol

A}

2

F%319 3L, cDNAE QuantiTect Reverse Transcription Kit (Qiagen
Inc., Valencia, CA, USA)S ©o]&3ste] AR, EE AP
manufacturer’s protocol-s wel T3ttt Aol ALEE primere &
nt2] 9] cathepsin B (Gwon et al, 2017)9} 18S rRNA (Lee and Baek,
2018) primer % orange-spotted grouper (Epinephelus coioides)2)
cathepsin L primer (Liang et al., 2012)5 o]&3}o] 233} tH(Table
2). Quantitative real-time PCR-2 Chromo4 Real-Time PCR System
(Bio—Rad Laboratories, Inc., Hercules, CA, USA)<S o] &3¢0, 94T
o] /1 357} initial denaturation, 94 Cell A4 30%7%} denaturation, 65T ol A
20%3%t annealing, 72C9lA 30%7F elongation 3 2™ 35 cycles Wb
SAIA FAG. 7 AEE 18S rRNAE o] &3l Aol =Fat .



Table 2. List of primers used in this study.

Name Gene Primer sequence (5-3')

Forward CTGTTGATTAGTCCCGTGTAGAG
Reverse GTGTCGCCCTCTAGTGATTAT

ctsb  Cathepsin B

Forward CCACATCCTCTCCCTGGAAGCCATAAC
Reverse CAGAGTTGTATGTGGGGTCGTAGTGGC

ctsl  Cathepsin L

Forward CGGTAATTCCAGCTCCAATAGCG
Reverse CTTAATCATGGCCCCAGTTCAGAG

18s  18S5-rRNA
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Frkg o] QI9lA S FrE 98 AFS¥E 2+ hCG, LHRHa,
PGF2a, PGE2 o|t}. 7} A3 o] Atehs, AtebsFy 4 5& Table 33 &
I ZEEd w2 g AFEEe hCG A3 AT 47.8+3.95%,
LHRHa”} 37.5£12.50%, 1#]11 PGF2a7} 41.7£8.33%%1.2.w, PGE2 A g
T ool E Atgo] #AE A k) aberEe AHEI FARE A o)
AT AgE el HF FHELS hCG A} HIT7E
81.4+14.30%, LHRHa: 99.1£0.46%, L1¥]l31 PGF2a7} 92.8% %1 thH(Fig.
2).

Rl
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Table 3. Spawning rate, mean (£SE) volume of spawning eggs and fertilization rate at each experiment of

hormone-treated red spotted grouper Epinephelus akaara.

Experiment Hormone treatment Spawning rate (%) Mean volume of spawning eggs (mL) Fertilization rate (%)

1 hCG 50.0 168.3+11.67 -
PGF2a 33.3 70.0 -

2 hCG 56.5 101.7+20.88 95.4
LHRHa 50.0 75.0 98.3
PGF2a 50.0 50.0 92.8

3 hCG 37.5 30.0+7.64 52.8
LHRHa 125 35 99.9

4 hCG 42.3 67.5+22.41 96.0
LHRHa 50.0 35.0+7.64 99.0

13
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Fig. 2. Mean spawning and fertilization rates, and volume of

spawning eggs of hormone-treated red spotted grouper FEpinephelus

akaara.
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Hormone
treatment

0 HPF 6 HPF 12 HPF 24 HPF 36 HPF Hatching 6 HPH 24 HPH

hCG

LHRHa

PGF2a

Fig. 3. The observation of egg and lipid droplet during egg development in fertilized eggs of
hormone-treated red spotted grouper Epinephelus akaara.
HPF, Hours post fertilization.

Scale bars indicated 1mm.
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T4 A AIZE Aol e I f9 §9 vE 49 23 (Fig.
4), 12+ A A$ hCG H¥E Aikd

1.14+0.089%, PGF2a gl ABAtE FA TS 114%E T4 A ZF o Ry
H7b b giAl BFEAT o]F hCG AMETE 78 A F
1.28+0.032%, PGF2a:= 44 12A13F & 127%= 7FE &2 Fanp7r &
ZE Ak 220 A¥ e hCG, LHRHa 183l PGF2a A 8= A" #4
@el G {7 H3 v= A Z ol 77 1.564+0.142%, 1.80% “LE]
A 145% % 7HE =2 I #RE T e, 3, 43 A3

3 7o $3 we WAz 09~14%Hom, 23 AL 10~18%¢]
W% veheth PGF2asl 4§ £4 F 2447 Hel 4Ed w2 v

& gl
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18| (A) (B) —&— hCG
—+— LHRHa

—v— PGF2a

1.6
1.4
1.2

1.0

18} (C) (D)

s —— |t O

0 6 12 18 24 0 6 12 18 24

Volumetric ratio of lipid droplet to egg

Hours post fertilization

Fig. 4. The volumetric ratio of lipid droplet/egg (L/E) in fertilized
eggs of hormone-treated red spotted grouper Epinephelus akaara.
A, 1*" experiment (June 2017); B, 2™ experiment (July 2017);

C, 39 experiment (February 2018); D, 4™ experiment(June 2018)
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Fig. 5. The survival rate in fertilized eggs of hormone-treated red

spotted grouper Epinephelus akaara.
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hCGe} LHRHa A2l & &3 Atd o] 3t & Aojo] Ta Rus
=43 A3(Fig. 6, 7), 3 A% hCG A F+ 106+0.60 mi, LHRHa
AT 181 mden, 751 me Ao]Z LHRHazk 1.7v¥) o Zidh 3
3} 2417 3 Apojo] Ry = hCG A8 T 9.8+0.23 mr, LHRHa *
g 114m=, hCGE 75%, LHRHat: 37.0%< wdto] &4t}
F-3b 12717k 24407 F kel B I E hCG AT 84+0.83 mi
291091 mrel™, LHRHa A2+ 9.8 mn¥} 43 mr= 1.4 mre] ¥3 27}
2= AT
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Hormone
treatment

36 HPF Hatching 6 HPH 24 HPH

hCG

LHRHa

Fig. 6. The observation of yolk during larval development of hormone-treated red spotted grouper
Epinephelus akaara.

HPH, Hours post hatching
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Fig. 7. The yolk volume in hatching larvae of hormone-treated red

spotted grouper Epinephelus akaara.
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321 VAT ARF =4

32X (hCG; n=8, LHRHa; n=4, PGF2a; n=1)A & & Ea} gad n|
Aol F AW ke Folg A7F ¢loluh. Table 49} o] F A WAk

Foll gt 724 Aite] Wlas Fa ve T2Es Adste] At w

FAT AL 2AS vl Ay BE 322 A TolA n-3

—_

12

o] =B E3AWAHn-3 polyunsaturated fatty acid, n-3 PUFA)d| <
&= DHA (C22:6)7F 7FE =2 2AHI7F 32 HAT. 22 A2l u
2 DHA =A¥l&= hCG A g7+ 265%1.24%, PGF2a 25 40.0%,
223 LHRHa A2+ 26.3+045% =%, PGF2a A2+ DHAZ} 7}%
T2 v & A 2AES U th & o 2 palmitic acid (C16:0)<}

Z/dH] = hCG AT+ 19.1+0.48%
o} 17.24#042%, LHRHa AT+ 20.2+0.26%%t 16.7+.81%, 12l
PGF2a A2t 144%¢9F 14.3%=, PGF2a A&7t 7h @& 24
7 #EE v

o
= 5

oleic acid (C18:1) =%om, ztze
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Table 4. The total fatty acid composition of unfertilized eggs of

hormone-treated red spotted grouper Epinephelus akaara.

Fatty acids (%) hCG LHRHa PGF2a
14:00 3.46+0.28 3.62+0.14 2.15
15:00 0.48+0.02 0.53+0.03 0.32
16:00 19.09+0.48 20.23+0.26 14.44
18:00 6.22+0.17 6.97+0.24 5.49
20:00 0.11+0.02 0.06+0.03 0.10
>. SFA 29.38+0.68 31.42+0.50 22.49
16:1 7.74+0.44 7.27+0.21 6.37
18:1(n—9) 0.25+0.02 0.28+0.03 0.22
18:1(n—7) 17.23+£0.42 16.66+0.81 14.26
20:1(n—11) 1.07£0.04 0.89+0.31 0.93
> MUFA 26.28+0.60 25.10+1.01 21.78
18:2(n—6) 4.18+0.46 3.89+0.36 2.60
18:3(n—6) 0.39£0.30 0.06+0.03 0.13
20:2(n—6) 0.32+0.02 0.48+0.11 0.23
20:3(n—6) 0.30£0.01 0.25+0.09 0.22
> n—6 PUFA 5.20+0.54 4.68+0.50 3.18
18:3(n—3) 0.76£0.05 0.69+0.03 0.66
20:3(n—3) 0.07+0.02 0.06+£0.03 0.13
20:5(n—3) EPA 7.63+0.27 8.11+0.60 8.20
22:6(n—3) DHA 26.54+1.24 26.33+0.45 40.04
> n—3 PUFA 34.99+1.14 35.19+0.91 49.04
> PUFA 40.19+1.01 39.87+1.20 52.22
n—3n—6 7.40+0.97 7.75x0.77 15.44
EPA/DHA 0.29+0.02 0.31+0.02 0.20

Values are weight % of total fatty acids.
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hormone-treated red spotted grouper Epinephelus akaara.
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V. 1 &

wo nlg] ¥ (Serranidae) ol FolA TEE AYE: =3 dd@ HrlE

==

F83slal Yot Dusky grouper (Epinephelus marginatus)s Az 7l
A vi@o] FrEw A kA 30-60 ug/kgel GnRHaZ ©] 4] (implant)
3t Ay wjEo] H X% Att(Marino et al, 2003). 54 ol (Epinephelus
septemfasciatus)°l 41+= ovaprim (0.5 mL/kg)¥} hCG (500 IU/kg)X.th
LHRHa (100ug/kg)¢} LHRHa+pimozide (100+1,000 upg/kg)S ]38+
= W o =2 ALYs AFEsiew, LHRHa A7t 71 kg4 o=
TASHES gH & F Qv B3t (Hong et al, 2015). Leopard
grouper (Mycteroperca rosacea)™ LHRHa®.tt hCGE AH# IS 45
FAEY AEHol ¥ EUrtH(Kiewek-Martinez and Gracia-Lopez,
2010). Black sea bass (Centropristis striata)®] W& F=5 93 2
4 LHRHaZ Ab&ation, Aol 3l THFAS T3 328 A
g Ay 2% wgo] FE¥ Qo (Berlinsky et al, 2005), hCG<%
LHRHaE <554 3 23 hCG A3t sA4#e FAHE°] 0 =4
(Denson et al., 2007).

0] & (Perciformes) 78 ©] #(Carangidae)ol| £3A| 7t Holal e FAF
ShAl 5-8€ el Abgkstar 2 B oA <Actell M A k= F-Al2](Seriola
lalandi)®] GnRHaZ &3 ¥zt #k= dolAe= Abaee S7hskgl o,
AA Ak ol Hla] o]l At kil B alek i th(Setiawan et
al., 2016). wepA] S 2o ofgh Abeh fol glo] Atk frE& Wk o}
et FAEY T4 olF FATY A U dF5A o2 FaEofof

Eiasg
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2 ATl = Fabgled hCG A& & 45 =& AdESs e
A|vF LHRHa Ag& F3 it do] 45 2 AEEo] =xon
ol tigh oo F97F o ZA #ERHEAE FY EE R e
b FEAVI dAS Wz wddsis de] HlE
(Mansour et al., 2007), LHRHa’} hCG A g & T 4% dxH 4
e vgor) o nE A W Aoz uEch

Wolffish (Pavlov and Moksness, 1994)¢} turbot (Kjorsvik et al.,
2003)¢] Aol A WAl D] vl e A e kel BEo] 3
O AT E Aol A PGF2a A el o3k gk =& Aitd 5

oje] A G& Mg v
o2 4 A AH(Brooks et al., 1997; Ochokwu et al., 2015). 53] &
=< we diAkel T2 (Kinne and Kinne, 1961), 71831 ¢} wje] &)
R AETHNE JFS F= 8doltk(Brown et al, 1995). & Aol
A F 43]e] A T 2017d 7ol s E 23 Ao I e
H17} hCG, LHRHa 123 PGF2a A& 2 Aibe FA T4 25 1.0~
1.8%¢ W= vetgon, & (1, 3, 43 AF e F9u= 09~1.4%
Atk Feolo] AA&FE Ze Feor fASH FAHTE wWIFElY)
Witel 21 = 2241.0°Ce & A7 1, 3, 42ke] ¥ 2 2%

d2 26+1.0°C2 At AT fF 529 Zolz 3} -9

rlo
rlo
i
i)
2
all
of
oSk
o
sy
s

F3v] 2ol 7F dEE Aoz AZdn
o7 Fo AWate fHE DHAS EPAZ T4 5+ n-3 PUFAS



palmitic acid (C16:0) ¥ oleic acid (C18:1)Z <#HA Jom oA W
WAk T FEe] Eua BauEolgla, dwkHgo®m  dfiltol{iE= n-3
PUFAES o2 v <A vk & 7oA Fuke] vsA e
At 284S B4 2y e 27 AEES YEhd PGF2a AEE
F3) AbekE weAeke] DHAZE 7F =& 248 vERIY 18y
palmitic acid (C16:0)9} oleic acid (C18:1) ZAH]+= hCG¢ LHRHa A

& S ArghE el A B vbA yeyth Cruzado et al, (2011)0
ot e ool DHASF EPAE Z7|Alo] o Fa3l 988
o dHAd deu, AEEH FAEC] =S dolAd FosiA e
DHASF =2 EPA =7do] #ZHUTE olelel= & Wl Agat x4l
et g3t A7 JAyHa oy, Foll wet vl vhgd Aot A
AlE L gle] FHuke o] Ak A HEE ATt FrrE o R FaE o
of & Ao g AztH}

Cathepsin B, D, 12]3L L 52 cathepsin family ©¥ & ZFollA o
7] v 2 A A TR, o iR
Az dHA dtH(Carnevali et al.,2008).

o dFEARAE L A

n‘.

k-2
o2 F8% A8 g ok @Y
Tingaud-Sequeira et al, (201D)e] <JstH  nj 2A  HA  Eot
mummichog (Fundulus heteroclitus)®] cathepsin B mRNA & o]
7t ttar At oy Kwon et al, (200104 = FX] 71459
(Oncorhynchus mykiss)©] 8 2A 37452t cathepsin B & &2 27
FA =P, Palomino et al, (2017)9 H-AE(Seriola lalandi)

cathepsin B mRNA @& &2 v A Z7]o] H& WdS Holw ¥uj

O‘-} o}

e

71 k43t th Gwon et al, (2017)9] 98t dd H7 AFRE F=
= Entg] AT cathepsin mRNA & o] 3FEZ o] oA A

S 0 %2 AATH = A YERSEaL, 24A el A4S o1, cathepsin D
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