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Induction of Sexual Maturation in Female Eels Anguilla japonica by Re-
combinant Eel Gonadotropin Produced in Silkworm
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This study investigated the effects of recombinant eel gonadotropin hormone (rJeGTH) produced in silkworms, with
and without a carboxyl-terminal peptide from equine chorionic gonadotropin (eCG), on the induction of sexual matu-
ration in female eels Anguilla japonica. Experiments were conducted both in vivo and in vitro. In in vitro trials, ger-
minal vesicle breakdown (GVBD) induction did not significantly differ between rJeFSH and rJeFSH-eCG treatments
and the control group. However, previous studies did find that rJeLH and rJeLH-eCG treatments induced GVBD in
female eels. Our in vitro exploration of estradiol-17f (E,) levels in immature ovarian tissues revealed significantly
higher E, levels in the group treated with rJeFSH-eCG 1 ug/mL than in the control group. In contrast, the in vivo
experiments showed no effect of recombinant hormones on the sexual maturation of feminized eels. Previous studies
and our own in vitro results have clearly shown that rJeGTH and rJeGTH-eCG have a positive effect on the sexual
maturation of feminized eels. To develop the activity of rJeGTH in vivo, further studies should confirm circulation
time and activity of these hormones in eels’ bloodstream, modify the structure of the recombinant gene, and imple-
ment additional glycosylation.

Key words: Eel Anguilla japonica, Gonadotropin, Sexual maturation, Recombinant protein, Silkworm

91919l AL Ao A HaksAle] GTH 3
of A4\ ure 9 o] uh: of 7] uhe
o FE9] QR TEEAE F7|H o2 Fosto] A5
2 =35kl Qlck(Boétius et al., 1962; Fontaine et al., 1964;

M B 3, Wl =

o1Fo] A4 M B HALE SRl ke
579 A AA=S 2 (gonadotropin, GTH), & o 3EA=

& 2 X (follicle stimulating hormone, FSH)¥} A2 2
(luteinizing hormone, LH)ol| 23] 24 Hth(Nagahama, 1994;
Swanson et al., 2003). FSHe} LH+= 3-59] a-subunity} 7+ &
2129 B4 UYE & B-subunite = =] o] Ql= Tk
Z 3 21 0 2 X (Combarnous, 1992) 7}7}0] 0|2 4247}
ZAfehs A4 o] 17158 Uehic),

Nagahama and Yamamoto, 1973). =-5-AF W20} (Anguilla ja-
ponica)®| 7-%-, 155 0] o] =5k whole bodyE &
3}5t $=Z&-5(Salmon Pituitary Extract, SPE)2 HH2 Foj5}o]
A4S =35k AT Yamamoto and Yamauchi, 1974;
Kagawa et al., 1997; Kim et al., 2006) 12 2 =& A3}, 7|
FolE sk 2 0= UefA] lK(Shin, 2004). o] 213t o]F-
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2 et 7lso] o s RA55=9 bioreactor Al
AR o] 8510] o] AT A4 T THAS AL 5
171 F15Lom, 1 Fol I Yol oo hald AL Al K0,
2 ARSI B A7, w5t A7 e o] gl
= Ak 4 Stk Barv) glch(Maeda, 1994). E3F ohegt

FEs ez Aol vAle A= GTHY in vivo/
in vitro 9J8FE: ZA3le] Az A 2Tol A AAkE AT
9 semo] Auetd] IR T glom 1 Ak
theFsith(Kamei et al., 2003; Vischer et al., 2003; Kazeto et
al., 2008; Kobayashi et al., 2010; Choi et al., 2016; Kim et al.,
2016). t=°1, A =3 GTH (FSHE} LH) B-subunit®] carbox-
yl-terminal peptide (CTP) Zo|e} G527} utel A=5H4]
kA 3} k7] 9] Zpo] 7} B 1% @l a1(Klein et al., 2003; Caho-
reau et al., 2015), o]of A= AAl4 T2 HO] LA]S =]
7] olgh a0 2 gkl SRR 71y BAS gelE 712
W Al AYA AR S 2 H (equine chorionic gonadotropin,
¢CG)®| CTPE A1RJE Rl2qAle) A4t 2 AESHA 2ol
H7= 3 Itk (Min et al., 2004; Legardinier et al., 2005; Ko-
bayashi et al., 2010). 53] 92| 2] ¢4 Lo A S=ol(Bombyx
mori)E ©]&sto] Mol A2 HALAFT 2 (rJeGTH,
tJeFSH, rleLH)¥} eCG2| HE} ARE CHERe] CTP7F 4HE
rJeGTH eCG (rJeFSH - eCG, tJeLH eCG)E A1, in
vitro A &S £33 rJeLH 9 rJeLH eCG7} ¥84o] WA Z 9]
A4S Freoll axtA el Ao 2 Bre Frh(Choi et al., 2016).

wheba], 2 Aol A= o W19 in vivo/in vitro /373
& e AEE ol ol A2 AL o)A BARE 4714] Bt
Q19] niRto] 223} A4 =5 2 (rJeFSH, rJeFSH - eCG,
rJeLH, rJeLH - eCG) 2] A &38H4 A4S H7I5H T

Ao} Syt W pAl AT A ol A] AL )
L W7ol Zlof(feminized eel)E AHE-3HITH A}
ol Kim et al. (2013) W ol 2Jsf) Ao} A9
P RS AT Rofstel ghAskE fEskel, 1 3
Aol E Aate] 1Y 5 psu] 15:UZE sl A2 2
SA121 F 1 ton §44) ALz S85hgick AE 717
FF vlol - FFoHA GGk, AHEA2-2 202050 F HA13)
Aole] S 913kl AR WS 42900 A
SFRT. Aol o] AFIet e FolE2 7HAE HelE 9
3]} ID microchip ( $ 2.1 X 12 mm)& 5 50l AF¢l st 4]
H2 mini potable reader (HS5900LF, DESTRON technolo-
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o] oZA=Z 2=t
2o dheule] 13} A4S Choi et al. (2016)2] Wi
2} pENTRI11(invitrogen, USA)ol| KOD-plus(TOYOBO, Ja-
pan)S ©o]&3l4] PCRHOZE S2E¥ FSHR/GTHo, FSHP/
e¢CG/GTHo, LHB/GTHo, LHB/eCG/GTHaoE Ncolz} Notl
Agtas A & 24 5ot 229 ¥ 9El= pDESTS
(invitrogen, USA) & #HE o] LR 845 o|-§sto] J4 A
2t %, BmNPV 0o A A gsto] H|E=HlolHAE &
/Jatoict. 2 H 47HA] EFQl o] v g ZHlol 2= BmN A3
of Zr@ste] 5Y F AFSHS dof frof el ARSI =
ofof| WlEZHo|HAS ZASE B 42K, WMAo] A2 A}
T EEE Wk oo @RS Hot 3.5 MWCO (Thermo,
USA)& BAlsto] S41% 3 203tsto] in vivo Al A
&5kt =3t in vitro A& 913f ol = Millex AA A
21 A (Millipore, USA)Z HEH % FPLC A]2Hl(Healthcare,
USA)ol| 4] HiTrap TALON (Healthcare, USA) Z &S o]-2-3]
A AR el S F A 25k ARSI
H2MZHY 3 GVBD ZAL

o] Y|3lrA| =& (Salmon Pituitary Extract, SPE) &7}
Akl ofal 9d< e w3 AASE A gl o) A
A3 YA Z (4 850-900 pm)E AgloH, 24well plate
ol 1 mL/well®] wlj ¥l 7} $hA] F A L5 207 /well 2 E5}
Ath(n=6). Y= A oS Kagawa et al. (1995)°] w2} L-15
medium (Sigma) (penicillin G sodium 70 mg/L, Streptomycin
100 mg/L, HEPES 10 mM, pH 7.4)& A Z:5}0] 20°C ol A4 24]
ZH AR 9F 814 3L, Z1 5 positive control 2 SPE (1.0 mg/mL)
2} 17, 20B-dihydroxy-4-pregnen-3-one (DHP; 100 ng/mL;
Sigma Aldrich, St. Louis MO, USA)%} $+7)] Y=o||(B. mori)
%S bioreactor® 5}o] AYALE WHRlo] A %3}t o] EATFTE
X(Choi et al., 2016)2] rJeFSH?} rJeFSH eCGS 2} welld
0.1, 1 Z12]1L 1 pg/mL s %2 A7}ste] 20°C ol 4] 2441 7F S
vl oFshict. vljoFo] £tE =™ Serra’s solution (70% Ethanol:
Formalin: Acetic actid=6:3:1) (Stoeckel, 2000)2 3 7}5}¢]
GVE 7113kt %, 8kadn) 7 (Image acquision and analysis
system, ZEISS, Germany)< 53 GVBDE #2513t}

HATEY U NE2E £

o
A gk 394 s} Wikol S 2-phenoxyethanol (200
ppm)E UHHAIZ] & St dEo A dAE HEshe] A s
S A 4>(gonadosomatic index, GSI; A AFEA/AF)E =
Ak, GSIZF 2.191 n]Ad <3t /HA] 9] YazAS 100 mg/
wello] €22 AHslo] | mL/well2] vk} 3] 24 well
plateo] EF5}AtHN=6). Fa2A S Kagawa et al
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(1995)°] w2} L-15 medium (Sigma) (penicillin G sodium 70
mg/L, Stereptomucin 100 mg/L, HEPES 10 mM, pH 7.4)<
Az}, 20 Tl A 24178 F AP S %138 eE 3 rJeFSH,
rJeFSH eCG, rJeLH 18] 1 rJeLH eCGE ZF well 0.1, 1 1
23 10 pg/mL HE 2 A7t 5 20°C o)A 244 7F Sk vk
slict vjoFo] kw wH uljoFol-o ELISA kit (DRG, Estradiol
ELISA, EIA-2693)2 o|-85}9] estradiol-178 (E)) 552 =
Astich

in vivo 322 E¢

AT 45050 go] v 39X st e WAl E e
2 Eel Ringer’s solution (250 uL/fish; %), SPE (20 mg/
fish), 4 ng/g BW 59| rJeFSH, rJeFSH - eCG, rJeLH 12|11
tJeLH eCGE 217} T Folet A5 A48 tHn=15/
group). E3}F 1-552}0] rJeFSH (4 pg/g bw)E Foi3}kaL 6-10
F2o)= 4 ng/g BW 5= 2 rJeLH 2 rJeLH eCGE Foi3t
=3 APt A A sk tHn=15/group). AT T2
= Ul 154 1057 Al o] o] Bk o] whe ZAjakelaL, 2
ARFER 24 5FA ] SukelA, 105 10uke)%) 5
3ol Ao A2, GSI 2 2APAE B8 U2 AL

= Ms2=

= S s

o

A

FHL heparino] 2] 1 mL Y3]-& FA71(23G)E o8-8t
o] n|FEmol| A PEE the 4T, 4,000 rpmof| A 3027 L4
welste] @S Eelshaiet. wefE @4-2 ELISA kit (DRG,
Estradiol ELISA, EIA-2693)Z 0|85} E, 5 =2 245}t
SAHXzZ

EAA 2= BAHLA 5 Duncan's new multiple range test 2|

in vitro Y& MMEE HEX=S2
ol M2 GVBD SE8 XAt

rJeFSH Y rJeFSH - eCG A g]of w2 Y2 A3 2] GVBD &
= ZARSE 23+ Fig. 19 Yehli Sl L Ax}, DHP 9 SPE
A2t A GVBD &°] 95+2% 9 57+ 5%% LER} T2
T-(32+4%) 2} 3251 57181 L LH(P<0.05), rJeFSH 2

=(rJeFSH) 2|

1JeFSH - eCG % -0 the Wi A2 GVBD&-9] =27
WIS e et
in vitro YA HZE MAAXI=ES22(rJeGTH) X

2lofl WE Olds HAaXX W B2 4y &1

uj A< UAE rJeGTH 9 1JeGTH eCGR *| 2]5}o] ufjokat
& k9] estradiol-178 (E,) s =5 743 A3HE Fig. 2¢]
e ATt rleFSH 5 =7} S71sto] uhet mlid<set daz 4]
Wel E, 8% Sk AaS Uel JATE F-2 Q1 Zfo]
= 912l thP>0.05), 12/} rIeFSH-eCGS 1 pg/mL 42543
= U 2 §o8HA| E 57 S7FFAthHP<0.05). gt
# rJeLH % rleLH - eCG #H2]o] 2 n] 44 b Y E 5 s
o 2Lt FE X 2o & Kol A] gkttt
in vivo IR0 MZEE MAAXIESZ2
ool E GSI2t HE Ef

1JeGTH, rJeGTH - eCG % SPEE n]A] <=3} Wl Zlo] oA o] B
7 Woll wij5= 134 Fofshar 2Af 53 12|31 10553 GSI ¥

2(rJeGTH) £
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Fig. 1. In vitro effects of recombinant eel FSH (rJeFSH, rJeFSH-eCG) on germinal vesicle breakdown (GVBD) in oocytes of eel Anguilla
Japonica. Each value represents the mean and SEM (n=6). The different letters were statistically significant differences (P<0.05) accord-
ing to Duncan’s multiple rage test. Con, hormone free medium; SPE, Salmon Pituitary Extract; DHP, 17, 20B-dihydroxy-4-pregnen-3-one.
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Fig. 2. In vitro effects of rJeGTH and rJeGTH-¢CG on estradiol-178 (E,) levels in ovarian tissues of immature eel Anguilla japonica. Each
value represents the mean and SEM (n=6). The different letters were statistically significant differences (P<0.05) according to Duncan’s

multiple rage test. Con, hormone free medium.
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Fig. 3. In vivo effects of SPE, rJeGTH, rJeGTH-eCG and rJeFSH+rJeLH(-eCG) on GSI of female eel Anguilla japonica. tJeGTH(-eCG) or
SPE were administered weekly into immature female eels for maximally 10 week. After 5 and 10 weeks, GSI was calculated. Columns and

bars indicate the mean and SEM. Difference capital letters (10 week) and lowercase letters (5 week) above bars indicate statistical signifi-

cance (P<0.05) according to Duncan’s multiple rage test. Con, Eel Ringer’s solution; SPE, Salmon Pituitary Extract; GSI, gonadosomatic

index.

231 Fig. 300 Rk, 1 23, 7120) 4
8s %E§1~Exﬂ?l SPEE A 2|3t AdtolA A 5+ 4
=5 YR GSIE Solsk 2715k o LHP<0.05),
2 AgoME Fed GSI HEE vy A] oottt
Fig. 4= rJeGTH, rJeGTH eCG 4 SPE Fojof up2 7 ¥
S} LfehR9ich. 1 A3}, SPE 42|7-0) 24} 5% 1 1055
W3S t 22t F-of8HA 71 2L (P<0.05), rleGTH,
rJeGTH eCG Y rJeFSH+rJeLH( - eCG) o] ol th2 F=A} 55
4 10523 F Ik =] A ootk

in vivo &0 EF MAAXESE
ool 2 €5 B2 sk He}

rJeGTH, 1JeGTH eCG ¥ SPE £ojof t}& &% E2 =1
312 sk A7 Fig. 5o e ic) 1 fh}, SPE #g]7
oA ZFAF 55 W 10323 B2 B2 57} g2 tEot o8
Al F716 L (P<0.05), SPE A 275 A3k 2= A
of| Al thzet Hlwste] FEHZ EF E, sk Hsrt s
A oFoxet.

2(rJeGTH) &
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Fig. 4. In vivo effects of SPE, rJeGTH, rJeGTH-eCG and rJeFSH+rJeLH(-eCG) on oocyte diameter of eel Anguilla japonica. SPE, rJeGTH
and rJeGTH-eCG were administered weekly into immature female eels for maximally 10 week. After 5 and 10 weeks, the oocyte diam-
eters of each experimental group were measured. Columns and bars indicate the mean and SEM. Difference capital letters (10 week) and

lowercase letters (5 week) above bars indicate statistical significance (P<0.05) according to Duncan’s multiple rage test. Con, Eel Ringer’s
solution; SPE, Salmon Pituitary Extract.
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Fig. 5. In vivo effects of SPE, rJeGTH and rJeGTH-¢CG on plasma estradiol-17f (E,) levels of female eel Anguilla japonica. SPE, rJeGTH
and rJeGTH-eCG were administered weekly into immature female eels for maximally 10 week. After 5 and 10 weeks, plasma E2 levels of
each experimental group were measured. Columns and bars indicate the mean and SEM. Difference capital letters (10 week) and lowercase
letters (5 week) above bars indicate statistical significance (P<0.05) according to Duncan’s multiple rage test. Con, Eel Ringer’s solution;
SPE, Salmon Pituitary Extract.

O] Q1A % R s AT 2RI TEEA A=
A5e] YRle® A|7] % 1 aL(Shin, 2004), ©|& 32
317] Y8l EZ-FFA)2E(Chinese hamster ovary cell, CHO cell;
Gregorio et al., 2011), =oil(B. mori, Kim et al., 2008; Choi et
al., 2016) 2! & %(Pichia pastoris; Kasuto and Levavi-Sivan,
2005)5= bioreactor= &-8-510] 4G YA A= S 2 H 9
AR QB STl A T S,

2 A ol A2 Al A AL 47FA] ERQl o] WY
Arof A 23 A A A= 5 2 52(rJeFSH, rJeFSH - eCG, rJeLH,
rleLH eCG)o] Wato] FmA|Zo] GVBD w9} u]A<
dazA Y E, Aol mA|= in vitro Y-S AAT A}
1JeFSH-eCG #|2jof| wg A< Fax2] Y E, Aol &
7Fst .o, GVBD f-eolli= & JaS nlAA] ekoteh(Fig. 1
7}2). rJeLH % rJeLH - eCG A 2|3 n|Ad < daz 2 WE, A
ol FE= mIAA| ehgkort 219 9P in vitro A+ Aol
A(Choi et al., 2016) tJeLH7} W40l o] WA ZFAJ20



Tof] AnbAQl Ao = b i A9] A3t} v=of rleFSH
9} eLH= in vitro W7ol A4 4340] A|217] ThE: A3hS 0]
St Ao 2 HojAc) 2hH 5 Y gt Foll(B. mori)E bioreator
2 0]8-3F Kobayashi et al. (2008)2] 1=+ Ax}o]| oJ5HH, in vi-
tro A3 of| A rJeLH® G ofu] g} rJeFSHE WAo] YA 32 9]
GVBD &2 SPEA 22} FASHA Al 71Tkl HArskGi),
ol2|gk A}o| Apol= F YTt t=of| bioreators ©|-8-5to] FSH
o LHE AAtste efe AJARA| 28] 9l 2 234 o] BAp24]
Q1 Zpo] o2 lsff vt E/do] debd o= e A
st AR 28] Zpolof] whE A2k A| o] e S}
71 Q1 A7t E astt Zol 7] ol QlotAl, ds
/47| (vitellogenesis)ol| =2 AE|Zo|E& A-85l= E =
St 2 (vitellogenin) -2 AARS Z%160] HELA| L
9] A3 A& X851l (Nagahama et al., 1994; Kazeto et al.,
2011), W7ol o] A 3= LHo|| &) o =S| A o=
% 2 ¥ (maturation inducing hormone)AJAFo| F-E %o Z|E4
<o] dojutrty U2 A QrthKagawa et al., 2013). =3+ LH
=849 &/d-2 FSHol| 93t Zlo] ofd LHe|| So]&¢lo] K
I EAth(Kazeto et al., 2008). wabA] E L9 in vitro 1|43
2 a2 U B2 A4 2719} Choi et al. (2016)2] GVBD &
&= A ANE 53| rJeFSH 2 tJeFSH eCGx= 971 W7o 2]
Z7] U4 o), rleLH Y rJeLH - eCGx WRFo] YA EZ |
TG0l A2t7] 2H2  ZAlolet Azt ek

b in vivo Ao A ATt - W9 EFE s, W
2A|Z g 9 GSIof| vl A& JeGTH| FE27] vk
2+e) 2] ek}, Legardinier et al. (2005) Aol &5} 2| %3¢
GTH+= A A Wiof| A whE th A4 A 7 (metabolic clearance)”}
olpum W ) A5 AIZHE A3t il Az chala
9] e} subunit ko] Z-2E3t ThpdlE ARS(carboxyl-termi-
nal peptide, CTP)2] F3K glycosylation)7} o] F-o] & o} gtr}ar
89T} o]0 Choi et al. (2016)2 G114 A Ax 25
2 (equine chorionic gonadotropin, eCG)2] HE} AFE Cheh
O] CTP 287} ofu| =4S rJeLHO|| 41913k rJeLH - eCGS AJAH
sho] Wil oF79] Ag/4d <50l WA= in vitro ATV 2315131
O, in vivo A= 2 Ao A IRt GEko] gle Ao 2 U
el wheba], 114191 in vivo A4 S ¢l 9
o] A2 AT 22 FH Y A F AT 24l
ShaL A2 BARO] 22 4, it AR 2] Brh
R o i B g ekl A KAy i 2 L

ui ko] O] O] FZXAYARS: Yamamoto and Yamauchi (1974)
o &fsfiA Al o] 1 7hsAde] I H & Hok aupAQl 9l
NA Qs ol Bk AE7F el Al ThekstAl %13
I Qleh EA oF A wo] o 914 A% e TEEA R AL
43h= dof HolrA| FEE(SPEyS A =45 2 H
9] 74, 713 o] 8 B 359 oA 59 AR o] Sled,

Ho} QP A Q] o] eSS i8] HiAl A<

ol ol of

775

T 7]evldro] atErt ofo] & AtollA] o] 83t o Az
St Th ] AYAE A AL wiAto] 2239k AYA AT 2RO
AL, 2y AR Ao £, G §7t 5o] 7hsst
of 21441 A7 Qe A 02 AYZEE T 2 Aol A A A
gt rleGTHS| A=3H4] T4 in vitro 4344 Fr=adrt &
A= 9o in vivo BIH= v|B|8H3ITE. o] = & Aol A ARE-
Foll FAARF] GA| HA| k> 2|

o, Ho} g AAE 229 Fojo| tigt gelo] Do
st Ao 2 AzbEt T ol Ll Tl A AYAF A AR ]
%3t E} bioreactors ©]-§-3F T A AJAF A|AF] FHE, AYAL A
AR Heob s 2RO Gt BB}, T 7 E o] F A
el S22 §i3t A2 gelsh] gt 77t g = of
of g Zlo|t}.
Al AL

2 A= AR AR (P2017020)2] A
o} 3= YlF Ut}
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