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Steroid Metabolism in the Blacktip Grouper Epinephelus fasciatus
during Oocyte Vitellogenesis

Seol Ki Kim and Hea Ja Baek*
Department of Marine Biology, Pukyong National University, Busan 608-737, Korea

We studied oocyte steroidogenesis in blacktip grouper Epinephelus fasciatus ovarian follicles during vitellogenesis.
Vitellogenic oocytes with average diameters of 0.45, 0.48 and 0.50 mm were incubated in vitro in the presence of
[*H]170-hydroxyprogesterone as a precursor. The steroid metabolites were analyzed using thin layer chromatography
(TLC), high performance liquid chromatography (HPLC), and gas chromatography-mass spectrometry (GC/MS).
The major metabolites in the vitellogenic oocytes were androstenedione (A,), testosterone (T), estradiol-17f (E,), and
estrone (E)). The metabolites of androgen (A, and T) were higher in the 0.50-mm oocytes than in the 0.45- and 0.48-
mm oocytes, while the estrogen metabolites (E2 and E1) were lower in the 0.50-mm oocytes. These results suggest
that 0.50-mm oocytes are fully vitellogenic following initiation of the maturation process.
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mone (GnRH, AJA|AAFS2H0E5 2 H)0) 5449
Gonadotropin (GTH, A4 AA=S2R) BH|E ¢<x1¥o2
AFre =M olFo] Wadsr v o] miziAl g2 shar ¢l
th. haof] Wao] A%7] Alzfehe WA 7| (vitellogen-
esis)olli= estradiol-17p (E,)7} 8 AHRO|ER 2hgshH,
W54 o] TR A5 vighAl7]7bA] = progesterone]
FX=A9! 170,20B-dihydroxy-4-pregnen-3-one (17020BP)1t
17,208,21-trihydroxy-4-pregnen-3-one (17020821P) 5©| =
! A 2HRo|E s2Rog A& Qlth(Nagahama, 1994;

H}e](Epinephelus fasciatus)= & ©1 5 vhe| o] &3}= of
R ThE vl a o) ot mb b 2 A A4 AHSE A o]
T Eh Ate] Ftel of el Bk thel At (multiple
spawner)©]tHKawabe and Kohno, 2009). 1}-2] 7} Z=of| A] Z-1}
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etal., 2000). 2 4] & Q1&g HA7|a S 9%t A=
o] o]Fox]al Q) ©1KSong et al., 2005; Kawabe et al., 2009;
Hwang et al., 2012; Kang et al., 2012; Park et al., 2012) o] &
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Aol AFEE FHle]= AlFTeh stk AaxollA]
s} F37] 2H(25C, 14L:10D)E A% JEA|7] EHte
UA INAE tFe = sholeh Aol AR Ao M-S
31.6-37.0 cm, A5 528-851 g o] 3rt.

HEME 22 Ui S RESHA A

A¥o]= 0.5 mL/LY| 2-phenoxyethanol® WFHA|A A A
dit & FatdeEolA das AFske ice-cold balanced
salt solution (132.96 mM NaCl, 3.09 mM KCI, 0.28 mM
MgSO,-7H,0, 0.98 mM MgCL -6H,0, 3.40 mM CaCl -6H,0,
3.65 mM HEPES)2.2 A 25 9ic}. 438 ot 7k 14l
= o] g5t A 2 HRAEE 2ASE = E2] 5k

EE WA zs AHE 24-well plateo]| welld Leibo-
vitz L-15 (Gibco, USA) 1 mLof| A&3F dAx2] dH(5.1-
109 mg)E Y2 5 18T of|A] 24A17t vljeFs}Sict. Balanced
salt solution} L-15 wjFHE] pHi= 7.85, 4AF&%E 370
mOsmol kg' & 2SR} WA ZoA] sl 4 A
2olE B 252 24el] l8) HAEAE AFEA
17a-hydroxyprogesterone ([*H]-170P, Amersham Life Sci-
ence, UK)S WA & 7+7} 55 kBq A 7}15fe] v kst ict.

GRAE U o] 24t BAE o) 45T GAS
Bouin's solution®]] 114 3}o] slefd o & Fufjdt & 5-6 um
7 9] AH-S vH=0] Mayer's hematoxylin} eosin &2 H]al &
Asto] ke | 2 (U-ND25-2, Olympus, Japan)ahol| A 32
SFRC.

AHZO0|E 2= UAEE 24 & 58

Mo = A0} HloFale: 5 80% cthanol #H3H
of QA5 T AFS oINS ol AZA|Z | 54500 UL

o] &3lA]# dichloromethane &2 2¥ F&3}o] G2] AHE

o] AAAIZl & WUu¥l &3-21fj(benzene:acetone=80:202}
Benzene:ethylacetate=80:20)<50] A H7|AI A 2, Z+2k9] vt
ol 355l+= Retention fraction (Rf) 352 Table 13}t A
7N % TLC plateS 7124171 ¥ thAHEEE] ¥H 5 estrone
(E,)2 estradiol-17B (E)= 82E F7|2, YA JHHES

Table 1. The retention factor (Rf) values of steroid metabolites on
the TLC plates

Steroid standard ~ Migration distance (cm) Rf values'
E1 12.9 0.86
Ad 1.4 0.76
E2 10.35 0.69
170P 9.15 0.61
T 8.25 0.55
17020BP 4.8 0.32
17020aP 3 0.20
17020B821P 1.05 0.07

IRf, is defined as the distance traveled by the compound divided
by the distance traveled by solvent (15 cm). Solvent system of
mobile-phase was 3 times of benzene :ethylacetate = 4:1 (V/V)
after 2 times of benzene : acetone =41 (V/V). El, estrone; A4, an-
drostenedione; E2, estradiol-17p 17aP, 17a-hydroxyprogesterone;
T, testosterone; 17020BP, 17,20B-dihydroxy-4-pregnen-3-one;
170200P, 17,200-dihydroxy-4-pregnen-3-one; 1 7a20821P, 17020821-
dihydroxy-4-pregnen-3-one.

254 nm2] AFe| Al sfof| A ghelstgiet. TLC plateo]] LreRd of
AHEA S-S HPAFA AR R (autoradiography, Fuji Bas 3000)2-
2 AQ=elstglon, AekelE vhof st AezHa e
& 42} 5 mLe] &3h81 (dichloromethane:methanol = 9:1)
2 -gltqirt. &2l thAR=2-2 HPLC (Waters)E ©|-§-5}¢]
#2749 retention time¥t YA|5h= EETHS Sestgitt
|5 232 Liquid Scintillation Counter (PACKARD TR-
CARB-2100T, USA)E 0]-&35}9] radioactivity =% & thAFE
Az ke Altstglon, Z2]% thakE#-2 HPLC-ra-
diodetector (3B-RAM MODEL 4, USA)Z &15}%i k. HPLC
717184 ZAL Table 22} Zt}. HPLC-radiodetector= 221
=l thAHEA-S- gas chromatography-mass spectrometry (GC/
MS) (GCMS-QP5050A, Shimadzu, Japan) 2 5743}%.2H,
GC/MS 252748 Table 33} T}

Table 2. HPLC instruments and analysis conditions for separation
of steroid metabolites

HPLC Waters Alliance

Column SunFire C18, 4.6%x150 mm

Mobile phase 20% methanol:acetonitrile = 60:40
Flow rate 1 mL/min

UV detector Waters 2487 Multiwavelength Absor-

bance Detector

B-RAM Model 4-Radio-HPLC
Detector(IN/US system, USA)

Injection volume 20 yL

Radio detector

Ending time 15 min
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Table 3. Analytical conditions of GC/MS for identification of ste-
roid metabolites

Instrument GC/MS (Agilent 7890AGC/5975C)
DB-5MS(30 m x 0.25 mm x 0.25 um)
1 mL/min (He, 99.999%)
Splitless mode
260.00°C
300.00°C
60.00°C (2.00 min) —

10.00°C/min, 150.00°C (0 min) —
5.00°C/min, 300.00°C (14 min)

Column

Flow rate (gas)
Injection mode
Injector temperature
Detector temperature

Oven temperature
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LR O] AEIBHE
2 YR AL O] 2 A5 AR Fig. 13+ 2t
Wt W 045, 048 12]31 0.50 mme] sgsls WA
S L AlEZE ol R (yolk granule, Yg)o| Fkst
Hom, theket 37]9] f--(oil droplet, OD)—Ol |9k
(Fig. 1A,1B,1C). &7 0.457} 0.48 mmel G Ao A= &)
(nucleus N)O] T FE A 32 2] S=0)of| £]%] 8132 L]— w44 0.50
mmgl GEA| O A= 3] o] Fo] AJRTE]= WA ZE 2
%] 9lth(Fig. 1D).
LD MZO| AHZO0|E AIRE =X

0 mmQ! A 3E o] A
2H|Zo|= o

o] oF 045, 0.48, 121 0.5
[*H]17a-hydroxyprogesterone 0 2 K- €] A A%

Fig. 1. Histological observation of oocytes in blacktip grouper
Epinephelus fasciatus.
A, ovary with oocyte of 0.45 mm in average diameter; B, ovary

with oocyte of 0.48 mm in average diameter; C, D, ovary with oocyte
of 0.50 mm in average diameter; N, nucleus; OD, oil droplet YG,
yolk granule. Scale bars indicate 250 pm.
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AEHES TLCA] 82 A, T,E, 12| E 59| #55

21} A= 5} ch(Fig. 2). X*:rLE AaRE gAAE T8 Ak
A= £, A, T, E, = HPLC-radiodetectorE 7 %] GC-MS¢|| 9|

3 2& E’“Q“EKFIg. 3). 12]aL E 2 tiAbE sE7} Wot

radiodetectorol| A= HEEA] AR GC-MSe] 9j3l 54

= 2{chFig. 4).

UoNTRIE MHE A ABR0IC ClAS

A7) A 2o A =4, [PH]1 70-hydroxyproge-
sterone= FeHel 4J B =o| = tiARE-2(Fig. 5)3t Zth A, 9
hARE-S HF 045, 0.48 mmo] A 3o A 2}2F 73.5,
67.2% 931 0.50 mmS] A Zo A 80%0]4F0] = AR

ek T2 tAEol M= Hat'dd 0.45, 048 mmSl &
WAL A ZH2} 6.1, 8% Q3L W 0.50 mmel LA o) A]
13.2%= 57FskSith E, 9 AR Hatd7 045, 0.48 mm
WA oA Z+2F 2.9, 2.6% AL Hohd 0.50 mm A
oA 0.5%% F2 thAReS UERITH E o] thARS = Hatt
78 0.50 mmQl FRAZ A 0.3%F LrEHT
n o

2 Aof| A5 gute] (blacktip grouper, Epinephelusfasci-
atus)®] ‘A W) FRA|EE-2(B 37 0.45,0.48 12|12 0.50
mm) B AlZE Yol dekabeio] 4 Heof qlglon, |
0.50 mm?l A 220l A= Al 2 Yol f5o] AFfal 1l

Origin

Fig. 2. Autoradiograms of steroid metabolites incubated with
[*H]17a-hydroxyprogesterone from blacktip grouper Epinephelus
fasciatus ovarian follicles at three different oocyte diameter. Four
metabolites were separated by thin layer chromatography developed
with a benzene: acetone (4:1) and benzene: ethyl acetate (4:1) solvent
system. A, Oocytes of 0.45 mm diameter; B, Oocytes of 0.48 mm
diameter; C, Oocytes of 0.50 mm diameter; A, androstenedione;
E,, estrone; E,, estradiol-17; T, testosterone; ?, unknown.

s o



Sote] dRA 2] Jo 2 HiA 885

o A | A
I \
|| | 0
L “ | \" Pl e | !
Lk T s e e |

2130

550
i
\‘\ [h]

L il,U,,f {

2131

1601

g 51 00wt

A
20 30 30 340 %0 30 40 420

wo |
| j L
0 [ 10 TR
8 240 260

et ||
“P E\ﬁn‘\f*.ﬂﬁﬂn“u‘. M UM 4‘: Al

W 6 8 10 120 10 160 180 200 220

om0 ] 7] ] ] o 1280

- E

& 20
wo
190.9° . e i 1050
t R 30
= t % - 3 I { 280
s .
............... i - A3p-5-28-den 5308 - o Il I Ny

A 8 ,,;5? gﬁ ‘!3: i ggf% ; :§ I g 2 a_l T bl \‘U Al N R D i

‘,WW e 00 e 17 "o

1z .
| |

232

| 201

| as2

H‘i “R ﬁu 1851 ‘
A sl mi b, \ uoms_ gset 4051
Too ko 0 2B o 2% o W s %o o 80 40

0

1480

1050
2130 {
gt 10 ‘ |
oo 115013 | |
80y } i ”\o“ | K s
BN NN |
70T
- ] M 0 ™ s H
w
N H
a 14‘51 1651
| 1]
" st |
: et
» 8 8 : Hes.p o3 ggi = i EN T T R N WUL,VWN‘VH‘M"\ i I ‘L - 09
I $5-828-0 R Fi 5o B w6 s w0 10 o 0 10 200 2o 20 o 2o o ¥ e %o

o w w ] e o

Fig. 4. Mass spectra of steroid metabolized by blacktip grouper
Fig. 3. HPLC elution profile of the radioactive standard steroid and Epinephelus fasciatus oocytes identified as androstenedione (A,),
metabolites. A, authentic A,; B, metabolized A ; C, authentic T; D, testosterone (T), estradiol-17B (E,) and estrone (E,). A, authentic
metabolized T; E, authentic E ; F, metabolized E,; G, authentic E ; A,; B, metabolized A ; C, authentic T; D, metabolized T; E, au-
H, metabolized E,. thentic E,; F, metabolized E,; G, authentic E; H, metabolized E .
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Fig. 5. Radioactivities of steroid metabolites from [*H]17a-
hydroxyprogesterone in blacktip grouper Epinephelus fasciatus
oocytes. The percentage of radioactivity associated with each isolated
steroid was calculated to the percentage of total steroid recovered
from HPLC. Values are mean+SE.

A, androstenedione ; E , estrone; E,, estradiol-17p; T, testosterone.

-
al o]F 0] AlAFek= A O Kok, o] Al7| 9] YR L=
HRE T8 A5 i 9A %l A o2 A7

SHF O] W A7) A Aol A A EE 8 A RO
T =222 androgen?! A 9} T, estrogen?! E.¢+E 02 574
ook ol e F8 A R0t T 20 tiAkE HISHE
A H i estrogen?] E 9 E = W49 2717 7R 2
28h= A ERIEHAT &, W7 0.50 mm A ol A=
78 0.45, 0.48 mmO] A2 H T} Zhasl= ZE SelskGiTt
ole} vk 2 androgen?] thARE-2 estrogen®] ARSI HE
2 d7 045, 0.48 mme YA EZRET W7 0.50 mme]
WA A S7F @2 Blch gurd o2 ARl AEolR
o] 2H|Zo|E T2 Akl QlofA] testosterone (T)
aromatase®] 93| E, 2 A== H-EH = (Kagawa et el
1982) Aol 4] GtH (gonadotropic hormone)2] ¥H-& 3=
o]F= Aoz HuEo] QIti(Fostier et al., 1983). E3F T+=
aromatase®]| 2Jsfi E =] tjA7} 5423] o] Fo) 7 o= EF
o2 Bu] Hrhal A Q1o (Campbell et al., 1976), #-=,
Pagrus major®] ‘4> AH| 2ol & iAol A= T7}F o} E,
o] E, thAte] =8 M= d & A-g-gtrtal B ko §ltH(Ohta
etal,, 2002). =& T E, o] A= 2 2-8-2 3hrhal sh3ich
&+=dl)71, Pseudolabrus sieboldi®} F=2|v], Hexagrammos
otakii®] E, ¢/ 2| %= E S 25 ¥ 17B-hydroxysteroid
dehydrogenase (17p-HSD)ell 2Jsf| E 7} thAbe]= 2l 0. & e
# 9JtHOhta et el., 2001; Hwang et al., 2007). & ¢ 21}
A% [*H]17a-hydroxyprogesterone 2 5-€ 4 572 tiAl=
A, 5, AT E, 123 E0] 8%l & 4= glon, T-E. ¢}

LR

N

E,—E,) A A% w5 E4fohe Aom 3
=0 E 0 Aol =8 AT Al
4 &4 =, 17B-HSDE} aromatase ] €4S
oA ARE Wl EA0] B Ao E,
T aqtEh

73 0.50 mmof| 4] androgen?l A, 2+ T &f thARE©] 0.45
9} 0.48 mm X} 31, ¥HH estrogen?l E 9F E 9] thAE-2
Haths A2 YEh 0.50 mm =7] 9] WEA| 27} el
A TR ASTAR o7tz BoA of2] Y4 755
sl Ao 7 7he]o] KTt Androgena AJAFSHLO)A] AH R
o]t T 2RO| HH| 27} estrogen ATEHAR A4 gt}
(Montero et al., 1995). 218|311 235594 androgena AJ4]
s}Hox ofa)7|5-S SHk ofujeh, AlAle)HQ) kel Frad
o) A4, =k w o] e, ulA| 9] W] Fa3t 9T
3tth(Staub and Beer, 1997). o} % W3FaAl7|9] 2 A 2|
20| =2l estrogent Rt ofu 2} 0] 52] H-=4 ¢l androgen?]
gt thafA] TLe|al E e AH R0 E9] 22 7hsAd ol o
A= A% [l G717t B st

Fejoict ofw 2
Fr 1ol &
NEEE B
ol o3 A

ool L

42 iy

Al AL

o] A= THMAMIER sH7IS/IIANRIEAIR S -
109197-3, &+t2] Epinephelus fasciatus FA14H] 223} 7|4
7h ] Aol ol =3 =] A5 T
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