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A histological study on development and transformation of the oocyte’ follicle cell for Korean
four sillurid fishes, Liobagrus obesus, L. mediadiposalis, Pseudobagrus koreanus, and P.
brevicorpus was performed by light and electron microscopes. The follicular layer surrounding
the oocyte consisted of an outer theca cell and an inner follicle cell (granulosa cell). The follicle
cells of the oocyte were flatten cells at early oocyte but during vitellogenesis they were
transformed it to a single layer of cuboidal cell, then to a single columnar cell layer, and finally
to a layer covered with a substance secreted by themselves. Although the development and
transformation of the follicle cells was similar to four species, the secreted materials, called an
adhesive membrane, were divided into two types in its appearance and nature. Firstly, a jelly
coat-like type was found in L. obesus and L. mediadiposalis, which they are presumed to be
polysaccharides and mucoproteins in its nature and secondly, a granular type in P. koreanus
and P. brevicopus, being mucoprotein. A zona radiata with about 0.6 ~3.1 um thin was present
below the adhesive material secreted by the transformed-follicle cell's activity. The zona
radiata was composed of two layers, a thin externa and a thick interna.
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AR ol Fel i o EAZEH WS Wi} doh
g o] ute] %W 3} (egg membrane, adhesive ma-
terial, adhesive membrane, egg envelope, vitelline
envelope) 24 el glo}. o]3k ko] etz B
Z7]% (adhesive function), =%+ =4, wo} B3 7|3
P ohet F2be) A% AT BAE FYs=d ol
2% 9t} (Laale, 1980; Groot and Alderdice, 1985;
Kjesbu and Kryvi, 1989; Erickson and Pikitch, 1993). &
g 5ol el el dt dE:AZe] W= F S
o) A4 R BAE AAse 84 gcloz g
¥ » ohjet BRI BHozx AgHel gt
(Blaxter, 1969; Lagler et al., 1977; Laale, 1980; Groot
and Alderdice, 1985; Erickson and Pikitch, 1993; Hirai,
1993; Riehl and Greven, 1993; Thiaw and Mattei, 1996;
Park and Kim, 1997, 2001a, b).

B A7 A%< #7715 Silluriformes) o F& =
Well 63} 74 14%<] delA glor] $eitete) 1eE

© 2= u]$7] Silurus microdorsalis, Z2] 527} Pseu-
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dobagrus brevicopus, =%*}7] P. koreanus, 57}
Liobagrus andersoni, $A}2] L. obesus, A7FAFE] L.
mediadiposalis 5 2% 6%o] d#* 9Jv}(Kim et al.,
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ARl g ELE W% B olF F
2N ol R 23X BE 4F 0= 27}ALE] (Liobagrus
mediadiposalis)= A& #4234, mX]52}7) (Pseudo-
bagrus brevicorpus)= AE 13 A A, A (L.
obesus)®} ==X}/ (P. koreanus)= A& wAbH wARA
oA 2ZIcte|H), Foff (5 5X5mm), FAIE o] £-3}e]
20061 3YHE 7U7HA] AA A AT LS A
of ol Aol Az ubsle] YR AL
A HEE Qs 10% 2| 1Asta, di
E AzEw A #2E 98 AAAE HEsle 02M
cacodylate buffer (pH 7.3)el] 3] A A]Z] 2.5% glutaralde-
hydeel] A 114 A] 1ot
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Fakaiv) A R 95 10% E= e vy
QA A2E AU ethanol series2 &3 = dubAql

paraffin Zroj¥ o2 =xu]s}le] microtome (Leica, Ger-
many)< ©]43led 5umse} 7 um F7 2 zekc) Ehrlich's
haematoxylinz} alcoholic eosin®. & o]3F GAE 7|2
© 2 alcian blue (AB) pH 1.0, 2.5, toluidine blue, peri-
odic acid-schiffs (PAS), AB-PAS, Masson’s trichrome .
2 A8 H. FARA R A A RS 98 A7)
of HAT {5 MS 2222 uwiHA7|IL FAE A
ool TS A s & 122 AEhr 25%
glutaraldehydedl] A TAA T} AuAEH 2458 1%
osmium tetroxideel] F31AS 3+ &, ethanol seriesZ
b3l gd e} Tertiary butyl alcohol2 574 Azxsle] F
(gold)e 2 7 (coation)S ¥ F FAPAAHu|A
(JEOL JSM-6400)2.2 Zaaleict. =3t Ezbd=1dn
A4 BRe AR AT 2 g =,
ethanol series® €43} t}. Epon 8122 X ujj 3}
block-& "rEo] 4P 37| (ultra-microtomek, Leica,
Germany)E o¢]&3le] dxpHd o=z ZubAH (semi-thin
section) S 3l Aozl HHE AAT F ZubAH (ul-
tra-thin section)-g 3}l o83t 2uPAHE2 uranyl

< 3t 3 AAE
"] 7] (JEOL-1200EX) e 2 3&3}9]t}. Carl Zeiss vision
(LE REL. 4.4, Germany)2 o] &35}o] & 1l m7|5 =

Hateieh

oz
[o
o
K
o
L

4 =

1. o ZAx2] W (development of follicle cell)

W75 o] 49 oA xZ0 WdHA L Ao §
A 27] FAES WelA AAA} Thsel
s Al wEabl HRA el 9Alele] et
Al71Q]l A el7] (chromatin-nucleolus stage)ol A= o
Z M| Z= (follicular layer)o] EEw3}c) WA o] 2Pz
HA] B|sizl @9 () £, germinal vesicle)e] gFZo|
o2 7§¢] <l (nucleolus)e] ®j d3}= FH 17| (peri-nu-
cleolus stage)ell= 8 =2] HIHA¥|AM| E (squamous
epithelial cell)2 FA1%l o 324 3= (follicular layer)o]
FEE) 25 (Fig. 1, A-C). W3tEA o] FA =& IaE4
3 A (vitellogenesis) A]7]9] dEAMZE o A = (folli-
cular cell)¢} thecacell®] 2=0 =2 FAE o ZA|ZEZ0)
o4 F AR, A £ A EAT o ZAEZ Aol
o] &y =k (striated appearance)] BFA}) (zona ra-
diata)7} 521321t} (Fig. 1, D).
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Fig. 1. Development and transformation of the oocyte’ follicle cell of Pseudobagrus koreanus with Ehrlich haematoxylin
and eosin. A, chromatin nucleous stage (bar=210 um); B, Peri nucleolus stage (bar=20 um); C, Yolk vesicle stage
(bar=20 um); D, early yolk granule stage (bar=20 um); E, middle yolk granule stage (bar=20 um); F, Mature stage
(bar=50 pum). Abbreviations: am, adhesive material; cfc, cuboidal follicle cell; clfc, columnar follicle cell; gv,
germinal vesicle; oo, ooplasm; yg, yolk granule; yv, yolk vesicle; zr, zona radiata.

ACES EXERL R R T

1) =AM =£¢ W3 (transformation of follicular
cell)
%7] I3tz A]7] (early yolk vesicle stage)] A
Zx 3 3 HPAEE 7Y Az ER Euiay
Nt Al whel AP ZzE G A F i 2~4
ume] SJ¥kA Z (cuboidal cell)2 v} HA F3txo] =
718} 47} Z7tsl= d3kE E7)4 &= (late yolk granule
stage)oll = 9] WiiE AP =z= A= (Fig. 1, C-
D). F3ZAbolol] AR QL 7t el s A
7] (yolk granule stage)oll= ¥ Z2 FAEo] Q=
AzAzE= ZA AAFE JFAEZ=Z (columnar cell) =}
= W3l7] A)=ksio} (Figs. 1, D-E, 2, A-B, 3, A-B). =3}
o3t IE-Eo] M2 §§ste] F3) ]2 (yolk mass)
3 Alsl= I3FE7] (late yolk granule stage)ol| =
it 42~10.8pm =7 °] Aost AFH 22 3] o
A= et (Figs. 1, E, 2, B, 3, B). A74e] A=A o]
g AFAZE AAEFHHEA o] 5] 2 Fotel A3}
Al 3 Az $Fell HAFHEA o] 5] Mz #

it

R |- CIE EEES E 2SS

S ] W 82~26.4um 7)o o] =AW A}

Ee Ax) PelE B3 Fe WURRe] AEHT,

ZAel= EH]Eo] FH¥=H(Figs. 1, F, 2,C, 3,C). 9
S Q5T A EE SHAT oo

2) S E:AEe] Hu|Ee)

5714 ol Fe FAkes A TEl3 EAS
IR Al BAFNE 5 BF 459 AEAE
g 243 23 zAlze) WAL AR A
o Skl FANE o] F Abeld] uE ¥

v g2l Jele A 27k = FEE A

(1) #+31 3 (granular type)

FANEL EEAUNS mAFAN Y] G579
A7z 7R Az ZEE I g W HZ
A sk, 250 MZAL ofF W #3Fe] Y B
vl &S E¥)skes 333 (granular type)S Bol Fot
(Fig. 2, D-J). o]8Igt EH]EE2 hematoylinel] 7}3}A|
AME L= 397|AHS Ho|H (Fig. 2, C, H), =3} alcian
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blue (AB) (pH 1.0, 2.5), periodic acid-schiff's (PAS) ®l-2-,
AB (pH 2.5)-PAS HFgo] 4] PSS Be] F9lon]
toluidine blueel| 4] y-metachromasia ¥1-2-2& ¥ ¢} (Fig.
2, D-H). o]¥3 EH|EEe] dRAZES =ML Q)
ot o3 HulEE FAE T A= =AU 3
#F 8.2+4.6um (5.7~12.1 ym), X Sx}7) HHF 18.0+
3.8um (12.6~24.7 ym)2e.2 Jeh} mAEAPN7T =5
AN AL G AL JEAE Apelo]
sl WA GREARAAe e e
Ui=d T2l AA (homogeneous nature)g Heod F
3 Qlek WAt S FAE 5 AN 7F 4 1.2£0.3pm
(0.6~2.1pm), AXE=AN= HF 1.8+0.3um (1.2~2.7
um)e 2 mAEAN 7} i FAY

(2) A=) % (jelly-like type)

F7HIES] SAREIS A7 S o ZA| oA En]
HE BEe e AN o fel o7t dadh F
A& ol Fell M AFH 2] MzAe 2 AHE
o] AR E]e] 9l HhHe] FrlEld o FelME e]Edt
HEo] M2 G7IAY DEleir] I 2he woig
£ o] & ¥ olE TAVHE oI} H=A
hematoxyline]] M= 2] ¢k31 eosinel 733t JAAS
Heol: 3AMS Wi glu(Fig. 3, C, H). o] 3t el
upx] A2]Ze] Fe (elly-like type)E Hed Fi glt}
ol2]gt Eu|E&S FAPN&] AP ] AB(pH
1.0, 2.5) GA A 7] A BE] AR AL kA oFst <

< 31 3ok (Fig. 3, E, F). o|2|3 FH]E=
TAR e FAx SAle7) HF 26.4+4.6 um (14.7

o
ke
&
-

Fig. 2. Photographs of light (A to H) and scanning electron micrograph (I to J) of oocytes in Pseudobagrus (P. koreanus, A
to G and J; P. brevicorpus, H and 1). A-C, shows transformation cuboidal follicle cells into columnar cell and
adhesive materials by secreted themselves with Ehrlich haematoxylin and eosin (bars=20 um); D, Masson
trichrome staining (bar= 20 um); E, AB (pH 2.5) staning (bar=20 um); F, AB (pH 2.5) PAS reaction (bar= 20 um); G,
PAS reaction (bar=20 um); H, adhesive material of P. brevicorpus with Ehrlich haematoxylin and eosin (bars=50
um); I (P. koreanus) to J (P. brevicorpus), ultrastructure of follicular layer and zona radiata (bars=20 pm).
Abbreviations: am, adhesive material; cfc, cuboidal follicle cell, clfc, columnar follicle cell; tc, theca cell; zr, zona

radiata.
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~12.1um), A7HAE]E HF 18.243.8 um (12.6~30.2
pm)ez JeR} SAREZE ga FAYE 3 dmA
Zo} AZME Alelo] E3h= WA= FEEAHA
AlZlell Esi A d3 37171 =W oAl 54
(heterogeneous nature)& Hol Zgich vl =4
oAz} Q13 uPgEE (outer region)d} FEAM|E
o A3 W F-FE (inner region) 0.2 8] FREHE
o SRR ol gF> ToE 3H7IAE Hel HhHe
FAE ol RS 3AME He FH(Fig 3, C). =
g AB (pH 1.0, 2.5) ”}—"ﬂ/‘ii SIFE2 FARES, o}
FEAME SAES B R o5 FAE F
Abe] 2.040.3pm (1 3~2.7um), AFARIE FF 1.9+
0.5um (0.9~3.1pm)e.2 79| n]<stech

A IE 1

o

Aoz wupgr29] theca cell, #elz Eujxd =22
2 FAE AzxAlz, 283 AR FEE Ao
(Fig. 2, 1). E2H& o fel E5Aiet 1A g2l <)
3yl JzA =z o3 FulEl B0 P FH|E
T AHEe] FPHoz wdEH e HAHY
HolF3 Qlgd(Fig. 2, 1, J). ¥l E7lg]& o F:=
AN olfele o2 T 27k JHE]
FAEA T A o] APHHA EHEEe] M2 dEhd
Av 3= Adst 439 JlE Bl Fehd
7 ME FERFE A3 AT (Fig. 3, 1).
FHAAAn| Aoz FAAT AxEEst GomA
AZME ol EAsl= gk externagt AlH o=
A =7} oA T3 ooplasm H-£-9] interna 2

o rlo 23

o2 TAASNS (Fig. 4). o3 WA= #33v| 7
ANE 25 moz ABHAT FadAEv] e
A& w2 A3 (pore canaI)OI U.}—g— AEs T 3104
o olelat eke] w) sl =

Fig. 3. Photographs of light (A to H) and scanning electron micrograph (1) of oocytes in Liobagrus (L. obesus, A to G and J;
L. mediadiposalis, H and I). A-C, shows transformation cuboidal follicle cells into columnar cell and adhesive
materials by secreted themselves with Ehrlich haematoxylin and eosin (bars=20 pm); D, Masson trichrome
staining (bar=50 pm); E, AB (pH 2.5) staning (bar=50 pm); F, AB (pH 2.5) PAS reaction (bar=50 pm); G, PAS
reaction (bar=50 um); H, adhesive material of L. mediadiposalis with Ehrlich haematoxylin and eosin (bar=50 pum);
| ultrastructure of adhesive material of L. mediadiposalis (bar=20 um). Abbreviations: am, adhesive material; cfc,

cuboidal follicle cell, clfc, columnar follicle cell.
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Fig. 4. A photograph of transmission electron micrograph
of oocytes in Liobagrus obesus. Insert shows en-
largement of Golgi complex. Abbreviations: arrows,
Golgi complex; FC, follicle cell; g, granule; mv,
microvillus; oo, ooplasm; pc, pore canal; ZR, zona
radiata; 1, zona radiata externa; 2, zona radi-ata
interna (bar=1um).

villip7}F S2M 2] Alz4 vz 9o Y 3L
B3t AZAMZAA] AAE ] Ak (Fig. 4). S ZA =
oA EujEl Ao Bu|EEo] EA Z ol EA)
star glem FA|A (Golgi complex)7t #AH 1 gk
(Fig. 4).

| &t

el Edste W7 E o FE BT 63 74 14%¢]
wxam glort WAl olEel AT BwAEe] Wy
ool e pulEe T 9 S deME A o
A4 QA ke w715 o b BRI wEA
N, mAFAN, F7hE o] Fatelsl ArbAte) 4%e)
A EE 27|HAGARE A% o277 oz
Aze AR W05 me F0h 99079 270

Az gk Az FAE dzAER 29 A
o slovt A WA o] APHHA FEEA| 7= 9
WAz Wk, FE Al7ledle o33 kAl ET}
AFAzz JAHHAAN AN = AFAH 22 HE
HE EAERZ EERtolA Hu o9} o] dmAE
7 gt whel Ay EHE A E] Wl WIS
o] Fel =YAF Silurus glaniso| A= 722 ZA3E Ho
ZF11 9lo} (Abraham et al., 1993). £3] SdAl S. glanis
9] EME2EE HH)E EAEL mucosomeso 2 A
jelly coatE 3A3tozx] 7)Aol &g Ho|= Ry
(adhesive materia)& $3st= Aoz B IHYT
(Abraham et al., 1993). Kobayakawa (1985)¢] u}=m <
24} Silurus 350 Bj5) AR f=5ke] AL ko) 9
naee B A A2e PAslw slon 3%
71849 S. asotus®} S. biwaensisS HZA]S zk= Ao
2 d=A itk old H7| & o]fel] o] Fo el
By 5= By 22 3l (adhesive membrane) o2 &
A glom REmbe] MG o|fle AW Fx2E
2> 4R ERTel oA o F2o Al 4 ol gFH
q)o} (Laale, 1980; Groot and Alderdice, 1985; Kjesbu
and Kryvi, 1989; Abraham et al., 1993; Erickson and
Pikitch, 1993; Riehl and Greven, 1993; Park et al., 1998;
Shabanipour and Heidari, 2004).

g B A AFE 4% w75 oRE 55
g 2 typeo g FEFHI itk AHA type> I
(granular type) 2] FANE2] FF A eF 22 F A
olM vehtes Fefolw, = WA type- jelly-like type
o= F71e)%e) FAkRlsh Abklol A vehta gl
3] E7124:9) jelly-like type2 72 w7 & o] F2 A
do]] B3} Silurus glanis?] jelly coate} B]Z=3}7|
7t jelly coat®] precusorgl “acorn body”7} Za)3}x] ¢
+ Aol 2 Aoz etz ek

B NG BARE ol fold Vel Bule
o] e A 23 §71eEe] jelly-like type
polysaccharides®} mucoproteine 2 FA == HbHo|
#¥2 mucoproteino. 2 7 E o] £3ke] I3 A}
o8 melFodch o T WA HEe §AFQ
Silurus glanis2] jelly coatel|A] mucopolysaccharide 2}
mucopolysaccharide©. 2 <&z w©} gJt} (Abraham et
al., 1993). =3t tj 13 F-2A7)5S F3dh= o7 #
ZE o] RS mucus, mucine, gelatine g A1 o]
9= Aoz ode#jx ¢lv}(Laale, 1980; Park et al., 1998).
Laale (1980)] @17ol |}l oleiat A& 74x1 o
S AEou AAdE = d7)E] A2 dekREs B
A4 (adhesive properties)& 7FA™, 72| Hf 5%

o

p

S
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=
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k=]
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de}f‘ﬂﬂl%‘&i vpAL (zona radlata)% FEsk A
4% BT a2 uba) ute] 2307 FAE] gle
o o]E9 FAE =FAN 0.6~2.1pm, 2| FAY 1.2
~2.7um, EA1] 1.3~2.7 um, A7HAFE] 0.9~3.1 um=

] ook ol @ wtElYl 235 FaR: ¥

A (77 7.8~105um)ol| A keix glow, F=
¢l Goodeidae and Poeciliidagd| A= 1= == 2
F25 7, £7& 03 t0 2.0ym= o}F gF &
€ HoJF9t} (Riehl and Greven, 1993; Park et al.,
1998). Riehl and Greven (1993)= HIA}| 2] gke Frl=
Aol F2 BAHe) glor] SGxHEs) v em-
bryo)¢} = %% (maternal tissue) Ale]o] 7} A~w3ts} 24
sl 2 o Sl 2 $F 8 ohel
BN W S o R Wae 2% 2 9 o
o A AR el AFT 2AY AAl) of
d el2a £o) AAe) 5Hez Az wa
B WAL 3F o4l a8 ARA AL
7§ Ak (pelagic egg)e] obd FHAJstozm oA 9]
o} (Groot and Alderdice, 1985; Riehl, 1991). +=AF 1|32
23t o] f= WA} 3502 FAHHA o] 52 7
= 20~7.0um= Aoz wyHE v} 9lo (Park et
al., 1998; Park and Kim, 2001a, b). %22 o] Fo|A] o]8
T aels) 54 9 FEE AREA B e B, 1
I3 BREH A5 YR Do) dx Aoz
## 9lo} (Ilvankov and Kurdyayeva, 1973; Hirai, 1993;
Britz et al., 1995; Riehl and Patzner, 1998; Park and
Kim, 2001a, b).

g AR Aol N 2ARE Aol ojshe 4z 8

7

1

He) Aol Y 5l 7146l ARkl Aoz o

] ¢le] (Kim et al., 2005) o|8&F ALt HAle] xfo|7}

$ATE) ol AE DHT WA US4 A

o et ez Wzl HA olfel de FHE x
&3

A7k ol FAI s B Aol ol
5 o fo) R pxsl AREAG] A WAl
NEARE 9 4 98 oz Azad,

u|7) 2 o] §<l EA}2] Liobagrus obesus, A7} L
mediadiposalis, 3=%%}7] Pseudobagrus koreanus, ALX]
Zx}7) P. brevicopusel] ®3F FEA|EL] o EA| O] W
93 Wy e BekAnAn AR dos v =
Atetodct. 48] W EAM E= vbe] theca cellZ} H%-2]

o

. I:ll-_’g_oi .

Ux|& - USst
oy A & (granulosa cel) 2 S R}e] 9o} 0|23 o] =%
NEZE 27 RN ZAANE HAGMz2 A 5ot
SR FeF @9 YuiAtE], 320 dFAE=R
PAFHA FEFFI)o= AFAH| Zl] oA En]F
= B2 AYAA FHoh 4Fo] o]#¥g HA o] w53}
2Rk EujE B (EATR)e dYe 2R :,7—_‘,':_'_51

o AR Aty 7224 Ui &0 TAE 2 A
7t oA vERdH o] 5] AR polysaccharldes.‘ll-
mucoproteins 2. el F gt} el = wHAQl 75 FHE)
FANEL] FEAN S mAEAN M B 5 gl
o] 52 mucoproteine. 2 FAE I A o]H3t
AEA L] ol FEo] EAste WA E ok wbE
I FAE WHFoR2 FAEE 235 TR, o/ &2
A& 0.6~3.1pm= eyt

4 o He E

AL AL

] B 2006\ = AR (8¢l - AL
AN e R SR A
who} o] 7% 4] S (KRF-2006-003-C00246).
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