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Ultrastructural Studies of Oocyte Differentiation and Vitellogenesis
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ABSTRACT

Ultrastructural studies of oocyte development and vitellogenesis associated with the follicle cells in female
Phacosoma japonicus were investigated by electron microscope observations. Vitelloogenesis in the oocytes
occured by way of endogenous autosynthesis and exogenous heterosynthesis: vitellogenesis occurred through a
process of endogenous autosynthesis, which involves a combined activity of the Golgi complex, rough
endoplasmic reticulum, and mitochondria. However, the process of exogenous heterosynthesis involved
endocytotic incorporation of extraovarian precursors into the basal region of the early vitellogenic oocytes. In this
study, follicle cells, which attached to the previtellogenic and vitellogenic oocytes, were easily found. In particular,
the follicle cells were involved in the development of previtellogenic oocytes by the supply of nutrients, and
vitellogenesis in the early and late vitellogenic oocytes by endocytosis of yolk precursors. The functions of follicle
cells, which attached to mature oocytes, accumulate reserves of lipid granules and glycogen particles for

vitellogesis in the cytoplasm of the follicle cells.
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MAsE Akl F83 A4 oluishRoltt (Yoo, 1976;
Chung et al., 1997). | <Ieke] o= 7EgAz} 3174
Ao W TRk F3] Fo 3t AT AR oy
abF ALY S Aol webA £ 2 A o] AA
o o3 Hej=jojofsln, Al A=A AT Wk
ZF7F 2=k webd o) F Sl 7124 ATE AT
olaljalr] A= Folrvis G4 F ISP G
AEkd Fof| doju= 53], IS sl RS &
53w o] FoJ3l= REAEE (follicle cells) 9 7|57
22 AAAEE FH3] T Zo] Fasih

AZ7HA] "xole] #3t At ArFoks Asa Akt
(Chung et al., 1997), 719 BAPAAA 7 A=5744H2] w|
ATF24 EA (Kim et al., 2011) o] B3+ QA7E50] B 15 0]
uok 223 Aefell TsiA EEe} AAA (Kwon et al.,
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1993; Min et al., 2004) °| disll @Az B37} 5o 9IS
ot} vE, A g8 A7]2] Chung et al., (1997)
2 Kim et al., (2011) 5 27}A] Q77 =of §171 spA]qt
AR DS o] &3t viFRA R d3EAd A ¢
FA| o] et sl AAgE A7) wol e 53,
FNe] FRATE HollA Foll we} mjAlFRA o oy
AL Hol=AE wawAM I A4S B8l s
W& 2 g7} 9t} (Chung, 2008). 2 G334 £ GeAE
o] RxAZE (follicle cells) & WA Fof] JFEAS
A3 Fad g5 8, d3ATA (yolk precursors)
o] el Hofsls Zle® dHA ¢lo] (Wourms, 1987,
Chung, 2008), & 7oA Gxie] GEA 2o wdzy
+= AR A 3 wAlFEA R AAEA s, W
RAZ oA GBS wile Al GE8A F R
FAE (follicle cell) ¢ g&& F43}A} gt}
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1. A%

7l Wz, P. japonicus (Reeve, 1850) 2] A|&+ 2010
1998 129717 AelEs AN AEE 270de x5}
dellAl Az 2070418 A st A AR kst
A7 A5 24 A7) ad d7bx] AlggxdA 8
T FEE 20 CE FAAZIHA A8l

2. A mA¥

FHEAAANAE  (TEM)  ARES] AL 2.5%
glutaraldehyde-2% paraformaldehyde (0.1 M cacodylate
buffer, pH 7.5) ol 12417t A 143 F 10% Sucrose (0.1
M cacodylate buffer, pH 7.5) 2 °F 10¥7} $3£3] Aj23}
1, 2% Osmium tetroxide®} 0.2 M Cacodylate 1 : 1 &Y
oA 907 FAAZT Aol B 224 Ethanol
o] 2J&l] &35 Propylen oxide® %33} Epon-812 &3
odle] Ewdle] Sorvall MT-2 Ultramicrotome® 2 7|
80-100 nme] ZuPAHAS A3}y, 2ePAH2 Uranyl
acetate®} Lead citrate® Zx}g Al JEM 100 CX-II A
An] 7 (100 KV) 0% #3sigic)

2

1329 913 2 FH)

A 92N, P. japonicus F40] ANHA e W U
5 o2 oluFe AEH etk das A3y
(digestive diverticula) ¥ AFAZAA xR A2 02

L) HEILSNE MRS A7

o]Fo|Al 25 AfEAlelel $1xdth dat o= oA
(stage) B2 o]FoiA Wi (follicle) 2.2 o]Foizl 7|2k
ojt}. Ao} H4o] ¥ A7z FUgh 3 Mo]7] el o]
= AR LY oF 5 FlL #3te] JefjAnl Ho] Fpsslgick

2. IRA|EE} WA FEE (follicle cells) 2] n]A|F=4] £

wAlF2A A ZASl] W F<l URAEE] WA
AL HAF (1) FAIE (oogonia), (2) AtEEA GRAE
(previtellogenic oocytes), (3) WEHHAIEAE (vitellogenic
oocytes), (4) AESWEAE (mature oocyte) 2] 4GHA|Z T3
g = 93t} (Eckelbarger and Davis, 1996).

1) LHIMIZ (Oogonia)

E7|AZE (stem cells) o] FIAEES A g} FHA|
X ] HRIAEELS A4 911 pm °F A4 ¥
(follicular wall) $]ol| 17] = o7} Fel & x]of vep}
I oleh A7k GIAEE 3 Lol 1709 Q1S THAH, AlE
A Yelli= thg=9] w|EZ=eloket ZAA|, e AWAE
7 FEE0| g L Sloh A EE FAREE ] 23
A==, AEA 2] HNE4L7|BAE (cell organelles) 2
Ax g el vl rlekslt) (Fig. 1).

2) MuglEMUBNE (Previtellogenic oocytes)
HRIAEE Aeid A7 AA A3 GEALE
2 wdeith, AdsEAdaA dEAEES Fu Bk T2
H, & Yell= vl 2 <ls 7M. o] Al dRAZER
o] AAEL 27 16-30 £m 9} 4-5 pm ©] L, FEHA
AL opA] m|ekslA velytch o|uf AdSl A G RA| e
Paglo] gl BREATE (follicle cells) ¢ 27L& 4-5 #m
Aot o] A7l REAEES] Fejd 54 AL
& 227 (chromatin) E740] #o] Ao eyt
on zZ gy WA YA (endoplasmic reticula) 2 U]E
ZEFolEo] REAEEY] Al e gt (Fig. 2).
AdSAAGE A Lo Fabsl RxAEEL AAHe R 1 5
7b s o] F2E L gk 53], 3 dellA= ATl At
Wert & azvds 7Y, AZA dele 2HARA,

A olelAel mEREelobt dehty gith (Fig. 3.

N

et MR ME (Vitellogenic oocytes)

AP AIRA 7L F o A ey dSEAAdE A
¥Eo] k. WHAAGEAEE ALY nAFA ke
w2l (1) 271G AE (early vitellogenic oocyte)
&} FrdE AU A E (late vitellogenic oocyte) 2] 27}
A FRAER Tl
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Figs.1-6. Electron micrographs showing oocyte development and vitellogenesis in the oocytes during
oogenesis in female Phacosoma japonicus. Fig. 1. An oogonium, showing the nucleus and the
cytoplasm; Fig. 2. A previtellogenic oocyte and the attached follicle cell, showing some
ultrastructures of their cells; Fig. 3. An attached follicle cell to the previtellogenic oocyte; Fig. 4. An
early vitellogenic oocyte containing a large nucleus and the cytoplasm; Fig. 5. The ultrastructure a
few follicle cells attached to an early vitellogenic oocyte;. Fig. 6. the ultrastructure of an early
vitellogenic oocytes showing the beginning of lipid droplets formation in the cytoplasm. Abbrevitions:
ER, endoplasmic reticulum; EVO, early vitellogenic oocyte; FC, follicle cell; G, Golgi complex; GP,
glycogen particle; LD, lipid droplet; M, mitochondrion; N, nucleus; NU, nucleolus; OG, oogonium;
PVO, previtelllogenic oocyte; RER, rough endoplasmic reticulum; V, vesicle.

(1) 271FEAUGEAE (BEarly vitellogenic oocyte) G4 FEAZA Yol|A tle] FEE (vacuoles) - AHHA
27|33 GA dEAEES AR E3E AS3sih £ (lipid droplets) 2|3 R|EZ=gjolEo] & Fe &3

271GHAAGRAE (B 30-40 pm) & EFIEZ g ) sk glom, ZAAE 7PteleA Yeiuyes SAS B

of 2 glo] & WjellA v gick 53], aznfEAEo] (Fig. 4). o] A7)l 27| PP IRATEL FEH0E B

A7 ) AAle] EaEsdeh G994 ARHRA 208 EALET Ul A5s Seelgt. RaAEe) A
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5 32 U3h) (vitelline envelope) £20] H]o]gl= Wy
(egg stalk) 7ol g=lo] Yelydt) ojufje] 72+ REA¥
(follicle cell) & AAEEI} =2 a2nfd 245 7+ o
W AAFeE 22eEE 7, AEA el | EZ=g o},
ZE]Z A A} (glycogen particles) £} A|HWA S-S 7HA} (Fig.
5). °o]gt EAlol mlEZ=elotel| of3f EEmtele A ST
chege] A k] 2HA A7} g A el Yehva gl (Fig.
6). 3julo] Ao 3z 7of AZE gl o 2rds)t
FAGEAZS] FEEAg A<l JdE (oolemma) ¢
| Alg Rt FAE) ARG rAlg R A &2 B
AFo|AY okt 71 mefolo) ofeisle] F|EAE (coated
vesicle) £¢] W¥A4 (endocytosis) ol ]3] WER}7] Al=F
S Eek GEA L] W3 7)Aol M= veyith 5
B2 5 osf el JFEAe F47 IEEA 5 U3
o] sl FEIE (coated pits) 2] FAE E8) Lol
ol o]F S’ EAE FHRAYAS) & G o rE
FH AEA o3 I Eojgith o)F oA WEEAE
= AlZA Y Az B S A (Figs. 7, 8).
(2) —?47]“4_’ G AL (Late vitellogenic oocytes)
F71dEHAGEA TG o] EHEE GEAEES A 0]
40-50 £ m Axelt}. 53], AN} E (cortical granules)
o] F7dsH G RA| L] Wkt ZA Q] g A FelA 3}
act. olu W3kEAe] e I-MAITA (process of heterosynthetic
vitellogensis) & o ﬂ ;‘q A= ﬂ/\ﬂﬂ q-ilxj_q-;‘qp]. t}uﬂ;ﬂ/\g
WEEIEE A "o U oAy G3asiEn
A4, i nEEEelobrt S G AAGRAE ] AlS
A delA ¥k (Fig. 9). 2 §F o= 7 o& 4%
fﬂ-o ‘].._ D]—HHX]/%] qﬁl—J}ﬂE_Q. H]EX] LHoﬂ}\-] B —] = u]
& GRSl ol (Fig. 10). ReAEs-d334 &
AE7} F2EE FEeA AAEe] GRAEY AZA
W vl m ek 44| (myelin figure) o <J3 E#ich
53], ojd] > FEEH v|dHRF LA ] HupEE Y
Q—LHO'] REAE (follicle cell) oA &&3}3t} (Fig. 11).
BEAEELS GRAZE] AsEY drAEe A4 25
o] &AlFo] Eolyld A5 Foll Qv EAEENE AF HE

=7 =k

1-n oX, o H~l

4) MmHBRMIZE (Mature oocytes)
Aol Asdmazel] FAE G R 2Ee dEA
2o 393} AE S LA =y, 2olgld dEAES %
ssfoll wAg s} dgee ot gHskA Sek 2 oA
REAZEL Asdrzie A3 HEE) "ok dE s
g $ue T3, v|d2-2aA] (myelin-figures) 7} A%

5]

‘

k)

o OM+E2H o33

FEAEE (17 oF 5565 1m) o FAEo] REAEES] A
R E RIS,

Hede 2B AEA el e dgaaTEe] A
Sajo] v WA TR 2] & o 2 Asuga
7} Rk ASHEAZE e A5UEHRTES 3744 4
B = (1) Z2AFAA (crystaline core), (2) AA A
(electron-lucent cortex), 18] (3) 3¥HAY} (limiting
membrane) ¢ 3714 AR FAE ] §ir} AsdRAlE
o R FA7E oF 0.45 £m ©]3, A2 (elly coat) ©f
ofell Z2e] ot (Fig. 12).

Ké*éﬁr"é% Flg. 137} o] gofsk 4= glqitt. 27|18y 4
EAEES] W3] E¥es vAlEEES

(endocytosis) ol <3l F3FAde] &4 EAo] Yyt ¢
2709 2AIFRPIEAE el A e 2897
& ge osli FElA depls a4 sAssd
(Pipe, 1987; Chung, 2008; Chung et al., 2005). H]Z o
2l d7AEe] olEiFE didew AA FATA (the
process of the formation of lipid droplets during
vitellogenesis) ol A Az FA ol oz Al
FAo w7 W A7t o A FAPE AT 5
gk eI S7= EIskA] Xlslth (Pipe, 1987;
Dorange and Lepenec, 1989; Gaulejac et al., 1995;

Eckelvarger and Davis, 1996; Eckelvarger and Young,
1999; Chung, 2007). &Y gxs)e] A5, AL 27
WA dRA 24 Yehs 2AEEA, ded 21
24, vEZEelE Aol A el o} the oluls) &
=3} o] UskIAe ALATAT eRAEA |kl
vehta Stk a8 ER o5 Al2iriaase] A A4
of #dh= ez ¥z glt} (chung, 2008; Chung, et
al., 2005, 2007). Fig. 13 vehd wule} o] =z (P.
Jjaponicus) 9 73§+ Z7IIFHAAIEAE DAl Lo
B EAEE (follicle cells) ZHE 2JelA WA1A 25
Hrol5o] WA e S B3l I3 o] dofut
I S #Eg 4 943t} (Chung et al., 2005; Chung,
2007). 22T B GEYge] o nh AT
343} el el slelds o 4 vk
A B2 EE (oocyte-follicle cells) 2] 7]%52 ok
7 Zr) dubder HxA|¥EEL Wi4syd  (cogenic
follicle) HellA &84 7)o AdRIAIRA LS F
WA yehda 2 F Aa dxAlze] FHew ke

LR SRR B
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Figs. 7-12. Electron micrographs showing oocyte development and vitellogenesis in the oocytes during
oogenesis in female Phacosoma japonicus. Fig. 7. An early vitellogenic oocyte containing the coated
vesicles through the coated endocytotic pits formed by endocytosis at the cortical region near the
oolemma; Fig. 8. An early vitellogenic oocyte showing the well-developed coated vesicles near the
coated endocytotic pits on the oolema of the oocyte; Fig. 9. A late vitellogenic oocyte showing several
cortical granules, a number of lipid droplets, several proteinaceous yolk granules and a number of
microvilli on the vitellogenic envelope of the oocyte; Fig. 10. A late vitellogenic oocyte containing a
number of proteinaceous yolk granules and several immature yolk granules in the cytoplasm; Fig.
11. An attached well-developed follicle cell and a mature oocyte containing several immature and
mature yolk granules in a mature oocyte and a well-developed follicle cell containing a large round
nucleus remarkable myelin-like organelle and several lipid droplets in the follicle cells; Fig. 12. A
mature oocyte, containing a number of mature yolk granules being composed of three parts: (1)
crystalline core (2) electron lucent cortex and (3) a limiting membrane in the cytoplasm.
Abbreviations: CC, crystaline core; CG, cortical granule; CP, coated pit; CV, coated vesicle; ELC,
electron lucent cortex EVO, early vitellogenic oocyte; FC, follicle cell; IYG, immature yolk globule; LD,
lipid droplet; LM, limiting membrane; LVO, late vitellogenic oocyte; MLO, myelin-like organelle MYG,
mature yolk granule; N, nucleus; OL oolemma; PYG, proteinaceous yolk granule; VE, vitelline
envelope.
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Fig. 13. Schematic diagrams of the process of vitellogenesis
during oogenesis in female Phacosoma japonicus.
Abbreviations: GC, golgi complex; IYG, immature yolk
granule; M, mitochondrium; MYG, mature yolk granule;
PYG, proteinaceous yolk granule; Va, vacuole; Ve,
vesicle; YP, yolk precursor.

o] Al7]el] Ao %"J"—S_TO] ATl e ERAZES A
XA Ye|A 83t} AFEA] (Mytilus edulis) < W AY
o} (Crassostrea vzrgmla) o] 7%, AlEAL] g5Fo] T}
H F2AR BxAEE G4 A2 WFo] doju] He A
< & 4 99itiy 3t} (Eckelbarger and Davis, 1996;
Pipe, 1987). YRA|E 50| Z7|U4dA|7|olE= HEAEE0]
JUAEZ 7)5E 3= Aoz FA4=ey (Chung et al.,
2005; Chung, 2007), A&5WIEAEA| R} =W HxA4 ¥}
AedrA el zlstelo] WolA WGP GRAZEANA B
FA|ZEo] "olAurtof Wahute] Apelof tieke] vAgRrt
s H= Ae Y 5 %3, viEA FE3] A5
ool o] drAEE] & 5 ol Aow kgl

2 o

7 W25, Phacosoma japonicus2] FEA|E Wzl B
FAEEY B8 AR wAFRd dFE 93
AW AA ol A =4S SGith GEAEE Yol
Ao dEHAAAA L WA AEdd 4 &Add e
o ofaf dojufar glrk. Weld A AAE 53l dojue
WA dRAEA o] ZAEFRA, 2HAEA 2181
v ez golr} 23 Aol 2ziA dojdt) 2} 9]al
A A RAL 2GR AEES] JAFE o

2 Gaoyo] WA AEAES] YEAE (endocytosis)
o] Ao #efsti glrk.
£ Aol A A RAEES GHHAAGRAEE

34
Zﬁlﬁiﬂi%ﬂ%AB}lﬁﬂﬂMQ~%ﬂ HEAEE
FoFgsrel sl AP FEATE o] o3}

0 0o

rlo <z

HEO DIMTREH A7

R DR LRES L IS/ RE SURRE P
RS Gl ) el Sl 34

H H2AEE 7o RAEE] Aﬂ A oA Y3
= Sl Xlé‘ﬂr%% AT A
A A
Zbksrsl e pakatstAaly) Ayl s

< (RP-2016-AQ-001).
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