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Ultrastructure of the Skin on Reverse Side of Hatchery-
Reared Japanese Flounder, Paralichthys olivaceus
with Reference to the Pigmentation

Nobuhiro SUZUKI

Ultrastructure of the skin on the reverse side of a hatchery-reared pseudoalbinic Japanese
flounder, Paralichthys olivaceus after metamorphosis was observed. The skin was similar in
general structure to that of other flat fish, but such the previously undescribed cells as chloride
cells and blood capillaries were observed throughout the epidermis. The integrity of the
guanophore system was complete in both of unpigmented and partially pigmented areas. Many
melanophages migrating around a melanocyte or melanoblast were observed in the
unpigmented areas and they are involved in phagocytosis of melanin. On the contraly, in the
partially pigmented areas, no melanophages were observed and melanin-bearing epithelial
malpighian filamentous cells were found throughout basal layer of the epidermis. Melanin-
bearing melanocytes, amelanotic melanocytes and melanosome complex { degenerative
melanocytes which lack the ability to activate the tyrosinase) were also recognized throughout
stratum spongiosum of the dermis in the partially pigmented areas. Some components of the
skin, such as eye position, shape of scales, body color, mucus cell density, and the number of
epidermal filament - containing cells, intraepithelial blood vessels and chloride cells changed
asymmetrically on both sides of the skin in the process of metamorphosis. The asymmetrical
formation process is thought to be due the cell differentiation on the obverse side and
pedomorphism on the reverse side through the adaptive characteristics in relation to a bottom
life style. In addition to this it is suggested that the pigmentation of the reverse side skin is
dependent on lymph functional disorder in relation to the differentiation of melanin.

Key words: flounder, skin structure, pseudoalbinism, melanophage, metamorphosis

b7 ADWEBEICEWTALNS, FIREOALOER (SEkal 1985a, b, SEIKAIL et
al. 1987) R F ¥R (KaNazawa, 1993) pBHL 22 &0 26 5, —F, ERflicBT 5
BELEAPEBETRICERT 22 s i, SFHE»RCVIZEREMBED UBFEIS
W2k, FRCIRERUA~OEBEIRECEET LI L, S LICHROESGEAHNDIKEFE

19944 1 H19A%H®, MiEERKAEMNTEMERAERTS, TU39-04 [LER{EMIAEET
FRRENOKREL TR S FEHEKEZERFREICBVTRELL.

— 113 —




K

A VAT L EBESIC T BT 2 EERO HBEIE LS I ERBBHICML N
oo (B4 1992), Lo L, ftRA0BEESH R OKRED RERFREH/ BB~
EEICLBEET S (FHE1989) %X, FORFERBBBIEHETHIL, 20k HI T &b b,
bt I A DERBREICOWTRATHESPHEREY 6 VICERORZRIELOTEL L, wHn
HUEERGEZRLALELERFAVFLETH LI EREIN TS (F1F 1992),

—%, BAREORBOMMEEIC W, BEESTEAD> L A ROBME TREFEEY /
HLIHLAD—FETH BTV —Z(LUTEL), Pleuronectes platessa, %N FIRM O K 8
B DV THMA MR L SN T2 (ROBERTS ef al. 1971, 1973). 72, &7 X,
Paralichthys olivaceus, 122 Ti3, ZREEANIT A TR0 K [E 1 B1) 5 BFEMIZTLic D
TEF RSB R HIIT LN T 5 (SEIKAL 1992) . LA L, BRESET HOEENHERMIEN
b & RN BEEIC DWW T BT |ED TV,

ARFRIE, b7 AEREEEOREAORIBE LSBT 2 FHO L LT, ERUIEESE
TRICESINCBEL 2 T 4 2V, BRAOKEOEE L BRI EICET 58K
R BB 21T - 72,

MR U B

BT ORASE TS U £ 7 A 17 % SN 0250 £ 0 FRP f %KM THIROEAH
B (brw LERARBER) %52 TENOERET CHRASE (kifl6.6~18.1C, B4
$530) 7o, ZRERET LAk (5 198200 2 7 — U LCARS) oo b, SHELLHRE, EhR
b E U IR O B 8 O B 24 TE 3 A BRI 00 By 8 0 4T - RV AT R I BE L 72
PIETEL TV 5, b S BLEK 1B (2568.3m) #BA CHRME L7z, HEERM
RO EREBG (BEHD) & REBN (BERD) CZNFH0.2TL0H 20 L — EER
TpH7.5ICTEL 722.25% 37 74 VATATE FE2%INE—NVTNLT L FORGHEEZ
BTLAn s, T 3mkic BB E T4 2% ANLTRL, WL 728508k % Btk 3 Ko
Feo I L 7ML £ HIH (857K 1993) 1 f - CRBABEL AL, BMT T 7
LB "B i L T HY HU-12R B FEEMEE 2 Fv CHEEESOKV THEL 2, &
o BEE0.2ENDH 2V L — MMEEHE THIE®, 1% 4 T = 7R TR L ORIk
THEEL 1=,

1. % B

ERIZ, 476 6 00MIABA LK), BABIIEICHEAENRERT LE TERE N,
WM LR AL T B, RN X L T3, M (filament-containing
cell), ¥EXE#MAL (chloride cell), M% (blood capillary) & FOPWEMNE (Figs.1,2) B4&
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Fig. 1 Cross section of the unpigmented (normal) skin throughout an abdominal part of the
trunk (68.3mm in TL). Asterisk indicates a melanoblast. BC: blood capillary, BL,
basement lamella, CC: chloride cell, M mitochondorion, MP: melanophage, Pt: perito-
neum.

A2 o8y 20 WER &8 L 72/ (eosinophilic granule cell) 7% &8s & 1

72 (Fig. 3). ®AB & h LSRR, MIREOKE 2 HREVERY 8 nm DIRMR

(tonofilament) THB 2 7ua7 47 A G, fllc7) - BRI b2 FY 7

% Y OMBN/ANFEYFEL, MBI 3ERIRES L (RELTBY), TAEY -4 TH,

HL T3 (Fig. 4), =4 P VICBET 5WER 2 24 L 2HIRIZ, MRESCEFEEY 2

RENZARC, MIIEIC R TV o REESER E ETRETREEOEMNE OB HFEL, ZOM

B, MMM E T REY - L TEELTE, ioMlgic k~THhrd%v (Fig. 3). B

MBI, BHEMIIC R TEL S ED S NMIET, MHERME L BRI REETH D

(Figs. 1, 2), BB L BRI AER TS <, IR 270582 2

Shar )T EEERONIY SEEEL, ZO/NRORBICITEREN ) R - A0 S E

AL, EIAEIABLTAVYY - LAIREML 2EFEETEEOWE 2 38 L2/ E L B VE

o LN (Fig. 5). RENILE & ZOWNEMIIEE, REOPTIIRL KE LHBKT, i

ML TR A AL, TAEY —LTHEEL T3, MENKE, EFEEDOEWIHELE

DOFHIFZRT 4 2 A2 P CHREINTEY, WEABEICIINRIBEZEINGZ P62 ZI23Mm

Trh ), BEDEEOEGEESL SHLNE (HFE H13um) DRkELTME LRSS0

(Figs. 6,7),
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Fig. 2. Cross section of the pseudoalbinic (abnormal) pigmented skin throughout a posterior part
of the trunk (68.3 mm in TL). Melanin-bearing melanoblasts (arrow head) and amelanotic
melanoblasts (asterisk) found in the darmal layer. BC' blood capillary, BL: basement
lamella, CC: chloride cell, Ir: irridopores, RP: reflecting platelet.

; ?g R - a

Fig.3. Eosinophilic secretory granules (arrow head) containing cell found in the epidermis. Ga:
Golgi apparatus.

e

BEAY) DFE TR, REEEDOEMEMEICSEMAL (epithelial malpighian filamentous cell) 2

B OIEETRAL (A6EI5) OREICIZAEMIIIIRES Sk vs (Fig. 1), BESHA (B
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Fig. 4. Epithelial malpighian filamentous cell contained a few of melanosomes in the cytoplasm.
BL, basement lamella, D, desmosome, Mf: microfilament.

BAEERMOHBESA LN, ZOBEBERIIBRABECEIN, BEEHREGRERLELEE

TEENDA 7= WEr &AL T/ (Fig. 4),

2. & K

EEEIL, HEGHESHUIEL  BICEY L 28ERE (reticulum) & IR MRMELTERITICH
IS EE L 72 84408 (spongiosum) (2 & N, BHEH (skeletal muscle) & EF (dermis)
F DR TEAET 2 T K (hypodermis) 7'\ 2 & 24RO TH 3 (Fig. 8). EEBREN
3R IC 2 L 1 (Figs. 1, 2), GBERERICIIMREEREEO IR LT, ZOM
Ko BB i3 i & kA A L T\ 7z (Fig. 8 ).

FEIMIOE BT O, EFEAEHEAMN S L TIZEHE/IMK (reflecting platelet) %12
72 EHERIRS (irridophore) 29T 5. KE/MRITERD 5 v i3 T o Bk O & T,
ANFAR P I3 A SO TR b L7z, AR 1M 4 AMEREE AT BIR S L %A%, £ D
s BEcii v (Fig. 8). Lo L, RETHHIIRICESR L CRE%EFMIL (melanoblast)
O BRI S ES L 72 AR MM (melanophage) 7386 547z (Fig. 1), ZOMMEIE, #
R s N TEEB2EET 2T, TERORELHEL > Tnb, MEIZIE, M
TN LS RELTED, 74 VY — a0 8D 67z (Fig. 9), ZHcHL T,
B RGO R EIZIE, BB AHR 7 BeF o/ N % i 2 7AW S EAE L, K
RIMEIZ e & Y, ERGEEHA L U TN & B L TREBEHEI (melanocyte) 778
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Fig. 5. Enlarged view of matured chloride cell found in the epidermis. The cytoplasm is mostly
occupied by a large number of mitochondria (M) and a net work of agranular
cytoplasmic tubles (CT). Free rebosomes (R) and microtubles (Mt) are distributed
among the tubles.

g#2 7z (Fig. 2), RBAZRERNEZERL T2 26FKBOMBEICIE, 2B AL/
DIEEA LN, MREICIZI Far PYT, IACEE, BEOY R — LA, BINELED
M/ ERE &R REORE»BO S (Fig. 10, 11), 72 BEHER (melanosome)
DRABRBIIBNT BRANICAT=vOERPEITLTE 7TV AT /Y —A

(premelanosome) L ZEMIMNIC % S RDBHEREE DA A LN TV 25 /Y — LAHEBH S
h (Figs. 12, 13), A 7=rHH%EML 2 RERERIL, £ 7= WE & BRAE & DBICH
BT E L, BROEIHETH - 722 (Fig. 11), Lo L, BEREIZ TN THRARMAEER
EFREET AT TN, A7 EHRARICEW THRIERT L CRBEREN L KT 2 2
L CHCHBELTLEY Lo (Fig. 14) Lo b0k,
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Figs. 6. 7. Enlarged views of the blood capillaries in the epidermis. Nucleated blood corpuscle is
clearly observed in the small blood capillary (BC), but endothelium (et) is poorly
developed. Endothelium of the large blood capillary is well developed. BL: basement
lamella, D’ desmosome, N nucleus of endothelium.
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Fig. 8. Spongiform strata (Sp) and reticular compact strata ( Re) found in the dermis.
Hypodermis (Hd) between the dermis and the skeletal muscles (SM) is poorly developed.
A layer of cross-striated collagen muscle (CSM) demarcated the strata of skeletal muscle
and hypodermis is shown. Blood capillary (BC) and myelinated nerve fibers (MN) are
occasionally observed around irridophores (Ir) showing groups of lamellar structure. RP:
reflecting platelet.
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Fig. 9. Enlarged view of intradermal melanophage found in the normal unpigmented skin. Many
melanophages with well-developed rough surfaced endoplasmic reticula (rER) and
elongated pseudopodia aggregated around a melanoblast (asterisk ). BL : basement
lamella, Ly: lysosome-like body. N: nucleus.

Fig. 10. Dermal melanin-bearing melanocyte found in the pseudoalbinic pigmented skin.
Endocytosis or exocytosis (arrow) are observed in the plasma membrane (PM). The
melanocyte contains the large number of melanosomes (MS) and premelanosomes (arrow
head) in the cytoplasm. BL: basement lamella, M: mitochondoria, N: nucleus, NE, nerve
ending.
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Fig. 11. Enlargement of the melanocyte in Fig. 10. Golgi apparatus (Ga) with coated vacuoles
(CV) and multivesicular bodies (MVB) develops. A single membrane structure not clear
in premelanosomes (PMS) but clear in melanosome (MS) with melanin core particles

(MCP). Mt: microtuble, R: free rebosome.

Figs. 12, 13. Premelanocytes bearing-amelanotic melanosomes found in the pseudoalbinic
pigmented skin. Amelanotic melanocytes contain only the large number of
premelanosomes (PMS) and multivesicular bodies (MVB). MS: melanosome, NE:

nerve ending.
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Fig. 14. Melanosome complex (asterisk) found in the pseudoalbinic pigmented skin.
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TV — ZAOEEROIFE T, FRMELICHERMBOFEEI;BEIN, ZOEBEMROR
Wizt T ADBETALNIZEIIZI by F )T EREMOM/MIA L CRELIEET
Hb, FLT, ZTOHEFHITEEEEML DKL 2HBL TEBLET LT 58Hb60B H
OB TIEIBDH LN D v (ROBERTS ef al. 1973), —7F, BERTETHRDOEEBDOK
BB DAHGIZ OIS B 7 B 7 <, RIS SEIR T e R T OoSRIEARBE & R WL B DFFEAE DR
i34 mPIELDTTH S,

HEOERNEMOLFEOFERIZTUNZ LD L3N, KrbidvwEr28EY L, KR
MIRE T2 FEANPHEHORE CHICREL TH ), ZhidB Aot TRl 23
DEFEZ LNTET (SCHOTTLE 1932, HARMS 1935, BiJIliZA 1968), L2 L, NI Exr 0
Dl M EIRROLIFREIC S 54575 % L30% & 21 (FEDER and BURGGREN
1986), Eic BEIFIRAK AR & SN2 AEO L IC b RENEMDEEZ L MBI FET S L
LA ) (B - FA1991), TS D TR I A EITTIRERE A MRS 2HD
LOLBIRI T3 (SuzUKI 1992), BRI bRFEVEEZEL TRET 5291213,
INLDFFHESEEONN E W E TRY 52 L0 E % 5. AEHOLRIT, KBl
HAGEL CHIPRMAFIRMICE X 5, @bl T WRBENPOFANEE, Kkt
Bk 6T 3 % 2 — E LB MBEAFHEIAS, BESEDRCERIRN LK E %88 5 R
WA SBELRNAND LREBRICEERI BREXIET 2, 2oL )I1c, KEREIZE
WIS T 22 LRV ARHEEDRL (AT ZHOREBD TEHEL L v BA - FK
1991), & F * OEEAFAIZ, FHRNEO HEHRCPERBICER T 2 Z &Aoo T\ 5, 2
DI K TRAT 5 LERHBEZbLOB L WIBRTTH 5 (TANAKA ef af. 1989, GoTo
1989, FUJI ef al. 1989, SUBIYANTO ef al. 1993, etc). ZDEATCEALEE L BT AMICES
W, BERFEHSCITHRNI:HNENA A > B LT AKBOBREZ HEY 5 L TRENICE
MG S B O ERE»GEET L2 3B TAEHNLRELFL LN S,

L5 2B LUV — ZADAHRMEE TIIEEBREINS SRR 2 Z LN T
v» % (ROBERTS ef al. 1973, SEIKAI, 1992), —7%, bt 7 £ OEIREIRE TIRBAMIIT D T
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L, BFREPRECENENER LA L MRS OEBEEI N, Zofildll, B
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WET 52 L (FE1989), £ L CHBRMOKREREMEE CLEKORRICHE > TEE D AR
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F) Zrhrhrs, SEEEENT L) ERENNDBERBROMBUL, By REcHs
KB (B 1976) o—D &% 2 Lz,

t 7 A OEREMREINIC BT 2 FIRH & IR 5 B o aFEMsic BT 2585 8 T 8k
BBEIC LU, BROETICES T, REDERLFATIFRN CEREERFRAKOS
fepiRE 2 i, EIRM T2 Z A BREHRET 25, KEORE P T mE ek i
DEHBEHSBE I N T 5 (SEIKAL1992) . 4[N, B EFRWOAEEHIER T, »DHER
B AESFHNCBAL L T 2EEE5ET LA BT, BRI O Ko B 6355 (IEF AL
L BEHS (BB OREAETMBOBIE D0 ORI L7,

AEES T RE /MR F 2 72 KA ERRRICREAE L TRARIFME A LN, £FOMBBOR
B BHOMKER M ES L TW DI LB LL k-2, ZOMIIZ, FEHICAT
v 7aT7r—VO—HBTHLBARERNEAATL AT /77— (melanophage) TH 5 &
#FZ LN, THIINLT, BAES TR AT /77— POFEFEZH LT, AT HEMIRIC
M TEAERIFEHBREEINL, ZOEREFRRIL, HREOERMNIC AT = 20E3ET
BEBEAKENICKET 2 L0 5, ERNICESROSBEBED AP EET IRENLDE
FUAT=BRBRRETA T /Y — LA (melanosome complex) # L THCREIC
L BRHEAHEATL T3, WhWaIEL T = HEAEN (amelanotic melanophore) N 4E
FTCEFEFTHoL, ZOFEAT= o HBEERE, BT -YORESLVIIEE
DF L AL L L AT = BRBRED & 2 DR CERELIKT L TaRER O B(Lh
Wb b VIIELICHEINLZLDEEZ LT 5 (BH 1976) . BERFMRICBIT 2 4
F = DpESE EHLIC i FER T (melanophore stimilating hormone) & FA 1k W F

(melanization inhibiting factor) 2*MI5 N THE D, £ 7 A DPBE L HEHEEGICH 2 BAaESb
FERT L HERTOFHOREEIEERENERE 4> T D Z EHPREBENTW B,
- T, EEMEEOBERM CIEARSEFERT LR FORMGORE®IC L - T

* 1 BEAE - ERAER - REFEE - KATBA - HOFE(1993) | ASoaHMlscREET (D Mg et 7 xR 51T 3
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S5 ) — AHEAKIC L 2 HOHBERERERIINT A AT /) 77—V XN o RHROM
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5 A DERMOKEREICIE, ZRETHRICTCREGIRI > TV LD EKBETR
IH AL B L 0D 2R H B (718 1992), BIBEOHAICIT, £R20mmHI# D E KT OREH
THBR O K G OEEOE S L EIRN O B OB G BEEY RS S 1T (B8 1992), BET
RIFEMEE 2 3> 0 SBREMFHRN AL 5 FEEMOKRGRE L5 2RI L T\ 2 THEE
AR R LT B (EARIT A 1989, 5548 1992), —F, ARMOEEI R s#EE LT, M
BEKIC ) CIRE L E Y I ADARET B2 8T, HOMWEFORIREE L 7 2 KD NEZ T
W o F7° L > OREABLIE S U THIBEEDBBIEN 5 2D I BERI PR AMRZE S 1L
§, R X L CHAMEED b RILE Y FWA T W oIl BERBEATRIEI NS Z LS
T3 (Kanazawa 1993),

RN OEETE T HOTEREOEEOTERKIIRDOBRELZEL LN EHEEND, T4b
b, HREREL CROBEHHE D, KENIABRE T80 BILAE I - THSks L HgHc X
fb L (KikucHI and MAKINO 1990), *hiE#Ra ¥ (ROBERTS ef al. 1973, SEIKAI 1992) & &
BB OB L > CTREMIBIIBHT 2 % CEBE TRICHEBIZIRAENEBITT 2

OCULAR SKIN REVERSE SKIN
CHARACTERS CHARACTERS
gresesnsanee I. ........ 4 METAMORPHOSIS }jeecrenes I ............. .
possession — — = = — eye position — — = — — migration i

ctenold = — = = — = shape of scales — — — — cycloid
pigmentation - — — = body color — — — — — pigmentless
- . mucus cell -
i increase — — — — — = density — — — — no change

number of epidermal _ _ _ po change

; Increase — — = = filament-containing cell

intraepithelial _

blood vessels — — — development ;

degeneration— — — -

intraepithelial

i degeneration— — — = chioride cells ~ development ;

DIFFERENTIATION PEDOMORPHISM

Fig.15. Schema showing asymmetrical changes in some components on the both sides of the
flatfish skin in process of metamorphosis. The pattern of asymmetrical formation
supported by the adaptive characteristics in relation to a bottom life style is describable
as differentiation on obverse side and as pedomrophism on reverse side.
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