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ABSTRACT

The cutaneous erythrophore differentiation from larvae to adult in Bombina
orientalis—the Korean fire bellied toad—is discussed electron microscopically
to reveal the structural changes of carotenoid vesicles and pterinosomes in
the process of erythrophore differentiation.

Typical structure of adult erythrophores distributed beneath the basement
membrane is composed much carotenoid vesicles and a small quantity of
pterinosomes. Marginal electron density of these carotenoid vesicles is higher
than those of internal regions and pterinosomes have many concentric
lamellae.

The very first differentiated erythrophores are appeared before and after
the foreleg developing stage of metamorphosis and red ventral color is just
appeared about 1~2 weeks after metamorphosis.

About 1 year after metamorphosis, external body color of the young toad
is similar to adult but the morphology of pigment granules observed in these
erythrophores differs from that of adult in structure and electron density. At
this stage, the differentiated level of pterinosomes is not remarkable and the
accumulation state of carotenoid pigments in erythrophores is also relatively

low.
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kA 5 BombinaB2) 4% FolA, F2 e dddA MAsE F3A T2 (Bombina
orientalis Boulenger) & = BFMFRs E53td Fulo] AAste MEHAEH T FLH
Ko R #EME (erythrophore) 7} #& = v} (Moon et al., 1983). 374729 4ol
vehvbE B TR A4S Hke oty el Ee A Bl #fEsle lew, Kl
A ftast B FH 2 ol Fold QEd, 4 gy wd FHd =E AR Azl
FRE R FEE 399 B HEAFEMKE (xanthophore), #TE MM (iridophore),
EEFEMY (melanophore) % 3ff9] AiAE HAEE olFox EEM CFMAR Hir
{dermal chromatophore unit) 7} =a-=vl, K BB 9z 2o KL o A= B
MRS, #WE i G Ed Ay AR ARy, 28z HZY
Bt RN BEGEOFEMARE 495 glgo) A vt (Moon et al., 1983).

SURTF RIS B2 A A o B3 o F= U 7] Dushane (1934, *35), Niu (1954,
'59) ol & FAF ALA LY fEf L BEEEC] X hFozler, Lehman (1957)
& x F 3 (Amblystoma mexicanum) 2] M AAXE JpEe] wlsl4], Volpe (1964), Weston
(1970) &2 A=A 29 2R PR (neural crest)] kel Hlal, =&z ool Ba-
gnara et al. (1979)0] 23] A4 29 el WHg dF7F o] Folxlx 9ok @A Taylor
& Hadley (1970), Bagnara & Hadley (1973) o] o)Al oFAl §F BSfusiifhe]l Hefpo] o
3% ov], Obika & Matsumoto (1968), Bagnara & Hadley (1969), Bagnare et al. (1969),
el old BHEEST Vel A A MR 3 H£A8H0A AUt ol Fedzis 59
Alexander & Fahrenbach (1969), Kawaguti ef al. (1965), Bagnara et al. (1968), Berns
& Narayan (1970), Taylor & Bagnara (1972) %8 oFA §-¢ #}&5-o AEH: ALAxZ
wame) el 4, =8l Ortiz e al. (1963), Ortiz & Williams-Ashmann (1963), Obika
& Matsumoto (1968), Obika (1970), Kamei-Takeuchi & Hama (1971), Yasutomi & Hama
(1971, *72) - pteridine fA3REAIQ] pterinosome] FUE P £y FAo Hg ATE

e gRMEMel Wk a7+ Orato (1976), Byers & Porter (1976, '77) o] =Aufj gt
FEEME A At ol Ex TzAQ WHS IFsle onl, Matsumoto (1965)0]
&l Xiphophorus helleri®} FREFEMM T2 L&) 54 € Aol A 771 of
FoigiAlal, U AAFY FREKMEd N AT FFF - FAF - AFE HESFZ A
o] ZES AAole, ohut FRATE R Ry d FeleA FERMES Balkkis
7b ) 2ol wre A 94 ¥oltt (Moon e al., 1983).

ol Azt e Aol FRATee] g 9 g wE KE AERMEY BRI o
feet ERERS BREERN Bl A ATF AR dojal AAE 7] Lxe}
322k gt
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e H FE

FHE W FRE (344 dodlA AR 7307 (Bombina orientalis Boulen-
ger) B8 (adult, young adult) ¥ HX EIN=o] £33 $hig okddlA A%k, WEE
9 Z+ SAEE JEEY S MEE Stk

SRS #fao]l TR & HEHY ke BEEY —8 WE, 283 R $H
S BB R BRI LIk Mele e wE S 0.64% HEAH 29 WA Gk
o] 2.5% paraformaldehyde - glutaraldehyde (4°C, phosphate buffer, pH 7.2) %} 1% 0sO,
(4°C, phosphate buffer, pH 7.2) 2. i« # FEEE o1& ethanol % A5z RKEA
o}, propylenoxide® =] 313} Epon-Araldite Z &) @ifislg e},

1335 222 Sorvall MT-2 2 LKB ultramicrotomeo 2 ZulaM$ =uhEo] collodion
f&< 913 copper gride] XxbAjz] t}-L, uranyl acetate (agueous sol.)$} lead citrateo] 4
Ashe] Hitachi HS-7S (50KV) % JEM 100 CX-1I (80KV) BT E@gio = Aaagch

= ®

T e BEY R L8 Adste B ARMRE AERMR S LERER)
Bigol A #a= & FERMES] A9 T2 S gl F49 BFEE/ A2
¥ 58 carotenoid B E (Fig. D3 B33 B, f#ER =t AOERY lamella
FZ2% 7HA & /NES) pterinosomeEo]l Lol J)Auhg vwhel EEE bl HA S
gyt (Fig. 2).

HEFEAS ol Fd & purine KEREES KEHIMR (reflecting platelet) 0.2 o] Fojal ¥
aFMHRt Bg olFx2 dehvded (Fig. 3), © ol HRE Aol #EHY de 3
= s ol

SEHS BEEAA £ melanin FEio] £ BEZRMRE D FFE ¥, FEE U
Fo e GRMRE Y e U BEmE EbA @t

WEHCT Evta #gst Add F, BEY BAR oEldA AA HEF ¥z de
FEFEME € weaRMiY FEst 22 A9, B2 Sl BETEE 22 #
HERRS] AP E EAES WEsL v 99l E vacuoleEol &g VENer (Fig. 4, 70 =4
o % FHRAE rEREo| 3=

ieR #Hzxe RERMEE BEH WK 28 AJE ATt BRY T8F AoldA
el A Fsbevl slAete e W BE Solv HAR T8 = HY¥E 9
F3 9 carotenoid EkiEo] AR A Yz (Fig. 6) BH BTFEEE AAH=
v on], pterinosomed A== okt (Fig. 7).

WHE HHY 24 EEAE ALAZY ojFe] = THF AdFo A FERE
K7t vetsten (Fig. 8), E7] SodAde BRE 79 AA7 otk 3883 carotenoid
vesicleEo] #A= A ql, o] AslolAE QA pterinosome FAS A @tk (Fig. 9).

B ® 1~287 A" W E A o] JEE B¥ss] AFRsted oA A
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% carotenoid EkIo] Byt FA 8 FbEv] (Fig. 10), RLE #AEIRS) pterinosomeFo]
Agoz A (Fig. 1D.

T el o A e SEME AJGA Ao S HH, o Fdl & XiRA
7k Aeld o] & AFelel A vebbE o e KB ¥ olst gAY AASH =
o e o] W A H o= carotenoid A9 HEr} wobd, F9 BTHES
WEEo 28 oo, b= FEOEERY lamella +x £ 717 pterinosomeEo] #7Hx
drt (Fig. 12). & w2d PdA o] EES Eald4 HEE o) F=2 o, E719
Yol & EEE] o HAs A glm (Fig. 13), E7]9 F#ol mitochondrias}
tER Fo] #A5 At (Fig. 14).

e o 14pe] Add ol TE RO K HSelAE chel carotenoid HKIE ol
G&s o], #39 27t FoksEE dgol doivte (Fig. 15), FH¥-o ETEE/F AT
Rt} & A3}A EolR carotenoid FHkrT)l pterinosomeEo] A= ol (Fig. 16).

oA 2fEHel A3d 24 ZRIAE Yol o] P45 1o carotenoid FKIEO]
FA8 Zrhsr) AFsA gk Fig. 17), o}F carotenoid ZA 9 AHErb F o],
pterinosomes] SrfLE RS wle] A sA @sieh (Fig. 18).

% =

B AHBYS] B BB PddlE KBF (EMI = melanophore, leucophore. irido-
phore, xanthophore, erythrophore %o] ¢+a]x] gl o (Parker 1948; Lehman & Youngs
1959; Fox & Vevers 1960; Bagnara & Hadley 1973), #f =& ;RS wass o1 A
Z=4) o] = carotenoid® Fg & o2 3= A (lipophore) 7} pterineo] F 2.3+ A HEH HT
2 =lo] & A (allophore or pterinophore) o] Fo#EEz o, AAzZE FH— A%
ol ¥ A5 mFEs) st g 397 goriz, dAs D¢’ G 13 ®KA
F4l (xanthophore) &b .83 4M (erythrophore) 2. 2] w2 glt} (Taylor & Hadley 1970;
Ferris & Bagnara 1972; RJI| « F:Hi 1982).

&R, FAF L I FY Fifa R4 AW E FEaFMEe EHF B 5Ll
F:a2] carotenoid vesicleSol =] uk, 4 ko] pterinosomeS % G4 HEEE AdA HAHG
(Ortiz & Williams-Ashmann 1963; Ortiz et al., 1969; Orato 1976).

=3 FRERMEEE BEYE AEMREA 499 AAD ol HEEBAA vee &BX
Bol Ay w2z G, 3954 Notophthalmus viridescens?] RE o £ ubd 5
Slell Al FRfao) carotenoid FEIS sixl & FM AFEMRIT @R UGE 2xob o
(Bagnara & Hadley 1973), olze] =4 d FHfaFilzts w4 str)ol & bl #Emel 2
E7} ¥-E3ich

Bl 2] MRS i el FoslE ¥ 3K B-carotene; 4-hydroxy-echinenone;
a-cryptoxanthin (3-hydroxy-a-carotene; 3-hydroxy-canthaxanthin; lutein; 3, 3’-dihydroxy-
3,4, 3/,4’-bisdehydro-p-carotene Zgo]r} s \E9| carotenoid 3¢l lutein monoester; tor-
ulene; y-carotene; 5, 6-monoepoxy-a-carotene like 8% FFFHof Lo] Bumsx 3
(Chang & Chong 1974, '74, ’75, ’76, ’80).
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T3 T ERAA vdEve RE-S Btk ARMAE B dFdA WA eker Z
o] (Bagnara et al., 1968; Alexander 1969) ER#: kMl FREFME} iAo
AZ FE olEoEZA BEY e o8 aF B #EE deie AoZ P4

g, BFEMRe] IS RIE (neural crest)oln, fiEiIEE A (neural tube)<]
S5 GRS wet s MRERCZA 974 R ok e, WA B
FHiEE #Es]o ddol ¢34 gk (Weston 1970).

MRS SE dods BiEd daAde off FAA wHA wrt 4w BE
Bl &t chromatoblastyl st FH 9 lifde] stz glowr, RIFHERC|
AzA Y 5ihE 2deE Aoz gdAd Yok (B - FH, 1982).

HEHEMRS S BEAA AREE FaFERe] BF EHQ carotenoid vesiclest
pterinosome®] i1y & Al7|E 2 BEHASY §iE 23 AV 9 WE 3 1~280 o 3
=l AR BB TY AZEA, F EREY 28 AVde A9d Azkg AHelst dle A

L2 olFste dAdol BKMES ALERAA ehvted, o FAL #EH T ol F
oA, olfdt o] Felw A AT 2 ol 9 collagen Bl HHHA Y AL
E Azgc

BEE % 140 A o AT o vdelhve By 453 R #e b
olele WrhE A7k glgol= BTt fak EREY WS 2 HRdge A,
carotenoid 3¢} ol Al FRHAAAE Aol ofvle Eris] HF2HE Y Fibel ottt
4 (Byers & Porter, 1976, *77), 2] 3 carotenoid vesicles] #Hfo] glcte A %Koz
w]F-o] ¥ i, carotenoid Fikre] s]¢e] Golgi-H&# Y /JREE ohd A Zow, oz
SHERES-E] THEl carotenoid st AR Ao MEMAC £HI, = FHY Fxo]
wet YRR Aelst vehvie Aoz AE oA

E 3]

T3 T2 (Bombina orientalis Boulenger) M9 7Res BB el FaFiR
o i BES BTEMEeE J4s9)

Bl A AAH = FREEMEY AP T2E, F99 BETFHEES 32 2L %
£9) carotenoid FRI T}, TFA Y PR, BEK T FAOERS lamella #ES s
/EES] pterinosomefo] 7S] B S whel WolglE FREAFKMKS ZE ol s
HN7 HEE stz gl

ke JmES FERMRE B WK 23415 AFetd, Ao 9 BTEE
7} ¥ carotenoid el FHA & HREEZ vehie] pterinosome LA ¢rech

RS Frtae] SRR SR = ARetE A7E Ak B8 % 1~287 A3 FloH,
°of Al7lel K%ftel pterinosomego] vehity] A et

BEOR % 150 A3 o7 ATl S8 /T BeS 45T REY SA3EA
oh, RAE = AR Eive HREE carotenoid Ao A=} %2 Aleo]s], pterinosomes)
FHE R va) #A8A Fokeh
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Fig. 1, 2. Typical structure of adult erythrophores composed of large carotenoid vesicles (CV) and
a small quantity of pterinosomes (PT). (x15,000) (x 14, 400)

Fig. 3. Adult iridophores, which contain reflecting platelets (RP) are observed beneath the erythro-
phores. (x93, 00)
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Fig. 4,5. At the beginning of metamorphcesis. The long process of chromatophore is seen beneath
the muscle layer and plenty of vacuoles are formed in the cytoplasm. Electron dense fibrous
materials (FM) and rough Endoplasmic Reticum (ER) are also observed. (%24, 000)
(%35, 000)

Fig. 6,7. At the foreleg-developing stage of metamorphosis. The very differentiated erythrophores
are seen parallel to the basement membrane (BM) in muscle layer. The carotenoid vesicles
are formed a mass and pterinosomes are not observed at this stage. (x17,500) (x27,200)

Fig. 8,9. At the end of metamorphosis. Carotenoid vesicles which have an oval shape and relatively
low electron density are seen just beneath the basement membrane. (x 17, 500) (X 16, 000).
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s

Fig. 10,11. At 2 weeks after metamorphosis. The number of carotenoid vesicles is increased rapidly
and undifferentiated pterinosomes are just appeared at this stage. (x24,000) (36,000).

Fig. 12,13, 14. At 10 months after metamorphosis. Fibrous pterinosomes are seen at this stage and
electron density of carotenoid vesicles is relatively low. Plasma membrane which surrounding

the process is well developed and rER & mitochondria (MI) are distributed around the
process. (x14,800) (x15,000) (x21,000).
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Fig. 15,16. At 12 months after metamorphosis. Carotenoid vesicles are fused each other and making
large granules. Internal electron density of these vesicles is relatively lower than those of
marginal regions. (%20, 000) (x 35, 000)

Fig. 17,18. At 14 months after metamorphosis. Large carotenoid vesicles are forming the inner cavity
like the adult erythrophores. But accumulation state of carotenoid pigments and differen-

tiation level of pterinosomes are still lower than those of adult erythrophores. (X 14, 000)
(%16, 000)



