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ABSTRACT

The cutaneous xanthophore differentiation from larvae to adult in Bombina
orientalis—the Korean fire bellied toad—is studied with light and electron
microscopes.

General structure of adult xanthophore which is composed of many pterinos-
omes and a small quantity of carotenoid vesicles is forming chromatophore com-
plex with other dermal pigment cells. And the cytoplasmic process of xantho-
phore is distributed just beneath the basement membrane.

The first differentiated xanthophore is originated from both rER rich cells
and Golgi complex rich cells hefore and after the feeding larval stage. Forma-
tion of the pigment granule is proceeded gradually along the sequental meta-
morphic stages.

After the metamorphosis, rapid multiplication of pterinosome is observed and
enlargement of carotenoid vesicle is appeared after hybernation. These pigment

granules are seen several structures by the differentiated level.
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Carotenoid vesicle2 A ZXW %A veiE 239 g3z 5L vehA g
A el deAA U, JU4G FIAHFL AA7AA AFH hrh @A, carotenoid
Azt W i-ol A A=A = Zo] ofvjzt B2 FE FgFol odrte 4 (Byers and
Porter, 1976, 1977), z2]i o] M 4#glo] g uto] iats]lx| o, H7o JYA A 44
A7)} AR gt Ay Bog n]Fo] B o, carotenoid vesicled] #JFo] ERo]u} Golgi
complexx o}yl 7 gow, Xz Hy TG carotenoid M A7t AZH oz A EA o)
FHslo] 2 £ Ao uief YejAgl Ao]st vtelhvE Ao Yz,

HAAEY ALAD HEF SAEAN B A NG L A5 G
8] 7lAatst 2 ol# o] collagend Fo] #AHAs] o] Jv Aoz FelA (R - FHH,
1982), we SEAZE AF5 e e A" A% S 43 AA Y a4 %
@l HAE AFgHAAH| FFoA FALE AZ Ho vl dEhve SEE #4b0) A
AAl fdloln], A aqgle] ojeig HbE 2AsE Ao Ak

" =

Fo37) F2] (Bombina orientalis Boulenger) Iz 2] A &4 wio] o 3ts FHEBHME(xa-
nthophore) o] ¥-3}5+4 ¢ F3t ¢ A dv|7 oz FAsAd

A9 A Felel A #AabE = 4] 44 L= pterinosomex} carotenoid vesicleE 27} A &
S4e dpaln glevl, dols e ALANLES} HAME ool AALE wet A
AxzAe 715 Wz U

#Hzo FHLAEZe hEHY JAANE ATt 39Sl vtEbvhE tERe] F5-3 Al
2.9} Golgi complexr} F-H-3t AlZ2 Hel 84 - kst Held 2 A E AAGA A
4oz Mgl 4ol o Fojaiwh

wel 7} stg sl e A 715 HFoke] pterinosnme?| 7 & 757]'53’3”1, 28z &4
Fof &= carotenoid vesicle®] Fr} @ o] FAH |, o F HAFAH L LI HEof et
ode] 7tx F2EF epd )l

.L?:

REFERENCES

Alexander, N.J. & W.H. Fahrenbach, 1969. The dermal chromatophores of Anolis carolinensis (Re-
ptiles, Iguana). Am. J. Anat., 126, 41-56.

Bagnara, J.T., ]J.D. Taylor & M.E. Hadley, 1968. Dermal chromatophore unit. J. Cell Biol.. 38,
67-79.

Bagnara, J.T. & M.E. Hadley, 1969. The control of bright colored pigment cells of fishes and am-
phibians. Amer. Zool., 9, 465-478.

Bagnara, J.T., M.E. Hadley & ]J.D. Taylor, 1969. Regulation of bright-colored pigmentation of am-
phibians. Gen. Comp. Endocrinol., Suppl. 2, 425-438.

Bagnara, J.T. & M.E. Hadley, 1973. Chromatophores and color change. Prentice-Hall, 58-68.

Bagnara, J.T., J. Matsmoto, W. Ferris, S.K. Frost, W.A. Turuer Jr., T.T. Tchen & J.D. Taylor,
1979. Common origin of pigment cells. Science, 203, 410-415.



266 Korean J. Zool. Vol. 29, No. 4

Berns, M.W. & K.S. Narayan, 1970. An histochemical and ultrastructural analysis of the dermal
chromatophores of the variant ranid blue frog. J. Morphal., 132, 169.

Byers, H.R. & K.R. Porter, 1976. Pigment migration in cultured erythrophores. J. Cell Biol., 70,
402a (Abst.).

Byers, H.R. & K.R. Porter, 1977. Transformation in the structure of the cytoplasmic ground subst-
ance in erythrophores during pigment aggregation and dispersion. J. Cell Biol., 75, 541-558.

Dushane, G.P., 1934. The source of pigment cells in amphibia. Anat. Rec., 69, 62-63.

Dushane, G.P., 1935. An experimental study of the origin of pigment cells in amphibia. J. Exzp.
Zool., 72, 1-30.
Kamei-Takeuchi, I. & Hama, T., 1971. Structural change of pterinosome (pteridine pigment gr-
anule) during the xanthophore differentiation of Oryzias fish. J. Ultrastruct. Res., 34, 452-463.
Kawaguti, S., Y. Kamishina & K. Sato, 1965. Electron microscopic study on the green skin of the
tree frog. Biol. J. Okayama Univ., 11, 97-109.

Kim, H.H., Y.D. Chi & Y.W. Moon, 1984. The ultrastructure of the cutaneous pigment cells in
Rana nigromaculata coreana Okada. Korean J. Zool., 27, 231-240.

Kim, HH.,, Y.D. Chi & Y.W. Moon, 1985. The ultrastructure of the cutaneous pigment cells in
Rana temporaria dybowskii Giienther Korean J. Zool., 28, 137-150.

Lehman, H.E., 1957. The developmental mechanics of pigment pattern formation in the black axol-
otle, Amblystoma mexicanum. J. Exp. Zool., 135, 355-386.

Lehman & L.M. Youngs, 1959. Pigment cell biology (ed. M. Gordon). Academic Press, 1-36.

Moon, M.J., J.H. Kim, W.K. Kim & C.W. Kim, 1983. The ultrastructure of the cutaneous pigm-
ent cells in Bombina orientalis. Korean J. Electron Microscopy, 13, 12-22.

Moon, M.J., W.K. Kim & C.W. Kim, 1984. Electron microscopic study of the cutaneous erytrophore
differentiation in Bombiana orientalis. Korean J. Zool., 27, 165-176.

Niu, M.C., 1954. Further studies of the origin of amphibian pigment cells. J. Ezp. Zool., 125,
199-220.

Niu, M.C., 1959. Some aspects of the life history of amphibian pigment cells. In: Pigment cell bio-
logy (ed. M. Gordon). Academic Press, New York, 37-49.

Obika, M. & J. Matsumoto, 1968. Morphological and biochemical studies on amphibian bright colored
pigment cells and their pterinosomes. Exp. Cell Res., 52, 646-659.

BNEE - FHEZ, 1982. Ml (c 0% R &/, Hm:, 32-58.

Ortiz, E., E. Bichli, D. Price & H.G. Williams-Ashman, 1963. Red pteridine pigments in the dew-
laps of some Anolis. Physiol. Zool., 36, 97-103.

Ortiz, E. & H.G. Williams-Ashmann, 1963. Identification of skin pteridines in the pasture lizard
Anolis pulchellus. Comp. Biochem. Physiol., 10, 181-190.

Seiji, M. & T.B. Fitzpatrick, 1961. The reciprocal relationship between melanization and tyrosinase
activity in melanosomes (melanin granules). J. Biockem., 49, 700-706.

Taylor, J.D. & M.E. Hadley, 1970. Chromatophores and color change in the lizard, Anolis carolin-
ensis. Z. Zellforsch. Mikrosk. Anat., 104, 282.

Taylor, J.D. & J.T. Bagnara, 1972, Dermal chromatophores. Am. Zool., 12, 43-62.

Toda, T. & T.B. Fitzparick, 1971. The biology of normal and abnormal skin (ed. Kawamura, T.
et al.). Tokyo Univ. Press.



July 1986 Moon et al. —Xanthophore differentiation in B. orientalis 267

Turner, W.A. Jr., J.D. Taylor & T.T. Tchen, 1975. Melanosome formation in the goldfish; the role
of multivesicular bodies. J. Ultrastruct. Res., 51, 16-31.

Turner, W.A. Jr. & J.D. Taylor, 1977. Heterochromatin dispersion and blebbing of the nuclear
membrane induced by melanophore stimulating hormone. Exp. Cell Res., 106, 417-422.

Volpe, E.P., 1964. Fate of neural crest homotransplants in pattern mutants of the leopard frog. J.

Ezxp. Zool., 157, 179-196.
Weston, J.A., 1970. The migration and differentiation of neural crest cells. Advan. Morpkol., 8,

41-114.
Wright, M\M. & A.B. Lerner, 1960. On movement of pigment granules in frog melanocytes. End-

ocrinology, 66, 599-609.

Yasutomi, M. & T. Hama, 1971. Ultramicroscopic study of the developmental change of the xanth-
ophore in the frog, Rana japonica with special reference to pterinosomes. Develop. Growthk and
Differ., 13, 141-149.

Yasutomi, M. & T. Hama, 1972. Electron microscopic study on the xanthophore differention in Xe-
nopus laevis, with special reference to their pterinosomes. J. Ultrastruct. Res., 38, 421-432.



268 » Korean J. Zool. Vol. 29, No. 4,

Fig. 1. Photomicrograph of green colored ‘dorsal skin in adult frog. (X3, 450)

Fig. 2,3. Electron micrographs of adult dorsal skin. Three major types of dermal chromatophores
composed of xanthophores (X), iridophores (I) and melanophores (M) are observed just beneath the
basement membrane (BM). Pigment granules of the xanthopores are large and small sized carotenoid
vesicles (CV) and several types of pterinosomes (PT). (x9,500) (x6,500)

Fig. 4. At the larval stage before feeding, rER rich cells (ER) and Golgi complex rich cells (GC)
which assumed the precursors of the dermal chromatophores are distributed parallel to the basement
membrane (BM) beneath the muscle layer (ML) of dermis.
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Fig. 5. Electron micrograph of rER rich cell. (x24,000)

Fig. 6. Electron micrograph of Golgi complex rich cell. (x20,000)

Fig. 7. Two precursors of the dermal chromatophores commonly contain ellipsoid shaped nucleus,
well developed cytoplasmic process and plenty of mitochondria (MT). (x 15, 000)

Fig. 8,9. At the larval stage after feeding, the first differentiated xanthophores are originated from
both rER rich cells and Golgi complex rich cells but the differentiated level of pterinosomes is not
remarkable and the accumulation state of carotenoid pigment is also relatively low. At this stage,
several multivesicular bodies (MB) which presumed to the intermediate state state of pigment gran-
ules are observed within the cytoplasm of xanthophores. (x23,000) (X 10, 800)
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Fig. 10, 11, 12. At the hind leg developing stage of metamorphosis, iridophores as well as xant-
hophores are developed from both rER rich cells and Golgi complex rich cells. Fusion between Golgi
complex rich cells and iridophores is occasionally appeared at this stage. Reflecting platelets (RP)—
pigment granules of iridophores—are arranged irregularly and within the cytoplasm of rER rich
cells, plenty of vacuoles (V) and mitochondria are observed. (x9,000) (x7,800) (x7,800)

Fig. 13,14, 15. At the fore leg developing stage of metamorphosis, formation of pigment gran-
ules from rER rich cell is very active and chromatophore migration from inferior region to superior
region of muscle layer (ML) is accomplished at this stage. (x14,000) (x11,200) (x8,000)
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Fig. 16,17, 18. After the metamorphosis, nucleus of xanthophores is tightly condensed by rapid
multiplication of pterinosome and internal region of these pigment granules are filled with fibrous
materials and concentric lamella shaped materials. (x5, 600) (x28,000) (x9,400)

Fig. 19,20. After hybernation, carotenoid vesicles are fused each other and making large granules
and formation of dermal chromatophore unit is carried ocut at this stage. Pigment granules of pteri-
nosomes are appeared several structures by the differentiated level such as fibrous, membranous and
concentric lamella shaped pterinosomes. (%6, 400) (x16, 000)



