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Fig. 1. (A) Quantitation of chondrogenesis of HH-stage
23/24 limb bud mesenchymal cell cultures (5 x 10°
cells/ml). @ ---@. the number of cartilage nodules
stained with alcian blue; () -.- ("), the amount of dye
bound to sulfated glycosaminoglycans; il --- ll, the rate
of [*°S] sulfate incorporation into cell layer macro-
molecules. Each point of the above data represents the
mean of five determinations. (B) Relationship between
cartilage nodule number and the rate of [*°S]sulfate in-
corporation into cell layer macromolecules in 72 hr cul-
tures (5 x 10° cells/ml). The linear correlation coeffi-
cienct is 0.81.
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Fig. 2. (A) Dose dedpendence of calcium ion on the
chondrogenesis in vitro. Cultures (5 x 10° cell/ml)
were supplemented with various concentrations of cal-
cium ion throughout culture period and assayed for ev-
ery 24 hr. |l --- . control; {3 --- (), 0.5 mM; A ... A,
1mM, @ @ 2 mM; & - & 3 mM. Each point of
the above data represents the mean of five determina-
tions. (B) Time dependence of Ca?"' effect. Fach culture
(a~f) except control (C) was treated with 3 mM of
Ca”' in various intervals as indicated in the box,
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Fig. 3. Effect of A23187 in the absence and the pre-
sence of calcium ion (3 mM) on the chondrogenesis in
vitro. Cultures (5 x 10° cells/ml) were supplemented
with either various concentration of A23187 only ([7]) or
3 mM of Ca®' in addition to A23187 () for 72 hr and
fixed and stained as described in ‘Materials and
Methods’. C, control.
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Fig. 4. Effect of D600 on the chondorgenesis in vitro.
Cultures (5 x 10° cells/ml) were supplemented with
various concentrations of D600 ((]) or 3 mM of Ca®' in
addition to D600 (M) for 72 hr and fixed and stained as
described in ‘Materials and Methods.” C, control.
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Fig. 5. Photomicrograph of mesenchymal cells cultured under various conditions. A, control: B, 3 mM of Ca*'
treated: C. 0.05 .M of A23187-treated; D, 0.05 ,M of A23187 with 3 mM of Ca”' -treated; E. 35 .M of
D600-treated; F, 35 M of D600 with 3 mM of Ca“' -treated. All the cultures (5 x 10" cells/ml) were treated
throughout the culture periods (72 hr). and were fixed and stained with alcian blue. Photomicrography was taken at

X 25.
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Fig. 6. Intracellular *°Ca? ' levels in control micromass
culture ([7]) and the effect of continuous exposure to
0.05 ;M A23187 on intracellular BCa?' levels (HD).
Inset: Time dependence of **Ca”' incorporation rate.
See the text for details.



Ociober 1991 Kim et al.
I B R TR R I IS A L B S
Galeh Al { Ao dled] g o)
e AT S I e B B et R '&L".i*l"'a}
ARG T‘ o) ol eh falslal ol kel A 4
ul A0 g vl 2hg pool?] Fale] o6 4]
ol b o b ) ol Anl o) Kang, 1991).
Ca? o] Al el g el af el 4 0= 4 el 4
ol Al ghon) Ca” "0 dl ol 4 vhekala) <hg-a]

o] calcium binding protein( ;] calmodulin) b

A ks Al protein kinase C2] #F8-of] wlo] gf 1+

o it ook d] oleh(William and Samuel,
1989). xza) A sid] 7ok cAMPE] -2 4] &
odAlslet glof 4l vl cAMP-G-7p) o weshy &
A )] b ]L}(Solursh et al., 1981). ule}A 0!1]
b Al bl el akulxl ol kdb A
oAb ST A Ao A 4
O atar gl olatel Aok b, Cat' ok ol a
51 cAMD, PKC. 1P, 50 ) 6ol abd sl
vl Wb Al 2] o] fads]ofof w4
ofrl, aldl bl A4 ofell gk g
) goll el

=
IEE

o

Bee, J. A. and R. Jeffries, 1987. The relationship be-
tween intracellular calcium levels and limb bud chon-
drogenesis in vitro. Development 100: 73-81.

Bee, J. A. and K. von der Mark, 1984. A molecular
approach to analysis of pre-chondrogenic condensa-
tion in the avian limb. J. Embryol. Exp. Morphol.
(Suppl.} 82: 80-88.

Bee, J.A. and K. von der Mark, 1987. Limb bud cel
aggregation: Indentification of the calcium-dependent
mechansim. Devel. Biol. 121: 376-388.

Chevallier, A., M. Kiney, and A. Mauger, 1977. Limb-
somite relationship, origin of the limb musculature. J.
Embryol. Exp. Morphol. 41: 245-258.

Christ, B.. H.d. Jacob, and M. Jacob, 1977. Ex-
perimental analysis of the origin of the wing muscula-
ture in avain embryos. Anat. Embryol. 150: 170-186.

Damsky, C. H., J. Richa, D. Solter, K. Knudson, and C.
A. Buck, 1983. Identification and purification of a cell
surface glycoprotein mediating intercellular adhesion
in embryonic and adult tissue. Cell 34: 455-466.

Ede, D. A. 1983. Cellular condensation and chon-

—Effect of Calcium lon on the Chondrogenesis 467

drogenesis. In: Cartilage (B. K. Hall, ed.). Academic
Press, New York. Vol. 2, pp. 143-185.

George-Weinstein, M., C. Decker, and A. Horwitz,
1988. Combination of monoclonal antibodies disting-
uish mesenchymal, myogenic, and chondrogenic pre-
cursors of the developing chick embryo. Dev. Biol.
125: 34-50.

Goldberg, G. L. and B. P. Toole, 1984. Hyaluronate con-
taining pericellular coats of chondrocytes. J. Cell Biol.
101: 2134-2144.

Kang, S.S., 1991. Calcium signaling system. News Lett.
Kor. Soc. Zool. 8: 19-26.

Kosher, R. A, W. M. Kulyk, and S. W. Gau, 1986. Col-
lagen gene expression during limb cartilage differentia-
tion. J. Cell Biol. 102: 1151-1156.

Koher, R. A. and B. J. Roders, 1987. Separation of the
myogenic and chondrogenic progenitor cells of un-
differentiated limb mesenchyme. Dev. Biol. 121:
376-388.

Lev, R. and S. S. Spicer, 1964. Specific staining of sul-
fate groups with alcian blue at low pH. J. Histochem.
Cytochem. 12: 309-314.

Mallein-Gerin, F., R. A. Kosher, W. B. Upholt, and M. L.
Tanzer, 1988. Temporal and spatial analysis of carti-
lage proteoglycan core protein gene expression during
limb development by in situ hybridization. Dev. Biol.
126: 337-345.

Nah, H. D., B. J. Rodgers, W. M. Kulyk, B. E. Kream, R.
A. Kosher, and W. B. Upholt, 1988. In situ hybridiza-
tion analysis of the expression of the type Il collagen
gene ‘in the developing chicken limb bud. Collagen
Rel. Res. 8: 277-294.

Newman. S. A, 1977. Lineage and pattern in the de-
veloping wing bud. In: Vertebrate limb and somite
morphogensis (D. A. Ede and J. R. Hinchliffe, eds.).
Cambridge Univ. Press, Cambridge, pp. 181-197.

Park, T.K., J. K. Sonn, J. A. Yoo, B.J. Yoo, and S. S.
Kang, 1990. Studies on the differentiation of chon-
drogenic cells in developing chick embryo 1. Cellular
condensation and chondrogensis. Kor. J. Zool 33:
310-321.

Pennypacker, J. P,
chick limb mesenchyme cells in serum-free medium.
In: Limb Developmentt and Regeneration, Part B (R.
O. Kelly, P.F. Goetinck, and J. A. MacCabe, eds.).
Liss, New York, pp. 167-174.

Rutz, R., C. Haney, and S. Hauschka, 1982. Spatial
analysis of limb bud myogenesis, an proxidodistal gra-
dient of muscle colony-forming cells in chick embryo
leg buds. Dev. Biol. 90: 399-411.

San Antonio, J. D. and R. S. Tuan, 1986. Chondrogene-
sis of limb bud mesenchyme in vitro, stimulation by
cations. Dev. Biol. 115: 313-324.

1983. The growth of embryonic




468 Korean J. Zool.

Sasse. J.. A. Horwitz, M. Pacifici, and H. Holtzer, 1984.
Separation of precursor myogenic and chondrogenic
cells in early limb bud mesenchyme by a monoclonal
antibody. J. Cell Biol. 99: 1856-1866.

Solursh, M., 1983. Cell-cell interactions and chon-
drogenesis. In: Cartilage(B. K. Hall ed.). Academic
Press Inc., New York, Vol. 2, pp. 121-141.

Solurish, M., 1989. Differentiation of cartilage and bone.
In : Current Opinion in Cell Biol. (N. B. Gilula and L.
Wolpert eds.). Vol. 1, pp. 889-998.

Solursh, M., R. S. Reiter, P. B. Ahrens, and B. M. Vertel,

1981. Stage- and position-related changes in chon-
drogenic response of chick embryonic wing mesen-

chyme to treatemtn with dibutyryl cyclic AMP. Dev.

Vol. 34, No. 4

Biol. 83: 9-19.

Swalla, B.J, W.B. Upholt, and M. Solursh, 1988.
Analysis of type II collagen localization in chick wing
buds by in situ hybridization. Dev. Biol. 125: 51-58.

Tsien, R. W. and R. Y. Tsien, 1990. Calcium channels,
stores, and oscillations. Ann. Rev. Cell Biol. 6:
715-760.

William, L. D. and E. A. Samuel, 1989. Effects of cAMP-
dependent, calmodulin-dependent and C-type pro-
tein kinase on platelet calcium transport. In : Cell Cal-
cium Metabolism (G. Fiskum ed.). pp. 83-91.

(Accepted June 24, 1991)

Studies on the Differentiation of Chondrogenic Cells in Developing Chick Embryo
Il. Effect of Calcium lon on the Chondrogenesis
Soo Dong Kim, Jong Kyung Sonn, Tae Kyu Park, and Shin-Sung Kang (Department of Biology,
Kyungpook National University, Taegu, Korea)

To investigate the effect of Ca“' on the chondrogenesis of chick limb bud mesenchyme cells,
chondrolbasts (5 x 10°¢ cells/ml) of HH-stage 23/24 were micromass cultured in the presence
of various concentrations of Ca“' and/or A23187 or D600 with various interval and in vitro
chondrogenesis was assayed. Also intracellular Ca”' levels were measured throughout cultures
by using **CaCl, with or without A23187. From the experimental results obtained, it was found
that Ca® ' stimulates celiular aggregation which leads to promote the chondrogenesis. It was also
found that Ca®' enters the cell during the early step in chondrogenesis and acts as an intracellu-

lar enhancer on the chondrogenesis.



