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Fig. 1. The location of the first horizontal cleavage furrow (third) along the animal/vegetal axis. (A) Diagram of the
formation of the first three {typical) cleavage furrows. Egg rotation response to activation is triggered by sperm
entrance. (B) Representative examples of the location of the third cleavage furrow in Rana dybowskii embryos

exposed uG, 1G and 3G.

33 At 1 ghel 0.269 FAdulel vl A
a zmw WAg o) ge 0.32, 1FY
ol dAE wjel G 0.172 & Ao)E
< g F ARR (27 2).

g Aol Wt g9 AU FE
. &, AFE Adgdae o] BdW
A FolA HW TERNTZRY &
gre A9 43 =ANE

H

l

}ﬂ ;ﬂ; FL o l"_s..
+ 2

o

4 ga7sel

e o "%‘@! FElcl M= BdWe] FEF
Ll

%%?ﬂﬁﬁﬂﬁ =3

ol EHFoll oF #Zol fixlet =27 I
ch MESo| s}

FAF B AoIM HF 128E7AA 9 ¢
de FHERTAAN A FAHoz dojut



October 1992 Lee & Chung — Gravity Sensitive Morphogenesis 521
A e

AVCR=h/H
B 50 —m— 3G —5— 16 —&— UG

Frequency(%)
3 g

VAN

0.00 010 020 030 040 0.50 0.60
AVCR

Fig. 2. Quantitation of the response of the Rana
dybowskii third cleavage furrow to uG and 3G exposure.
{A) Determination of animal vegetal cleavage ratio
(AVCR). The height of the animal blastomeres (h) is
compared to the total height (H) of the embryo. (B)
Pooled AVCR data from 560 embryos derived from 5
spawnings.
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Fig. 3. The location of the blastocoel in midblastula (left)
and the location of the dorsal lip of the blastopore in
gastrula (right).
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Fig. 4. The number of cell layers in the blastocoel roof.
(A} The mean number of cell layers in the blastocoel roof
of uG, 3G exposed and normal embryos at blastula
stage. (B) The mean number of cell layers in the
blastocoel roof of uG, 3G exposed and normal embryos
at gastrula stage.
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Fig. 5. Quantitation of novel gravitational field effects
on the location of involution site.
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Fig. 6. The rate of development to the gastrula stage.
The proportion of embryos exposed to uG that reach at
least stage 10 is greater than the case for 3G embryos or
for 1G controls.
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Fig. 7. Subtle dismorphogenesis along the
anterior/posterior axis of novel gravitational-field-
exposed larvae at tail fin circulation stage. uG larvae
show a slightly anteriorization exemplified by increased
head size, compared with 1G and 3G larvae.

ANE FAIG AHE 2% A2 Ve
(Neff et al., 1992). Fe€73e] W7} Fe
PAgol H&EE PIX= AMHR v Fo] Bo] ¢
MFe 27 AL FH AuE ¥ern
g 4 ot

Z7) @ gACAN AJELH A F
geo] FAr|o 98 HAAHAT. v FAF
iAol lojA 8 o]E&Al MEH 3 Aol
U ddwe Aol od dEgEs deAe H
gatx] gt

ol FE AN T A/ Wk A
AL fAdee oz 94283 Rana vl
A Aol FEF Fo vt BHF &4
o) wle) A42s 2™ (Hertwig, 1899), F&
314 d) (clinostat) A 3 AE wio] A3EEH
e AW A Fdoe Bzt 99
(Dorfman and Cherdantzev, 1977). %%
AX B d4 AAZE AXFe] AW E #

Lee & Chung—Gravity Sensitive Morphogenesis 523

T371% st=d (Dorfman and Cherdant
zev, 1977), & dz dadWde 9% xS
wjo] ¢t% o2 o]FAlZitk(Danilchik and
Denegre, 1991). A7 JeloAr A EF A
s e EEWE 9 AxdE 8 As
] o] , w8 A= MEH o
=8 Agste Aoz Agzdc
].»L A—“E;ﬂ
7hen nFE éﬁli of =
o]

=A1 7;\10]

o
o ©f
.\‘;1
o

rlo
o

JE
(o
fu
T
i/
_,VL
H
_V}i

Aol dAd
sty Aoz Az
i]% A @y

5o YAz Fg
#Zth Dalest Slac (1987) & ¥ I+4
A ASEEH dFdeRe AR Aol #
of el Exd vt vt JRIHEFA A7
x| Atele] BAE HWEHE UM
ZAEHY JEEHE] BAE FF A9
Aol g€},

G FEe el A FAFA doAA JRAHTL
9] zto|u} batch® zleje FEE e, o
e Aol FAHG EAE MEEATE
apolol] 23k Ao QzrATt, o|¢ #Z JiA
 Ex batch 9 ztol= WAool P
wel 2EEY, EI} QdYHez BEEdWe W
g WAl F oujde = FAARA A
2 WA (Masho, 1988). A7 ZdHlolA
oA = 2 7|FE o} FHoE fEE
dEHY Apolm FESHA 3 & Eul7]ol
FES AQ AZS v AFY A9 ud
AE ZA Zbstn 253 Ao widM e
Zadte AEE BAed Bl ol2¥ A
duj et ¥i&gt FEo R Ao doyti(ad
4). e -7-:75—:1% AEe oled B o3|
ol Foj it} (Keller, 1980). & Xui7|o F&
= AT AEEFE HAo] P wep X
4o 93td MEFr7t Frkete BAlO AE

oot o 2 2 o g ol
1o
>

Lo w ro
M

e
g o o
fr o o
£

du BN
H>

N

o

T



524 Korean J. Zool.

59 $Fog gre oz Ego] g9
v U MESFE B v o)
& Axe TEE FEHYY ®Hgld S W
2 gkske}.
old FHEHAL B Srom JPTFE YA
g uGuilel A5 #A £xe O Frtdon
St

£ WA zke) Aelst A oAL Wl fUA
Eygoz 4zdd. ZAuelA e s e
SYAZEE MEFT H5ol ofs AT

(Satoh, 1977). ofvt= <] FHFA H
FE e FAERMT AT 7o #-4

¥3 v g #gtz Qs Fr)IFEujAolr]e] A
2rak Fuj Al A A7) WEle e g Bl
olf g 7teAd & ZAEH] A FrIEwMol
719k @ufel Alztel gt A FE AL
7t aFE™, F71ZujHEol7] o] Fut, FujA
71e) dAH o2 FHEE GS-17(Krieg and
Melton, 1985)# Goosecoid (Blumberg et
al., 1991) #& RAAE o] &3 FHHAY
] = 77 A Fo Uk

P EE 2 ) ol FHEAdd=

v Aoz HAo uGERZAAA
tail fin circulation A171¢] wWie 1G9 Hlm

g o sjfRert SoisEy, 3G Bede &

a5t Aol HAHYL. AFY 2o o
gusle Hs $FFuMY dgezs

#a&dE ¥l At (Young and Tremor,
1968). ol¢t & FefA WAzt x27wje 7]

¥ gAdel wstd o3 RAAA AlEAel AHuf
2l g AQJNA & H&akA] gt

.
NER

e

Blumberg, B., C.V.E. Wright, E.M. DeRobertis, and K.
W.Y. Cho, 1991. Organizer-specific homeobox genes
in Xenopus laevis embryos, Science 253: 194-196.

Chung, H.-M. and G.M. Malacinski, 1980.
Establishment of the dorso/ventral polarity of the
amphibian embryos: Use of ultraviolet irradiation and
egg rotation as probes. Develop. Biol. 80: 120-123.

Chung, H.-M. and G.M. Malacinski, 1982. Pattern

Vol. 35, No. 4

formation during early amphibian development:
Embryogenesis in inverted anuran and urodele eggs.
Develop. Biol. 93: 444-452.

Chung, H.-M. and P.-L. Han, 1984. Effect of gravity
perturbation on the axis specification in the egg of
Xenopus laevis. Kor. J. Zool. 21: 127-136.

Dale, L. and J.M.W. Slack, 1987. Fate map for the 32-
cell stage of Xenopus laevis. Development 99: 527-
551.

Danilchik, M.V. and J.M. Denegre, 1991. Deep
cytoplasmic rearrangements during early development
in Xenopus laevis. Development 111: 845-856.

Dorfman, J.G. and V.G. Cherdantzev, 1977. Strukture
morfogeneticheskikh divizheniy gastrulyatsii u
beskhvostykh  amfibiy. Soobshcheniye 1.
Destabilizatsiya ooplazmaticheskoy segvegatsii i
drobleniya pod deystviyem klinostatirovaniya.
Ontogenez 8: 238-249.

Elinson, R.P., 1975. Site of sperm entry and a cortical
contraction associated with egg activation in the frog
Rana pipiens. Develop. Biol. 47: 257-268.

Hamburger, V., 1960. A manual of experimental
embryology, University of Chicago Press.

Hara, K., P. Tydeman, and R.T.M. Hengst, 1977.
Cinematographic observations of post-fertilization
waves (PFW) on the zygote of Xenopus laevis.
Wilhelm Roux Arch. 181: 189-192.

Hertwig, O., 1899. Beitrage zur experimentellen
Morphologie und Entwicklungsgeschichte. IV. Uber
eninige durch Centrifugalkraft in der Entwicklung des
Froscheies hervorgerufene veranderungen. Arch.
mikrosk. Anat. 53: 415-443.

Keller, R.E., 1980. The cellular basis of epiboly: An SEM
study of deep-cell rearrangement during gastrulation in
Xenopus laevis. J. Embryol. exp. Morph. 60: 201-
234,

Krieg, P.A. and D.A. Melton, 1985. Developmental
regulation of gastrula-specific gene injected into
fertilized Xenopus eags. EMBO J. 4: 3463-3471.

Masho, R., 1988. Fates of animal-dorsal blastomeres of
eight-cell stage Xenopus embryos vary according to
the specific patterns of the third cleavage plane.
Develop. Growth and Differ. 30: 347-359.

Moody, S.A. and K.J. Kline, 1990. Segregation of fate
during cleavage of frog (Xenopus laeuvis) blastomeres.
Anat. Embryol. 182: 347-362.

Neff, A.W., G.M. Malacinski and H.-M. Chung, 1985.
Microgravity simulation as a probe for understanding
early Xenopus pattern specification. J. Embryol. exp.
Morph. 89: 259-274.

Neff, AW., H. Yokoda, H.M. Chung, M. Wakahara, and
G.M. Malacinski, 1992. Early amphibian (anuran)



October 1992

morphogenesis is sensitive to novel gravitational fields.
Develop. Biol. 154: in press.

Satoh, N., 1977. Timing mechanisms in early
embryonic development. Differentiation 22: 156-
163.

Scharf, S.R. and J.C. Gerhart, 1980. Determination of
the dorsal-ventral axis in eggs of Xenopus laevis:
Complete rescue in UV-impaired eggs by oblique
orientation before first cleavage. Develop. Biol. 79:
181-198.

Ubbels, G.A., K. Hara, C.H. Koster, and M.W.
Kirschner, 1983. Evidence for a functional role of the

Lee & Chung— Gravity Sensitive Morphogenesis 525

cytoskeleton in determination of the dorsal-ventral axis
in Xenopus laevis eggs. J. Embryol. exp. Morph.
77: 15-37.

Vincent, J.-P. and J.C. Gerhart, 1987. Subcortical
rotation in Xenopus eggs: An early step in embryonic
axis specification. Develop. Biol. 123: 526-539.

Young, R.S. and J.W. Tremer, 1968. Weightlessness and
the developing frog egg. Life Sci. Space Res. 6: 88-
94.

(Accepted August 31, 1992)

The Effect of Novel Gravitational Fields on Early Amphibian Morphogenesis
Eun-Jung Lee and Hae-Moon Chung (Department of Biology Education, College of Education,

Seoul National University)

In this report an additional gravity effect that alters the size of early blastomeres is documented.

Fertilized Rana dybowskii eggs were subjected to a range of novel gravitational fields.

Microgravity (uG) was simulated by horizontal clinostat rotation and hypergravity (3G) was

achieved by weak centrifugation. Novel gravitational field changed the location of the first

horizontal cleavage furrow (third cleavage furrow). Compared to control, blastulae exposed to

microgravity had centralized blastocoels and an increased number of cell layers in the blastocoel

roof. In contrast, blastulae exposed hypergravity had reduced cell layers in the animal cap.
However, the number of cell layers in the animal cap regulates toward normal in both uG- and

3G- exposed embryos by gastrula stage. Changes of gravitational field also affected the rate of

development to gastrulation and the position of dorsal lip formation. By the stage 22 (tail fin

circulation), experimental tadpoles showed slight dismorphogenesis of the size of the head. In

conclusion, morphogenesis of amphibian embryos can be modified by varying the strength of the

gravitational field.



