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ABSTRACT

The specification of dorsal/ventral axis in the egg of Xenopus laevis was
investigated as a series of oblique orientation to gravity by tilt and clinostat.
The results are as follows.

(1) I the eggs were oriented, in the early period after fertilization, to
novel gravity by 15°,30°, 45° and 60° tilt until gastrula stage, the site
of involution was usually formed in the OpG side (the side opposing
gravity). As the degree of tilt was raised from 15° to 60°, the rate
of relocation of the involution site was proportionally increased.

(2) When UV-irradiated eggs were tilted prior to first cleavage by 15°, 30°,
45° and 60°, the effect of UV syndrome was rescued, and the extent
of rescue was propotional to the tilt degree.

(3) The fertile eggs were loaded on the clinostats of several speeds. In
the range of low speeds between 0.45~9.0 rph, the location of dorsal
lip was dependent on the direction of rotation, and in 40~360 rph,
lip was formed at a random position. In addition, some of the tadpoles
experienced with clinostat showed the typical syndrome of “dorsal
axis reduction”,

The above results were discussed regarding the mechanism of the establish-

ment of dorsal/ventral palarity,
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A =

FAFHL FHo g vf$ wgE o AR w-&g vebde, FAA Sl A3 o
FAsleo] we} 3 Zul-g (cortical reaction)o] dojut FA - F FHE FHNZ e
2= upelo] perivitelline spaceo] 4] 3| A% A v (Greve & Hedrick, 1978), = A3} ¥
Fo] & AFurTst ol E (FHYP R & FTEUTE dFoE P Heh Fu 44
Fere] A AALJHL FEuTolA 4 b oz velve, z o "W Fof 314
5o 2w QFMErE HAsy] WPo] AAANAL ¥ /%F F4 (dorsal/ventral
polarity) & vehE £2 A ¥t "t (Elinson, 1975). FA o] =@ o Zalo] 1Al
Watel 8 WEAZAE FTA AR delvk AR Aol A v/ EFe FHA
(dorsal/ventral bilateral polarity)-& &4 3}A =t} (reviewed by Malacinski, 1984).

2 Ao WAAAA FAo] oWy Aoz u/BEY FEHFHLR WIS st
2 g9etn g ddrkA S |A g £ A4 Zow dE AeFA “Push-Pull”
ww (Gehart et al., 1981; Ubbels et al., 1983)3} “Compartment Shift” %= (Neff et al.,
1984a) % £ 4 vk AAE AARZ AL AAFH 2o W E A F3 (Hara et al., 1977)
So 98 Bz BrE gol vEAMEAY FH AMAE FEFoRd 6l/EF T4
A" dE F40)xn, FAE FAF o] TA o] vhet HEAZA A7 WA
= w4 (Elinson, 1983) kA sHA T = A X A2 bG8 v FE e A2do] &
Heo Zg3 2 99 Eislr o459 AL i FAAR AuiAPozH T A
Adote Fgoch webd Wl /23S T4 P48 A8 W EAzAY o]FE FEIE Fo
WAel Aelx @AY A4 9NE5F 5) 449 AAdA (FHY F9)F T3
T A4 2/|d4 e A1FE ol sted Fog |

wetbd £ T v/ EE 54 %%}4’ WHEA LAY el 5AdEee] #A =2 7]7-‘]r°ﬂ
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1) A= 444

£ Ay A& Xenopus 7 zho] o] LEow ¢
2 435t (Chung & Malacinski, 1980). Z—?—
AAZ ohg, F80%9] FAZHo] AAINAHT AL
22 o} F99 ¢AZE AAg

(2) Gelatin= )]

A Fol Al ASE HAAAA (sperm entry site-SES) o] F2aF t& F2} 30°Ce] gelatin
4 (4.5% 175 Bloom+-1.8% 300 Bloom; pH 7.35)& -2 plastic Petri dish (27 35
mm)2 F& &7 F SRR dellA AAIGA] A BFS FEE g ud
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(3) Fgol 3 A AL W/ 5F T4 2H
44 &¢ gelatino] o) A7) & 15°, 30°, 45°, 60° %‘° Zrz 3g 7 A FA A
oh. olw] A Al & AAA LAY dFeo] HF , oo s FIEE AT 4=
2 g 95 BAUUAA DAl FAL 7 £ A5 (SES random) % bl ZAbak
Gt Aol AAE SR A 1 $DAE 47 T=05} 12 48 A%, T=0.40] B3
on] Yl zsle] ojzw YFMERst B4 E B2 E AAIIAF QAR R I}FRA.
@ A4 =3 EAY
g Zo] AR 4A e Malacinski ef al. (1974)8] wgeoz T=0.25~0.39 A7)
ol AEu-TE 254 nme] A&} A (2.7X10* ergs/mm?) 0 2 ZALgE 3 Fo]o] gelatine] o
AA G7kA] A5s 7129 chs) 16-cell stageo] oAl FAGAZ BLAZ T o] HA
o] 27| Eul] (256-cell stage)ol] o] 2wl gelating &3 etx &g A9 20% Steinberg &
(pH 7.4) 02 %71 % wAle A %A A stage 40~45 (Nieuwkoop & Faber, 1956) 4} 7]l
A4 xAe HEAEE 2Ashgch
(6) T4z 9% A¥
Gelatino] Zrlsl B8 oz 33 €5 (0.1~360 rph ¥ $1)9] 53 A0 (clinostat; Fig.
Dol A DA ZEG A F T W HPFAd v AE JFE 2ASAT
2R AAY HAE% HYPo] IxE dPdz s Wdstz FAFHA 3N A Y
dishy &4 S3a A aiy I3 AFesE sgdreh o« A=A 3 AAA
Qdo] Az 2 FatE & “SES uprotated egg”sh wHxz, AAFiA] AA ofR 2
g3l e “SES down- rotated egg”3 X272 ot AL AAA AT AR
AW LE (18~20°C)ol A Fdstz, A& Aol 32 o] Fol& 14.5°CE FA A Z e
AeroAE A3 A 183G Aole] szte] A AESEE FIFr] ALl B
‘F-‘ﬂ 3e wth Aoz HAFE 5 ok G ujslel olzd fieiY F4F
25 oA stz T gelatine] A} embryo® 74vje] 20% Steinberg S} o2 &7 £ AFA<
g ol g 2AER

2 o

(1) A=A Al A% /%% 549 g W
g AAAYAS 240l Gt AW $Fo 714 A BAA embryos]
TR ALE 2AE Az Table 1o vhebd vhe}h 2ot
Z 30°7A2te] 7% SES up, side, down, randomol 4] AL RFs H A QA A 2A]
ool 9= e % (OpG side)o 2 Qg A4 Fart WASHNEE HAE
o}, o] whate] s]golxA & controld] AL Pl AAAJAL 180° widHel
A5 9. =3 15°9F 45° AA A$E 30°9 A9 FARE & F AAT o]
QFuEry g4 A4t AsE AEE AAAEE 16%04 30°, 45°, 60° Fo= A
A FAANATE B % Fsad Fig D.
@ FARY A & A4 BHe &
Table 2% =& A ZApuEE g T=0.35~0.404 7]¢] 15°, 30°, 45°, 60° 59 4= 2
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Table 1. Location of the site of dorsal lip by 30° tilt of the uncleaved egg to gastrula stage

o
30 score for
—_— —_— location
of tin
focation of dorsal fip v
S, | wot N o
tation 99 (or) — i
Q° 90° | 80°
control 42 0 5 36 1 88%
up 47 22 7 5 13 65%
side 54 4 36 -4+ 9 1 68%
down 56 0 10 16 0 829
ramdom * 37 24 6 5 2 69%

In all cases, the site of involution has shifted to OpG side (the side opposing gravity),

The dot indicates the SES (sperm entrance site).

from several different spawnings.

The data in this table was obtained

* Orientation with no relation to the position of the SES. In these case, the dorsal lip in
OpG side was scored as 0° and in G as 180°.
** OpG+G (for the nomenclature, see Chung & Malacinski, 1980)

Table 2. Rescue of the “UV syndrome” by tilt orientations of the uncleaved egg.

15° 30° i
458° 60° 4 score for
» B
uv syndrome
s
1 Tl6-cell ¢ siage
# of Begree of UV ovndrone AvVEaoe
Tilt degree  embryo chice BRI ‘]\1\\: “‘ct
scored 0 41 K B S

0° 17 0 0 0 3 7 n 4.2

_— 15° 24 0 2 3 5 { 10 57

a. 307 19 1 4 5 5 2 2 2.5

g

¢35} 15 21 6 5 2 H 1 2 1.8

60" 17 7 3 5 1 1 0 1.2

0 25 0 0 2 6 9 8 Ry

- 15 18 0 0 5 6 5 2 3.2

a 30° 12 2 1 I 2 5 1 2.8

& 45° 13 O N S 1.7
e’ 9 too2 2 1y g 1.0 |

0°; UV-irradiated control in gelatin.

The data in each Exp. are shown for a single set of experiment.
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Fig. 1. Relationship between the relocation of involution site, UV rescue and tilt
degree in Xenopus eggs. If eggs were oriented to novel gravity by tilt, the site of
involution was usually formed in OpG side. As the degree of tilt raised the rate of
relocation was proportionately increased, but the UV effect was conversely decreased.

€At 1687 A4 X2 558 F wa)o] stage 40~460) |23 & o AqAH &
o] BHE g3 vEhd AHojth ZelA EE utgl o] Fgolx @& UV’d controld]
A4E 42699 & A4 ZFAE ngo), 15° 45°, 60° 59 #A=2 J& BS
T 47 3.7 3.2, 2.5 (2.8), 1.8 (I.7), 1.2 (1.0O)¢] AYA &3 vepylc. & A4
Ztol E45 A8 5349 HE5Lo) TAES ¢ F A :
(3) A% Aol 24 g

FA#E T=0.3501 14.5°Ce HF ool &8 HAAZ oL Ad+leie 34 3
&% zAstget (Table 30, 0.1 rpho} e z2A<%ql ASE A A controlyits} §4hs}
I AAAAAH] /85 F4¢ AAAE A Zov, 0.45~9.0 rph Aol & W/53
o) AAol 3|A ko] oEstge (Fig. 3).
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O,

%, 2A%¢ A5 ATREE AN o] A AH Wk, 0.45~9.0 rph 9]
AL A4 9= FaE Fow F45Gh et 2nd wE HA FE 40~360

rpholl & PP E49 4 A4~ randomdt 7 &S BAvh 40~360 rphe} 22 37
FEE F99 44T 107°~107°e2 FaAdlE AsbE F7) Wil il FelEe A
7 @5 A (2F ).

g, file-el A BAF Gy ol FR WS A & AF A FE2
“Swimming Stage”7}7) €3 A o 2= A A WAL moch v A=t g HA A
o o)z ARE e AAE P FAAAG. F, Fd AREH FAG o ¥
& g2 0.45 rphol Al g} Fho] ) 7] 71A] 9 ‘Mﬂﬁol 3 Az AL 9% = FA
Holow QFujeyd Rax Aade) s 2e A4des] ¥y A+E wyd Fig
4. =8 Ay Ade BAT FARTE, FrHL, vRAE A5EY, 23S T4
A AgE 2y (Fig. 5).
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Table 3. Location of the site of dorsal lip in clinostated eggs.

SES SES
up -rotation down-ratation
i r
. (,,, _ e \ develop
e —_— e e ‘ @ swwn'mng
=g stage
oxi(sh of chntols)tot Iscorte_ for fihle
orizental ocation of hp
(immobilize in gelatin} at gastrulation
- - ) location of dors! lip
#of | d}rectlon }
surviva o
eqgs{%} rotation® ©O O © ”
° 90° 180° !
control 72 7079725 “not-rotated 0 G 62 2
01 52 327622) up 2 2 b 7
- R down ) 1 11 3
() I:_' ]()q 40""999/\ (l]]ll))\\'ﬂ f]? ;N l‘]) Z
t & ]
Lo 91 7007420 up 22 9 ! 10
o down I 5 10 12
2.0 80 78(962) S T % :
i N 2
L7160 16010020 up 4 2 1 1
/ down 0 2 4 2
R W N R S
9.0 27 21020 s : Z : ¢
12 46 43093 i n ;U 8 1
174 19 190100%) I : ; 5 5
10 26 22085%) FL L 2 0 5
G0 36 3109125 L 8 4 5 32
QO
120 90 80(30%) o 3 0 2
360 39 380972 W 3 3 oo
S W3

Note, the site of involution is not directed by the SES. At the very low speeds
(0.45~9.0 rph), location of dorsal lip was determined by the direction of clinostat
rotation. Whereas, in somewhat high speed range (40~360 rph) which practically
simulates hypogravity (microgravity) in Xemopus egg, the site of involution was
formed in a random direction (see the text). The data in this table were collected
from several different experiments.
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A F dolvte wl/EE (doral/ventral) FA9 AAL vlele] G NP
Fa-e A5 He F8% dolvh. F4 AR MEAEzAde Az dejuA A
2 A A4 A ALY AA W/ESY FFAHos AgsA Mk FARFY G
A F FHel At nFo] T IFAE AR AEuTFIL of R e AL dodn
2R AZAY A dE fFEshe ol FHolgtm wlejx b wEkA FAAAL 7
g e ez (1) £43& S0 Al A wEF (90°, 180°) 28 AA7
S FA A 7= v (Ancel & Vintemberger, 1949; Pasteels, 1964; Scharf & Gerhart, 1980;
Chung & Malacinski, 1980), (2) clinostat $] o4 2} A 444 314wy (Roux, 1884; Tremor
& Souza, 1972; Neff et al., 1984b) 2 (3) =] A &Abwlw] (Malacinski et al., 1975; 1977;
Chung & Malacinski, 1980) %o] @Weo] o] &5l Skof. & dFoAE AI7AA Ags R
Brh we Zte (15°~60°)F Fol¥ A} 90° AAA 9 dA= &5 (Sharf & Gerhart,
1980; Chung & Malacinski, 1980) & 4% 4 ek & AAIA YA AL 2dgeo]l HAA
ZH 9 uiubede] YA Fo 2 v dorsal -¥o]l ARt A, ® o)} 2
A dAAEE A4S B0 ADSE 2 29l AAE AR JEye A A
WE AdE A HEFH (Scharf & Gerhart, 1980; Chung & Malacinski, 1974; 1981)
A= AL AARE 2o TEE AN %D o ARA s DAL A
3t ot

ol g3t FHel &S HAANE F2 Py st AR dASR HEE FA
A7) & clinostat Agolvh. 2 7oA & AE wwd 244 (0.1 rph) o] A4 A&
#7k Al deE v A=A Rt F4o| controlst - wgke g A=l dbwd, 1 o]
28 dAEE 19l (0.46~9 rph)o] A& 90° A ALe Ao wslAR HAA FH ut
dMe2 FohE 97} ulelo) dorsal sidez AHH Gk WM 40~360 rphe) o]
€ T4 AAAdAH AT Aol FANA wIos ARHE AL A Aot

A AL Feted B o, /EE FA40] £ F 2dg 93l gt AAH
900l 2ARGE e 2A Al 98 o] F Avd URALA Ao o
st AR hE Aol REd o FaAdeed A WEAzAY AL dodis TS
AA3E 953 0] sperm asterd] AR I FFFEo] getE “Push-Pull” models}t 43
WA ZA9 73e] A= W3lel F3 39 zube] de &l “Compartment Shift”
model?] Bt 3A& zAbsly] A el AAg Age] oFH o & o} FAHARE
9] clinostat®] 31, A %3 (microgravity) ®t FF24d % 2ud 4 ¥ it W2 49
9 HAFES olo] BB AxA L FA AAY 2 AA T¢ F F ok 3
= B dTAst 28 TEQATAL s du) Ag A (Neff et al., 1984b)o] 3}
b AFEY A4 F F 4 Ue FAEEE & 1~24 rpme] HE2H o] £EA FHAZ
58 A" 3o FA40 F-F4 g “o”‘okfli ARHAT AA A4S dde AHde] A9
Hyeh wetd F4 AA FHo] & 942 ALIA R Aoz Bl zeEz
=4 A Ao] sperm aster?] A3} Sl]%-« of g8tttz FA3sE “Push-Pull” models}t 3
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HolEe] 93 uEAEAY Aude g3ld AA=rtE “Gravity Propulsion” model
(Malacinski, 1984)2 25 ot AFd =& FF% A HAdAstes Ao v
o 2 ggAo] stz Ak 38 99 BE 849 tEe 3 F T4
XA AAE W3] w2t deojutes BAHolnx d5H AF (e 45 93
o WEATAY F3o olFoez AAH}E “Compartment Shift” model (Neff et al.,
1984b) o] ®o} etFsictw Agdch §19 EE HEL SR FFY A7t = space
craft oA foz Fstoid AYo] oste] ot HahA WA Aoz Jgdch

2 of

Xenopus A4 2& FTHo| Ha] MRE WFoz s oAV AL AA7E dH9 WU
& &3kel W/ 3 F4) (dorsal/ventral polarity) & 4ol AAHE & e A4S ¢
A=At

(D 4 F 3& 15° 30° 45° @ 60° 52 71 Lql
3o W&o FA=ER o, 15°4 60°% 7| golE 4EZ FIANLFE
= F7stsdcth

@) AgAE 2AG FHHE A1
A A A7 AR A Mo & F

27% 2 J8&x Frhetdch

(3) A Fx9 AEs A (clinostat) Foll A 47 e
0.45~9,0 rpho] A& LTulsre FA L7t do Ao o Eehg o), 40~360
rpholl A& F298 wako 2 el g A 4E A d 43 embryos o
A AT Bdov AN 4TS RolE AAE oge FAF A

ol Az 2 AdEg M/ EE S A7 diH o =oeg ok

A 16°, 30° 45°, 60° T 7
48 Az e] B EEen o
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Legend of Figures

Fig. 2. The appratus of clinostat, an instrument which constantly rotates a specimen.

Fig. 3. The dorsal lip of the gastrulae in gelatin loaded on clinostat with 2 rph. Arrows indicate
the position of sperm entrance site (SES). In both cases (SES up and SES down-rotated
eggs), the site of involution was formed in the side which became to be “up” when
clinostat start to rotate.

Fig. 4. The dorsal lip of normal eggs (N), and the abnormal vegetal hemisphere of the some
gastrulae from clinostat (C).

Fig. 5. The morphological effects of UV and clinostat on the axis development.

UV’d; UV-irradiated embryos. Numbers indicate the degree of UV syndrome.
CO - C3; syndrome of clinostated tadpoles showing several developmental abnomalities.
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