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Twin  Formation in Xenopus laevis Eggs

   Centrifuged before First Cleavage

     MuTsuKi  KuNIEDA  and  MAsAMI  WAKAHARAi

Zoological Institute, hacutty of Science, Hokkaido  Uhiversity,

                Sapporo  060, Jdpan

ABSTRACT-Twin  formation was  studied  in the  fertilized Xkenoptts eggs  by  means  of  low  speed

centrifugation  (15-30xg) for a  short  period (20 sec  to 5 min)  before first cleavage.  Dejellied eggs
were  embedded  in gelatin with  a vertical  orientation  (animal pote up),  but randomly  oriented  with

referencc  to the sperm  entrance  site. They wcre  then  spun  with the centrifugal  force vector  at  right

angles  to the animal-vegetal  axis. When  the eggs  were  centrifuged  at T=O.3-O.6 (30-60% of  the  time

interval to first cleavage),  a  large number  of  twin embryos  developed, whereas  when  centrifuged  after

T=O.7  twin embryos  were  almost  never  obtained.  Morphological  features of  the  twin  embryos  were

briefiy described. They shewed  a rather  continuous  spectrum  from almost  normal  to completely

double-axes embryos.  The twin embryos  were  tentatively grouped into 6 categories  based on  the

degree of  twinning. Twin  embryos  with  clear  double-axes were  divided into 3 groups in regard  to the

spatial relationships  between the two  axes,  All double-axes embryos  developed from the gastrulae
which  had  shown  two  blastoporal lips. Possiblc m ¢ chanisms  of  twinning  are discussed in terms  of a

postcentrifugal modification  of  the localization ef  the 
`Ldorsal

 determinants" svhich  specify  the future
dorsa1 side  of  the embryos.

            INTRODUCTION

  It is well  known  that an  amphibian  egg  can

produce two  complete  embryos  after  separation  of

the blastomeres at the  2-cell stage  [1]. This leads

us  to conclude  that an  amphibian  egg  has an  ability

to produce two  complete  sets  of  axial  structures,

including such  dorsal axial  structures  as  notochord,

neural  tube and  somites.  In fact, several  ex-

perimental treatments  of  amphibian  eggs  are

known  to cause  twin  formation: Delayed  feni1iza-

tion (overripeness of  eggs)  in Rana  pipiens [2];
rotation  of  eggs  in R.nigromaculata [3] and

Xenopus  laevis [4-6]; and  centrifugation  of  eggs  in

Bwfb vuigaris  [7] and  XL laevis [5,8,9]. If an

amphibian  egg  has the ability to produce two

complete  sets  of  axial  strucutres,  a  regulation  must

naturally  occur  to insure that a  single  axial

structure  rather  than  two  axes  normally  develops.

Thus, analysing  the twin by means  of  centrifuga-
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tion  or  egg  rotation  wi11 aid  in understanding  the

development of  dorsal-ventral polarity and  also

will provide information concerning  the  regulation

of  pattern formation in normal  development,

  We  have recently  succeeded  to demonstrate

possible existence  of  the "dorsal

 determinants",
which  specify  the  future dorsal side  of  the

embryos,  in fertilized Xenqpus eggs  by means  of

cytoplasmic  withdrawal  experiments  [101. At

present, it seems  much  important to know  the

behavior of  the "determinants"
 during the  first ce11

cycle  to elucidate  the  mechanisms  of  the establish-

ment  of  the dorsal-ventral polarity in amphibian
eggs.  Twin  formation by eentrifugation  is expected

to be a  biological tool for analysing  the localization

of  the "dorsal
 determinants",

  In this paper, we  first describe the  morphologi-

cal  features of  twin  embryos  developed  from  the

centrifuged  Xlenopus eggs,  and  then  describe the

conditions  of  centrifugation  for obtaining  twin

embryos.  The  results  obtained  support  the  view

that the  postcentrifugal modification  of  the loca-

lization of  the 
"dorsal

 determinants" which  specify

the future dorsal side  of  the embryos  [10] causes
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the twin formation.

M.  KuNIEDA

MATERIALS  AND  METHODS

AND  M.  WA)[AHARA

   centrifugation  in

   time while  the

Source of embryos

  The two  colonies  of  Xenoptts laevis which  are

maintained  in our  laboratory, J and  HD  groups

[11] were  used.  Eggs from hormene-stimulated

female were  rinsed briefiy with  Steinberg's solu-

tion and  then  inserninated with  a  testis homogen-

ate.  Eggs and  embryos  were  usually  maintained  at

15eC unless  rnentioned  otherwise  [12]. Eggs

before first cleavage  were  staged  according  to the

fraction of  the  interval between fertilization (T=O)
and  first cleavage  (T=1.0) at the time of  the

relevant  manipulation.  Embryos  were  staged

aocording  to Nieuwkoop and  Faber [13].

Embedment  of eggs  in gelatin

  Twenty  minutes  after fertilization eggs  were

dejellied in 2.5%  thioglycolic acid  (pH8.2) and

washed  four times  in 10%  Steinberg's solution,

Nine  percent gelatin was  prepaTed aocording  to

Black and  Gerhart [14], with  some  modifications:

penicillin G  potassium (1oo IU/ml) and  streptomy-

cin  sulfate  (O.lmgfml) were  added  instead of

gentamycin. Approximately  40 eggs  were  pipetted
at once  into molten  9%  gelatin (25"C) and  then

tranferred  to a  plastic dish (Fa}con 1oo8) contain-

ing 2.5ml  molten  gelatin. Almost  all eggs  main-

tained  their normal,  vertical  orientation  (animal
pole up)  in the molten  gelatin. The  fewer eggs

which  had  rotated  or  inverted when  tranferred

were  quickly oriented  with  fOrceps to orient  the

animal  pole up.  Eggs were  aligned  approximately

along  the  center  line of  the dish so  that all the eggs

could  be exposed  to the  similar  centrifugal  forces,
After the eggs  were  arranged  the  dish was  placed
on  an  ice-chilled copper  plate for 2 rnin  and  then

placed in a  15"C water  bath for 10 min  to comptete

the solidification  of  the gelatin,

Centrifiigation of embedded  eggs

  Dishes with  eggs  were  mounted  on  a holder
made  from a  plastic centrifuge  tube. The holders
were  placed on  the swing  rotor  of  a  clinical

centrifuge  and  spun  at  15"C. The  duration of

             dicated below included onty  the

              given centrifugal  forces were

operatmg  (i.e, acceleration  and  deceleration

periods of  approximately  1 min  were  not  included

in the "duration").
 The  centrifugal  force vector

was  at right angles  to the animal-vegetal  axis  of  the

eggs.  Since the eggs  were  not  oriented  to bring the

sperm  entrance  site (SES) to the same  direction

when  embedded  in the gelatin, the centrifugal

force vector  varied  from egg  to egg  with  respect  to

the SES.

Observation of embryos

  After centrifugation  eggs  were  incubated at  15"C

in the normal,  vertical  orientation  (animal pole up)

in gelatin, When  the embryos  developed  to stage  4

(8-cell stage)  they  were  freed from  the gelatin by

incubating the dish in 35eC water  bath for a  short

period (1-2 min).  Embryos  freed from gelatin
were  washed  twice  with  10%  Steinberg's solution.

Developing  embryos  were  periodically observed

until  they  developed to stage  29. Dead  and

abnormal  (except for twinning)  embryos  were

discarded. Eggs and  embryos  were  fixed with  a

modified  Bouin-Holland  or  Smith's fixative, Serial

sections  of  8 pm  thick  were  stained  with  Delafield's

hematoxylin and  eosin.

RESULTS

Brief description of mor;phological  features of
twin embr:yos  which  devetoped from centrijbeged

eggs

  As a starting point for experimental  analysis,  a

general description of  the  morphological  features

of  twin  embryos  which  developed from centrifuged
Xenopus  eggs  was  given. Although  Black and

Gerhart [9] described in detail the conditions  of

centrifugation  for obtaining  twin embryos,  there

has been  no  $ystematic  description on  twin

embryos  developed from the  centrifuged  eggs.

  Approximately 400 
"twin

 embryos"  (which in-

cluded  complete  and  incomplete double-axes

embryos  and  single-axis  embryos  with  a 
"wide"

sucker;  cf. 
"imbalanced

 embryos"  of  Cooke  [6])
were  obtained.  They showed  a continuous  spec-

trum  in external  and  internal rnorphology  from
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1, Typical external  views  of  the  
"twin

 embryos"  developed  from  the  eggs  centrifuged  before first

cleavage,  showing  6 types  of  twinning,  which  were  divided tentativeLy  based mainly  upon  the  external

morpholegical  features. (A) Normal  control  embryo.  Lateral view.  (B), Type 1, almost  normal  but
displaying a  small  protuberance. Lateral view.  (C), Type2, single-axis  embryo  but oontaining  an

apparent  wide  sucker  (an arrowhead).  Type 3, single-axis  embryo  but containing  two  distinct suckers

(two arrowheads).  Compare  with  normal  control  embryo  (inset). Frontal view,  (D) Type4,
double-axes embryo  with  no  distinct sucker.  Lateral view.  (E), Type 5, double-axes embryo  one  of

which  contains  a  distinct sucker,  but the other  lacks a sucker.  Dorsolateral view.  (F), Type6,
double-axes embryo  both of  which  show  distinct suckers  respgctively,  Lateral view.  Bars: 1mm.

almost  normal  to complete  double-axes. We

divided these embryos  into the fo11owing 6 catego-

ries, based mainly  upon  the external  morphologi-

cal  features (Fig, 1):

  Type 1: almost  normal  (single-axis) embryos,

but displaying a small  protuberance simi!ar  to a

secondary  embryo  (Fig. IB).

  Type2: almost  normal  (single-axis) embryos,

but containing  a  wide  sucker  (Fig. IC).

  Type  3: single-axis  embryos  with  two  distinct

suckers  (Fig, IC),

  Type4:  double-axes embryos  with  no  distinct

sucker  (Fig. ID).

  Type5: double-axes embryos,  one  of  whieh

contains  a  distinct sucker  but the other  Iacks a

sucker  (Fig. IE).

  Type6: double-axes embryos  both of  which

show  distinct suckers  (Fig. IF).

  Of  these 6 types,  only  Types  4, 5 and  6 showed

complete  duplication of  external  dorsal axial  struc-
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tures. Internal inspections revealed,  however,

similar  indication of  duplication of  dorsal axial

structures  (such as somites)  even  in Types 1, 2 and
3 embryos,  Thus, all embryos  that  showed  the

morphological  features described above  (Type 1-
Type  6) were  tentatively designated as  

"twin

embryos;'.

  Figure2  shows  typical internal structures  of

several  twin  embryos.  In general, Type 6 twins

(two axes-two  suckers)  contained  two  complete

sets of  dorsal axial  structures  in the  half with  the
sucker  and  one  incomplete set  of  the axial  struc-
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FiG, 2. Internal structures  of  twin embryos  developed  from  the centrifuged  eggs,

   was  indicated in the inserted figures. (A), Type  6 twin  (two axes-two  suckers)

   neural  tubes (nt) and  notochords  (nc). (B), TypeStwin  (two axes-one  sucker)

   tubes  but one  distinct notochord,  (C), Type 4 twin (two axes-no  sucker),

   but no  distinct notochoTd,  ev, ear  vesicle. Bar: 100 stm.
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tures in the  other  half. The notochord  was

underdeveloped  in this half and  so  only  one  intact

notochord  was  observed  in the histological sections

(Fig, 2B). Similarly, Type  4 twins (two axes-no
sucker)  showed  .two incomplete sets  of  dorsal axial

structures:  notochordal  structures  were  underde-

veloped,  but neural  tube-like  structures  were

usually  developed in both halves of  the  embryo

(Fig. 2C).

  Spatial relationships  between  the  twe  axes  were

different among  embryos  regardless  of  the  type  of

the twinning. Typically, twin embryos  were

divided into three  groups; face-to-face (Fig. 2B),

side-by-side  (Fjg. 2A)  and  in between  (Fig. 2C).

The  spatial  relationship  depended upon  the origi-

nal location of  the two  dorsal lips of  the  blasto-

pores, or  the direction of  the invaginations (Fig.
3). Face-to-face twins  originated  from the

embryos  which  had  shown  the two  dorsal lips just
opposite  to each  other  (Fig.3C). Side-by-side

twins were  derived from  the embryos  which  had

had two  distinct dorsal lips on  one  side  of  the

embryo  (Fig. 3B).

Retationship between centrijbtgation  conditions

and  freqttency of twin formation
  Eggs  were  centrifuged  at  T=O.4-O.6  with  two

centrifugal  forces (15 and  30xg) for different

                                   493

periods to estabtish optirnal conditions  of  centri-

fugation for obtaining  twin  embryos  (Table 1),
The  centrifugal  force vector  was  at right  angles  to

the animal-vegetal  axis.  The  data in Table1
represent  6 experiments  using  3 different females.
As  controls,  384 eggs  were  embedded  in gelatin
but not  centrifuged.  They were  freed from the

gelatin after  stage  4 and  maintained  in 10%

Steinberg's solution  thereafter  in the  same  fashion
as  the centrifuged  embryos.  Approxirnately halfof
them  were  alive  at stage  29. 0nly  one  embryo

from 384 eggs  (O.2% of  eggs  used  or  O.5%  of

embryos  alive  at stage  29) twinned. In contrast,
many  twinned  embryos  developed  from  centri-

fuged eggs:  46 twins (13.6% of  eggs  centrifuged  or

31,1% of  the embryos  alive  at stage  29) developed
from 339 eggs  centrifuged  at  30xg  for 1 min.

Although variations  in survival and  frequency of
twin  formation were  considerably  

'1arge
 from  one

experiment  to another,  it was  clear that low speed
centrifugation  caused  twin formation. When  the

eggs  were  spun  at  15× g for 1 min  or  S min,  a  high

frequency twinning  occurred.  At  a  higlier oentri-

fugal force (30xg) shorter  periods of  centrifuga-

tion (20 sec or  1 min)  was  suthcient  for high

frequency twinning.

HG, 3, Bottom views  of  the early  gastrula embryos,  showing  the spatial  relationship  of  two  dorsal lips of

   the blastopore (llpper, arrowheads)  and  the resulting  tailbud embryos  (bottom). (A), Normal control,

   (B), Typical "side-by-side"
 type twin. (C), Typical "faoe-to-face"

 type twin. Bars: 1mm.
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TABLEI.  Frequency
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of twin forrnation under  various  centrifugationconditions*

Conditions of

centrifugation

No. of  eggs

centrifuged

No.of  embryos  at stage  29
  alive  twinnned

1xg

15xg

30xg

O min

20 sec

1 min

5 min

20 sec

1 min

5 min

384

331

257

153

335

339

161

  187(48.7%)

  "(19.3%)

  108(42.0%)

  34(22.2%)

  88(26.3%)

  148(43.7%)

   9(
 5.6%)

   1(
 O.5%)"

   4(
 6.3%)

  25(23.1%)

   7(19,3%)

  17(19.3%)

  ca(31.1%)

   1(11.1%)

 
'
 Fertilized Vbnopus eggs

  centrifugal  force vector
"

 Percent live embryos  at

from 6 different
at right angles

 stage  29 which

females were  centrifuged  at

to the animal-vegetal  axis.

 displayed twinning.

T=O.4-O.6,with  a

Stage sensitivity  of the egg  to centrpmgation

  In a  previous study  [14], the exact  stage  sensitiv-

ity of  the egg  to centrifugal  effects  on  modificatien

of  the orientation  of  JYiznopus embryonic  axis  was

determined during first ce11  cycle,  showing  three

different phases of  the centrifugal  effects;  prior to
T=0.4, during T=O.4-O.7 and  after  T=O.7.

Tlius, we  attempted  to  determine the  stage  sensi-

tiyity of  the egg  to centrifugal  effects on  the twin

formation. Eggs were  centrifuged  at  15xg  for 5
min  at  various  periods in the  first cell cycle.  The

centrifugal  force vector  was  at  right  angles  to the

animaE-vegetal  axis of  the eggs. Figure4 shows

data summarized  from 6 experiments  using  6
different fernales, Although  there  were  wide

variations  in the rate  of  twin  formation among  the

experiments,  it was  clear  that  twin  embryos  de-

veloped  largely from eggs  centrifuged  in the period
of  T==O.3-O.6. No  twin embryos  were  observed

from eggs  centrifuged  after  T=O.7.

               DISCUSSION

  It is clear  that low speed  centrifugation  (15 or
30xg)  at  right  angles  to the egg's animal-vegetal

axis  causes  twin formation in Xenopus laevis

embryos.  The resu]ts  reported  here are  consistent

with  the recent  studies  by Black and  Gerhart [9].
Thus, a  fertilized XenoptLs egg  has an  ability  and

probably materials  to produce  two  complete  sets of

the  body plan.

  Since every  twin  embryo  was  always  developed

50n$--

 40[..O.-2

 3o.L...E

 20}510gcr

 o

        02  O.4 O.6 OS  1.0 1.2 1.4

           Time, normaLized  to first deage

FiG. 4. Stage sensitivity  of  Xenopus  eggs  to centrifuga-

   tion on  the twin formation. Fertilized eggs  from 6

   different fema]es were  centrifuged  (15xg for 5
   min)  at various  periods in the first cleavage,  with  a

   centrifugal  force vector  at right angles  to the  ani-

   mal-vegetal  axis  of  the eggs.'･ Number  on  right-top

   indicates the numbers  of  eggs  centrifuged  in each

   experiment.  No  twin  ernbryos  were  observed  from
   eggs  centrifuged  after  T=O.7.
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from the gastrula which  showed  two  dorsal lips and
furthermore the spatial  relationship  between the
two  axes  of  twin embryos  deperided upon  the

original  location of  the two  btastoporal lips (Fig.
3), twin  forrnation relates  inevitably to the prob-
lems how  and  where  the dorsal lip is specified,  or

more  generally, of  the e$tablishment  of  the dorsal-
ventral  polarity during the early  development of

embryos.  Because the  place where  cells  of  the

blastopore start  to invaginate is known  to make  the
future dorsal side without  exceptions  [10], the

location of  the dorsal lip can  serve  as  a manifesta-

tion of  the ultimate  dorsal-ventral polarity. In this
respect,  the dorsal-most vegetal  cells  of  the 32- or

64-cell JYlenopeLs embryo  are  reported  to contain  a

set  of  determinants which  enable  them  to induce
neighboring  cells  to undertake  dorsal axis  forma-
tion [15, 16]. Furthermore, the  dorsal-vegetal cells
of  the 8-cell embryo  are  known  to receive  already

an  ability to form dorsal axial  structures  [17, 18].

Provided that the  set  of  
"dorsal

 determinants",

which  are  recently  demonstrated to  exist  in fertil-
ized Xiznopus eggs  by means  of  cytoplasmic  with-

drawal experiments  [10], specifies the location of

the  dorsal lip, twin forrnation by centrifugation  is

considered  to be involved in altered  localization of

the  
"dorsal

 determinants" after  centrifugation  of

egg.  That  is, normal  arrangements  of  the egg

cytoplasm  are  modified  by centrifugation  or  post-
oentrifugal  rearrangements  or the  egg  contents

[14]. Presumably, a bifurcation of  the 
"dorsal

determinants" occurs.  However,  the  mechanisms

involved in the modification  of  the localization or

partitioning of  the 
"dorsal

 determinants" by centri-

fugation is complex  and  still remained  to be

clarified.

  Recent studies  have clearly  demonstrated that
centrifugations  cause  a  stage-specific  modification

of  the dorsal-ventral polarity: When  centrifuged

before T=O.4,  the future dorsal side is specified in

the centrifugal  side of  the eggs  but in the centripe-

tal side  of  the  eggs  after  T==O.4 centrifugation,

irrespectively of  the sperm  entry  site  [14], Centri-
fugation between  T=O.4-0.45  causes  twin  forrna-

tion [9]. This stage-specific effect  of  centrifugation

for obtaining  twin embryos  was  confirmed  in this

work  (Fig.3). Presumably, the stage-specific

effects of  centrifugation  on  the modification  of  the

495

future dorsal-ventral polarity are  involved in the

drastic changes  in the cytoplasmic  eonsistency

during the first cell cycle of  the fertilized eggs  [19] .

  This is the first description of  the morphological

diversity of  twin  embryos  deyeloped from thg

centrifuged  eggs. As  illustrated in Figures 1 and  2

they  showed  a rather  continuous  spectrum･  in

external  and  internal morphology  from  an  almost

normal  to a  complete  double-axes embryos.  This
variability  in twinning  is probably due to the

degree and  localization to which  bifureation of  the

dorsal determinants after  the  centrifugation

occurs:  When  the 
"dorsal

 determinants" are  di-

vided evenly  into two groups of  the  vegetal

blastomeres at  32- or  64-cell embryo  [15,16],
complete  double-axes embryos  wil1  result,  whereas

uneven  partitioning of  the  
"determinants"

 results

in incomplete twin embryos,  Spatial relationship

between two  axes  was  also  shown  to be continuous

from face-to-face to side-by-side  twin  (Fig.3).
When  the  

"determinants"
 are  divided into just

opposite  to each  other  face-to-face twin  will  result,

whereas  panitioned into two  distinct sites  on  one

side of  the  egg  results  in side-by-side  twin, Twin

embryos  developed from the centrifuged  eggs  were

divided into 6 categories  to allow  further quantita-
tive analyses  of  the  centrifugal  effects  on  twinning

and  the modification  of  the 
"dorsal

 determinants".
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