
15.12. 1973 Speeialia 1533 

Peristaltic Constrictions in Fertilized Barnacle Eggs (Pollicipespolymerus) 
D u r i n g  t h e  m a t u r a t i o n  d iv i s ions  of t he  fer t i l ized 

ba rnac l e  eggs, a n  u n u s u a l  e v e n t  occurs :  a series of con-  
s t r i c t ion  r ings  m o v e  s lowly f rom t h e  a n i m a l  to  t h e  
vege ta l  pole  (Figure  1). Th i s  process,  here  cal led pe r i s t a l t i c  
cons t r i c t ion ,  was  n o t e d  a t  t h e  t u r n  of t he  las t  c e n t u r y  1-3 
b u t  h a s  been  over looked  b y  a n u m b e r  of c o n t e m p o r a r y  
ba rnac l e  embryo log i s t s  4-s. As far  as we know,  no  com- 
pa r ab l e  process  has  been  r epo r t ed  in o t h e r  an ima l s  excep t  
p e r h a p s  in t he  eggs of a s a l a m a n d e r  7, an  insec t  s, a n d  a 
s h r i m p  9. Th i s  s t u d y  is des igned to  measu re  some d y n a m i c  
p a r a m e t e r s  of pe r i s t a l t i c  cons t r i c t ion  in eggs of a goose- 
neck  barnac le ,  Pollicipes polymerus,  b y  us ing  t ime- l apse  
c i n e m a t o g r a p h y ,  a n d  to  o b t a i n  some ev idence  of i ts  
causal  m e c h a n i s m  b y  us ing  d i f fe ren t  chemica l  inh ib i to r s .  

Mater ials  and methods. Fre sh ly  fer t i l ized eggs were 
d issec ted  ou t  f rom the  m a n t l e  c a v i t y  of adu l t s  a n d  were 
p i p e t t e d  in to  f i l te red  a n d  U V - l i g h t  t r e a t e d  sea w a t e r  in  
w a t c h  glasses a t  t h e  a m b i e n t  sea w a t e r  t e m p e r a t u r e  
(13-15 ~ 

Time- lapse  f i lms were m a d e  w i t h  a Bolex  H 1 6 M  
c a m e r a  a n d  c i n e p h o t o m i c r o g r a p h i c  a p p a r a t u s  (Sage 
I n s t r u m e n t s )  coupled  to  a Zeiss U n i v e r s a l  microscope  
w i t h  N o m a r s k i  d i f fe ren t ia l  i n t e r fe rence  c o n t r a s t  opt ics .  
A m b i e n t  sea w a t e r  t e m p e r a t u r e  was m a i n t a i n e d  w i t h  a 
t he rmoe l ec t r i c  cool ing s tage ~0. An  L a n d  W p h o t o - o p t i c a l  
d a t a  ana lyze r  was  used  for f i lm analys is .  

B a t c h e s  of eggs were t r e a t e d  w i t h :  0.1-20 ~g/cm 3 
Cy tocha l a s in  B (dissolved in d imethy l su l fox ide )  for up  

Fig. 1. Stage III egg showing 3 constriction rings moving from 
animal to vegetal pole in a 120 see sequence (A-D). A, animaI pole; 
V, vegetal pole; FM, fertilization membrane; EM, egg membrane. 

to  140 man a n d  0.4-400 ~g/cm ~ colchicine,  10-20  txg/cm a 
cyc loheximide ,  5-20 iJ.g/cm 3 a c t i n o m y c i n  D, or 550 ~xg/cm 3 
a n t i m y e i n  A (dissolved in 0 .95% e thanol )  for u p  to  9 0 m i n .  
A p p r o p r i a t e  cont ro l s  were car r ied  Out b y  us ing  sea water ,  
0.2% v / v  d i m e t h y l s u l f o x i d e  an d  0 .95% e thanol .  

Results  and discussion. A l t h o u g h  v a r i a b i l i t y  in  t h e  r a t e  
of e m b r y o n i c  d e v e l o p m e n t  in  d i f fe ren t  eggs is cons iderable ,  
n o r m a l  d e v e l o p m e n t  f rom t h e  b e g i n n i n g  to  t h e  c o m p l e t i o n  
of pe r i s t a l t i c  cons t r i c t ion  is d iv ided  here  in to  5 stages.  
S tage  I :  1.5 h a f t e r  i n s e m i n a t i o n ;  egg spher ica l ;  1, t h e n  2 
cons t r i c t ion  r ings ;  oop lam v i s ib ly  homogeneous .  S tage  
I I  : 2 h a f t e r  i n s e m i n a t i o n ;  egg st i l l  spher ica l  or  b e g i n n i n g  
to  e longa te ;  2 cons t r i c t ion  r ings ;  cop lasm v i s ib ly  homo-  
geneous ;  f i r s t  po la r  b o d y  forms.  S tage  I I I :  2.2 h a f t e r  
i n s e m i n a t i o n ;  e longa t ion  of t h e  egg in to  a n  ovoid  shape ;  
3 to  5 cons t r i c t ion  r ings ;  b e g i n n i n g  of ooplasmic  segrega- 
t i o n  (shi f t ing  of large  yo lk  p la t e l e t s  to  t h e  vege ta l  ha l f ) ;  
in i t i a l  e l eva t ion  of egg m e m b r a n e  f rom the  egg surface.  
Stage IV :  4 -6  h a f t e r  i n s e m i n a t i o n ;  f u r t h e r  e longa t ion  of 
the  egg;  1 to  2 cons t r i c t ion  r ings ;  f u r t h e r  segrega t ion  of 
oopIasm;  f u r t h e r  l i f t ing  of t h e  egg m e m b r a n e .  S tage  V:  
4 -6  h a f t e r  i n s e m i n a t i o n ;  f u r t h e r  e longa t ion  of t h e  egg;  
pe r i s t a l t i c  cons t r i c t i on  s tops ;  oop lasmic  segrega t ion  
nea r ly  comple t e ;  egg m e m b r a n e  e l eva ted ;  second po la r  
b o d y  forms.  

The  resu l t s  of t h e  m i c r o c i n e m a t o g r a p h i c  f i lm analysis ,  
as shown  in F igures  2 an d  3, i l l u s t r a t e  a n u m b e r  of po in t s  
of pe r i s t a l t i c  cons t r i c t ion .  One sees in  F igure  2 t h a t  i t  
t akes  a b o u t  8.5 man for a cons t r i c t ion  r ing  t o  t r a v e l  a b o u t  
85% of t h e  egg's  l e n g t h  ( to ta l  l e n g t h  is 140 vm).  F igure  2 
shows also t h a t  t h e  cons t r i c t ion  r ings  t r a v e l  f a s t e r  a t  t h e  
a n i m a l  ha l f  t h a n  a t  t h e  vege ta l  ha l f  a n d  t h e  ve loc i ty  of 
t h e  pe r i s t a l t i c  m o t i o n  decreases  w i t h  e m b r y o  age;  con-  
s t r i c t ion  r ings  a t  S tages  I a n d  I I  t r a v e l  r i g h t  to  t h e  vege ta l  
t ip ,  whe reas  r ings  a t  S tages  I I I - V  s top  a t  inc reas ing  dis- 
t ances  f rom the  vege ta l  t ip .  

The  a m p l i t u d e  of t h e  cons t r i c t ion  changes  in r e l a t i on  to 
d e v e l o p m e n t a l  s tage as well  as t h e  pos i t ion  of the  const r ic-  
t i on  in t h e  egg (Figure 3). This  f igure shows t h a t  t h e  
a m p l i t u d e s  of t h e  cons t r i c t i on  are  g rea te r  in  older  
e m b r y o s  ( I I I - V )  t h a n  t h a t  of y o u n g e r  ones  ( I - I I ) .  
Moreover ,  t h e  a m p l i t u d e  of cons t r i c t i on  of al l  s tages  
increases  genera l ly  f rom a n i m a l  to  vege tM pole  b u t  d rops  
s h a rp l y  a t  t h e  vege ta l  pole  in  older  s tages  ( I I I -V) .  

T h e  ra tes  of pe r i s t a l t i c  m o t i o n  in d i f fe ren t  e m b r y o s  
seem to  be  i n d e p e n d e n t  of t h e  n u m b e r  of r ings  p resen t .  
For  example ,  t h e  i n t e r v a l  b e t w een  cons t r i c t ion  r ings  
r each ing  t h e  vege ta l  pole is 3 man in an  egg w i t h  3 r ings,  
a n d  t h e  same  a m o u n t  of t i m e  is" requ i red  in a n  egg w i t h  
4 r ings.  

Chemica l  i n h i b i t o r s  used in t h i s  s t u d y  wh ich  m a y  
af fec t  t h e  pe r i s t a l t i c  cons t r i c t ions  inc lude :  Cytocha-  
las in  B in d imethy lsu l fox ide ,  colchicine,  a c t i n o m y c i n  
D, cyc lohex imide  a n d  a n t i m y c i n  A. Cy tocha la s in  B is 
known to  i n h i b i t  some cel lular  c o n t r a c t i o n  11-14 a l t h o u g h  
t h e  m e c h a n i s m  of i ts  ac t ion  is con t rovers ia l .  Some 
e x p e r i m e n t s  i nd i ca t e  Cy tocha l a s in  B d i s rup t s  con t rac t i l e  
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microf i laments  ~-~s, whereas  others  show it  appears  to 
affect  m e m b r a n e  phenomena~*,~9, ~0. In  our s t u d y  we 
f ind t h a t  0.25 to  20 ~zg/cm 3 Cytochalas in  B in 0.025 to  
0.2 % d imethylsu l fox ide  effect ively s topped  and d a m p e n e d  
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Fig. 2. Peristaltic movement of constriction rings measured in 
different developmental stages (I-V) as a function of time. The 
number in parentheses following the developmental stage refers to 
the number of constriction rings measured for that curve. The time 
the constriction ring ends vegetally was chosen as the reference time. 
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Fig. 3. Amplitude (average) of constriction in eggs of different 
developmental stages (I-V) as a function of the constriction position 
on the animal-vegetal axis. The number in parentheses following the 
developmental stage refers to the number of eggs measured for that 
curve. 

all per is ta l t ic  cons t r ic t ions  wi th in  2 to  30 rnin. Colchicine. 
a known micro tubule  inh ib i to r  2~, p roduced  no effect  on 
per is ta l t ic  cons t r ic t ion  at  concen t ra t ions  up to  400 ~g/cm a 
for 80 min  bu t  b o t h  ooplasmic  segregat ion and meiot ic  
divis ion were inhib i ted  ~ 4 ~zg/cm a did no t  affect  ooplasmic  
segregation,  b u t  appa ren t l y  a r res ted  mitosis,  for cleavage 
failed to  occur. Ac t inomyc in  D, an inhib i tor  known  to 
block amino acid t r a n s p o r t  22, s t imula te  m R N A  degrada-  
t ion  2a, and  inhib i t  p ro te in  2~ and phosphol ip id  synthes is  25, 
s lowed the  ra te  of per is ta l t ic  mo t ion  s l ight ly  a t  concent ra-  
t ions  of 5-20 ~xg/cm 3, b u t  did no t  s top it. Ooplasmic  
segregat ion  was unaffected,  b u t  d e v e l o p m e n t  ceased at  
the  2 to 4 cell stage. Cycloheximide,  an inh ib i to r  of p ro te in  
synthesis2L slowed the  per is ta l t ic  mo t ion  s l ight ly  a t  
concen t ra t ions  of 10-20 ~g/cm ~ bu t  d id  no t  affect  ooplasmic  
segregation.  An t imyc in  A, an inh ib i to r  of the  cy toch rome  
oxidase  cycle in mi tochondr ia ,  and therefore  of energy  
release 27, 2s; did no t  inh ib i t  the  cons t r ic t ions  a t  550 ~g/cm 3 
bu t  a r res ted  ooplasmic  segregation.  

Our expe r imen ta l  evidence indica tes  t h a t  the  per is ta l t ic  
cons t r ic t ions  in th is  barnacle  egg are p ro b ab l y  caused by  
microf i laments  no t  by  microtubules .  P ro te in  syn thes i s  
m a y  be necessary  for t he  const r ic t ions ,  bu t  ox ida t ive  
phosphory l a t i on  is not.  As for the  relat iot tship be tween  
the  per is ta l t ic  cons t r ic t ions  and  the  concur ren t  morpho-  
genet ic  changes,  such as ooplasmic  segregation,  egg 
elongation,  m e m b r a n e  l i f t ing and polar  body  format ion ,  
our evidence is only  suggestive.  Ooplasmic  segregat ion 
appears  to  be i n d e p e n d e n t  of t he  per is ta l t ic  constr ic t ions ,  
as no segregat ion was observed at  Stages I and  II  when  
the  ra tes  of cons t r ic t ion  m o v e m e n t  were h ighes t ;  more-  
over, when  the  per is ta l t ic  cons t r ic t ions  are s topped  by  
Cytochalas in  B, ooplasmic  segregat ion  cont inues .  One 
m u s t  be aware, however ,  t h a t  some cy top lasmic  con- 
s t i t uen t s  which  canno t  be seen unde r  a l ight  microscope  
m a y  have  segregated because of the  per i s ta l t ic  constr ic-  
t ions.  Egg e longat ion is p robab ly  re la ted  to  the  per i s ta l t ic  
cons t r ic t ions  as the  increase of the  per is ta l t ic  veloci ty  a t  
the  middle  of t he  egg dur ing  Stage I I I  cor responds  to  
the  t ime  of grea tes t  observed e longat ion;  t he  gradual  
s lowing of the  cons t r ic t ion  m o v e m e n t  cor responds  to  t he  
comple t ion  of e longat ion;  and  when  the  per is ta l t ic  con- 
s t r ic t ions  are s topped  by  Cytochalas in  B a t  Stage I or 
II ,  the  e longat ion  also stops.  L i f t ing  of the  egg m e m b r a n e  
m a y  be re la ted  to cont rac t i le  ac t ion as well, as the  
m e m b r a n e  f irs t  becomes  visible along the  cons t r ic t ion  
r ing  in Stage I I I  embryos  (Figure 1). A l though  our 
e x p e r i m e n t a l  resul ts  d id  no t  e lucidate  t he  re la t ionship  
be tween  the  polar  body  fo rma t ion  and  the  per is ta l t ic  
constr ic t ions ,  it  should be s t ressed t h a t  the  si te of polar  
body  fo rma t ion  (animal pole) is also the  area where  the  
cons t r ic t ion  r ings are genera ted .  Can th is  area be regarded  
as a ' pace -maker '  in re la t ion to the  per is ta l t ic  constr ic-  
t ions  ? 29 
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Rdsumd. La vi tesse  e t  l ' amp l i t ude  des r e s se r rement s  
p6r is ta l t iques  dans  les ceufs fertilis6s de balane (Pollieipes 
polymerus) d @ e n d  de l 'gge de l ' e m b r y o n  et  de la pos i t ion  
du r e s se r remen t  dans  celui-ci. Les resse r rements  p6ristal-  
t iques  sont  p r o b a b l e m e n t  r6gl6s par  des mic rof i l aments  
e t  non  par  des micro tubules  e t  il se p e u t  que  la s y n t h [ s e  
de prot6ine  soft n6cessaire, mais  la phosphory la t ion  
oxyda t ive  ne l 'es t  pas. Le r appo r t  possible  ent re  les 

resse r rements  e t l e s  6v6nements  morphog6n6t iques  des 
aeufs fertilis6s est  discut6. 

C. AREY LEWIS, FU-SHIANG CHIA and T. E. SCI-IROEDER 
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Die Mitoseh~iufigkeit in der normalen Epidermis 

Genaue  K e n n t n i s s e  tiber die E i n w i r k u n g  des DMSO 
(Dimethylsul foxyd)  auf die Mitoseaktivitg& der  epider-  
malen  Zellen liegen bisher  n ich t  vor. Es  wurde  lediglich 
eine e rh6hte  Zahl der  Tei lungsf iguren nach  ]?;inwirkung 
des DMSO auf die Meer schwe inchenhau t  b e o b a c b t e t  ~. 
In  diesem Z u s a m m e n h a n g  s ind  s u c h  die Befunde  von  
KORFSMEIER 2 zu nennen,  der  in Ku l tu r en  yon  H a u t -  
epi the l  und  F ib rob la s t en  n a c h  DMSO-Zugabe  eine 
S t imula t ion  der  D N S - S y n t h e s e  erre ichen konnte .  

Material und Methode. Die Versuche  wurden  an 
5 Gruppen  zu je 5 Albino-M~usen im Alter  yon  21 bis 
28 Tagen vo rgenommen ,  t3ei allen Tieren wurden  auI 
e inem 1,5 cm ~ grossen Feld  der  R i ickenhau t  beidersei ts  
je 2 Tropfen  einer 90%igen DMSO-L6sung  a nach  me-  
chanischer  Depi la t ion  aufgetragen.  Je 5 Tiere wurd en  
nach  e inem Zei t in terva l l  yon  12, 24, 36, 53 und  72 h 
jeweils n a c h m i t t a g s  get6te t ,  n a c h d e m  ihnen  5 h vorhe r  
0,1 mg Colcemid s.c. inj iziert  worden  war. 

U m  einen eventue l len  Einf luss  der  Rasur  auf die 
Mitosera te  zu prtifen, wurden  2 wei tere  Gruppen  nach  
Rasur,  ohne DMSO-Anwendung ,  zu den In te rva l l ze i t en  
0 und  29 h get6tet .  Als Verg le ichsgruppe  d ien ten  
5 Tiere, die weder  ras ier t  noch  mi t  DMSO v o r b e h a n d e l t  
waren.  Sie wurden  ebenfalls  5 h nach  Colcemid-Appli -  
ka t ion  geopfert .  Die 5 h nach  Colcemid-Anwendung  ent -  
n o m m e n e  Rt i ckenhau t  wurde  in Bouinseher  L6sung 
fixiert ,  in Para f f in  e ingebe t t e t  und  die ca. 3-5 ~m dicken 
Schn i t t e  wurden  mi t  H a e m a l a u n - E o s i n  gef~rbt.  

der Maus nach einmaliger DMSO-Einwirkung  

Bei j e d e m  Tier  wurde  die re la t ive H~uf igkei t  der 
Mitosen basaler  und  suprabasa le r  Zellen, jeweils auf 
1000 Basalzel len bezogen, ftir beide K6rperse i t en  ge t r enn t  
be s t immt .  

Der  Vergleich der  H~Lufigkeiten beider  K6rperse i t en  
erfolgte mi t te l s  des t-Tests fiir abh/ingige St ichproben,  
der  Vergleich der  Ergebnisse  mi t  dem Ausgangswer t  
mi t te l s  des Vierfelder tests .  Alle Wahrsche in l ichke i t s -  
angaben  beziehen sieh anf  zweiseitige Frages te l lungen.  

Untersuchungsergebnisse und Besprechung. Die Dar-  
s tel lung (Figur 1) der  re la t iven  Hiiufigkeit  der Mitosen 
in Abh~Lngigkeit yon der  Zeit zeigte keine Anderung  der  
a r i thmet i schen  Mit te l  der  Mitoseh~iufigkeit bei den un-  
behande l ten ,  ras ie r ten  Tieren im Vergleich zu den  unbe-  
handel ten ,  n ieh t ras ie r t en  Tieren.  

Dagegen zeigt  sich 12 h nach  D M S O - A n w e n d u n g  eine 
deut l iche  R e d u k t i o n  der  S t reuung  der  re la t iven  Mitose-  
h~Lufigkeit bei  n ich t  zu s icherndem Unte r sch ied  der  
mi t t l e ren  H~ufigkei t  v o m  en t s p r ech en d en  W e r t  der  n ich t  
behande l t en  Tiere. 24 h nach  der Behand lung  mi t  DMSO 
k o m m t  es zu einer s igni f ikanten  Zunahme  der  re la t iven  
Mi toseh iu f igke i t  - i m  Mit te l  55,7. M i t o s e n -  gegeniiber  
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3 DMSO (Infiltrina) wurde uns entgegenkommenderweise vonder 

Firms Heyden, Mfinchen, zur Verfiigung gestellt. 

H~tufigkeit der Mitosen basaler und suprabasaler Zellen in der Haut der Maus (bezogen auf 1000 Basalzellen) 

Material Mitosen/1000 Z. Xd (t-Wert) ~ X Z ~ P < 

Ausgangswert : 
unrasierte Haut ohne DMSO 

Vergleieh : 
rasierte Haut ohne DMSO 

rasierte Haut 29 h nach Rasur ohne DMSO 

Test : 
rasierte Haut 12 h nach Rasur, mit DMSO 

rasierte Haut 24 h naeh Rasur, mit DMSO 

rasierte Haut 36 h nach Rasur, mit DMSO 

rasierte Haut 53 h naeh Rasur, mit DMSO 

rasierte Haut 72 h naeh Rasur, mit DMSO 

reehts 26 28 38 12 25 1.8 (0.615) 26.7 
links 39 27 40 9 23 

rechts 42 15 30 24 20 3.4 (0.787) 27.9 0.0271 0.8 
links 62 17 29 19 21 
reehts 23 37 34 27 33 0.4 (0.150) 30.6 0.2732 0.7 
links 25 27 39 30 31 

rechts 32 25 38 39 15 3.2 (0.958) 28.2 0.0421 0.9 
links 28 23 35 25 22 
�9 "eehts 48 48 39 68 79 1.4 (0.285) 55.7 10.64 0.005 
links 41 43 44 54 93 
rechts 23 9 18 20 18 3.2 (1.372) 19.2 1.254 0.3 
links 22 8 29 26 19 
rechts 22 18 15 12 18 1.0 (0.512) 16.5 2.461 0.2 
links 20 14 15 18 13 
reehts 15 29 30 38 26 7.2 (1.770) 29.2 0.1150 0.85 
links 12 41 50 29 32 

Fiir zweiseitiges P = 0.1 betr/igt t = 2.81 fiir 4 Freiheitsgrade. 


