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ABSTRACT: The dye Lucifer yellow CH was iontophoresed into recently fertilized eggs and early 
btastomeres of Flydractinia echinata. Iontophoresis was carried out on the stage of an inverted 
microscope in order to follow filling of the injected cells by short pulses of epifluorescent 
illumination. Lucifer yellow proved to be nontoxic and development in embryos with injected 
blastomeres proceeded normally. When zygotes were injected all the cells of the forming embryo 
contained dye, When one of the first two blastomeres was injected all the progeny of the injected 
cell also contained dye. Dye-coupling between injected and uninjected blastomeres did not occur 
in two-cell embryos nor between descendants of either line. Development of Lucifer-yellow-filled 
blastomeres or zygotes could be stopped by blue light irradiation. In a number of injected cells, the 
dye tended to accumulate forming brightly shining spots. The dye did not penetrate the nuclear 
envelope of injected cells. 

INTRODUCTION 

Lucifer yel low is soluble in the cytoplasm of o~lls. Due to its low molecular  weight ,  
this fluorescent dye passes gap junct ions  and  thus indicates  electr ical ly coupled cells 
(Stewart, 1978; Bennet  et al., 1978; Pochapin  et al., 1983). The re levance  of dye-coupl ing  
for cell de terminat ion  dur ing  embryonic  deve lopment  is u n d e r  current  discussion (for 
further l i terature see Dorrestei jn et al., 1983). The f luorescence emit ted  by Lucifer yel low 
is very bright, a fact that allows easy detect ion of in jec ted  cells and  their  progeny.  All the 
ment ioned  advantages  make  Lucifer yel low an  excel lent  marker  for t racing ind iv idua l  
cell l ines in developing  systems. The aim of the present  study was to de te rmine  whether  
Lucifer yel low meets  the men t ioned  requ i rements  for a cell l i neage  marker  in  a 
hydrozoan embryonic  system. 

MATERIALS AND METHODS 

Zygotes and early embryos 

Hydractinia echinata colonies were m a i n t a i n e d  in  the laboratory at the mar ine  
biological station of Helgoland,  Germany.  The re levant  methods have b e e n  descr ibed by 
Spindler  & Mfiller (1972). Zygotes or appropriate  embryos were collected every morn ing  
from the culture dishes and  used for the exper iments  after be i ng  washed  three t imes in 
Millipore filtered seawater.  
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P repara t ion  of Petri d ishes  

Plastic Petri dishes were prepared as shown in Figure 1. The coverslips were coated 
with 1.5 % agar Noble (Difco). Prior to injection zygotes or embryos were placed in holes 
of appropriate size which had been dug into the agar using fine glass needles. 

P repara t ion  of e lec t rodes  

Electrodes were pulled from 1.0ram outer diameter glass capillary tubing with 
filament (Hilgenberg, Malsfeld, Germany) using a vertical electrode puller (Kopf Instru- 
ments, Tujunga, Ca., USA). The tip was backfilled with 5 % Lucifer yellow CH lithium 
salt (Sigma) in A. bidest., the remainder of the capillary was filled with 0.5 M LiC1. The 
electrode resistance ranged from 30 to 100 M~. 

Ion tophores i s  

Plastic Petri dishes (Fig. 1) containing the desired embryos were placed on the stage 
of an inverted microscope (Zeiss IM35) and fixed with strips of modelling clay. The 
loaded electrode was brought to the surface of the embryo using a micromanipulator 
(Brinkmann, Mannheim, Germany). After impaling the electrode in the desired cell, 
hyperpolarizing current (4-10 nA) was applied for 6-8 min with the help of a microelec- 
trode amplifier (L/M-l, List, Darmstadt, Germany). During iontophoresis the intracellu- 
lar DC potential was monitored. It ranged from - 30 to - 50 mV and stayed stable during 
the period of dye injection. 

Obse rva t ion  of embryos 

After iontophoretic dye injection the electrode was removed and the embryos were 
transferred to glass dishes containing antibiotic sea water (100 ~tg Penicillin and i00 ~g 
Streptomycin per ml sea-water). The injected embryos were kept in the dark. The 
specimens were studied in vivo using a Zeiss IM 35 inverted microscope with epifluores- 
cent illumination. Micrographs were taken on llford HP 5 Asa 400 (Figs 3-5) or on Kodak 
CF Asa 1000 (Fig. 2). 

Fig. 1. Plastic Petri dish with glass coverslip forming part of the bottom. Hole in agar coating of 
coverslip contains embryo during iontophoresis 
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R E S U L T S  

Z y g o t e s  of Hydractinia echJnata i n j e c t e d  w i t h  Luc i f e r  y e l l o w  c l e a v e d  n o r m a l l y  a n d  

p r o d u c e d  n o r m a l  p l a n u l a  l a r v a e  as c o m p a r e d  w i t h  s h a m  i o n t o p h o r e s e d  or u n t r e a t e d  

e m b r y o s .  T h e  f l u o r e s c e n t  d y e  d i s t r i b u t e d  e q u a l l y  b e t w e e n  t h e  b l a s t o m e r e s  a t  e a c h  

d i v i s i o n  of t h e  e m b r y o .  W h e n  i n j e c t e d  z y g o t e s  or  e m b r y o s  d e v e l o p i n g  o u t  of t h e s e  

z y g o t e s  w e r e  i r r a d i a t e d  w i t h  b l u e  l i g h t  ( 4 5 0 - 4 9 0  rim) for  m o r e  t h a n  5 ra in ,  d e v e l o p m e n t  

s t o p p e d  a n d  n o  f u r t h e r  c l e a v a g e s  t o o k  p l a c e .  W i t h  s h o r t e r  d u r a t i o n s  of b l u e  l i g h t  

i r r a d i a t i o n  d e v e l o p m e n t  w a s  at  l e a s t  r e t a r d e d  a n d  o f t e n  s t o p p e d  a f t e r  o n e  or t w o  

Fig. 2.16-cel l  embryo with 4 fluorescent cells, 1 cell in the 4-cell embryo was in jec ted  with Lucifer 
yellow, Note overall weak  fluorescence and  sh in ing  spots in f luorescent blastomeres,  x 165 

Fig. 3. 2-cell embryo with one b las tomere  injected. Note that  dye is confined to the injected 
blastomere. Note also that  second cleavage synchronously beg ins  in both cells, x 165 

Fig. 4. 8-cell embryo with 4 f luorescent cells, 1 cell of a 2-cell embryo was injected, Note that  dye 
did not diffuse into descendants  of the unin jec ted  blastomere,  x 165 

Fig, 5.9-cell embryo, 1 b las tomere  of a 2-cell embryo was injected and  subsequent ly  i r radiated with 
blue light (450-490 nm) for 6 rain. The injected blas tomere  s topped c leavage whi le  the unin jec ted  

blas tomere cont inued to cleave undisturbed,  x 165 
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s ubsequen t  cel l  divisions.  In embryos  d e v e l o p i n g  out  of in jec ted  zygotes  the  fluores- 
cence  emi t t ed  by  each  s ing le  b l a s tomere  was  much  less b r igh t  than  it was in the  zygote.  
It then  b e c a m e  v is ib le  that  the  dye  had  not  p e n e t r a t e d  the  nucleus,  i.e. the  nuc le i  of these  
cel ls  were  not  f luorescent .  In a n u m b e r  of in jec ted  cells the dye  a p p e a r e d  to form 
a g g r e g a t e s  or to a ccumula t e  at cer ta in  reg ions  wi th in  the  cells, which  led  to b r igh t ly  
sh in ing  spots  (Fig. 2). Since  no h i s to log ica l  examina t ions  were  done it r emains  unse t t l ed  
w h e t h e r  these  accumula t ions  of the  dye  are  a s soc ia t ed  with  dis t inct  cell  substructures .  
The  t e n d e n c y  to form such accumula t ions  i nc r ea sed  with  the  n u m b e r  of c l eavages  
fo l lowing dye  inject ion.  

W h e n  one of the  first two b l a s tomere s  was  in jec ted  wi th  Lucifer yel low,  the dye 
r e m a i n e d  in this  cell  and  d id  not  diffuse into the  un in j ec t ed  b l a s tome re  (Fig. 3). Al l  the  
d a u g h t e r  cel ls  of the in j ec t ed  b l a s tomere  also con ta ined  dye.  The re  was  no diffusion of 
the  dye  from any  of the  daugh te r s  of the  in jec ted  cel l  to any  of the  p roge ny  of the  
un i n j ec t ed  b l a s tomere  (Fig. 4). Obv ious ly  the  cel ls  of the  two l ines  o r ig ina t ing  from the 
first two b l a s tomere s  a re  not  e l ec t r i ca l ly  coup led  dur ing  ear ly  deve lopmen t .  In la te  
embryos  (8 h) it is very  diff icult  to d e c i d e  whe th e r  a cell  be longs  to one l i ne a ge  or the 
other  b e c a u s e  the  f luorescence  emi t t ed  by  a s ing le  cell  has  b e c o m e  very  w e a k  at that  
t ime and  b e c a u s e  the loca t ion  of ce i ls  in la te  embryos  does  not a p p e a r  to be  r e l a t ed  to 
cel l  l ineage .  Two-ce l l  embryos  wi th  one cell  i n j ec ted  d e v e l o p e d  normal ly  as compared  
wi th  s h a m  ion topho re sed  or un t r ea t ed  controls. However ,  the  resu l t ing  la te  embryos  and  
p l a n u l a  la rvae  were  not  semi-f luorescent .  The  bo rde r - l i ne  b e t w e e n  f luorescent  and  non- 
f luorescent  cel ls  was  not  i den t i ca l  in d i f ferent  embryos  in which  one of the first two 
b l a s tomere s  had  b e e n  in jec ted .  Fur ther  c l eavages  of the  in jec ted  b l a s tomere  in two-cel l  
embryos  or of the  p r o g e n y  of this cel l  could  be  p r e v e n t e d  at  any  t ime by  5 min  of b lue  
l ight  i r rad ia t ion  (Fig. 5). It thus was  poss ib le  to eva lua t e  the  d e v e l o p m e n t a l  capac i ty  of 
the  r e m a i n i n g  and  no rma l ly  c l eav ing  b las tomeres .  In such cases,  the un in j ec t ed  blas to-  
mere  a lways  gave  rise to a normal  embryo  and  p l a n u l a  la rva  which  was  about  half  the 
size of a normal  p l a n u l a  larva.  

DISCUSSION 

The resul ts  p r e s e n t e d  demons t r a t e  that  Lucifer  ye l low CH can be  used  as a marke r  
of embryon ic  cel ls  in Hydractinia echinata. As in o ther  sys tems (Patella vulgata: De Laat  
et al., 1980; Arbacia punctulata: Pochap in  et  al., 1983; Psammechinusmiliaris: Pfannen-  
stiel,  unpubl ,  obs.) the  f luorescent  dye  d id  not  in terfere  with normal  d e v e l o p m e n t  of 
embryos .  Dye -coup l ing  b e t w e e n  the first two b la s tomeres  could  not  be  observed.  The 
s ame  was  t rue in Arbacia embryos  (Pochapin  et  al., 1983). As in Arbacia, ki l l ing  of the 
in j ec t ed  cel l  in two-ce l l  embryos  by  b lue  l ight  i r rad ia t ion  resu l ted  in smal l  but  o therwise  
no rma l  larvae.  The  ques t ion  r ema ins  open,  whe the r  the l ack  of d y e - c o u p l i n g  be tw e e n  
the first two b l a s tomere s  in bo th  sea  urch in  and  hydrozoan  is m e r e l y  cor re la ted  to the 
capac i ty  of these  cel ls  to p roduce  a comple t e  and  normal ly  s h a p e d  embryo  or whe the r  
u n d e t e r m i n e d  cel ls  usua l ly  do not show dye-coup l ing .  In Patella, d y e - c o u p l i n g  becomes  
a p p a r e n t  short ly after  the  fifth c l e a v a g e  (Dorres te i jn  et al., 1983). However ,  when  cel ls  
were  l a b e l l e d  short ly before  the  fifth c l eavage  they  d id  not  show dye- t ransfer  upon  
s u b s e q u e n t  deve lopmen t .  The  authors  asc r ibe  this  fea ture  to p r o b a b l e  cy top lasmic  
b i n d i n g  of Lucifer  ye l low.  The  p resen t  au thor  tends  to b e l i e v e  that  the observed  
accumula t ions  of the  dye  in i n j ec t ed  cel ls  or thei r  p r o g e n y  also speaks  in favor of 
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cytoplasmic b inding of Lucifer yel low. So it wou ld  be  in teres t ing  to in ject  one  cel l  in a 
four-cell embryo of Hydractinia and see whe the r  dye diffuses to its s ib l ing cell  or not. As 

judged  from Figure  4b (Dorresteijn et at., 1983) the nucle i  in the 64-cell  Patella embryo  

were  not pene t ra ted  by the dye. The  same was  true in Hydractinia embryos  in jec ted  as 
zygotes or as two-cel l  embryos.  The  r e l evance  of this f inding is not  clear. In neurons  of 

various animal  phyla, the per ikarya  and nucle i  are very wel l  s ta ined by Lucifer ye l low 
(Bicker, pers. comm.). 

The set-up used  for the present  study can be  r e c o m m e n d e d  for further s tudies  of that 

kind. It proved to be very helpful  that  the cells  could be v i e w e d  by both normal  and 
epif luorescent  i l luminat ion  whi l e  b e i n g  injected.  Thus, possible  diffusion of the dye  into 

ne ighbour ing  cells could be de tec ted  dur ing  iontophoresis .  It also should be poss ible  to 

follow the dynamics  of dye diffusion in deta i l  w h e n  in jec t ing  under  p e r m a n e n t  micro- 
scopic control. 
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