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f igure 2. The  r e t i n a  of the  f ish con t a in s  tw in  cones and  
rods.  Twin  cones are obse rved  on ly  in t h e  v e n t r a l  region 
( twin cone area) (figure 2A, B). The  r e m a i n i n g  r e t i n a  is 
all rod  a rea  wh ich  is composed  of rod  bund l e s  (grouped 
receptors) .  F u r t h e r m o r e  these  rod  b u n d l e s  m a d e  a special  
a r r a n g e m e n t  shown  in f igure 2A, C,D. T he  p i g m e n t  epi- 
t h e l i u m  con ta ins  guan ine  c rys ta l s  and  m a k e s  a guan ine  
t y p e  t a p e t u m  luc idum  5. These  h is to logica l  e x a m i n a t i o n s  
of t h e  r e t i n a  ind ica te  t h a t  c h l o r o p h t h a l m i d  h a v e  t h e  tw in  
cone v is ion  for u p p e r  fo rward  and  t he  h i g h  sens i t ive  
v is ion  d e p e n d i n g  on guan ine  t a p e t u m  a n d  grouped  recep- 
to rs  for  o the r  direct ions.  
A d d i t i o n a r y  c h l o r o p h t h a l m i d  h a v e  t he  yel low lens in t he  
eyes 3-6. In  t he  eyes  t he  same  d i s c r epancy  exis ts  b e t w e e n  
t he  l igh t -co l lec t ing  s t r u c t u r e  ( t a p e t u m  and  g rouped  re- 
ceptors)  a n d  t he  l i gh t - abs o r b i ng  yel low lens, as t h a t  of 
Argyrope lecus '  eyes s. This  cur ious  d i s c r epancy  also sug- 
gests  a s o m e w h a t  i m p o r t a n c e  for t he  yel low lens. Indeed ,  
t he  cu l tu red  b lue-green  b io luminescence  (emission max.  
a t  510 nm)  of C. a lba t ross i s  can  pass  t h r o u g h  the  yellow 
lens tho rough ly .  B u t  l igh t  of w a v e l e n g t h  s ho r t e r  t h a n  
450 n m  ba re ly  reaches  t h e  r e t i n a  because  of t he  select ive 
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a b s o r p t i o n  of t he  yel low lens 3. Thus ,  t h e  p r e sen t  f ind ing  
of t h e  pe r i ana l  l igh t  o rgan  m a y  exp la in  t he  d i s c r epancy  
of t he  eyes. F u r t h e r m o r e ,  to  u n d e r s t a n d  t he  sensory  life 
of t he  fish, a possible  i n t e r r e l a t i o n s h i p  be tween  t he  l ight  
o rgan  and  t he  special ized eyes is discussed.  
F u n c t i o n  of t h e  smal l  l i gh t  o rgan  m i g h t  serve as a n  in t r a -  
specific s ignal  wh ich  p lays  an  i m p o r t a n t  role in  t he  school  
f o r m a t i o n  as in t he  case of m a c r o u r i d s  1~ The  de tec t ion  
of d im  b io luminescence  as a s ignal  m a y  dr ive  t h e  evolu-  
t ion  of un ique  eyes. Converse ly  i t  m a y  be  specu la ted  t h a t  
t he  special ized o rgan iza t i on  of t he  eyes r e s t r a ins  the  
p r i m i t i v e  l igh t  o rgan  f rom growing  u p  in to  t h e  well- 
deve loped  s t ruc tu re ,  because  i t  is dange rous  to possess a 
large l igh t  o rgan  for t he  in t raspec i f ic  s ignal  which  would  
easi ly be  i n t e r cep t ed  b y  p reda to r s .  I n d e e d  the  smal ler  
t he  l igh t  organ,  t he  more  effect ive a n d / o r  secure the  
in t raspec i f ic  signal.  
The  forgoing cons ide ra t ions  (speculat ions)  m a y  be  sum-  
mar i zed  as follows: C h l o r o p h t h a l m u s  spp.  h a v e  t he  spe- 
cial ized eyes wh ich  are necessa ry  to  d e t e c t  t he  f a in t  
s ignal  for t he  in t raspec i f ic  c o m m u n i c a t i o n s .  I n  such  pre-  
cise percep t ion ,  t he  yel low lens a n d  o t h e r  r e t ina l  speciali-  
za t ion  (especial ly t w i n  cone area) m a y  h a v e  a n  ac t ive  
func t i on  to f ind  t he  b lue-green  s ignal  se lec t ively  in such 
deep-sea  e n v i r o n m e n t .  
F u r t h e r  s tud ies  on such  an  i n t e r r e l a t i o n s h i p  b e t w e e n  the  
v is ion  a n d  t he  b io luminescence  m a y  b r ing  fo r th  useful  
i n f o r m a t i o n  on  t he  sensory  life in  deep-sea  fishes. A more  
de ta i l ed  r e p o r t  o n  t h e  pe r i ana l  l igh t  o rgan  of Chloro- 
p h t h a l m u s  and  re l a t ed  genera  is u n d e r  p r epa ra t i on .  

T h e  i n f l u e n c e  of B r d U  on  i n t e r s t i t i a l  ce l l  d i f f e r e n t i a t i o n  in  h y d r a  1 
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Summary. E x p o s u r e  of h y d r a  to  3.25 • 10 -3 M B r d U  selec t ively  a l te red  d i f f e r e n t i a t i o n  in t he  a n i m a l ' s  p l u r i p o t e n t  
I-cell  popu la t ion .  I t  is suggested,  therefore ,  t h a t  th i s  ana log  m a y  r ep re sen t  a va l id  p r o b e  to ana lyze  t he  cont ro l s  reg- 
u l a t i ng  cel lular  d i f f e r en t i a t i on  in in v ivo  popu la t i ons  of p l u r i p o t e n t  cells. 

The  t h y m i d i n e  ana log  5 -b romo-2 ' -deoxyur id ine  (13rdU) 
i nh ib i t s  t he  express ion  of cel lular  d i f f e ren t i a t ion  in a 
wide v a r i e t y  of cells. This  i nh ib i t i on  is effected w i t h o u t  
n o t i c e a b l y  mod i fy ing  e i the r  cell d iv is ion  or v iab i l i ty .  I n  
m o s t  cases suppress ion  of d i f f e r en t i a t i on  occurs  w h e n  
B r d U  is i n t r o d u c e d  d u r i n g  a per iod  of cell p ro l i fe ra t ion  
and  is cons i s t en t  w i t h  a n  effect  m e d i a t e d  t h r o u g h  in- 
c o r p o r a t i o n  of the  ana log  in to  DNA3. 
The  f r e shwa te r  c n i d a r i a n  h y d r a  possesses a p o p u l a t i o n  
of p r e s u m a b l y  p l u r i p o t e n t  i n t e r s t i t i a l  cells (I-cells) whose  
a p p r o x i m a t e  24 h cell cycle 4 m a k e s  t h e m  the  m o s t  r ap id ly  
t u r n i n g - o v e r  p o p u l a t i o n  of cells in t he  organism.  B y  
v i r t u e  of t he i r  sho r t  cycle t ime  I-cells would p r e s u m a b l y  
e x h i b i t  a g rea te r  s ens i t i v i ty  t h a n  o t h e r  h y d r i d  cell t ypes  
to  a p robe  ac t ing  on  p ro l i f e ra t ing  cells. Therefore ,  th i s  
e x p e r i m e n t a l  s y s t e m  would  p e r m i t  an  in v ivo  s t u d y  of 
t he  effects  of B r d U  on t he  c o m m i t t m e n t  of m u l t i p o t e n t  
cells to  specific p a t h w a y s  of d i f fe ren t ia t ion .  I n  th i s  in- 
v e s t i g a t i o n  t he  effect  of B r d U  on I-cell  d i f f e ren t i a t ion  
in to  ne rve  a n d  desmoneme ,  i sorh iza  a n d  s tenote le  nema-  
t ocy t e s  is examined .  
Materials and methods. All an i m a l s  used for e x p e r i m e n t a -  
t ion  were n o n - b u d d i n g  H y d r a  pseudol igact is .  T he  ani-  
ma l s  were mass  cu l tu red  in 20 cm f ingerbowls  a t  20 ~= 1 ~ 
accord ing  to  t he  m e t h o d  of Loomis  a n d  Lenhof f  5 excep t  

t h a t  dis t i l led w a t e r  was s u b s t i t u t e d  for t ap  water .  Ani-  
mals  were fed eve ry  o the r  d a y  w i t h  A r t e m i a  sa l ina  naupl i i  
a n d  c leaned a p p r o x i m a t e l y  4 h a f t e r  feeding.  
I m m e d i a t e l y  a f t e r  c leaning,  an ima l s  were d iv ided  in to  2 
g roups  and  p laced  in e i the r  h y d r a  cu l tu re  w a t e r  (HCW) 
or a so lu t ion  of 3.25 • 10 -3 M ]3rdU (Sigma Chemica l  Co., 
St. Louis,  Missouri)  in HCW. Th i s  c o n c e n t r a t i o n  was 
selected as i t  r ep resen ted  a level  of B r d U  t h a t  h a d  been  
p rev ious ly  shown  no t  to  i nh ib i t  r egene ra t i on  6. F u r t h e r -  
more ,  p r e l im ina ry  e x p e r i m e n t s  in our  l a b o r a t o r y  revealed  
i t  to  be the  h ighes t  c o n c e n t r a t i o n  a t  w h i c h  B r d U - t r e a t e d  
an ima l s  b u d d e d  a t  a n o r m a l  r a t e  a n d  exh ib i t ed  no evi- 
dence  of cell s lough ing  a f t e r  a 3-week exposure .  
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Q u a n t i t a t i v e  cell d a t a  were recorded  f rom m a c e r a t e d  
h y d r a  and  f r e sh ly -p repa red  t en t ac l e  whole  m oun t s .  A t  
48 h in t e rva l s  b e g i n n i n g  a t  t i le t i m e  of in i t ia l  exposure  
10 r andomly - se l ec t ed  B r d U - t r e a t e d  an ima l s  a n d  10 H C W  
cont ro l s  were cu t  in half .  The  d is ta l  ha lves  of these  ani-  
ma l s  were m a c e r a t e d  accord ing  to  t he  m e t h o d  of D a v i d  7 
and  t he  cells were c o u n t e d  u n d e r  phase  c o n t r a s t  optics.  
A m i n i m u m  of 1400 cells was  c o u n t e d  for each  p r e p a r a t i o n  
a n d  classified b y  cell t y p e  as descr ibed b y  Bode  e t  al. s. 
M a t u r e  n e m a t o c y t e s  were also c o u n t e d  f rom freshly-pre-  
p a r e d  t en t ac l e  whole  m oun t s .  A t  48 h i n t e rva l s  be- 
g inn ing  a t  t he  t ime  of in i t i a l  t3rdU exposure ,  t en t ac l e s  
were cl ipped a t  t he i r  bases  f rom b o t h  con t ro l  a n d  B r d U -  
t r e a t e d  h y d r a  before  mace ra t i on .  These  t en t ac l e s  were 
m o u n t e d  i m m e d i a t e l y  a n d  e x a m i n e d  w i t h  phase  c o n t r a s t  
optics ,  To insure  u n i f o r m i t y  in t h e  c o u n t i n g  p rocedure  
desmoneme ,  i sorh iza  and  s tenote le  n e m o c y t e s  were 
c o u n t e d  f rom the  midd le  t h i r d  of each  t en t ac l e  p r epa ra -  
t i on  ~. I n  all  con t ro l  h y d r a  a t  leas t  600 n e m a t o c y t e s  were 
c o u n t e d  pe r  p r e p a r a t i o n .  For  B r d U - t r e a t e d  an imals ,  
c o u n t i n g  ceased w h e n  t he  n u m b e r  of s teno te les  r eached  
t he  con t ro l  level.  S t a t i s t i ca l  ana lyses  of t he  differences  
recorded  b e t w e e n  ti le cell t ypes  of  con t ro l  a n d  B r d U -  
t r e a t e d  h y d r a  were pe r fo rmed  us ing  a sign t e s t  ~~ 
Results. Pr ior  to  b e g i n n i n g  e x p e r i m e n t a t i o n  cell coun t s  
were recorded  on h y d r a  r a n d o m l y , s e l e c t e d  f rom those  to  
be  exposed to  B r d U  a n d  H C W  controls .  A c o m p a r i s o n  of 
t he  p ropor t i ons  of each  cell t y p e  in these  h y d r a  revea led  
no  s ign i f ican t  d i f ferences  (des ignated  d a y  0 in f igures 1 
and  2). Coun t s  recorded  on  d a y  2 showed  de t ec t ab l e  
decreases  in t he  p r opo r t i ons  of b o t h  large a n d  smal l  
I-cells;  however ,  these  di f ferences  were n o t  s t a t i s t i ca l ly  
s ign i f ican t  (figure 1A a n d  B). B y  d a y  4, a l t h o u g h  t he  
p ropor t i ons  of b o t h  large  and  smal l  I-cell  r e m a i n e d  un-  
changed  in con t ro l  h y d r a ,  B r d U - t r e a t e d  an ima l s  exh ib i t ed  
s t a t i s t i ca l ly  s ign i f i can t  (p < 0,05) decreases  in t he  pro- 
po r t i ons  of these  cell types .  Once es t ab l i shed  these  dif- 
ferences were m a i n t a i n e d  t h r o u g h o u t  t he  exposure  period.  
E x a m i n a t i o n  of t he  p r o p o r t i o n  of ne rve  cells p r e s e n t  in  
con t ro l  and  B r d U - e x p o s e d  h y d r a  revea led  t h a t ,  as found  
w i t h  I-cells, t h e  p r o p o r t i o n  r e m a i n e d  u n c h a n g e d  in con t ro l  
h y d r a  t h r o u g h o u t  the  16 d a y  s t u d y  period.  B d r U - t r e a t e d  
hydra ,  however ,  exh ib i t ed  a p r o n o u n c e d  decrease  in n e r ; e  
cell p o p u l a t i o n  b y  d a y  4 (p < 0.005), w i t h  no r ecove ry  
occur r ing  so long  as h y d r a  r ema ined  in B d r U  (figure 1, C). 
M a t u r e  n e m a t o c y t e  c o u n t s  (from t en t ac l e  p repa ra t ions )  
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Fig. 1. Comparisons of the relative proportions of 3 cell types in the 
distal halves of animals exposed to 3.25 x 10 .3 M BrdU and HCW 
controls. In each comparison the open circles represent BrdU-treated 
hydra, the closed circles represent control animals. A) Large I-cells, 
B) small I-cells, C) nerve cells. 

9 A ) [  �9 �9 ~ !: ':E ~ 
E ~ 5 o o o ~ o  , , , , ? ,o , o 

t0[ B) 

N_ ~ I I I I , �9 

=~ = .8 2 4 6 8 10 12 1'4 1'6 days 

Fig. 2. Comparisons of the dcsmoneme and isorhiza nematocyte 
populations , expressed as a proportion of the stenotele population, 
in the tentacles of animals exposed to 3.25 • 10 .3 M BrdU and HCW 
controls. In each comparison the open circles represent BrdU-treated 
hydra, the closed circles represent control animals. A) Desmonemes, 
B) isorhizas. 

showed  no s t a t i s t i ca l ly  s ign i f i can t  d i f ferences  in  t h e  cal- 
cu la t ed  p ropor t i ons  of e i t he r  s t eno te le  or i sorhiza  nema-  
tocy tes  be tween  con t ro l  a n d  B r d U - t r e a t e d  h y d r a  t h r o u g h -  
ou t  t he  s t u d y  per iod  (figure 2). Such  d a t a  ind ica te  t h a t  
t he  p ropo r t i ons  of these  2 n e m a t o c y t e  types  changed  
s imilar ly ,  if a t  all, fol lowing B r d U  exposure .  Therefore ,  
because  s teno te les  r ep re sen t ed  t he  la rger  and  more  dis- 
t i nc t i ve  of t he  2 types ,  t h e y  were selected as the  s t a n d a r d  
aga ins t  wh ich  n u m b e r s  of d e s m o n e m e s  were compared .  
Counts  of B r d U - t r e a t e d  t en tac l e s  c o n t i n u e d  un t i l  t h e  
n u m b e r  of s teno te les  r e ached  t h a t  of the  con t ro l  p repa ra -  
t ion  for  t he  specified t i m e  in te rva l .  As a resu l t  t he  d a t a  
for m a t u r e  n e m a t o c y t e s  in f igure 2 are  p r e sen t ed  wi th  
t he  n e m a t o c y t e  t y p e  (i. e. i sorh iza  or  desmoneme)  ex- 
pressed  as a p r o p o r t i o n  of s tenote le  nema tocy t e s .  I t  is 
e v i d e n t  f rom figure 2 t h a t  b y  d a y  6 s ign i f ican t  differences 
(p < 0.05) ex is ted  b e t w e e n  the  re la t ive  p ropor t i ons  of 
d e s m o n e m e s  in con t ro l  versus  B r d U - t r e a t e d  animals .  Once 
ach ieved  th i s  d i f ference was m a i n t a i n e d  for the  en t i re  
s t u d y  period.  
Discussion. H y d r i d  I-cells r ep re sen t  a p l u r i p o t e n t  popuIa-  
t ion  of cells f rom w h i c h  ne rves  a n d  n e m a t o c y t e s  dif- 
fe ren t ia te .  The  c u r r e n t  model  11 exp la in ing  th i s  differen-  
t i a t i o n  envis ions  a cycl ing s t em cell p o p u l a t i o n  f rom which  
cells are c o m m i t t e d  to e i t he r  a ne rve  or n e m a t o c y t e  p a t h -  
way  of d i f fe ren t ia t ion .  I t  is e v i d e n t  t h a t  3.25 X 10 -3 M 
B r d U  af fec ted  h y d r i d  I-cell  d i f fe ren t ia t ion ,  wi th  differen-  
t i a t e d  de r i va t i ve s  of b o t h  p a t h w a y s  be ing  a l te red  b y  B r d U  
exposure .  
The  p a t t e r n  of response  to B r d U  revea led  t h a t  I-cells 
appea red  to be i m m e d i a t e l y  af fec ted  b y  tile drug.  Once 
t he  p r o p o r t i o n  of I-cells s tabi l ized  however ,  p ro longed  
exposure  to  t he  c o m p o u n d  did  n o t  resu l t  in an  exaggera-  
t ion  of t he  response.  I-cell  de r ived  cell t ypes  exh ib i t ed  a 
s imi la r  p a t t e r n  of decl ine  and  s u b s e q u e n t  s tab i l iza t ion ,  
w i th  t he  decreases  in p ropo r t i ons  occur r ing  a t  t imes  pre-  
d ic tab le  f rom cell cycle analysis .  
Therefore ,  we sugges t  t h a t  t he  modi f i ca t ions  in t he  cel lular  
compos i t i on  of h y d r a  obse rved  fol lowing B r d U  exposure  
resu l t  f rom 13rdU a f fec t ing  I-cell  d i f fe ren t ia t ion .  As such, 
th i s  ana log  m a y  now be  ut i l ized as a p robe  to f u r t h e r  
ana lyze  the  r egu la t ion  of cell d i f f e ren t i a t ion  in a n  in v ivo  
p l u r i p o t e n t  p o p u l a t i o n  of ceils. 
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