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regions  of t he  pos i t ive  Giemsa  b a n d s  are i nvo lved  a n d  
t h a t  t he  exchange  m a y  be  more  com pl ex  t h a n  has  been  
suggested.  A t  p r e sen t  we h a v e  no b e t t e r  e x p l a n a t i o n  for 
t he  i n t e r r u p t e d  pos i t ive  G b a n d s  in t he  exchange  regions.  

Of p a r t i c u l a r  i n t e r e s t  w i t h  the  t r y p s i n  p rocedure  to 
i nduce  SCD is t h a t  f r e q u e n t l y  one observes  in t e rch ro -  
m a t i d  connec t ions  a t  t he  p o i n t  of SCE (Figure 6). Such  
connec t ions  h a v e  n e v e r  been  seen in 33258 f luorescence 
p r e p a r a t i o n s  or  Giemsa  p r e p a r a t i o n s  us ing  p rocedures  
descr ibed  p rev ious ly  b y  o t h e r  inves t iga to rs .  I t  is possible  
t h a t  t r y p s i n  t r e a t m e n t  d i s to r t s  t he  d i s t r i b u t i o n  of 
nuc leopro te ins  a long  t he  c h r o m a t i d s  a n d  t he  connec t ing  
s t a ined  m a t e r i a l  r ep resen t s  a n  a r t e fac t .  

Since SCE m a y  be  a sens i t ive  and  accu ra t e  m e t h o d  for 
m e a s u r i n g  gene t ic  i n s t a b i l i t y  of m a m m a l i a n  and  h u m a n  
cells, i m p r o v e m e n t s  in m e t h o d o l o g y  ( rapidi ty ,  s impl ic i ty  
as well  as c o m b i n a t i o n  of t echn iques )  shou ld  p rove  to be 
useful  in fu tu re  inves t iga t ions .  The  p rocedures  descr ibed  
in t he  p r e sen t  p a p e r  n o t  on ly  can  revea l  b o t h  SCD a n d  G 
b a n d i n g  b u t  are  also rapid .  T he  t r y p s i n  m e t h o d  requi res  a 
t o t a l  of a p p r o x i m a t e l y  5 min .  

Summary. W e  r e p o r t  a p rocedure  for  c o m b i n i n g  s is ter  
c h r o m a t i d  d i f fe ren t ia l  s t a in ing  and  G b a n d i n g  in t he  
same  m e t a p h a s e  plate .  M a m m a l i a n  cells in cu l tu re  are 

g rown  in m e d i u m  c o n t a i n i n g  5 - b r o m o d e o x y u r i d i n e  for 
two  cell cycles, and  c o n v e n t i o n a l  a i r -dr ied  p r e p a r a t i o n s  
are  made.  The  slides are t r e a t e d  w i t h  a t r y p s i n  or a u rea  
so lu t ion  t h e  same  way  as for r egu la r  G band ing .  This  
m e t h o d  is s imple  and  fas t  a n d  p rov ides  a d d i t i o n a l  in forma-  
t i on  for cytogenet ic is tsS.  
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L i m u l u s  C h r o m a t o p h o r o t r o p i n :  Act ion  on I so la ted  

The  CNS of t he  horseshoe  crab,  Limulus polyphemus, 
con ta in s  a c h r o m a t o p h o r o t r o p i n  t h a t  disperses melano-  
phore  p i g m e n t  in Uca species l, 2. D u r i n g  our  c o n t i n u i n g  
s t u d y  of th i s  s u b s t a n c e  3, 4, we wonde red  if i t  ac ted  d i rec t ly  
or ind i rec t ly  in Uca melanophores .  W e  also wonde red  if 
t h i s  Limulus-Uca-chromatophorotropin, which  for con- 
ven ience  we refer  to  as LUC, was capab le  of in f luenc ing  
p i g m e n t  m i g r a t i o n  in c h r o m a t o p h o r e s  of o the r  c rus taceans .  
To o b t a i n  answers  to  these  quest ions ,  we h a v e  t e s t ed  t h e  
effects of LUC ex t r ac t s  on  isola ted legs of Uca species 
a n d  on  eyes ta lk less  r ep re sen t a t i ve s  of severa l  c ru s t acean  
families.  

All an ima l s  (except  Gecarcinus lateralis ~) were o b t a i n e d  
commerc ia l ly  and  held  in su i t ab le  ar t i f ic ia l  sea w a t e r  
( I n s t a n t  Ocean) e n v i r o n m e n t s .  E y e s t a l k s  were r e m o v e d  
a t  leas t  1 d a y  pr ior  to  expe r imen t s .  I so l a t ed  legs, h a v i n g  
all  s tage  one 6 melanophores ,  were o b t a i n e d  f rom eyes ta lk-  
less Uca pugilalor a n d  t he  r ecen t l y  descr ibed  U. panacea 7. 
Legs were r e m o v e d  p r o x i m a l  to  the  a u t o t o m y  p lane  on  
t he  bas i i s ch ium and  p laced  in Syracuse  glasses con ta in ing  
physio logica l  sal ine s. T he  2nd and  3rd wa lk ing  legs were 
used ;  t h e  r i g h t  legs as con t ro l s  a n d  t h e  lef t  legs as ex-  
pe r imen ta l s .  E x t r a c t s  were p r epa red  b y  t h o r o u g h l y  
g r ind ing  lyophi l ized Limulus CN S in all-glass homogen ize r s  
in  e i the r  sal ine (legs) or ar t i f ic ia l  sea w a t e r  (crabs).  The  
r e s u l t a n t  m i x t u r e  was t h e n  cent r i fuged ,  boi led for 10 min,  
recen t r i fuged ,  a n d  t he  s u p e r n a t a n t  used for in ject ion.  
Cont ro l  legs were in jec ted  w i t h  10 [xl saline,  a n d  ex- 
p e r i m e n t a l  legs w i t h  10 ~1 of a 0.1 m g  d r y  C N S / m l  sal ine 
ex t rac t .  P r e l i m i n a r y  s tud ies  showed t h a t  m e l a n o p h o r e s  
of eyes ta lk less  Uca e x h i b i t e d  p r o n o u n c e d  responses  to  
in jec t ions  of 10 [zl of one d r y  CNS/5  ml  sea w a t e r  LUC 
ex t rac t .  Therefore,  eYestalkless c rabs  were in jec ted  w i t h  
a vo lume  of t h a t  e x t r a c t  equa l  to  t he  r a t io  eyesta lkless  
c r ab  weight/Uca w ei gh t .  Cont ro l  c rabs  were in jec ted  w i t h  
a n  equa l  vo lume  (10-150 ~1) of sea water .  All  in jec t ions  
were m a d e  w i t h  a H a m i l t o n  100 [xl sy r inge  equ ipped  w i t h  
a 30 gauge  needle.  Legs were in jec ted  t h r o u g h  t he  a u t o t -  
o m y  p l ane  in to  t h e  merus ,  a n d  crabs  were in jec ted  a t  t he  

Uca Legs  and in Var ious  C r u s t a c e a n s  

base  of the  wa lk ing  legs. All assays  were pe r fo rmed  in a 
d a r k e n e d  room.  I so la t ed  leg c h r o m a t o p h o r e s  were s taged  ~ 
before  in jec t ion  and  a t  15, 30, 60, 90, and  120 rain  a f te r  
in ject ions .  Eyes ta lk less  c rab  c h r o m a t o p h o r e s  were ob- 
se rved  and  s t aged  s a t  s imi la r  in te rva l s ,  or  un t i l  t h e  absence  
of response  was ev iden t .  No a t t e m p t  was m a d e  to q u a n t i f y  
t he  response  of eyes ta lk less  c rab  c h r o m a t o p h o r e s  t o ~ U C  
ex t rac t s .  I n s t ead ,  we obse rved  t he  c h r o m a t o p h o r e  respdnse  
to  e x t r a c t s  a n d  to sea w a t e r  for a pe r iod  suf f ic ien t  to  
d e m o n s t r a t e  p i g m e n t  d ispers ion or con t r ac t i on ,  or no 
response,  in those  an ima l s  in j ec ted  w i t h  ex t rac t .  In  
pos i t ive  expe r imen t s ,  LUC e x t r a c t s  p roduced  obvious  
d ispers ion  or c o n c e n t r a t i o n  of p i g m e n t  (different  b y  two 
or more  c h r o m a t o p h o r e  s tages  f rom the  con t ro l  value) 
w i t h i n  15-30 m i n  af te r  in jec t ion .  E x p e r i m e n t s  on  eyesta lk-  
less c rabs  were conduc t ed  t h r ee  or more  t imes  for each 
species. 

To t e s t  for a possible  d i rec t  ac t ion  of LUC, we first  
i n j ec ted  isola ted legs w i t h  10 txl of L U C  e x t r a c t  or  10 txl 
of saline.  The  resu l t s  of these  e x p e r i m e n t s  a t  15, 30, 60, 
90, a n d  120 min,  are shown  in Tab le  I. A l t h o u g h  t he  
c h r o m a t o p h o r e s  of t he  con t ro l  legs showed  a response  to 
sal ine inject ions,  t he  response  of legs f rom b o t h  species 
to  LUC was s ign i f ican t ly  h igher  (p < 0.005, S t u d e n t ' s  
t - tes t  a n d  M a n n - W h i t n e y  U-tes t )  a t  all i n t e rva l s  examined .  
Since these  e x p e r i m e n t s  d e m o n s t r a t e d  t h a t  LUC ex t r ac t s  
could cause p i g m e n t  d ispers ion  in t he  m e l a n o p h o r e s  of 
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Table I. Response of isolated Uca legs to LUC and theophylline 
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Time after injection (rain) 

Treatment 15 30 60 90 120 

Controls (20) 1.2 i 0.4 1.6 :J_ 0.7 2.1 • 1.1 2.4 ~- 0.7 2.6 :]: 0.6 
LUC (20) 1.8 :t= 0..5 2.4 i 0.7 2.9 ! 0.6 3.0 4- 0.6 3.4 i 0.5 
Theophylline (10) 1.3 • 0.7 1.7 A_ 0.7 2.3 i 0.7 2.6 i 0.5 2.8 • 0.6 
Theophylline + LUC (15) 2.3 4- 0.5 2.6 • 0.5 3.3 -r 0.5 3.5 • 0.5 3.9 :t_ 0.4 

( ) = the number of legs tested; data presented as the mean chromatophore stage ~- S.D. 

i so la ted  legs, we infer  t h a t  the  effect  of L U C  in eyes ta lk-  
less Uca is d i rect  and  no t  m e d i a t e d  b y  t he  Uca CNS or 
s om e  o the r  t i s sue  or organ.  

Since a di rect  effect  of L U C  could  be d e m o n s t r a t e d ,  a nd  
s ince c h r o m a t o p h o r o t r o p i n s  in o the r  a n i m a l s  m a y  ac t  v ia  
t he  a d e n y l a t e  cyc l a se -cAMP s y s t e m  ~,1~ we wonde re d  if 
we could  p o t e n t i a t e  t he  L U C  effect  b y  t he  add i t i on  of t he  
p h o s p h o d i e s t e r a s e  inh ib i to r  theophy l l ine .  W e  therefore  
t e s t ed  t h e  effects  of 10 ~I of a 0.1 m M  so lu t ion  of t h e o p h y l -  
line (Sigma) an d  10 V1 of a L U C  e x t r a c t  c o n t a i n i n g  0.1 m M  
theophy l l i ne .  Th e  resu l t s  of t hese  e x p e r i m e n t s  are also in 
Tab le  I. T h e o p h y l l i n e  a lone caused  a r e sponse  t h a t  was  
n o t  s ign i f i can t ly  d i f fe rent  f rom t h a t  of t he  cont ro ls  (p 
> 0.2, S t u d e n t ' s  t - tes t  and  M a n n - W h i t n e y  U- tes t ) .  L U C  
in t h e  presence  of t h e o p h y l l i n e  caused  a r e sponse  t h a t  was  
s ign i f i can t ly  h igher  (p < 0.05, S t u d e n t ' s  t - tes t  and  M a n n -  
W h i t n e y  U- tes t ) ,  a t  15,90, and  120 min ,  t h a n  t he  response  
to L U C  alone.  These  e x p e r i m e n t s  ind ica te  t h a t  LUC m a y  
ac t  to s t i m u l a t e  t he  a d e n y l a t e  cyc l a se -cAMP s y s t e m  of 
the  Uca m elan o p ho re s .  T h e  resu l t s  are, however ,  also 
com p a t ib l e  w i th  o the r  conclusions .  

Our  e x p e r i m e n t s  on t he  effects  of L U C  on t he  c h r o m a t o -  
phores  of c r u s t a c e a n s  o the r  t h a n  Uca are s u m m a r i z e d  
in Tab le  II.  L U C  e x t r a c t s  c lear ly  caused  b lack  p i g m e n t  
d i spers ion  an d  whi t e  p i g m e n t  c o n c e n t r a t i o n  in the  chro-  
m a t o p h o r e s  of Carcinus maenas, Hemigrapsus oregonensis, 
a n d  Pachygrapsus crassipes, b u t  were w i t h o u t  effect  on 
t he  e r y t h r o p h o r e s  of t hese  species.  B y  con t r a s t ,  t he  b lack  
a n d  whi t e  c h r o m a t o p h o r e s  of Gecarcinus lateralis a nd  t he  
whi te  c h r o m a t o p h o r e s  of Pagurus pollicarus were n o t  
a f fec ted  b y  the  ex t r ac t s ,  b u t  red p i g m e n t  d i spersed  in t he  
e r y t h r o p h o r e s  of b o t h  species.  W e  obse rved  no effect  of 
our  e x t r a c t s  on Paneopus herbstii c h r o m a t o p h o r e s ,  a n d  
we n ev e r  obse rved  effects  on t he  yel low c h r o m a t o p h o r e s  
of a n y  species e x a m i n e d .  

Table II. Effects of LUC extracts on chromatophores of various 
decapod crustaceans 

Chromatophore type 

Genus Black White Red 

Carcinus (16) D C O 
Hemigrapsus (11 ) D C 0 
Pachygrapsus (16) D C O 
Pagurus (9) O D 
Gecarcinus (9) O O D 
panopeus (9) 0 O - 

0 = total number of control and experimental animals. O, no effect; 
D, dispersion; C, concentration; -, not present. 

I t  is clear  f rom earl ier  e x p e r i m e n t s  1-4 t h a t  L U C  is 
ac t ive  as a c h r o m a t o p h o r o t r o p i n  in U. pugnax, U. pugi- 
lator, a n d  U. panacea of the f a mi ly  Ocypodidae .  The  above  
e x p e r i m e n t s  show t h a t  L U C  e x t r a c t s  are also ac t ive  on 
the  c h r o m a t o p h o r e s  of a t  l eas t  4 add i t iona l  b r a c h y u r a n  
families,  i.e., P o r t u n i d a e  (Carcinus), Graps idae  (Hemi- 
grapsus a n d  Pachygrapsus), Gecarc in idae  (Gecarcinus), 
a n d  P a g u r i d a e  (Pagurus). W e  h a v e  also s h o w n  for t he  
f i rs t  t i m e  t h a t  L U C  e x t r a c t s  s t i m u l a t e  a n o m u r a n  (Pagu- 
rus) c h r o m a t o p h o r e s .  We the re fo r  conc lude  t h a t  L U C  
e x t r a c t s  can  inf luence  c h r o m a t o p h o r e s  in r e p r e s e n t a t i v e s  
of severa l  c r u s t a c e a n  families.  Th i s  conc lus ion  is re in-  
forced b y  ou t  ca sua l  obse rva t ion ,  no t  r e pe a t e d  owing  to  
lack of an ima l s ,  t h a t  L U C  e x t r a c t s  s t i m u l a t e d  b lack  
p i g m e n t  d i spers ion  in t he  c h r o m a t o p h o r e s  of t he  p o r t u n i d  
Callinectes sapidus a n d  the  cancer id ,  Cancer antennaris. 

Our  e x t r a c t s  s e e m to work  on eyes ta lk less  c rabs  in one 
of two ways .  In  some  species (Carcinus, b o t h  graps ids ,  
a nd  Uca) t h e y  s t i m u l a t e  b lack  p i g m e n t  d i spers ion  a n d  
whi te  p i g m e n t  con t rac t ion ,  b u t  h a v e  no effect  on red 
c h r o m a t o p h o r e s .  I n  o the r s  (Pagurus, Gecarcinus) t h e y  
s t i m u l a t e  red p i g m e n t  d ispers ion  b u t  h a v e  no effect  on 
whi te  or b lack  c h r o m a t o p h o r e s .  U n f o r t u n a t e l y ,  we do no t  
know  if t hese  di f ferences  are due  to more  t h a n  one ac t ive  
subs t a nc e ,  b u t  t he  d a t a  sugge s t  t h a t  more  t h a n  one 
c h r o m a t o p h o r o t r o p i n  m a y  be p r e s e n t  in the  Limulus CN S. 
Our  resul ts ,  a n d  t hose  of o the r s  1,11, d e m o n s t r a t e  t h a t  
some  c r u s t a c e a n s  h a v e  c h r o m a t o p h o r e s  t h a t  do no t  
r e spond  to L U C  e x t r a c t s  12,13. 

Summary. Limulus CNS c h r o m a t o p h o r o t r o p i n  causes  
m e l a n i n  d i spers ion  in isolated legs of Uca. T h e o p h y l l i n e  
p o t e n t i a t i o n  of e x t r a c t  a c t i v i t y  sugge s t s  t h a t  t he  m a t e r i a l  
m a y  ac t  t h r o u g h  t h e  a d e n y l a t e  c yc l a se - c A MP s y s t e m .  
The  e x t r a c t s  are also ac t ive  on t he  c h r o m a t o p h o r e s  of 7 
decapod  species  f r om 6 families.  
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