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A b s p a l t u n g  der  B o c - S c h u t z g r u p p e  v o n  I V  m i t  Chlorwas-  
sers tof f /Eisess ig  e r g a b  schl iess l ich das  f luo reszenzmar -  
k ie r te  H e x a p e p t i d  V yon1 S c h m p .  193-196°;  U V :  m a x  
3 3 4 n m ,  F tuoreszenz :  ~m 5 3 5 n m  ( ) ~  335 nm),  A m i n o -  
s / iu reana lyse  n a c h  20 h. H y d r o l y s e  m i t  20%ige r  Salzs/ iure 
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bei  l l 0 ° : P h e  0,95; T y r  0,72; GIy 1,05; Leu  1,00; Met  0,95; 
D i i n n s c h i c h t c h r o m a t o g r a p h i e  h o m o g e n  im S y s t e m  Chlo-  
r o fo rm/Me thano t /Es s ig s / i u r e  (80:20:1,5)  u n d  B u t a n o l ]  
Ess igs / iu re ]Wasser  (4:1:1)  au f  E a s t m a n  Kiese lge l -eh ro -  
ma tog raph i e fo l i e  T y p e  K 301 V. 

P h y s a l a e m i n  u n d  se ine  C- t e rmina l e  H e x a p e p t i d - S e -  
quenz  [6-11] L y s - P h e - T y r - G l y - L e u - M e t N H 2  (VI) k o n t r a -  
h ie ren  in a u s s e r o r d e n t l i c h  n iedr ige r  Dosis ex t ravascu l i i r e  
g la t t e  M u s k u l a t u r  u n d  b e w i r k e n  eine s t a r k e  B l u t d r u c k -  
s enkung  bei  v e r s c h i e d e n e n  Spezies 9,11,12, D a b e i  is t  die Ak-  
t i v i t ~ t  des H e x a p e p t i d s  V I  in e twa  der  des P h y s a l a e m i n s  
se lbs t  g le ichzuse tzen  18. 

Zur  T e s t u n g  des D a n s y l - H e x a p e p t i d s  V i m  Vergle ich zur  
u n s u b s t i t u i e r t e n  Sequenz  VI  wurde  yon  uns  als in  v i t ro -  
Modell  das  M e e r s c h w e i n c h e n - I l e u m  u n d  als in v ivo-Mo-  
dell die B l u t d r u c k m e s s u n g  a m  Meer schwe inchen  ve rwen-  
de t  14, A m  M e e r s c h w e i n c h e n - I l e u m  d ien te  die h a l b m a x i -  
male  W i r k u n g  (EDso) und  a m  M e e r s c h w e i n c h e n - B l u t -  
d ruck  eine S e n k u n g  u m  30% des  Ausgangswer t e s  (ED30) 
als Vergle ichsgr6sse  (Tabel le) .  

Summary. T h e  s y n t h e s i s  of f luo rescen t  label led  deri-  
v a t i v e  of t he  N - t e r m i n a l  p h y s a l a e m i n  h e x a p e p t i d e  [6-1 i] ,  
which  con t a in s  a 1 - d i m e t h y l a m i n o a p h t a l e n e - 5 - s u l f o n y l  
residue a t  t he  a - a m i n o  g roup  of t he  N - t e r m i n a l  Lysine,  is 
described.  P h a r m a c o l o g i c a l  d a t a  of t h e  f luorescen t  label led 
c o m p o u n d  as c o m p a r e d  w i t h  t he  u n s u b s t i t u t e d  pep t ide  
are repor ted .  
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X Ray-Induced Mutations of the Genetically-Determined Melanoma System of Xiphophorin Fish 

W e  h a v e  r e p o r t e d  p rev ious ly  1 t h a t  p l a t y f i s h  (Platypoe- 
cilus maculatus) w h i c h  deve lop  f rom i r r a d i a t e d  e m b r y o s  
revea l  a n  increase  in m a c r o n l e l a n o p h o r e  gene express ion.  
Th i s  increase  resu l t s  in  an  o v e r p r o d u c t i o n  of m a c r o m e l a -  
nophores  to  p r e m e l a n o m a s ,  wh ich  can  be  c o m p a r e d  to t h a t  
obse rved  in F I h y b r i d s  be t w een  t he  p l a ty f i sh  a n d  sword ta i l  
(Xiphophorus helleri). Since  t h i s  increase  in gene expres-  
s ion is inhe r i t ed ,  we conc lude  t h a t  b o t h  s om a t i c  a n d  germ 
cells are  i r r eve r s ib ly  a l t e red  in t he  s ame  di rec t ion .  

I n  o rder  to  e x a m i n e  more  closely t h e  gene t ics  of t h i s  
X r a y - i n d u c e d  increase  in m a c r o m e l a n o p h o r e  gene ex- 
pression,  seve ra l  crosses were  m a d e  b e t w e e n  i r r a d i a t e d  a n d  
n o n i r r a d i a t e d  fish, t he  m o s t  i m p o r t a n t  of wh ich  are  dis- 
cussed in t h i s  paper .  T h e  s igni f icance  of ou r  f ind ings  is 
cons idered  w i t h  respec t  to  tile m u t a t i o n  t h e o r y  of carc ino-  
genesis.  

Methods and results. 1. N o n i r r a d i a t e d  females  of Sp 
s tocks  2 b r ed  f rom fish wh ich  were  i r r a d i a t e d  as e m b r y o s  
(1500 R) 1 were crossed w i t h  n o n i r r a d i a t e d  males  of Sd 
s tocks  2 b r e d  f rom n o n i r r a d i a t e d  fish. Rec ip roca l  crosses 
w i t h  r e spec t  to  sex a n d  t he  s tocks  m e n t i o n e d  a b o v e  were 
also made .  The  de ta i l s  of these  crosses a re  g iven  in Tab le  
I. All of these  crosses revea l  an  increased  express ion  in 
b o t h  i r r a d i a t e d  a n d  n o n i r r a d i a t e d  m a c r o m e l a n o p h o r e  
genes  in  t he  of f spr ing  (n = 242) to  a l m o s t  t h e  s ame  e x t e n t  
as  obse rved  in t hose  p a r e n t s  h a v i n g  on ly  i r r ad i a t ed  chro-  
mosonles .  

2. Males and  females  h a v i n g  ha l f  of t he i r  c h r o m o s o m e s  
i r r ad ia t ed  were crossed w i t h  f ish h a v i n g  none  of, ha l f  
of or t he  comple t e  se t  of i r r a d i a t e d  ch romosomes .  The  
resu l t ing  offspr ing (n = a p p r o x i m a t e l y  500) revea ls  a 
v a r i a t i o n  in m a c r o m e l a n o p h o r e  gene express ion  w h i c h  
cor responds  to t he  v a r i a t i o n  in fi le n u m b e r  of i r r a d i a t e d  
ch romosomes  presen t .  (Tab le  I I ) .  

3. Final ly ,  n o n i r r a d i a t e d  p t a t y f i s h  of s:p s tocks  b r ed  f rom 
fish which  were i r r a d i a t e d  as  e m b r y o s  (1500 R) were cros- 
sed w i th  n o n i r r a d i a t e d  sword ta i l s  b r ed  f rom n o n i r r a d i a t e d  
fish. The  re su l t ing  h y b r i d s  (n = 155) r evea l  a n  ove rp ro -  
duc t ion  of m a c r o m e l a n o p h o r e s  a d d i t i o n a l  to  t h a t  dis- 
p l ayed  b y  n o r m a l  hybr ids .  

Discussion. These  crosses h a v e  exc luded  severa l  he red i -  
t a r y  c o n s t i t u e n t s  as poss ible  t a rge t s  of t h e  X r a y - i n d u c e d  
a l t e r a t i on  which  resu l t s  in  an  o v e r p r o d u c t i o n  of mac ro -  
me l anopho re s  to  p ren le lanon las .  

M u t a t i o n s  of t he  m a c r o m e l a n o p h o r e  genes  t h e m s e l v e s  
c a n n o t  be  respons ib le  for th i s  a l t e r a t ion ,  since b o t h  i rra-  
d i a t ed  a n d  n o n i r r a d i a t e d  m a c r o m e l a n o p h o r e  genes r evea l  
an  increase  in express ion  in t he  of fspr ing  (Tab le  I). Fu r -  
t he rmore ,  t h i s  gene t ic  a l t e r a t i o n  c a n n o t  invo lve  m u t a t i o n s  
of t he  sex c h r o m o s o m e s  or  of cy top l a smic  c o n s t i t u e n t s  
c o n t r i b u t e d  in  d i f f e ren t  q u a n t i t i e s  b y  o v u m  a n d  s p e r m  
because  t h e  increase  in m a c r o m e t a n o p h o r e  gene expres-  
s ion is i n d e p e n d e n t  of t h e  sex of t h e  p a r e n t  c o n t r i b u t i n g  t h e  
i r r a d i a t e d  c h r o m o s o m e s  to  t he  of f spr ing  (Tables  I a n d  I I ) .  
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The  cor respondence  of va r ia t ion  in m a c r o m e l a n o p h o r e  
gene express ion  w i t h  va r i a t i on  in  t he  n u m b e r  of i r rad ia ted  
ch romosomes  p re sen t  in t he  offspr ing (Table II) ind ica tes  
t h a t  t he  increase in m a c r o m e l a n o p h o r e  gene express ion  is 
due  to  m u t a t i o n s  in a ve ry  large n u m b e r  of widely-dis t r i -  
b u t e d  c h r o m o s o m a l  genes. Ep i soma l  or viral  par t ic les  

Table I. Macromelanophore gene expression in crosses of nonirra- 
diated animals of stocks bred from fish were irradiated as embryos × 
nonirradiated animals of the original stocks. 

Parents Offspring 

a) AxSPxSI 3-~ × A X sd Y-~  {A {A XSP X s d - ~  
Sp is increased Sd is normal 

½A ½A xSP Y -c~c~ 
both the irradiated Sp and 
the nonirradiated Sd are 
increased 

A XS~ xSd-~ A X~F~y-~ ~ × ~A ½A X sd xSP - ~  
Sd is normal Sp is increased 

½A ½A X sd Y - ~  
both the irradiated Sp and 
the nonirradiated Sd are 
increased 

b) A X S~l X Sd'-~ x A xSP Y - d  ½~ ½A X Sd xSP-~2 
Sd is increased Sp is normal 

½A ½A X sd Y - ~  
both the irradiated Sd and 
the nonirradiated Sp are 
increased 

A x S P x S P - ~ . x A X  S d Y - d  ½A½AXSP Sd _~_f~ 
Sp is normal Sd is increased 

½A ½A xSP Y -c~ 
both the irradiated Sd and 
the nonirradiated Sp are 
increased. 

c a n n o t  be invo lved  in t h e  increase of m a c r o m e l a n o p h o r e  
gene express ion  because  one  would  no t  assume t h a t  these  
are  t r a n s m i t t e d  to  t h e  of fspr ing  m p ropor t ions  s imilar  to  
t hose  of chromosomes .  Since the  X r ay - induced  m u t a t i o n s  
of these  genes  a lways  resul t  in an  increase in macromela -  
nophore  gene express ion,  we conclude  t h a t  t he  af fec ted  
ch romosoma l  genes normal ly  repress  th is  expression.  
Therefore ,  i nduc t ion  of p r e m e l a n o m a s  by  X- i r r ad i a t ion  
m u s t  be due  to  numerous  m u t a t i o n s  w i th in  a large set  
of specific genes, which  normal ly  cont ro ls  mac rome lano-  
phore  gene expression.  These resul ts  agree w i t h  a m u t a -  
t ion  t h e o r y  of carcinogenesis  which  would include no t  
only  one, b u t  n u m e r o u s  m u t a t i o n s  in genes specif ical ly  
concerned  wi th  contro l  of cel lular  prol i fera t ion.  

As a resul t  of p rev ious  genet ic  e x p e r i m e n t s  3, a h igh ly  
polygenic  repress ion  gene s y s t e m  respons ib le  for macro-  
m e l a n o p h o r e  gene contro l  was  found  to  be located  th rough-  
ou t  t he  ch romosomes  of P. maculatus, b u t  to  be en t i re ly  
lacking in those  of X. helleri. R e p l a c e m e n t  of p l a ty f i sh  
ch romosomes  by  the  cor responding  swordta i l  chromo-  
somes,  therefore ,  resul ts  in an e n h a n c e m e n t  of mac rome-  
l anophore  gene express ion  s imi lar  to  t h a t  observed  upon 
i r rad ia t ion  of p l a ty f i sh  chromosomes .  

I n  addi t ion ,  t he  geno types  resul t ing  f rom the  crosses 
p r e sen t ed  in th i s  p a p e r  reveal  a synergis t ic  effect  of X-  
i r rad ia t ion  and  hyb r id i za t i on  on  t h e  increase of macro-  
m e l a n o p h o r e  gene express ion.  The  i r r ad ia ted  p l a ty f i sh  
chromosomes ,  therefore ,  behave  s imi lar ly  to  t he  noni r ra -  
d in ted  ones  of X. helleri. For  these  reasons,  we assume  
t h a t  the  genes d a m a g e d  by  X- i r r ad ia t ion  are cons t i t uen t s  
of t he  repress ion  gene s y s t e m  of t he  m a c r o m e l a n o p h o r e  
genes of P. maculatus. F r o m  recen t  cytological  f indings  4, 
i t  seems t h a t  t he  d a ma g e  of th is  repress ion gene s y s t e m 
could be re la ted  to  an X ray- induced  appea rance  of dis- 
t i nc t  ch romocen te r s  in i n t e rphasen  nuclei  s. 

Zusammenfassung. Die n a c h  R 6 n t g e n b e s t r a h l u n g  y o n  
EmbI3~onen yon  Plalypoecilus maculatus a u f t r e t e n d e  erb-  
l iche O b e r p r o d u k t i o n  yon  M a k r o m e l a n o p h o r e n  (Bi ldung 
yon  P r~melanomen)  b e r u h t  o f fenbar  auf  e iner  Vielzahl  
yon  M u t a t i o n e n  eines  i iber alte C h r o m o s o m e n  ve r t e i l t en  
Sy s t e ms  yon  Repress ionsgenen ,  das  die fiir die  Makrome-  
l anophorenb i ldung  v e r a n t w o r t l i c h e n  Gene kontrol l ier t .  

ANNEROSE ANDERG, F. ANDERS 
and DIANA L. PURSGLOVE 

= chromosomes characterized by this arrow are irradiated ones; 
A, all autosomes; X and Y, sex chromosomes; Sp and Sd, macrome- 
lanophore genes 'spotted' and 'spotted dorsal'. 

Genetisches Institut der Justus-Liebig- Universitdt, 
D-63 Giessen (Germany), 16 March 1971. 

Table II. Variation in maeromelanophore gene expression as the re- 
sult of variation in number of irradiated chromosomes 

Parents Offspring 

½N {N × 
increased 

N 
normal 

½N IN 
increased 

N 
increased 

~N iN (mode) 
variation from normal to less increased 

½N ½N (mode) 
variation from normal to increased 

~N tN (mode) 
increased 

N = all chronosomes. 

x D. L. PURSGLOVE, A. ANDERS, G. D6LL and F. ANDERS, Experien- 
tia 27, 695 (1971). 

2 Sp (spotted) is a macromelanophore gene which is expressed as a 
pattern of small black spots on the side of the body of purebred 
untreated platyfish. Sd (spotted dorsal) is another macromelano- 
phore gene which produces such melanophore spots in the dorsal 
fin. Each of these genes has been derived from one individual in our 
stocks. The stocks have been extremely inbred for 12 years, pro- 
ducing a very stable expression of these genes. Both genes are X 
chromosome-linked. 
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and Cm KNOLL, Experientia 25, 595 (1969). 

5 Supported by the Deutsche Forsehungsgemeinschaft and the Stif- 
tung Volkswagenwerk. We should like to thank Dr. G. D/SLL, In- 
stitut ftir Biophysik (Giessen), for his assistance in X-irradiating 
the fish, and Dr. J. VIELKIND, Genetisches Institut (Giessen), for 
valuable criticism in preparing the manuscript. These investiga- 
tions include results from the dissertation of D. L. PURSGLOVE. 


