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O n  P r o t e i n  S y n t h e s i s  D u r i n g  t h e  D e v e l o p m e n t  of  L i t h i u m - T r e a t e d  E m b r y o s  

L i t h i u m  chlor ide  (LiC1) induces  in  e m b r y o n i c  develop-  
m e n t  pecul ia r  m a l f o r m a t i o n s 1 ;  to  ana lyze  LiC1 ac t ion  
f rom a b iomolecu la r  po in t  of v iew 2 k inds  of e x p e r i m e n t s  
h a v e  been  performed2.  

The  ac t ion  of LiC1, of 2 inh ib i to r s  of t r a n s c r i p t i o n  
process  ( ac t i nomyc in  D a n d  d a u n o m y c i n )  a n d  of a n  
i n h i b i t o r  of t he  process  of t r a n s l a t i o n  (puromycin)  were  
s tudied.  

Materials  and method. The  f i rs t  series of e x p e r i m e n t s  
was  car r ied  ou t  on  ch ick  e m b r y o s  e x p l a n t e d  a t  a p r i m i t i v e  
s t r e a k  s tage and  cul tured ,  accord ing  to  NEW, on a l b u m e n  
a n d  P a n n e r  C o m p t o n  so lu t ion  c o n t a i n i n g  LiC1 (0.01M) 
or a c t i n o m y c i n  D (0.02 ~g/ml)  or dauno rnyc in  (2 vg/ml)  
or p u r o m y c i n  (2.5 ~g/ml).  

I n  a second series of e x p e r i m e n t s  550 e m b r y o s  of 
X e n o p u s  laevis were t r e a t e d  a t  s tage 18 of NIEUWKOOP 
a n d  FABER 3 w i t h  d a u n o m y c i n  5 ~g/ml,  or p u r o m y c i n  
5~xg/ml or l i t h i u m  chlor ide  0 , 0 1 M  for 1 2 h  a t  18~ 
(controls  reared  in spr ing-water ) .  Af te r  h a v i n g  been  
washed  for 24 h a t  18 ~ w i t h  50 ml  of sp r ing -wa te r  t h e y  

were label led  w i t h  0.5 mc of C14 label led  p ro t e i n  h y d r o -  
lysate .  W h e n  t h e  e m b r y o s  were a t  s tage  35-36 of NIEUW- 
1{ooi, an d  FABER, t h e  r eac t ion  was s t o p p ed  w i t h  ice-cold 
sp r ing -wa te r  before  suspend ing  t h e m  in 4 vo lumes  of 
cold buffer  (0 .01M Tris,  p H  7.4; 0 . 0 0 1 M  MgC12; 0 . 0 0 1 M  
m e r c a p t o e t h a n o l ) .  T h e y  were h o mo g en i zed  a n d  sedi- 
mer i t ed  a t  12,000 g for  20 rain.  S o d i u m  d eo x y ch o l a t e  
was  a d d e d  to t h e  s u p e r n a t a n t  to  give a c o n c e n t r a t i o n  
of 0.5%. The  suspens ion  was c e n t r i f u g a t e d  for 10 m i n  
a t  12,000 g before  l ayer ing  on  a l inear  sucrose g r a d i e n t  
( 1 5 -3 0 %  b y  weight)  in t h e  same  buffer .  G r a d i e n t s  were 

1 Pibliography in S. RANZI, in The Beginnings o/ Embryonic Develop- 
ment (Ed. A. TYLER, R. C. YON BORSTEL and C. B. METZ; AAAS. 
Washington 1957), p. 291. 
This investigation was supported by a grant from the Consiglio 
Nazionale delle Ricerche. 
P. D. NIEIJWKOOP and J. FABER, Normal Table o/Xenopus laevis 
(Daudin) (North Holland Publ. Comp., Amsterdam 1956). 
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Fig. 1. Sedimentation pattern of 
control (a) and daunomycin-treated 
embryo (b) (Xcnopus). Below the 
diagrams the corresponding chick 
embryos. 
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c e n t r i f u g a t e d  a t  2 5 , 0 0 0 r p m  in a n  SW-25 ro to r  of a 
Spinco mode l  L u l t r acen t r i fuge  for 31/2 h a t  0 ~ T h e  
f r ac t ions  were col lected w i t h  a d roppe r  need le  a n d  t h e y  
were recorded  a t  260 n m  on a B e c k m a n  spec t ropho-  
t ome te r .  Nucleic  acids a n d  p ro te ins  were  p r e c i p i t a t e d  
f rom each  f r ac t ion  w i t h  t r i ch lo race t i c  acid a t  a f ina l  
c o n c e n t r a t i o n  of 5% a d d i n g  s e r o a l b u m i n  (final concen-  
t r a t i o n  of 3%).  The  p rec ip i t a t e  was  col lected on  Mill ipore 
f i l ters  H A W P  02500. T h e  r a d i o a c t i v i t y  was  c o u n t e d  in 
a T r a c e r l a b  gas flow counter .  

Results and discussion. Chick e m b r y o s  t r e a t e d  w i t h  
a c t i n o m y c i n  D or  d a u n o m y c i n  p r e sen t ed  qu i t e  iden t i ca l  
ma l fo rma t ions ,  t h e  more  a f fec ted  o rgans  were n e u r a l  
t u b e  a n d  somites .  The  h e a r t  was  a lways  large a n d  well  
deve loped ;  t h e  h e m o g l o b i n  was p r e sen t  in  nea r ly  all 
t r e a t e d  e m b r y o s  (Figure  1). 

E m b r y o s  t r e a t e d  w i t h  p u r o m y c i n  r e t a r d e d  the i r  devel-  
o p m e n t .  The  ne rvous  s y s t e m  appea red  smal le r  in  com- 
pa r i son  w i t h  t h e  cont ro l s  a n d  t h e  h e a r t  was  also inh ib i t ed .  
The  h e m o g l o b i n  was f r e q u e n t l y  a b s e n t  (Figure  2). 

E m b r y o s  t r e a t e d  w i t h  LiC1 p re sen t ed  ve ry  d i f fe ren t  
abnormal i t i e s ,  i.e. ompha locepha l i c ,  cyclopic (Figure 2) 
an d  p l a t ineu r i c  e m b r y o s  4. 

I n  t h e  second series of expe r imen t s ,  e m b r y o s  were 
t r e a t e d  w i t h  t h e  subs t ances  r ecorded  a b o v e  an d  sed imen-  
t a t i o n  p a t t e r n s  in  sucrose g r ad i en t s  of t h e  r ibosomal  
f rac t ions  were s tudied .  

These  e x p e r i m e n t s  were ca r r ied  o u t  on  chick,  frog a n d  
Xenopus embryos ,  an d  for al l  these  a n i m a l s  resul t s  seem 
to  be  t h e  same.  A t  t h e  m o m e n t  a comple t e  se t  of d i ag rams  
is ava i l ab le  on  Xenopus laevis embryos ,  wh ich  is w h y  
t h e  d a t a  on  these  e m b r y o s  are r epo r t ed  here  (Figures  1 
a n d  2). 

A c t i n o m y c i n  D a n d  d a u n o m y c i n  ac t ion  a p p e a r  e v i d e n t  
in  t h e  t r a n s c r i p t i o n  process, b u t  a f t e r  t r e a t m e n t  t h e  incor-  

a The malformations are described by G. NICOLET, Acta Embryol. 
Morph. exp. 8, 32 (1965) and R. LEANI COLLINI and S. RANZI, 
Atti Accad. naz. Lincei Memorie 8, 47 (1967). 
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Fig. 2. Sedimentation pattern of 
puromycin- (a) and LiCl-treated 
embryo (b) (Xenopus). Below the 
diagrams are the malformations 
induced in chick embryo by the 
substances. 
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p o r a t i o n  of p r o t e i n  hydro lysa te -C14  does no t  differ  
g rea t ly  f rom t h e  i n c o r p o r a t i o n  of t h e  controls .  Puro -  
m y c i n  induces  a m a r k e d  inh ib i t i on  of i n c o r p o r a t i o n  of 
p ro t e in  hydro lysa te -C14.  L i t h i u m  chlor ide  i nh ib i t s  b o t h  
processes:  t he  r ibosome  syn thes i s  a n d  t h e  p ro t e in  
h y d r o l y s a t e  incorpora t ion .  

To t e s t  t he  n a t u r e  of LiC1 act ion,  w h i c h  appea r s  as 
non-specif ic  on  t h e  grad ien t ,  a p r e p a r a t i o n  of r a b b i t  
l iver  r ibosomes  was  t r e a t e d  o v e r n i g h t  w i t h  d a u n o m y c i n  
or  p u r o m y c i n  or LiC1 a t  t h e  same c o n c e n t r a t i o n s  as 
those  used to o b t a i n  d e v e l o p m e n t a l  m a l f o r m a t i ons .  The  
suspens ion  v i scos i ty  r ead  on  the  Os twa ld  v i scos imete r  
was  : u n t r e a t e d  r ibosomes  *]sp 0.082 ; d a u n o m y c i n - t r e a t e d  
r ibosomes  *b 0 0 9 3  p u r o m y c i n - t r e a t e d  r ibosomes  *bp 

; 0  " ' . . 

0.098 ; L iCl - t rea ted  r ibosomes  U~p 0.107, t h a t  ~s an  Increase  
in v iscos i ty  of 30.5% induced  b y  LiC1. Th i s  increase  can  
be  r e l a t ed  to  a large  w a t e r  coa t  of t h e  L i  b o u n d  to  t h e  
r ibosomes .  Consequen t ly  LiC1 ac t ion  on  p r o t e i n  syn thes i s  
seems to  be  t h e  ac t ion  d iscovered  b y  RANZI5 on  p ro t e in  
molecules  t r e a t e d  w i t h  LiCI. 

Riassunto. L ' a c t i n o m i c i n a  D, la p u r o m i c i n a  e il LiC1 
p roducono ,  agendo  nei  p r i m i  s tad i  dello sv i luppo  del- 
l ' e m b r i o n e  di pollo, m a l f o r m a z i o n i  c a r a t t e r i s t i c h e  diffe- 
r en t i  nei 3 casi. I d i a g r a m m i  di s ed imen taz ione  di pre-  
p a r a t i  di  r i bosomi  d i m o s t r a n o  l ' az ione  d e l l ' a c t i n o m i c i n a  D 
e del la  d a u n o m i c i n a  sul la  s in tes i  de] R N A  e del la  pu ro -  
mic ina  sul la  s in tes i  pro te ica .  I1 LiC1 agisce invece  i n i b e n d o  
e n t r a m b i  i processi  con  u n  meccan i smo  che s e m b r a  cor- 
re la to  a l l ' a lone  di i d r a t a z i o n e  che i suoi  ioni  d e t e r m i n a n o  
i n to rno  ai r ibosomi .  

F. DE BERNARDI, M. LEONARDI CIGADA, 
R.  MACI a n d  S. RANZI 

Laboratorio di Zoologia, Universitd statale, 
20133 Milano (Italy), 20 June 1968. 

S. RANZI, Adv. Morph. 2, 211 (1962). 

Beeinflussung der Borstendifferenzierung und 
melanogaster 

Das A n t i b i o t i k u m  M i t o m y c i n  C b lock ie r t  die D N S -  
Syn these  u n d  d a m i t  die Zell tei lung,  w~thrend die R N S -  
und  die P r o t e i n s y n t h e s e  z u n g c h s t  unbee in f lu s s t  b le iben  z. 
D a  die T r a n s d e t e r m i n a t i o n s f r e q u e n z  ~ in Imag ina l sche i -  
b e n b l a s t e m e n  v o n  Drosophila m i t  de r  Pro l i fe ra t ions -  
l e i s tung  pos i t iv  korre l ie r t  i s t  ~, schien  die F rage  yon  
Interesse ,  ob  u n d  wie das  M i t o m y c i n  die D e t e r m i n a t i o n s -  
und  Dif ferenz ierungsprozesse  von  h n a g i n a l a n l a g e n  w~h- 
r end  der  M e t a m o r p h o s e  ver~tndere. 

V e r p u p p u n g s r e i f e n  Drosophila-Larven (ca. 100 h nach  
E iab lage  bei  25~ v o m  W i l d s t a m m  <~Sevelen~> wurde  
ca. 0,1 [,1 e iner  i so ton i schen  L6sung  von  M i t o m y c i n  C 
inj izier t .  Die ve r sch i edenen  K o n z e n t r a t i o n e n  va r i i e r t en  
von  0,01-1 mg/ml ,  w g h r e n d  in K o n t r o l l v e r s u c h e n  eine 
gleiche Menge R inge r l6sung  in die L a r v e n  in j iz ie r t  wurde.  
Wie die Tabel le  zeigt, s i n k t  die 17ber lebensra te  mi to-  
m y c i n b e h a n d e l t e r  Tiere m i t  s t e igender  K o n z e n t r a t i o n  
bet rAcht l ich .  Bei  der  h 6 c h s t e n  v e r w e n d e t e n  K o n z e n t r a -  
t ion  v o n  1 m g / m l  v e r m o c h t e  ke ine  einzige Fliege ihr  
P u p a r i u m  zu ver lassen.  Wie  sich abe r  bei  der  Sek t ion  
der  P u p p e n  zeigte, i i be r l eb ten  die Tiere  die Opera t ion ,  
u n d  die ve r sch iedenen  Teile des F l i egenk6rpe r s  wa ren  
in den  me i s t en  F/il len v611ig ausdi f ferenzier t .  Dabe i  
m a c h t e n  wir  die f ibe r raschende  Fes t s te l lung ,  dass  fas t  
alte B o r s t e n  sockellos s ind (F iguren  l a  u n d  2 a), Bei  de r  
st~trksten v e r w e n d e t e n  K o n z e n t r a t i o n  v o n  1 m g / m l  wird  
die Di f fe renz ie rung  von  Bors t ensocke ln  m i t  A u s n a h m e  
weniger  ~,Durchbrenner}> vo l l s tgnd ig  un te rd r i i ck t .  Das  
M i t o m y c i n  v e r h i n d e r t  die Socke lb i ldung  bei  fo lgenden  
I n t e g u m e n t s t r u k t u r e n :  Kopf,  A n t e n n e n ,  Thorax ,  Fliigel, 
Beine  u n d  ~ussere Geni ta l ien .  Merkwii rd igerweise  j edoch  
wird  die Normogenese  v o n  A b d o m i n a l b o r s t e n  bei  de r  
gew/ihl ten  V e r s u c h s a n o r d n u n g  n i ch t  beeinf luss t .  Alle 
B o r s t e n o r g a n e  sind,  sofern sich A b d o m i n a l s t r u k t u r e n  bei  
der  h o h e n  M i t o m y c i n k o n z e n t r a t i o n  i i b e r h a u p t  noch  zu 
d i f ferenzieren  ve rm6gen ,  v611ig n o r m a l  ausgebi lde t .  Die 
Di f fe renz ie rung  sockelloser  t3ors ten  b e r u h t  au I  der  spe- 
zif ischen W i r k u n g  des Mi tomycins .  Wie  noch  unve r6 f f en t -  
l i ch te  Be funde  aus  uns e r em  I n s t i t u t  4 zeigen, f t ih r t  ein 
anderes  E x p e r i m e n t  zum selben R e s u l t a t :  Be i n - I m ag ina l -  
sche iben  aus  v e r p u p p u n g s r e i f e n  L a r ven ,  die in  Mito-  
myc in l6sung  i iber f i ih r t  u n d  anschl iessend  in die Leibes-  

Musterbildung durch Mitomycin bei Drosophila 

h6h le  v o n  W i r t s l a r v e n  i m p l a n t i e r t  wurden ,  d i f fe renz ie ren  
ebenfa l ls  sockellose 13orsten. 

Ar is ten ,  T a r s a l k l a u e n  sowie H a a r e  (Tr ichome)  werden  
vol ls t / indig  n o r m a l  u n d  a n s c h e i n e n d  unbee in f lu s s t  d u r c h  
das  v e r w e n d e t e  M i t o m y c i n  ausgebi lde t .  Dagegen  fehlen  
m i t  den  Sockeln  auch  die n e b e n  den  B o r s t e n  der  d i s t a l en  
Bein te i le  u n d  der  basa l en  Fl i igelcosta  a u f t r e t e n d e n  
S c h u p p e n  0~bracts,) .  Da  das  Gen ~mmltiple wing  hairs~> 
(mwh) ausser  den  H a a r e n  der  Fl i igelspre i te  u n d  des 
i ibr igen  I n t e g u m e n t e s  a u c h  die <~bracts~ modif iz ier t ,  s ind  
T r i c h o m e  u n d  <,bracts~ als homologe  S t r u k t u r e n  zu 
d e u t e n  5. Zwischen  der  Ausb i ldung  von  Bor s t ensocke ln  
und  <~braets~ b e s t e h t  aber ,  wie die F igur  3 belegt ,  eine 
sehr  enge Bez iehung .  Bei  der  v e r w e n d e t e n  M i t o m y c i n -  
k o n z e n t r a t i o n  v o n  0,1 m g / m l  s ind ca. 70% der  Bein-  
bo r s t en  sockellos. S / imt l ichen  soekellosen Bor s t en  fehlen  
abe r  auch  die <~bracts~>, w/ ihrend  vo l l s tgnd ig  n o r m a l  dif- 
ferenzier te  B o r s t e n  d i s ta le r  Bein te i le  in der  Regel  yon  

Einfluss verschiedener Mitomycinkonzentrationen auf die Schltipf- 
rate von Imagines 

Konzentration Anzahl Anzahl 
der injizierten injizierter geschlfipfter 
Mitomycinl6sung Larven Fliegen 
mg/ml n % 

0,01 23 43 
0,1 26 19 
1 34 0 

Kontrolle : 30 94 
RingerlSsung 

x Vgl. M. J.  WARING, Nature  219, 1320 (1968). 
2 E. HADORN, Brookhaven  Syrup. Biol. 78, 148 (1965). 
a H. TOBLER, J.  Embryo l .  exp. Morph. 16, 609 (1966). 
4 H. TOBLER und  M. PFLUGER, in Vorberei tung.  
5 B. PEYER und E. HADORN, Arch. Ju l ius -Klaus-St i f t .  Vererb- 

Forsch. 7, 19 (1965). 


