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t a t i v  b e d e u t e n d s t e  Metabol i t  des Dopamins  anzusehen  
ist, kann  als n ich t  ganz gekl~rt  beze ichne t  werden ;  im 
S t r i a t u m  f inder  die O-Methyl ierung des D O P A C  zu H V A  
in st~irkerem Mass s t a t t  als im mesol imbischen  SystemiC; 
zudem interess ier te  als Ef fek to r  nur  die le tz tere  Verbin-  
dung,  da die F e e d b a c k - H e m m u n g  der  T y r o s i n - H y d r o x y -  
l ierung durch  Ca techo lve rb indungen  gut  b e k a n n t  is t  s, 1~, 1~ 
Wie  aus der  Abb i ldung  zu ersehen ist, ist  der  E f f ek t  der  
H V A  auf die Aktivit~it der  TH bis zu einer K o n z e n t r a t i o n  
yon  10 -4 M/1 dosisabh~ingig; zwischen der  g e n a n n t e n  
K o n z e n t r a t i o n  und  10 -5 M/1 bi ldete  die Akt iv ierungs-  
kurve  ein Pla teau .  Wenngle ich  der  E f fek t  Iiir das  le tz tere  
P robenko l l ek t iv  s ta t i s t i sch  n ich t  mehr  als s ignif ikant  zu 
wer t en  war, ist  aufgrund  des Kurvenver laufs ,  der  gerade 
vor  Er re ichen  der  endogenen  K o n z e n t r a t i o n  noch  eine 
deut l iche  Wi rkung  e rkennen  l~sst, d ennoch  eine Bedeu-  
t u n g  auch der  Ergebnisse  nach  E insa tz  von  10-~ M HVA/1 
n ich t  auszuschliessen.  
I m  R a h m e n  einer E f f ek to ren -Uber s i ch t  u n t e r s u c h t e n  
McGeer e t  al. 8 auch  die Wi rkung  der  H V A  auf die Akt ivi -  
t~ t  der  Tyros inhydroxylase .  Es  wurden  ~Werte, die inner-  
ha lb  einer S t reuung  von :t= 15% um die Kon t ro l l en  ge- 
scha r t  waren,  b e o b a c h t e t  und  als uns igni f ikant  gewerte t .  
Die endogene  K o n z e n t r a t i o n  an H V A  aus dem Homoge-  
n a t  des R a t t e n s t r i a t u m s  liegt bei 2,5 • 10 -6 M/113; an den 

dopamine rgen  Neuronen  selbst  di irf te  die K o n z e n t r a t i o n  
von  T ransmi t t e r  und  Metabol i t  e inen be t r~cht l ich  h6he- 
ren  W e r t  erre ichen:  H a u g  17 pos tu l ie r t  ein Ans te igen  des 
VerhAltilisses yon  Nervenze l lvo lumen  : Gesamtvo lumen  
im Laufe der Phylogenese ;  da das als Nager  der  1Ratte 
phy logene t i sch  v e r w a n d t e  Kan inchen  einen W e r t  yon  
1:20 aufwies, ist anzunehmen ,  dass der  Quot ien t  fiir die  
R a t t e  in mindes tens  eben  dieser Gr6ssenordnung  liegt. 
Es  kann  somit  eine B e d e u t u n g  des beschr iebenen  Effek tes  
auch  in vivo erwogen werden ,  da als wahrschein l ich  ange- 
n o m m e n  werden  kann,  dass  die K o n z e n t r a t i o n  an H V A  
an dopamine rgen  Neuronen  jenen  W e r t  erreicht ,  der  in 
den  beschr iebenen  Versuchen  noch  eine deut l iche  Akti -  
v ie rung  e rkennen  liess. Die regula tor ische B e d e u t u n g  des 
b e o b a c h t e t e n  Ef fek tes  k6nn te  dar in  liegen, dass die Cate- 
cho lamin -Syn these  durch  eine Akkumula t ion  eines H a u p t -  
me tabo l i t en  verst~trkf wird,  da diese Transmi t t e re r fo rde r -  
nis signalisiert .  
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Phosphonacetyl-L-aspartate: An aspartate transcarbamylase inhibitor causing larval death and 
rudimentary wing phenocopies in Drosophila melanogaster 
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Summary. Phosphonace ty l -L -a spa r t a t e ,  an inhib i tor  and t r ans i t ion  s ta te  analogue of a spa r t a t e  t r ansca rbamylase ,  
has  been  found  to  cause r u d i m e n t a r y  wing phenocopies  and larval  d e a t h  in Drosophi la  melanogas ter .  We believe th is  
c o m p o u n d  m a y  prove  useful as a selection agent  for regu la tory  mu ta t i ons  a t  the  r u d i m e n t a r y  locus. 

The need  to  use regu la to ry  m u t a n t s  in s tudy ing  gene reg- 
u la t ion  is wide ly  recognized.  In  eukaryotes ,  especial ly 
mult icel lular  ones, ob ta in ing  such m u t a n t s  i s 'd i f f icu l t .  
We are cu r ren t ly  engaged in screening for regu la tory  
m u t a n t s  a t  the  r u d i m e n t a r y  wing (r) locus in Drosophi la  
melanogas ter .  This  locus is bel ieved to code for the  first  
3 enzymes  in the  pyr imid ine  b iosyn the t i c  pa thway ,  car- 
b a m y l  p h o s p h a t e  syn the tase ,  a spa r t a t e  t r ansca rbamylase  
(ATCase) and  d ihydrooro tase  ~-5. R u d i m e n t a r y  m u t a n t s  
require pyr imid ines  for larval  deve lopmen t  and female 
fer t i l i ty  and  have  changes  in the  wings of b o t h  sexes rang-  
ing f rom a s l ight  i r regular i ty  in the  marginal  wing brist les  
to short ,  b l is tered wings wi th  ve ry  sparse marg ina l  
br is t les  ~,v. We  are a t t e m t i n g  to  recover  m u t a n t s  which 
synthes ize  excess quant i t i es  of the  f i rs t  3 enzymes  in py-  
r imidine  biosynthesis .  Suck 'overproducers '  m i g h t  be re- 
covered by select ing for m u t a n t s  res i s tan t  to compounds  
which inhibi t  pyr imid ine  biosynthesis .  In  microorganisms 
one such compound,  6-azauracil  (6-AU), when  conver t ed  
to 6-azauridine m o n o p h o s p h a t e  (6-AUMP), is known  to 
be a compet i t ive  inhib i tor  of orot idine m o n o p h o s p h a t e  
decarboxylase ,  the  t e rmina l  enzyme in pyr imid ine  bio- 
synthes is  8. 6-AU kills Drosophi la  larvae and produces  r 
phenocopies% This  r epor t  concerns  a second compound ,  
p h o s p h o n a c e t y l - L - a s p a r t a t e  (PALA), an inhib i tor  and 
t rans i t ion  s ta te  analogue of ATCase 1~ P A L A  inhib i t s  
ATCases f rom bac te r ia  1~ m a m m a l s  n and Drosophi la  12 
and kills m a m m a l i a n  cells in cul ture 13 We repor t  here 
t h a t  P A L A  induces r phenocopies  and kills wi ld- type  
larvae.  

Materials and methods. Na4PALA was syn thes ized  ac- 
cording to  S ta rk  and  Swyryd  I4 An Oregon r s tock  was  
used. The def ined media  of  Sang15 as modif ied b y  Falk  
and  Nash  1~ was used w i t h o u t  R N A  except  as noted.  Eggs  
were collected on s t a n d a r d  media  over  a 24-h-period. The 
resul t ing eggs (and some f i rs t  i n s t a r  larvae): were re- 
covered and  r insed t ho rough ly  wi th  water .  They  were 
then  f loated in 20% sucrose to r emove  food and agar  and  
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a g a i n  t h r o r o u g h l y  r i n s e d  a n d  b l o t t e d  d r y .  A p p r o x i m a t e l y  
100 eggs ,  d e t e r m i n e d  b y  w e i g h t  w e r e  p l a c e d  in  a v i a l  on  
5 m l  of m e d i u m .  T h e  n u m b e r  of f l ies  e c l o s i n g / v i a l  w a s  
d e t e r m i n e d  a t  i n t e r v a l s  a f t e r  2 w e e k s ' s  i n c u b a t i o n  a t  
25 ~ u n t i l  no m o r e  f l i es  ec losed .  
Results and discussion.  T h e  n u m b e r  of f l i e s  e c l o s i n g  in  
c o n t r o l  v i a l s  v a r i e s  f r o m  a p p r o x i m a t e l y  3 0 / v i a l  t o  6 0 / v i a l  
w i t h  a m e a n  of a b o u t  50 /v i a l .  T h e  t a b l e  s h o w s  t h a t  con-  
c e n t r a t i o n s  of P A L A  u p  to  10 -~ M h a v e  no  e f f ec t  on v i a -  
b i l i t y .  A t  c o n c e n t r a t i o n s  b e t w e e n  10 -3 M a n d  2.5 • 10-~ 
M P A L A  t h e  n u m b e r  of f l ies  e c l o s i n g  d e c r e a s e s  so t h a t  no  
f l ies  ec lose  a t  2.5 • 10 -2 M. A p p r o x i m a t e l y  4 0 %  of f l ies  
e c l o s i n g  a t  10 2 M a r e  r u d i m e n t a r y  p h e n o c o p i e s  r a n g i n g  
f r o m  m i l d  to  v e r y  s e v e r e  ( f igure) .  T h e  l e t h a l i t y  of 6 - A U  
is f i r s t  d e t e c t e d  a t  10 -5 M. A t  2.5 x 10 a 1V~ v i r t u a l l y  no  
f l ies  ec lose  a n d  a t  5 x 10 3 M l e t h a l i t y  is 1 0 0 % .  A n  i d e a l  
s e l e c t i o n  a g e n t  s h o u l d  be  spec i f i c  in  i t s  m o d e  of  i n h i b i t i o n .  
I n  t h i s  case  t h e  a g e n t  s h o u l d  o n l y  a f f e c t  p y r i m i d i n e  s y n -  
t h e s i s  a n d  p y r i m i d i n e s  s h o u l d  r e v e r s e  t h e  e f f ec t s  of t h e  
i n h i b i t o r .  A c c o r d i n g l y ,  we  t e s t e d  t h e  e f f ec t  of a d d i t i o n  of 

p y r i m i d i n e  or  p u r i n e  n u c l e o s i d e s  or  R N A  t o  m e d i a  c o n -  
t a i n i n g  5 x 10 -3 M P A L A  or  2.5 x 10 -3 1Vi 6 -AU,  c o n -  
c e n t r a t i o n s  of t h e  r e s p e c t i v e  i n h i b i t o r s  w h i c h  g i v e  a l m o s t  
c o m p l e t e  l e t h a l i t y .  As  s e e n  in t h e  t a b l e  a d d i t i o n  of p y r i -  
m i d i n e  n u c l e o s i d e s  or  R N A  c a u s e s  r e v e r s a l  of P A L A  a n d  
6 - A U  i n h i b i t i o n .  T h e  a d d i t i o n  of p u r i n e  n u c l e o s i d e s  h a s  
no  e f f ec t  on  l e t h a l i t y .  
T h e s e  p r e l i m i n a r y  r e s u l t s  i n d i c a t e  t h a t  P A L A  is l e t h a l  
t o  l a r v a e  a n d  c a n  be  u s e d  in  a s e l e c t i o n  s c h e m e  d e s i g n e d  
t o  r e c o v e r  r e s i s t a n t  m u t a n t s .  F u r t h e r ,  P A L A  s e e m s  t o  
h a v e  s e v e r a l  a d v a n t a g e s  o v e r  6 - A U  as  a s e l e c t i o n  a g e n t .  
I n  b a c t e r i a l  s y s t e m s  a m a j o r  c l a s s  of 6 - A U  r e s i s t a n t  m u -  
t a n t s  r e s u l t s  f r o m  loss  of a b i l i t y  t o  c h a n g e  6 - A U  t o  
6 - A U M P  ~. H o w e v e r ,  P A L A  n e e d  n o t  be m e t a b o l i z e d  for  
A T C a s e  i n h i b i t i o n  a n d  t h u s  s u c h  a c l a s s  of m u t a n t s  s h o u l d  
n o t  be  f o u n d  u s i n g  P A L A .  Also ,  i t  a p p e a r s  t h a t  t h e r e  is 
v e r y  l i t t l e  m e t a b o l i s m  of P A L A a L  A n o t h e r  a d v a n t a g e  o I  

17 J . W .  Fristrom, unpublished. 

Phenocopy of rudimentary wing 
in Drosophila melanogaster larva 
fed defined media containing 10 -2 
M PALA. A Wild type wing. B 
Typical rudimentary wing. C 
PALA phenocopy of rudimentary 
wing. 

Lethal effects of PALA and 6-AU on wild-type larvae 

Concentration Average No. flies Average No. files Concentration Average No. flies 
PALA (M) exclosing/vial ~ eclosing/vial expressed as 6-AU (M) eclosing/vial Jc 

1 SD percent of control 1 SD 
~ _ I S D  

Average No. flies 
eclosing]vial expressed 
as percent of control 
: c l S D  

0 (control} 47.6 • 13.3 100 i 28 0 (control) 49.3 ~ 8.8 100 i 18 
0 + C 49.5 ! 15.2 104 • 32 0 + C 46.8 • 13.8 95 i 28 
0 + A 40.5 • 17.6 85 • 37 0 + A 47.3 • 14.3 96 i 29 
10 4 3 4 . 4 •  13.8 72 • 29 10 a 2 7 . 2 i  9.9 55 ~ 20 
10 3 37.2 • 8.3 78 ~_ 17 10 -4 15.9 -k .5.5 32 ~_ 11 
5.0• -3 4 . 4 •  2.2 9 i  5 5 .0x10 -4 7 . 6 •  2.4 15=t= 5 

10 2 1.8 + 0.8 4 i 2 10 -3 4.2 • 3.2 8 i 6 
2.5•  -~ 0 0 2 .5x10 -3 0.1 • 0.3 0 •  1 
5.0 x 10 -2 0 0 5.0 • 10 -~ 0 0 

7.5 • 10 -3 0 0 
10 ~ 0 0 

5.0 x 10 .3 + C 45.2 i 10.0 95 • 2I 
5.0 • 10 -3 + U 39.0 • 10.9 82 i 23 2.5 • 10 -.3 + C 32.0 :~ 15.3 65 ~= 31 
5 .0x10 3 + A 3.8 ~= 4.8 8 i  10 2 .5x10 -a + U 2 3 . 7 i  12.3 48 • 25 
5 .0x10 -3 + G 4.3 • 3.8 9 =~ 8 2.5• -a + A 1 . 5 i  1.0 3 !  2 
5.0• 3 - -  R 4 7 . 1 i 1 5 . 7  99 -L33  2 . 5 •  G 0 . 5 •  1.0 1=t: 2 

2.5• -a + R 5 1 . 3 i  6.9 104-t- 14 

Procedures are given in 'materials and methods'. 9 replicates were done for each experimental condition. Reversal of lethali ty was tested by 
the addition of 2.5 • 10 -~ M pyrimidine or purine nucleosides (C-cytidine, U-uridine, A-adenosine, G-guanosine) or 1% RNA (R) to a lethal 
concentration of PALA (5 • 10 -a M) or 6-AL" (2.5 • 10 -a M). 



430 Specialia ]~XPERIENTIA 33/4 

P A L A  is t h a t  i t  inhib i t s  an enzyme coded for a t  the  locus 
under  s t u d y  and  should no t  select for overproducers  of 
enzymes  ca ta lyz ing  later  s teps  in the  p a t h w a y  which  
6-AU m i g h t  do. 6-AU could be used as a secondary  se- 
lect ion agent  in re tes t ing  and ma in ta in ing  stocks of P A L A  
res i s tan t  flies. However ,  the  mos t  i m p o r t a n t  advan t age  
of P A L A  s tems  f rom the  fact  t h a t  i t  is a t rans i t ion  s ta te  

analogue of ATCase. Muta t ions  leading to  modif ica t ion  
of ATCase so t h a t  it  does no t  in te rac t  wi th  P A L A  will 
p ro b ab l y  also e l iminate  ATCase act iv i ty .  Increased  
ATCase levels thus  are a likely means  for ob ta in ing  
res is tance  to  PALA.  In  conclusion,  these  p re l iminary  re- 
sui ts  indicate  t h a t  P A L A  could be an excel lent  selection 
agen t  for overproducers .  

The nuc leo lar  c h r o m o s o m e  in e m b r y o s  of Rana p ip iens  I 

G. R. N e w m a n  2, N. Hoffner  and M. A. Di Berardino a 

Department o/Anatomy,  The Medical College o/Pennsylvania,  Philadelphia (Pennsylvania 19129, USA), 
11 October 7976 

Summary. K a r y o t y p e  analyses  of p rome taphase s  f rom medul la ry  plate  cells der ived  f rom mid-neurulae  of R a n a  
pipiens have  led to  the  ident i f ica t ion of the  nucleolar  ch romosome and nucleolar  organizing region, which is located 
on the  longer a rm of a smal l  sub-metacen t r i c  ch romosome  (No. 10). 

Nucleolar  ch romosomes  have  been ident i f ied in several  
sys tems.  Di rec t  ident i f ica t ion  has been made  in p a c h y t e n e  
chromosomes ,  e.g. 4 and  occasionally in late p rophases  
and  early p r o m e t a p h a s e s  of somat ic  cells when  the  
nueleoli pers i s ted  5. Bo th  approaches  to ident i fy ing  the  
nucleolar  ch romosome  of an o rgan i sm are ex t r eme ly  t ime  
consuming  and diff icult  due to  the  lack of spread ing  of 
the  chromosomes  at  these  stages and  also due to  the  
r a r i ty  of pe r s i s t en t  nucleoli in mi to t ic  chromosomes .  
A t t e m p t s  to induce the  pers is tence  of nucleoli in mi to t ic  
ch romosomes  have  been  reported~,7;  however ,  these  
approaches  have  no t  yie lded wide spread appl ica t ion  in 
d i f ferent  sys tems.  I t  is also possible to iden t i fy  nucleolar  
ch romosomes  in mi to t ic  ch romosomes  th rough  an indi rec t  
approach .  For  example ,  in t he  Xenopus  m u t a n t ,  he te ro-  
zygous for the  nucleolus,  one can correlate  the  absence  of 
a p r o m i n e n t  secondary  cons t r ic t ion  in one homologue  of 
a pai r  of m e t a p h a s e  chromosomes  wi th  the  absence of one 

nucleolus in in te rphase  nucleiS, 9. We repor t  here the  
di rect  ident i f ica t ion of t he  nucleolar  ch romosome and the  
nueleolar  organizing region in embryos  of V e r m o n t  R a n a  
pipiens,  revealed microscopical ly  in p ro me t ap h as e s  of 
medul la ry  p la te  cells con ta in ing  a large n u m b e r  of per-  
s i s ten t  nucleoli. 
Materials and methods. Adul t  R a n a  pipiens  used in these 
s tudies  were purchased  f rom J. M. Hazen  Co., Alburg,  
Vermont ,  and are der ived  f rom 5 d i f ferent  sh ipmen t s  ob- 
t a ined  over  a per iod of 4 years.  Ovula t ion  was induced  by  
i n t r aab d o mi n a l  in ject ion of p i t u i t a ry  glands and art if icial  
insemina t ion  was pe r fo rmed  wi th  spe rm suspensions de- 
r ived f rom mace ra t ed  testes ,  based on original procedures  
of Rugh10. W h e n  the  embryos  a t t a ined  the  stage of mid-  
neuru la  (stage 1411), the  medul la ry  p la te  along wi th  the  
under ly ing  mesode rm and  a rchen te ron  roof was excised 
in S te inberg ' s  salt  solut ion 12. Next ,  the  medul la ry  p la te  
was  e i ther  mechanica l ly  separa ted  f rom the  under ly ing  
t issues in S te inberg ' s  solution,  or  t ransfer red  to  0.5~o 
t r y p s i n  dissolved in modif ied  S te inberg ' s  solut ion 13 for 
2-3 min,  dur ing which  t ime  the  medul la ry  p la te  was 
sepa ra ted  f rom the  o the r  tissues. The medul la ry  p la te  
was  t h e n  r insed in S te inberg ' s  solut ion for 2-3 min,  and  
immed ia t e ly  f ixed and  s ta ined  in acetic orcein. Sub- 
sequent ly ,  the  t issue was squashed  and processed for 
p e r m a n e n t  prepara t ions .  

Fig. 1. Prometaphase from a medullary plate cell derived from a 
diploid embryo at the mid-neurula stage. 1 pair of small homolo- 
gous chromosomes contains 2 nueleoli. 
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