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in the  yeas t  cell 8,s. T h a t  the  divis ion of the  cen t rosomes  
is t imed  wi th  the  divis ion of the  chromat in ,  is indica ted  
in Figures  3, 4 and 7. While  there  is suff icient  evidence 
for the  par t i c ipa t ion  of cen t rosomes  in t he  m o v e m e n t  of 
the  chromosomes3,  i t  is no t  qui te  clear w h e t h e r  the  cen- 
t rosomes  aid in the  p roper  a l ignment  of the  chromosomes  
on the  spindle-l ike e l ement  besides t ak ing  pa r t  in the  sub- 
sequent  d i s t r ibu t ion  be tween  the  mo the r  cell and  tile bud.  
Though  tile po in t  is ev iden t  t h a t  the  chromosomes  align 
themse lves  on such a s t ruc ture  for an order ly  d is t r ibu t ion  
be tween  the  m o the r  cell and  the  bud  (Figures 4, 5, 6 and  
7), it  is r a the r  difficult  a t  th is  s tage to s ta te  wi th  precision 
t h a t  the  fine uns ta ined  element ,  as seen in these  photo-  
graphs,  could be the  fibre appa ra tu s  d e m o n s t r a t e d  in 
e lec t ron micrographs  of the  yeas t  cellL The exis tence of 
such a s t ruc ture  migh t  possibly explain  too the  palisade 
or s tacking a r r a n g e m e n t  of ch romosomes  at  m e t a p h a s e  
in Lipomyces lipo/er, repor ted  by  ROBINOW ~. Do we see, 
in such a spindle-l ike e lement  of the  yeas t  cell, the  begin- 
nings of the  more  e labora te  spindle  appa ra tus  of the  
h igher  organisms ? 7 

Zusammen/assung. Es gelang der  pho tog raph i sche  
Nachweis  einer spindelapparat~thnl ichen S t ru k t u r  in 
Saccharomyces cerevisiae Hansen .  Die regelm/issige Chro- 
mosomenve r t e i l ung  zwischen Mutterzel le  und  Knospe  
wird durch  diese S t ruk tu r  z u s a m m e n  mi t  Zen t rosomen  
erm6glicht .  
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P h e n y l a l a n i n e  a n d  T y r o s i n e  i n  Escherichia  coli 

Many heterocycl ic  analogues of L-phenylalanine have  
proved  to be of in teres t  as an tagonis t s  of th is  amino acid 1, 
including fl-2-pyrrylalanine2. Also, several  amino acids 
wi th  a heterocycl ie  subs t i t uen t  (e.g. 3-hydroxy-4-pyr idone ,  
uracil, pyrazole) a t t ached  th rough  n i t rogen to the  fl carbon 
a tom of an alanine moie ty  cccur  in na ture  3. In  bo th  these 
contexts ,  a synthes is  of fl-pyrrolo-L-alanine ( iIIa)  ap- 
peared  to be of interest .  

A syn the t i c  route  to th is  compound  was opened up by  
the  f inding 4 t h a t  2 ,5 -d i e thoxy te t r ahyd ro fu ran  and  re- 
la ted compounds  react  wi th  amino acids or the i r  der iva-  
t ives to give the  appropr i a t e  N- subs t i t u t ed  pyrrole  
der ivat ives .  A suitable s ta r t ing  mater ia l  was available in 
N~-tosyl-L-e, f l -diaminopropionic acid 5 (Is). Condensat ion 
of th is  amino acid der iva t ive  wi th  2 ,5 -d ie thoxyte t ra -  
hydro fu ran  did, in fact,  proceed smoo th ly  in boiling 
acetic acid in the  presence  of sod ium ace ta te  to afford N- 
tosyl-fl-pyrrolo-L-alanine (IIa, m.p.  196-197~ 6. The tosyl  
der iva t ive  I I a  was reduced wi th  calcium in l iquid am- 
monia  to the  desired fl-pyrrolo-L-alanine (IIIa),  m.p.  
238-240 ~ (decomp.),  [e]D -- 49~ homogeneous  by  high- 
vol tage  paper  e lectrophoresis  (positive react ions  wi th  nin- 
hydr in  and Ehr l i ch ' s  reagent) .  The 2 h igher  homologues,  
7-pyrrolo-L-c~-aminobutyric acid (IIIb)  (m.p. 245 ~ de- 
comp. ;  [~]D + 20.7 ~ and d-pyrrolo-L-norvaline (IIIc) 
(m.p. 249 ~ decomp. ;  [e~D • 0~ were ob ta ined  by  the  
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same route  f rom N~-tosyl-L-~, 7 -d iaminobutyr ic  acid 5 (Ib) 
and N~-tosyl-L-ornithine7 (Ic), respect ively,  

W h e n  added  to a mineral  med i u m conta in ing  glucose 8, 
f l-pyrrolo-L-alanine caused comple te  inhib i t ion  of the  
g rowth  of Escherichia coli s t ra in  B a t  a concen t ra t ion  of 
2 .5 .  10-52V/, and 50% inhib i t ion  at  a concen t ra t ion  
of 5 �9 10-6M. Tile homologous  compounds ,  I I I b  and  IIIc,  
had  no an t ibac te r ia l  act ion unde r  the  same condi t ions  a t  
concen t ra t ions  up to 10-2M. The effect  of fl-pyrrolo-L- 
alanine (10-4M) was comple te ly  reversed by  5 - 10-6M 
L-phenylalanine  or by  2 .  10-~M L-tyrosine;  L- t rypto-  
p h a n  (10-sM ) reversed the  inhib i t ion  to the  ex t en t  of 
50%, and  no grea ter  effect  could be achieved by increas- 
ing the  concen t ra t ion  of t r y p t o p h a n .  His t id ine  was 
inactive.  

The act ion of pyrrolo-a lanine  was found to be bacter io-  
s ta t ic  and  i t  could be shown t h a t  the  analogue inhibi ts  the  
fo rmat ion  of fl-galactosidase by  E. coli B. 
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In  all these  fea tures  the  act ion of f l-pyrrolo-alanine 
resembles  t h a t  of p - f luorophenyla lan ine ;  cross res is tance 
to  these  2 an tagonis t s  was accordingly  tes ted  for. Strains  
of E. coli t3 wi th  a 100-fold increased resis tance to p- 
f luorophenyl-DL-alanine and  a 2000-fold increased resist-  
ance to fi-pyrrolo-L-alanine, respect ively ,  were ob ta ined  
by  7 passages  t h rough  syn the t i c  media  conta in ing  in- 
creasing concen t ra t ions  of the  appropr i a t e  an t imetabol i t e .  

Cross resistance to fi-pyrrolo-L-alanine and p-fluorophenyl-DL- 
alanine. Bacterial growth was determined nephelometrically at 

The results  given in the  Table show t h a t  cross res is tance  
to  the  2 an tagon i s t s  does, indeed,  exist .  I t  therefore  ap-  
pears  l ikely t h a t  the  mechan i sm of act ion of pyrro lo-  
alanine is cloaely re la ted to  t h a t  of p- f luorophenyla lanine .  

I f  th is  conclusion is correct ,  we should expec t  the  
heterocycl ic  analogue to  be incorpora ted  into bac ter ia l  
prote in .  

Zusammen/assung. fi-Pyrrolo-L-alanin, dessen Syn these  
beschr ieben  ist, h e m m t  das W a c h s t u m  yon  E. coli B auf 
syn the t i s chen  NAhrb6den. Die H e m m u n g  wird  yon  

575 nm and is expressed as a % of the growth of control cultures in L-Phenyla lanin  und  
the absence of inhibitors. Growth of the parent strain was completely 
inhibited by 2.5" 10 5M fl-pyrrolo-L-alanine or 10-4M p-fluoro- 

phenyl-DL-alanine 

Growth of strain resistant to 

Inhibitor Concen- Pyrrolo- p-Fluoro- 
added tration alanine phenylalanine 

L-Tyrosin vollstAndig, yon  L- 
T r y p t o p h a n  teilweise, n ich t  aber  yon  His t id in  aufge- 
hoben.  St~tmme yon E. coli, die gegen fl-Pyrrolo-L-alanin 
bzw. p-Fluorophenyl-DL-alanin  res i s ten t  sind, zeigen ge- 
kreuzte  Resis tenz .  

I(. PODU~KA, J. GL6DE, V. L l sq ,  

J. SKODA, H. GROSS, and J. RUDINGER 

fl-Pyrrolo-L 10 3M 125 0.1 
alanine 10-4M 95 100 

p-Fluorophenyl- 10-SM 70 75 
DL-alanine 10 4M 112 115 
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The Alkaline Ribonuclease of Rat Serum During 
Administration of 4-Dimethylaminoazobenzene 

and Copper Oxyacetate 

ZYTKO and  CANTERO 1 found  t h a t  the  'alkaline ribo- 
nuclease '  of ra t  se rum was s o m e w h a t  decreased af ter  the  
animals  had  been  fed for 2 weeks on a die t  conta in ing  N- 
d ime thy laminoazobenzene  (DAB) and  fell to  40% of 
normal  when  p r i m a r y  l iver t umour s  had  been  induced.  
There  was, however ,  a s l ight  increase over  normal  value 
in ra t s  bear ing  Novikoff  ascites hepa tomas .  E leva t ed  
values  had  also been observed  in the  se rum of h u m a n  
cancer  pa t i en t s  compared  wi th  h e a l t h y  subjects  (ZYTxO 
and  CANTERO2). This se rum enzyme resembles  ra t  l iver 
alkaline r ibonuclease and bovine r ibonuclease in hav ing  
an o p t i m u m  p H  of 7.8 bu t  differs f rom these  in t h a t  i t  is 
thermolabi le .  I t  does no t  spli t  pur ine  or pyr imid ine  mono-  
nucleot ides  as does acid r ibonuclease.  The change  in ab- 
sorp t ion  p roduced  by  its in te rac t ion  wi th  nucleic acid is 
ascr ibed to a hype rch romic  effect  due to h indrance  of 
resonance  of guanine rings in the  po lymer  molecules (DE 
LAMIRANDE et  al.3). 

Dur ing  the  pas t  5 years  we have  carr ied out  s tudies  on 
var ious  enzymes  and o ther  pa r ame te r s  dur ing  the  d ie ta ry  
admin i s t r a t i on  of D A B  to rats,  alone and toge the r  w i th  
copper  oxyace ta te .  The addi t ion  of the  copper  salt  grea t ly  
inhib i t s  t u m o u r  induct ion  b y  the  azo dye (HOWELL 4, 
FARE 5) and  modifies various pa ramete r s ,  e.g. decrease in 
l iver succinoxidase  and  cy tochrome  oxidase,  l iver copper  
s torage (FARE and  WOODHOUSEe), and  dye b inding  in the  
liver p ro te in  (FARET). Also the  se rum pheny lened iamine  
oxidase  ac t iv i ty  (copper oxidase) was m u c h  d iminished  
by  DAB feeding bu t  to a lesser degree when  copper  oxy-  
ace ta te  was also fed (WooDHOUSES). F r o m  his measure-  
m e n t s  on azo dye b inding  FARE7 sugges ted  t h a t  the  bio- 
chemical  changes  and the  par t ia l  p ro tec t ion  agains t  the  

carcinogenic ac t iv i ty  of the  azo dye could be expla ined 
as resul t ing f rom a compe t i t ion  be tween  the  dye  and 
copper  for b ind ing  sites on protein .  I t  was though t ,  
therefore ,  t h a t  the  es t ima t ion  of the  serum alkalinase 
r ibonuclease descr ibed by  ZYTKO and CANTERO1 at  inter-  
vals dur ing  the  admin i s t r a t ion  of the  dye,  alone, and to-  
ge ther  wi th  the  copper  salt, migh t  give fur ther  informa-  
t ion.  

Materials and methods. 4 groups of 6 male ra t s  were 
fed, respect ively ,  on the  contro l  maize diet, maize plus 
0.09% DAB,  maize plus 0.5% copper  oxyace ta te  plus 
0.09% DAB,  and  maize plus 0.5% copper  oxyace ta te .  In  
all cases a d ie t  of p rop r i e t a ry  cube was subs t i t u t ed  on 
Sa t u rd ay  and  Sunday.  In i t ia l ly  the  animals  were 200-250 g 
in weigh t  and  consumed abou t  10 g of mixed  or basic diet  
each  day,  and  the  weights  of the  animals  were recorded 
a t  fo r tn igh t ly  intervals .  The enzyme con ten t  of blood f rom 
the  tai l  ve in  was de t e rmined  a t  in tervals  of 2-4 weeks 
over  a per iod  of 29 weeks, a t  which  t ime those  which 
received the  D A B  only had  localized liver tumours ,  b u t  
those  also given copper  oxyace ta t e  stil l  p resen ted  essen- 
t ia l ly  normal  livers (FARES). Blood specimens were al- 
ways  t aken  mid-week  in the  morning.  

The tes t s  were conduc ted  as descr ibed by  ZYTKO and  
CANTERO 1, t he  di luted se rum being incuba ted  wi th  t he  
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