
808 Specialia BXPERIENTIA XXII/12 

Zusammen/assung. In  Gegenwar t  des exfol ier ten Ton- 
minera ls  Vermikul i t  wi rd  die Zitronens~iurebildung durch  
Aspergillus niger besonders  s t imulier t .  Dabei  wird  die 
Induk t ionsphase  verkt i rz t  sowie die gesamte  G/irgeschwin- 
digkei t  im messbaren  Bereich der  Zi tronens/ iurebi ldungs-  
phase  erh6ht .  Die St imul ierung scheint  einzig auf ver- 

besser ten  H au s h a l t  der  Spurene lemen te  zur i ickzuf i ihren 
zu sein. 
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A Spindle Analogue in Saccharomyces cerevisiae 
Hansen 

In  a previous  communica t ion  1, an i l lus t ra t ion was pre- 
sented  of a t ubu la r  spindle-l ike s t ruc ture  a round  which  
the  ch roma t in  was disposed as a coiled e lement  in vege- 
t a t ive ly  dividing cells of Saccharomyces cerevisiae (cf. 
Figure 5 of th is  report) .  The exp lana t ion  was offered of 
the  a l ignment  of the  daugh t e r  complemen t s  of chromo-  
somes on th is  s t ruc tu re  as a pre lude  to the  subsequen t  
d i s t r ibu t ion  be tween  the  mo the r  cell and the  bud, wi th  
the  aid of centrosomes.  In  the  p resen t  r epor t  evidence is 
p resen ted  for w h a t  appears  to us as stages in the  forma-  
t ion of such a spindle-l ike element .  

S. cerevisiae, Hansen  (CBS 1171), ob ta ined  f rom the  
yeas t  division of the  Cent raa lbureau  voor Schimmelcul-  
tures  a t  Delft ,  in Hol land,  was the  yeas t  used in these  
invest igat ions .  Ceils were f rom a 24 h growth  on bar ley-  
wor t -agar  m e d i u m  which  was in t u rn  ob ta ined  by  inocu- 
la t ing cells f rom a 16-hour-old synchronized  liquid cul- 
ture,  as detai led in the  earlier communica t ion  1. 1 b a t c h  
of smears  was f ixed in Carnoy 's  fluid for 2 h (Figures 1-7) 
and the  o the r  in Hel ly ' s  (Figure 8) for 10 min 2. The f ixed 
cells were s ta ined  wi th  Giemsa wi th  prior  ex t rac t ion  in 
NaC1 a t  60 ~ for 11/2 h and  hydro lysed  in NHC1 a t  60 ~ 
for 81/2 min i ,  a. 

In  Figure 1 can be seen the  cent ra l ly- located  deeply-  
s ta ined ch roma t in  t h rough  which has emerged a fine un- 
s ta ined tubu la r  s t ruc tu re  wi th  a s ta ined  knob,  giving the  
appearance  of a ge rmina t ing  seed. The cell a t  (a) in 
Figure  2 reveals  the  gradual  e longat ion of the  tube  a t  
one pole of the  ch roma t in  mass. A s ta ined spherical  do t  
is also seen. The c h r o m a t i n  in tile cell in Figure 3 looks 
expanded .  In  Figure  4, t he  cent ra l  uns ta ined  tube  te rmi-  
na tes  in 2 d iv ided s ta ined  ent i t ies  a t  1 pole, and  the  
ch roma t in  is wrapped  round  the  cent ra l  tube  in 2 densely  
s ta ined  coils. The cell in Figure 5 reveals  the  spindle-l ike 
e lement  in a be t t e r  perspec t ive  wi th  the  ch roma t in  
t igh t ly  coiled round.  Figure  6 is suggest ive of loosely 
coiled chromat in ,  and  at  close examina t ion  reveals  3 
dumbbe l l - shaped  and  2 discrete chromosomes  at  the  top  
(arrow). 2 paral lel  complemen t s  of chromosomes  are seen 
in Figure 7. Each  of these  could be seen t e rmina t i ng  in a 
th in  d rawn-ou t  th read ,  converging a t  the  pole in a s ta ined  
dot.  A second s ta ined do t  is seen at  the  o ther  pole. Figure  
8 is p resen ted  to  show t h a t  comparab le  pic tures  were ob- 
t a ined  wi th  Hel ly-f ixed cells also. Here  again, a t  (a) a 
ve ry  fine uns ta ined  tube  is seen piercing the  deeply-  
s ta ined  chromat in .  The anchor ing  of the  ends could also 
be made  out  (arrow). In  cell (b) a similar th in  uns ta ined  
e lement  is seen a t t a ched  to  the  ch roma t in  (arrow). I t  
m a y  be oI in te res t  here  to  recall  the  centr io lar  s t ruc tures  
connec ted  to an uns ta ined  furrow, wi th  a centra l ly-  
s i tua ted  s t a i n e d  mass,  d e m o n s t r a t e d  by  the  h e m a t o x y l i n  
t echn ique  of SUBRAMANIAM 4. 

The s t ruc ture ,  as seen in these  photographs ,  is ve ry  
suggest ive of a spindle e lement .  The individual  and 
divided s ta ined ent i t ies  a t  the  poles, as seen in these  
cells, conf i rm the  earlier d emo n s t r a t i o n  of cent rosomes  

Fig. 1. Early stage in the appearance of the central tube. Ca. x 2800. 

Fig. 2. Elongation of the tube with a eentrosome in cell (a). Dividing 
eentrosomes are seen in cell (b). Ca. x 2800. 

Fig. 3. Chromatin expanded on the tube. Centrosolne seen. Ca. 
x 2800. 

Fig. 4. Tube more clear. Dividing centrosomes at one pole. Ca. 
x 2800. 

Fig. 5. Chromatin coiled round the tube. Ca. • 2800. 

Fig. 6. Coiled appearance of ehromatin. Chromosomes a~anged in 
tiers. Ca. • 3000. 

Fig. 7. Parallel arrangement of chromosomes. Note the 2 thin threads 
converging in a eentrosome. Ca. • 3000. 

Fig. 8. Slender tube piercing through the ehromatin (Helly-Giemsa 
preparation). Ca. • 3000. 
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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 y r r o l o - L - A l a n i n e ,  a N e w  A n t i m e t a b o l i t e  of  

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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a,n= l ; b , n = 2 ; c , n =  3. 

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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