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s o m e t h i n g  pecu l i a r  to  t h e  k i d n e y  alone,  for t h e  ab i l i t y  to  
s t i m u l a t e  s u p e r n u m e r a r y  g r o w t h  is n o t  conf ined  to  r ena l  
t issue.  

T h e  d a t a  on  t h e  a n a t o m i c a l  d i s t r i b u t i o n  of t h e  i n d u c i n g  
f ac to r  a re  i n s t ruc t i ve .  F r o m  these  a n d  p rev ious  exper i -  
m e n t s ,  some t y p e  of a p a t t e r n  is b e g i n n i n g  to  emerge .  
M a n y  of t h e  t yp ica l  c o m p o n e n t s  of e x t r e m i t i e s  (skin, 
muscle ,  n e r v e  a n d  r e so rb ing  tai l)  a re  essen t i a l ly  l ack ing  in  
i n d u c t i v e  ab i l i ty .  Car t i l age  ha s  m o d e r a t e  ab i l i ty ,  b u t  t h i s  
m a y  be  a t i ssue  specific i nduc t ion .  Of t h e  i n t e r n a l  o rgans  
t es ted ,  l iver  ha s  s l igh t  i n d u c t i v e  powers ,  b u t  t h i s  c a p a c i t y  
is h igh ly  deve loped  in k idney ,  u r i n a r y  b l a d d e r  a n d  i n t e s t i ne  
in t h e  region of t h e  cloaca.  On  t h e  bas is  of th i s  d i s t r i b u t i o n  
as well  as t he  d a t a  on  t he  d e v e l o p m e n t  of i n d u c i n g  c a p a c i t y  
in k idney ,  i t  would  be  of i n t e r e s t  to  f u r t h e r  t e s t  2 h y p o -  
theses .  F i rs t ,  t h e r e  m a y  be  some c o m m o n  d e v e l o p m e n t a l  
a ssoc ia t ion  of t i s sues  possess ing  i n d u c t i v e  abi l i ty ,  or 
second,  t h e  f ac t  t h a t  t h i s  c a p a c i t y  seems  to  be  m o s t  con-  

c e n t r a t e d  in exc re to ry  o rgans  b u t  n o t  a l t o g e t h e r  l ack ing  
in o t h e r  t i s sues  m a y  ind i ca t e  a c o n c e n t r a t i o n  of a sub-  
s t ance  p r o d u c e d  t h r o u g h o u t  t h e  body .  These  poss ib i l i t ies  
are  c u r r e n t l y  b e i n g  t e s t e d  13. 
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U l t r a s t r u c t u r a l  C h a n g e s  in  the  Y e a s t  Candida lipolytica C a u s e d  by  P e n e t r a t i o n  of  H y d r o c a r b o n s  in to  
the  Cell  

A n u m b e r  of p a p e r s  h a v e  been  d e v o t e d  to  t h e  f i rs t  s tages  
of d e g r a d a t i o n  of h y d r o c a r b o n s  b y  yeas t s  or b y  o t h e r  micro-  
o rgan i sms  1 b u t  no  e x p e r i m e n t a l l y  f ounded  e x p l a n a t i o n  
exis ts  w i t h  r ega rd  to  t h e  c o n t a c t  of t he  mic rob ia l  e n z y m e s  
w i t h  t h e  h y d r o c a r b o n .  

I n  our  f i rs t  p a p e r  we descr ibed  t h e  f ac t  t h a t  d u r i n g  
c u l t i v a t i o n  of t he  y e a s t  Candida lipolytica on h e x a d e c a n e  

or  on  gas  oil t h e  h y d r o c a r b o n s  pass  t h r o u g h  t h e  cell wal l  
a n d  are  c o n c e n t r a t e d  on  t h e  cy t o p l a s mi c  m e m b r a n e  ~. 

1 A. C. VAN DER LINDEN and G. J. E. THIJSSE, Adv. Enzymol. 25, 
469 (1965). 
J. LUDViK, V. MONK and M. DOSTJ~LEK, Proc. int. Symp. Yeast, 
Bratislava, in press. 

Glucose Hydrocarbons 

Fig. 1. Schematic picture of an ultrathin section of Candida lipolytica brane; cw, cell wall; er, endoplasmic reticulum; fv, fat vacuoles; 
grown on glucose or hydrocarbon medium, cm, cytoplasmic mem- gl, glycogen; mi, mitochondria; nu, nucleus. 
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L a t e r  we could  show t h a t  sphe rop la s t s  of C. lipolytica cells 
lose t h e i r  ab i l i t y  to  oxidize  h y d r o c a r b o n s ,  a l t h o u g h  t h e y  
oxidize  glucose w i t h  t h e  s ame  a c t i v i t y  as i n t a c t  cells ~. 

O u r  p r e s e n t  s tud ies  d e a l t  w i t h  morpho log ica l  ch an g es  
of y e a s t  cells g rown  on a h y d r o c a r b o n  subs t r a t e .  

W e  used a cu l tu re  of C. lipolytica g r o w n  in a n  inorgan ic  
m e d i u m  w i t h  an  a d d i t i o n  of gas oil or h e x a d e c a n e  as t h e  
on ly  source  of ca rbon .  To e x a m i n e  t h e  p e n e t r a t i o n  of t h e  
h y d r o c a r b o n  b y  e lec t ron  microscopy,  we a d d e d  0 .1% 
v a n a d i u m  or  nickel  n a p h t h e n a t e .  These  c o m p o u n d s  a re  
so luble  in  h y d r o c a r b o n s  a n d  a t  t h e  c o n c e n t r a t i o n  used 
t h e y  do  n o t  i n h i b i t  yeas t  g rowth .  Fo r  con t ro l  we h a d  t h e  
s ame  y e a s t  cu l tu re  g rown  on glucose in a n  inorgan ic  
m e d i u m .  Af te r  24 or 48 h of g r o w t h  t h e  cu l tu re  was cen t r i -  
fuged a n d  w a s h e d  w i t h  a n  isotonic  buf fe r  to  r e m o v e  t h e  
r e m a i n i n g  s u b s t r a t e  a n d  f ixed b y  a m e t h o d  modi f ied  f rom,  
L u F z  4. Af te r  10 mi n  of f i xa t ion  w i t h  cold 2% K M n O ,  in 
a c e t a t e - v e r o n a l  buf fe r  we r e s u s p e n d e d  t h e  y e a s t  in  cold 
2 %  u r a n y l  n i t r a t e  or  in  1 %  u r a n y l  ace t a t e .  T h e  so lu t ion  
was  r e p e a t e d l y  rep laced  un t i l  no  c h a n g e  in i t s  co lour  could  
b e  obse rved .  T h e  f ixed suspens ion  of y e a s t  cells was  w a s h e d  
severa l  t imes  wi th  t h e  a c e t a t e - v e r o n a l  buf fe r  (pH 6.0) 
c o n t a i n i n g  1.5% sucrose  a n d  e m b e d d e d  in 2% agar .  T h e  
a g a r  b locks  were d e h y d r a t e d  t h r o u g h  a n  a lcohol  series a n d  
e m b e d d e d  in Ves topal ,  

U l t r a t h i n  sec t ions  were  p r e p a r e d  in a L K B  u l t r a m i c r o -  
t o m e  a n d  c o n t r a s t e d  w i t h  u r a n y l  a c e t a t e  a n d  lead c i t r a t e  
acco rd ing  to  REYNOLDS n. F o r  e x a m i n a t i o n  a Tes la  B S  413 
e lec t ron  mic roscope  was used.  

Fig. 2. Ultrathin section of C. lipolytica grown on hexadeeane 
medium with addition of vanadium naphthenate, 

a O. VOLFOV~,, V. MUNK and M. DOST.&LEK, Experientia 23, 1005 
(1967). 

4 j .  H. LUFT, J. biophys, biocbem. Cytol. 2, 799 (1956). 
E. S. REYNOLDS, J. biophys, biochem. Cytol. 17, 208 (1963). 

Fig. 3. Ultrathin section of G. lipolylica grown on gas oil medium. 
Fig. 4. Ultrathin section of C. lipolytica grown on hexadecane 
medium with addition of nickel naphthenate. 
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Fig. 5. Ultrathin section of C. lipolytica cultivated on glucose 
medium. 

b rane .  P i n o c y t o t i c  vesicles were  f r e q u e n t l y  obse rved  a t  
t h e  ends  of deep  i n v ag i n a t i o n s ,  sugges t ing  t h e  poss ib i l i ty  
of a n  ac t ive  t r a n s l o c a t i o n  of h y d r o c a r b o n s  i n to  t h e  cyto-  
p l a s m  (Figures  2 a n d  3). (3) Y e a s t  cells g rown  o n  h y d r o -  
c a r b o n s  c o n t a i n  more  a b u n d a n t  endop la smic  r e t i c u l u m  
(Figure  2). (4) Cells g r o w n  in  m e d i a  w i t h  h y d r o c a r b o n s  
c o n t a i n  more  f a t  vacuo le s  t h a n  do  cells g rown  in a glucose- 
c o n t a i n i n g  m e d i u m  (Figures  2 a n d  5). (5) Y e a s t  cells g r o w n  
o n  h y d r o c a r b o n s  h a v e  more  m i t o c h o n d r i a  w h i c h  c o n t a i n  
f r e q u e n t l y  a n  i n t r a m i t o c h o n d r i a l  vacuo le  (Figure  4). 
(6) T h e  cell wal l  of these  yeas t s  is t h i n n e r  t h a n  in  cells 
g r o w n  on  glucose (Figures  3 a n d  5). (7) T h e  c y t o p l a s m  of 
cells g rown on  h y d r o c a r b o n s  is more  e l ec t ron -dense  a n d  
c o n t a i n s  more  r ibosomes .  (8) Cells g rown  on  glucose con-  
t a i n  n u m e r o u s  g lycogen g ranu les  (F igure  5) whereas  t h e  
h y d r o c a r b o n  g rown  cells c o n t a i n  less p o l y s acch a r i d e  a n d  
more  f a t  vacuoles .  

O u r  o b s e r v a t i o n s  s u p p o r t  t h e  v iew t h a t  h y d r o c a r b o n s  
p e n e t r a t e  t h r o u g h  t h e  cell wal l  of C. lipolytica, are  con-  
c e n t r a t e d  a t  t h e  surface  of t h e  cy t o p l a s mi c  m e m b r a n e  a n d  
b r ing  a b o u t  n u m e r o u s  morpho log ica l  changes  of t h e  cell. 
T h e  cy t o p l a s mi c  m e m b r a n e  seems to  p l a y  a n  i m p o r t a n t  
role in  t h e  m e t a b o l i s m  of h y d r o c a r b o n s  a n d  in t h e i r  t r a n s -  
p o r t  in to  t h e  cell. T h e  ques t ion  r e m a i n s  w h e t h e r  t h e  h y d r o -  
c a r b o n s  are  oxid ized  a t  t h e  cy t o p l a s mi c  m e m b r a n e  or  
w h e t h e r  t h e y  p e n e t r a t e  b y  p inocy tos i s  in to  t h e  c y t o p l a s m  
to  be  ox id ized  t h e r e  b y  e n z y m e s  assoc ia ted  w i t h  t h e  m e m -  
b r a n e o u s  s y s t e m  of t h e  cy top l a sm.  

T h e  p r inc ipa l  d i f ferences  in  t h e  u l t r a s t r u c t u r e  of y e a s t  
cells g r o w n  on glucose or  on  h y d r o c a r b o n s  can  be  sum-  
mar i zed  in to  8 fea tures ,  s h o w n  s c h e m a t i c a l l y  in  F igu re  1. 
(1) T h e  surface  of t h e  y e a s t  celt wal l  a f t e r  g r o w t h  on  h y d r o -  
c a r b o n s  is covered  w i t h  a t h i n  l aye r  of h y d r o c a r b o n s  which  
p e n e t r a t e  t h r o u g h  t he  cell wal l  to  t h e  cell m e m b r a n e .  T h e  
a c c u m u l a t i o n  of h y d r o c a r b o n s  is especia l ly  m a r k e d  in  
y e a s t  cells g rown on  gas oil wh ich  n e v e r  d i s a p p e a r s  com-  
p le te ly  f rom t h e  g r o w t h  m e d i u m  (Figure  3). T h e  m e c h a -  
n i sm  of p e n e t r a t i o n  could n o t  be  a n a l y z e d  in ful l  de ta i l  b u t  
i t  appea r s  t h a t  u l t r a f ine  pores  are  invo lved .  H y d r o c a r b o n s  
a c c u m u l a t e  on  t h e  sur face  of t h e  c y t o p l a s m i c  m e m b r a n e .  
(2) The  cy top l a smic  m e m b r a n e  of cells g rown  on  h y d r o -  
c a r b o n s  is a lways  t h i c k e r  a n d  c lear ly  v is ib le  a n d  c o n t a i n s  
deep  i n v a g i n a t i o n s  a n d  d ig i t a l  p ro j ec t i ons  wh ich  repre-  
s en t ed  a n  increase  of t he  surface  of t he  c y t o p l a s m i c  m e m -  

Zusammen/assung. D u r c h  L 6 s u n g  y o n  0 ,1% V a n a d i u m -  
oder  N i c k e l - N a p h t h e n a t  in  K o h l en w as s e r s t o f f en  k a n n  de-  
t e n  D u r c h t r i t t  in  die Zelle d e r  Here  Candida lipolytica 
e I e k t r o n e n m i k r o s k o p i s c h  ve r fo lg t  werden .  Die  K o h l en -  
wassers tof fe  d u r c h d r i n g e n  die Zel lwand,  r e i che rn  s ich  a n  
d e r  Z y t o p l a s m a m e m b r a n  a n  u n d  v e r u r s a c h e n  im Ze l l inne rn  
re iche  V e r g n d e r u n g e n .  Diese  beweisen  me i s t en t e i l s  die 
Sch l i i s se laufgabe  d e r  Z y t o p l a s m a m e m b r a n ,  d e n  d i r e k t e n  
K o n t a k t  de r  Koh lenwasse r s to f f e  m i t  d e n  O x y d a t i o n s e n -  
z y m e n  zu v e r m i t t e l n .  

J.  LUDVIK, V.  MUNK a n d  M. DOSTkLEK 

Laboratory o~ Electron Microscopy and Department o~ 
Technical Microbiology, Institute o/Microbiology, 
Czechoslovak Academy o/Science, Praha 4 
(Czechoslovakia), 12 February 1968. 

DI  S P U T A N D U M  

Peptide Antibiotic Biosynthesis: A New Approach 

I t  is now well e s t ab l i shed  t h a t  t h e  b i o s y n t h e s i s  of pep-  
t ide  an t i b io t i c s  is i n d e p e n d e n t  of t h e  r i b o s o m a l  R N A -  
r equ i r i ng  processes  o p e r a t i n g  in p r o t e i n  syn thes i s .  A w e a l t h  
of ev idence  f rom s tud ies  w i t h  t y roc id ines  1, g r a m i c i d i n  
S 2-4, p o l y m y x i n s  5, b a c i t r a c i n  ~-~, a c t i n o m y c i n s  ~-s, a n d  
U-22324 9, t o g e t h e r  w i t h  a r e t r a c t i o n  1° of ear l ie r  c o n t r a -  
i n d i c a t o r y  f ind ings  for  g r a m i c i d i n  S, leaves  no  d o u b t  t h a t  
a p u r e l y  e n z y m a t i c  process  is invo lved .  A r e c e n t  cell-free 
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