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Ergosterol Synthesis in Yeast 
under the Action of Nystatin 

That  the  genera l  mechan i sm of ergosterol  synthesis  in 
yeast is s imi lar  to t h a t  of cholesterol  in animals  has  been 
indicated by  several  lines of evidence ~. Whi le  some of the  
manifold funct ions  of cholesterol  are well known,  the  
significance of ergosterol  in yeas t  is a t  best  speculat ive,  
al though it  can be said tha t  sterol p roduc t ion  is connected  
with some f u n d a m e n t a l  funct ion  in t ima te ly  associated 
with aerobiosis 2. Moreover ,  i t  is one of the  possible com- 
ponents subjec t  to  f luc tua t ions  under  condi t ions  of stress 
induced by  drugs or o ther  measas% I n  this  connect ion,  i t  
was of in teres t  to  examine  g lycolyt ic  inhibi tors  s imi lar  in 
s t ructure to steroN, or  the i r  b iosynthe t ic  precursors  like 
squalene, for the i r  effect  on s terol  me tabo l i sm in yeast .  
KODICEK 4 has demons t r a t ed  a def ini te  an tagon i sm be- 
tween unsa tu ra t ed  fatt3~ acids and sterols in the i r  in- 
hibi tory act ion on gram-pos i t ive  bacter ia .  The  polyene 
antibiotic,  nys ta t in ,  is s tudied here, for its act ion on sterol  
synthesis in yeast .  

GOTTLIEn et al. s have  a l ready  advanced  the  hypothes is  
that  the  polyenes migh t  p r even t  the  biosynthesis  of 
essential sterols by  fungi, or  compe te  wi th  sterols serv ing  
as cofactors f0r v i t a l  metabol ic  react ions.  LAMPEN et  al. ~, 
on the  o the r  hand,  suggest  t h a t  the  inhibi t ion  ob ta ined  
with sterols in t he  ac t ion  of  polyenes on fungi would  re- 
present  mere ly  a polyene-s terol  in teract ion.  The  present  
s tudy wi th  nys ta t in  and  a p u r e  s t ra in  of Saccharomyces 
cerevisiae shows t h a t  there  is indeed a metabol ic  dis- 
a r rangement  produced by  nys ta t in  and t h a t  this  is 
evidenced in the  enhanced  sterol  p roduc t ion  under  grow- 
ing condit ions.  

The general  p lan  of exper iments  was similar  to t h a t  
reported a l ready  by  RAJAGOPALAN and SAmUA s. Sterol  

Ergosterol content of yeast grown under the influence of nystatin 

Nystatin added Dry weight of yeast Ergosterol content 
free total 

~g/ml mg/100mlmedium ~g/100mg dry cells 
0.0 292 81 140 
6.0 253 130 170 

10,0 210 128 210 
14.0 172 124 208 

was es t ima ted  wi th  an th rone  by  the  me thod  of VAHOO~Y 
e t  al. 7 af ter  p rec ip i t a t ion  as the  digi tonide.  The  results  are  
shown in the  Table.  

I f  the  an t ib io t ic  had  inhib i ted  sterol  product ion ,  t he  
me tabo l i t e - an t ime tabo l i t e  concep t  migh t  be invoked  to  
suggest  an  in terference wi th  squalene  p roduc t ion  or  
ut i l izat ion.  As it  is, the  resul ts  serve to underscore  the  
paradoxica l  posit ion of ergosterol ,  which can be considered 
as bo th  essential  and nonessential for life. However ,  in 
view of its cont inued presence and  observed  variations in 
var ious  c o n d i t i o n s - s i m i l a r  to the  f luc tua t ions  in p lasma 
cholesterol  level in an ima l s - - i t  is t e m p t i n g  to  ascribe a 
posi t ive  role to ergosterol  in yeast .  Since the  an t ib io t i c  is 
tox ic  to yeas t  a t  low.concentra t ions  (1.5 to  2.0 ~g/ml) and  
the  produc t ion  o f  more sterol  is mani fes t  even  a t  a level  
causing 10% inhibi t ion of growth,  i t  is suggested t h a t  i t  
m a y  p lay  a still  undiscovered role e i ther  in the  g rowth  or  
in the  perpe tua t ion  of the species, if not  in its survival .  I t  
is in teres t ing to compare  in this con tex t  the  suggested in- 
v o l v e m e n t  of r ibonucleic  acid or a polyr ibonucleot ide  in 
sterol  synthesis  8, and the  effect of purine an tagonis t s  on 
the  synthesis  of sterols g. 

ZusammenJassung. Nys ta t i n  e rh6ht  den Ergosterol -  
geha l t  in Saccharomyces cerevisiae auch bei einer Konzen-  
t ra t ion ,  die nu r  I 0 prozent ige  W a c h s t u m s h e m m u n g  be- 
wirkt .  
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The in vitro Inhibition of  
Pentobarbital Metabolism by Chlorpromazine 

The impor tance  of the  hepat ic  microsomal  enzymes  for 
the metabo l i sm of some drugs has recen t ly  been widely  
recognized. The  enzymes  have  in c o m m o n  a T P N H  and 
oxygen r equ i r emen t  I. The  ac t iv i t ies  of numerous  micro-  
somal drug-metabol iz ing  enzymes  are inhib i ted  by  S K F  
525 A, iproniazid,  J B  516, isoniazid, and Li l ly  18 947, b u t  
the mechan i sm of inhibi t ion is n o t  ye t  known ~-~. In  the  
present work, evidence is g iven  t h a t  the  microsomal  drug  
metabol iz ing enzyme  responsible for the metabo l i sm of 
pen tobarb i ta l  is inhibi ted  by  chlorpromazine,  a drug  
metabol ized by  a di f ferent  mierosomal  enzyme.  

Male ra ts  of the  Sprague-Dawley  strain,  weighing about  
60 g were used. The  enzyme  ac t i v i t y  was de te rmined  by  

measur ing  the  metabol ized pen toba rb i t a l  in l iver  slices 
af ter  an incubat ion  for 1 h. Sliced l ivers (500 rag) were 
suspended in a Warbu rg  flask which  con ta ined  6 ml  of 
Krebs  phospha te  buffered Ringer  (pH 7.4) and 0.2 ml of 
308 v-g sodium pen toba rb i t a l  (final concen t r a t ion  was 
2 × 10-4M) and incuba ted  in an  a tmosphere  of oxygen  a t  
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37°C for 1 h, wi th  shaking.  At  the  end of the  incuba t ion  
period,  the  reac t ion  mix tu r e  was homogen ized  wi th  a 
P o t t e r - E l v e h j e m  t y p e  homogen ize r  and  2 ml of t he  homo-  
gena te  were used. Chlorpromazine  was added  in vo lume of 
0.1 ml af ter  be ing disolved in dist i l led water .  The de ter -  
mina t ion  of p e n t o b a r b i t a l  was carr ied ou t  according  to 
BRODIE et  al. ~. 

The p e n t o b a r b i t a l  me tabo l i sm  had  a 44% inhib i t ion  by  
the  s ame  concen t r a t ion  of ch lo rp romaz ine  (2 × 10 -4) and  
81% wi th  h igh  concen t r a t i on  (8 × 10 -4) as shown  in t he  
Table.  

I t  is well k n o w n  t h a t  the  ma jo r  metabo l ic  p a t h w a y  of 
p e n t o b a r b i t a l  is the  side chain  ox ida t ion  and  t h a t  of chlor-  
p romaz ine  is the  sulfoxide format ion ,  b u t  b o t h  reac t ions  
t ake  place in hepa t i c  microsome and  require  T P N H  and  
oxygen  :,s. The  inh ib i t ion  of p e n t o b a r b i t a l  me tabo l i sm b y  
ch lo rp romaz ine  m a y  no t  be due  to  a compe t i t i on  in re- 
q u i r e m e n t  of T P N H .  The  add i t ion  of T P N ,  glucose-6- 
p h o s p h a t e  and  n ico t inamide  did no t  reverse  the  inhibi t ion .  

A s imilar  inh ib i t ion  was also ob t a ined  in t he  exper i -  
m e n t s  wi th  t he  mic rosomal  f rac t ionL Our  p re l imina ry  
resul ts  ind ica te  t h a t  the  t y p e  of inh ib i t ion  seems no t  to  be 
a compe t i t i ve  one 9. 

I t  was fu r the r  d e m o n s t r a t e d  t h a t  ch lo rp romaz ine  also 
inhib i t s  the  me tabo l i sm  of m e p r o b a m a t e ,  car isoprodol  
and  hexobarb i t a l ,  while,  on the  o the r  hand ,  m e p r o b a m a t e  
me tabo l i sm was inhib i ted  by  pen toba rb i t a l ,  pheno-  
barbi ta l ,  s t rychn ine ,  a m p h e t a m i n e ,  and  a m i n o p y r i n e L  
The in  vitro inh ib i t ion  of microsomal  d rug-me tabo l i z ing  

Effect of chlorpromazine 
on the in vitro metabolism of pentobarbital 

Chlorpromazineconcentration Pentobarbitalmetabolism Inhibition 
(Mol) (~g]g/h) (%) 

0 20u ± 3.5 (s) 
5 × lO -~ 182 ::L 4.9 (6) lO 
l < lo -4 152 ~_ 4.8 (6) 2̀5 
o × lO-a 123 ~- 3.3 (9) 44 
-1 ,, 1{) -4  83 -~- 4.0 (6) 59 
8 , 10 -4  38 2[_ 3.1 (6) 81 

The numerals in bracket~ show number of determination. 

enzymes  by  the  drugs  which are also metabol ized  by 
microsomal  d rug-metabo l i z ing  enzymes  m u s t  therefore  be 
qu i te  a general  p h e n o m e n o n  in t he  drug  metabo l i sm.  

On the  o the r  hand ,  15 mg/kg  of ch lorpromazine ,  unlike 
S K F  525 A, does no t  s igni f icant ly  inh ib i t  the  pento- 
ba rb i t a l  me tabo l i sm in  vivo. 

I t  is also of in te res t  t h a t  the  inh ib i t ion  of pen toba rb i t a l  
me tabo l i sm  by  ch lo rp romaz ine  is more  r emarkab le  in 
p h e n o b a r b i t a l  p r e t r e a t e d  rats ,  which have  high enzyme 
ac t iv i ty ,  t h a n  in normal  ra t s  ~°-aS. 

F u r t h e r  s tudies  on the  m e c h a n i s m  of t he  observed 
evidence  m a y  p resen t  some in fo rma t ion  on the  na tu re  of 
t he  microsomM drug-metabo l i z ing  e n z y me s  and  especially 
on the  ac t ion  of S K F  525 A or on the  m e c h a n i s m  of 
e n z y me  induc t ion  by  the  p h e n o b a r b i t a l  p r e t r e a t m e n t .  

The work  in deta i l  will be publ i shed  elsewhere.  

Riassunto.  Si ~ osse rva to  che it p e n t o b a r b i t a l  alla con- 
cen t raz ione  di 2 X 10-4M pu6 inibire per  il 44% it meta-  
bol ismo in  vitro della  c lo ropromaz ina  alla me d e s i ma  con- 
cent raz ione .  

Si 8 discussa quindi  Ia possibilit~t di inibire il m e t a b o -  
l ismo in  vitro di alcuni fa rmaci  p ropr ia  di  a l t re  sos tanze  
che vengono  me tabo l i zza te  in man ie ra  det  t u t t o  simile da  
s is temi  enzimat ic i  a livello microsomale  epat ico.  
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~ b e r  e i n e n  p h y t o t o x i s c h  w i r k e n d e n  S t o f f  a u s  d e m  
E x t r a k t  v o n  Brachycaudus napelli 

S c h r k .  ( I n s e c t a ,  A p h i d o i d e a )  

Versuche  mi t  w/issrigen E x t r a k t e n  ve r sch iedener  Bla t t -  
l ausa r ten  ergaben,  dass  d ieselben das Welken  der  ab-  
geschn i t t enen  und  in die E x t r a k t e  ges te l l ten  XVirts- 
p f lanzensprosse  he rvo r ru fen  k6nnen  (KAZDA1). E ine  
n/ihere Pr i i fung dieses Ef fek t s  - mi t  d e m  E x t r a k t  aus 
Brachycaudus  napelIi  Schrk.  - e rgab  auch  an  abgeschn i t -  
t enen  T o m a t e n s p r o s s e n  das  Auf t r e t en  yon  Welkeerschei-  
nungen,  B la t t nek rosen  und  S t6rungen  im Wasse rhausha l t .  
Im Anschluss  an U n t e r s u c h u n g e n  fiber Thermos tab i l i t~ t ,  
L6sl ichkei t  und Diffusionsfi ihigkei t  des  we lkeak t iven  
Agens,  die an andere r  Stelle ver6f fen t l i ch t  werden ,  wurde  
eine Methode  zur  tei lweisen E n t f e r n u n g  der  Bal las t s tof fe  
aus d e m  E x t r a k t  entwickel t .  

Methode. Die in der  N a t u r  ge sammel t en  Btattl~iuse 
w u r d e n  mi t  des t i l l ie r tem \Vasser  zerr ieben,  im V a k u u m  

bei 60°C sofor t  e ingedampf t ,  2 h bei 110°C ge t rockne t  und  
dre imal  mi t  A the r  ex t rah ie r t .  Der  ~itherunl6sliche Rfick- 
s t a n d  wurde  zuni~chst dre imal  je 3 h mi t  W a s s e r  und  nach-  
folgend dre imal  mi t  Azeton  ex t rah ie r t .  Die Wasser -  und 
A z e t o n e x t r a k t e  wurden  im V a k u u m  zum E i n t r o c k n e n  ein- 
geengt ,  die Ri ickst / inde in 5 ml des t i l l i e r tem Wasser /g  
f r i schem A p h i d e n ma t e r i a l  gel6st, in den Dialys ierschlauch 
t iber t ragen und  48 h in des t i l l i e r tem Wasse r  dia lysier t .  Es  
erfolgte  eine sechsmal ige  \Vassere rneuerung .  Das  Wasser  
mi t  den  du rch  den Dia lys ierschlauch du rchgegangenen  
Stoffen  wurde  sofor t  nach  d e m  Abse tzen  v o n d e r  Dialyse 
du rch  einen bakter io log ischen  F i l t e r  f i l t r ier t  und  im Va- 
k u u m  bis zum E i n t r o c k n e n  a b g e d a m p f t .  De r  Ri icks tand ,  
der  nach  den  vorher igen  U n t e r s u c h n n g e n  e inen welke- 
ak t iven  Stoff  (oder Stoffe) e n t h a l t e n  soltte, wurde  unter -  
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