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C o n v e r s i o n  o f  ~ - S i t o s t e r o l  t o  S t e r o i d  H o r m o n e s  

I t  h a s  b e e n  we l t  e s t a b l i s h e d  t h a t  p l a n t  s t e r o l s  a r e  
a b s o r b e d  t o  c o n s i d e r a b l e  e x t e n t  b y  b o t h  m a n  1 a n d  e x p e r i -  
m e n t a l  a n i m a l s 2 - 4 ,  a n d  h a v e  b e e n  d e t e c t e d  in  c o n c e n t r a -  
t i o n s  of  3 - 5 %  in  r a t  a d r e n a l s  5 a n d  in  t u m o u r s  of  o v a r y  
a n d  b r e a s t  of  m a n 6 .  F u r t h e r m o r e ,  t h e  p l a n t  s t e r o l s  h a v e  
b e e n  s h o w n  to  b e c o m e  c o n v e r t e d  i n t o  bi le  ac idsT-9  a n d  
cortiso110 w h i c h  h a v e  b e e n  c l a i m e d  9, 10 to  t a k e  p l a c e  v i a  
c h o l e s t e r o l  as  i n t e r m e d i a t e .  

T h e  p r e s e n t  s t u d y  r e p o r t s  on  t h e  d i r e c t  c o n v e r s i o n  of  
/ L s i t o s t e r o l  to  s t e r o i d  h o r m o n e s  b y  a m i t o c h o n d r i a l  
e n z y m e  s y s t e m  of  t h e  r a t  t e s t e s  w h i c h  h a v e  b e e n  s h o w n  n 
t o  c l e a v e  t h e  s ide  c h a i n  of  c h o l e s t e r o l  a t  C20 t o  y i e l d  
p r e g n e n o l o n e  a n d  i s o c a p r o i c  a l d e h y d e .  

Materials and methods. S t a n d a r d  p r o g e s t e r o n e ,  p r e g -  
n e n o l o n e ,  1 7 a - p r o g e s t e r o n e ,  a n d  t e s t o s t e r o n e  w e r e  
o b t a i n e d  f r o m  S i g m a  C h e m i c a l  Co.,  S a i n t  L o u i s ,  Mo.  
f l -s i tos terol-4-14C (spec,  ac t .  61 mCi/m2~f)  w a s  o b t a i n e d  
f r o m  N e w  E n g l a n d  N u c l e a r  Corp . ,  B o s t o n ,  M ass .  Cho-  
Ies te ro l -4 -1ac  (spec.  ac t .  61 m C i / m M )  w a s  p u r c h a s e d  f r o m  
t h e  R a d i o c h e m i c a l  C e n t r e ,  A m e r s h a m ,  E n g l a n d .  L e c i t h i n  
e m u l s i o n s  of  t h e  s t e r o l s  w e r e  p r e p a r e d  a c c o r d i n g  t o  t h e  
m e t h o d  of  HOLES a n d  SAUNDERS 12. M i t o c h o n d r i a  of  r a t  
t e s t e s  were  p r e p a r e d  as  d e s c r i b e d  b y  TOREN e t  al.  n a n d  a 
f r a c t i o n  r e p r e s e n t i n g  1 g of  w e t  t e s t e s  p e r  m l  w a s  u s e d  a t  
a t i m e .  T h e  i n c u b a t i o n s  w e r e  d o n e  as  s u g g e s t e d  b y  MESON 
e t  al.  ta for  c h o l e s t e r o l  o x i d a t i o n .  T h e  s t e r o i d s  we re  r e s o l v e d  
b y  t h i n - l a y e r  c h r o m a t o g r a p h y  14. R a d i o - g a s  c h r o m a t o g -  
r a p h y  of t h e  s t e r o i d s  w a s  d o n e  as  p r e v i o u s l y  descr ibedV.  

Table I. Yield of steroid hormones from fl-sitosterol and cholesterol in 
rat testes mitoehondria ~ 

Steroid Hormone b Substrate total radioactivity (%) 

fl-Sitosterol-4-14C Cholesterol-4-14C 

1 l l  I II 

Progesterone 0.6 0.5 0.8 1.0 
Pregnenolone 1.0 1.1 1.0 0.89 
Testosterone plus 
17~-progesterone 0.7 0.6 0.5 0.6 
Polar steroids 0.6 0.5 0.8 0.67 

�9 The total yield of steroid products averaged 2 3% of the dose per g 
of wet testes, bAssayed after elution from thin-layer plates, which 
were developed in diethyl ether-chloroform and ethyl acetate- 
methanol as described in the text. 
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b y  R a t  T e s t e s  , in  v i t r o  

Results and discussion. T a b l e  I s h o w s  t h e  d i s t r i b u t i o n  
of  r a d i o a c t i v i t y  a m o n g  t h e  o x i d a t i o n  p r o d u c t s  of  fl- 
s i t o s t e r o l - 4 - C  ~* a n d  c h o l e s t e r o l - 4 - C  ~4. T h e  e x t e n t  of  t o t a l  
o x i d a t i o n  a c h i e v e d  v a r i e d  f r o m  2 - 3 %  of t h e  o r i g i n a l  
s te ro l ,  w h i c h  w a s  s u f f i c i e n t  t o  o b t a i n  s i g n i f i c a n t  a m o u n t s  
of  r a d i o a c t i v i t y  in  t h e  s t e r o i d  f r a c t i o n s  c o r r e s p o n d i n g  to  
p r o g e s t e r o n e ,  p r e g n e n o l o n e  a n d  t e s t o s t e r o n e .  T h e  i d e n t i -  
f i c a t i o n  of  t h e  m a j o r  o x i d a t i o n  p r o d u c t  of  f l - s i tos te ro l  a s  
p r e g n e n o l o n e  w a s  c o n f i r m e d  b y  t h e  s i m i l a r i t y  in  b e h a v i o u r  
to  s t a n d a r d  p r e g n e n o l o n e  on  T L C  in  s o l v e n t  s y s t e m s  e t h y l  : 
e t h e r  c h l o r o f o r m  (9:1,  v /v )  a n d  e t h y l  a c e t a t e :  m e t h a n o l  
(99:1 ,  v /v )  (R f  v a l u e s  0.31 a n d  0.80, r e s p e c t i v e l y )  a n d  b y  
c r y s t a l l i z a t i o n  t o  c o n s t a n t  spec i f ic  a c t i v i t y  in  t h e  p r e s e n c e  
of c a r r i e r  p r e g n e n o l o n e  (specif ic  a c t i v i t y  of  t h e  c r y s t a l s  in  
4 s u c c e s s i v e  c r y s t a l l i z a t i o n s  w a s  825, 882, 861 a n d  877, 
r e s p e c t i v e l y ) .  B y  s i m i l a r  m e a n s  i t  w a s  p o s s i b l e  to  d e m o n -  
s t r a t e  t h a t  t h e  r a d i o a c t i v i t y  a s s o c i a t e d  w i t h  t h e  s t e r o i d  
s p o t  c o r r e s p o n d i n g  to  p r o g e s t e r o n e  w a s  i n d e e d  p r o g e s t e r -  
one  (Rf  v a l u e  of  0.52 a n d  0.78 in  s o l v e n t  s y s t e m s  e t h y l  
e t h e r  : c h l o r o f o r m  (9:1,  v / v )  a n d  e t h y l  a c e t a t e  : m e t h a n o l  
(99:1,  v /v )  w h i c h  c o r r e s p o n d e d  to  a u t h e n t i c  p r o g e s t e r -  
one) .  T h e  r a d i o a c t i v i t y  in  t h i s  f r a c t i o n  w a s  t h e n  c ry s -  
t a l l i z e d  to  c o n s t a n t  spec i f i c  a c t i v i t y  w i t h  ca r r i e r  p r o g e s t e r -  
one  (speci f ic  a c t i v i t y  of  t h e  c r y s t a l s  d u r i n g  4 s u c c e s s i v e  
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Table I1. Effect of NADPH on the oxidation of fl-sitosterol and cholesterol by rat testes mitochondria i 

NADPH added fl-Sitosterol-4-14C Cholesterol-4-14C 

(rag) Steroid products Stimulation Steroid products Stimulation 
(cpm) (%) (cpm) (%) 

0.0 450 0 644 0 
0.1 2,065 458 1,757 272 
0.5 12,801 2,844 11,506 1,786 
1.0 19,507 4,334 21,500 3,338 
2.0 25,000 5,555 24,507 3,805 

~Each incubation contained 1 • 106 dpm of/~-sitosterol or cholesterol and nfitochondria equivalent to 1 g wet testes in 2 illl 0.033 M phosphate 
buffer, pH 7.2. After incubation for 3 h, carriers were added and the reaction products extracted and separated from the parent sterols by 
thin-layer chromatography using 2 solvent systems. The appropriate sections of the gel were eluted and counted. 
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c rys t a l l i za t ion  was 156, 162, 171 a n d  183 respect ively) .  
The  r a d i o a c t i v i t y  co r re spond ing  to t e s to s t e rone  could no t  
be  recrys ta l l ized  to  c o n s t a n t  specific ac t iv i ty .  Th i s  was  
p r o b a b l y  due  to t he  presence  of 17 c~-hydroxyprogesterone,  
wh ich  also m i g r a t e d  to  t he  same  place in t he  two th in -  
layer  c h r o m a t o g r a p h i c  sys t ems  emp loyed  in t h i s  s tudy .  
The  p ropo r t i ons  of t he  i n d i v i d u a l  ox ida t i on  p r o d u c t s  
va r i ed  f rom one i n c u b a t i o n  to  t he  n e x t  and  di f fered 
s o m e w h a t  f rom those  r epo r t ed  b y  !V[ENON et  al. 13 for t he  
ox ida t i on  p r o d u c t s  of cholesterol .  

I t  is possible  t h a t  t he  differences  in  t he  p r opo r t i ons  of 
t he  p r o d u c t s  were due to t he  presence  of v a r i a b l e  a m o u n t s  
of e x t r a m i t o c h o n d r i a l  s te ro id  dehydrogenases  a n d  iso- 
merases  in  t he  m i t o c h o n d r i a l  p r e p a r a t i o n s  15. 

P rev ious  workers  h a d  d e m o n s t r a t e d  an  abso lu te  
r e q u i r e m e n t  for  py r id ine  nucleot ide ,  p re fe rab ly  N A D P H ,  
for t he  ox ida t i on  of choles terol  b y  t he  m i t o c h o n d r i a  of r a t  
tes tes  n a n d  ad rena l s  le. Tab le  I I  compare s  t he  yields of 
ox ida t ion  p r o d u c t s  o b t a i n e d  for f l-si tosterol  and  choles- 
te ro l  in  response  to  t he  add i t i on  of increas ing  a m o u n t s  of 
N A D P H  to  t h e  i n c u b a t i o n  med ium.  There  is suff ic ient  
s imi la r i ty  in t he  e x t e n t  of ox ida t i on  of choles terol  and  
fl-si tosterol  to  conc lude  t h a t  t he  two  sterols  are a f fec ted  
b y  t h e  same  e n z y m e  systems.  

A l t h o u g h  no  a t t e m p t  was m a d e  to  recover  t h e  c leaved-  
off po r t i on  in t h i s  s tudy ,  on t h e  basis  of t he  r epo r t ed  
cha rac te r i s t i c s  of t he  e n z y m e  sys t em 15, i t  m a y  be  a s sumed  
t h a t  t he  f r a g m e n t  was  released in one piece. F u r t h e r m o r e ,  
radio-gas  c h r o m a t o g r a p h y  failed to revea l  t h e  convers ion  
of fl-sitosterol-4A4C in to  choles terol  or a n y  o t h e r  C27 
s terol  v. 

The  a b o v e  d e m o n s t r a t e d  m e c h a n i s m  of p l a n t  s terol  
ox ida t i on  would  be  expec t ed  to  ope ra te  also in t he  ad rena l  
t issue, as i t  is k n o w n  to  c o n v e r t  choles tero l  to  proges ter -  

one v ia  a c o m p a r a b l e  p a t h w a y  1~. H e n c e  t he  obse rved  
conve r s ion  of 3H-s i tos terol  in to  cort isol  in t he  guinea-  
pig  10 m a y  also h a v e  t a k e n  place w i t h o u t  t he  f o r m a t i o n  of 
choles tero l  as an  i n t e rmed ia t e .  Because  of t he  l imi ted  mass  
of t he  t i ssue  in t he  gonads  a n d  in t he  adrenals ,  these  
o rgans  would  n o t  be  expec ted  to  c o n t r i b u t e  m u c h  to  the  
ba l ance  of t he  p l a n t  s terol  in t he  a n i m a l  b o d y  17. 

Rdsumd. Les m i t o c h o n d r i e s  des cellules tes t icu la i res  de 
r a t  c o n v e r t i s s e n t  le fl-sitost6rol-4-C 14 en  pr4gn6nolone  et  
proges t6rone.  C o m m e  celle du  cholest6rol,  l ' o x y d a t i o n  du 
fl-sitost6rol en compos6s  s t6roidiens  est  s t imul6e  p a r  le 
N A D P H .  La  r a d i o - c h r o m a t o g r a p h i c  en  phase  gazeuse 
des s t6roides  n ' i n d i q u e  a u c u n e  convers ion  du fl-sitost6rol 
en choles t6rol  ou en s t6roides  ~t 27 ca rbones  d a n s  les 
cond i t ions  6tudi6es.  
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Antibiotisch wirksame Tripeptide der Sequenz L-Arg-D-X-L-Phe 
Antibiotically Active Tripeptides of the Sequence L-Arg-D-X-L-Phe 

N a c h d e m  LOFFLER et  al. 1 ein a n t i b i o t i s c h  ak t ives  
T r i p e p t i d  der  Sequenz  L-Arg-D-al lo-Thr-L-Phe aus  d e m  
K u l t u r m e d i u m  des D e r m a t o p h y t e n  Keratinophyton ter- 
reum isol ier t  b a t t e n ,  s te l l te  s ich die F rage  n a c h  d e m  
W i r k u n g s m e c h a n i s m u s  dieses A n t i b i o t i kum s .  Als Hilfs- 
m i t t e l  zur  KKtrnng dieser  F rage  wurde  eine Sequenzva r i a -  
t i on  durchgef i ih r t .  D a b e i  wurde  das  D-a l lo-Threonin  u n t e r  
B e i b e h a l t u n g  der  R es t s equenz  d u t c h  ande re  D-Amino-  
s~iuren ersetzt .  

Material und Methoden. Die P e p t i d s y n t h e s e n  w u r d e n  
a n h a n d  der  Mer r i f i e ld -Syn these t echn ik  durchgef i ih r t .  
Die Re in igung  der  P e p t i d e  erfolgte  d u r c h  S~iulenchroma- 
t og raph i e  a n  Kieselgel  bet  4~ Das  L a u f m i t t e l  war  n- 
B u t a n o l :  H 2 0  : Eisess ing = 4 : 2:1. 

Alle t -Boc-Aminos~iuren  w u r d e n  n a c h  SCHNAB]EL 2 und  
Z3-L-Arginin n a c h  WUNSCH et  al. 3 herges te l l t .  Die Akt iv i -  
t ~ t s m e s s u n g e n  w u r d e n  an  den  yon  LOFFLER et  al. 1 ver-  
w e n d e t e n  T e s t o r g a n i s m e n  m i t  HiKe des P l a t t end i f fu -  
s ions tes t s  4 durchgef i ih r t .  Fo lgende  Tr ipep t ide  w u r d e n  
s y n t h e t i s i e r t  u n d  ge tes t e t  : 

Ergebnisse und Diskussion. Von  den  8 s y n t h e t i s i e r t e n  
T r i p e p t i d e n  m i t  va r i i e r t e r  Mi t t e lpos i t ion  waren  5 an t i -  
b io t i sch  ak t iv .  I h r e  Akt iv iGt t  e r s t r eck te  sich j edoch  n u r  
auf  F u n g i  u n d  einige p a t h o g e n e  Pilze. Sowohl  g ram-  
pos i t ive  als auch  g r a m - n e g a t i v e  B a k t e r i e n  w u r d e n  yon  
diesen P e p t i d e n  n i c h t  angegriffen.  Dieses V e r h a l t e n  der  
s y n t h e t i s c h e n  P e p t i d e  s t i m m t  m i t  dem des yon  LOFFLER 
et  al. 1 i sol ier ten  Pep t i d s  i iberein.  

Die n a c h f o l g e n d e n  Tes te rgebnisse  e n t h a l t e n  die W e r t e  
fiir den  Pilz Paecilomyces varioti. Die Tes ts  w u r d e n  
du rchweg  auf  K o m p l e x m e d i u m  (Malzex t r ak t  5) durchge-  
f i ihrt .  Ffir  die 5 a k t i v e n  T r ipep t ide  k o n n t e  bet  Paecilo- 
myces varioti die fo lgenden  m i n i m a l e n  H e m m k o n z e n t r a -  
t i o n e n  e r m i t t e l t  werden  : 

L-Arg-D-Ala-L-Phe 1,7 mg/ml; 
L-Arg-D-Tyr-L-Phe 0,9 mg/ml;  
L-Arg-D-Val-L-Phe 1,5 mg/nll; 
L-Arg-D-Phe-L-Phe 0,12 mg/ml;  
L-Arg-D-Leu-L-Phe 1,2 mg/ml. 

1. L-Arg-D-Ala-L-Phe; 
2. L-Arg-D-Asn-L-Phe; 
3. L-Arg-D-Glu-L-Phe; 
4. L-Arg-D-Leu-L-Phe; 

5. L-Arg-D-Phe-L-Phe; 
6. L-Arg-D-Ser-L-Phe; 
7. L-Arg-D-Tyr-L-Phe; 
8. L-Arg-n-Val-L-Phe. 

Die T r i p e p t i d e  2, 3 u n d  6 zeigten keiner le i  an t ib io t i s che  
Aktivit~it .  

I m  K r e u z t e s t  6 zeigte sich, dass  die H e m m w i r k u n g  der  
Pep t i de  n u r  d a n n  au fgehoben  wird,  w e n n  m a n  die de r  im 
P e p t i d  in  Mi t t e lpos i t i on  be f ind l i chen  D-Aminos~iure en t -  


