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S t e r o i d s .  L X V I  1. M i c r o b i o l o g i c a l  H y d r o x y l a t i o n  
of  S t e r o i d s  in P o s i t i o n  21 

Fol lowing  t h e  d i scovery  b y  PETERSON et at. ~ of t he  
t r a n s f o r m a t i o n  of p r o g e s t e r o n e  in to  1 l = - h y d r o x y -  
p r o g e s t e r o n e  b y  molds  of t he  Mucorales  family ,  a n u m b e r  
of h y d r o x y l a t i o n s  of s t e ro ids  by  mic roo rgan i sms  h a v e  
been  r epo r t ed .  The  i n t r o d u c t i o n  of t he  h y d r o x y  g roup  
in to  pos i t ion  6/33, 7fl 4, 8~ 5, 11~", l i f t ' ,  14~ s, 15~ ~, 16c0 °, 
and  17e 11, has  been  descr ibed .  

The  r e c e n t  pub l i ca t i on  by  MEYSTRE, VlSCHER, and  
WETTST~IN ~ 2 desc r ib ing  the  h y d r o x y l a t i o n  of s t e ro ids  in 
pos i t ion  21 by  fung i  of t he  Ophiobo lus  I ami ly  has  
p r o m p t e d  us  t o  r e p o r t  on our  own  i n d e p e n d e n t  w o r k  on  
the  i n t r o d u c t i o n  of  t h e  h y d r o x y  g roup  in to  pos i t i on  21, 
b y  A s p e r g i l l u s  n i g e r  ATCC 9142. P r o g e s t e r o n e  was  in- 
c u b a t e d  w i t h  a 48 h g r o w t h  of Aspergi l lus  n ige r  ATCC 
9142 on a p e p t o n e - m o l a s s e s  m e d i u m  for 96 to  144 h ;  
e x t r a c t i o n  of t he  f e r m e n t a t i o n  l iquor  w i th  ch lo ro fo rm 
a n d  c h r o m a t o g r a p h y  on sil ica gel y ie lded  desoxyco r t i -  
cos te rone ,  i den t i f i ed  b y  i ts  phys i ca l  c o n s t a n t s  (m.p.  
142-143 °, [~]2°D + 185 ° (ethanol)  a n d  b y  its in f ra red  
s p e c t r u m .  

F e r m e n t a t i o n  of t he  fo l lowing s t e ro id  s u b s t r a t e s  w i th  
Asperg i l lus  n iger  ATCC 9142 gave  t h e  c o r r e s p o n d i n g  
2 1 - h y d r o x y  d e r i v a t i v e s  : 

S u b s t r a t e s  

19-nor -proges te rone  
11-ke to -p roges te rone  
11 ~ - h y d r o x y - p r o g e s t e r o n e  
11 f l - h y d r o x y -p roges t e rone  
6 f l - h y d r o x y -p roges t e rone  
1 4 a - h y d r o x y - p r o g e s t e r o n e  
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C o n v e r s i o n  t~roducts  

1 9 - n o r - d e s o x y c o r t i c o s t e r o n e  
1 1 - d e h y d r o c o r t i c o s t e r o n e  
11-ep icor t i cos te rone  
co r t i cos t e rone  
6 f l - h y d r o x y - d e s o x y c o r t i c o s t e r o n e  
14c~-hydroxy-desoxycor t i cos te rone  

In  all cases, p a p e r  c h r o m a t o g r a p h y  i n d i c a t e d  the  
p resence  of more  po la r  c o m p o u n d s  in a d d i t i o n  to  the  
conver s ion  p roduc t s .  The c h a r a c t e r i z a t i o n  of t he  ox ida -  
t ion  p r o d u c t s  was based  on c o m p a r i s o n  of c h r o m a t o -  
g raph ic  behaviorS,  sulfuric  acid  c h r o m o g e n  cu rve  2, 
me l t i ng  po in t ,  op t ica l  r o t a t i o n  a n d  i n f r a r e d  s p e c t r a  w i t h  
t hose  of t he  k n o w n  c o m p o u n d s .  

A. ZAFFARONI, C. CASAS CAMPILLO, 
F. CORDOBA, a n d  G. I{OSENKRANZ 

Research  Labora tor ies ,  S y n t e x  S .  A . ,  M e x i c o  D.  F . ,  
F e b r u a r y  8, 1955. 

Z u s a m m e n ] a s s u n g  

Die E i n f i i h r u n g  e iner  H y d r o x y l g r u p p e  in die 21- 
S te l lung  gewisser  P r e g n a n d c r i v a t e  mi t t e l s  A s p e r g i l l u s  
n iger  ATCC 9142 wi rd  beschr i eben .  

x A. ZAFFAROm, Recent Progr. Hormone Res. 8, 51 (I953). 
2 A. ZAFFARONt, Recent Progr. Hormone Res. 8, 51 (1953); J. 

Amer. Chem. Sue. 72, 3828 (1950). 

S t u d i e s  o n  t h e  A c t i o n  of  X - R a y s  o n  A q u e o u s  
S o l u t i o n s  of  N u c l e i c  A c i d s  a n d  S o m e  N u c l e o t i d e s  

I t  has  been  k n o w n  for some  t i m e  t h a t  t he  ac t ion  of 
ionis ing  r ad i a t i ons  on desoxyr ibonuc le ic  acid  (D.N.A.)  
so lu t ions  tcads  to  a loss of v iscos i ty  I. The s igni f icance  
of t h e  s low p o s t - i r r a d i a t i o n  v iscos i ty  loss ( "a f t e r  e f f ec t " )  
n o t e d  b y  severa l  workers  2, has  b e e n  i n v e s t i g a t e d  in  
de ta i l  by  BUTLER a n d  CONWAY 3. These au tho r s  c o n c l u d e d  
t h a t  it  occu r red  on ly  if o x y g e n  w a s p r e s e n t  d u r i n g  ir- 
r ad i a t i on  a n d  sugges t ed  t h a t  i t  m a y  be due to  o x i d a t i v e  
processes  invo lv ing  h y d r o g e n  perox ide  a n d  to  t h e  s low 
d e c o mp o s i t i o n  of p r imar i l y  f o r me d  h y d r o p e r o x i d e s .  

We  have  sugges t ed  4 t h a t  chemica l  r eac t ions  of t h e  
free radiums p r o d u c e d  by  the  ac t ion  of t he  r a d i a t i o n  s can  

x A. H. SPARROW and F. M. ROSENFELD, Science 104, 245 (1946). 
-- B. TAYLOR, J. P. GREENSTEIN, and A. HOLLAENDER, Arch. Bio- 
chem. I6, 19 (1948). - G. C. BUTLER, Can. J. Research. B 57, 972 
(1949). - D. B. SMITH and G. C. BUTLER, J. Amer. Chem. Sue. 73, 
258 (1951). - G. LIM~'nROS and W. A. MOStXER, Amer. J. Roentgenol. 
Radium Therapy 63, 681 (1950). 

B. TAYLOR, J. P. GREESSTEm, and A. HOLLANDER, Arch. 
Biochem 10, 19 (19.18).- G. C. BUTLER, Can. J. Research, B27, 972 
(1949). - G. LIMPEROS and XV. A. MUSHER, Amer. J. Roentgenol. 
Radium Therapy 63, 681 (1950). 
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1962, 834. 
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56 (1947). 
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Change of viscosity of 0-1% (w/v) aqueous solutions of D.N.A. (thymus) Mter irradiation with X-rays (200 kV). Total dose 7,100 
rep {dose rate 1185 rep/min; G(Fe a+) = 15"6 -[- 0-8). 

E 
9 - - 0 - 0  ~ ........... 

55" 

B r 

~XmXDOO O-O--<3 0 
A' 

~5 

~,,;,-0- 

| ...... . . . . .  ~ . , 

o tO 20 dO ¢0 50 ~Y 70 
T/me aF~e: l,":ad/~/:on dh:$) 

Fig. l.-Curve A. Irradiation in the presence at atmospheric oxygen 
Curve B. Irradiation in vacuo. A" and B'  refer to the corresponding 

unirradiated controls. 

l ead  to  t h e  l a b i l i s a t i o n  of c a r b o n - p h o s p h a t e  l i nkages  
(i.e. i n t e r m e d i a t e  f o r m a t i o n  of lab i le  p h o s p h a t e  esters)  
w h i c h  s u b s e q u e n t l y  m a y  u n d e r g o  s low h y d r o l y t i c  
c l e a v a g e  g iv ing  r ise t o  (i) a p o s t - i r r a d i a t i o n  v i s c o s i t y  loss 
in  D .N.A.  so lu t i ons  a n d  (if) in  t he  case of  nuc l eo t i de s  a n d  
o t h e r  p h o s p h o m o n o e s t e r s ,  p o s t - i r r a d i a t i o n  re lease  of 
i n o r g a n i c  p h o s p h a t e .  

W e  wish  n o w  to  r e p o r t  t he  r e su l t s  of some  f u r t h e r  in-  
v e s t i g a t i o n s o n  t h e  a c t i o n  of X - r a y s  (200 kV) on  a q u e o u s  
s o l u t i o n s  of nuc le ic  acids  a n d  some  nuc leo t ides ,  w h i c h  
t e n d  f u r t h e r  s u p p o r t  to  t h e  l a t t e r  i n t e r p r e t a t i o n .  

T h e  v i s cos i t y  c h a n g e s  in D .N .A.  s o l u t i o n s  o n  i r r ad i a -  
t i on  h a v e  b e e n  s t u d i e d  u n d e r  a v a r i e t y  of cond i t i ons ,  
w i t h  spec ia l  r e fe rence  to  t h e  effects  of o x y g e n  p r e s e n t  
d u r i n g  i r r a d i a t i o n ,  a n d  also w h e n  excess  n e u t r a l  sa l t  
was  a d d e d  a f t e r  i r r a d i a t i o n .  Figs .  1B a n d  2 ~ give some  
r e p r e s e n t a t i v e  r e su l t s  o b t a i n e d  f r o m  f ive s a m p l e s  of 
D.N.A. ,  e q u i l i b r a t e d  so lu t i ons  (0 .1% w/v)  of w h i c h  were  
i r r a d i a t e d  w i t h  a dose  of a p p r o x i m a t e l y  7,000 rep.  Al l  
v i scos i ty  m e a s u r e m e n t s  were  ca r r i ed  o u t  a t  25°C. 

These  g r a p h s  s h o w  t h e  p r e s e n c e  o f  a c o n s i d e r a b l e  

af te r -e f fec t  in  D .N.A.  so lu t ions ,  w h e n  i r r a d i a t i o n  is ca r -  
r ied  o u t  in t h e  p re sence  of oxygen ,  

I n  o x y g e n - f l e e  s o l u t i o n s  no  a f t e r - e f f ec t  is o b s e r v e d  
w h e n  t h e  v i scos i ty  m e a s u r e m e n t s  are m a d e  in t h e  
p r e s e n c e  of s o d i u m  ch lo r ide  (0.1 M). 

I t  m u s t  be  conc luded ,  t h e r e f o r e ,  on  t h e  bas i s  of cur -  
r e n t  v iews  on  t h e  ef fec ts  of n e u t r M  sa l t s  on  po t ye l ec t r o -  
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Fig. 2,-In solutions made 0"1 M with respect to sodium chloride after 
irradiation. Curve C. Irradiation in the presence of atmospheric 
oxygen. Curve D. Irradiation i~* vacuo. E i s the  unirradiated control. 

't In a similar graph which was published previously [M. DANIELS, 
G. SGHOLES, and J. WEiss, Nature 171, 1153 (1953)], there is a mis- 
print in the time axis corresponding to a displacement of the time 
scale.by 1 unit (=  2 ~  h) which is hereby corrected. 

ly res  1, t h a t  t h e  a f t e r - e f f ec t  i n  v a c u o  is n o t  due  t o  a 
c h a n g e  in  t h e  s t r u c t u r e  of t h e  molecu les  b u t  to  a s low 
r e - e q u i l i b r a t i o n  of t h e  D .N.A.  pa r t i c l e s  c o n s e q u e n t  u p o n  
i r r a d i a t i o n ;  t h i s  m a y  be  a t t r i b u t e d  to  a n  a s soc i a t i on  
o c c u r r i n g  w h e n  i n su f f i c i en t  e l e c t r o l y t e  is p r e s e n t  to  
c o m p l e t e  t h e  c o u n t e r - i o n  a t m o s p h e r e  of t h e  D .N .A.  
pa r t i c l e s  ~. These  r e su l t s  h a v e  s ince b e e n  c o n f i r m e d  b y  
C O N ~ V A Y  3. 

A n o t h e r  f e a t u r e  is t h a t  t h e  t o t a l  p e r c e n t a g e  loss of 
v i scos i ty ,  for  a n y  one  s amp le ,  is t h e  s a m e  in t h e  p r e sence  
or  ab sence  of o x y g e n  ; t h i s  is i n d e p e n d e n t  of t h e  p r e sence  
of s o d i u m  chlor ide ,  w h e n  a d d e d  a f t e r  i r r a d i a t i o n .  H o w -  
ever ,  t h e  i n i t i a l  loss o f  v i s c o s i t y  on  i r r a d i a t i o n  is less 
w h e n  o x y g e n  is p r e sen t .  T h e  t o t a l  loss of v i s c o s i t y  fo r  a l l  
t h e  s a m p l e s  i n v e s t i g a t e d  is a l i nea r  f u n c t i o n  of t h e  
i n i t i a l  v i s cos i t y  i.e. t h e  p e r c e n t a g e  loss a t  c o n s t a n t  dose  
is t h e  s a m e  for  a l l  s amp le s .  

F r e e z e - d r y  e x p e r i m e n t s  h a v e  s h o w n  t h a t  t i le  e x t e n t  
of  t h e  a f t e r - e f f ec t  is i n d e p e n d e n t  of  a n y  h y d r o g e n  
p e r o x i d e  p r o d u c e d  in t h e  s o l u t i o n  b y  i r r a d i a t i o n .  I n  
a l l  cases t h e  v i s cos i t y  a f t e r - e f f ec t  c a n  be  s a t i s f a c t o r i l y  
r e p r e s e n t e d  b y  t h e  r e l a t i o n s h i p  : 

1 t 
k t (1) 

x Cf. P. Dory and G. EHRLICH, Ann. Rev. Phys. Chem. a, 81 
(1952); J. Polymer. Sei. 12, 159 (1954). 

2 F.T. WALL, J. R. HUIZENGA, and P. F. GRIEGER, J. Am. Chem. 
Soc. 72, ~636, 9~8  (1950). 

]3. E. CONWAY, Brit. J. RadioL 27, 49 (1954). 
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[where ~o, ~'t, ~oo are  r e spec t ive ly  t he  r e l a t ive  viscosi t ies  
i m m e d i a t e l y  a f te r  i r rad ia t ion  (t = 0), a t  t i m e  t and  in- 
f ini ty]  thus  a l lowing the  eva lua t i on  of t he  in i t ia l  loss and 
the  e x p e r i m e n t a l  r a te  c o n s t a n t  gove rn ing  the  decay.  

i e.ol" 
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O ~ 5 to Id 20 2Y 30 3d 
77me oFhydrolys/a (h/s) 

Fig. 3.-Irradiation of aqueous solutions of D.N.A. (0.1% w/v) with 
X-rays (200 kV) in the presence of oxygen (1 atm). Release of in- 

organic phe~phate on hydrolysis (90°C; pH 6-8). 
Total dose = 3-56 × 104 rep. 

All  these  obse rva t ions  are no t  incons i s ten t  w i th  the  
a s s u m p t ion  t h a t  i r r ad ia t ion  in the  presence of o x y g e n  
leads in p a r t  to a r a n d o m  labi l i sa t ion  of cer ta in  bonds 
in the  po lynuc leo t ide  cha in  (e.g. c a rbon -phospha t e  
l inkages) which  m a y  then  undergo  slow hyd ro ly t i c  c leav-  
age resu l t ing  in a pos t - i r r ad ia t ion  v iscos i ty  loss. In  the  
absence of oxygen ,  however ,  i t  appears  t h a t  on ly  im- 
m ed i a t e  f rac ture  of the  cha in  t akes  place,  th is  mani fes t -  
ing i tself  in the  h igh  in i t ia l  v iscos i ty  loss. 

I n  o rder  to  ob t a in  s o m e  fu r the r  ins ight  in to  the  
chemica l  n a t u r e  of  the  a f t e r  effect ,  i nves t iga t ions  have  
been  car r ied  o u t  on aqueous  solut ions  of some ribo- 
nucleot ides .  I n  par t icu la r ,  i t  has  been  found  t ha t ,  in 
add i t ion  to  f o r m a t i o n  of inorgan ic  p h o s p h a t e  on i r radia-  
t ion,  hydro lys i s  a t  25°C leads to  t he  p roduc t ion  of 
fu r the r  a m o u n t s  of phospha t e  a t  a measu rab l e  ra te .  This  
hydrolys is ,  which  can  be a t t r i b u t e d  to  the  fo rma t ion  of 

l a b i l e  p h o s p h a t e  c o m p o u n d s  dur ing  i r radia t ion ,  was 
found  to  be of f irst  o rder  over  t he  whole  range  of p H  
(0.5-13.0) and  also exh ib i t ed  a charac te r i s t i c  va r i a t ion  
wi th  p H .  The  ra te  and the  e x t e n t  of p h o s p h a t e  release 
was unaf fec ted  af ter  f reeze-drying.  Hence ,  here  again  i t  
is a p p a r e n t  t h a t  this  process  does no t  invo lve  secondary  
ox ida t ions  b y  h y d r o g e n  peroxide .  The  p H - v a r i a t i o n  of 

t h e  ra te  c o n s t a n t  of the  hydro lys i s  reac t ion  suggests  
t h a t  t he  lab i l i ty  of t he  nuc leo t ide  is p r o b a b l y  due to  the  
fo rma t ion  of an  a c t i v a t i n g  ca rbony l  g roup  in t he  sugar  
c o m p o n e n t  1. W h e n  the  i r rad ia t ions  were  car r ied  o u t  in 
the  absence of oxygen ,  some labi le  phospha t e s  were  st i l l  
fo rmed,  t h o u g h  to  a smal le r  e x t e n t ;  t he  ra te  c o n s t a n t  of 
t he  hydro lys i s  was iden t ica l  wi th  t h a t  found in t he  
o x y g e n a t e d  solut ions.  

1 A. DESJOBERT, Thesis (Paris 1951); Bull. Soe. Chim. 111, 809 
(1947). - D. E, KOSItLAND, J. Amer. Chem. Soc. 74, 2286 (1952). 

S imi la r  e x p e r i m e n t s  w i t h  D .N.A.  a n d  also wi th  
r ibonucle ic  acid  solu t ions  have  also shown some in ter -  
es t ing  features .  Very  l i t t le  pos t - i r r ad ia t ion  phospha t e  
release could  be observed  a t  25°C;  th is  resu l t  is no t  
u n e x p e c t e d  since cha in  fission, fol lowing ox ida t ive  a t t a c k  
on a sugar  c o m p o n e n t  which  is in i t i a l ly  diesterif ied,  
would  invo lve  the  fo rma t ion  of a phospho-monoes te r ,  
e x c e p t  when  a t t a c k  occurs  a t  an end group.  On hydro-  
lysis a t  90°C, however ,  the  yield of p h o s p h a t e  release 
f rom nucleic  acids was increased to  m a n y  t imes  the  
ini t ia l  va lue ;  th is  hydro lys i s  was acid and base-ca ta lysed  
and  e x h i b i t e d  a c o m p l e x  k ine t ic  behav iour .  A typ ica l  
hydro lys i s  c u r v e  for an  i r r ad ia t ed  D.N.A.  so lu t ion  is 
shown in Fig .  3. 

These  obse rva t ions  d e m o n s t r a t e  c lear ly  t he  presence 
of labi le  p h o s p h a t e  bonds  in i r r ad ia ted  solu t ions  of 
nucleic  acids. 

A ful l  r epor t  of  th is  w o r k  is in course  of p repara t ion .  

We are indebted to Professor R. SIGNER (Berne) for samples of 
D.N.A. Our thanks are due to the Northern Council of the British 
Empire Cancer Campaign and to the Rockefeller Foundation for 
financial support. 
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Zusammen/assung 
Die ~,Virkung yon  R 6 n t g e n s t r a h l e n  (200 kV) auf  

w~isserige L6sungen  yon  Nukleins~turen und  Nuk leo t iden  
wurde  u n t e r  be~onderer  ]3erf icksichtigung des Einf lusses  
yon  m o l e k u l a r e m  Sauers tof f  und  Wasse r s to f f supe roxyd  
un te r such t .  Der  so gefundene ,  nach  der  Bes t r ah lung  ein- 
se tzende  Abfa l l  d e r  Viskosi t~t  yon  D .N .A . -L6sungen  
(after-effect)  k a n n a l s  H y d r o l y s e  der  du rch  die Bes t rah -  
lung  labi l i s ier ten  K o h l e n s t o f f - P h o s p h a t - B i n d u n g e n  an-  
gesehen werden.  U n t e r s u c h u n g e n  fiber die H y d r o l y s e  
yon  bes t r ah l t en  Nuk leo t iden ,  -P .N .A. -  und  D.N.A. -  
L6sungen  s t e h e n  in v o l l e m  E i n k l a n g  mi t  obiger  An-  
nahme .  

Living Smears from Endosperm 

Studies  on the  e n d o s p e r m  in vivo 1 show c lear ly  t h a t  i t  
is exce l l en t  ma te r i a l  for e x p e r i m e n t a l  researches  on 
mitos is  in t h e  l iv ing  cell. 

The  a d v a n t a g e s  of e n d o s p e r m  in compar i son  with  
o the r  p l an t  ma te r i a l  a re  g r ea t :  t he  course of mitosis  is 
m u c h  b e t t e r  v is ib le  t h a n  in o the r  t i ssues ,  t he  lack  of 
cellulose walls  al lows no t  on ly  be t t e r  pene t r a t i on  of 
chemica t subs t ances ,  bu t  also po la r iza t ion  and micrurg i -  
cal s tudies.  I t  seems p robab le  t h a t  i t  m a y  be used as a 
mod i f i ca t ion  of t he  AUium t es t  in vivo. A m o n g  genera  
s t ud i ed  so far :  Iris, Leucojum, Haemanthus, Clivia and  
Colchicum appea red  to  be the  best, a l t hough  Ornithoga- 
lure, Zephyranthes, Helianthus and Daphne genera  are  
also v e r y  sui table .  A longer  list wi th  some m e t h o d i c a l  
notes  is g iven  e lsewhere  ~. I t  is e v i d e n t  t h a t  the  endo-  
s p e r m  of some  species appea red  to  be m u c h  b e t t e r  t h a n  
t h a t  of others ,  e.g. AUium cepa, Vicia [aba and  Secale 
cereale are  no t  su i tab le  a t  all.  H o w e v e r ,  h u n d r e d s  o f  
p lan t s  are  exce l l en t - so  t h a t  t he  ma te r i a l  w i th  t h e  e x a c t  
p roper t ies  r equ i r ed  so far  as c h r o m o s o m e  d imens ions ,  

1 A. BAJER, Acta Soc. Bot. Poloniae Z2, ~67 (1953). - A. BAJER 
and J. MOL~-BAJER, Acta Soc. Bot. Poloniae 23, 69 (1954). - A. 
BAJER, Acta Soc. Bot. Poloniae 23, 383 (1954). 

g A. BAJER and J. MOL~-BAJ~R, Acta Soc. Bot. Poloniae 23, 89 
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