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Microbiological Oxidation of Fusidic Acid 

The te t racycl ic  t r i t e rpene  der iva t ive  fusidic acid is of 
considerable  in te res t  because of its an t ib io t ic  ac t iv i ty  t 
and  because of t he  unusual  trans, syn, trans a r r a n g e m e n t  
of i ts  A, B, and  C rings L We  have  in i t ia ted  some exper i -  
men t s  on the  microbiological  modif ica t ion  of the  com- 
pound  and have  now isolated a crystal l ine p roduc t  f rom a 
Corynebacterium simplex f e rmen ta t ion  which  has  been  
ident i f ied as 3-oxofusidic acid. 

T h e  sodium sal t  of fusidic acid was added  to a shaken  
C. simplex ATCC 6946 f e rmen ta t ion  in yeas t  ex t rac t -  
pep tone  med ium and  incuba ted  at  28 ~ for  25 h. P r o d u c t  
fo rmat ion  was followed by  paper  c h r o m a t o g r a p h y  in the  
ZAFFARONI to luene-propylene  glycol sy s t em a. 

The b r o t h  was ad jus ted  to p H  3.3 and  ex t rac ted  wi th  
bu ty l  acetate .  The organic phase  was t r ea t ed  wi th  aqueous  
sodium hydrox ide  a t  pH 11, r emoving  fusidic acid and 
leaving mos t  of the  3-oxofusidic acid. The bu ty l  ace ta te  
solut ion was washed  wi th  water ,  dr ied wi th  sodium sul- 
fate,  and concen t r a t ed  in vacuo.  The resul t ing oil was 
t aken  up in e thy l  alcohol, f i l tered free of an insoluble 
residue, t ransfer red  to wa te r  as a sodium salt, and ex- 
t r ac t ed  into me thy l  i sobutyl  ketone a t  p H  3.3. The ex- 
t r a c t  was ch rom a tog raphed  on siticic acid by  the  proce-  
dures of HIRSCH and AHRENS 4. The mater ia l  e la ted  by  
50% e the r -hexane  crystal l ized to give a 31% yield of 
3-oxofusidic acid, m.p.  185-186 ~ 

The s t ruc tu re  of the  isolated mater ia l  was deduced  f rom 
the  following considerat ions.  E l e m e n t a r y  analysis  (C, 
72.06; H, 8.78), equiva len t  weight  (518), p K a  I (5.3), and  

(.~EtOH UV-absorp t ion  ,"max 207 n m  [e 9,600]; )EtOH "~shoulder 213 n m  
[e 9,100]) showed it to be not  grea t ly  a l tered f rom fusidic 

acid. The I R - s p e c t r u m  (~KBr \-max 5.75, 5.82, and 5.91 #) indi- 
cated the  presence of a new carbonyl  group. If the  absorp-  
t ion at  5.75 ~ is assigned to the  aceta te  carbonyl  and the  
one at  5.91 tz to the  acid carbonyl ,  as is usual, the  ab- 
sorpt ion at  5.82 t* can be assigned to the  carbonyl  of a 
cycl ic-6-membered ketone.  Confi rmat ion of this  carbonyl  
group was ob ta ined  by  t r e a t m e n t  of a pape rg ram of the  
p roduc t  and fusidic acid wi th  an acidified solut ion of 2, 4- 
d in i t ropheny lhydraz ine  in e thy l  alcohol. Fusidic  acid 

gave no color, bu t  the  p roduc t  gave a yel low color charac-  
ter is t ic  of s a tu ra t ed  3-ketones 5. I t  was fu r the r  found  t h a t  
the  p roduc t  gave a pos i t ive  Cot ton  effect  curve (RD in 
d ioxane [c, 0.15], 24~ [c~]400 + 21.2 ~ , [~]al0 + 590~ 
[~]2s5 + 217~ [~]2~5 + 360~ indicat ing a ca rbonyl  chromo-  
phore ;  fusidic acid gave a plain posi t ive  d ispers ion curve  
(RD in d ioxane [c, 0.19], 24~ [~],00 -- 64~ [~]3~s 0.00~ 
[a]zv0 + 9600) �9 

The ident i f ica t ion  of the  ox ida t ion  p ro d u c t  as 3-oxo- 
fusidic acid was conf i rmed by  direct  compar i son  wi th  an 
au then t ic  sample,  m.p.  193~ kindly  furn ished  by  Dr. 
W. O. GODTFREDSEN 6. The two mater ia ls  had  ident ica l  
ch roma tograph ic  behav io r  (Rf 0.33-0.37; Rfusidic acid 2.5), 
IR-spec t ra ,  and  gave the  same yellow color wi th  2,4-di- 
n i t ropheny lhydraz ine .  In  cont ras t ,  a sample  of l l - o x o -  
fusidic acid, also furn i shed  by  Dr. GODTFREDSEN, gave an 
Rf  of 0.26, a dissimilar  IR- spec t rum,  and no color wi th  
2, 4 -d in i t rophenylhydraz ine .  

Zusammen/assung. Corynebacterium simplex oxyd ie r t  
Fusidins/iure,  ein An t ib io t i cum aus tVusidium coccineum, 
zu 3-Oxofusidins~ture. 
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Formation of Red Pigment  During Wood Decay 
Caused by White-Rot Fungi 

Some wood-decaying  fungi responsible  for the  whi te - ro t  
of wood, cause it to get  red in the  first  s tage of the  
des t roying  process and later  to get  light. In  the  p resen ted  
shor t  communica t ion  the  red p igmen t  fo rma t ion  dur ing  
the  wood de te r io ra t ion  caused by  the  wood- ro t t ing  fungi  
men t ioned  is s tudied.  

Spruce sawdus t  was used as the  nu t r i en t  medium,  
mois tened  wi th  a 3% water  solut ion of peptone .  Cult iva-  
t ion vessels of 1500 ml were filled wi th  the  sawdust ,  
which was steril ized in s t r eaming  vapour  and  inocula ted  
wi th  150 ml of mycelial  pellets,  grown on 3% mal t  ex- 
t rac t ,  of the  following species of fungi : Trametes versicolor 
(Fr.) Pil&t and Trametes gibbosa (Pers.) Fr. ,  i.e. represen-  
ta t ives  of whi te - ro t  fungi, and wi th  Fomes marginatus 
(Fr.) Gill., a r epresen ta t ive  of b rown- ro t  fungi. Af te r  

4 months' cultivation in the dark at a temperature of 
25~ when the sawdust was completely covered with 
mycelium, the red pigment began to develop in cultiva- 
tion vessels with white-rot fungi. Its properties and origin 
were the object of further studies. The above-mentioned 
pigment was soluble in benzene and tetrachlormethane. 
From this raw pigment the red pigment was later ex- 
tracted according to HAYASHI I and the absorption spec- 
trum measured on a recording spectrophotometer Unicorn 
SP 700. The spectrum is characterized by 2 peaks in the 
regions of 333 nm and 480 nm, as can be seen in the 
Figure, curve la. 

In order to elucidate the pigment formation, a whole 
series of further experiments were carried out. It is well 
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known  2,3 t h a t  some polyphenolases  isolated f rom roots  
of h igher  p lan t s  ca ta lyse  the  oxida t ion  of some amino  
acids in  t he  presence  of phenol ic  subs tances  giving rise to 
the  red p igment .  Some condi t ions  of the  red p igmen t  
origin were also s tudied  in microorganisms 4-~. W h i t e - r o t  
fungi excre te  numerous  oxidases in to  the  medium~-% 
This is w h y  we have  used the  3% ma l t  ex t r ac t  as the  
med ium on which  the  fungi  were grown as a source of 
raw enzymes  for the  fo rma t ion  of a red p igmen t  in vitro.  
1 ml M/100 of catechol ,  1 ml  M/5 of glycine and 1 ml  M/50 
1-hydroxypro l ine  were added  to 1 ml of dia lysed cul t iva-  
t ion med ium in 1 ml M/IO phospha t e  buffer,  p H  5.9. This  
mix tu re  was incuba ted  a t  a t e m p e r a t u r e  of 39 ~ for 2 h. 
Dur ing  th is  t ime  it showed the  fo rmat ion  of a red  pig- 
ment ,  the  absorp t ion  spec t rum of which  is shown in t he  
Figure,  curve lb .  The p i g m e n t  was fo rmed  only in t h e  
presence  of a cu l t iva t ion  m e d i u m  in which  the  fungi 
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The absorption spectra of red colour solutions. Curve la: a red pig- 
ment isolated during wood decay by white-rot fungi. Curve lb: a 
red pigment formed by the action of polyphenolase produced in the 
medium by white-rot fungi. Boiled enzymatic solution was used as 

blank. 

Trametes versicolor and Trametes gibbosa were cul t iva ted .  
I t  was, however ,  not  fo rmed  in the  case of the  fungus  
Fomes marginatus. 

F r o m  the  resul ts  it  follows t h a t  the  fungi p roduc ing  
polyphenolases  ca ta lys ing  the  secondary  ox ida t ion  of 
amino acids in t he  presence  of phenols ,  are able to form 
the  red p i g m e n t  dur ing  the  wood decay  in the  way  
descr ibed above.  Fungi  which  do no t  produce  poly-  
phenolases  of t he  t ype  ment ioned ,  do no t  form the  red 
p igment .  

Zusammen/assung. Holzzers t6rende  Pilze, die ins Me- 
d ium Po lypheno lasen  ausscheiden,  b i lden bei der  Zer- 
se tzung des Holzes,  welches mi t  3% Pep ton l6sung  auf- 
gesogen wurde,  ein rotes P igment .  Die P igmen tb i l dung  
ist durch  die sekunditre Oxyda t ion  von  Aminos~uren  und  
die ka ta lys ie rende  Rolle der  Po lyphenolasen  verursacht .  
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Postnatal  Changes in Phosphatase and Non-  
Specific Esterase Activity in the Large Intestine 

of the Rat 

During  pos tna t a l  d e v e l o p m e n t  of m a m m a l s  there  are 
changes  in t he  h i s to log ica l  s t ruc tu re  of the  gast ro-  
in tes t ina l  t r ac t  x-6 and  its enzyme  pa t t e rn .  This has  been 
d e m o n s t r a t e d  h i s tochemica l ly  e-9 and biochemical ly  TM. 
The occurrence of enzymes  in the  large in tes t ine  dur ing  
p o s t n a t a l  d e v e l o p m e n t  has  no t  received any  a t t en t i on  a t  
all, and  only work  on adul t  animals  13,14 has been  per-  
formed.  Since the  large in tes t ine  m a y  p lay  a role in the  
absorp t ion  and  me tabo l i sm of some subs tances  14, th is  has  
been  s tudied  dur ing  pos tna t a l  d e v e l o p m e n t  of the  ra t  in 
th is  paper .  

R a t s  aged 1, 3, 7, 10, 15 and  20 days  and  adul t  animals  
were examined  his tochemical ly .  Each  age group con ta ined  
5 ra t s ;  sexes were represen ted  abou t  equally.  Ra t s  were 
decap i t a t ed  3 h af ter  food depr iva t ion .  Excis ions  of the  
caecum and  of t he  middle  pa r t  of the  oral  and  aboral  hal f  
of the  r ema inde r  of the  large in tes t ine  were f ixed in 
Baker ' s  formol-calc ium a t  4 ~ for 24 h, and  alkaline and 
acid p h o s p h a t a s e  were de t e rmined  in paraf f in  sect ions  
t oge the r  wi th  AS- and  a-esterase.  ASD phospha te ,  ul t ra-  

zol AS aceta te ,  and  a - n a p h t h y l  ace ta te  were used as 
subs t ra tes ;  F a s t  red T R  (Hoechst) ,  hexa tone  basic fuchsin  
(Lachema) according to Barka,  F a s t  blue R R  (Hoechst)  
and Fas t  blue B (Lachema) were used as d iazota tes .  
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