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Biogenesis of Rifamycins. The Conversion of 
Rifamycin B into Rifamycin yz 

Slreptomyces meditervctne$ (MARGALITH and BERETTA, 
1960) produces in liquid cultures at  least 5 antibiotic 
substances L However, on culturing the microorganism in 
the presence of diethylbarbituric acid (barbital), essenti- 
ally only 2 compounds are obtained 8,4, rifamycin B and 
ill lesser amounts rffamycin ¥ .  

Since rifamycin Y and derivatives obtained therefrom 
are antibiotically inactive, studies were undertaken to 
clarify the biogenesis of this compound in order, eventu- 
ally, to be able to suppress its formation. Strain selection 
work as well as the study of some fermentation variables 
(pH, agitation and aeration, temperature etc.), did not 
result in significant modification of the amount  of rifa- 
mycin y formed. On the other hand, while studying the 
effect of media composition on antibiotic production, i t  
was found that  the level of inorganic phosphate (as 
KHIPO4) of the culture media had a drastic effect on 
rifamycin y synthesis. The rifamycin B and Y contents 
of fermentation media containing increasing amounts of 
KH2POa were determined after 120 h of fermentations. 
As can be seen from Figure 1, a straight correlation be- 
tween the concentration of inorganic phosphate added to 
the medium and of rifamycin Y synthesized is evident. 
In the absence of added inorganic phosphate, or at  very 
low additions of it  (0.2-0.4 g/l) no significant amounts  of 
rifamycin y were formed, t t  is also apparent  from Figure 
1 that  the increase in rifamycin Y coincides with a parallel 
decrease in rffamyein 13 production, in agreement with the 
hypothesis that  one of the compounds might arise from 
the other. 

The structure of rifamycin Y recently elucidated by 
chemical degradationa and X-ray diffraction studies ~ 
shows tha t  this compound differs from rffamycin ]3 in the 
degree of oxidation of the aliphatic ring (Figure 2). 

As in the case of other macrolide antibiotics, this ring 
appears to derive from condensation of propionate and 
acetate units. Preliminary experimental  data, supporting 
this hypothesis have been discussed by CORCORAN and 
C~ICKL This suggests tha t  rifamycin Y may arise from 
rifamycin B,  since it  can be assumed tha t  the hydroxyl  
group on the carbon atom 20 of rifamycin Y is introduced 
on a preformed chain, possibly tha t  of rifamycin B. 

To test this hypothesis, [x~C] labelled rifamycin B 
(12.100 counts/min/mg corresponding to 13.1 #C/mM) 
obtained from fermentations containing [~4C] inverted 
sugar, was added to cultures of S. mediterrane$ grown in 
the presence of diethylbarbituric acid. At  the end of the 
fermentation period, the rifamycins produced were iso- 
lated and their  specific radioact ivi ty determined. As 
shown by the results reported in Table I, when labelled 
rifamycin B was added to 48-h-old cultures, tha t  is just  
When antibiotic production starts, the specific radio- 
activity of rifamycin Y was about  twice tha t  of rifamycin 
B. When [~C] rifamycin ]3 was added to 72-h-old cultures, 
the rifamycin B and Y were about  equally radioactive. 
This demonstrates tha t  the microorganism possesses an 
enzymatic system capable of converting rifamycin B into 
rifamycin y .  Moreover this system appears to be active 
from the very beginning of the antibiotic production. 

The possibility tha t  the strain could also perform the 
reverse reaction of transforming rifamycin Y in rifamycin 
B was ruled out by a similar experiment in which [~*C] 
labelled rifamycin Y was added to S. mediterranei cultures. 

Labelled rifamycin Y was prepared by running the 
fermentation in presence of [x~C] inverted sugar, and the 
radioactive mixture  of B and Y thus obtained was separ- 

ated by paper chromatography (solvent system, see 
Figure 1). The area containing rifamycin Y (Rf ,~ 0.2) 
was cut out, the antibiotic eluted with phosphate buffer 
pH  7.38, diluted with unlabelled rifamycin ¥ and 
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Fig. I. Influence of K~HPO 4 concentration in the medium on 
rifamycins production, e ~ e  total rifamycins (B + Y); & ~ &  
rifamycin B; A- - -& rifamyciu Y. Culture conditions: 500 mt 
Erlenineyer flasks containing 100 ml of fermentation medium 
(composition in g/h peanut meal, 25; soybean meal, 10; glucose, 
115; barbital, 2%; ammonium sulphate, 9.6; calcium carbonate, 
9.5; trace amounts of Mg ++, Cu ++, Fe ++, Mn ++, Co ++, Mo~Oz4 ) 
agitated on rotary shaker at 28°C for 120 h. The total amount of 
rifamycins B + Y was determined spectrophotometrically as de- 
scribed 5 for rifamycin B (the 2 rlfamyeins have identical ~ at 425 nm). 
The relative amounts were determined by quantitative paper 
chromatography in a solvent system composed of 0.07 M phosphate 
buffer (pH 8.6) containing 0.1 g/1 of ascorbie acid as a stationary 

phase, and amyl alcohol, butyl alcohol, 9:1, as mobile phase. 
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crys ta l l ized .  70 m g  of [C ~4] r i f a m y c i n  Y (1200 c o u n t s /  
m i n / m g ,  c o r r e s p o n d i n g  to  1.3 # C / m M )  were  a d d e d  t o  
5 f lasks  c o n t a i n i n g  48-h-old  cu l t u r e s  of S. mediterranei. 
Afte r  120 h of f e r m e n t a t i o n ,  s p e c t r o p h o t o m e t r i c  a n d  
c h r o m a t o g r a p h i c  ana lys i s  of t h e  cu l t u r e  f i l t r a t e s  showed  
t h e  p resence  of 310 m g  of r i f a m y c i n  B a n d  145 m g  of 
r i f a m y c i n  Y. Af te r  s e p a r a t i o n  of t he  2 an t ib io t i c s  b y  
c o u n t e r c u r r e n t  d i s t r i b u t i o n  of t h e  ex t rac t s ,  i t  was  found  
t h a t  on ly  r i f a m y c i n  Y was  label led  (360 c o u n t s / m i n / m g )  
t h u s  d e m o n s t r a t i n g  t h a t  label led  r i f a m y c i n  ¥ was n o t  
c o n v e r t e d  i n to  r i f a m y c i n  ]3. 

No def in i t e  conclus ion  can  be d r a w n  so far  on  t h e  
m e c h a n i s m  b y  wh ich  p h o s p h a t e s  in f luence  t h e  ox ida t ion .  
I n o r g a n i c  p h o s p h a t e  d e t e r m i n a t i o n  p e r f o r m e d  a t  va r i ous  
t i m e  i n t e r v a l s  i nd i ca t ed  t h a t  r i f a m y c i n  Y was  fo rmed  m a i n -  
ly  a f t e r  all  t h e  inorgan ic  p h o s p h a t e  h a d  d i s a p p e a r e d  (F igure  
3). I t  is i n t e r e s t i ng  to  n o t e  t h a t  m o s t  of t h e  inorgan ic  
p h o s p h a t e  a n d  glucose a re  m e t a b o l i z e d  f r o m  t h e  50 th  to  
t h e  80 th  h a n d  t h a t  d u r i n g  t h e  s a m e  per iod  t he  organic  
p h o s p h a t e  p r e s e n t  in t h e  cu l tu re  f i l t r a t e s  does  increase  
cons iderab ly .  As p rev ious ly  s h o w n  9 also t h e  o x y g e n  
d e m a n d  is h i g h e s t  d u r i n g  t h a t  p a r t  of t he  f e r m e n t a t i o n .  

T h e  c o n v e r s i o n  of r i f a m y c i n  B i n t o  r i f a m y c i n  Y is per-  
f o r m e d  also b y  w a s h e d  m y c e l i u m  of S. mediterranei. This  
t e c h n i q u e  h a s  b e e n  u t i l i zed  t o  a s c e r t a i n  w h e t h e r  t h e  
p re sence  of b a r b i t a l  in  t h e  m e d i u m  is e ssen t i a l  for  t h i s  
r eac t ion .  E x p e r i m e n t s  h a v e  been  p e r f o r m e d  b y  a d d i n g  
[14C] r i f a m y c i n  B to  w a s h e d  m y c e l i u m  s u s p e n d e d  in  
p h o s p h a t e  buf fe r  a n d  in p h o s p h a t e  buf fe r  c o n t a i n i n g  0 .2% 
of b a r b i t a l  (Table  I I ) .  Af te r  20 h of i n c u b a t i o n ,  t he  
r i f amyc ins  were  e x t r a c t e d  a n d  ana lyzed .  T h e  a m o u n t  of 
r i f a m y c i n  Y o b t a i n e d  was r e spec t ive ly  16 a n d  18 .5% of 
t h e  t o t a l  r i f a m y c i n s  recovered .  T h e  specific r a d i o a c t i v i t y  
va lues  c lear ly  i nd i ca t e  t h a t  th i s  c o m p o u n d  is n o t  p roduced  
b y  'ex  n o v o '  s y n t h e s i s  b u t  o r ig ina tes  in  b o t h  cases f rom 
r i f a m y c i n  B.  F u r t h e r m o r e ,  t h e  resu l t s  d e m o n s t r a t e  t h a t  
d i e t h y l  b a r b i t u r i c  ac id  is n o t  r equ i r ed  for  t h e  t r a n s -  
f o r m a t i o n  of r i f a m y c i n  B to  r i f a m y c i n  Y. 

T h e  e x p e r i m e n t s  p r o v i d e  s t r o n g  ev idence  t h a t  r i f a m y c i n  
B is t h e  n a t u r a l  p recu r so r  of r i f a m y c i n  Y.  Th i s  is also a 
f u r t h e r  i n d i c a t i o n  t h a t  t h e  a n s a  cha in  of r i f amyc ins  
o r ig ina tes  f rom p r o p i o n a t e  u n i t s  s ince t h e  h y d r o x y l  g roup  
in  pos i t ion  20 of r i f a m y c i n  Y appea r s  to  be  i n t r o d u c e d  
a f t e r  t h e  c o m p l e t i o n  of r i f a m y c i n  B molecule .  

Table I. Conversion of rifamycin B into rifamycin Y by growing 
cultures of Streptomyces mediterranei 

[C14]RifamycinBadded [C*~]Rifamycins produced 

(h after mg (counts B Y 
inoculum) per 

min/mg) mg (counts mg (counts 
per per 
min/mg) min/mg) 

48 28.5 12.100 253 448 84 923 
72 28.5 12.100 232 581 65 550 

Culture conditions as in Figure 1 (KH2PO 4 concentration = 2 g]l). 
In each experiment [I¢C] rifamycin B was added at the time indicated 
in 3 flasks containing 75 ml of culture. The spccific radioactivity of 
the produced rifamycius was determined on samples separated by 
countercourrent distribution in a solvent system n-butanol/0.07M 
phosphate buffer pH 7.38, 

Table II. Conversion of rifamycin B into rifamycin Y by washed 
mycelium of Streptomyces mediterranei 

Medium [C .4] rifamycin [O 4] rifamycins recovered 
B added B Y 

nag counts mg counts mg eoun ts 
per per per 
min/mg min/mg min/mg 

Phosphate 90 825 63 730 12 619 
buffer 

Phosphate 90 825 66 621 15 606 
buffer + 0.2% 
barbital 

The mycelium from 225 ml of a 48 h old culture was harvested, 
washed, starved for 5 h in 0.7M phosphate buffer (pH 6.5) and 
suspended in 225 ml of the same buffer (with and without barbital) 
distributed in 3 flasks, [C 14] Rifamycin B was then added and the 
flask incubated at 28 °C on a rotary shaker for 20 h. Analyses were 
performed as indicated in Table I. 
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Fig. 3. Phosphate metabolism during rifamycin fermentation. 
A - - A  rifamycin B, A - - - A  rifamycin Y, e ~ e  organic phos- 
phorus, o - - - o  inorganic phosphorus, c:~-e-c:~ glucose. Culture 
conditions: 4 1 jar fermentors (medium as in Figure 1 plus 2 gfl of 
K=HPO4); temperature 28°C, aeration 1 1 air/rain[i, agitation 800 
r.p.m. Analyses were performed oa the supernatant of the centri- 
fuged broth. Phosphorus was determined according to s; rifamycins 

were determined as indicated in Figure 1. 

Riassunto. ~ s t a t s  s t u d i a t a  la  b iogenes i  de l la  r i f amic ina  
Y, p r o d o t t a  a c c a n t o  a l ia  r i f a m i e i n a  B d a  c u l t u r e  d i  S. 
mediterranei. I da f t  r i p o r t a t i  d i m o s t r a n o  c h e l a  r i f amic ina  
Y de r iva  da l la  r i f amic ina  B e e h e l a  sun  p r o d u z i o n e  d ipende  
da l la  c o n c e n t r a z i o n e  di  fosfat i  nel  t e r r eno  di cu l tu ra .  
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