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B i o s y n t h e s i s  o f  B e n z y l p e n i c i l l i n  b y  M y c e l i a l  
S u s p e n s i o n s  o f  Peni¢illium chrysogenum 

T h e  b i o s y n t h e s i s  o f  b e n z y l p e n i c i t l i n  b y  t h e  m y c e l i a  
o f  P e n i c i l l i u m  c h r y s o g e n u m  i n v o l v e s  t h e  u t i l i z a t i o n  o f  
t h e  i m m e d i a t e  p r e c u r s o r s  L - c y s t e i n e ,  t h e  n o n - n i t r o -  
g e n o u s  m o i e t y  of  v a l i n e ,  p h e n y l a c e t i c  a c i d  ( P A  L a n d  a n  
a m i n o  g r o u p  d o n a t i n g  c o m p o u n d  ( a m i n o  a c i d  ?)L T h e  
e x a c t  m e c h a n i s m  o f  s y n t h e s i s  a n d  t h e  e n z y m e  s y s t e m s  
i n v o l v e d  r e q u i r e  to  be  e l u c i d a t e d  a n d  w o r k  is in  p r o g r e s s  
in  t h i s  l a b o r a t o r y  t o w a r d s  t h i s  e n d .  I n  v i e w  o f  t h e  o b -  
s e r v a t i o n s  o f  HALLIDAY a n d  ARNSTEIN ~ a n d  of  I)EMAIN a 
p u b l i s h e d  r e c e n t l y ,  w e  r e p o r t  o u r  r e s u l t s  o n  t h e  b i o -  
s y n t h e s i s  o f  b e n z y l p e n i c i l l i n  b y  t h e  r e s t i n g  ce l l s  o f  
P .  c h r y s o g e n u m .  

W e  u t i l i z e d  t h e  m y c e l i a  g r o w n  (in t h e  f e r m e n t o r s  u s e d  
fo r  m a n u f a c t u r e )  in  c o r n  s t e e p - p e a n u t  m e a l - l a c t o s e  
m e d i u m  w i t h  s o d i u m  p h e n y l a c e t a t e  a d d e d  e v e r y  6 8 h .  
T h e  m y c e l i a l  s u s p e n s i o n  w a s  w i t h d r a w n  f r o m  t h e  fe r -  
m e n t o r  a t  t h e  s p e c i f i e d  h o u r s ,  a m e a s u r e d  v o l u m e  t a k e n ,  
t h e  m y c e l i a  s e p a r a t e d  f r o m  t h e  b r o t h  b y  s q u e e z i n g  w i t h  
c l o t h  a n d  w a s h e d  t w i c e  o r  t h r i c e  b y  r e s u s p e n d i n g  in  
s t e r i l i s e d  d i s t i l l e d  w a t e r  a n d  s q u e e z i n g  w i t h  c l o t h  ( t h i s  
c o n s i s t e n t l y  r e m o v e d  al l  t h e  p e n i c i l l i n  a d h e r i n g  t o  t h e  
m y c e l i u m ) .  T h e  w a s h e d  m y c e l i u m  w a s  r e s u s p e n d e d  in  
0 .01 M p h o s p h a t e  b u f f e r  ( p H  7-0) to  m a k e  u p  t o  t h e  
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o r i g i n a l  v o l u m e  o f  t h e  b r o t h ,  100 m l  o f  t h e  m y c e l i a l  
s u s p e n s i o n  d i s t r i b u t e d  i n t o  e a c h  o f  t h e  500 m l  c o n i c a l  
f l a s k s  a n d  t h e  c o m p o u n d s  t o  be  s t u d i e d  a d d e d  t o  t h e  
i n d i v i d u a l  f l a s k s .  T h e s e  we re  s h a k e n  in  a r o t a r y  s h a k e r  
g i v i n g  250 r . p . m ,  in  a r o o m  m a i n t a i n e d  a t  24°C .  S a m p l e s  
(5 ml)  w e r e  t a k e n  a t  t h e  r e q u i r e d  i n t e r v a l s  a n d  t h e  
p e n i c i l l i n  c o n t e n t  o f  t h e  f i l t e r e d  s o l u t i o n  d e t e r m i n e d  b y  
b i o a s s a y  a c c o r d i n g  to  t h e  m e t h o d  (if HUMPHRY a n d  
LIGHTBOVCN 4. 

M y c e l i a  f r o m  d i f f e r e n t  b a t c h e s  w e r e  u s e d  fo r  t h e  
d i f f e r e n t  s e t s  o f  e x p e r i m e n t s  a n d  so  t o  c h e c k  t h e  
v a r i a t i o n s  t h e r e  w a s  i n c l u d e d  in  e v e r y  t r i a l  a c o n t r o l  
f l a s k  w i t h  P A  ( 0 - 0 5 % )  a n d  l a c t o s e  ( 1 % ) .  T h e  w a s h e d  
m y c e l i u m  s u s p e n d e d  in b u f f e r  o r  l a c t o s e  a l o n e  p r o d u c e d  
o n l y  n e g l i g i b l e  a m o u n t s  of  p e n i c i l l i n  for  a f ew  h o u r s .  
T a b l e s  I,  I I ,  a n d  I I I  g i v e  s o m e  o f  t h e  r e s u l t s  o b t a i n e d  
i n d i c a t i n g  t h e  r e l a t i v e  e f f e c t i v e n e s s s  o f  t h e  v a r i o u s  
c a r b o h y d r a t e s  a d d e d .  S u c r o s e  g i v e s  t h e  b e s t  r e s u l t s  o f  
t h e  s u g a r s ,  a n d  p h e n y l a c e t a m i d e  s e e m s  t o  b e  b e t t e r  
t h a n  P A .  

Table I 
39 h mycelium (batch 1270), washed, and resuspended in phosphate 

buffer (P. amide: Phenylacetamide) 

Constituents added 

PA (0"05go) . . . . . . .  
PA  (0-05%) + Lac tose  (1%) 
P . a m i d e  (0.05%) . . . . .  
ILamide  (0-05 %) + Lac tose  
0 % )  . . . . . . . . . .  

I'enicillin titre in units 
p e r m l a f t e r  

• I h  g h 12 h 16 h 

47 96 120 124 
55 155 210 300 
67 136 - - 

78 240 300 353 

T h e  f o l l o w i n g  r e s u l t s ,  n o t  r e p o r t e d  in  t h e  t a b l e s  t o  
s a v e  s p a c e ,  w e r e  a l so  o b t a i n e d :  a r a b i n o s e ,  x y l o s e ,  so -  
d i u m  a n d  a m m o n i u m  a c e t a t e s  ( t he  s o d i u m  s a l t  g i v i n g  
b e t t e r  r e s u l t s  t h a n  t h e  a m m o n i u m  sa l t ) ,  s o d i u m  l a c t a t e  
a n d  p y r u v a t e  ( t he  t w o  f ree  a c i d s  s h o w i n g  i n h i b i t i o n ) ,  
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Table I I  
36 h mycelium (batch 1240), washed, and resuspcnded in phosphate buffer 

Constituents added 

P A  (0"05%) + Lac tose  (1%) . . . 
P A  (0.05%) + Sucrose (1%) . . . 
P A  (0.05%) + Glucose  (1%) . . . 
P A  (0-05%) + M a n n o s e  (1%) . . 
P A  (0-05%) + F r u c t o s e  (1%) . . 

4 h 

10 
34 

5 
8 
6 

8 h  

35 
100 

23 
26 
34 

Penicillin titre in units per ml after 

12 h 
I 

65 
188 

43 
35 
62 

16 h ] 

156 
242 
122 
145 
145 

2o h 

227 
32l  
184 
188 
214 

24 h 

348 
370 
247 
232 
273 

Table I I I  
34 h mycelium (batch 1239), washed, and resuspended in phosphate buffer. 

Constituents added 

P A  (0-05%) + Lac tose  (1%).  
P A  (0.05%) + F r u c t o s e  (1%} 
P A  (0-05%) + S ta rch  (1%) . . . 
P A  (0.05%) + D e x t r i n  (1%) . . . 

4 h  

16 
20 
14 
17 

Peificillin titre in units per ml after 

8 h 

45 
65 
50 
28 

12 h 

106 
117 

90 
120 

16 h 

216 
232 

77 
184 

'2o 11 24 h 

280 296 
233 22I 

0 0 
225 315 
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a rach i s  oil a n d  ole ic  acid were f o u n d  t o  inc rease  t h e  r a t e  
of s y n t h e s i s  of pen ic i l l in ,  t h o u g h  n o t  as  e f fec t ive ly  as 
lactose .  S o d i u m  benzy lpen ic i l l oa t e ,  p r e p a r e d  f r o m  
benzy lpen ic i l l in ,  was  ine f f i c ien t  as t h e  pen ic i l l in  pre -  
cursor .  The  seed  m y c e l i u m  ( p r e p a r e d  in  c o r n  s t eep  
l iquor - sucrose  m e d i u m  b y  i n o c u l a t i n g  w i t h  t h e  spo res  
a n d  a e r a t i n g  for  48 h a n d  used  to  i n o c u l a t e  t h e  f e r m e n -  
tors)  d id  n o t  p r o d u c e  a n y  pen ic i l l in  as s u c h  o r  w i t h  PA ,  
lac tose ,  L-cys t ine  a n d  L-val ine.  T h e  p e n i c i l l i n - p r o d u c i n g  
c a p a c i t y  of t he  m y c e l i u m  in  t h e  f e r m e n t o r  v a r i e s  w i t h  
t h e  age of t h e  m y c e l i u m ,  r i s ing  to  a p e a k  a t  35-45  h a n d  
t h e n  dec l in ing .  The  o b s e r v a t i o n  of HALLIDAY a n d  ARN- 
STEIN ~ t h a t  c r u s h i n g  t h e  m y c e l i u m  d e s t r o y s  t h e  pen ic i l l in  
p r o d u c i n g  c a p a c i t y  is con f i rmed .  

T h e  use of t h e  w a s h e d  myce l i a l  s u s p e n s i o n s  as a d o p t e d  
in these  e x p e r i m e n t s  exc ludes  t h e  m e t a b o l i t e s  f o u n d  in 
t he  f e r m e n t e d  b r o t h  f r o m  p a r t i c i p a t i n g  in  t h e  b i o s y n -  
thesis ,  a n d  sat isf ies  t h e  t w o  c o n d i t i o n s  n o w  t a k e n  to  be  
essen t i a l  for pen ic i l l in  syn thes i s ,  viz.  t h e  m y c e l i u m  
s h o u l d  n o t  be  a c t i v e l y  m u l t i p l y i n g  a n d  t h e  p H  of t h e  
m e d i u m  s h o u l d  be  a b o u t  7.0L .The fo l lowing p i c t u r e  of 
pen ic i l l in  p r o d u c t i o n  b y  t h e  m y c e l i u m  emerges  f r o m  t h e  
p r e s e n t  s tudies .  T h e  m y c e l i u m  p r e p a r e d  as  seed to  in-  
ocu la t e  t he  big  i e r m e n t o r s  p r o b a b l y  lacks  t h e  e n z y m e  
s y s t e m s  essen t i a l  for  pen ic i l l in  syn thes i s .  T h e  m y c e l i u m  
in  t he  p r o d u c t i o n  f e r m e n t o r s  g r a d u a l l y  bu i ld s  u p  endo-  
genous ly  t h e  e n z y m e  s y s t e m s  essen t i a l  for  b i o s y n t h e s i s  
as well  as for  p r o v i d i n g  e n e r g y  for  t h e  S y n t h e t i c  s t e p s  
a n d  also t h e  s u b s t r a t e s  e x c e p t  PA.  F o r  c o n t i n u e d  pen i -  
cil l in p r o d u c t i o n  a t  a good r a t e ,  t h e  m y c e l i u m  r e q u i r e s  
P A  f rom t h e ' e x o g e n o u s  source  a n d  also e n e r g y  w h i c h  
seems  to  be  p r o v i d e d  b y  some  saccha r ides ,  a r a c h i s  oil, 
oleic acid,  a n d  a c e t a t e  a c t i n g  as  s u b s t r a t e s .  

F u l l e r  de ta i l s  of t h e  work  a n d  d i s c u s s i o n  of t h e  r e su l t s  
will  be  p u b l i s h e d  e lsewhere .  

We are indebted to Dr. P. D. KULKARm, Miss I. NALINI, and Mr. 
D. N. BXLAMPELLY for the bioassays reported here. 

V. N. DESHPANDE a n d  K. GANAPATHI 

A ntibiotivs Research Centre, Hindustan Antibiotics ( P) 
Ltd., Pimpri  (Poona District, India), May  17, 1957. 

R~sumd 

Les a u t e u r s  o n t ' ~ t u d i 6  les effets  des  d ive r s  h y d r a t e s  
de  c a r b o n e  (glucose, f ruc tose ,  m a n n o s e ,  ga lac tose ,  
xylose,  a r ab inose ,  lac tose ,  a m i d o n  e t  dex t r i ne ) ,  d u  
p y r u v a t e ,  du  l ac t a t e ,  de l ' a c~ t a t e ,  de l ' hu i l e  d ' a r a c h i d e ,  
etc,  s u r  la  b i o s y n t h ~ s e  de  la p6nic i l l ine  p a r  les ce l lu les  
lav6es de P. ¢hrysogenum. 

5 M. j .  JOHNSON, Bull. World Health Org. 6, 99 (1952). 

On the Role of Purines  in the E n z y m a t i c  
Reduct ion of T e t r a z o l i u m  Salts  

I n  t h e  pas t ,  t h r e e  p r i m e  f u n c t i o n s  of pu r i ne s  a n d  t h e i r  
d e r i v a t i v e s  in  t h e  ce l lu lar  e c o n o m y  h a v e  b e e n  e luc ida t -  
ed, n a m e l y  in  t h e  f o r m a t i o n  of nuc l eop ro t e in s ,  in  ene rgy -  
c o n s e r v a t i o n  m e c h a n i s m  a n d  in  some  t r a n s f e r  r e a c t i o n s  
of c a r b o h y d r a t e s  a n d  phospho l ip ides .  T h a t  s t i l l  other 
f u n c t i o n s  ex i s t  for  t h i s  i m p o r t a n t  g roup  of  c o m p o u n d s  
is a t t e s t e d  to  b y  t h e  role  of h y p o x a n t h i n e  in  t h e  ox ida -  

t i on  of s u l p h i t e  1, cys t e ine  2, a n d  f a t t y  acids  a, a n d  of 
a d e n o s i n e - 5 ' - m o n o p h o s p h a t e  (AMP) in  L -amino  acid 
d e c a r b o x y l a t i o n  4. I t  h a s  also b e e n  r e c e n t l y  f o u n d  ~ t h a t  
a wide  v a r i e t y  of such  c o m p o u n d s  f u n c t i o n  in t e t r a -  
z o l i u m  s a l t  r e d u c t i o n .  T h u s ,  pu r ine ,  h y p o x a n t h i n e  a n d  
r e l a t e d  c o m p o u n d s  6 c a n  rep lace  t h e  h e a t - s t a b l e  factor ,  
f o u n d  in  v a r i o u s  a n i m a l  t i s sues  a n d  in  yeas t ,  w h i c h  is 
n e c e s s a r y  for  t h e  e n z y m a t i c  r e d u c t i o n  of t e t r a z o l i u m  
sa l t sL The  p u r p o s e  of t h e  p r e s e n t  c o m m u n i c a t i o n  is to  
r e p o r t  t h e  f i nd ings  t h a t  t h i s  a c t i v a t i o n  b y  p u r i n e s  a n d  
p u r i n e  d e r i v a t i v e s ,  a l t h o u g h  f i r s t  d e t e c t e d  b y  us in  t he  
case  of a n  a m i n e  d e h y d r o g e n a t i n g  sy s t em,  is o b s e r v e d  
w i t h  q u i t e  d ive r se  s u b s t r a t e s  w h e n  a t e t r a z o l i u m  sa l t  is 
used  as t h e  t e r m i n a l  e l ec t ron  accep to r .  

Methods.--Washed par t i c l e s  of h o m o g e n i z e d  r a t  l iver  
or, a l t e r n a t i v e l y ,  so lub i l i zed  e n z y m e  p r e p a r a t i o n s  8, 
were  used  as sources  of e n z y m e .  R e a c t i o n  m i x t u r e s  
c o n t a i n e d ,  in  a f ina l  v o l u m e  of 2.0 ml ,  40 / ,moles  of 
p h o s p h a t e  buffer ,  p H  7-4; 20 /~moles of s u b s t r a t e ;  
4.8 /*moles of t r i p h e n y l t e t r a z o l i u m  ch lo r ide  or  n e o t e t r a -  
zo l ium ch lo r ide  (expressed  in  m o n o t e t r a z o l i u m  u n i t s ) ;  
0 . 4 / , m o l e  of p y o c y a n i n e ;  0 .1-0.3  / ,mole  of co fac to r  (i.e. 
pu r ine ,  e tc . ) ;  a n d  28-35  m g  (d ry  wt.)  of d i a lyzed  l iver  
e x t r a c t .  P y o c y a n i n e  was  a d d e d  to  a id  t h e  t r a n s f e r  of 
h y d r o g e n  f rom s u b s t r a t e  to  t h e  t e t r a z o l i u m  9, b u t  i t  was  
n o t  a n  o b l i g a t o r y  c o m p o n e n t .  The  so lu t ions  were  incu-  
b a t e d  in  a w a t e r b a t h  a t  37 ° for  15-40  m i n  a t  w h i c h  t i m e  
t h e  co fac to r  was  a d d e d .  T h i s  p r e i n c u b a t i o n  of s u b s t r a t e  
a n d  e n z y m e  a s su red  m a x i m a l  r a t e  of t e t r a z o l i u m  
r e d u c t i o n .  T h e  a p p e a r a n c e  of f o r m a z a n  w i t h  a m i n e  
s u b s t r a t e s  u sua l l y  d e p e n d e d  u p o n  t h e  a d d i t i o n  of t h e  
co fac to r ,  b u t  occas iona l ly  a sma l l  a m o u n t  was  f o r m e d  
be fo re  s u p p l e m e n t a t i o n .  T h e  r e a c t i o n  was  fol lowed b y  
t h e  inc rease  in  a b s o r b a n c e  of t h e  r e a c t i o n  m i x t u r e s  a t  
520 m/z, r e a d  d i r e c t l y  in  t h e  C o l e m a n  J u n i o r  Spec t ro-  
p h o t o m e t e r .  U n d e r  t he se  c o n d i t i o n s  f o r m a z a n  p roduc -  
t i o n  h a s  b e e n  o b s e r v e d  to  p roceed  b r i s k l y  for  a s h o r t  
per iod ,  r e a c h i n g  a p l a t e a u  in 5 -15  min .  Th i s  was  t h e  
case  w h e n  h y p o x a n t h i n e ,  x a n t h i n e ,  pu r ine ,  guan ine ,  
inos ine  a n d  d i p h o s p h o p y r i d i n e  n u c l e o t i d e  ( D P N )  were  
used.  A t  t h e  p l a t e a u  t h e  m o l a r  r a t i o  of ' f o r m a z a n  
p r o d u c e d :  co fac to r  a d d e d '  v a r i e s  b e t w e e n  0.5 a n d  1.5. 
Aden ine ,  6 - m e t h y l p u r i n e ,  a z a g u a n i n e ,  u r ic  ac id  a n d  
a l l o x a n  were  i n a c t i v e  in  t h i s  t e s t  s y s t e m  s. 

Resul t s . -Many s u b s t r a t e s  were  t e s t e d  as h y d r o g e n  
donor s  w i t h  a t e t r a z o l i u m  sa l t  as t h e  u l t i m a t e  accep to r  
(Table) .  A m o n g  t h e  amines ,  t y r a m i n e  a n d  i s o a m y l a m i n e  
h a d  a n  a b s o l u t e  r e q u i r e m e n t  for  t h i s  co fac to r ;  w i t h  
t r y p t a m i n e  a n d  b e n z y l a m i n e  t h e  r a t e  of r e d u c t i o n  of the 
dye  was  m a r k e d l y  acce l e r a t ed  b y  t h e  cofac to r .  Choline 
a n d  s u c c i n a t e  were  also d e h y d r o g e n a t e d  in  t h e  u n s u p p l e -  
m e n t e d  r e a c t i o n  m i x t u r e s  b u t  a d d i t i o n  of co fac to r  in- 
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