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QUANTITATIVE ANALYSIS OF TUBRRCIDIN I N  STREPTOMYCES TUBERCIDICUS 
CULTURES BY H I G H  PRESSURE LIQUID CHROMATOGRAPHY 

YOO, J i n  Cheol, Yung Chi1 HAH and Soon Woo HONG 

Department of Microbiology 
College of Natura l  Sc iences  
Seoul Nat iona l  U n i v e r s i t y  

Seoul 151,  KOREA 

ABSTRACT 

The t u b e r c i d i n  i n  Streptomyces t u b e r c i d i c u s  c u l t u r e s  was ex- 
t r a c t e d  and d e t e c t e d  by High Pressure Liquid Chromatography (HPLC) . 
Using t h e  methanol/water s o l v e n t  (20/80) ,  t h e  column u-Bondapak 
C18 (Waters A s s o c i a t e s )  s e p a r a t e d  t h i s  a n t i b i o t i c  compound w e l l .  
The d e t e c t i o n  was performed a t  254nm where t u b e r c i d i n  w a s  absorbed.  
T h i s  method provided a r a p i d  and e x a c t  a n a l y s i s  f o r  t h e  a m u n t  of 
t u b e r c i d i n  p r e s e n t  i n  c e l l  f r e e  culture medium. 

INTRODUCTION 

The t u b e r c i d i n ,  7-deaza-adenosine r i b o n u c l e o t i d e ,  h a s  antimyco- 

b a c t e r i a l  and ant i tumor a c t i v i t y  (1). Tuberc id in  s t r u c t u r e  is 

analogous to  t h a t  of adenosine and d i f f e r s  by v i r t u e  of i t s  unique 

7-deaza adnosine base as  shown i n  f i g u r e  1. 

There a r e  s e v e r a l  methods a v a i l a b l e  f o r  de te rmining  t u b e r c i -  

d i n .  Smulson ( 2 )  d e s c r i b e d  t h a t  mix tures  of t u b e r c i d i n ,  guano- 

s i n e ,  etc. were s e p a r a t e d  by paper chromatography. And Dekker(3)  

and Uematsu(4) d e s c r i b e d  t h a t  n u c l e o t i d e  a n t i b i o t i c s  were s e p a r a t e d  

by column chromatography. 
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H o H d H  HO OH 

A 
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Figure  1 

S t r u c t u r e s  of Tuberc id in  (A)  and Adenosine ( B )  

The methods d e s c r i b e d  aboveI however, were n o t  s u i t a b l e  for 

t h e  de te rmina t ion  of t u b e r c i d i n  for s e v e r a l  r e a s o n s ;  time-consuming, 

Complicated sample p r e p a r a t i o n  and d i f f i c u l t y  i n  e x a c t  q u a n t i t a t i o n  

i n  i n d i v i d u a l  d e t e r m i n a t i o n  of b i o l o g i c a l  mix tures .  I n  t h i s  res -  

p e c t ,  a new method using HPLC for t h e  q u a n t i t a t i v e  a n a l y s i s  of t u b e r -  

c i d i n  was developed i n  t h i s  p r e s e n t  i n v e s t i g a t i o n .  

MATERIALS AND METHODS 

Bacterial  S t r a i n s  

- S. t u b e r c i d i c u s  ATCC 25502 which was o b t a i n e d  from D r .  Y i m  i n  

our depar tment ,  and t h r e e  auxot rophic  mutants ,  phe-; Ile-: Val-, 

nice ; were used i n  t h i s  experiment .  Three auxot rophic  mutants  

were obta ined  from S. t u b e r c i d i c u s  ATCC 25502 wi th  W and NTG by 

t h e  procedure of Ochi e t  a l .  ( 5 )  

B a c t e r i a l  C u l t u r e  Medium 

a )  Seed c u l t u r e  medium ; W i l l i a m ' s  (6) peptone-yeast  extract- 

- 

glucose  b r o t h  was used. 
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l O O m l  of  seed c u l t u r e  medium conta ined  ; peptone,  0.5g; y e a s t  

e x t r a c t ,  0.29; g l u c o s e ,  l g ;  c a s e i n  hydro lyza te ,  0.19; NaC1, 

0.59. l O m l  of  seed c u l t u r e  medium was poured i n t o  l O O m l  

Erlenmeyer f l a s k s .  A f t e r  t h e  medium was au toc laved  a t  121'C 

f o r  15min and cooled  down t o  room tempera ture ,  t h e  t e s t  

s t r a i n s  were i n o c u l a t e d .  

b) Fermentat ion c u l t u r e  ; modif ied Vavra ' s  ( 7 )  medium was used. 

Two l i t r e s  o f  f e r m e n t a t i o n  medium c o n t a i n e d  ; peptone,  log;  

g l y c e r o l ,  409; ammonium s u l f a t e ,  59; Calcium c a r b o n a t e ,  l g ;  

250ml of c u l t u r e  med ium w a s  poured i n t o  1 l i t r e  c u l t u r e  

f l a s k s .  S .  t u b e r c i d i c u s  seed  media were maintained aerobi -  

c a l l y  a t  2 7 ' C  on a r o t a t o r y  shaker .  Af te r  2 days ,  0 . 1 %  

inoculum was added t o  250ml fe rmenta t ion  medium. 

Sample P r e p a r a t i o n  

C e l l  f r e e  f i l t r a t e  sample p r e p a r a t i o n  was performed on t h e  

b a s i s  of  Smulson's method ( 2 ) .  

S i x t y  hours  a f t e r  i n o c u l a t i o n ,  t h e  medium was f i l t e r e d  by cen- 

t r i f u g a t i o n  ( H i t a c h i  A u t o m a t i c  Refr i g e r a t e d  C e n t r i f u g e ,  H i t a c h i  Koki 

Co. ,  LTD) to o b t a i n  ce l l  f r e e  sample. Act iva ted  c h a r c o a l  (lg/100ml) 

was added t o  t h e  f i l t r a t e ,  a f t e r  ad jus tment  t o  pH 8 . 0  with NH OH f o r  

30min, and w a s  removed by f i l t r a t i o n .  The c h a r c o a l  was washed wi th  

200ml of 80% a c e t o n e  pH 2'.0 ( a c i d i f i e d  w i t h  I N - H C 1 ) .  

4 

The aqueous-acetone s o l u t i o n  was n e u t r a l i z e d  wi th  amonium 

hydroxide and taken d r y n e s s  under vacuum. The r e s i d u e  was t r e a t e d  

with hot  a b s o l u t e  e t h a n o l .  The e t h a n o l  was evapora ted  t o  a smal l  

volume (5ml)  and t h e  i n s o l u b l e  m a t e r i a l  was removed. T h i s  sample 

s o l u t i o n  was f i l t e r e d  through 0.45 urn p o r o s i t y  nucleopore f i l t e r  

( M i l l i p o r e  c o r p . )  

S tandard  S o l u t i o n  P r e p a r a t i o n  

Tuberc id in  (Sigma C o . )  s tandard  s o l u t i o n  was prepared wi th  

0.OlmM and O.lmM c o n c e n t r a t i o n s .  Each guanos ine ,  adenosine,  cy to-  

s i n e  (Sigma C o . )  s tandard  s o l u t i o n s  were prepared  wi th  0.1mM con- 

c e n t r a t i o n s  and s tandard  mixture  s o l u t i o n  was prepared wi th  s e v e r a l  

ra t ios  o f  above s tandard  s o l u t i o n s .  
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10 MIN 
B 

0- 
A 

Figure  2 

Tuberc id in  a n a l y s i s  p a t t e r n  i n  s t a n d a r d  mixture  s o l u t i o n  by HPLC 
using 30% Methanol s o l v e n t  (A) and 20% Methanol s o l v e n t  (B) 
A 1, c y t o s i n e  + guanosine ; 2 ,  adenosine ; 3 ,  t u b e r c i d i n e  
B 1, c y t o s i n e  ; 2 ,  guanosine ; 3, adenos ine  ; 4 ,  t u b e r c i d i n e  

Analys is  by HPLC 

Opera t iona l  c o n d i t i o n s  of HPLC (Waters A s s o c i a t e s  I n c .  Mi l ford ,  

Mass 01757, USA) were a s  fo l low;  column, u-Bondapak C18'; s o l v e n t ,  

methanol/water (30/70, 20/80); f low r a t e ,  l.Oml/min; d e t e c t o r  U.V. 

m d e l ,  254nm; tempera ture ,  room tempera ture .  Methanol s o l v e n t s  

( f o r  chromatographic  g r a d e ,  Merck) were degassed and f i l t e r e d  

through M i l l i p o r e  f i l t e r  p r i o r  to  use. 

WSULT AND DISCUSSION 

A s  t u b e r c i d i n  i s  analogous t o  n e c l e o s i d e ,  adenos ine ,  w e  attemp- 

t e d  t o  s e p a r a t e  t u b e r c i d i n  from adenos ine ,  t u b e r c i d i n ,  c y t o s i n e ,  
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I 

T 

I, 
0 I0 

A B C 

Figure  3 

Tuberc id in  a n a l y s i s  p a t t e r n  shown i n  c e l l  f i l t r a t e  sample by 
HPLC t o  show t u b e r c i d i n  peak (T) i n  p b e r c i d i n  s o l u t i o n  (A) , 
wild type  ce l l  f i l t r a t e  s o l u t i o n  (B) 3and wi ld  type  ce l l  f i l t r a t e  
s o l u t i o n  p l u s  t u b e r c i d i n  s o l u t i o n  (C) . 
1. 0.OlmM t u b e r c i d i n  s o l n .  20 ul. 2 .  ce l l  f i l t r a t e  s o h .  5 u l  
3. c e l l  f i l t r a t e  s o h .  5 ul + 0.OlmM t u b e r c i d i n  s o l n .  20 ul 

guanosine c o n t a i n i n g  s o l u t i o n .  Tuberc id in  i n  s tandard  mixture  

s o l u t i o n  could  be w e l l  s e p a r a t e d  by HPLC using 2 0 %  methanol sol- 

v e n t  could  n o t  s e p a r a t e  four compounds comple te ly  as  shown i n  f i g u r e  

2-A. A s  shown i n  f i g u r e  3-B, t u b e r c i d i n  i n  cel l  f i l t r a t e  samples 

was also d e t e c t e d  by HPLC us ing  2 0 %  methanol s o l v e n t .  To i d e n t i f y  

t h a t  t h e  appeared peak is t h e  t r u e  t u b e r c i d i n  one ,  s tandard  tuber-  

c i d i n  s o l u t i o n  w a s  added t o  t h e  cel l  f i l t r a t e  sample. The peak 

was i n c r e a s e d  as  much a s  t h e  amount of added t u b e r c i d i n  i n  t u r n  as  

shown i n  f i g u r e  3-C. For e x a c t  q u a n t i t a t i o n  of t u b e r c i d i n ,  w e  
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O.olmM tubercidin 

Figure  4 

Tuberc id in  s t a n d a r d  c u r v e  by HPLC chromatograms using 2 0% Methanol 
s o l v e n t .  1 0  u l  a l i g u o t s  of s tandard  t u b e r c i d i n  s o l u t i o n  (0.OlmM) 
were i n j e c t e d .  

prepared t u b e r c i d i n  s tandard  curve  by HPLC chromatograms us ing  20% 

methanol s o l v e n t ,  0.01ml s tandard  t u b e r c i d i n  s o l u t i o n .  T h i s  re- 

s u l t  i s  shown i n  f i g u r e  4 .  On t h e  b a s i s  o f  above r e s u l t ,  w e  analy-  

zed t h e  t u b e r c i d i n  q u a n t i t a t i v e l y  i n  four s t r a i n  cul ture  f i l t r a t e  

samples. The r e s u l t  w a s  a s  fol low; Streptomyces t u b e r c i d i c u s  ATCC 

25502 (wild t y p e ) ,  0.51mg; phe- auxot roph ,  0.28mg; I le-  auxotroph,  

0.634mg; Val-, Nico- auxotroph 0 . 4 5 ~  per  l O O m l  c e l l  f r e e  f i l t r a t e  

samples. T h i s  r e s u l t  i s  shown i n  f i g u r e  5 t o  compare r e l a t i v e  

t u b e r c i d i n  amounts. One p e c u l i a r  c h a r a c t e r i s t i c  of  above resul t  

was t h a t  I l e -  auxotroph produced more t u b e r c i d i n  than wild type 

s t r a i n .  
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A - D 

B 

C 

Figure  5 

R e l a t i v e  t u b e r c i d i n  amounts produced by S. t u b e r c i d i c u s  ATCC 25502 
(wi ld  type)  and t h r e e  auxot rophig  mutants  A,  wi ld  type s t r a i n d  B ,  
phe -auxotrophic  mutant ; C, I le  auxot rophic  mutant ; D, v a l  . 
n i c o  auxot rophic  mutant. 
(mg/ l O O m l  c e l l  f i l t r a t e  samples) 

T h i s  f a c t  s u g g e s t s  t h a t  s t r a i n  can  be improved by mutat ion a s  

publ i shed  by Wesseling e t  a 1  ( 8 ) .  Other  peaks appeared i n  ce l l  

f i l t r a t e  sample (F igure  3 )  would be removed by i n t e n s e  p u r i f i c a t i o n  

procedure using paper  chromatography or column chromatography e tc . ,  

but it seems t h a t  t h e s e  peaks d o  n o t  i n f l u e n c e  on t h e  q u a n t i t a t i v e  

a n a l y s i s  of t u b e r c i d i n .  I n  summury, t h e  HPLC method d e s c r i b e d  

above can be  u s e f u l  f o r  t h e  d e t e c t i o n  as w e l l  as q u a n t i t a t i v e  ana- 

l y s i s  o f  t u b e r c i d i n  and o t h e r  nuc leos ide  a n t i b i o t i c s  p r e s e n t  i n  

bac ter  i a 1 c ul t u r  e s . 
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