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DETERMINATION OF THE MAJOR FACTORS OF FERMENTATION 
OF THE NEBRAMYCIN COMPLEX BY H I G H  PERFORMANCE L I Q U I D  

C HROMATOGRA PHY 

J B n o s  H a r a n g i ,  M a g d o l n a  DeBk, P b l  N d n d s i  

I n s t i t u t e  of B i o c h e m i s t r y ,  L, K o s s u t h  U n i v e r s i t y  
H-4010 D e b r e c e n  , H u n g a r y  

a n d  

Gyorgy  Becsa 

BIOGAL P h a r m a c e u t i c a l  Works 
H-4042 D e b r e c e n  , H u n g a r y  

A BSTRAC T 

For t h e  d e t e r m i n a t i o n  of t h e  m a j o r  fac tors  ( t o b r a -  
m y c i n ,  k a n a m y c i n  8, a p r e m y c i n )  from t h e  f e r m e n t a t i o n  b r o t h  
a new m e t h o d  h a s  b e e n  d e v e l o p e d  w i t h  c o m b i n a t i o n  of some 
ea r l i e r  p u b l i s h e d  m e t h o d ,  I n  t h i s  m e t h o d  t h e  p r o t e i n  
c o n t e n t  of t h e  mixture  was removed by  t r e a t m e n t  w i t h  
t r  is - ( h y d r o x y m e t h  y l  )-am i n o m e  t h a n  e f o l l o w e d  b y  c e n  t r  i f  u g  i n g  
t h e n  t h e  a n t i b i o t i c  c o n t e n t  w a s  d e r i v a t i z e d  b y  l - f l u o r e -  
- Z J 4 - d i n i t r o - b e n z e n e .  T h e  mixture was a n a l y s e d  o n  a 
r e v e r s e d  p h a s e  co lumn.  
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INTRODUCTION 

HARANGI ET AL. 

T h e  a n t i b i o t i c s  tobramycin, kanamycin B and apramycin 

(Fig.  l), producing upon f e rmen ta t ion  of  t h e  nebramycin 

complex, possess  wide spectrum of  a c t i v i t y  and r e l a t i v e l y  

low t o x i c i t y ,  p rovid ing  f avourab le  u t i l i z a t i o n  i n  v e t e r -  

inary ,  and indeed, i n  human therapy.  T h e  c o n t r o l  and 

q u a l i f i c a t i o n  of  t h e  p roducts  ob ta ined  on f e rmen ta t ion  

a r e  e s s e n t i a l  requi rements  of  t h e  a p p l i c a t i o n  of s u c h  

a n t i b i o t i c  subs tances .  

H 

NH2 

Kanamycin R: R 4 H  
Tobramycin: R=H 

HO 
H 

Apromyc i n 

Figure 1. Structures o f  the antibiotics 
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FERMENTATION OF N E B W C I N  COMPLEX 85 

Several a t tempts  have been  made so f a r  f o r  t h e  

a n a l y s i s  of am inoglycos ide-type a n t i b i o t i c s ,  involving 

a gas chromatographic method (1). O n e  of t h e  most s eve re  

d i f f i c u l t i e s  of t h e  h i g h  performance l i q u i d  chromato- 

graphic  a n a l y s i s  of t h e  aminoglycoside a n t i b i o t i c s  is 

t h e  de tec t ion .  As these compounds do not  have absorp t ion  

i n  t h e  u l t r a v i o l e t  range, s u f f i c i e n t  chromatographic 

de t ec t ion  can b e  achieved only a f t e r  d e r i v a t i z a t i o n .  

T h e  prsence of amino groups i n  t h e  molecule of these 

a n t i b i o t i c s  allows t h e  ion-exchange chromatographic sep- 

a r a t i o n  and t h e  de t ec t ion  can b e  performed either by 

r e f r a c t i v e  index  d e t e c t o r  o r  by f luorescence  t e c h n i q u e  

(2) preceiding d e r i v a t i z a t i o n  of the separa ted  components. 

For t h e  s epa ra t ion  and de tec t ion  of t h e  neomycin com- 

ponents T s u j i  e t  a l .  (3) e labora ted  a method involving 

t h e  r eac t ion  of t h e  amino func t ions  w i t h  l - f l uo re -  

-2,4-dinitrobenzene (DNFB) and sepa ra t ion  of t h e  r e s u l t i n g  

N-dinitrophenyl d e r i v a t i v e s  on s i l i c a g e l  s t a t i o n a r y  

phase using a chloroform-tetrahydrofurane-water system 

as t h e  e l u e n t .  Although t h e  s epa ra t ion  was exce l l en t ,  

due  t o  t h e  l a r g e  r e t e n t i o n  time of 2,4-dinitrophenol - 
t h e  by-product of t h e  d e r i v a t i z a t i o n  reac t ion ,  formed 

from DNFB - t h e  a n a l y s i s  requi red  too  long time. 

Barents a t  a l ,  (4-6) and Elrod e t  a l .  (7) have repor ted  

on t h e  a n a l y s i s  and determination of s e v e r a l  aminoglyc- 

o s i d e  type a n t i b i o t i c s ,  a l s o  i n  serum, by t h e  app l i ca t ion  

of reversed phase column and d e r i v a t i z a t i o n  w i t h  DNFB. 

For t h e  de t ec t ion  and determination of s eve ra l  amino- 
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86 HARANGI ET AL. 

glycoside a n t i b i o t i c s  a t h i n  l a y e r  chromatographic method 

has been a l s o  reported recently (8). 

Based on t h i s  background w e  attempted t h e  separat ion 

and determination of t h e  components formed upon nebramycin 

fermentation. F i r s t  t h e  i s o l a t e d  product mixture was i n -  

ve s t iga t ed  and t h e n  t h e  method was e x t e n d e d  t o  t h e  examin- 

a t i o n  of t h e  fermentation broth,  a s  w e l l ,  assur ing t h e  

f a s t  and r e l i a b l e  con t ro l  of t h e  a n t i b i o t i c  l e v e l .  

RESULTS AND DISCUSSION 

Since there is no s i g n i f i c a n t  d i f f e rence  i n  t h e  

structure of t h e  a n t i b i o t i c s  t o  b e  separated ( e spec ia l ly  

i n  t h e  case of tobramycin and kanamycin B) t h e  separat ion 

of t h e  components of t h e  mixture  seemed t o  b e  d i f f i c u l t .  

No s u f f i c i e n t  s epa ra t ion  could b e  achieved u s i n g  e i ther  

ion exchange o r  ion-pa ir chromatographic t e c h n i q u e  

(p-toluene s u l f o n i c  a c i d  o r  pentane s u l f o n i c  a c i d  ion p a i r  

forming agents,  reversed p h e s e  column). I n  these cases  

t h e  detect ion was very d i f f i c u l t  and due t o  t h e  low sens- 

i t i v i t y  of t h e  r e f r a c t i v e  index de tec to r  t h e  column was 

presumably overloaded. 

T h e  f i r s t  successful  experiments could b e  accomp- 

l i s h e d  by using s i l i c a g e l  column and an e l u e n t  system 

s i m i l a r  t o  those reported i n  r e f .  2 ,  and these t r i a l s  

r e su l t ed  i n  t h e  s u f f i c i e n t  s epa ra t ion  of t h e  three major 

components of t h e  nebramycin complex (Fig. 2 )  : 
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FERMENTATION OF NEBRAMYCIN COMPLEX 87 

a p r a m y c i n  

kanamycin  B 

t o b r a m y c i n  

k' RT 
(min)  

3.64 6.40 

2.12 4.30 

2.64 5.02 

The r e t e n t i o n  time o f  t h e  earlier m e n t i o n e d  b y - p r o d u c t ,  

2 , 4 - d i n i t r o p h e n o l ,  was 48 m i n u t e s ,  w h e r e a s  t h e  r e t e n t i o n  

time o f  t h e  l a s t  e l u t e d  component  o f  t h e  a n t i b i o t i c  mix- 

t u r e  was b e l o w  10 m i n u t e s .  Thus most p a r t  o f  the a n a l y s i s  

i n v o l v e d  t h e  e l u t i o n  of 2 , 4 - d i n i t r o p h e n o l  making t h e  

Figure 2 .  Separation o f  the major components of t h e  nebramycin complex 
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a8 HARANGI ET AL. 

method too  l ong  and tedious, therefore,  another process 

was elaborated. 

By the  a p p l i c a t i o n  o f  reversed phase technique and 

an e luen t  system (see Experimental) very s i m i l a r  t o  those 

repor ted  f o r  reversed phase column (4-7) s a t i s f a c t o r y  

separa t ion  o f  t h e  th ree  a n t i b i o t i c s  was ob ta ined:  

apramyc i n  

k' RT 
(min) 

6.97 9.56 

kanamycin B 8.40 11.28 

tobramyc i n  11.38 14.86 

The excess o f  t he  d e r i v a t i z i n g  agent and t h e  by-product 

of t he  d e r i v a t i z a t i o n  r e a c t i o n  e l u t e d  a t  t he  o u t s e t  o f  

t he  chromatogram, so these m a t e r i a l s  d i d  n o t  d i s t u r b  the  

determinat ion.  Using t h i s  procedure t h e  th ree  main com- 

ponents o f  t he  nebramycin complex cou ld  be simultaneously 

determined (Fig. 3). 

The ana lys i s  o f  t he  a n t i b i o t i c s  i n  the  fe rmenta t ion  

b r o t h  requ i res  f i l t e r e d  and p r o t e i n - f r e e  so lu t i on ,  as the  

presence o f  p r o t e i n s  and amino acides may d i s t u r b  the  

de terminat ion  process. I n  i n d u s t r y  the  removal o f  p r o t e i n s  

from the  fe rmenta t ion  b r o t h  i s  accomplished by hea t - t rea t -  

ment under a c i d i c  cond i t ions ,  f o l l owed  by the  f i l t e r i n g  

o f  p r e c i p i t a t e d  p r o t e i n s  and suspended p a r t i c l e s  o f  t h e  

c u l t u r e  medium. The a n t i b i o t i c  components a r e  then separ- 

a ted  and i s o l a t e d  by means o f  ion-exchange chromatography 

on a l a r g e  column, 
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Fig. 4 

Figures 3 & 4. Separation of apramycin, kanamycin B, and 
tobramycin on a reverse phase column from a mixture o f  
the clear components (Fig. 3) and from a fermentation 
broth (Fig. 4).  

For t h e  l i q u i d  c h r o m a t o g r a p h i c  a n a l y s i s  t h e  removal 

of p r o t e i n s  c o u l d  b e  a c h i e v e d  by t r e a t m e n t  w i t h  tr i s -  

(hydroxymethy1)-aminomethane a n d  s u b s e q u e n t  c e n t r i f u g i n g  

for a few m i n u t e s .  U s i n g  t h i s  p r o c e d u r e  several s o l i d  a n d  

c o l l o i d  component  o f  t h e  system c o u l d  b e  a l s o  removed,  
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90 HARANGI ET AL. 

T h e  obtained c l e a r  fermentation broth was s a t i s f a c t o r y  

f o r  d e r i v a t i z a t i o n ,  i.e. f o r  t he  determination of t h e  

a n t i b i o t i c  components (F ig .  4). 

T h e  a n a l y s i s  of these components i n  t h e  fermentation 

broth allowed t h e  monitoring of t h e  a n t i b i o t i c  l e v e l  upon 

fermentation. Taking samples i n  each 8 t h  hour it was 

e s t ab l i shed  t h a t  no d e t e c t a b l e  a n t i b i o t i c  subs tance  is 

present  a f t e r  24 hours of t h e  inocula t ion  of t h e  producting 

s t r a i n  (Streptomyces Tenebrarius).  Af te r  t h e t  t h e  e n t i -  

b i o t i c  l e v e l  quickly increases  and reaches a maximum 

a f t e r  100-110 hours i n  t h e  examined labora tory  fermenta- 

t i o n s  (F ig .  5). T h e  fe rmenta t ion  has to  b e  stopped and 

worked up a t  t h i s  point.  Using t h i s  method t h e  l i q u i d  

chromatographic a n a l y s i s ,  including t h e  p repara t ion  of 

t h e  samples, t akes  cca. 1.5 hours, so it is more quick 

and convenient than t h e  microbio logica l  eva lua t ion .  

EXPERIMENTAL 

Preparation of t h e  sample 

To a 5 m l  a l i q u o t  of t h e  fermentation b r o t h  5 m l  

aqueous s o l u t i o n  of tris-(hydroxymethy1)-aminomethane 

( sa tu ra t ed )  and 20 m l  a c e t o n i t r i l e  was added. T h e  precip- 

i t a t e d  p r o t e i n s  were removed by cen t r i fug ing  f o r  10 m i n .  

( a t  3000 rpm) and t h e  supe rna tan t  was decanted. For der iv-  

a t i z a t i o n  r eac t ion  1 m l  a l i q u o t  of t h i s  s o l u t i o n  was used .  

Preparation of t h e  re fe rence  sample 

To 100 m l  of a "0 h r "  fermentation b r o t h  t h e  necessery 

amount of t h e  a n t i b i o t i c s  f o r  t h e  c a l i b r a t i o n  was added 
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92 HARANGI ET AL. 

(apramycin: 0.2-1.0 mg, Kanamycin 6: 0.5-5.0 mg, tobra- 

mycin: 0.5-5,O mg) and t h i s  s o l u t i o n  was pre- t rea ted  

s i m i l a r l y  t o  t h a t  of t h e  fermentation b r o t h .  

Der iva t i z a t i o n  

To 1 m l  o f  a pre- threa ted  fermentation broth 3 m l  

of 0.15 M methanolic DNFB s o l u t i o n  was added. T h e  m i x t u r e  

was heated a t  1 0 0 ° C  f o r  45 m i n .  under r e f l u x  condenser, 

cooled, and the f i n a l  volume of the s o l u t i o n  was ad jus ted  

to  4 m l  w i t h  e l u e n t .  T h i s  s o l u t i o n  was appl ied  f o r  t h e  

determinations.  

Liquid chromatographic determination 

T h e  ana lyses  w e r w  performed w i t h  a Hewlett-Packard 

1 0 8 1 A  i s o c r a t i c  i n s t r u m e n t  using a 20 ul loop Reodyne 

i n j e c t o r .  T h e  composition of t h e  e l u e n t  was 55:45:0.15 

ace ton i t r i l e -wa te r - ace t i c  ac id ,  flow r a t e  1.2 ml/min. 

T h e  s epa ra t ion  was accomplished on a LiChrosorb RP-8  

column ( lenght :  20 cm, ID: 4.6 m m ,  p a r t i c l e  s i z e :  10 um, 

HP 799188 type). T h e  de t ec t ion  was c a r r i e d  o u t  a t  350 nm, 

u s i n g  an OE 308 type v a r i a b l e  wave-lenght UV d e t e c t o r  

(Labor MClszeriapi MClvek, Hungary). For t h e  recording and 

in t eg ra t ion  a Hewlett-Packard 3 3 8 5 A  type i n t e g r a t o r  was 

used. T h e  q u a n t i t a t i v e  determination was achieved accor- 

ding a c a l i b r a t i o n  curve by measuring of t h e  peak area .  

REFERENCES 

1. Tsu j i ,  K. and Robertson, J. H., Methods i n  Enzymology, 
Vol .  X L I I I ,  e d i t e d  by Hash, J. H., Academic Press, N e w  
York, San Francisco, London, 1975, p. 220. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
2
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



FERMENTATION OF NEBRAMYCIN COMPLEX 93  

2, Mays, D.L., VanApeldoorn, R. J., Laulack, L. G., 

J. Chromatogr., 120, 93, 1976. 

3. Tsu j i ,  K., Goetz, J. F., VanMeter, W., and Gusciora, 
K. A,, J. Chromatogr., 175, 141, 1979. 

4. Barends, D. M., Van der Sandt, 3 .  S. F., and Hulshoff ,  
A., J. Chromatogr., 182, 201, 1980. 

5. Barends, D. M., Zwaan, C. L., and Hulshoff ,  A., 

3 .  Chromatogr., 222, 316, 1981. 

6. Barends, D. M,, Zwaan, C, L., and Hulshoff ,  A., 

J. Chromatogr., 225, 417, 1981. 

7. Elrod, L., White, L. B., and Wong, C. F., J, Chromatogr., 
208, 357, 1981. .- 

8, Claes, P. J. and Vanderhaege, H., J. Chromatogr., 248, 
483, 1982. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
2
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


