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PREPARATION AND PURIFICATION OF [“C] LABELED 

N-DEMETHYL LINCWYCIN AND PROPYLPROLINE FROM P’C] TYROSINE 

E. C.  Hausknecht and H. J. Wolf 
Fermentat ion Research and Development, The Upjohn Company, Kalamazoo, 
Michigan 49001 

SUMMARY 

Propy lp ro l ine  and N-demethyl-lincomycin, two i n t e r m e d i a t e s  i n  l i n c o m y c i n  
b i o s y n t h e s i s ,  were prepared i n  r a d i o l a b e l e d  form. [**C]-labeled N-demethyl- 
l incomycin was s y n t h e s i z e d  by a r e s t i n g  cel l  suspens ion  of a l incomycin n e g a t i v e  
mutant o f  Streptomyces l i n c o l n e n s i s  tha t  was f ed  methylthiolincosaminide and uniformly 
labeled [ ‘*C]-tyrosine.  [ ‘*C]-N-demethyl-lincomycin was isolated from t h e  C u l t u r e  
medium by ion  exchange chromatography and r e v e r s e  phase-ion p a i r  h i g h  p r e s s u r e  
l i q u i d  chromatography. [**C]-propylprol ine was gene ra t ed  by t h e  base h y d r o l y s i s  
of [ “C]-N-demethyl-lincomycin and isolated by an ion  exchange chromatography.  
The p roduc t s  had r ad iochemica l  p u r i t i e s  g r e a t e r  t han  95% and s p e c i f i c  a c t i v i t i e s  
o f  5.9 mCi/mmle. 

Key Words: [‘*C]N-demethyl-lincomycin, [ l*C]p ropy lp ro l ine ,  Streptomyces 
l i n c o l n e n s i s ,  h i g h  p r e s s u r e  l i q u i d  chromatography. 

INTRODUCTION 

Previous b i o s y n t h e t i c  s t u d i e s  have suggested t h a t  t h e  l a s t  two s t e p s  Of 

l incomycin b i o s y n t h e s i s  i nvo lve  t h e  coupl ing o f  p r o p y l p r o l i n e  (PPL) and methyl- 

t h io l incosamin ide  (MTL) t o  produce N-demethyl-lincomycin (N-deMe-L) followed by t h e  

N-methylation o f  N-deMe-L t o  produce l incomycin A ( L A )  ( 1 ) .  One way to  examine 

these p u t a t i v e  enzyme a c t i v i t i e s  is t o  follow t h e  i n c o r p o r a t i o n  o f  r a d i o a c t i v e l y  

labeled s u b s t r a t e  i n t o  t h e  product .  Th i s  r e p o r t  describes the  p r e p a r a t i o n  of two 

[ l*C]-labeled l incomycin i n t e r m e d i a t e s ,  PPL and N-deMe-L, from c o m m e r c i a l l y  

a v a i l a b l e  [ ’*C]- tyrosine f o r  use i n  t h e  s t u d y  of l incomycin b i o s y n t h e s i s .  
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UATERIALS 

L-[ 'C-(U)]-tyrosine (493 mCi/mmole) was purchased from New England Nuclear.  

P ropy lp ro l ine ,  N-demethyl-lincomycin and me thy l th io l incosamin ide  were o b t a i n e d  from 

The Upjohn Company. High p r e s s u r e  l i q u i d  chromatography (HPLC)  s o l v e n t s  were 

purchased from Burdick and Jackson L a b o r a t o r i e s .  M i l l i  Q-UF ( M i l l i p o r e )  r e a g e n t  

water  was used throughout  t h e  experiments .  A l l  o t h e r  chemicals  were purchased 

commercially and used wi thou t  f u r t h e r  p u r i f i c a t i o n .  Thin l a y e r  chromatography 

was performed wi th  s i l i c a  g e l  GF, 250 microns (Ana l t ech ) .  HPLC was c a r r i e d  ou t  

on a Varian 5010 l i q u i d  chromatograph equipped wi th  a v a r i a b l e  wavelength d e t e c t o r  

(No. 1840, ISCO). R a d i o a c t i v i t y  was measured wi th  a Packard Tri-Carb l i q u i d  

s c i n t i l l a t i o n  coun te r .  

S Y N T H E T I C  PATH WAY 
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A non-sporulating lincomycin negat ive mutant was found t o  accumulate n e i t h e r  

PPL nor MTL during the  fermentat ion.  Thin layer  chromatography of the  c u l t u r e  

medium d i d  not i n d i c a t e  e i t h e r  compound wi th  t h e  following condi t ions ,  s i l i c a  g e l  

GF developed with MeOH:CHCl,:NH,OH (35:61:4) and v i s u a l i z e d  u s i n g  a n  i o d i n e  

vapor. When MTL was added t o  the  fermentat ion t o  a f i n a l  concentrat ion of 1 

mg/ml, s u b s t a n t i a l  amounts of N-deMe-L accumulated i n  the medium a s  well a s  minor 

a m u n t s  of LA and Lg. This appears t o  i n d i c a t e  tha t  l e s i o n s  exis t  i n  bqth the  

MTL b iosynthe t ic  pathway and i n  the f i n a l  N-methylation s t e p .  

Preparat ion of 1 4C-N-demethyl-lincomycin 

The fermentation condi t ions were as descr ibed previously ( 3 ) .  After a t o t a l  

of 4 days of incubation i n  the  fermentat ion medium, the  f l a s k  was cooled on i c e  

and the  c e l l s  harvested by cent r i fuga t ion  a t  1000 xg f o r  5 minutes. The mycel ia l  

l ayer  was removed and washed t h r e e  times by c e n t r i f u g a t i o n  with cold 10% potassium 

phosphate buf fer ,  pH 7.0. The washed mycelial p e l l e t  was resuspended t o  the 

o r i g i n a l  volume i n  5 0 G  potassium phosphate b u f f e r ,  pH 7.0 containing 100$ 

glucose,  5 G  MgC1, and 10% K,SO,. The sp in  volume of t h e  suspension was 258 

when cent r i fuged  f o r  15 minutes a t  1000 xg. 

Twenty m l  of  t h e  c e l l  suspension was added t o  a 125 m l  f l a s k  t h a t  contained 

1.3 m l  of a MTL s o l u t i o n  (15 mg/ml) and 10 V C i  of L-["C-(U)1-tyrosine (S.A. = 

493 mCi/mmole) in  100 ~1 of 2% ethanol  i n  H,O. The f l a s k  was incubated a t  28OC 

i n  a gyratory water bath shaker (400 rpm, G76, New Brunswick S c i e n t i f i c ) .  The 

f l a s k  was removed a f t e r  one hour and cooled i n  an i c e  bath t o  s top  the r e a c t i o n ,  

The conten ts  of the f l a s k  were centr i fuged f o r  5 minutes a t  1000 xg. The 

supernatant  was saved. Ten m l  of water was used t o  wash t h e  mycel ia l  p e l l e t  by 

cen t r i fuga t ion .  This supernatant  was combined wi th  t h e  previous supernatant  t o  

g ive  a t o t a l  volume of 27 ml. The s o l u t i o n  was made bas ic  by t h e  a d d i t i o n  of 540 

~1 of 58% NH,OH and t h e  m i x t u r e  allowed t o  s tand f o r  15 minutes i n  an i c e  bath. 
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The small a m u n t  of p r e c i p i t a t e  that  formed was removed by c e n t r i f u g a t i o n  (5 

minutes, 1000 xg) . The s o l u t i o n  w a s  loaded onto an anion exchange column of  AG 

1-X2, OH- form, 200-400 mesh, 1 .5 m l  bed volume (Bio-Rad) t h a t  had been e q u i l i -  

brated with 0.5% (w/v) NH,.  The e luant  and 5 m l  of a 0.5% (w/v) NH, r i n s e  of t h e  

column were co l lec ted .  The combined s o l u t i o n  (32 m l )  was loaded by  grav i ty  feed 

onto a SEP-PAK C , ,  c a r t r i d g e  (Waters) t h a t  had been previously t r e a t e d  with t h r e e  

washes: An a d d i t i o n a l  

5 m l  of  0.5% (w/v) NH, was used  t o  r i n s e  the  column a f t e r  loading. The C '*Cl -N-  

deMe-L was e lu ted  with 5 m l  of a H,O:CH,CN mixture (3:l). T h i s  s o l u t i o n  was 

taken t o  dryness w i t h  N, and the  res idue  red isso lved  i n  t h e  HPLC mobile phase. 

The [ '*C]-N-deMe-L was f i n a l l y  p u r i f i e d  by reverse  phase-ion p a i r  chromatography 

(Figure 1). N-deMe-L was observed t o  have a k '  of 1 1  in  t h i s  system. T h i r t y  

drop f r a c t i o n s  were col lec ted  from the  column and examined for ["CI-N-deMe-L by 

10 m l  of CH,CN, 10 m l  of  H,O and 5 m l  of  0.5% (w/v) NH, .  

Al l  c 

1 1 1 l l l  

0 3 6 9 1 2 1 5  
MINUTES 

Figure 1 :  Reverse phase-ion pa i r  HPLC separa t ion  of lincomycin. Peaks: A= 

lincomycin 8 ,  BIN-demethyl-lincomycin A ,  C-lincomycin A. Column: Zorbax C-8 

(Dupont), 4 .6~150  mm. Mobile phase: 10 g K-PO,, pH II.O:CH,CN (8:2) p l u s  5 rnJ 

Na 1-octanesulfonate. Flow r a t e :  2 ml/min. UV de tec t ion  a t  200 nm. 

counting 3 ~1 of each f r a c t i o n  i n  5 m l  of to1uene:Triton X-100 ( 2 : l )  so lu t ion  

containing 5.5 grams of Permablend I11 (Packard). Appropriate f r a c t i o n s  were 

combined and taken t o  dryness with a stream of N , .  In order  t o  remove the  ion  

pa i r  agent ,  the  res idue  was taken u p  i n  1.0 m l  of water and a c i d i f i e d  with 2N_ 

H C 1 .  The sample was loaded onto a ca t ion  exchange c o l u m  of  AC 50W-X4, H+ form, 

200-400 mesh, 1 .O m l  bed volume (Bio-Rad). The column was washed w i t h  10 m l  of 



ff4Cj Labeied N-Demethyl tincomycin and Propylproline from ['4C] Tyrosine 251 

H,O and then e l u t e d  wi th  10 m l  of 0.3% NH, .  The f i r s t  two m l  of t h e  ammonia 

e l u t i o n  were discarded and the  next  8 m l  co l lec ted  i n  a s i n g l e  v i a l .  Th i s  s o l u t i o n  

was taken t o  dryness and redissolved i n  H,O. Determination O f  radiochemical 

p u r i t y  of  ["CI-N-deMe-L was carried out  using the same HPLC condi t ions  wi th  a 50 

p1 sample loop and counting t h e  r a d i o a c t i v i t y  in  t h e  c o l l e c t e d  f r a c t i o n s .  

[ l'C]-N-demethyl-lincomycin (0.5 M C )  that had a radiochemical p u r i t y  o f  

g r e a t e r  than 95% was obtained by t h i s  method. Incorporat ion of the r a d i o l a b e l  

from [ '"C]-tyrosine i n t o  N-deMe-L was 10%. The i s o l a t i o n  y i e l d  of' the [ "C]-N-deMe-L 

was 50%. 

Preparat ion of *C-Propylproline 

[ ' "CI-PPL was prepared by base hydrolysis  of ['*C]-N-deMe-L. 0.4 pCi of 

["TI-N-deMe-L were dissolved i n  800 p1 of  H,O and added t o  a one m l  Reacti-Vial 

(P ierce)  w i t h  120 ~1 of 50% NaOH and a sp ine  vane. The v i a l  was capped t i g h t l y  

and heated t o  100°C i n  a n  o i l  bath f o r  3 hours wi th  s t i r r i n g .  The e n t i r e  r e a c t i o n  

mixture was loaded onto an anion exchange column AG 1-X2, OH- form, 200-400 mesh, 

1.0 m l  bed volume (Bio-Rad) e q u i l i b r a t e d  w i t h  O.OlN_ NaOH. The column was washed 

wi th  10 ml of H,O. ['*C]-PPL was e l u t e d  with 0.1E HC1 and 1 m l  f r a c t i o n s  were 

co l lec ted .  PPL e l u t e d  i n  f r a c t i o n s  7 and 8. The radiochemical p u r i t y  of PPL was 

determined by t h i n  layer chromatography on s i l i ca  g e l  GF developed with MeOH- 

CHC1,  : NH,OH (35: 61 : 4) ; PPL was v isua l ized  using an iod ine  vapor. Rf values  of 0.36 

and 0.69 were observed f o r  PPL and N-deMe-L, respec t ive ly .  Radioac t iv i ty  was 

determined by scraping zones of t h e  TLC p l a t e s  i n t o  s c i n t i l l a t i o n  v i a l s  and 

counting the  v i a l s  a f t e r  a d d i t i o n  of s c i n t i l l a t i o n  cockta i l .  Quant i ta t ion of 

propylprol ine was determined by d e r i v a t i z a t i o n  w i t h  phenyli-thiocyanate using a 

Waters PICO-TAG system. 

This  method produced 0.36 pCi of [ 14Cl-propylproline wi th  a radiochemical 

p u r i t y  g r e a t e r  than 95%. The y i e l d  was 90% and the  s p e c i f i c  a c t i v i t y  was determined 

t o  b e  5.9 mCi/mmole. 
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Tyrosine has been shown t o  b e  a precursor  of lincomycin by examining the 

incorporat ion of rad ioac t ive  and s t a b l e  i so topes  i n t o  lincomycin (2,3). Specifically 

the l a b e l  is incorporated i n t o  t h e  propylhygric a c i d  ( P H A )  moie ty  Of  LA. previous 

s t u d i e s  have shown that seven of the  nine carbons of ty ros ine  a r e  incorporated 

i n t o  PHA ( 2 ) .  The gamma carbon of t h e  propyl chain a s  well a s  t h e  N-methyl group 

a r e  der ived from methionine ( 4 ) .  Consequently a l l  but two of the carbons i n  PHA 

a r e  labe led  when s t a r t i n g  from uniformly labe led  tyros ine .  Therefore, it was 

expected t h a t  feeding t h i s  s t r a i n  ['"C(U)]-tyrosine i n  the  presence of  MTL would 

produce ["C] l abe led  N-deMe-L. The s h o r t  incubation time reported here ,  one 

hour under nongrowing condi t ions ,  reduces the  t o t a l  incorporat ion of [ 'CI-label 

from t y r o s i n e  i n t o  N-deMe-L but enhances the  s p e c i f i c  a c t i v i t y .  Since t h i s  

mutant e x h i b i t s  l i t t l e  MTL b iosynthe t ic  a b i l i t y  and s i n c e  s u b g t a n t i a l  amounts of 

exogenous MTL were added (0 .9  m g h l ) ,  l i t t l e  i f  any ["CI-label is expected in  t h e  

MTL moiety of ["C]-N-deMe-L. Therefore, i t  is assumed t h a t  t h e  s p e c i f i c  a c t i v i t y  

of the  ["C]-N-deMe-L is t h e  same a s  t h e  ["Cl-PPL.  This assumption is f u r t h e r  

supported by the  90% radioac t ive  y i e l d  during t h e  base hydrolysis  of [ 14C]-N-deMe-L 

t o  produce [ "C]-PPL. 

The i s o l a t i o n  of ['*C]-N-deMe-L is s t ra ight forward .  The use of r e v e r s e  

phase-ion pair  HPLC is important t o  i s o l a t e  N-deMe-L from two o ther  similar 

products, lincomycin A and B. The chromatographic condi t ions reported give good 

separa t ion  o f  a l l  th ree  compounds (Figure 1 ) .  The inclusion of the  ion pa i r  

agent dramatical ly  increases  the  k '  of  N-deMe-L from 5 t o  1 1  with l i t t l e  e f f e c t  

on e i t h e r  LA or  LB. 

Base h y d r o l y s i s  o f  [ '*C]-N-demethyl-lincomycin t o  produce rad io labe led  

[ "TI-propylprol ine proved t o  b e  a r e l a t i v e l y  easy and high y ie ld ing  procedure. 

REFERENCES 

1 .  Bramhe, N . M . ,  Gonzalez, J . E . ,  Mizsak, S., Rolls, J . P . ,  Hessler ,  E . J .  and 

H u r l e y ,  L . H .  - J .  Amer. Chem. SOC. 106: 7878 (1984).  



[I4C] Labeled N-Demethyl Lincomycin and Propylproline from [I4C] Tyrosine 253 

2. 

3. Bramhe, N . M . ,  Conzalez, J .E. ,  Rolls, J . P . ,  Hessler ,  E . J . ,  Mizsak, S.  and 

Witz, D . F . ,  Hessler, E . J .  and Mi l le r ,  T .L.  - Biochemistry lo: 1128 (1971) .  

Hurley, L.H. - J .  h e r .  Chem. S O C .  106: 7873 (1984) .  

4. Argoudelis, A.D., E b l e ,  T.E.. Fox J . A .  and Mason, D.J. - Biochemistry &: 

3408 (1969) .  

ACKNOWLEDGEMENTS 

We thank J.J. Manis f o r  t h e  s t r a i n  of S. l i n c o l n e n s i s ;  G.C. H a r b o u r ,  J . G .  

Hoogerheide and P.D. Reynhout f o r  the q a a n t i t a t i o n  of p6opylproline; and D . J .  

McMaster for typing t h e  manuscript. 


