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S u m m a r y  

The modified method f o r  b iosyn thes i s  o f  L - m e t h i ~ n i n e - ~ ~ S  

and L - ~ y s t i n e - ~ ~ S  from baker's yeas t  (Saccharomyces c e r e v i s i a e )  

is descr ibed .  The yeas t  was c u l t i v a t e d  i n  a sulphur-deplated 

medium conta in ing  c a r r i e r - f r e e  N a  35S04, under a i r  bubbl ing du- 

r i n g  24 hours .  Yeast p ro t e ins  were hydrolyzed enzymatical ly  in-  

t o  f ree  amino a c i d s ,  and  L - m e t h i ~ n i n e - ~ ~ S  and L - c y ~ t i n e - ~ * S  we- 

r e  i s o l a t e d  by ion-exchange chromatography on a column. Radio-  

a c t i v e  y i e l d s  f o r  L - m e t h i ~ n i n e - ~ ~ S  and L - ~ y s t i n e - ~ ~ S  were 30% 

and lo%, r e spec t ive ly .  The obtained products  have h igh  s p e c i f i c  

a c t i v i t y , l - l O  Ci /mol ,  and  radiochemical  p u r i t y  b e t t e r  than  95%. 
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I N T R O D U C T I O N  

Methionine is an e s s e n t i a l  amino a c i d  which has  an important r o -  

l e  i n  b i o l o g i c a l  i n v e s t i g a t i o n s  owing t o  its t e rmina l  SCH group. In- 

co rpora t ion  of r ad ioac t ive  su lphur  i n t o  t h e  methionine molecule makes 
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it p o s s i b l e  t o  g e t  an insight i n t o  t h e  mechanism o f  b i o l o g i c a l  trans- 

f o r m a t i o n  of t h i s  amino a c i d .  

35S-Labelled meth ionine  can be o b t a i n e d  by d i r e c t  chemical  syn- 

t h e s i s  o r  b i o s y n t h e s i s  i n  t h e  organism where thioamino a c i d s  a r e  

formed from i n o r g a n i c  s u l p h u r .  

The a i m  of o u r  work w a s  t o  o b t a i n  e x c l u s i v e l y  t h e  L-isomer o f  

t h e  mentioned amino a c i d  of h i g h  s p e c i f i c  a c t i v i t y ,  of t h e  o r d e r  

Ci/mmol, and of h i g h  r a d i o c h e m i c a l  p u r i t y  what w a s  p o s s i b l e  t o  achie-  

ve  by t h e  b i o s y n t h e t i c  method. 

In t h e  l i t e r a t u r e  a r e  d e s c r i b e d  s e v e r a l  methods f o r  t h e  biosyn-  

t h e s i s  of L - m e t h i ~ n i n e - ~ ~ S ,  which d i f f e r  by microorganisms u s e d ,  t h e  

h y d r o l y s i s  procedure ,  o r  t h e  method of  s e p a r a t i o n  and i s o l a t i o n .  

The microorganism most o f t e n  used i n  t h e  b i o s y n t h e s i s  of t h i o -  

amino a c i d s  were baker 's  y e a s t  (Saccharomgces c e r e v i s i a e )  o r  Saccha- 

romg c e s c ar l  be r gens is (1'3'4'7'8'9) but  i n  t h e  l i t e r a t u r e  a r e  a l s o  

mentioned T o r u l a  u t i l i s ( * )  and b a c t e r i a  E s c h e r i c h i a  C o l i  

growing y e a s t  o r  E s c h e r i c h i a  C o l i  i n  a s u i t a b l e  medium i n  t h e  pre-  

s e n c e  of i n o r g a n i c  i o n s ,  

t e i n s  a r e  formed and decomposed by h y d r o l y s i s  in to  f r e e  amino a c i d s ,  

L - m e t h i ~ n i n e - ~ ~ S  and L - ~ y s t i n e - ~ ~ S .  

but h y d r o l y s i s  can  be c a r r i e d  out  by enzymes(7) .  I s o l a t i o n  and s e -  

p a r a t i o n  of l a b e l l e d  amino a c i d s  from h y d r o l y s a t e s  is performeci i n  

s e v e r a l  ways i . e . ,  by p r e p a r a t i v e  p a p e r  c h r o r n a t o g r a ~ h y ( ~ ) ,  p a p e r  

(596). By 

35S0 o r  (NH4)235S04, l a b e l l e d  y e a s t  pro- Na2 4 

F o r  h y d r o l y s i s  of p r o t e i n s  most o f t e n  a c i d  c o n d i t i o n s  a r e  Used, 

e l e c t r o p h o r e s i s ( l O ) ,  ion-exchange chromatography on a column (6,111 

( 3 )  o r  by combined c r y s t a l l i z a t i o n  . 

L-methionine and L-cys t ine  l a b e l l e d  w i t h  35S is d e s c r i b e d .  Baker's 

y e a s t  w a s  c u l t i v a t e d  i n  low-sulphur  medium a c c o r d i n g  t o  Williams and 
Dawson(3). By v a r y i n g  t h e  q u a n t i t y  of t h e  i n o r g a n i c  s u l p h a t e  i o n s ,  

u s e d  as a c a r r i e r ,  we found t h e  optimum c o n c e n t r a t i o n  at which 35S 

is almost  q u a n t i t a t i v e l y  i n c o r p o r a t e d  in to  y e a s t  p r o t e i n s .  R a d i o a c t i -  

ve  l a b e l l i n g  w a s  performed w i t h  c a r r i e r - f r e e  N a  35S0 produced in  t h e  

I n s t i t u t e  "Boris Kidr iE"  Radio iso tope  L a b o r a t o r y ( 1 2 ) .  Yeast  p r o t e i n s  

In t h e  p r e s e n t  p a p e r  a modi f ied  method f o r  b i o s y n t h e s i s  o f  

2 4  
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were hydro lyzed  e n z y m a t i c a l l y  by means o f  pronase  (Streptomgces mi- 
- s e u s  p r o t e a s e )  and 80-85$ of i n i t i a l  r a d i o a c t i v i t y  was o b t a i n e d  i n  

t h e  h y d r o l y s a t e .  L - M e t h i ~ n i n e - ~ ~ S  and L - c y ~ t i n e - ~ ~ S  were i s o l a t e d  

from h y d r o l y s a t e  by ion-exchange chromatography on a c o l m .  

L - M e t h i ~ n i n e - ~ ~ S  and L - ~ y s t i n e - ~ ~ S ,  o b t a i n e d  i n  y i e l d s  of  30% 

and 10% r e s p e c t i v e l y ,  have rad iochemica l  p u r i t y  >95% and s p e c i f i c  

a c t i v i t y  1-10 C i / m o l .  

E X P E R I M E N T A L  

Growth o f  y e a s t  

To t h e  s t e r i l e  medium (one l i t e r )  c a r r i e r - f r e e  N a  35S04, (0.1- 

-1 C i ) ,  was added, t h a n  t h e  pH was a d j u s t e d  t o  5 by u s i n g  H PO and 

t h e  s o l u t i o n  o b t a i n e d  w a s  poured i n t o  t h e  f e r m e n t a t i o n  v e s s e l  ( F i g . 1 ) .  

One l i t e r  o f  t h e  medium c o n t a i n e d  t h e  f o l l o w i n g  components: 
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(NH ) HP04 
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KH2P04 

M g S O  .7H20 
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M g C l  2. 6H 2O 

Zinc a c e t a t e  

FeCl 

C U C l  

C i t r i c  a c i d ,  t r i s o d i u m  
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20.0 g 

3.5 g 

0 . 2  g 

0.101 g 

0.4 m g  

0.15 m g  

0.025 mg 

0.123 g 

1 .0  g 

L-Asparagine , monohydrate 2.5 g 

Bio t  i n e  0.01 m g  

P a n t o t h e n i c  a c i d ,  calcium sa l t  0.5 mg 

Inos  it ol 10.0 m g  

Thiamine 0.6 m g  

Pyr idoxine  1.0 m g  
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After inoculat ion with 300 mg of f r e s h  baker's yeas t ,  growth 

was carr ied out at  37 C under a i r  bubbling. After 24 hours,  t he  

yeast was harvested by centr i fugat ion.  In the case when l e s s  than 

70% of the s t a r t i n g  r a d i o a c t i v i t y  w a s  incorporated in to  the yeast  

c e l l s ,  i n  the supernatant 10 g of glucose and 100 mg of yeast  were 

added and cu l t iva t ion  was prolonged f o r  another 24 hours. In this 

way 90-95$ of r a d i o a c t i v i t y  was incorporated i n t o  the yeast  c e l l s .  

After centr i fugat ion,  the yeast  was washed with w a t e r ,  dehydrated 

by absolute ethanol and degreased by ref luxing w i t h  50 m l  of 

n-hexane f o r  30 minutes. 

0 

Fig. 1. The fermentation vessel 
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Hydrolysis  and  i s o l a t i o n  

Yeast p r o t e i n s  were hydrolyzed wi th  pronase (Calbiochem) at  

3?'C i n  0.033 M phosphate b u f f e r  at  pH 7 .4  (250  m l  of b u f f e r ,  1 2 5  m g  

o f  pronase and 10  mg o f  ch loranphenicol ) .  

After hydro lys is  f o r  24-48 hours ,  t he  suspension w a s  c e n t r i -  

fuged and t h e  superna tan t  was passed through t h e  ion-exchange column 

(25x200 mm) o f  Dowex 50Wx8, 200-400 mesh, i n  H+ form. The column 

w a s  washed wi th  water  and t o t a l  r a d i o a c t i v i t y  w a s  e l u t e d  with 1 N 

ammonia at t h e  flow r a t e  of 2 .5  ml/min. The r ad ioac t ive  e l u a t e  was 

evaporated t o  dryness under reduced p res su re ,  t h e  r e s idue  was d i s -  

so lved  i n  water ,  a c i d i f i e d  t o  pH 2 by us ing  10% H C 1  and the  so lu-  

t i o n  obtained w a s  passed through t h e  second ion-exchange column 

(25x200 mm) o f  Dowex 50Wx8, 200-40C mesh, i n  H+ form. The column 

was washed w i t h  water ,  and L-me th i~n ine -HCl -~~S  was e l u t e d  wi th  1.1 

N H C 1  at t h e  flow r a t e  of 1 .5  m l / m i n  in  n i t r o g e n  stream. Por t ions  

o f  15  ml each were co l l ec t ed .  L - M e t h i ~ n i n e - ~ ~ S  appeared i n  t h e  e lu-  

a t e  between 500-700 m l .  

F rac t ions  o f  L -me th i~n ine -HCl -~~S  o f  radiochemical p u r i t y  >95$ 
were combined and evaporated t o  dryness under reduced pressure .  The 

r e s idue  was d isso lved  i n  water  and t h e  s o l u t i o n  was passed through 

an anion-exchange column, (25x200 mm) wi th  Dowex 2x8, 50-100 mesh, 

i n  a c e t a t e  f o r m ,  and L - m e t h i ~ n i n e - ~ ~ S  was e l u t e d  wi th  water. 

Accompanying radiochemical impur i t i e s  were methionine sulph-  

o ~ i d e - ~ ~ S  and methionine ~ u l p h o n e - ~ ~ S .  The p repa ra t ion  also con- 

t a i n e d  i n a c t i v e  amino ac ids  L-valine and L-leucine. 

I n  o rde r  t o  minimize auto-oxidat ion,  t he  L - m e t h i ~ n i n e - ~ ~ S  so- 

To e l u t e  L - ~ y s t i n e - ~ ~ S ,  t h e  concent ra t ion  of hydrochlor ic  a c i d  

0 l u t i o n  o f  t he  s p e c i f i c  a c t i v i t y  4-5 m C i / m l  w a s  s t o r e d  at -20 C .  

w a s  increased  t o  2.5 N.  L - C ~ s t i n e - ~ ~ S  appeared i n  f r a c t i o n s  wi th  

300-500 m l  a f t e r  t h e  change i n  e l u t i n g  ac id .  

Radiochemical p u r i t y  w a s  checked by us ing  descending paper 

chromatography on Whatman No. 1 paper i n  t h e  fo l lowing  so lven t  sy- 
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stems : n-butmol /ace t ic  acid/water ( 4  : 1 : 1) and chlorof  orm/metha- 

nol/NH OH conc./water (2:2:0.57:0.40) and by us ing  th in - l aye r  chro- 

matography on S i l i c a  Gel G (Merck), on g l a s s  p l a t e s  (50x200 m m ) ,  

0.25 mm th i ckness  l a y e r ,  i n  t h e  developing so lven t  systems: n-buta- 

no l / ace t i c  acid/water ( 4 : l : l )  and ethanol/water (70:30). 

4 

Radioact ive compounds were de t ec t ed  by us ing  Berthold-DCnn- 

Radiochemical p u r i t i e s  o f  L - m e t h i ~ n i n e - ~ ~ S  and L - ~ y s t i n e - ~ ~ S  

s c h i c h t  und Papierchromatogramm Scanner LB-280. 

were >95$. Biochemical a n a l y s i s  of both products  appl ied  on experi-  

mental animals gave s a t i s f a c t o r y  r e s u l t s .  

RESULTS AND DISCUSSION 

On t h e  basis of t he  r e s u l t s  obtained we can draw t he  fo l lowing  

conclusions : 

- The s p e c i f i c  a c t i v i t y  o f  L - m e t h i ~ n i n e - ~ ~ S  and L - ~ y s t i n e ~ ~ S  

s t r o n g l y  depends on the  a c t i v i t y  l e v e l  of Na235S0 incorpora ted  in- 

t o  t h e  growth medium as w e l l  as on the  amount  of  inorganic  su lpha te  

ions .  

4 

* 

- The optimum rad ioac t ive  y i e l d  can be obtained by growing 

yeas t  i n  a medium which contained up t o  0.5 mmol M g S O  In  t h i s  ca- 

s e  95-985 of the  s t a r t i n g  r a d i o a c t i v i t y  was incorpora ted  i n t o  yeas t  

p ro t e ins  i n  24 hours only. Growing i n  t h e  medium wi th  1 mmol M g S O  

gave i n  48 hours a m a x i m u m  r ad ioac t ive  y i e l d  of  80%. 

4' 

4 

- By applying the  enzymatic hydro lys is  of yeas t  p r o t e i n s ,  i n  

24 hours up t o  95% of l a b e l l e d  amino a c i d s  w a s  re leased .  The colour- 

l e s s  hydrolysate  d i d  no t  des t roy  t h e  ion-exchange r e s i n ,  which 

a f t e r  r egene ra t ion  can be used s e v e r a l  t imes.  In our previous expe- 

r iments  p ro te ins  were hydrolyzed wi th  6N H C 1  i n  24 hours and the  

r ad ioac t ive  y i e l d  obtained was up t o  60%. 
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