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to t h a t  of guanine  } cytosine.  In view of the  close r e l a t ionsh ip  be tween  the  c h r o m a t o g r a p h i c  and  
the  s imple  d issocia t ion  processes, it m a y  be p re sumed  t h a t  the  same change  in r a t io  of the  bases  
ob ta ins  f rom the  f ront  to  the  rear  of the  c h r o m a t o g r a p h i c  zone. Never theless ,  the  evidence  is in- 
sufficient to favor  the s imple  hypo thes i s  t h a t  each genet ic  un i t  of DNA reaches  a cha r ac t e r i s t i c  
ch roma tog raph i c  pos i t ion  because  of a pa r t i cu l a r  and  charac te r i s t i c  ra t io  of bases in i ts  molecule .  
I t  is also possible t h a t  the  posi t ion and  base ra t io  reflects:  differences in some as ye t  u n c h a r a c t e r i z e d  
s t a t e  of var ious  t ypes  of D N A ;  differences in degree of deg rada t i on ;  differences in e x t e n t  of irre- 
vers ible  associa t ion  a m o n g  the  genet ic  un i t s  (va ry ing  leng ths  of ch romosome segments) .  E x p e r i m e n t s  
designed to  c lar i fy  some of these  poss ibi l i t ies  are in progress.  
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The biosynthesis of methionine from homocysteine and 
methylmethionine sulfonium salt* 

The microbio logica l  a c t i v i t y  o f  m e t h y l m e t h i o n i n e  su l fonium sa l t  (MMS) has been repor t ed  by 
M c R o m E  el a l ) .  I t  was  found t h a t  th is  c o m p o u n d  can  replace  the  me th ion ine  r equ i r emen t  of some 
s t r a ins  of m e t h i o n i n e  a u x o t r o p h s  of E. coll. Since the  su l fonium de r iva t i ve  was as much  as th ree  
t imes  as effective as me th ion ine  in s u p p o r t i n g  g rowth  of these  m u t a n t s ,  i t  was sugges ted  t h a t  MMS 
serves  a role more  comple x  t h a n  s imple  convers ion to meth ionine .  SCHL~ENK AND DFPALMA 2 have  
shown t h a t  MMS in c o m b i n a t i o n  w i t h  homocys t e ine  suppor t s  g rea te r  p roduc t ion  of m e t h y l t h i o -  
adenosine  in Touulopsis ulilis t h a n  could be accoun ted  for by  s imple  convers ion  to  meth ionine .  I t  
seemed of in teres t ,  therefore ,  to t es t  the  a b i l i t y  of MMS and  homocys t e ine  to rep lace  the  me th ion ine  
r e q u i r e m e n t  of a u x o t r o p h s  of ..lerobacler aerogenes which can ut i l ize  m e t h y l t h i o a d e n o s i n e  in  the  
b iosyn thes i s  of me th ion ine  a,*. M e t h y h n e t h i o n i n e  su l fonium iodide was  p repa red  accord ing  to  the  
p rocedure  of TOENNIES AND KOLB 5. All o the r  c o m p o u n d s  used were commerc ia l  p roduc ts .  I3oth 
h o m o c y s t e i n e  and  MMS were s ter i l ized  by  f i l t ra t ion.  

A s u m m a r y  of t yp i c a l  resu l t s  is p resen ted  in Table  I. I t  can  be seen t h a t  MMS alone would 
not  s u p p o r t  g rowth  of e i ther  me th ion ine  a u x o t r o p h  62 or 68. H o m o c y s t e i n e  p e r m i t t e d  less t h a n  
half  m a x i m a l  g rowth  of bo th  cul tures .  However ,  the  c o m b i n a t i o n  of MMS and  homocys t e i ne  per- 
m i t t e d  g r o w t h  nea r ly  equal  to t h a t  of equ imo la r  concen t r a t i ons  of meth ion ine .  I t  is i n t e r e s t i ng  t h a t  
bo th  cu l tu res  r e sponded  well to  the  two  c o m p o u n d s  a l t h o u g h  on ly  a u x o t r o p h  68 can  u t i l ize  me t hy l -  
t h ioadenos ine  as well  as meth ion ine .  Prolonged i ncuba t ion  up  to  96 hours  or the  use of v e r y  h e a v y  
inocula  d id  no t  affect the  p a t t e r n  of resul ts .  No g rowth  occurred in the  presence of cys te ine  and  MMS. 
This  is in c o n t r a s t  to the  e x p e r i m e n t s  of STEKOC 6 who found t h a t  th i s  c o m b i n a t i o n  would  p e r m i t  
g rowth  of r a t s  on a meth ion ine-def ic ien t  ra t ion .  

* \Vork pe r fo rmed  under  the  auspices  of the  U . S .  Atomic  E n e r g y  Commission.  
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TABLE I 

GROWTH RESPONSE (PER CENT LIGHT TRANSMISSION) OF M E T H I O N I N E  AUXOTROPHS OF Aerobacler 
aerogenes TO VARIOUS COMPOUNDS AFTER I S - H o U R S '  INCUBATION W I T H  CONSTANT AERATION AT 3 O° C 

Supplement (o.I 4 micromoles per ml) ~= 62 =~: 68 

None IOO 1OO 
DL-Methionine 21 12 

Methylthioadenosine I oo 13 
DL-Homocysteine 75 65 
DL-Methylmethionine sulfonium iodide* IOO IOO 
DL-Homocysteine + DL-Methylmethionine 31 19 

sulfonium iodide 

* Parallel exper iments  showed tha t  growth of wild type Aerobacter aerogenes was neither enhanced 
nor inhibited in the presence of the same amounts  of methylmethionine  sulfonium iodide. 

T A B L E  I I  

THE BIOSYNTHESIS OF METHIONINE IN CELL-FREE EXTRACTS OF AUXOTROPH 68  
OF Aerobacler aerogenes* 

Substrate (zo micromoles per ml) Methionine lormed 
(micromoles per ml) 

None < o.o7*** 
DL-Homocysteine < o.0 7 
DL-Methylmethionine sulfonium iodide < o.0 7 

L-Cysteine + DL-Methylmethionine sulfonium iodide < 0.o 7 
DL-Homocysteine + DL-Methylmethionine 4.8 

sulfonium iodide** 

* Reaction mixtures  adjusted to p H  7.0 and incubated at 3 °°  C for 2 hours.  Ex t rac t  added to 
give a concentrat ion of 5 mg protein per  ml mixture.  

** Parallel mixtures  incubated with boiled extract  failed to yield any  detectable methionine. 
*** The methods  used permi t  the detection of o.07 micromoles of methionine per  ml of reaction 

mixture .  

Bacterial cell-free extracts  which could synthesize methionine were first reported by  SCHWARTZ 
AND SHAPIRO 4. Using essentially the same methods,  cell-free extracts  were prepared f rom cells of 
auxo t roph  68 in order to demonst ra te  biosynthesis  of methionine from MMS and homocysteine.  
Methionine was  isolated and identified from the reaction mixtures  by  paper  chromatography .  After 
elution of methionine areas, quant i ta t ive  est imation was carried out  with a modification of the 
ni t roprusside tesff and by  means of a microbiological assay with a methionine auxotroph.  A s u m m a r y  
of typical  results  is presented in Table II .  I t  can be seen tha t  methionine is produced only when 
both  MMS and homocyste ine are present.  The large a m o u n t  of methionine produced makes this 
sys tem promising for studies on the mechanism of the reaction whereby methionine is produced 
from homocysteine and methylmeth ionine  sulfonium salt, 
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