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An enzymically catalyzed incorporation of amines into proteins" 

In experiments  reported some vears ago the enzyme-catalyzed exchange of the amide group of 
glutamine and asparagine with l~N ammonia  was demonstra ted  but  an exchange of the amide 
groups of protein bonnd dicarboxylic amino acids could not be explored owing to the unfavorable 
experimental  conditionsL Recently the problem of the metabolism of protein-amide groups was 
approached again with the aid of I4C-labelecl amines, such as ethanolamine, or cadaverine. Soluble 
protein fractions obtained from sucrose homogenates  (o.25.~I) of the livers of guinea pigs, rats, 
mice, and rabbits  by centrifllgation at 1oo,ooo "< g were incubated in the presence of Ca ' "  with 
the J4C-labeled amines. Appreciable radioactivity was recovered in the proteins precipitated and 
purified by the method of SIEKEVI'rZ 2 (Table IX. ;Fhe incorporating system was activated bv C a ' -  
but  not by Mn ++ and Mg +" or other  metal ions--- a fact which rnakes it unlikely tha t  we are 
dealing with the enzyme system responsible for glutamo or aspar to- t ransferase  activities. 

TABI .E  I 

I N C O R P O R A T I O N  OF 14C-AMINI~ZS A N D  LYSINI ' ;  I N T O  S O L U B L E  P R O T E I N  F R A C T I O N S  

OF G U I N E A  PIG L I V F R  

Counts/rain at  infinite thickness 

( i ) 14C-Amines added 
(2) Protein fraction 
(3) No Ca ~- 
(4) \Vith Ca +.'. 
(5) (4) + spermine (4/,moles) 
(6) (4) + hydroxylamine  (4/,moles) 
(7) (4) + putrescine (4/~moles) 
(8) (4) + (Nil*) + (8/1moles) 

Ethanolamine  ( 'adaverine I.),sine 
SP PP  SI > PP St '  1'I' 
22 53 ° 25 460 23 420 

480 5000 09o 727 ° 47 ° 5000 
3o0 242o 36o 3IOO 33 ° 25oo 

4 ° l 20 3 ° x 00 5 o 80 
270 3o~o 300 395 ° 2~o 3260 
3o0 3900 34 ° 5000 33 ° 47 °0 

The incubation mixture  (x miX contained 4 pmoles  14C-amine or t%;-lysine; 2o/*moles ('aClz; 
20/*moles t r i s (hydroxymethyl )aminomethane ,  pH 8.o anti IO.- t2 mg soluble protein (SP) or about  
n mg purified protein (PP). Incubat ion  i h at  37". Incubat ion  was terminated  by addition of 
trichloroacetic acid. Added 14C-lysine and 14C-cadaverine counted 29o,ooo and 340,o0o counts 'min  
at  infinite thickness, respectively, t4C-Ethanolamine counted approximate ly  24o,noo counts/rain.  
All protein samples were counted at infinite thickness (1i rag). For counting of exper iments  
with PP, io - [  l m g  inert protein was added at  the terminat ion of incubation. 

BORSOOK el al. a and .qCHWEET 4 have described an enzymically catalyzed incorporation of 
x4C-lysine into a soluble liver protein fraction. This incorporating system is likewise act ivated 
bx" Ca t., and may be identical with the enzyme system active in the incorporation of amines. 

Under the conditions of our  exper iments  the soluble liver protein fraction incorporated 
x4C-lysme as well as 14C-ethanolamine and t4C-cadaverine. The exper iments  were carried out  in 
tris buffer since phosphate  buffer proved to be a s t rong inhibitor of the incorporation of amines. 
The p i t  op t imum for the incorporation of the amino acid was  found to be 6.6 while tha t  for 
incorporation of the amines was 8.0 to 8.5. The soluble protein fractions of liver, kidney, anti 
brain of guinea pigs show enzymic activity in incorporating cadaverine in decreasing order. The 
active protein fraction from guinea pig liver was purified about  LO-12 times by ammonium sulfate 
fractionation and adsorpt ion on calcium phosphate  gel and isoelectric precipitation. The purified 
protein fraction incorporated z4C-cadaverine to an extent  of i to 2 o/~o of the total protein. Vthile 
nothing definite can be said at  present  ms to the linkage of t4C-cadaverine to the protein, a major  
port ion of the 14C-cadaverine was recovered as mono-dini t rophenyl-cadaverine after hydrolysis 
of the protein treated with dinitrofluorobenzene. 

Inhibit ion of cadaverine incorporation by other  amines (Table I) suggests competi t ion by 
a variety of amines for the active sites of the protein. Mescaline (4 pmoles) was not inhibitory, a 
finding of some interest, since it has been reported tha t  it is incorporated into liver proteins 5. 

The occurrence of enzyme sys tems incorporating biologically occurring amines (and ctiamino 
acids) raises the interesting question as to whether  or not  the enzyme specificity is restricted 
to aliphatic amines. The findings also open the way to a test  whether  or not  this enzymic reaction, 
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if tmcurring in vivo, could produce modified body  pro te ins  which  m i g h t  interfere wi th  enzymic  
ac t iv i t ies  or cell permeabi l i ty ,  or m i g h t  possess  an t igen ic  propert ies.  
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A natural guanine-containing analogue of vitamin B12 
A prepara t ion  con ta in ing  two v i t ami n  BI:  ana logues  has  been obta ined  from the  f e rmen ta t ion  
b ro ths  of a Nocardia s t ra in  isolated in our  l abora tory  1. 

The  ex t rac t ion  f rom t he  mic roorgan i sms  was pe r fo rmed  by  au toc l av ing  a cell suspens ion  
s u p p l e m e n t e d  wi th  cyanide.  T he  subs t ances  unde r  inves t iga t ion  have  been sepa ra ted  f rom 
v i t a m i n  Bi t  and  factor  B, likewise p resen t  in f e rmen ta t i on  broths ,  and  purified by  a procedure  
invo lv ing :  adsorp t ion  on charcoal ,  e lut ion in isopropanol-water, r emova l  of v i t amin  Bt t  as 
d icyan idocomplex  in benzyl  alcohol, adsorp t ion  on ion-exchangers  (Amber l i te  IRC-5o,  Amber l i t e  
I R A - 4 o i ,  Dowex  I) and  electrophoresis  in a co lumn  of W h a t m a n  cellulose powder: .  The  e luate  
f rom the  cellulose co lumn  was  concen t ra ted  in vacuo and  the  red subs t ances  were prec ip i ta ted  
by  ace tone  addi t ion.  

The  cobal t  con t en t  of the  product ,  dried over  CaCI 2 in vacuo a t  room tempera tu re ,  was  
found to be 3.2 %;  two a t o m s  of p h o s p h o r u s  and  one molecule  of ribose are p resen t  per  a t o m  
of cobalt .  

No benziminazole  der iva t ives  were found af ter  hydro lys i s  by 6 N  HCI. Hydro lys i s  by  2 N  
HCI a t  zoo ° for 2 -  4 h se ts  free a pur ine  whose ul t ra-viole t  s p e c t r u m  and  ch roma tog raph ic  behavior  
are  s imilar  to  those  of guan ine .  Differential  s p e c t r o p h o t o m e t r y  of the  hydro lysa t e  in acid and  
alkal ine solut ions  and  FOLZN-CIOCALTKU'S react ion show t h a t  t he  p repara t ion  con ta ins  one 
molecule  of  guan ine  per  molecule  of  ribose. 

The  absorp t ion  s p e c t r u m  of aqueous  solut ions  of the  p roduc t  has  m a x i m a  a t  273, 320, 356, 
500, 53 ° m/t  over  a wide range  of p H  va lues  (from 1 to 1o). By  addi t ion  of cyan ide  to neut ra l  
and  alkal ine so lu t ions  the  m a x i m a  are  shi f ted  to 276, 307.5, 367.5, 54 ° and  580 mp .  

Paper  c h r o m a t o g r a p h y  in bu t ano l - ace t i c  a c i d -wa t e r  and  pape r  e lectrophoresis  in o . 5 N  
acetic acid followed by  b ioau tog raphy  s revealed the  presence of two growth  factors  for E. coli 
i z3/3. Most  of t he  ac t iv i ty  was due  to an  e lec t ronegat ive  c o m p o n e n t  showing  an  R F value  relat ive 
to v i t a m i n  Bt :  of abou t  o.z2. The  o ther  factor,  which  is p resen t  in smal le r  a m o u n t ,  has  an  R F 
of abou t  0.27 and  behaves  like v i t ami n  Bz: in electrophoresis .  Deamina t i on  by  HNO~ appa ren t l y  
does no t  affect the  la t te r  c o m p o n e n t  while the  former  is changed  into a more  e lec t ronegat ive  
g rowth  factor.  

A purine,  no t  d is t inguishable  from x a n t h i n e  in its ch roma tog raph ic  behavior  and  ul t ra-viole t  
absorp t ion  spec t rum,  has  been found af ter  hydro lys i s  of the  d e a m i n a t e d  m i x t u r e  by 2 N HCI. 

Therefore  we m a y  conclude t h a t  the  p repara t ion  consis ts  ma in ly  of a guan ine -con t a in ing  
ana logue  of v i t amin  B12. The  ch roma tog raph ic  and  electrophoret ic  proper t ies  of th is  subs t ance  
are closely s imilar  to those  described for factor  C s. 
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