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Photochemical Synthesis of Amino Acids From 
Paraformaldehyde Catalysed by Inorganic 

Agents 1 

The pho tochemica l  syn thes i s  of amino acids f rom paxa- 
fo rma ldehyde  and  n i t r a t e s  in the  presence  of FeC1 a, or 
involving n i t rogen  f ixa t ion  in the  presence  of colloidal 
m o l y b d e n u m  oxide, was first  shown by  BAHADUR et  al. 2,3. 
The pep t ide  fo rma t ion  in t he  above sys tems  was observed  
by  BAHADUR and  RANGANAYAKI 4. The p resen t  s t u d y  
deals wi th  the  ac t ion  of d i f ferent  inorganic  ca ta lys t s  on  
these  sys tems.  The results  conf i rm t h a t  t he  pho tochemica l  
synthes is  of amino acids occurs e i ther  in t he  presence  or 
in the  absence  of a f ixed n i t rogen  inorganic  source, and  
show t h a t  b o t h  the  t y p e  of amino  acid p roduced  and  the  Irradiation 
ra te  of its fo rmat ion  are s t rong ly  d e p e n d e n t  on the  ca ta-  time 
lys t  employed,  h 

Mater ials  and methods. 100 ml of aqueous mix tu res  con- 
ta in ing  3% pa ra fo rma ldehyde ,  an inorganic ca ta lys t  such 
as CuSO 4 (0.1 or 0.05%), FeC13 (0.1 or 0.05%), NiCO 3 0 
(0.1 or 0.05%), CoC12 (0.05%), an inorganic  source of 96 
n i t rogen  such as a m m o n i u m  ca rbamina te  (1%), K N O  3 
(1%), NH4NO 3 (1%), or no f ixed n i t rogen  (a tmospher ic  168 
source) Na2S as a possible su lphur  source, were con ta ined  
in 500 ml E r l enmeye r  flasks, co t ton  plugged and steri l ized 
in an autoclave  at  120 ~ for 20 min and t h e n  exposed  to 336 
a 500 W t u n g s t e n  l ight  source a t  a d i s tance  of a b o u t  
50 cm;  the  contro l  flasks were covered wi th  th ick  b lack 
paper .  Samples  were t a k e n  unde r  sterile condi t ions  f rom 

504 
t ime  to  t ime.  The m a x i m u m  i r radia t ion  t ime  was 30 days.  
The t es t  for amino  acid syn thes i s  was carried ou t  by  
circular  paper  c h r o m a t o g r a p h y  2,3. The quan t i t a t i ve  assay 744 
of amino acid fo rmat ion  was l imited to the  compara t ive  
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Table I. Mixture composition: 100 ml distilled H20; 3 g Para- 
formaldehyde; 0.1 g CuSO4; 2 g NH4-carbaminate; 1 g Na~S (a 

possible sulphur source). Irradiation: 500 W tungsten lamp. 

Amino acids Index of 
synthesized photochemical 

synthesis yield 

None None 

Lysine ++++ 

Asparagine ++ 
Valine + 

Asparagine +++ 
Lysine +++ 
Valine + 

Asparagine ++ 
Alanine +++ 

Asparagine ++++ 

Table II. General picture of results 

Catalyst Nitrogen source Amino acids 
appearing 
first 

Prevailing 
amino acids 
after 20 days 

Prevailing 
amino acids 
after 30 days 

CuSO 4 0.05 and 0.1% NH4-carbanlinate Aspartic acid (++) Lysine (++) 
Glutamie acid (++) 

CuSO 4 0.05 and 0.1% NH~NO 3 Leucine (+) Histidine (+) 
Valine (+) 

CuSO 4 0.1% + Na2S 1% NHa-carbaminate Lysine (++) Lysine (+++) 
Asparagine (++) Asparagine (++++) 

CuSO 4 0.1% + Na~S 1% KNO 3 Asparagine (+) Asparagine (++) 
Non-identified (+) 

FeC13 0.05 and 0.1% NH4-carbaminate Asparagine (+) Valine (+) 

FeC1 a 0.1% + Na~S 1% NH~-carbaminate Asparagine (++) Lysine (+) 
Valine (+) Asparagine (+) 

CoC12 0.05% Air Glycine (+) Proline (+) 
Asparagine (+) Alanine (+) 

CoC12 0.05% NH4-earbaminate Glycine (+) Lysine (++++) 
Alanine (++) 

CoCla 0.05% + Na2S 1% NH4-earbaminate Asparagine (+) Alanine (++++) 

CoCla 0.05% + Na2S 1% Air Lysine (+++) 

CoCl~ 0.05% + FeC13 0.05% Air Glycine (+) Glycine (++) 
Alanine (+) Alanine (+++) 

Valine (++) 
Alanine (++) 

Lysine (+++) 

Glyeine (++) 
Alanine (+++) 

Carbon source: (HCHO)n. Energy source: 500 W tungsten lamp at about 50 cm. 
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analysis  of the  in t ens i ty  of n inhydr ine  rings ob ta ined  wi th  
amino acid s t anda rds  of 10-20 #g/ml,  referred to as + .  
At  the  end of each e x p e r i m e n t  the  sterile condi t ions  of 
the  mix tures  were control led by  agar  p la te  tes ts  e i ther  
for bac te r ia  or for fungi. 

Results. Of the  ca ta lys t s  examined,  CuSO 4 is the  mos t  
act ive in p roduc ing  di f ferent  amino acids b o t h  a t  0.05 
and 0.1%, especially when  n i t rogen is suppl ied by  an in- 
organic source. This  synthes is ,  as well as in the  presence 
of the  o the r  cata lys ts ,  is charac te r ized  by  the  appearance  
and d i sappearance  of def in i te  amino acids dur ing  the  
i r rad ia t ion  t ime wi th  the  prevalence  of some amino acids. 
An example  of such behav iour  is r epor ted  in Table I. 

The fu r ther  resul ts  wi th  CuSO 4, wi th  FeC1 a a t  0.05 and 
0.1% (also an act ive cata lys t ) ,  and wi th  CoC12 (a good 
ca ta lys t  a t  0.05%), are summar ized  in Table  II .  

An a t t e m p t  to  po t en t i a t e  the  yield of pho tochemica l  
syn thes i s  of amino acids has  been successful:  mix ing  
CoC12 0.05% and  FeC1 a 0.05% in mix tures  where air was 
the  n i t rogen source. Here,  only glycine and alanine are 
formed at  the  beginning and last  up to 30 days  of l ight  
exposure.  NiCO 3 is prac t ica l ly  inact ive.  

The non- ident i f ied  n inhyd r in  rings were p r e sumab ly  
due to pep t ide  format ion.  The tes ts  on the  samples  kep t  
in the  dark  showed format ion  of amino acids de tec tab le  
in ve ry  fa int  r ings wi th  Rf  values  different  f rom those  of 
pho tochemica l ly  synthes ized  amino acids. 

The mechan i sm of fo rma t ion  and t r ans fo rma t ion  of 
amino acids following photoca ta lys i s  is no t  as ye t  known.  
Accordingly,  it  is difficult  to u n d e r s t a n d  the  prevai l ing 
fo rmat ion  of some par t icu lar  amino acid by  the  act ion of 
specific catalysts .  The steri l i ty,  control led carefully 
t h r o u g h o u t  the  exper iments ,  is a clear indica t ion  t h a t  
fo rmat ion  and t r ans fo rma t ion  of amino acids can occur 
under  abiogenic condit ions,  as was observed also by  
MILLER 5 using CH 4 and N H  3 in a cycled sys tem ca ta lysed  
by  electric discharge, and  by  CUL'rRERA and FERRARI a 

f rom glucides and  organic acids exci ted  by  UV-light .  The 
impor t ance  of such a t ype  of pho tochemica l  syn thes i s  has  
been  fu r the r  underscored  by  recen t  observa t ions  by  
BAHADUR et al. ~, conf i rmed by  ]~RIGGS s, d e m o n s t r a t i n g  
t h a t  the  act ion of sunl ight  or of artificial  l ight  on steri l ized 
solut ions conta in ing  mix tu res  of amino  acids and organic 
ca ta lys t s  can br ing abou t  t he  fo rma t ion  of uni ts  hav ing  
proper t ies  of growth,  division and  metabol ic  ac t iv i ty ,  
hence fo r th  called Jeewanu (which in Sanskr i t  means  
par t ic les  of life)9. 

Riassunto. Viene confermato  che la s intes i  fo tochimica  
degli aminoacidi  da  paraforn la lde ide  ca ta l izza ta  da  com- 
pos t i  inorganici  avviene  sin in presenza  sin in assenza 
di una  sorgente  inorganica  di azoto f issato (aria). Ino l t re  
viene d imos t r a to  c h e i  t ipi  di aminoacidi  p rodo t t i  come la 
velocit~ di formazione d ipendono  dal ca ta l izzatore  usato.  
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Studies  on the Metabol ic  Fate of the 14C-Labeled 
Methyl  Group of a Metbylhydraz ine  Derivat ive  in 

P815 Mouse  Leukemia  

E x p e r i m e n t a l  and clinical evalua t ion  of the  cy to toxic  
agent  1-methyl-  2 -p- ( i sopropylcarbamoyl )benzylhydraz ine  
hydrochlor ide  (MBH) (NSC 77213) evoked an in te res t  in 
its react ion mechan i sm and  metabol i sm.  The coincidence 
of cy to tox ic l ,  carcinogenic~, and  te ra togenic  effects s re- 
vealed a probable  a t t a ck  on the  genetic mater ia l  of the  
cell, and the  b reakdown  in vivo of DNA by  MBH * s t imu-  
la ted the  search in the  same direction.  Our in te res t  in th is  
compound  was increased by  our observa t ion  t h a t  the  
t e rmina l  N - m e t h y l  group was labile s and by  the  con- 
siderable in teres t  and specula t ion  as to the  biological 
significance of the  normal ly  occurr ing m e t h y l a t i o n  of 
R N A  and D N A  in m a n y  species. 

The aim of this  inves t iga t ion  was to  compare  the  po- 
tencies  and l imits  of the  fo rmate  pool of the  m a m m a l i a n  
cells in vivo wi th  t h a t  of the  Cl-uni t  der ived f rom the  N- 
me thy l  group of MBH,  and  to search for m e t h y l a t e d  and 
u n m e t h y l a t e d  pur ine  bases  in the  urine of P815 leukemic 
mice t r ea ted  e i ther  wi th  ~4C-MBH or ~4C-Na formate .  

Materials and methods. The two 14C-labeled compounds ,  
M B H  (labeled in the  t e rmina l  N - m e t h y l  group) and  Na  

formate ,  showed a specific ac t iv i ty  of 17.0 #c /mg and 74 
/~c/mg, respect ively  6. Bo th  subs tances  were dissolved in 
0.9% saline. 2 series of 30 B D F  1 mice each, ranging  in 
weigh t  f rom 20-25 g, were inocula ted  in t raper i tonea l ly  
wi th  10 million 17815 leukemic cells on day  0. On day  6, 
a group of 10 mice f rom each series was in jec ted  i.p. w i th  
33.33 mg/kg  (0.129 mM/kg)  of �92 and  1.47 mg/kg  
(0.0216 mM/kg)  of 14C-Na formate ,  respect ively.  The 
urine of these mice was collected in ice-cooled flasks over  
a 24 h period. The remain ing  20 mice f rom each series 
were in jec ted  wi th  the  same doses of e i ther  t4C-MBH or 
~*C-Na formate  on day  7. Their  urine was collected 5 h 
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