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The Zn appears  to  be even t ly  d i s t r ibu ted  be tween  the  
D N P  and  the  sur rounding  cellular ma t t e r .  However ,  
cons ider ing t h a t  a p p r o x i m a t e l y  40% of t he  d ry  weigh t  
of the  t h y m u s  cells consis ts  of DNP,  the  resul ts  indica te  
t h a t  the  sur rounding  cellular m a t t e r  con ta ins  more  t h a n  
3 t imes  as m u c h  Fe as the  DNP.  Fu r the rmore ,  t he  resul ts  
show t h a t  essent ia l ly  all of the  Cu found in the  t h y m u s  
cells is concen t r a t ed  in the  DNP.  Since all of the  Cu 
found in the  ceils was recovered,  a p p a r e n t l y  there  was 
no s ignif icant  loss dur ing  the  ex t rac t ion .  

The values we r epo r t  for Zn in D N P  are cons is ten t  w i th  
those  previous ly  r epor ted  by  H e a t h  13. We did no t  de t ec t  
Cr and  Mn in calf  t h y m u s  D N P  as previous ly  r epo r t ed  
in DNA. The presence  of these  meta l s  m a y  be specific 
to  the  t y p e  of t issue.  
These s tudies  p rov ide  the  basis for fu r the r  inves t iga t ion  
in to  the  signif icance of the  meta ls  in D N P  and DNA.  
F u r t h e r  s tudies  are in progress  which  m a y  reveal  tile 
funct ion  of t r ans i t ion  meta l s  in D N P  and  provide  a 
be t t e r  u n d e r s t an d i n g  of nucleic acid mechanisms.  

S y n t h e s e s  of a m i n o  ac ids  f r o m  u n s a t u r a t e d  a l iphat ic  c a r b o x y l i c  acid by  contac t  g l o w  
d i s c h a r g e  e l ec t ro ly s i s  1 
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Summary. H y d r o x y  amino acids are syn thes ized  f rom unsa tu ra t ed  a l iphat ic  carboxyl ic  acid using aqueous  a m m o n i a  
under  condi t ions  of con tac t  glow discharge electrolysis.  

Contac t  glow discharge electrolysis (CGDE) is a chemical  
change due to the  glow discharge in a solut ion conta in ing  
ions and  an electrode in con tac t  wi th  the  solution.  Many  
react ions  by  CGDE have  been s tudied  ma in ly  on inorganic  
compounds  such as water ,  ammonia  and  meta l  ion in 
an aqueous  solut ion 2, a. Recen t ly  a few s tudies  have  been 
repor ted  on the  fo rmat ion  of various amino  acids f rom 
al iphat ic  carboxyl ic  acids 4, 5 or a l iphat ic  amines  5, 6 using 
aqueous ammoniaca l  solutions or formic acid solutions,  
respect ively.  Urea,  glycine and  o ther  amino  acids were 
also formed in aqueous ammoniaca l  solut ions by  CGDE 
using a carbon rode as the  anode 7. 
In  the  p re sen t  paper ,  the  synthes is  of h y d r o x y  amino 
acid f rom u n s a t u r a t e d  al iphat ic  carboxyl ic  acid by  CGDE 
is descr ibed.  The CGDE was carried out  in the  react ion 
tube  (a single tube  equipped  wi th  p l a t i num ca thode  and 
anode 5) con ta in ing  an ammoniaca l  solut ion (about  15 ml) 
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Aminations of acrylic acid and maleic acid by CGDE. L Reaction of 
acrylic acid. A Aspartie acid (Asp); B threonine (Thr); C serine 
(Ser); D glutamic acid (Glu); E glyeine (Gly); F alanine (Ala); G 
~-aminobutyrie acid (g-ABA) ; H/~-Ala, Other peaks are of unknown 
amino acids. Iso-Ser was analyzed by basic colmnn. II. Reaction of 
maleie acid. A erythro-/~-Hydroxyaspartie acid (e-OH-Asp); B 
threo-/~-hydroxyaspartic acid (t-OH-Asp); C Asp; D Ser; E Glu; 
F Gly; GAla; H c~-ABA; I ~-Ala. Other peaks are of unknown 
amino acids. 

of a subs t ra te  (0.005 moles) for 1 h under  sa tu ra t ion  of 
ammo n i a  gas while st irr ing,  The appl ied electric cu r ren t  
was 50-60 mA at  400-600 V. The reac t ion  t e m p e r a t u r e  
was kep t  a t  10-15~ by  cooling the  reac t ion  tube  in a 
m e t h a n o l - d r y  ice ba th .  Af ter  the  react ion was over,  t he  
solut ion was evapo ra t ed  to a lmost  d ryness  under  reduced  
pressure  and the  residue was d i lu ted  appropr i a t e ly  for 
amino acid analysis  (amino acid analyzer :  Yanag imoto  
model  LC-SS). The react ion mix tu re  was also t r e a t ed  
wi th  2,4-dini t rof luorobenzene,  and  tile resul t ing dini t ro-  
pheny l  (DNP)-amino  acids were sepa ra ted  by  celite 
co lumn c h r o m a t o g r a p h y  s, followed by  ident i f ica t ion  using 
a th in - l ayer  eh romatop la t e .  The major  amino  acid pro-  
ducts  were ident i f ied by  compar ing  the  Rf  values w i th  
the  au then t i c  D N P - a m i n o  acids. 
2 typ ica l  char t s  of t he  amino acid anaIyses of the  reac t ion  
p roduc t s  are shown in the  figure. The main  amina t ion  
p roduc t s  of acrylic acid are alanine (Ala, 2.6%) and fl-Ala 
(1.8%). In  addi t ion  to  tha t ,  h y d r o x y  amino acids, serine 
(Ser) and iso-Ser, are also formed in 3.1 and 2.1% yields,  
respect ively.  As the  control  exper iments ,  aqueous  am- 
moniaca l  solut ion of acrylic acid was kep t  a t  10~ for 
1 h w i t h o u t  CGDE. The amino acid formed in the  reac t ion  
mix tu re  was only  /3-Ala (0.2%). The main  amino acids 
synthes ized  f rom maleic acid by  CGDE are aspar t ie  acid 
(4.4%), g lu tamic  acid (2.2%), e ry thro- /%hydroxy  aspar-  
tic acid (e-OH-Asp, 3.2%) and t h r eo -OH-Asp  (2.8%). 
The resul ts  of the  amino acid fo rmat ions  f rom the  un-  
sa tu ra t ed  carboxyl ic  acids by  CGDE are summar i zed  in 
the  table  (reactions No. 1-5), being compared  wi th  t h a t  
of amino  acid fo rma t ion  f rom the  cor responding  s a t u r a t e d  
a l iphat ic  carboxl ic  acids (reactions No. 6-9). In  the  contro l  
expe r imen t s  in react ions  No. 2-5, no amino  acids were  
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Formations of amino acids from unsaturated and saturated aliphatic carboxylic acids by CGDE 

EXPERIENTIA 34/1 

No. Starting materials Reaction products (yield percent) 
(0.005 moles) Asp Thr  Ser Glu Gly Ala r fl-Ala iso-Ser e-OH-Asp t-OH-Asp e-OH-Glu* t-OH-Glu* 

1 CH2=CHCOOH + + 3.1 + 0.1 2.6 0.5 1.8 2.1 
2 CH3CH=CHCOOH + 3.9 + + 0.3 0.3 1.6 0.3 --  
3 HOOCCH=CHCOOH (eis) 4.4 -- 0.1 2.2 0.2 0.1 0.1 0.2 - -  3.2 2.8 - -  - -  
4 HOOCCH=CHCOOH (trans) 4.5 --  0.1 2.2 0.2 0.1 0.1 0.2 --  3.3 3.0 --  - -  
5 HOOCCH2CH=CHCOOH --  0.2 - 1.3 0.1 + - + - - - 0.9 0.8 
6 CH3CH2COOH 0.1 --  0.1 --  0.1 1.2 + 0.9 + 
7 CHsCH2CH2COOH + 0.1 + + 0.1 + 0.8 0.3 
8 HOOCCH2CH2COOH 1.6 --  + 0.2 + + --  0.2 + + --  - -  
9 HOOCCH~CH~CH2COOH + 1.8 0.1 + . . . .  + + 

Voltage 400-600 V; current 50-60 mA;. time 1 h; temp. 10-15~ * e-OH- or t-OH-Glu: erythro- or threo-fl-hydroxy glutamic acid. 

i d e n t i f i e d .  T h e  C G D E  of  t h e  u n s a t u r a t e d  c a r b o x y l i c  a c id  
g i v e s  m o r e  h y d r o x y  a m i n o  a c i d s  t h a n  t h a t  of  t h e  s a t u r a t e d  
one .  I t  c o u l d  be  c o n s i d e r e d  t h a t  t h e  h y d r o x y  r a d i c a l s  
g e n e r a t e d  f r o m  w a t e r  a t t a c k  t h e  d o u b l e  b o n d  of  t h e  
u n s a t u r a t e d  c a r b o x y l i c  ac id .  T h e r e  is n o  d i f f e r e n c e  in  t h e  
s p e c i e s  a n d  t h e  a m o u n t s  of  a m i n o  a c i d s  s y n t h e s i z e d  f r o m  
m a l e i c  a c id  a n d  f u m a r i c  a c i d  b y  C G D E  

T h e  g l o w  d i s c h a r g e  e l e c t r o l y s i s  c o u l d  be  r e g a r d e d  as  a 
s i m u l a t i o n  of  l i g h t n i n g  h i t t i n g  t h e  p r i m i t i v e  s e a  w h i c h  
c o n t a i n s  o r g a n i c  a n d  i n o r g a n i c  c o m p o u n d s .  T h u s ,  t h e  
a b o v e  f i n d i n g s  s u g g e s t  one  p o s s i b i l i t y  for  t h e  p r e b i o t i c  
s y n t h e s i s  of  h y d r o x y  a m i n o  a c i d s  f r o m  s i m p l e  o r g a n i c  
c o m p o u n d s  u n d e r  p o s s i b l e  p r e b i o t i c  c o n d i t i o n s  o n  t h e  
p r i m o r d i a l  e a r t h .  
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Summary. T h i a m i n e  d e f i c i e n c y  c a u s e d  a m a r k e d  d e c r e a s e  o f  i n t e s t i n a l  a l k a l i n e  p h o s p h a t a s e  ( a l -Pase )  a c t i v i t y ,  b u t  
h a d  no  e f f ec t  o n  t h e  C a + + - A T P a s e  a c t i v i t y  a n d  C a + + - a b s o r p t i o n  in  r a t s .  T h e  a l - P a s e  a c t i v i t y  w a s  s i g n i f i c a n t l y  de -  
c r e a s e d  1 h a f t e r  o ra l  a d m i n i s t r a t i o n  of  e t h a n o l  a t  0.5 a n d  2.5 g / k g .  I n  c o n t r a s t ,  Mg++-,  Ca++-  a n d  (Na  + + K + ) - A T P a s e  
a c t i v i t i e s  d i d  n o t  c h a n g e  a f t e r  t h e  a d m i n i s t r a t i o n  of e t h a n o l .  T h e s e  f i n d i n g s  s h o w  t h a t  t h e  a l - P a s e  a c t i v i t y ,  u n l i k e  
t h e  C a + + - A T P a s e  a c t i v i t y ,  is n o t  r e l a t e d  to  C a + + - a b s o r p t i o n .  A p o s s i b l e  ro le  of  a l - P a s e  a c t i v i t y  in  t h e  a c t i v e  t r a n s p o r t  
of  t h i a m i n e  in  t h e  i n t e s t i n e  w a s  d i s c u s s e d .  

I t  is  r e p o r t e d  t h a t  i n t e s t i n a l  C a + + - b i n d i n g  p r o t e i n  I,~, 
C a + + - A T P a s e  3-5 a n d  a l - P a s e  ~-1~ p l a y  f u n c t i o n a l  ro les  in  
t h e  t r a n s p o r t  of  Ca  ++ in  t h e  i n t e s t i n e .  A c lose  r e l a t i o n  
b e t w e e n  t h e  C a + + - A T P a s e  a n d  a l - P a s e  a c t i v i t i e s  u n d e r  
a v a r i e t y  of  c o n d i t i o n s  s u g g e s t e d  t h a t  a c t i v i t i e s  of  t h e s e  
e n z y m e s  m i g h t  r e p r e s e n t  m e a s u r e  of  t h e  s a m e  e n z y m e ,  
t h o u g h  a f ew  r e p o r t s  la, 12 c o n f l i c t  w i t h  t h i s  idea .  
P r e v i o u s l y  we  s h o w e d  t h a t  t i l e  a l - P a s e  a n d  t h i a m i n e  
d i p h o s p h a t a s e  ( T D P a s e )  a c t i v i t i e s  of  r a t  d u o d e n u m  w e r e  
m a r k e d l y  d e c r e a s e d  b y  t h i a m i n e  d e f i c i e n c y  a n d  s u g -  
g e s t e d  t h a t  i n t e s t i n a l  T D P a s e  a c t i v i t y  w a s  i d e n t i c a l  
w i t h  t h e  a l - P a s e  a c t i v i t y  13. T h e s e  r e s u l t s  l ed  u s  t o  
c o n s i d e r  t h a t  t h i a m i n e  d e f i c i e n c y  p o s s i b l y  c a u s e s  de -  
c r e a s e s  of  i n t e s t i n a l  C a + + - A T P a s e  a c t i v i t y  a n d  Ca  ++- 
a b s o r p t i o n .  T h e  p r e s e n t  s t u d y  w a s  c a r r i e d  o u t  to  c l a r i f y  
t h i s  p o i n t .  
F i n a l l y ,  t h i s  p a p e r  r e p o r t s  t i le  e f f ec t  of  e t h a n o l ,  w h i c h  
is w e l l - k l l o w n  to  i m p a i r  i n t e s t i n a l  a b s o r p t i o n  of  t h i a m i n e  
in  h u m a n  ~,1~ a n d  a n i m a l s  16, o n  t h e  a c t i v i t i e s  of  in -  
t e s t i n a l  p h o s p h a t a s e s  t o  d e d u c e  a p o s s i b l e  ro le  of  t h e  
a l - P a s e  a c t i v i t y  in  t h e  a b s o r p t i o n  of  t h i a m i n e .  
Materials and methods. M a l e  S p r a g u e - D a w l e y  r a t s ,  
w e i g h i n g  8 0 - 1 0 0  g, w e r e  u s e d  t h r o u g h o u t .  T h i a m i n e -  
d e f i c i e n t  a n d  p a i r - f e d  r a t s  w e r e  p r e p a r e d  a s  d e s c r i b e d  
p r e v i o u s l y ~ L  R a t s  w e r e  f a s t e d  o v e r n i g h t  b u t  a l l o w e d  f ree  
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