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E v i d e n c e  f o r  S e l e c t i v e  A d s o r p t i o n  a n d  P o l y m e r i z a t i o n  o f  t h e  L - O p t i c a l  I s o m e r s  o f  A m i n o  A c i d s  

R e l a t i v e  t o  t h e  D - O p t i c a l  I s o m e r s  o n  t h e  E d g e  F a c e s  o f  K a o l i n i t e  

I n  a series of exper iments  I showed t h a t  kaol in i te  K-6  
suppl ied by  the  F isher  Scient if ic  Co. ca ta lyzed  poly-  
mer iza t ion  of the  L-optical isomers of aspar t ic  acid and 
serine preferent ia l ly  wi th  respect  to the  D-optical iso- 
mers  x, ~, The  ca ta ly t i ca l ly  ac t ive  sites on the  clay crysta ls  
were assumed to  be  located on the  enan t iomorphous  
edge (hk) faces x. The  present  work  conf i rms these  results  
and furnishes in format ion  about  the  kinet ics  and mecha-  
n ism of the  c lay-amino ac id  in teract ion.  

5 ml  a l iquots  of 0.01AI solutions of L- and D-aspart ic  
acid were incuba ted  wi th  500 mg  por t ions  of kaol in i te  
K-6 a t  90 °C for va ry ing  lengths  of t ime  in sealed Pyrex  
tubes. Aspar t ic  acid solut ions w i thou t  c lay served as 
blanks.  Af te r  incubat ion,  ma te r i a l  adsorbed to  the  c lay 
was ex t rac ted  wi th  2 N  NH3, t aken  to  driness a t  room 
tempera tu re ,  redissolved in water ,  and ana lyzed  for 
pept ides  by  the  b iure t  m e t h o d  3. Adsorp t ion  of L- and 
D-phenylalanine by  the  kaol in i te  under  di f ferent  p H  
condi t ions  was also inves t iga ted .  2.0000 g por t ions  of 
kaol in i te  K-6 were  suspended in repl ica te  10 ml  a l iquots  
of 0 .001M L- and D-phenylalanine  solutions.  In  one set 
of runs, the  s o l v e n t w a s  water ,  and the  ini t ia l  p H  5.8; 
in ano the r  set, the  so lvent  was 0 .01N HC1, and the  
ini t ia l  p H  2.0. All samples,  toge ther  w i th  blanks,  were  
shaken cont inuous ly  at  room t empera tu r e  for 24 h, a f te r  
which the  c lay was spun down, and the supernates  wi th -  
d rawn  for anMysis. All  solutions were passed t h rough  
0.45 ~xm mil l ipore  fi l ters and  ana lyzed  by  UV-spec t ro-  
p h o t o m e t r y  a t  a wave leng th  of 260 rim. The  quan t i t i e s  
of phenyla lan ine  adsorbed by  the  kaol in i te  Were com- 
pu ted  on the  basis of the  differences be tween  the  absorb-  
ances  of the  sample  solut ions and the  m e a n  absorbances  
of phenyla lan ine  blanks  to  which  no c lay had been added.  
The  significance of the  differences be tween  the  sample  
sets was tes ted s ta t i s t ica l ly  at  the  5% level  by  means  
of t he  t-test  and the  Mann-Whi tney  U-tes t .  

The  resul ts  of the  aspar t ic  acid expe r imen t  (Figure) 
showed t h a t  the  L-optical isomer was cons is ten t ly  m u c h  
more h ighly  po lymer ized  than  the  D-optical  isomer.  
Po lymer iza t ion  proceeded logar i thmica l ly  in both  the  
L- and D-samples, bu t  the  L-isomer polymer ized  a t  a 
much  h igher  ra te  t h a n  the  D-isomer. No pept ides  were 
de tec ted  in aspar t ic  acid solutions hea ted  in the  absence 
of kaolini te,  showing t h a t  po lymer iza t ion  was ca ta lyzed  
by  the  clay. 

The  phenyla lan ine  d a t a  (Table) indica ted  t h a t  t he  
L-optical isomer was more  h igh ly  adsorbed t h a n  the  
n-opt ica l  isomer a t  p H  5.8, t he  resul ts  being s ignif icant  
at  the  4% l e v e l  A t  p H  2.0, the  percen tage  of D-phenyl-  
a lanine  adsorbed was no t  s igni f icant ly  d i f ferent  t h a n  a t  
p i t  5.8; however ,  t h e  percen tage  of L-phenyla lanine  
adsorbed a t  p H  2.0 was abou t  half  the  percen tage  ad- 
sorbed a t  p H  5.8, the  difference being s ignif icant  below 
the  1% level.  Thus,  the  add i t ion  of ' fore ign '  H- ions  had  
no effect  on the  adsorp t ion  of D-phenyla lanine  b u t  mar -  
kedly  inhib i ted  adsorpt ion  of L-phenylalanine.  This  
effect  is in te rpre ted  as follows. The  edge faces of the  
kaol ini te  crystals  preferent ia l ly  adsorbed the  L-optical  
isomer,  whereas  the  001 faces adsorbed bo th  op t i ca l  
isomers equMly. A t  p H  2.0 most  of the  pheny la lan ine  
molecules  were cat ionic,  and the  crys ta l  edges had a 
ne t  pos i t ive  charge 4, resul t ing in mu tua l  repuls ion ra ther  
t h a n  adsorpt ion.  This  would  account  for the  drop  in t he  
percentage  of L-phenylalanine adsorbed a t  the  lower p H .  
Possibly suppression of the  ionizat ion of the  ca rboxyl  
group of phenyla lan ine  also con t r ibu ted  to  the  inhibi t ion  
of adsorp t ion  on the  edge faces of the  mineral .  The  fact  

t h a t  lowering the  amb ien t  p H  had no de tec tab le  effect  
on the  adsorpt ion  of D-phenylalanine is readi ly  expla ined 
if the  D-molecules were a lmos t  exclus ively  adsorbed on 
the  001 faces, which, in cont ras t  to the  edge faces, were 
p resumab ly  insensi t ive to  the  p H  change. 4. E v i d e n t l y  
the  edge faces d i sc r imina ted  agains t  the  D-optical  i somer  
on the  basis of configurat ion,  even  under  p H  condi t ions  
favorab le  for adsorpt ion.  This  in te rp re ta t ion  is consis tent  
w i t h  the  fact  t h a t  the  edge faces, unl ike  the  001 faces, 
are enant iomorphous .  The  phenyla lan ine  d a t a  suppor t  
t he  hypothes is  t h a t  po lymer iza t ion  of aspar t ic  acid was 
ca ta lyzed  by  the  edge faces of the  kaolini te.  

Data on the adsorption of L- and D-phenylalanine under different 
pH conditions 

Initial Optical Mean % adsorbed Standard No. of 
pH isomer ~ standard error deviation replicate 

(ta.~ s] ~ )  samples 

5.8 L 19.0 i 3.58 3.87 7 
D 15.0 -4- 3.16 3.42 7 

2.0 L 9.77 -t- 4.30 3.44 5 
D 15.3 -t- 7.13 5.70 5 
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Plot showing rates of peptide bond formation in solutions of L- and 
D-aspartie acid heated in the presence of kaolinite (data from biuret 
analyses). ©, L-asp. A, 9-asp. 
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The  resu l t s  of  t h i s  s t u d y  sugges t  t h a t  p o l y m e r i z a t i o n  
of adso rbed  a m i n o  ac ids  on  t h e  edge faces of d i o c t a h e d r a l  
c lay  mine ra l s  could  h a v e  p l a y e d  a s ign i f i can t  role in  t he  
p re -b io t i c  or ig in  of op t i ca l ly  ac t ive  po lypep t ides ,  g iven  
a r a n g e  of p H  cond i t i ons  no t  r ad ica l ly  d i f f e ren t  f rom 
t h a t  of m o s t  c o n t e m p o r a r y  n a t u r a l  waters .  T h e  d a t a  
also sugges t  t h a t  c lay  minera l s ,  b y  p re fe ren t i a l l y  a d s o r b i n g  
a n d  r e a c t i n g  w i th  c e r t a i n  organic  c o m p o u n d s ,  or  w i t h  
p a r t i c u l a r  i somers  of these  c o m p o u n d s ,  m a y  e x e r t  a 
se lec t ive  in f luence  in  t h e  g e o c h e m i s t r y  of s e d i m e n t a r y  
organic  m a t t e r  (el. 5). 

A more  comple t e  m a n u s c r i p t  on  t h i s  work  will be  
p u b l i s h e d  e lsewhere  1, e. 

Zusammen/assung. Auf  K a o l i n i t k r i s t a l l e n  w e r d e n  die 
L-opt i schen  I s o m e r e n  d e r  Aminos~iuren vollst~indiger 

a d s o r b i e r t  u n d  schne l l e r  po lymer i s i e r t  als die D-opt i schen 
I someren .  
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T h e  R e d o x  C l e a v a g e  o f  t h e  S u l f u r - S u l f u r  B o n d  a n d  C a r b o n - S u l f u r  B o n d  i n  O r g a n i c  D i s u l f i d e s  b y  

a M o d e l  C o e n z y m e  

The  s tud ies  on  t he  o x i d a t i o n  of L - a l k y l - l , 4 - d i h y d r o -  
n i c o t i n a m i d e  b y  m a l a c h i t e  g reen  x a n d  t h i o b e n z o p h e n o n e  ~ 
as  mode l  r eac t ions  for  t h e  o x i d a t i o n  of t h e  c o e n z y m e  
n i c o t i n a m i d e - a d e n i n e  nuc leo t ide ,  BYADH, h a v e  b e e n  
r e p o r t e d  to  i nvo lve  t h e  sh i f t  of h y d r i d e  ion. Howeve r ,  
t he se  mode l  r eac t i ons  seem to  d e v i a t e  f rom t h e  genera l ly  
accep t ed  one-e lec t ron  t r a n s f e r  t h e o r y  in b iological  ox ida-  
t i o n - r e d u c t i o n s  a. 

As a c o n t i n u a t i o n  of our  s tud ies  on  t h e  r e d o x  c leavage  
of su l fur -su l fur  b o n d s  in o rgan ic  disulf ides  w i t h  a m i n e s  ~. 

R S S R +  RaN: ' > RS. + RS: ~ . . . .  RAN.® 

W e  wish  to  r e p o r t  b r ie f ly  t he  r eac t ions  b e t w e e n  N-benzy l -  
1, 4 - d i h y d r o n i c o t i n a m i d e  a n d  severa l  d isul f ides  inc lud ing  
d i p h e n y l  disulf ide,  a - l i poamide  a n d  N, N, N' ,  N ' - t e t r a -  
m e t h y t t h i u r a m  disul f ide  a n d  monosul f ide .  

Reduction o/lipoamide and diphenyl disulfide by N-ben- 
zyl-1, 4-dihydronicotinamide. Lipoic  acid possesses a rela-  
t i ve ly  w e a k  su l fur -su l fur  b o n d  w h i c h  can  be  c leaved  b y  
r educ ing  agen t s  such  as ferrocene a n d  N , N - d i m e t h y l -  
an i l ine  ~. However ,  l ipoic acid in e t h a n o l  c a t a l y z e d  t he  
d e c o m p o s i t i o n  of t he  d i h y d r o n i c o t i n a m i d e  ~. W i t h  l ipo- 
a m i d e  (1 × 10 -4 moles,  m p  129-130 °n) a n d  N - b e n z y l - l , 4 -  
d i h y d r o n i c o t i n a m i d e  ( 7 . 5 × 1 0  -5 moles,  m p  115-119°7;  
2~,~ 350 nm,  e 7220) in  a b s o l u t e  e t h a n o l  a t  25°C in t h e  
d a r k  u n d e r  n i t rogen ,  t he  r eac t i on  fu rn i shed ,  a t  t h e  end  
of 4 weeks,  t h e  c o r r e s p o n d i n g  p y r i d i n i u m  ion s in  30% 
yie ld  (2max 265 nm,  e 4250). U n d e r  t h e  s ame  c o n d i t i o n s  
d i p h e n y l  disulf ide  a n d  t h e  s ame  d i h y d r o n i c o t i n a m i d e  
fu rn i shed  t he  p y r i d i n i u m  ion in 85% yield.  B y  d i r ec t  
a n a l o g y  to t h e  m e c h a n i s m  p r o p o s e d  for  t h e  r e d o x  
c leavage  of su l fur -su l fur  b o n d  in  d i p h e n y l  d isu l f ide  w i t h  
N, N - d i m e t h y l a n i l i n e  4, t h e  p r e s e n t  r e a c t i o n  m a y  proceed  
b y  t h e  fo l lowing m e c h a n i s m :  

I]I]NH2 + RSSR ---, "~- R57--- 
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This  mode l  r eac t i on  offers  a m e c h a n i s m  w h i c h  n o t  on ly  
concurs  w i t h  t he  c o m p u l s o r y  one -e l ec t ron  t r a n s f e r  con-  
cep t  in  b iological  o x i d a t i o n - r e d u c t i o n s  b u t  also h a s  t h e  
a d v a n t a g e  t h a t  d isu l f ides  a re  b e t t e r  a n d  m o r e  a t t r a c t i v e  
o x i d a n t s  in  s i m u l a t i n g  phys io log ica l  cond i t ions .  

Reduction o/ N, N, N'. N'-tetramethylthiuram disulfide 
(TMTD) and monosul]ide (TMTM) by N-Benzyl-L4- 
dihydronicotinamideL E q u a l  m o l a r  q u a n t i t i e s  of T M T D  
m p  153-154 ° l i t  145-146 °1° a n d  N - b e n z y l - l , 4 - d i h y d r o -  
n i c o t i n a m i d e  in e t h a n o l  a t  25 °C in t he  d a r k  u n d e r  n i t r o g e n  
p roduced ,  o v e r  a pe r iod  of 4 weeks,  2 p r o d u c t s  (uv ~max 
410 n m  a n d  435 n m  respec t ive ly ) .  T h e  c o m p o u n d  w i t h  
L . . .  410 n m  (~ 1700), m p  249-250 ° (dec.), was  i so la ted  
in 6 7 %  yie ld .  

A n a l y s i s  ca l cu l a t ed  for  
C16HgN~OS2: C, 57.6; H, 5.8; N, 12.6. 
F o u n d :  C, 57.4; H,  5,89; N, 12.64. 

I t  was  iden t i f i ed  as N - b e n z y l - 3 - c a r b a m y l p y r i d i n i u m  
d i m e t h y l d i t h i o c a r b a m a t e .  

A t t e m p t  to  i so la te  t he  c o m p o u n d  w i t h  ]tmax 435 n m  
fai led because  i t  decomposes  on  exposu re  to  air .  

I n  a pa ra l l e l  run ,  N-benzyl -1 ,  4 - d i h y d r o n i c o t i n a m i d e  a n d  
N , N ,  N' ,  N ' - t e t r a m e t h y l t h i u r a m  monosu l f ide  (TMTM) 
(mp 106-108 ° l i t  n 108-110 °) in  e t h a n o l  u n d e r  iden t i ca l  
cond i t i ons  as in  t h e  p rev ious  e x p e r i m e n t ,  t he  r eac t ion  
a f fo rded  on ly  one p roduc t ,  N - b e n z y l - 3 - c a r b a m y l p y r i d i -  
n i u m  N , N - d i m e t h y l d i t h i o c a r b a m a t e ,  2maz 410 nm,  in 

1 D. MAUZERALL and F. H° WESTHEtMER, J. Am. chem. Soc. 77, 
2261 (1955). 

2 R. H. A~ELES, R. F. HUrTON and F. H. W~STHEIM~R, J. Am. 
chem. Soc. 79, 712 (1957). 

3 L. MlCaAELIS, Cold Spring Harb. Symp. quant. Biol. 7, 33 (1939). 
4 C.-H. WAr, O, Nature, Lond. 203, 75 (1964). 
s A. G. ANDERSON" JR. and G. BERKELHAMMER, J. Am. chem. Soc. 

80, 992 (1958). 
6 T. Kism, J. pharm, Soc. Japan 81, 787 (1961). 

P. KARRER and F. STARJ~, Helv. chim. Acta. 20, 418 (1937). 
s K. WALLEN"FELS and H. DmKMANN, Justus Liebigs Annln Chem. 

621, 166 (1959). 
Part of this work was reported by C.-H. WAN"G, S. M. LIN"N"ELL 
and N. WANe, J. org. Chem. 36, 36 (1970). 

10 S. AKERSTROM, Ark. Kemi /d, 387 (1959). 
n M. ZmROOSKV and V. ErrEL, Chem. Listy 51, 2094 (1957). 


