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ta ined  in a hypothe t ica l  f r amework  of prebiological  con- 
ditions. Added suppor t  for a prote in- l ike  s t ruc tu re  of the  
po lymer  is found in pos i t ive  b iu re t  tests,  infrared ab-  
sorpt ion spectra,  and a m e a n  chain  weight  of 4900. 

Shor t ly  af ter  this p ro jec t  on the rmal  syntheses  of pep-  
tides was begun,  unexpec ted  results  under  these  same 
condi t ions  led to o the r  inves t iga t ions  (Fox ,  JOHNSON', and 
MIDDLEBROOKlS). There  was observed  the  appearance  of 
amino  acids, ~- and fl-alanine, no t  p resent  in the  original.  
This  resul t  suggested t h a t  our  known fami ly  of amino  
acids m a y  have  or ig inated  by  the rmal  convers ion and 
rear rangement .  One b iochemical  th ing  led to ano the r  and 
a t he rma l  react ion f lowsheet  as in F igure  2 was assembled.  
These are some of the  react ions which have  been s tudied;  
the solid lines represent  those for which the  detai ls  have  
been published.  I t  was found t h a t  aspar t ic  acid can arise 
t he rma l ly  f rom the  Krebs  Cycle acid, mal ic  acid, by  reac- 
t ion wi th  a m m o n i a  or  urea  and t h a t  aspar t ic  acid  is con- 
ve r t ed  to ~- and fl-alanine. An unexpec ted  p roduc t  of 
especial in teres t  was ureidosuccinic acid (Fox ,  JOHNSON, 
a n d  VEGOTGKY 9). 

This partial chart includes many thermal products iden- 
tical to those found in organisms, except for lack of opti- 
cal activity in some. The reactions are also similar and, 
most strikingly, the sequences of thermal reactions re- 
semble those of a generalized biosynthesis. 

These unified resul ts  indicate  in pr inciple  how the  ana-  
bolic react ions  and protein,  somehow funct ioning as en- 
zyme,  could arise joint ly .  The  appearance  of  ureidosuc-  
cinic acid suggests the  biosynthesis  of  genie nucleic acid 
inasmuch as ure idosuccinic  acid is now a recognized bio- 
logical i n t e rmed ia t e  for pyr imidines  (LIEBERMAN and  
KORNBERGt~). F r o m  this  i t  is possible to visual ize the  
genera t ion  of anabol ic  reactions,  enzymes,  and genes in 
a ref lexive chemica l  m e m o r y  mechan i sm (Fox,VE~oTSKY, 
HARADA, and HOAaLAND2°). This  p ic ture  is essent ia l ly  
the  reverse  of the  gene-enzyme-reac t ion  sys tem of 
BEADLE2~ et al. The ent ire  in tegra ted  pic ture  is of course 
incomplete ,  bu t  i t  is b rough t  into sharper  focus by  the  
finding t h a t  all of the  c o m m o n  amino  acids can be co- 
polymer ized  under  selected the rma l  condi t ions  in to  a 
single p roduc t  suggest ive  of protein.  

Pure ly  biological evidence for the  the rmal  origin of or- 
ganisms, a l though  no t  conclusive,  can be found in the  
l i terature.  The  proposal  t h a t  life began in the rmal  waters  
has been offered by  several  biologists,  no t ab ly  COPE- 
LAND 22. One cr i t ic ism of chemical  or  biological  theor ies  
emphasiz ing the rma l  origins is t h a t  biological sys tems 
cannot  wi ths tand  such e leva ted  tempera tures .  One answer  
to  this  p rob lem is the  fact  t h a t  some bac te r ia  and algae 
normal ly  inhab i t  near ly  boiling h o t  springs. These,  accord-  
ing to  Copetand, are  t he  mos t  p r imi t ive  organisms.  Se- 
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condly,  GREENSTEIN and HOYER =a, and also H~M~R 24, 
showed t h a t  m a n y  substances  inhib i t  the  t he rma l  coagu- 
la t ion  of p ro te in ;  no t ab ly  nucleic acids do this.  In  at-  
t e m p t i n g  to  unders tand  the  origin of physiological  sys- 
tems,  i t  m a y  be necessary therefore  to  unde r s t and  the  
special influences of molecular  in terac t ions  qu i te  as ful ly 
as the  genera t ion  of substances  and reactions.  

Despi te  increasing numbers  of  expe r imen ta l  demons t ra -  
t ions, more  t h a n  usual  unce r t a in ty  a t t ends  a n y  inter-  
pre ta t ions  in the  subjec t  m a t t e r  of b iochemical  origins. 
A t rue  unders tand ing  of origins however  offers m u c h  pro-  
mise of sys temat iz ing  the  t r emendous ly  ramif ied  mass of 
b iochemical  knowledge and is to be sought  for this reason 
alone. 

A t  the  most  the pic ture  which has been inferred re- 
presents  essent ial ly the w a y  in which biochemical  systems 
originated.  A t  the least,  i t  presents  in re la t ive ly  comple te  
out l ine an in te rna l ly  and ex te rna l ly  consis tent  p ic ture  of 
how biochemical  systems,  and by  self-directed ex t ra -  
polat ion,  life ( F o x  ~6) could have  originated,  when  one 
invokes  a modu la t ion  f rom a hypohydrous  m a g m a  to an 
aqueous  sys tem.  

A t  the  non- in t e rp re t a t ive  level, the  s tudies h a v e  re- 
vea led  ways  and means  of producing  wi th  re la t ive  ease 
a large va r i e t y  of pept ides  which c o m m a n d  in teres t  in a 
n u m b e r  of po ten t ia l  appl icat ions.  

Zusammen]assung 

Bei l~berschuss yon  Glutamins/iur,  e und Asparagins/ iure 
werden  zahlreiche Aminos~iuren thermisch  kopolymer i -  
siert.  Das S tud ium der  Reak t i onen  and  Nebenreak t ionen  
f t ihrt  ~u einer  Theor ie  tiber den  thermischen  Ursp rung  
biochemischer  Systeme.  
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There has been an error  in the  first co lumn of page 372 
in line 9 f rom below. This  line should read:  ... t rea ted  
wi th  hydrocor t i sone  in concent ra t ion  of 125 micrograms/  
ml. 


