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anodal band of the F 1 hybrid and of the freeze-thaw 
mixture  of parental  extracts are identical and tha t  this 
band represents a hybrid dimer (BB') composed of 1 
subunit  from each of the most anodal parent  dimers. 
Thus, this in vitro technique apparently produces a 
molecular hybrid identical to tha t  synthesized in the 
cells of the interspecific hybrid organism. 

Preliminary investigations of our experimental  con- 
ditions have revealed some similarity between the 
hybridization of malate dehydrogenase and of lactate 
dehydrogenase. Hybridization does not occur when salt 
is omitted from the mixture, when the tissue is homo- 
genized in distilled water, or when 0.1M Tris-HC1, 
pH 8.0, is subst i tuted for the phosphate buffer. There is 
no apparent difference between quick freezing the mixture  
and slow freezing by storage at  - -20°C for 4h .  This 

.behavior is analogous to tha t  reported for lactate de- 
hydrogenase ~5 suggesting a similari ty in the mechanism 
of subunit assembly in these dehydrogenases. 

The freezing and thawing process does not greatly 
reduce the amount  of enzyme act iv i ty  detected by 
staining. I t  is possible that  an even better  recovery of 
enzyme act ivi ty  will be obtained by the use of coenzyme 
as a stabilizing agent as in the freeze-thaw hybridization 
of lactate dehydrogenase is. N A D H  has markedly enhanced 
the recovery of malate dehydrogenase during reactivation 
after acid or guanidine t rea tment  xa Like lactate dehydro- 
genase, variat ion in the concentration or nature of the 
hybridization p romot ing  ions may  also increase the 
yield 15. With  optimal conditions, this technique should 
prove useful in purification procedures and in the prepara- 
tion of molecular hybrids for the investigation of subunit 
interactions 16. 

Molecular hybridization can be useful in studying 
protein evolution by examining the affinity of monomeric 
polypeptides from widely divergent organisms in forming 
multimeric enzymes x*. The formation of such hybrid 
molecules implies a high degree of homology in higher 
order protein structure. Preliminary results suggest tha t  

evolutionary analyses of MDH polypeptides can be 
performed by the freeze-thaw technique. We have also 
obtained evidence tha t  the supernatant  malate  dehydro- 
genase subunits from the sheep and the largemouth bass 
assemble into the same dimer during freeze-thaw hybrid- 
ization. 

The present investigation is, to our knowledge, the 
first demonstration that  the freeze-thaw technique pro- 
duces molecular hybrids of malate dehydrogenase iso- 
zymes. This convenient and economical procedure should 
prove useful in the study of genetics, enzyme structure, 
and molecular evolution ~. 

Rdsumd. Les hybrides mol6culaires des isozymes de la 
d6shydrog6nase de malate de diffSrentes espbces de pois- 
sons peuvent  ~tre engendr~s in vitro en gelant puis 
d6gelant les isozymes en presence du sel. L' isozyme 
hybride est identique £ eelle observ6e in vivo clans 
l 'hybride intersp6cifique F 1. 
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Origin of Enzymic and Photosynthetic Activity in 

The evolution of enzymatic act ivi ty  from the primitive 
catalytic act ivi ty  of small molecules or ions has been 
the subject of much speculation. CALVI~ x has suggested 
the decomposition of H~O~ as one of the earliest examples 
of this process. Starting as an Fe+3 ion catalyzed reaction, 
it presumably evolved to the catalase catalyzed reaction 
by successive addition of increasingly complex organic 
ligands to the iron. 

We report that  UV-irradiation of a solution of NH4SCN, 
glycine, and several salts produces insoluble microspheres 
having peroxidase activity.  Glycine has been produced 
in many prebiotic experiments 1, ,, and may be presumed 
to have been present in a pr imit ive Ear th  environment. 
NH4SCN is a product of juvenile volcanic gases s. We 
use artificial sea water 4 as a plausible ionic medium and 
ferrous ammonium sulfate a convenient source of iron. 

In a typical experiment,  40 ml of sea water containing 
0.04 moles each of glycine and NH4SCN and 0.001 moles 
of Fe(NH4)¢(SO,) ~ was subjected to UV-irradiation at  
2 5 4 n m  for 3 h from a submerged pen lamp s. Particles 
appeared close to the surface after only 2 or 3 min of 
irradiation. The reaction was left standing for 14h;  
during this t ime the particle color changed from beige 
to grey, suggesting that  dark reactions occurred. The 

a Prebiotic System 

particles were separated from the solution on a 0.22 ~m 
filter and were washed repeatedly with distilled water. 

Microscopic examinat ion of the particles revealed tha t  
they were spherical, 0.2-1.0 izm in diameter, and tha t  
the average diameter  increased with irradiation time. 
Morphological integri ty remained after heating in boiling 
water and freezing. Thus stabili ty under geological con- 
ditions seems plausible. A scanning electron micrograph 
is shown in Figure 1. 

Because the microspheres were insoluble in common 
solvents, we used an aqueous suspension in the peroxidase 
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Fig. 1. a) Scanning electron micrograph of the microspheres. The bar represents 10 ~tm. b) Enlarged view. 1 p~m is represented. 

assay.  T h e  s u s p e n s i o n  was  s u b j e c t e d  t o  u l t r a s o n i c  v i b r a -  
t i o n  to  o b t a i n  a u n i f o r m  d ispers ion .  W e  used  a modi f i ca -  
t i o n  of a s t a n d a r d  pe rox idase  a s s a y  s. To  10 m t  of  c i t r ic  
a c i d - p h o s p h a t e  buffer ,  1 m l  of 1% H~O 2, a n d  1 m l  of  
1 %  o -pheny l ene -d i amine ,  we a d d e d  1 ml  of a 0.2 m g / m l  
suspens ion  of mic rospheres .  Th i s  c o n c e n t r a t i o n  gave  a n  
in i t i a l  l i n e a r  increase  in  a b s o r p t i o n  a t  450 n m  (due to  
t h e  o x i d a t i o n  of t h e  amine)  w h i c h  a l lowed c o n v e n i e n t  
d e t e r m i n a t i o n  of r e l a t i ve  r e a c t i o n  ra tes .  T h e  p H  o p t i m u m  
was  5 (F igure  2); p e r o x i d a s e  f rom oa t s  h a s  a n  o p t i m u m  
of 4.8 t o  5.3 ~. T h e  u n i r r a d i a t e d  so lu t ion  a n d  t h e  f i l t r a t e  
f r o m  t h e  p r o d u c t  m i x t u r e  h a d  s t r o n g  a c t i v i t y  b u t  t h e  
f ina l  wash ings  f rom t h e  p r o d u c t  h a d  none .  

E l e m e n t a l  ana lys i s  of t h e  pa r t i c l e s  r evea l ed  C 10.9~/o, 
N 14.4%, H 1.22%, S 44 .28%,  a n d  Fe  18.8%,  l eav ing  
10.8% un iden t i f i ed ,  p r e s u m a b l y  oxygen .  Since t h e  yie ld  
was  a b o u t  30 rag, e s sen t i a l ly  al l  of t h e  i ron  was  incor-  
p o r a t e d  in to  t h e  par t ic les .  A n  I R - s p e c t r u m  showed 
s t r o n g  a b s o r p t i o n  a t  2085 c m  -1, i n d i c a t i v e  of a n  SCN 
s t ruc tu re .  T h e  I R - s p e c t r u m  a n d  t h e  C, H,  N, S a t o m i c  

r a t i o s  of 1.0: 1 .3 :1 .1 :1 .5  sugges t  a t h i o c y a n a t e  p o l y m e r  s 
as  a m a j o r  c o m p o n e n t  of t h e  par t ic les .  I ndeed ,  t h e  
inso lub le  res idue  r e m a i n i n g  a f t e r  e v a p o r a t i o n  of t h e  ac id  
h y d r o l y s a t e  p r eced ing  a m i n o  ac id  ana ly s i s  s h o w e d  t h e  
c h a r a c t e r i s t i c  b r i ck - red  co lo ra t i on  of  p a r a t h i o c y a n o g e n ,  
(SCN)n. 

A l t h o u g h  glycine  a n d  seve ra l  o t h e r  a m i n o  ac ids  were  
iden t i f i ed  in t h e  acid h y d r o l y s a t e ,  t h e y  r e p r e s e n t  a v e r y  
sma l l  p e r c e n t a g e  of t h e  t o t a l  mass  of t h e  par t ic les .  How-  
ever,  p r e p a r a t i o n s  w i t h o u t  g lyc ine  p r o d u c e d  v e r y  smal l  
y ie lds  of pa r t i c l e s  w i t h  a h i g h e r  i ron c o n t e n t  t h a n  usual ,  
y e t  w i t h  on ly  2 - 5 0  of t h e  c a t a l y t i c  a c t i v i t y  of t h e  usual  
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Fig. 2, pH dependence of the microsphere peroxidase activity, 
1 ml HzO z (1%) ; 1 ml o-CsHI(NHQ2.2HC1 (1%) ; 1 ml mierospheres 
(0.2 mg]rnl) ; 10 ml buffer (Mcllvaine), 

Effect of absence of different components from irradiated solution 
in production of particles 

Component Iron Relative Relative 
absent in in product yield of catalytic 
solution ( % ) product action 

- 20 1 1 
Salts 30 0.7 0.5 
Glycine 30 0.05 0.01 
Iron 0.2 - 
UV no microspheres produced 

Preparations without sea water salts were run in distilled water. 
Yield and rate data are based upon the mean values from several 
experiments. 
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part icles.  Similar ly ,  p repara t ions  w i thou t  i ron gave  low 
yields of par t ic les  hav ing  no de tec tab le  peroxidase  
ac t iv i ty .  Ca ta ly t ica l ly  ac t ive  par t ic les  re ta ined  the i r  
a c t i v i t y  af ter  hea t ing  in boil ing water ,  which  is geologi- 
cal ly  reasonable.  Coincidental ly,  t he  peroxidases  are  
a m o n g  t h e  mos t  s table  of a l l  enzymes  9. This  d a t a  is 
summar ized  in t he  Table .  W e  could no t  d e m o n s t r a t e  
enhanced  iron ca ta ly t i c  a c t i v i t y  due  to  its presence in 
the  microspheres.  

I ron  (III)  readi ly  forms complexes  wi th  chela t ing  
amine l igands 10. The  glycine-iron complex  in our  s ta r t ing  
solut ion appears  to  be  crucial  to  par t ic le  fo rma t ion  as 
well  as to t he  ca t a ly t i c  effect iveness  of t he  product .  
However ,  the  ana ly t ica l  d a t a  indicate  t h a t  on ly  a smal l  
por t ion  of the  iron m a y  be present  in th is  form. Oxides  
and sulfides would  account  for t he  bulk  of the  iron. 

GRANICK 11 has  proposed a mode l  of a p r i m i t i v e  photo-  
syn the t ic  un i t  consis t ing of oxides  and sulfides of iron. 
According to  his model ,  organic  compounds  could fo rm 
on the  surfaces where hydrogen  and  h y d r o x y l  ions were 
util ized. We  observed  a s ignif icant  drop in pH,  up to 
2.5 units,  a f te r  we i r rad ia ted  our  par t ic le  suspension in 
wa te r  for 1 h w i t h  t he  U V  pen  lamp.  This  change was 
revers ible  in several  hours  in t he  presence of t he  part icles ,  
b u t  no t  so if t he  par t ic les  were  r emoved  by  f i l t ra t ion.  
Boi l ing the  supe rna t an t  did no t  a l ter  the  p H ;  thus  dis- 
solved, H2S, for example ,  could no t  be responsible.  I f  
a large a m o u n t  of h y d r o x y l  ions were consumed a t  the  
surface, t hen  the  p H  would  decrease as in our  sys tem.  

In  order  to  fu r the r  explore  t he  s imilar i t ies  be tween  a 
p r imi t ive  pho tosyn the t i c  sys tem and our  microspheres,  
we i r radia ted  the  par t ic le  suspension and then  al lowed 
to  s tand  for several  hours  unt i l  the  p H  re tu rned  to its 
fo rmer  value.  On fur ther  i r radiat ion,  the  p H  decreased 
once aga in :  a procedure  t h a t  could be  repea ted  several  
t imes.  I t  is in teres t ing to  note  t h a t  a s imple  solut ion of 
ferrous a m m o n i u m  sulfate  will  also show a decrease of 
p H  on i r radiat ion,  b u t  this  effect  is no t  reversible.  

The  behav io r  of our  par t ic les  suggests t h a t  we m a y  
have  found a mode l  s imilar  to the  one proposed by  GRA- 

NICK 11. I n  our  microspheres,  t he  i ron associates w i th  t he  
organic  complexes  produced and shows s t rong  ca t a ly t i c  
a c t i v i t y  as proposed by  CALVIN 1. In  suppor t  of th is  
scheme, we found t h a t  par t ic les  isolated af ter  only  30 rain 
of i r radia t ion  are  v e r y  small .  P re l imina ry  resul ts  indicate  
t h a t  succinic acid, a po rphyr in  precursor  is can  pa r t i a l ly  
replace glycine in t he  fo rmat ion  of t he  microspheres  1~. 

Rdsumd. L ' i r r ad ia t ion  U V  d ' une  solut ion de sulfo- 
cyana te  d ' a m m o n i n m ,  glycine et  fer dans l ' eau  de mer  
art if iciel le  a p rodu i t  des microsph~res semblables  g des 
cellules dou6es d ' ac t iv i t6  ca t a ly t ique  l~ rox idas ique .  La  
glycine a augment~  l ' ac t iv i t6  ca t a ly t ique  du fer, c o m m e  
cela  pu r r a i t  s '~tre p rodui t  au cours de l ' evo lu t ion  dans  
la premiere  6tape de ce t te  r6act ion de ca ta lyse  par  le fer. 
On a observ6 des rafts semblables  avec un module 
6Mment pho tosyn th6 t ique  pr imit i f .  
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Intracel lu lar  R e c o r d i n g  of  Electrical  Act iv i ty  in S m o o t h  Musc le  of the C o m m o n  Bile Duct  1 

Knowledge  concerning the  mo t i l i t y  of t he  bi le  duc t  
is st i l l  qu i te  f r agmen ta ry  and  there  has  been no publ ica-  
t ion of in t racel lu lar  measu remen t s  of the  m e m b r a n e  
potent ia l ,  the  mos t  sensi t ive indica tor  of the  electr ical  
processes combined  wi th  exc i ta t ion  of smoo th  muscle  
cells. W e  therefore  included the  c o m m o n  bi le  duc t  of 
the  guinea-pig in a p r o g r a m m e  of c o m p a r a t i v e  s tudies  on 
d i f ferent  t ypes  of spon taneous ly  ac t ive  smoo th  muscle  
prepara t ions  ( taenia coli  s, s tomach  s, por ta l  ve in* and 
ure ter  5 oi t he  guinea-pig).  

Materials and methods. A length  of 10-15 m m  of t he  
c o m m o n  bile duc t  was r emoved  f rom the  junc t ion  of the  
cyst ic  and hepa t i c  duc ts  up  to  a p p r o x i m a t e l y  2 m m  
before i ts  passage in to  t h e  duodenum,  and  t h e  l u m e n  
was i m m e d i a t e l y  cleared f rom the  bile. One end of the  
prepara t ion  was pul led over  a perspex cone and f ixed 
wi th  a thread,  v e r y  s imilar  to the  t echn ique  used for 
measurements  in the  por ta l  vein*. The  size of t he  cone 
was selected in order  t h a t  t he  t issue was jus t  suff ic ient ly  
s t re tched to  p r even t  m o v e m e n t s  in th is  area, and,  there-  
fore, long- term intracel lular  recordings wi th  glass micro-  
electrodes could be performed.  The  greater  pa r t  of t he  
prepara t ion  was kep t  under  normal  tension condit ions,  

s t re tched to  i ts  a p p r o x i m a t e  l eng th  in situ. The  free end 
was connec ted  to  a t r ansducer  for recording the  tens ion  
deve lopment .  The  p repara t ion  was kep t  in an  organ b a t h  
a t  35°C, perfused wi th  Krebs  solut ion ae ra ted  wi th  
95% O, and 5% CO,. Technica l  detai ls  are  g iven  more  
ful ly  in preceding papers  2, *. The  descr ibed par t ia l  f ixa t ion  
of t he  bi le  duc t  p repa ra t ion  does n o t  d i s turb  t h e  no rma l  
spontaneous  ac t iv i ty ,  as could be  shown by  expe r imen t s  
where the  electr ical  a c t i v i t y  was recorded wi th  ex t ra -  
cel lular  electrodes w i thou t  any  special  f ixa t ion  (will be 
publ ished separately) .  
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