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I t  was repor ted  in i94 61 t h a t  yea s t  r ibonucleic acid (RNA) caused  an  expans ion  of haemoglobin  
monolayers  when  p re sen t  in the  subs t r a t e ,  ev iden t ly  owing to t he  fo rma t ion  of a surface R N A - p r o t e i n  
complex.  The  increas ing  evidence t h a t  R N A  p lays  a f u n d a m e n t a l  r61e in pro te in  syn thes i s  ~ and  t h a t  
th is  r61e m a y  be of a ca ta ly t ic  na t u r e  8, ha s  m a d e  a r e - examina t i on  of t he  p h e n o m e n o n  desirable. 
The  following obse rva t ions  have  been m a d e  wi th  a LANGMUIR surface balance,  us ing  o.oi 21I sod ium 
p o t a s s i u m  p h o s p h a t e  buffer  (pH 6.8) as subs t ra te .  The  spread ing  solut ion was  a solut ion of heat -  
d e n a t u r e d  horse  haemoglob in  (0. 5 m g  per  ml) in 60 % isopropyl alcohol, 0. 4 M wi th  respect  to sod ium 
ace ta te .  

The  e x p a n d i n g  effect, a l t hough  it  reaches  comple t ion  a lmos t  i n s t an t aneous ly ,  is never the less  
d e p e n d e n t  upon  the  nucleic acid concen t ra t ion  in the  subs t r a t e .  This  sugges t s  t h a t  t he  surface 
complex  is in a s t a t e  of equi l ib r ium wi th  the  under ly ing  RNA.  

W h e n  film po ten t i a l  m e a s u r e m e n t s  are m a d e  dur ing  the  compress ion  by  m e a n s  of an  ionized 
air gap,  and  the  surface  dipole m o m e n t s  of the  pro te in  molecules are calculated,  neglect ing a possible 
con t r ibu t ion  to the  po ten t ia l  b y  t he  RNA,  it  is found t h a t  the  dipole m o m e n t - a r e a  curves  for 
R N A - h a e m o g l o b i n  and  haemoglob in  mee t  a t  an  area  of abou t  0.82 m 2 per  m g  prote in  and  follow 
v i r tua l ly  identical  courses a t  smal le r  a reas  
(Fig. i). 

The  area  o,82 m g  per  m g  cor responds  
to the  area  of m i n i m u m  compress ib i l i ty  
of t he  p ro te in  film as ca lcu la ted  f rom t he  I0( 
p res su re -a rea  curve,  and  p r e s u m a b l y  to a 
close pack ing  of the  po lypep t ide  cha ins  in 
t he  sur face  4. T h a t  the  nucleic acid is still 
a ssoc ia ted  wi th  the  pro te in  a t  th is  area,  
is shown  by  t he  fact  t h a t  it  con t inues  to ~ 
exe r t  an  effect upon  the  sur face  p ressure  
(Fig. I). Since t he  surface  dipole m o m e n t  ~90 
is an  express ion  of t he  o r ien ta t ion  of t he  
dipoles in the  fihn, a reasonable  in terpre-  
t a t ion  of the  p h e n o m e n o n  appears  to be .~ 
the  following : 

The  nucleic acid enters  into com-  
b ina t ion  wi th  the  pro te in  by  h y d r o g e n  
bonding.  The  bonds  m a y  arise be tween  8¢ 
the  pep t ide  l inkages  and  t he  appropr ia t e  
cent res  on the  pur ine  and  py r imid ine  
rings. The  X- r ay  d a t a  of ASTBURY 5 show 
t h a t  the  in t r amolecu la r  spac ings  of R N A  
and  pro te in  are well su i ted  to such  an  
effect. The  po lypept ide  chains,  bear ing  
the  h igh ly  charged  nucleic acid, will ex-  7C 
per ience s t rong  m u t u a l  repulsion,  and  it 
is to be expec ted  t h a t  t he  pressure-a rea  
curve  will be displaced towards  h igher  
a reas  in re la t ion to t h a t  of the  p ro te in  in 
t he  absence  of RNA.  Compress ion  of the  
film will never the less  t end  to br ing abou t  
a close packing  of the  polypept ide  chains.  
W h e n  th is  is achieved,  the  surface  pres-  
sure  m u s t  clearly be grea ter  t h a n  in t he  
absence  of RNA, owing to t h e  h igh charge  
still borne  by  the  chains .  
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Fig. I. P ressure -a rea  curves  (broken) and  dipole mo- 
m e n t - a r e a  curves  (full) for haemoglob in  mono laye r s  
on o.oi M p h o s p h a t e  buffer  (pH 6.8) alone (dots) and  
in the  presence of 90 m g  yeas t  R N A  per  litre (crosses) 
The  dipole m o m e n t s  are expressed  in debyes  per  mole- 

cule of protein.  
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Since it  fails to show a n y  effect a t  h igh  compress ions ,  it  appear s  unl ike ly  t h a t  the  hydrophi l ic  
nucleic acid will con t r ibu te  ma te r i a l l y  to t he  a s y m m e t r y  po ten t i a l  across  t he  film at  a n y  area.  The  
form of the  dipole m o m e n t - a r e a  cu rves  therefore  sugges t s  t h a t  the  nucleic  acid, a t  a reas  g rea te r  
t h a n  t h a t  r epresen t ing  close packing ,  causes  a d i sp l acemen t  in t he  or ien ta t ion  of the  p ro te in  dipoles, 
in re la t ion to t h a t  a s s u m e d  no rma l ly  a t  a wa t e r  surface.  

Since a precisely ana logous  effect is ob ta ined  when  the  haemoglob in  is replaced by  poly-DL- 
leucine (mean  molecular  weight  > 25,ooo ), t h e  dipoles concerned  are  p r o b a b l y  those  associa ted  wi th  
the  pept ide  bonds.  In  o ther  words, the  whole po lypep t ide  f r amework  would seem to have  unde rgone  
re-or ienta t ion  in such  a m a n n e r  t h a t  the  s u m  of the  ver t ical  c o m p o n e n t s  of the  dipole m o m e n t s  is 
increased.  

The  p r edominance  of h y d r o g e n  bond ing  be tween  t he  pro te in  and  the  nucleic acid is also sug-  
ges ted  by  the  effect on poly-DL-leucine, and  conf i rmed by  t he  f inding t h a t  t he  effect of R N A  on 
haemoglob in  is a lmos t  comple te ly  e l imina ted  w h e n  u rea  is added  to the  subs t r a t e  to  a concen t r a t ion  
of 2%. 

Deoxyr ibonucle ic  acid f rom t h y m u s  g land  ha s  been  found  to give effects s imilar  to those  of RNA.  
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W h e r e a s  t he  func t i on  of t rue  chol ines te rase  in t he  conduc t ive  process is ind ica ted  by  the  specific 
local izat ion of th i s  e n z y m e  1, li t t le success  ha s  so far  a t t e n d e d  all a t t e m p t s  to define t he  physiological  
func t ion  of pseudo-cho l ines te rase  ~. T he  aff ini ty  of th i s  e n z y m e  for choline es ters  is no t  ye t  sufficiently 
unde r s tood ,  s ince ADAMS AND WHITTAKER 8 on t he  bas is  of the i r  expe r imen t s  considered it  doub t fu l  
w h e t h e r  "a nega t ive ,  n i t r o g e n - a t t r a c t i n g  g roup  exis ts  in t he  p l a s m a  e n z y m e " .  

We  have  now appl ied  to  t he  pseudo-cho l ines te rase  of h u m a n  p l a s m a  t he  same  cri ter ia  t h a t  
led us  p rev ious ly  to a defini t ion of t he  ac t ive  sur face  of t rue  chol ines terase  and  to a possible  expla-  
na t ion  of i ts  role in t he  process  of ne rve  conduction4,S,  ~. We  find t h a t  q u a t e r n a r y  a m m o n i u m  ions 
form a typica l  series of inhibi tors ,  in w h i c h - - i n  ana logy  to the i r  aff ini ty for ca t ion  e x c h a n g e r s - -  
t he  effect is p ropor t iona l  to cha in  length .  H o w e v e r  the  " l imi t ing"  size of the  ion appears  to be m u c h  
grea te r  t h a n  for t he  t rue  esterase.  I n  Table  I we compare  the  Is0-values for bo th  enzymes .  Our  figures 
show clearly t h a t  t he  pseudo-es te rase  con ta ins  a nega t ive  si te  in t he  ne ighborhood  of t he  es te ra t ic  
site. This  conclus ion finds fu r the r  s u p p o r t  in t he  obse rva t ion  t h a t  the  inh ib i to ry  effect of eserine,  
a t e r t i a ry  base,  shows a s imi lar  p H  dependence  as was  found  p rev ious ly  for t he  s y s t e m  e s e r i n e - -  
t rue  esteraseK 

I t  is especial ly n o t e w o r t h y  t h a t  h e x a m e t h o n i u m ,  which  does no t  reveal  a n y  effect towards  the  
t rue  es terase,  is an  effective inhib i tor  of t he  pseudo-es te rase ,  in view of the  fac t  t h a t  th i s  e n z y m e  
is p r e sen t  in va r ious  pa r t s  of the  n e r v o u s  s y s t e m  8. T he  gangl ionic  b locking ac t ion  of h e x a m e t h o n i u m  
and  o ther  q u a t e r n a r y  a m m o n i u m  sal ts  ~ m a y  be re la ted  to the  presence  of pseudo-chol ines te rase  in 
gangl ionic  synapses ,  where  t he  e n z y m e  could p l ay  a s imi lar  role in conduc t ion  as does t he  t rue  
es terase  in o ther  pa r t s  of  the  ne rvous  system1°;  b u t  due  to i ts  smal le r  t u r n o v e r  n u m b e r  t he  pseudo-  


