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Observations on the periodide method for the estimation of choline 

According  to BEST AND LUCAS ~, who have  reviewed the  m e t h o d s  avai lable  for the  quan t i t a t i ve  
de t e rmina t ion  of choline, the  m o s t  sensi t ive microchemical  m e t h o d  depends  upon  precipi ta t ion 
of choline as choline periodide. APPLETON, LA DU, LEVY, STEELE AND BROOm 2 have  recent ly  
described a procedure,  based  on th is  principle, for the  de t e rmina t i on  of choline in p lasma,  by  
which 0 .05 -0 .5 / ,mo le  can  be accura te ly  es t imated .  In  th is  m e t h o d  the  prec ip i ta te  of choline 
periodide is dissolved in e thy lene  dichloride and  the  optical  dens i ty  of t he  so lu t ion  compared  
a t  365 m #  with t h a t  of known a m o u n t s  of choline s imilar ly  t reated.  At  th is  w a v e l e n g t h  choline 
periodide shows a s t rong  absorpt ion  band,  while interference by  t races  of iodine c o n t a m i n a t i n g  
the  precipi ta te  is minimal .  Possible losses of choline periodide enta i led  in w a s h i n g  t he  prec ip i ta te  
as a necessary pre l iminary  to the  chemical  e s t ima t ion  of the  iodine p resen t  in it  are  t hus  avoided, 
and  the  m e t h o d  has  the  advan tages  of speed and  s implici ty .  APPLETON el  a l .  ~ poin t  ou t  however  
t h a t  thei r  procedure,  as described for p lasma,  c anno t  be appl ied direct ly  to the  de t e rmina t ion  
of choline in t issue extracts .  Never theless  HAVAISHI A~D KORNSERG 3 h a v e  a d a p t e d  a s imilar  
t echnique  to the  es t imat ion  of choline released f rom lecithin by  the  act ion of a bacterial  enzyme .  

The  present  commun i ca t i on  deals wi th  a brief inves t iga t ion  into the  me thod ,  wi th  a view 
to its use for the  m e a s u r e m e n t  of choline released enzymica l ly  f rom chol ine-conta in ing phospho-  
lipids by  t issue preparat ions .  

In  pre l iminary  exper imen t s  it  was found t h a t  precipi ta t ion as choline periodide gave  sa t is -  
fac tory  recovery of choline f rom aqueous  5 % tr ichloroacetic acid solut ions.  Fu r the rmore ,  chloro- 
form (Hopkin  and  Will iams,  Analar) was found to be a sa t i s fac to ry  so lven t  for the  precipi ta te ,  
and  has  the  a d v a n t a g e  over  e thylene  dichloride t h a t  it  can  easi ly be ob ta ined  pure .  In  the  tech-  
n ique  finally adopted,  0. 5 ml  samples  of 5 % (w/v) t r ichloroacetic  acid con ta in ing  sui table  a m o u n t s  
of choline were placed in a finely poin ted  cent r i fuge  tube  and  0.2 ml  of KI  3 reagent ,  consis t ing  
of 15.7 g of iodine (B.D.H.,  Analar)  and  2o g po t a s s ium iodide (B.D.H.,  Analar)  made  up  to 
ioo ml in distilled water ,  was added.  After  stirring, cooling in ice, cent r i fuging  and  r emov ing  
t he  s u p e r n a t a n t  fluid as described by  APPLETON et  al .  z, t he  precipi ta te  was dissolved in Io ml  
chloroform and the  optical  dens i ty  read in an  ul t raviole t  Spec t ropho tomete r  a t  365 m#.  Stable  
readings  were ob ta ined  over a period of several  hours.  E x p e r i m e n t s  showed t h a t  the  opt ical  
densi t ies  of such solu t ions  do not  obey Beer ' s  Law. Molar ex t inc t ion  coefficients ( ~  coefficients 
of variat ion)  calculated from the  optical densit ies obta ined  for s t a n d a r d s  of Io, 20 and  4 ° g g  
of choline chloride in 16 replicate de t e rmina t ions  were 1.8. zo 4 ( ±  4.4 %), 2.3 '  IO 4 ( ~  1.8 %), and  
2.6. Io 4 ( ±  1.3 %) respectively.  The optical  dens i ty  of b lanks  averaged  only  0.007. These  va lues  
agree well wi th  the  da t a  g iven by  APPLETON et a l .  2 and  by  HAYAZSrll AND KORNBERG 3. 

Wi th  regard to the  specificity of the  method ,  it  was found t h a t  t he  acetyl,  propionyl ,  bu ty ry l ,  
acetyl- f l -methyl  and  benzoyl  esters  of choline, and  also d i m e t h y l a m i n o e t h y l  ace ta te  gave  precipi-  
ta tes  wi th  the  iodine reagent  under  the  above condit ions.  Solut ions of these  prec ip i ta tes  in chloro- 
form showed in each case an absorpt ion  peak  a t  365 m/~. The  mola r  ex t inc t ion  coefficients of 
the  choline der ivat ives  did not  differ s ignif icant ly f rom t h a t  of the  iodine complex  of choline. 
I m p u r e  p repara t ions  of ovoleci thin  and  h u m a n  bra in  sph ingomye l in  also formed insoluble com-  
plexes wi th  iodine which, when  dissolved in chloroform, absorbed  m a x i m a l l y  a t  365 m/*. HAvAzsrII 
AND KORNBERG 3 repor ted s imilar  f indings for lecithin. Several  o ther  subs t ances  are known  to 
give precipi ta tes  wi th  the  tri iodide reagen t  1. In  ag reemen t  wi th  APPLETON et al .  2, pure  solut ions  
of phosphory l  choline, prepared by  the  m e t h o d  of RZLEY 4, and  g lycerophosphoryl  choline gave  
no precipitate.  

Quan t i t a t ive  recovery of added  choline was obta ined  f rom bra in  homogena tes ,  and  f rom 
emuls ions  of ovolecithin,  af ter  addi t ion of an  equal  vo l ume  of IO % tr ichloroacetic  acid, sugges t ing  
t h a t  precipi ta t ion of phosphol ipids  by this  concen t ra t ion  of t r ichloroacet ic  acid was essent ia l ly  
comple te .  

E x p e r i m e n t s  were carried ou t  in which phosphory l  choline was hydro lysed  by an  acetone-  
dried prepara t ion  of h u m a n  cerebral  cor tex a t  p H  8.9 unde r  the  condi t ions  described by  STRICK- 
LAND, THOraPSON AND WEESTER s, followed by  e s t ima t ion  of bo th  free choline and  inorganic 
phospha t e  in tr ichloroacetic acid fil trates of the  incubat ion  media .  The  free cho l ine :phospha t e  
rat io found in these  expe r imen t s  averaged  1.3o ins tead  of the  theoret ical  va lue  of r.o. In  th is  
sys tem,  however,  the  molar  concent ra t ion  of unhydro lysed  phosphory l  choline a t  the  end  of the  
expe r imen t  was 6-7  t imes  greater  t h a n  t ha t  of the  free choline. W h e n  expe r imen t s  were carried 
ou t  us ing  s t a n d a r d s  conta in ing  choline and  phosphory l  choline in these  proport ions,  the  free 
cho l ine :phospha te  rat io was reduced to z.o 5. I t  appears ,  therefore,  t h a t  a l though  phosphory l  
choline itself does not  form an  insoluble complex  wi th  iodine, possibly because of its acidic nature ,  
its presence influences the  degree of precipi ta t ion of the  iodine complex  of choline. The  presence 
of a relat ive excess of g lycerophosphoryl  choline also caused a s l ight  increase in the  a p p a r e n t  
a m o u n t  of choline es t imated .  

I t  was concluded from these  inves t iga t ions  t ha t  p rovided  care is t aken  to use s t a n d a r d s  
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con ta in ing  a m o u n t s  of phosphory l  choline and  g lycerophosphory l  choline s imilar  to those  in the  
so lu t ions  to be a s s a y e d ,  and  appropr ia t e  b l anks  and  controls,  t he  t echn ique  out l ined  above offers 
a m e a n s  o f  e s t ima t ing ,  chemical ly ,  a m o u n t s  of choline be tween  0.o5-o. 5/~mole which  could be 
appl ied to  t h e  s t u d y  of t he  enzymi c  b reakdown  of chol ine-conta in ing  p h o s p h o I p i d s  by  t issue 
p repa ra t ions .  

The  au tho r  is gra tefu l  to Professor  R.  H.  S. THOMPSON, in whose  labora tory  th is  work  was  carried 
out ,  for his  in te res t  and  he lpfu l  advice,  to Professor  G. PAYLING WRIGHT for the  spec imen  of 
h u m a n  bra in  sph ingomye l in ,  and  to Professor  C. S. MCARTHUR of the  Univers i ty  of Sa ska t chewan  
for t h e  gif t  of pure  g lyce rophosphory l  choline. D i m e t h y l a m i n o e t h y l  ace ta te  was prepared  by  
Dr. K.  P. STRICKLAND in th i s  l abora tory .  T h a n k s  are also due to the  Medical Research  Council  
for a g r a n t  t owards  the  expenses  of th i s  work. 
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Preliminary Notes 

The action of enterokinase on trypsinogen 

Tryps inogen  is ac t i va t ed  to t ryps in  ei ther  by  t ryps in  itself or by  en te rok inase  z. In  the  former  case, 
a pept ide  is s p i t  off f rom the  ami no -end  of t ryps inogen ,  t he  a m o u n t  of pept ide  spli t  off being 
propor t ional  to t he  t ryp t i c  ac t iv i ty  developed as sugges ted  by  ROVERY, FABRE AND DESNUELLE 2 
and  recent ly  conf i rmed by  DAVIE AND NEURATH s. However ,  no s tudies  have  been m a d e  of the  
chemica l  changes  t ak ing  place du r ing  t he  ac t iva t ion  by  en te rok inase  which  seems  to be h igh ly  
specific for t ryps inogen .  

I n  th i s  commun ica t i on ,  it  is shown  t h a t  isoleucine is the  N- t e rmina l  amino  acid of t r yps in  
developed f rom t ryps inogen  b y  en te rok inase  ac t iva t ion .  

T ryps inogen  was  p repared  f rom beef panc reas  according to t he  m e t h o d  of NORTHROP AND 
KUNXT# t h r o u g h  crys ta l l iza t ion  a n d  fu r the r  pur i f icat ion by  t r ichloracet ic  acid. En t e rok ina se  of 
a h igh  degree of p u r i t y w a s  p repared  f rom swine duodena l  fluid con ten t s  according to the  a u t h o r ' s  
methodS,  6. 

The  ac t iva t ion  was carr ied ou t  a t  o ° C and  p H  5.6 us ing  o. i  M t r i e t h y l a m m o n i u m  ace ta te  
buffer,  5 m g  of t ryps inogen  and  0.8 m g  of en te rok inase  con ta in ing  zooo un i t s  per  m g  be ing  dis- 
solved in 12.5 ml  of the  ac t iva t ion  mix tu re .  U n d e r  these  condit ions,  5 0 %  ac t iva t ion  could be 
ob ta ined  wi th in  8 minu tes .  T he  reac t ion  was  essent ia l ly  of first order  k inet ics  t h r o u g h o u t  t he  
whole ac t iva t ion  w i t h o u t  a n y  appreciable  s igns of au t oac t i va t i on  or au tod iges t ion  due  to  t ryps in .  
The  ac t iva t ion  was  s topped  by  t he  addi t ion  of l.O ml  of I N HCI and  a l iquots  were t a k e n  for t he  
m e a s u r e m e n t  of t ryp t i c  ac t iv i ty  {hemoglobin me thod)  and  the  res t  was  s u b m i t t e d  to t he  de te rmi -  
na t ion  on N- t e rmina l  a m i n o  acids. EDMAN'S m e t h o d  7 was  used  for th i s  purpose .  Thus ,  an  equal  
vo lume  of pyr id ine  con ta in ing  pheny l i so t h i ocyana t e  in a concen t r a t ion  of 5o/~l per  ml  was  added  
to  t he  ac t iva t ion  m i x t u r e  a n d  t he  p H  was  ad j u s t ed  to  9.o b y  t he  add i t ion  of a few drops  of t r ie thyl -  
amine .  T h e  ac t iv i t ies  of e n t e r o k i n a ~  and  of t r yps i n  were a l mos t  i n s t a n t a n e o u s l y  blocked du r ing  
th i s  t r e a t m e n t .  Af te r  t h e  comple t ion  of t he  coupling,  t he  m i x t u r e  was washed  by  benzene  and  
the  a q u e o u s  solut ion was  t h e n  lyophilized. 

The  dr ied  ma te r i a l  was  hyd ro lyzed  by  i N HCI a t  I o o ° C  for one hou r  a n d  t he  pheny l -  
~h iohydan to in  der iva t ives  of ami no  acids  were ex t r ac t ed  by  e thy l  acetate .  The  a l iquots  were 


