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3 photoe lec t r ic  cells. F u r t h e r  detai ls  of procedure  can be 
found elsewhere 3. 

Results. The only  cons i s ten t  effect  observed  in the  
t r e a t ed  animals  was a decrease in fur shaking.  This  com- 
p o n e n t  shows some resemblance  to  the  wel l -known dog 
behavior ,  bu t  in mice the  shaking m o v e m e n t  is carr ied 
out  much  more rapidly,  and there  is one single shake at  a 
t ime,  an ac t  in which  e i ther  the  ent i re  an imal  or only i ts  
f ron t  p a r t  m a y  be involved.  The frequencies  for t r ea t ed  
and  un t r ea t ed  animals ,  respect ively ,  were:  DBA, 8 and  
19; C57BL, 35 and  75; F 1, 30 and  43; se se, 15 and  29; 
se + ,  9 and  41. Eva lua t ion  b y  means  of a non -pa rame t r i c  
combining  t es t  5 revealed t h a t  the  decrease is h igh ly  sig- 
n i f icant  (p < 0.3%). 

The o ther  segments  of the  behaviora l  reper to i re  t u rn ed  
out  to  be prac t ica l ly  unaffected.  Moreover,  there  was no 
influence at  all of t r e a t m e n t  on locomotor  ac t iv i ty  for 
e i ther  strain.  

Discussion. Most p robably ,  fur  shaking is elicited b y  
i r r i ta t ions  of the  skin, e.g. b y  sal t  c rys ta ls  and  - in t he  
field - by  ectoparasi tes .  The f inding t h a t  ch lorpromazine  
in the  dosage used t ends  to block specifically the  release 
of th is  act, whereas  o ther  m o t o r  funct ions  are no t  in te r -  
fered with,  m a y  be a t t r i bu t ed  to a lowering of sens i t iv i ty  
to i tching in drugged  animals.  This is in keeping wi th  a 
s t a t e m e n t  m a d e  in the  l i t e ra ture  6 t h a t  ch lorpromazine  

reduces  the  abi l i ty  to  perceive  tact i le  s t imuli .  W i t h  
h igher  doses, th is  p r i m a r y  effect  will be masked  b y  m o t o r  
i m p a i r m e n t  ~,s. 

Rdsumd. A en juger  d 'apr6s  les d iminu t ions  dans  
Fact ion  de se secouer  le pelage,  une dose moder6e de 
chlorpromasine ,  n ' a f f e c t a n t  pas  les au t res  fonct ions  too- 
trices,  semble  reduire,  chez les souris, la sensi t ivi t6  aux  
i r r i ta t ions  de la peau.  
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F u r t h e r  O b s e r v a t i o n s  o n  t h e  T r a n s e s t e r i f i c a t i o n  
R e a c t i o n s  o f  E t h y l e n e  P h o s p h a t e  w i t h  2 - A m i n o  

A l c o h o l s  

Some t ime ago it was r epor ted  1 t h a t  e thy lene  p h o s p h a t e  
reacts  wi th  2-amino alcohols (e thanolamine,  N ,N-d i -  
me thy le thano lamine ,  tris-(hydroxymethyl) amino-me th -  
ane) in aqueous solut ion at  weakly  alkaline p H  (8.3-9.4) 
to give t ranses ter i f ica t ion  p roduc t s :  

CH2OH 
CH2-O ~ / 0  ' I / O -  l / 
l / P  a_ HOCH 2 C N / --~ CH~-O--P O-CH~-C-N 
CH2-O II " I 

0 " I O 

The reac t ion  was favoured  b y  an increase in p H  and th is  
suggested t h a t  the  free NH 2 group (pKa = 9.45 in e thanol -  
amine) p layed  a role. This  hypo thes i s  has now been 
s t r eng thened  by  the  following exper iment .  

An aqueous solut ion (4 ml) of e thano lamine  and  chol ine 
chloride (3 .4M each, p H  ad jus ted  to 9.6 wi th  hydro-  
chloric acid) was made  and e thy lene  p h o s p h a t e  dissolved 
in i t  (0.121J calcium salt). The  solut ion 2 was left a t  37 ~ 
for one week when  i t  was t r ea t ed  in the  usual way  1 wi th  
IRC-50, H + (6 ml) and Dowex  50, Na  +, 50-100 mesh  
(200 ml) resins, in order  to  r emove  the  unreac ted  amino 
alcohols. In  t he  solut ion ob ta ined  (recovery of phos-  
phorus,  89%), a ra t io  N / P  = 0.71 was found. The esteri-  
fled e thano lamine  and  choline were de t e rmined  Mter  
acid hydro lys is  (HC1 1N, 1 h a t  100~ the  f irs t  by  
periodic acid oxidat ion,  the  second by  the  color imetr ic  
procedure  of HACK3 On a molar  basis i t  was found t h a t  
the  a m o u n t  of e thano lamine  presen t  cor responded  to 
59.5% of the  to ta l  phosphorus ,  choline to  11.5%, the  res t  
of the  phosphorus  being p r e sumab ly  p resen t  as glycol 

phospha te .  The ampho te r i c  cha rac te r  of the  t ranses te r i -  
f icat ion p roduc t s  was evidenced by  passage over  a co lumn 
of Dowex  1 (C1) a t  neu t ra l  pH,  f rom which  70% of the  
phosphorus  was recovered as expected ,  the  r e t a ined  p a r t  
being again p re sumab ly  glycol phospha te .  

I t  appears  therefore  t h a t  t he  t ranses te r i f i ca t ion  reac- 
t ion is favoured  by  a free amino group, as par t ia l ly  p re sen t  
in e thano lamine  bu t  no t  in choline 4. If  th is  is the  case, 
we m a y  ask ourselves why.  We  have  considered the  fol- 
lowing possibil i t ies : 

(1) The amino group provides  nucleophi l ic  catalysis  b y  
a t t ack ing  the  phosphory l  and  forming a p h o s p h o r a m i d a t e  
in te rmedia te .  We  t h i n k  t h a t  th is  is unl ikely for the  fol- 
lowing reasons:  (a) We  had  no evidence 1 of the  fo rma t ion  
of such an in t e rmed ia te  in the  reac t ion  wi th  e thano l -  
amine.  A single, amphoter ic ,  n inhydr in  posi t ive  p r o d u c t  
was obta ined.  (b) I t  appears  t h a t  n i t rogen  bases are poor  

1 C. DEKKER and J. LEcocQ, Experientia 15, 27 (1959). 
2 A precipitate soon appeared. In the previously reported experi- 

ments 1 on the reaction with ethanolamine alone, a similar precipi- 
tation had also been observed when the concentration of the cyclic 
phosphate was 0.15M but not when it was 0.05M. However, this 
difference did not affect the yields, which were the same in both 
cases. 

a M. H. HACK, J. biol. Chem. 169, 137 (1947). 
4 The precise interpretation of our result is complicated by the 

possibility that the transesterifieation products revert to the cyclic 
phosphate and at different rates. However, such reverse reactions, 
constantly tending to regenerate the cyclic phosphate should 
finally result in a complete hydrolysis to glycol phosphate. The 
relatively small amount of glycol phosphate found after one week 
may be taken as an indication that these reverse reactions do not 
take place to any great extent. A kinetic study should provide a 
more definite answer on this point. 
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nucleophi les  t owards  the  phosphory l  group,  excep t  when  
the  leaving group is the  anion of a fair ly s t rong acid 5, as 
in p -n i t r opheny l  phosphateS.  In  the  case of cyclic phos-  
pha tes ,  i t  has  been  observed 7 t h a t  g lycero l - l ,2  cyclic 
p h o s p h a t e  is unaf fec ted  by  aqueous a m m o n i a  a t  100~ 
for 1 h. Also, CovlTz and  WESTI~EIMER S have  come to the  
conclusion t h a t  n i t rogen  bases act  as general  bases r a the r  
t h a n  nucleophil ic  ca ta lys t s  in the  hydro lys is  of m e t h y l  
e thy lene  phospha te .  F ina l ly  i t  has  been  repor ted  9 t h a t  
aniline a t t acks  e thy l  e thy lene  phospha t e  a t  carbon r a the r  
t h a n  phosphorus .  

(2) The t ranses ter i f ica t ion  takes  place b y  a t t ack  of the  
a lkoxide anion. Many  studies  have  been  made  on the  
nucleophi l ic i ty  of such anions towards  p -n i t ropheny l -  
ace ta te  t~ in par t i cu la r  by  BRUICE et  a l .n .  F r o m  these  
s tudies  it would appear  t h a t  in an equimolar  mix tu re  of 
two alcohols t he  more  acidic one will give the  h ighes t  
pe rcen tage  of t ranses te r i f i ca t ion  because the  decrease in 
nucleophi l ic i ty  of the  anion which  accompanies  the  de- 
crease in p K  is more  t h a n  compensa t ed  by  the  increase 
in the  concen t ra t ion  of th is  anion. We  do no t  have  any  
precise da t a  on the  re la t ive acidities of the  h y d r o x y l  
groups  of choline and  e thanolamine .  There  is evidence 
t h a t  e thano lamine  is s o m e w h a t  more acidic t h a n  e tha-  
nol  1~. However ,  the  presence of a posi t ively  charged 
n i t rogen  would also t end  to increase t he  ac id i ty  and  i t  
seems reasonable  to expec t  t h a t  choline is a s t ronger  acid 
t h a n  e i ther  H~N+-CH2-CH~OH or H2N-CH~-CH2OH ~. 

(3) The reac t ive  species is the  alcohol, no t  the  a lkoxide 
anion, and the  amino group acts  as a general  base  ca ta lys t .  
Such a catalysis  has  been  pos tu la ted ,  e.g. by  JENCKS and 
CARRIUOLO 15, as con t r ibu t ing  to the  nucleophi l ic i ty  of the  
serine h y d r o x y l  in esterase.  The amino group, by  fo rming  
a hydrogen  bond  wi th  the  hydroxyl ,  would provide  elec- 
t rons  to  tile oxygen,  thus  increasing its nucleophil ic i ty .  
Such hydrogen  bonding,  whose exis tence in te t rachloro-  
e thy lene  solut ion is evidenced by  IR-s tud ies  ~6, would 
have  to  be ma in ly  in t ramolecu la r  if we w a n t  to expla in  
w h y  e thano lamine  is more  react ive t h a n  choline when  
p re sen t  toge the r  a t  the  same concent ra t ion .  However ,  t he  
reac t ion  wi th  choline could also be s o m e w h a t  cata lysed,  
in termolecular ly ,  by  the  amino groups of e thanolamine .  
And  the  same could be t rue  for hydrolysis .  

In  view of the  possible re la t ionship  be tween  the  nucleo- 
phi l ic i ty  of the  alcohol group of amino alcohols and  of 
serine in esterases,  i t  m a y  be re levan t  to note  t h a t  some 
cyclic phospha t e s  der ived  f rom o-hydroxy  benzyl-a lcohol  

have  been  r epo r t ed  12 as powerful  ant ichol ines teras ic  
agents.  E t h y l e n e  phospha t e  (calcium salt) has  now been 
found ts to have  a weak ant ichol ines teras ic  act ion:  At  the  
concen t ra t ion  of 2.2 �9 10-~M it p roduces  73% inhib i t ion  
of horse se rum (dilution 1:10) chol inesterase  (subs t ra te  
acetyl-choline)  af ter  30 min  incuba t ion  at  37~ and 
p H  7.4. 

Rdsumd. De nouvelles  observa t ions  concernan t  les r6ac- 
t ions de t ranses te r i f ica t ion  en t re  l '6 thylgne phospha t e  et  
tes amino-alcools  sont  rappor t6es  e t  des m6canismes pos- 
sibles de ce t te  r~action discut6s. 
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F o l i c  A c i d  a n d  B i o t i n  on  t h e  M e t a b o l i s m  of  O n e  
C a r b o n  Uni t :  U t i l i z a t i o n  of  ~ - C a r b o n  of S e r i n e  

for  the  S y n t h e s i s  of  M e t h i o n i n e  

Several  s tudies  have  been  repor ted  on re la t ionships  
be tween  biot in  and  folic acid. W i t h  regard to  the  na tu re  
of these  relat ionships,  two hypo theses  were formula ted .  
According  to one, b io t in  m a y  influence the  synthes is  of 
folic acid by  in tes t ina l  microflora 1. According to the  
other ,  biot in  m a y  be involved in the  synthes is  of co- 
enzymat i c  forms of folic acid. In  fact  in the  l iver of biot in-  
def ic ient  rats,  the  concen t ra t ion  of var ious  folate coen- 
zyrnes is decreased ~ and  the  capac i ty  of these animals  to  
conve r t  fotic acid to  its ac t iva ted  forms 3 is reduced.  This  
s t u d y  has  been u~der t~ken  in order  to  inves t iga te  the  

effect  of b iot in  on the  syn thes i s  of meth ion ine  f rom serine 
and homocys te ine .  

Four  groups  of weanl ing male ra t s  of the  Wis ta r  s t ra in  
were fed ad l ib i tum on the  following diets  respect ive ly :  
purif ied basal  diet ,  biot in-free diet,  folic acid-free diet,  
b iot in  and  folic acid-free die t  4. Af ter  60 days  the  animals  

1 j .  M. NORONHA and A. SREENIVASAN, Proc. Soc. exp. Biol. Med. 
707, 803 (1959). 
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