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Hydrolysis of choline-O-sulfate by cell-free extracts from Penicii l ium 

Choline-O-sulfate  (sulfurylcholine)  occurs  wide ly  in  fungiL A possible func t ion  for the  
c o m p o u n d  is t h a t  of su l fa te  s torage .  However ,  a t t e m p t s  ~, a to  d e m o n s t r a t e  hydro lys i s  
of chol ine-O-sulfa te  by  mold e x t r a c t s  h a v e  been  unsuccessful .  A sens i t ive  t e s t  for 
chol ine-O-sulfa te  hydro lys i s  is t he  use as s u b s t r a t e  of choline-O-[3sS]sulfate of high 
specific ac t iv i ty .  The  usual  m e t h o d  of s y n t h e s i s t  h e a t i n g  choline chloride w i t h  cone. 
H~asSO4, gives  a specific a c t i v i t y  ve ry  low c o m p a r e d  to t h a t  of t h e  or ig inal  "ca r r i e r -  
f ree"  35SO4~-. A m e t h o d  was  there fore  devised  for the  p r e p a r a t i o n  of "ca r r i e r - f ree"  
chol ine-O-sulfate .  

To 5o mg  choline chlor ide in a z.o ml  b e a k e r  were  a d d e d  o.z ml IZ N HCI and  
o.5 ml  (53 mC) of " ca r r i e r - f r ee"  asSO4Z- (Oak Ridge  N a t i o n a l  L a b o r a t o r y ,  Cat .  No. 
S-35-P-I ,  specific a c t i v i t y  84 mC/#mole ,  r .25 mM SO4=-). T h e  r e su l t i ng  solut ion was  
p laced in a 96 ° oven.  T h e  reac t ion  n ~ x t u r e  e v a p o r a t e d  to  a t r a n s l u c e n t  semi-sol id  
a f te r  3 h of hea t ing ,  b u t  t he  i o r m a t i o n  of chol ine-O-[asS]sulfate  c o n t i n u e d  for I2  h. 
Af ter  24 h t he  r eac t ion  m i x t u r e  was  cooled a n d  dissolved in I ml  of wa te r .  The  solut ion 
was t h e n  app l i ed  to  a D o w e x - I  X8  (HCOa-  form) co lumn (I.Z × t5  cm) a n d  w a s h e d  
t h r o u g h  w i t h  w a t e r  a t  a flow r a t e  of o.3 ml[min ,  i - m l  f rac t ions  were  collected.  T h e  
u n c h a n g e d  excess  chol ine (b ica rbona te )  was  found  in F r a c t i o n s  5 a n d  6. More t h a n  
97 % of t he  chol ine-O-[asS]sulfate  was  in F ,  ac t ions  8 - I  I (75 % in  F r a c t i o n s  9 a n d  Io). 
T h e  r ecove red  yie ld  was  approx .  9o % b a s e d  on in i t i a l  3sSO4~-. T h e  p r o d u c t  was  
cha rac t e r i zed  as chol ine-O-lasS]sulfa te  by  compar i son  w i t h  an  a u t h e n t i c  s t a n d a r d  by  
pape r  c h r o m a t o g r a p h y  (5 different  so lven t  sys tems) ,  e l ec t rophore t i c  mob i l i t y  (zero 
a t  p H  3.z a n d  ~ 8.1) hydro lys i s  r a t e  in x N HC1 a t  zoo ° (half  hyd ro lys i s  in  3o min)  
and  by behav ior  in ca t ionic  a n d  an ion ic  ion -exchange  columns .  Also, add i t ion  of t h e  
"carrier-free" choline-O-[35S3sulfate to  k n o w n  a m o u n t s  of un l abe l ed  chol ine-O-sulfate ,  
followed by  rec rys ta l l i za t ion ,  y ie lded a p r o d u c t  w i t h  t h e  ca lcu la ted  specific ac t iv i ty .  

Solut ions  of "ca r r i e r - f r ee"  chol ine-O-[3%]sulfa te  v e r y  s lowly hydro lyze ,  even  
a t  - - 2 o  °. T h e  smal l  a m o u n t  of a5SO42- m a y  be easi ly  r e m o v e d  by  pass ing  t he  so lu t ion  
t h r o u g h  a shor t  D o w e x - t  (HCOs-)  co lumn.  

Mycel ium of Penicillium chrysogenum was  g rown  for 24 h on a s y n t h e t i c  m e d i u m  5, 
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Fig. ,. Time course of choline-O-sulfate hydrolysis. Cell extract, ! ml (pH 7.2), plus o.o~ ml 
"carrier-free" choline-O-sulfate; incubated at 28 °. Samples (*5 t~1), withdrawn periodically, w e r e  
chromatographed on paper with a solvent system (phenol-water, 8:2, w/w) in which the RF of 

choline-O-sulfate is 0.92 and that  of SO4 a- is o.o4. 
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f i l tered a n d  washed .  6 g of wet mvcel iurn  'x~'e,eqg, emmkh~:(), w i th  6 g sand  a n d  6 ml 
Tris  buffer. The  suspens ion  was  c e n t r i f u g e d u ~ r ~ a t ~ e e k l t ¢ ~  r e m o v e  sand  a n d  debri:;. 
As shown in Fig. I, cell e x t r a c t s  p r e p a r e d , a s  idesviti~ekthx'd~ olvzed chol ine-O-sulfate .  
The  hydro lys i s  r a t e  was  low; a f te r  5 h only:abemtz2',',,~,6~the:axtded choline-O-~aaS~sul- 
fate  had  been hvd ro lvzed .  Fig.  2 shows the  e~fect,~f*ectraet c o n c e n t r a t i o n  ()n a p p a r e n t  
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Fig. 2. E f f e c t  of  e x t r a c t  v o l u m e  on  h y d r o l y s i s .  Th t ; : , , t x~k-~ iu t rm.was  t .o  3 ml.  o._, M "l'ris h u l l e r  
( p H  7. z) w a s  p r e s e n t .  T e m p e r a t u r e  w a s  z8 . ,Sampt~s--.xmx~r, t a k e n ~ a t  4.5 ant i  75 m i n .  Hvdroh-sis_ 
w a s  d e t e r m i n e d  as  in Fig.  i. T h e  a p p a r e n t  h v d r o l v m ~ s - g ~ d t x L ~ m d  f r o m  t h e  4 5 - m i n  a n d  75-ra in  

s a m p l e s  w e r e  a v e r a g e d  a n d  p lo~" ted , , agmm~e~x~x~t -concen t ra t ion .  

hydro lys i s  ra te .  The  e x t r a c t  c o n t a i n e d  un~bhtddchbhT~m-O~ulfate  ( roughly  i o  % (,f 
t h e  soluble  su l fu r  in m y c e l i u m  e x t r a c t s  i., . in l~a]ma~¢/~~e) .  At  the  h ighe r  e x t r a c t  
c o n c e n t r a t i o n s ,  this  chol ine su l fa te  great ly,ddmeeklthlmSl~cif ic  a c t i v i t y  of the  smal l  
a m o u n t  of " ca r r i e r - f r ee"  chol ine  sulfa te ,addddm.-s~bl~-aae:  As seen f rom the  figure, 
t he  r a t e  of 3sSO~2- l ibe ra t ion  was  constant :  ,~at~khvtr~#~r~ e x t r a c t  levels. This  is the  
resul t  e x p e c t e d  if the  a m o u n t  of choline-O-mfl~*t~mtd~ck~,with the  e x t r a c t  was  large 
c o m p a r e d  to t h e  a m o u n t  a d d e d  as substra tc ,ma~dfi£hh~to,akchol ine-O-sulfa te  concen-  
t r a t i o n  was  large c o m p a r e d  to  t h e  Michael4socmmamI,~,fl~he-enz3ane. 

A p r e l i m i n a r y  d e t e r m i n a t i o n  of t h e  e~fect)6fpi~(~mt~,vdrotvsis r a te  showed  t h a t  
hyd ro lys i s  was  m o s t  r ap id  a t  p H  8" the  ra~e.~ratplH-I~:m6 p H  9 be ing  only  a b o u t  
ha l f  t h e  r a t e  a t  p H  8. I t  is no t  as ye t  ~ ~ x h e b _ h r ,  the. decrease  in a c t i v i t y  a t  
h igh  p H  was  due  t o  e n z y m e  i n s t a b i l i t y . - ~ . n z y ~ , a a ~ t ~ ,  was  inh ib i t ed  (o. I M inhi-  
b i tor )  by  c y a n i d e  (to 5 % of t h e  c o n t r o l ) a n d > b ~ ~ ¢ ~ ( ~ o ,  ~)of, of t h e  control ) .  Su l fa te  
a n d  f luoride g a v e  l i t t le  or  no inh ib i t ion .  

Cho l ine -O-su l f a t e -hydro lyz ing  a c t i v i t 3 " , x ~ a ~ ~ m t w . o ,  s t r a ins  of P. chrysogenum 
(X- I612 ,  a h igh  pen ic i l l i n -p roduc ing  s t r a i n , ~ [ ~ K ~  a : . "wi ld - tvpe"  s t ra in)  and  in 
A spergillus sydowi. 
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