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Urease c o v a l e n t l y  c o u p l e d  t o  p o r o u s  g l a s s  

Enzymes  have  been msolublhzed on or In organic polymers  of several  types  
These polymers  include cellulose der iva t ives  1-3, po lyammo acids% collodzan mem- 
branes  5 and  s ta rch  6 Now we have  p repared  an msolubahzed enzyme b y  cova len t ly  
couphng urease (urea amidohydrolase ,  EC 3 5 z 5) to glass wi th  an amino-funct ional  
sl lane couphng agent  We refluxed a sample  of  a porous,  96% slhca glass, 79 ° ± 5 ° 
pore size, approx  zoo-mesh (Cornmg Glass Works ,  Cornmg, N Y )  m a toluene 
solut ion of 7-ammopropyl t rae thoxys l lane7 The amanoalkyl  funct ional  group was then  
conver ted  to an a m m o a r y l  funct ional  group, b y  reac t ion  with  p-n l t robenzolc  acid, 
and  was reduced,  dzazotzzed 8 and a d d e d  to a solut ion conta in ing crysta l l ine  l ack-bean  
urease (Wor th ing ton  Biochemical  Corp ,  Freehold,  N J ) 

The resul t ing enzyme-g lass  der iva t ive  was assayed  b y  the me thod  of GORIN 
et al  9 The assay  showed the glass to conta in  155o umts  of ac t i v i t y  per  g glass or 
x o mg of  act ive enzyme per g glass 

The character is t ics  of the  znsolubfllzed enzyme were de te rmined  b y  several  
s tudies  over  a 3o-day period,  dur ing which tame no losses in enzymat ic  ac t i v i t y  were 
de tec ted  The enzyme-g lass  der iva t ive  was packed  into a chromatograph ic  column, 
and urea  at  var ious  concentra t ions  and p H  values  was passed th rough  at  a cons tan t  
flow ra te  of  2 5 m l / m m  The packed  column was I o cm an d iamete r  × IO o cm an 
length  Fo r  the  NH4+ de terminat ions ,  the  subs t ra te  was dissolved an o 5 M TrIs-HC1 
to facahtate the  use of a monova len t  ca t ion electrode (Corning Glass Works ,  Cat 
No 476z2o) and  a Cornmg® Model-12 p H  meter  The electrode was ca l ibra ted  agains t  
increasing concentra t ions  of NH4C1 and (NH4)HCO ~ The results  were ident ical  
(Fag I) The response to NH4+ was near ly  Nerns tmn over the  range x o - 4 - I o  -1 M 

and was unchanged  from p H  3 to p H  8 
Increas ing  concentra t ions  of  urea  were passed th rough  the column, and 2o-ml 

fract ions were collected and  read  wzth the  cat ion electrode Fag 2 mdzcates tha t  
m a x i m u m  veloczty was reached at  a urea  concent ra t ion  of approx  o x 7 M At  
concen t rahons  higher  than  o 34 M, subs t ra te  was inh ib i to ry  
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F i g  I S t a n d a r d  c u r v e  f o r  t h e  m o n o v a l e n t  c a t i o n  e l e c t r o d e  w i t h  NH4C1 in  o 5 M T r l s - H C 1  ( p H  
7 o) a t  23 ° 

F i g  2 N H 4 +  p r o d u c t i o n  a t  v a r i o u s  u r e a  c o n c e n t r a t i o n s  F l o w  r a t e  w a s  h e l d  c o n s t a n t  a t  2 5 m l /  
m m  T e m p e r a t u r e  w a s  m a i n t a i n e d  a t  23 ° 
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The pH opt imum at 23 ° for the insoluble urease was found at pH 6 o as com- 
pared to the published values of pH 6 4 to pH 7 6 (ref. IO). 

We have shown that  urease, covalently coupled to an inorganic carrier, retains 
enzymatic activity This enzyme-glass derivative has been employed continuously 
in a column over long periods without detectable losses in enzymatic activity 
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Stereospeciflc aging of phosphonylated cholinesterases 

The conversion, called aging, of phosphonylated chohnesterases into a form 
which cannot be reactivated lmphes the release of an alkyl group from the phos- 
phorus moiety of the inhibited enzymeZ, 2 The rate determining step in this process 
is probably a unlmolecular fission of the C-O bond in the alkoxy group RO (Eqn 1) 3. 

RO(CHD)P(O)O-E + H20 -+ HO(CHs)P(O)O-E + ROH (i) 

In 1964 BERENDS 4 observed that  the aging of butyrylchohnesterase lnhlbRed 
with racemlc alkyl methylphosphonofluorldates did not obey first-order kinetics and 
suggested that  this effect was connected with both possible configurations around 
the phosphorus atom. 

This paper describes the influence of the configuration around the phosphorus 
atom and around the a-carbon atom of the previously mentioned alkoxy group on 
the aging rates of acetylcholinesterase (acetylchohne acetyl-hydrolase, EC 3 I . I  7) 
and butyrylchohnesterase (acylchohne acyl-hydrolase, EC 3 I 1.8), inhibited with 
the stereolsomerlc forms of cyclopentyl S-2-dlmethylamlnoethyl methylphosphono- 
thloate, I -methylheptyl  methylphosphonofluorldate and 1,2,2-trlmethylpropyl 
methylphosphonofluorldate (Compounds A, B and C of Table I, respectively) 
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