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O n  t h e  m e c h a n i s m  of  u r e a s e  a c t i o n  

In  the  u r e a s e - c a t a l y z e d  hyd ro lys i s  of  urea ,  t he  f o r m a t ] o n  of  a m m o n i u m  c a r b a m a t e  
has  been  d e m o n s t r a t e d  by  m a n y  worke r s  1, a n d  in a p a r t i c u l a r l y  c lea r  a n d  s imple  
m a n n e r  b y  tlle e x p e r i m e n t s  of  SUMNER, HAND AN1) HOLLOVCAY 2. T h e s e  e x p e r i m e n t s ,  
however ,  d id  n o t  es tab l i sh  u n e q u i v o c a l l y  w h e t h e r  (a) c a r b a m a t e  is the  i n t e r m e d i a t e  
,n t he  f o r m a t i o n  of  N H  a and  COo_, or  (b) N H a  a n d  COz are  p r o d u c e d  first ,  a n d  c o m b i n e  
to  g ive  the  c a r b a m a t e ,  h~ tht: o r ig ina l  d i scuss ion  of  t h e i r  e x p e r i m e n t s ,  .~UMNER et a/fl  
iuc i ined  t o w a r d  t he  fo rn ie r  v iew,  bu t  a m o r e  r ecen t  s t a t emer ,  t of  SUMNER 3 seems  to  
f avo r  t he  l a t t e r .  E x p e r i m e n t s  des igned  to  answer  t h e  q u cs t i o n  u n e q u i v o c a l l y  were  
p e r f o r m e d  on ly  r e c e n t l y  by  WANG AND TARR 4, w h o  s t u d i e d  the  h y d r o l y s i s  r e a c t i o n  
in ~sO-labelled wa te r ,  a n d  c o n c l u d e d  t h a t ,  in c i t r a t e  buf fe r  of p H  5.5, c a r b a m i c  ac id  
was  the  i n t e r m e d i a t e  in the  f o r m a t i o n  of  CO z. Th e  fol lowing e x p e r i m e n t s  i nd i ca t e  t h a t  
e a r b a m a t e  is also t t le i n t e r m e d i a t e  when  no  bu f fe r ing  ag en t s  a r e  a d d e d  a n d  t h e  p H ,  
s p o n t a n e o u s l y  establisb,~.; b y  t he  p r o d u c t s ,  is a b o u t  9 ~. 

In  u n b u f f e r e d  so lu t ions ,  t he  p r o d u c t s  a re  m a i n l y  NH4+ a n d  H C O z -  ions, 
well  as c a r b a m a t e ,  in equ i l i b r ium wi th  one  a n o t h e r .  T h e  c o n c e n t r a t i o n  of  c a r b a m a t e  
p r e se n t  a t  equil~-I)rium n a t u r a l l y  decreases  w i th  inc reas ing  d i l u t i o n  of  t h e  a q u e o u s  
so lu t ion ,  a nd  a t  a fo rmal  c o n c e n t r a t i o n  of  o .oz  M ni trogen~ p r a c t i c a l l y  no  c a r b a m a t e  
is prc~ent% H o w e v e r ,  since t he  r eac t ion  of CO. a w i t h  NH~ is r e l a t i v e l y  fas t  c o m p a r e d  
to  the  h y d r a t i o n  of  CO~ to HCOa-  a t  p H  9, w h en  a q u e o u s  so lu t ions  of N H  3 a n d  CO z 
a re  mixe / ,  e a r b a m a t e  first fo rms  7 a n d  t h e n  h y d r o l y z e s .  

Th is  can  be  d e m o n s t r a t e d  b y  ut i l iz ing t h e  fac ts  t h a t  e a r b a m : , t e  does  n o t  g ive  a 
co lor  w i th  N essler 's  reagent" ,  a n d  t h a t  c a r b a m a t e  h y d r o l y z e s  i n s t a n t a n e o u s l y  a n d  
c o m p l e t e l y  in i 3 I  HCI, b u t  o n l y  qu i t e  s lowly  in o .o i  31t N a O H  ~. In  E x p t .  I ,  s to ich io-  
m e t r i c a l l y  e q u i v a l e n t  a m o u n t s  of  N H  a a n d  CO ,  in a q u e o u s  so lu t ion  were  m i x e d  a t  o °, 
a t  a fornla l  N H  a c o n c e n t r a t i o n  a p p r o x i m a t e l y  o .o2 M ;  a f t e r  e x a c t l y  2 jrtin t w o  
I . o o - m l  a l i quo t s  were wi thdrawv,  a n d  a d d e d  to  excess  o .oI  3 t  N a O H  a n d  to  I.OO ml  
x 3 1  FICI, r e spec t ive ly ,  a n d  Ness lc t ized  soon a f t e r w a r d s .  T h e  a b s o r b a n c i e s  d e v e l o p e d  
n~easure tlae c o n c e n t r a t i o n  of  NHa ,  a n d  f ro m  th e  diffet 'ence the  c o n c e n t r a t i o n  of  
c a r b a m a t e  in t he  or ig ina l  so lu t ion  cou ld  be  ca l cu la t ed .  

In  l i x p t .  2, u r e a  was  h y d r o l y z e d  in t h e  p r e sen ce  of u rease  a t  0 '>, and ,  a f t e r  
2 r a i n ,  a l iquo t s  of t h e  r e ac t i cn  m i x t u r e  were  t r e a t e d  wi th  HCI a n d  Na.OH a n d  t h e n  
Nes~ 'er ized,  as in E x p t .  I ; t h e  s t r o n g  acid  a n d  base  s top  the  enzytJxe ac t i o n ,  as wel l  
as i n t e r a c t i n g  x~ith carb t ,  m a t e  in the  m a n n e r  a l r e a d y  d iscussed .  Althot. ,gh t h e  f inal  
c o n c e n t r a t i o n  of N H  a in the  r eac t i on  m i x t u r e  a f t e r  ac id  h y d ro ly s i s  was  a b o u t  the  
same as t h a t  t a k e n  in i t i a l ly  for  E x p t ,  I ,  t h e  a m o u n t  of  urea_he h a v i n g  been  d e l i b e r a t e l y  
a d j u s t e d  so t h a t  this  wou ld  be the  case,  the  c o n c e n t r a t i o n s  of  N H  a a n d  CO z were  
zero  at  the  begimfing of th i s  e x p e r i m e n t ,  a n d  lower  t h a n  in E x p t .  x t h r o u g h o u t  t h e  
r eac t ion  per iod .  Desp i t e  this ,  it is seen t h a t  t h e  a m o u n t  of  c a r b a m a t e  f o r m e d  in 
E x p t .  2 was g rea t e r .  Since the  r a t e  of  f o r m a t i o n  of  c a r b a m a t e  d e p e n d s  on  tI, e co n cen -  
t r a t ion  of  NH:,  and  CO~;, it is c lea r  t h a t  t he  c a r b a m a t e  c o u l d  not  h a v e  b een  d e r i v e d  
f rom reac t ion  b e t w e e n  the.~e two subs tances .  E ~ p t .  2 was  done  wi th  o n ce - r ec ry s t a l l i z ed  
urease ,  p r e p a r e d  a c c o r d i n g  to  SL'.~IXt~.R s, which  h a d  ar, a c t i v i t y  of a b o u t  I n , o n e  u n i t s / g  
(Sample  i) ; E x p t .  3 was doIi~ w i t h  a more  i m p u r e  b u t  c rys t a l l i ne  p r e p a r a t i o n  (Sample  
I I ) .  T h e  p e r c e n t a g e  of c a r b a m a t e  is s o m e w h a t  l ower  in th is  case, b u t  still  g r e a t e r  
t h a n  t h a t  which  migh t  h a v e  f o r m e d  u n d e r  the  cond i t i ons  b y  c o m b i n a t i o n  of N H  a a n d  
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CO 2. W h e n  a still les~ ac t ive ,  non -c ry s t a l l i n e  p r e p a r a t i o n  c,f ur¢ase  was u,~ed (Sigma 
Chemica l  Co., Sa in t  Louis ,  " T y p e  V "  a c t i v i t y  a b o u t  z,5oo uni ts /g)  a m u c h  lower  
p r o p o r t i o n  of  c a r b a m a t e  was  found ,  a n d  the  s ignif icance of the  resu l t  was  a m b i g u o u s ;  
a p p a r e n t l y ,  i m p u r e  s amples  of u rease  m a y  be. a s soc i a t ed  wi th  s~tbstances tha'L c a t a l y z e  
t he  h y d r o l y s i s  of  c a r b k m a t e ,  a n d  on ly  pur i f ied p r e p a r a t i o n s  g ive  s igni f icant  resul ts .  

A more  s t r i k ing  d e m o n s t r a t i o n  of  the m e c h a n i s m  of urease  ac t ion  can  be m a d e  
w i t h  the  a id  of c a rbon i c  a n h y d r a s e .  KREZ~S .~.~I) Rou(~nTo ~ first u t i l ized  thi_s e n z y m e  
ill a n  a t t e m p t  to  s t u d y  t he  p r o b l e m ,  bu t  the  design of the i r  e x p e r i m e n t s  d id  Itot p e r m i t  
t h e m  to  disting~fish b e t w e e n - t h e  two  possibi l i t ies  a l r e a d y  discussed.  H o w e v e r ,  the  
e x p e r i m e n t s  de sc r i bed  be low a t t e s t  to  the  s o u n d n e s s  of the i r  sugges t ion .  

E x p t .  4 was  c o n d u c t e d  wi th  the  same  ma te r i a l s  an d  in the same  m a n n e r  as E x p t .  
x, e x c e p t  t h a t  _950 ~g of o . i  % ca rbon ic  a n h y d r a s e  ( W o r t h i n g t o n  B iochemica l  Corp. ,  
F r e e h o l d ,  N,J . )  was  a d d e d  to  the  NI-Iz so lu t ion  ju s t  before  m i x i n g  it  wi th  COl ;  it  is 
seen  t h a t  no  app rec i ab l e  a m o u n t  of  c a r b a m a t e  was formed.  Th i s  is in a c c o r d a n c e  
w i t h  w h a t  has_ been said c o n c e r n i n g  the  pos i t ion  of equ i l i b r ium a n d  the  r e l a t i ve  ra t es  
of  r e a c t i o n  of  CO~ wi th  N H z # n d  H~O, r e s p e c t i v e l y ;  ca rbon ic  a n h y d r a s e ,  of  course ,  
s t r o n g l y  c a t a l y z e s  t he  l a t t e r  r eac t ion .  

E x p t .  5 was  c o n d u c t e d  like E x p t .  2, e x c e p t  t h a t  c a rb o n i c  a n h y d r a s e  was  a d d e d .  
I t  is seen  t h a t  a c o n s i d e r a b l e  a m o u n t  of e a r b a m a t e  was  fo rm ed ,  a l t h o u g h  E x p t .  4 
shows  t h a t  t._o app rec i ab l e  c o m b i n a t i o n  of  N H 3  an d  CO.', cou ld  occu r  u n d e r  these  
c o n d i t i o n s ;  i t  is c lear  t h a t  the  c a r b a m a t e  m u s t  h a v e  been  f o r m e d  d i r e c t l y  frt ,m urea .  
"[he s a m e  a m o u n t  of  e n z y m e  was used  in E x p t s .  5 an d  2, a n d  i t  is seen t h a t  cons ider-  
a b l y  less h y d r o l y s i s  of  u r e a  t o o k  place  in t t le p resence  of  a n h y d r a s e ;  th i s  is l ikely  
due  to  i nh ib i t i on  of u rease  b y  impur i t i c s  in the  a n l w d r a s e  p r e p a r a t i o n .  E x p t .  6 was  
c o n d u c t e d  l ike E x p t .  3, ",v[th u rease  S a m p l e  I I ,  b u t  the  a m o u n t  of  e n z y m e  t a k e n  
was  i nc r e a se d  to  offse t  the  i n h i b i t o r y  ac t ion  of a n h y d r a s e ,  a n d  p r o d u c e  c o m p a r a b l e  
a m o u n t s  of  N H a  a f t e r  ac id i f ica t ion .  T h e  a n h y d r a s e  h a s t en s  the  hyd ro lys i s  of  c a r b a -  
m a t e ,  as  m i g h t  be e x p e c t e d  f rom the  m e c h a n i s m  of the  r eac t ion  ~, so theft less is f o u n d  
in  t h e  p re sence  of  a n h y d r a s e "  b u t  the  s igni f icant  fac t  is t h a t  an y  is f o u n d  u n d e r  these  
c o n d i t i o n s .  

I n  t he  p e r f o r m a n c e  of  these  e x p e r i m e n t s  m u c h  t roub le  was caused  b y  t u r b i d i t y  
in the  Ness le r ized  so lu t ions :  this  is p r o b a b l y  due  in p a r t  to  t h e  u p a v o i d a b l e  p resence  
of CO~. Clear  so lu t ions  and  r e p r o d u c i b l e  rest t l ts  were  o b t a i n e d  as follows. T h e  s tock  
so lu t ion  was  p r e p a r e d  by  m i x i n g  3o  g K I ,  22 g 12, 28 g Hg,  an d  20 ml  w a t e r  un t i l  
t he  m i x t u r e  was ye l !owish  g reen ,  d i l u t i ng  to  4oo ml,  a n d  d e c a n t i n g  f rom excess  H g  s. 
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The reagent solut ion was  mixed  from 75 ml s tock  solution, 125 ml 5.0 3/I N a O H ,  and  
30o ml  water .  The sample  was added  to a b o u t  80 ml o.oz M NaOH,  io  ml reagent  
solut ion was added  wi th  vigorous shaking, and  the mixture  di luted to Ioo  ml wi th  
o.oi  M N a 0 H .  Absorbancies  were de te rmined  in z-era cells wi th  a B eckman  D U  
s p e c t r o p h o t o m e t e r  a t  480 mtx. 
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Urid ine  dlphosphoglucose in banana frui t  

U D P G  is an in termedia te  in the synthes is  of sucrose b y  enzyme sys tems  ex t r ac t ed  
from higher plants  1-3 and has been identified in seedlings of mung bean (Phaseohts 
aureus Roxb.)  ~ and in leaves of sugar  bee t  (Beta vulgaris L.)L The isolation of this 
compound  from banana  fruit ,  in which m a r k e d  synthesis  of sucrose occurs  af ter  
harvest°, ~, is r epor ted  in this communica t ion ,  

Banana  fruit (Musa Cavendisldi L.) were ob ta ined  from wholesale fruit  merchan t s  
before commercial  ripening t r ea tmen t .  6oo g of peeled fruit  t issue was ex t r ac t ed  wi th  
e thanol  b y  blending (I ml e thanol /g  fresh wt.) .  The s lurry was filtered a t  I ° and  
ad jus t ed  to p H  7 with ammonia .  This was filtered ~,gain, and the  fi l trate passed  
through a column (1 y 15 cm) of Dowex-x resin (C1 form). Nucleot ides  were then  
displaced from the column with o.x N HCI. This  solut ion was  neutral ized wi th  
ammonia  and  nucleot ides  adsorbed  on chaccoal (British Drug  Houses  Ltd.)  p rev ious ly  
ac t iva ted  b y  boiling. The charcoal  was then e lu ted  wi th  5o% ethanol ,  which was  

A b b r e v i a t i o n :  U D t ' G ,  u r i d ) n e  d i p h o s p h o g l u c o s e .  


