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Fig. 2. Distribution of protein and of cellulase activity after gel filtration of an enzymic prepara- 
tion from Penicillium notatum on Sephadex G-ioo. Q---O, absorbancy at 280 mt,; Q . . . . .  G, 

cellulase activity measured against CM-cellulose. 

be found.  Beh ind  the  las t  ac t ive  peak  a b rown coloured ma te r i a l  migra ted ,  not  shown 
in t he  d iagram.  

F r o m  the  exper imen t s  made  so far using gel f i l t ra t ion i t  appears  t ha t  fungi p roduce  
mul t ip le  forms of  cellulase and  t h a t  the  components  m a y  v a r y  widely  in molecular  
size. However ,  as will be pub l i shed  la ter ,  i t  seems t h a t  the  mul t ip le  cellulase sys tem 
of  P. notatum consists of  a common low molecular  weight  enzymic  componen t  associat-  
ed wi th  different  inac t ive  substances.  
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sc  11o86 Studies on lipolytic enzymes 
II. The effects of n-butyl carbamic acid methyl ester on hydroxamic acid 

synthesis catalyzed by canine-liver lipase 

I t  has been repor ted  prev ious ly  b y  us 1 tha t  BCME is a r e m a r k a b l y  po ten t  species-specific 
inh ib i to r  of  canine fiver and  k idney  l ipase (EC 3.1.1.3) bo th  in vitro and  in vivo. 

Abbreviation: BCME, n-butylcarbamic acid methyl ester. 
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Inhib i t ion  kinetics were descr ibed for bo th  l iver and  k idney  enzymes ca ta lyz ing  
the hydro lys i s  of  t r ibu ty r in ,  an essent ia l ly  insoluble subs t ra te .  LIPMANN AND TUTTLE 2 
demons t r a t ed  t ha t  a character is t ic  of  es terolyt ic  enzymes is their  ab i l i ty  to ca ta lyze  
the  synthesis  of  hyd roxamic  acids from hyd roxy l a mine  and a free f a t t y  acid. As 
these subst ra tes ,  under  alkal ine condit ions,  are bo th  soluble it became of  in teres t  
to de te rmine  the inhibi t ion kinet ics  of  BCME in the hyd roxamic  acid synthesis-  
react ion ca ta lyzed  b y  canine-l iver  lipase. 

Aqueous  ex t rac t s  of dog-l iver  acetone powders  were prepared  b y  ex t rac t ing  I g 
of powder  wi th  IO ml of cold wate r  for IO min in a po lypropylene  centr ifuge tube  
and  then centr i fuging at  34 ooo × g for 5 min. The clear supe rna t an t  fluid was used as 
such wi thout  fur ther  f ract ionat ion.  The usual  yield of supe rna tan t  fluid was 7.5 8 ml 
conta in ing  3oo 35o g of soluble protein.  

The kinet ics  of inhibi t ion of the  hyd roxama te - syn thes i s  reaction,  induced by  
BCME, were s tud ied  using essent ial ly  the condi t ions and ana ly t ica l  methods  des- 
cr ibed by  LIPMANN AND TUTTLE 2. In  all cases, the enzyme was p re - incuba ted  with  a 
cons tan t  concen t ra t ion  of ei ther  hyd roxy l amine  or sodium oe tanoa te  for 5 rain 
before l i m i t i n g  amount s  of the o ther  subs t r a t e  were added.  Where  BCME was a 
component  of  the  react ion mixture ,  this  was a d d e d  before pre- incubat ion.  This 
procedure  was used to ensure t ha t  the  enzyme complexes  formed would be at  s t eady  
s ta tes  and would be preferent ia l ly  ut i l ized dur ing  the ini t ia l  course of the reaction.  

The d a t a  from kinet ic  s tudies were p lo t t ed  using the methods  of LINEWEAVER 
AND BURK a and curves were f i t ted b y  leas t -square  calculat ions using an IBM 162o 
compute r  p r o g r a m m e d  for these computa t ions .  The following nota t ions  were used:  

Eo moles of act ive center  of the  enzyme ini t ia l ly  present  
E = unassocia ted enzyme 
I = moles of  inhib i tor  added.  

In i t i a l  ra te  s tudies  ut i l iz ing var ious  amount s  of  hyd roxy l a mine  (H), oc tanoa te  
(T), and  BCME (I) (Figs. I and  2) suggest  the  following mechanisms for the  hydrox-  
amic acid synthesis :  

/)+1 
E + H  ~ E H  

k_l  

k+2 
E H  + T - -~  E + h y d r o x a m i c  ac id  

k+3 
E H  + I ~ E H I  

k_3 

with the  conservat ion  equat ion  of Eo ~ [El + [EH] + [EHI], 
where E H  = h y d r o x y l  amine- l ipase  complex and E H !  = inhib i ted  EH complex.  

Using the  KING-ALTMAN method  4 of  solving the equat ions,  the inhib i ted  veloci ty,  
vi, of hyd roxamic  acid format ion  is: 

k+2Eolv~ = (KaI[H ] + 1 + [ I ] /K3) / [T  ] + k_~2l(k+l[H]) (i) 

where K 1 --  k_ l / k+l  a n d  K 3 = k-3/k+3 
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Fig. I. BCME inhibit ion of hydroxamic  
acid synthesis  with the liver lipase prein- 
cubated wi th  hydroxylamine.  A,5 .o-  lO -4 
M B C M E (  o .o44J  o.262); / \ , 2 . o . i o - 4 M  
BCME (o.o51 ± O.lO6); O, I- o ' I o - *  M 
BCME (o.192 ± o.o39); O, no BCME 
(o.134 ± o.o55).- , least-square ]ine. 
Figures in parentheses  are intercept  :L 

95% confidence limits. 
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Fig. 2. BCME inhibit ion of hydroxamic  acid for- 
mat ion from pre incubated dog-liver lipase and 
octanoate.  Q, 2.0- 10 -4 M BCME (0.25 ° ± o.12o) ; ~ ,  
1.5"1o -4 M B C M E  (o.127 -L o.223); O, no BCME 
(0.229 ± o.o6[). - - ,  least-square line. Figures 
in parentheses  are intercept  ~ 95% confidence 

limits. 

Using the least-square method developed by BAKER AND MAHLER 5 the constants 
calculated from experiments in which preincubation with various concentrations of 
hydroxylamine and BCME were performed (Fig. I) were: 

K l = o.I  4 M; k+2/k+l = IOO; and K3 = 3.0'  I 0-4 M. 

LINEWEAVER-BURK plots of the inhibited and uninhibited rates for fixed 
octanoate concentrations show common intercepts for large hydroxylamine con- 
centrations (Fig. 2). The common intercept would result if preincubation of octanoate 
with lipase resulted in an octanoate-lipase complex and this complex was inhibited 
by  BCME, according to the model: 

k+l, 
E +  T ~  E T  

~¢-1' 

k+2, 
E T  + H - -+  E + hydroxamic  acid 

Biochim. Biophys. Acta, 77 (I963) 667-670 
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k+3' 
ET + I ,~ ETI  

h_ 3, 

with  the  conservat ion  Eo = [EJ + [ET] + [ E T I j .  

Assuming  s t eady  s ta te  condit ions,  the  inhib i ted  veloci ty,  v,, can be shown 
(by the KING-ALTMAN me thod  4 )to be:  

I / V i -  {(tfI./[T] + I + [I]/Ks,)/(H~I + k+2,/(k+~,[T])}/k+vEo (2) 
=-- cI)o + #2/[H] + cI)I~[I]/[H l 

where  
K1, - h_~,/k+l,, K 3, -- h-3,/k+3,, q~o = k+,,/(k+l,[r]h+vEo) 
q52 -- (KI,/[T~ + i)/(k+2,Eo), and ~b12 -- (I/K3,)/(k+2,Eo) 

Es t ima te s  of the oc tanoa te  b inding  constants ,  KI,,  and  the inhib i tor  b ind ing  
constant ,  K v ,  could be made  if k+l,/k+v were known. Such d a t a  are not  avai lable ,  
however ,  bu t  some es t imates  abou t  the  upper  l imit  for k+l,/k+2, and Ka,, the  inhibi t ion  
b ind ing  cons tant ,  can be approx ima ted .  

Since q~2/~12 ~ (KI' /[TJ + I ) / ( I / K v ) ,  an es t imate  of K 3, can be made  if 
o.o2 > K 1, > o, then K 3, < (3 - -  7) ' I0  .5. A n y  value of  K 1, > 0 would give a smal ler  
value  than  7" 10-5 for K3,. Thus, the value of the  cons tan t  for the  b inding  of BCME 
(Ka,) by  the oc tanoa te - l ipase  complex is a t  least  a factor  of 4 smaller  than  t ha t  
(K3) for b inding  of BCME to the  h y d r o x y l  amine- l ipase  complex.  

As q52/~o = (K1,/[T j + I)/(k+2,/k+l,~Ti), the d a t a  indicate  tha t  the  value  for 
k+v/k+2, < 69 for K 1, > 0 and thus  the  speed of a t t a c h m e n t  of h y d r o x y l  amine and/or  
oc tanoa te  to the  complex (formed with  the  c omple me n ta ry  substrate)  differs from 
thei r  (or its) speed of a t t a c h m e n t  to the enzyme.  

LIPMANN AND TUTTLE 2 proposed  a mechanism for hyd roxa mic  acid synthesis  
ca ta lyzed  b y  l iver  l ipase which involved  ob l iga to ry  p r i m a r y  a t t a c h m e n t  of the f a t t y  
acid subs t ra te  to the ca ta ly t i c  site of the enzyme with  the  format ion  of an acid an- 
hydr ide .  This anhydr ide  was then pos tu la t ed  to react  spontaneous ly  wi th  an excess 
of  hyd roxy l amine  present ,  to form the hyd rox a mic  acid. 

The studies presented  in this  report ,  con t r a ry  to the  mechanism proposed  b y  
LIPMANN AND TUTTLE 2, are consis tent  wi th  the  f a t t y  acid and the hyd roxy l a mine  
bo th  being subs t ra tes  for the  enzyme,  e i ther  being able to a t t a ch  to the  ca ta ly t i c  
site first. This mechanism is consis tent  wi th  the  LINEWEAVER--BURK plots  of in- 
h ib i ted  and uninhib i ted  velocities having  a common in tercept  for ve ry  large sub- 
s t ra te  (hydroxylamine  or f a t t y  acid) concentra t ions .  
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