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ac t iv i ty ,  respect ive ly  (about  I #g  of enzyme per ml) 0 .05% a lbumin  reduces this  
inhib i t ion  to 74%,  3 2 0 ,  and  6O0/o . TAPPEL AND DILLARD I5 have  cla imed tha t  the  
effect of cholesterol  (and retinol) on f l-glucuronidase is due to dIsaggregatIon of the  
enzyme molecule  into inac t ive  units_ This conclusion was also drawn on the basis of 
the  exper iments  wi th  a lbumin,  known as "ac t iva to r - a s soc i a to r " ,  which pa r t i a l ly  
prevents  the  inhibi t ion.  

The authors  are grateful  to Professor A. PONTREMOLI for va luable  cri t icism, 
Dr  G L SOTTOCASA for in teres t  and  helpful  discussion and Mr. E. PANFILI and Mr B. 
GAZZlN for technica l  assistance_ This work  was suppor t ed  b y  the Impresa  Enzlmologla ,  
Conslglio Nazlonale  delle Rlcerche,  I t a l y  
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The use of naphthyl esters as substrates in esterase determinat ions 

One of the  most  f requent ly  used subs t ra tes  for esterase de te rmina t ions  is 
a - n a p h t h y l  aceta te ,  pa r t i cu la r ly  useful in h ls tochemmal  ident i f icat ion and In de tec t ing  
esterase ac t iv i ty  af ter  resolut ion b y  electropboresas or chzomatography  (gel, paper ,  
etc )z-3. Recent ly ,  a s t u d y  on the  asoenzyme s ta tus  of esterases in cer ta in  ve r t eb ra t e  
t issues was based  on the use of this  ester  and  some re la ted  a- and  f l -naphthyl  der- 
ivatives4, 5 

The choice of subs t r a t e  in assaying esterase ac t i v i t y  depends  on several  factors,  
the  most  i m p o r t a n t  ones being the  technique  used and the  specifici ty of the  ac t iv i ty  
measured  As long as a purif ied p r epa ra t i on  is known to conta in  only one act ive  enzyme,  
the  genera l iza t ion  m a y  be made  t h a t  any  ester  can be used as subs t ra te  in assaying 
the  ac t i v i t y  of this  pa r t i cu la r  enzyme Because of the  mul t ip le  forms of esterases 
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usually present in crude preparations,  the main  problem in assaying the various 
activities indiv idual ly  an such mater ial  is to ascertain whether or not  an ester used is 
actual ly split by  one or by several enzymes Furthermore,  when the ester used is a 
nonspecific subst ra te  for several forms of esterases, it must  be stressed that  one 
substrate  rarely has the same affinity for various esterase forms Esterases may  also 
be present which do not spht the substrate  used 

Since it is not  possible at the present t ime to measure the molar l ty  of esterase 
active sites or the relative number  of active protein molecules present, the specific 
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F ig  I F r a c t l o n a t l o n  of  r a t  p l a s m a  b y  c o l u m n  c h r o m a t o g r a p h y  on D E A E - c e l l u l o s e  The  s a m p l e  
(4 5 ml  p lasma)  was  a p p h e d  to  a c o l u m n  (2 c m  × iz  cm) of  W h i t m a n  DE-52  m o o2 M s o d m m  
ace t a t e ,  p H  5 5 E l u t l o n  was  e a r n e d  o u t  b y  a c o n c e n t r a t i o n  of  NaC1 inc reased  s tepw]se  as m-  
d m a t e d  on the  g r a p h  E l u a t e  s amples  of  6 ml  were  a n a l y s e d  for  es te rase  a c t i v i t y  w i t h  p h e n y l  
a c e t a t e  a n d  ~ - n a p h t h y l  p r o p ] o n a t e  ( top g raph) ,  a n d  for  p r o t e i n  (do t t ed  hne) m a n  U v l c o r d  (a t  
254 mF) The  p r o t e i n  c o n t e n t  of  P e a k  f r a c t i o n s  A - E  was  d e t e r m i n e d  b y  the  L o w r y  m e t h o d  
E s t e r a s e  a c t i v i t y  is exp res sed  m ~moles  - m m  -~ ml 1 a n d  p r o t e m  c o n t e n t  m m g  ml  ~ 

act ivi ty  with the best possible substrate  for each esterase component  might  be regarded 
as the most practical index However, in comparisons between species or tissues, or 
similar studies, the relative specific activities towards a part icular  substrate  can be 
a useful measure provided it is s ta ted what  activities are measured and what  types 
of esterase are not  detected There is, unfor tunate ly ,  no universal  ester kuown whmh 
can be used to measure all esterases present m, for instance, blood plasma 

In  our preparat ive and comparat ive studies on these enzymes various substrates 
an combinat ion with selective esterase mhibi tors  have been employed_ Naph thy l  
acetates, as well as other esters of a- and fl-naphthol, were found to be hydrolysed very 
differently by  various types of these enzymes Arylesterases (EC 3.I I 2) either do 
not  split these esters at all or at a very low rate 6,7_ Phenyl  acetate or its p-ni t ro  derivat-  
ive is the substrate  of choice for these enzymes, as are the chohne esters for chohn- 
esterases (EC 3 I . I  7 and 3 I I 8) A recent s tudy  on the esterases present in rat  p lasma 
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will demonstra te ,  as an example,  the shortcomings of the use of a naph thy l  ester in 
selective esterase de te rmmat ion  

Ra t  p lasma was f rac t lonated  on a DEAE-cel lu lose  column using NaC1 of 
increasmg concentra t ion for elutlon (details in Fig I) The fractions were analysed 

for esterase ac t iv i ty  (manometr ic  technique) with phenyl  acetate  (and propaonate) 

and naph thy l  proplonate  (and acetate).  The  ac t iv i ty  thus de termined  was found in 

5 peaks (A-E),  the specific act ivi t ies of which are listed In Table I The various peak 
fract ions were also analysed by starch-gel electrophoresls, and esterase ac t iv i ty  was 

de tec ted  in the gel wi th  a his tochemlcal  me thod  using a -naph thy l  proplonate  (or 

acetate) as substra te  8 In addit ion,  the sensi t iv i ty  of each esterase peak fract ion to 

TABLE I 

P R O P E R T I E S  OF RAT P L A S M A  E S T E R A S E S  S E P A R A T E D  ON A DEAE-cELLULOSE COLUMN 

Peak fractions A-E from the experiment shown in Fig i were tested for esterase activity (#moles 
of phenyl acetate or a-naphthyl proplonate hydrolyzed per rain per mg protein, Warburg tech- 
tuque), the activity in Fig i is expressed per ml of fraction The senmtivlty of esterase activity 
was tested against mlpafox (bas-monoisopropylammo fluorophosphme oxide), HgC12 and La(NO3) d 
with phenyl acetate ms substrate, mhlbltion is expressed as per cent of control Fractions were 
analysed by starch-gel electrophoresas (a-naphthyl propaonate as substrate) 

Peak fraction A B C D E 

Substrate hydrolysis (/zmoles) 
Phenyl acet; te o 19  o 75  o 5 4  29  o z 7 I 

Inhibition (%) 
Mlpafox, IO o #M 88 
Hg 2+, I O jAM o 

La3+, 3 o jAM o 

Esterase active bands on gel 
electropherograms, protein 
region 

Type of esterase present 

Albumin 

Carboxyl- 
esterase 

I00 0 0 0 

o 94 5 93 5 96 5 
o 52 5 55 5 55 5 

Albumin Trace Not Not 
and fl- only in visible visible 
globulin albumin 

Carboxyl- Aryl- Aryl- Aryl- 
esterase esterase esterase esterase 
and and 
chohn- trace of 
esterase cholm- 

esterase 

selective esterase lnhibitors was studied The results of the la t te r  exper iments  are 
summarised  in Table  I 

The results indicate  tha t  peak fractions A and B contain all carboxylesterase  
ac t iv i ty  and B also contains cholinestarase, according to the definitions proposed 
previously for these enzymes 9. The carboxylesterase(s) hydrolysed a -naph thy l  pro- 

p lonate  (and also phenyl  propionate) at a much higher rate  than  did other  esterases 
in ra t  p lasma Arylesterases,  present in Peaks D and E, split phenyl  aceta te  at a m u c h  
higher ra te  than  did the carboxyl  esterases, and g-naphthy l  proplonate  (and acetate)  
at a ra te  which was hardly  de tec ted  with  the manomet r ic  technique.  Arylesterases 
(of Fract ions  D and E) were not  detectable  with the his tochemlcal  technique used in 
the s tarch gel after  electrophoret lc  resolution_ The results obta ined  with select ive 
lnhlbitors (an organophosphate  ester and Hg 2+) correspond to those obta ined  with  
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selective subs t ra tes  and  indicate  a comple te  separa t ion  of the  carboxyles terases  from 
the arylesterases Peak  fract ion C also conta ins  some of the  aryles terases  and a t race 
of chohnesterases  

The results  p resented  show tha t  the  use of a - n a p h t h y l  esters will not  give a 
pic ture  of all esterases present  I t  m a y  not  be vahd  to s ta te  tha t  a t issue is charac-  
t ensed  b y  a high or low content  of a specific esterase when ac t iv i ty  has been assayed 
with this t ype  of subs t ra te  only. 
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Chymotrypsin esterase activity in the presence of oleic and taurocholic acid 

In  a recent  s t u d y  we observed t ha t  sodium oleate inhib i ted  the  esterase ac t iv i ty  
of chymot ryps ln  (EC 3 4 4 5) on a specific subs t ra te ,  N-ace ty l -L- ty rosme e thyl  ester  
(ATEE) 1. MOSOLOV ~ had  noted  previously  a s imilar  effect on t ryps in  b y  the sal ts  of 
capric,  palmltlC and stear lc  acids Differential  spec t ra  of the  enzyme in o 045 M capra te  
and 8 M urea  were almost  ident ica l  and there was an increase in levoro ta t lon  of the  
enzyme in the  presence of l ipid These observat ions  led MOSOLOV 2 to speculate  t ha t  
l iplds a l tered the  t e r t i a ry  s t ruc ture  of t ryps in  b y  interference with  normal  hydrophob ic  

bonding  
The  assay of fecal chymot ryps in  ac t iv i ty  is of prac t ica l  value in diagnosing 

panc lea t i c  mal funct ion  3. The presence of s tea torrhea ,  however,  reduces the  accuracy  
of the  me thod  1,4. The present  s tudy  was unde r t aken  to inves t iga te  fur ther  the  na tu re  
of the  enzyme- l ip id  in te rac t ion  and the effect of con juga ted  bile salts  on this  process 

5 ° #g /ml  chymot ryps in  (Wor th ing ton  Biochemicals)  was incuba ted  for 24 h at  
25 ° in aqueous sys tems con ta inmg o 45 mM Ca 2+ with  va ry ing  propor t ions  of sodium 
oleate and sodium taurocho la te  (Nutr i t ional  Blochemicals)  The composi t ion of the  
sodium taurochola te  was 73_6% taurochohc  acid and 26.4% other  con juga ted  bile 
acids Similar  sys tems were also run wi thout  Ca 2+ I o ml of this  incubat ion  sys tem 
was di lu ted  with 3 o ml of o 5 mM Trls buffer conta ining 5 mM Ca 2+ and o 5 M NaC1 
immed ia t e ly  preceding assay.  The react ion was in i t i a ted  with  I.O ml o_125 M A T E E  
in 50% methano l  and  ac t iv i ty  assessed at  25 ° using a Metrohm Combi t i t r a to r  and  

Abbrev i a t i on  ATEE,  N-ace ty l -L- ty rosme e thy l  ester  
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