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elastases was suggested by their specific activities of 163o elastase caseinolytic units/ 
mg of NYS 64-332 elastase (S.D. ± 215 for IO determinations) and 155 ° elastase 
caseinolytic units/mg of NYS 66-319 elastase (mean of 3 determinations). The re- 
spective distribution coefficients of o.59 and o.61 for NYS 64-332 and NYS 66-319 
elastases on gel filtration in Sephadex G-ioo suggest that the observed differences on 
ion-exchange chromatography and polyacrylamide electrophoresis are not attributable 
to association reactions. Thus, both elastases possess approximately the same molecular 
weights and proteolytic properties and are immunochemically indistinguishable. They 
differ in electrostatic charges as indicated by  disc electrophoresis and ion-exchange 
chromatography. These differences in net charge do not produce immunologic dis- 
tinctions. 

This research was supported by Grant HE-o99o2 from the National Heart  
Institute, National Institutes of Health, and by the U.S. Army Medical Research and 
Development Command (DADAI7-69-G-9284). 

Division of Laboratories and Research, 
New York State Department of Health, 
Albany, N.Y.  12201 ( U . S . A . )  

R. H. Suss 
J. W. FENTON, II 
T. F. MURASCHI 
K. D. MILLER 

I P. V. LIU, J. Infect. Diseases, lO8 (1961) 112. 
2 J. D. MULL AND W. S. CALLAHAN, Exptl. Mol. Pathol., 4 (1965) 567 • 
3 G. G. JOHNSON, J. M. MORRIS AND R. S. BERK, Can. J. Microbiol., 13 (1967) 711. 
4 K. MORIHARA, H. TSUZUKI, T. OKA, g .  INOUE AND M. EBATOS, J. Biol. Chem., 240 (1965) 

3295 • 
5 B. J. DAvis, Ann. N .Y .  Acad. Sci., 121 (1964) 404. 

Received June 3oth, 1969 

Biochim. Biophys. Acta, 191 (1969) I 7 9 - I 8 I  

BBA 634O6 

Esters of phenols as substrates for pancreatic lipase 

Esters of phenoP, p-nitrophenol, fl-naphthoP, 4-methyl umbelliferone a'4, and 
fluorescein ~ have been used as substrates for "lipase" in colorimetric or fluorimetric 
analytical methods. It  has also been reported that lipases, and in particular pancreatic 
lipase, show maximal activity against the medium chain length esters of these phe- 
nols ~-4. I f  we agree to give the name lipase (EC 3.1.1.3) only to those enzymes which 
attack emulsified long-chain triglycerides, typically triolein or olive oiP, we may 
doubt whether phenol esters will be appropriate substitutes for the natural substrate 
of such enzymes. I found that p-nitrophenyl oleate and ~-naphthyl oleate are only 
slowly hydrolyzed by crude porcine pancreatic lipase and that phenyl oleate is not at 
all hydrolyzedL BARROWMAN AND BORGSTROM s have recently conducted semi- 
quantitative assays on a number of phenol esters as substrates for the lipase and for 
an esterase of rat pancreatic juice. They found that triolein, fl-naphthyl laurate and 
oleate, and p-nitrophenyl laurate were rapidly hydrolyzed by the lipase, whereas 4- 
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methyl umbelliferone decanoate was a moderately active substrate, and fluorescein 
esters were not attacked. 

The availability of a pure preparation of the best-known lipase, porcine pan- 
creatic lipase, has prompted me to determine the maximum rates of hydrolysis of 
several of the recommended phenol esters in comparison to triolein, under conditions 9 
which are nearly optimal for triolein as well as for a number of other substrates, e.g. 
tr ibutyrin and substi tuted benzyl estersL Cholesterol oleate, which has never been 
exposed to pancreatic lipase of undisputable purity, was also tested. 

Fluorescein dibutyrate,  p-nitrophenyl octanoate and dodecanoate, and 4- 
methyl  umbelliferone octanoate and dodecanoate were purchased from Nutritional 
Biochemicals Co. (Cleveland). The other esters were synthesized via the acid chlorides. 
All substrates were purified by chromatography on neutral aluminum oxide Woelm 
(Alupharm Chemicals, New Orleans) 1°. 

Porcine pancreatic lipase was prepared by ion-exchange and Sephadex chro- 
matography12, is and had a specific activity of 5ooo against triolein emulsified with 
gum arabic n. The purity of the preparation has been demonstrated by standard 
procedures and convincingly by its separation into two isoenzymes of equal specific 
activity12,1a. 

The assay system was that  described by  BENZONAXA AND DESNUELLEg: final 
concentrations : o. I M NaC1, o.5 mM CaC12, 4.5 mM sodium deoxycholate ; total volume, 
15 ml; temp., 37°; pH 9.o. The substrates were added after sonic emulsification (2o 
kcycles, 5 ° W, 3o sec) with the 2-fold volume of 32 mM deoxycholate ~. To the 4-methyl 
umbelliferone octanoate 25 % of the dodecanoate were added to give a liquid substrate. 
The fa t ty  acids released by the action of the lipase were t i t rated (Radiometer, Copen- 
hagen) under nitrogen and with stirring at maximal speed, and with continuous re- 
cording. The linear rates during the first few minutes were measured. Maxilnum velo- 
cities of lipolysis were established by varying the amounts of substrate emulsion 
(between 0.2 and 0.8 ml) (Table I). 

The following conclusions can be drawn : (I) The esters of phenols are poor sub- 
strates for porcine pancreatic lipase. The rate of hydrolysis of even the most active 
esters is less than 2 % of that  of triolein. (2) Esters of fluorescein are not attacked by 

T A B L E  1 

M A X I M U M  V E L O C I T I E S  O F  L I P O L Y S I S  O F  D I F F E R E N T  S U B S T R A T E S  

M a x i m u m  velocit ies,  V, of l ipolysis  are given re la t ive  to  1" of tr iolein = loo. 

Substrate V 

Triolein I oo 
p - N i t r o p h e n y l  oc t anoa t e  0.6 
p - N i t r o p h e n y l  dodecanoa te  1. 7 
p - N i t r o p h e n y l  oleate  1.6 
f l -Naph thy l  nonanoa t e  1. 3 
/~-Naphthyl  oleate  1. 4 
P h e n y l  oleate  0. 4 
4-Methyl  umbel l i fe rone  oc tanoa te  0. 3 
4-Methyl  umbel l i ferone  oleate  0. 3 
Fluorescein  d i b u t y r a t e  <o .o2  
Fluorescein  d io lea te  <o .o2  
Choles teryl  oleate  < 0 . 0  3 
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pancreatic lipase. This is not unexpected since these esters have a zwitter-ionic 
structure in contrast to the neutral structure of triglycerides. (3) Cholesteryl oleate is 
resistant to pancreatic lipase. It  behaves, predictably, like an ester of a non-activated 
secondary alcohoF. (4) Rates of hydrolysis are not higher for medium chain-length 
esters than for oleic esters. Where higher rates have been reported 2-4, enzymes other 
than pancreatic lipase may have been measured. Medium chain-length esters appear, 
therefore, to be quite unsuitable for the detection or assay of pancreatic lipase. (5) The 
possibility remains that completely insoluble esters, like fl-naphthyl oleate, though 
being rather poor substrates, will satisfy the requirement of specificity, i.e. will not 
be hydrolyzed by any enzymes except lipases. They could thus be used for quantitative 
determinations of lipases; however, the identity of the enzyme should always be 
verified by the hydrolysis of triolein or olive oil. 
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4-Methylumbelliferyl phosphate as a substrate for lysosomal acid phosphatase 

In their classical work on lysosomes APPELMANS et al. 1 used fl-glycerophosphate 
as substrate for acid phosphatase (orthophosphoric monoester phosphohydrolase, 
EC 3.1.3.2). This gave good localisation of the enzyme in the lysosome fraction with 
a high degree of latent activity. Other workers ~-4 have used p-nitrophenyl phosphate 
for assaying the same marker enzyme, although it was shown by NEIL AND HORNER 5 
and confirmed by BROTELLE AND WATTIAUX 6 that microsomal phosphatase is capable 

Biochim. Biophys. Acta, i9I  (1969) 183-186 


