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SUMMARY : The hydrolysis of monomeric p-nitrophenyl acetate by lipase in the 
presence of 4 % acetonitrile involves, like that catalyzed by ordinary este- 
rases and some proteases, an acylation and a deacylation step (here rate- 
limiting). A transient acetyl lipase intermediate can be isolated. Various 
interfaces were found to exert a considerable accelerating effect in the 
lipase-p-nitrophenyl acetate-acetonitrile system. 

Introduction 

Pancreatic lipase (glycerol ester hydrolase ; EC 3.1.1.3) has been known 

for years to hydrolyze at a very high rate emulsions of insoluble long chain 

fatty acid esters of glycerol and other alcohols (i). New perspectives in 

this field were opened by the more recent finding that lipase can also act on 

isotropic micellar dispersions of short chain glycerides (2) and, although 

with a reduced efficiency, on molecular solutions of monomeric glycerides in 

the presence of low concentrations of some organic, water-miscible compounds 

(3). If monomeric PNPA could be shown to be also hydrolyzed in this latter 

system, current investigations on the mechanism of lipase-catalyzed reactions 

would be facilitated. PNPA is a substrate widely used for ordinary esterases 

and some proteases. Its main advantage over other substrates is to permit very 

sensitive activity determinations and also to give the possibility of carrying 

out these determinations simultaneously by spectrophotometry and titrimetry. 

Enzyme kinetic results obtained with monomeric substrates are also much sim- 

pler to interpret than those yielded by emulsified or micellar systems. All 

assays reported below were performed with the aid of PNPA solutions in 4 % 

Unusual abbreviation, PNPA, p-nitrophenyl acetate. 
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acetonitrile. The complete absence of aggregates in these solutions has been 

carefully checked by an already described technique (3). 

Materials and Methods 

Porcine pancreatic lipase preparations obtained by the method of Verger 

et al (4) were used without further purification. PNPA, an Aldrich product 

(Milwaukee, USA) was crystallized twice from absolute ethanol. All other rea- 

gents were purchased from Fluka (Z~rich, Switzerland) and were of the best 

available grade. Tritium-labelled PNPA was prepared by esterification of p- 

nitrophenol by ~H] acetic acid (CEA, Saclay, France ; specific radioactivity, 

25 mCi/mmole) in the presence of dicyclohexyl carbodiimide in dry ethyl aceta- 

te (5). A pure product was obtained after 2 crystallizations from absolute 

ethanol with an overall yield of 50 % (calculated from acetic acid). Its spe- 

cific radioactivity was similar to that of the original acetic acid sample 

(25 mCi/n~nole). 

As already mentioned before~ the lipase-catalyzed PNPA hydrolysis was fol- 

lowed kinetically at 25 ~ C and pH 7.5, either by spectrophotometry (400 nm; 

Zeiss recording Spectrophotometer) or by titrimetry (Radiometer recording pH- 

stat). The molar concentration of the lipase solutions was calculated from 

their absorbance at 280 nm, assuming for the enzyme an extinction coefficient 

(E i % ) of 13.3 and a molecular weight of 50,000. 
i cm 

Results and Discussion 

Fig. I shows that monomeric PNPA is hydrolyzed by lipase in the presence 

of 4 % of acetonitrile. In addition, the release of p-nitrophenol starts very 

fast, slows down exponentially and then becomes linear with time, indicating 

the existence of a steady state. Extrapolation to zero time of the linear part 

of the curve shows that the amount of p-nitrophenol liberated during the expo- 

nential phase (the "burst") is practically one mole per mole of lipase. The 

burst and the steady state rate are proportional to the enzyme concentration. 

It is noteworthy that the shape of the curve in fig. I and further kinetic 
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Fi$. ! : Kinetic aspects of p-nitrophenol release from PNPA by pancreatic li- 
pase. A 3.12 mM PNPA solution in 4 % acetonitrile and a 80 mM Tris-HCl buffer 
(pH 7.5) was incubated with lipase (final concentration, 4.5 pM). The original 
tracing given by the recording spectrophotometer is reproduced in the fig. 

studies to be published in a forthcoming paper are fully consistent with the 

model first described by Hartley and Kilby (6) and Bender and Kezdy (7) for 

the hydrolysis of PNPA by O<chymotrypsin. Since the rate-limiting step in the 

PNPA-lipase-acetonitrile system appears to be the deacylation of a transient 

acetyl-lipase derivative, this latter should accumulate during the pre-steady 

state period and its isolation should be possible if the reaction is quenched 

during the steady state period under conditions insuring to the derivative a 

good stability. 

Characterzzation of the acetyl lipase intermediate. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

In order to avoid side-reactions due to unspecific binding of PNPA to li- 

pase, it was found necessary to saturate the corresponding sites by first in- 

cubating the enzyme (3 mg/ml solution in a BO mM Tris-HCl buffer at pH 7.5) 

for 90 min. at 25 ~ C with 2.5 mM unlabelled PNPA. The PNPA concentration was 

held constant during the assay by 2 additions of 2.5 pmoles of the reagent per 

ml of solution after 30 and 60 min. The resulting derivative isolated by Sepha- 

dex G 25 filtration in a O.i M Tris-HCl buffer at pH 7.5 was found to possess 

a fully functional active site towards emulsified tributyrin and monomeric 

PNPA in the presence of acetonitrile. Consequently, the derivative was suita- 

ble for the labelling of this site by a further incubation at pH 7.5 and 25 ~ C 
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w i t h  F~ PNPA ( c o n c e n t r a t i o n  o f  t h e  derivative, 2 mg/ml ; o f  PNPA, 2 . 5  raM). 

A f t e r  e x a c t l y  3 m i n . ,  t h e  pH o f  t h e  r e a c t i o n  m i x t u r e  was l o w e r e d  to  5 .0  by 

a d d i t i o n  o f  a 1 M  sodium a c e t a t e  b u f f e r  a t  pH 4 . 5 .  As shown by f i g .  2a ,  a 

Sephadex  f i l t r a t i o n  a t  pH 5 .0  and 0 ~ C o f  t h e  r e s u l t i n g  s o l u t i o n  r e a d i l y  s e p a -  

r a t e d  u n r e a c t e d  PNPA and p - n i t r o p h e n o l  f rom a l i p a s e  d e r i v a t i v e  c o n t a i n i n g  one  

labelled acetyl radical per mole (IH] acetyl lipase). No traces of PNPA and 

p-nitrophenol could be detected under the protein peak, confirming that the 

radioactivity was entirely carried by the acetyl radical. M~reover, this radi- 

cal was found to be stable at pH 5.0, as shown by the fact that no radioacti- 

vity loss occurred upon re-chromatography of the material under the same condi- 

tions. It was noteworthy that the stability of the derivative was not due to 

enzyme denaturation~ since a complete deacylation (fig. 2b) was observed to 

result from an increase to 7.5 of the pH of the solution. Therefore, the acyla- 

tion and deacylation steps could be considered fully reversible. 

~ ~ _ ~ _ ~ _ ~ ~ :  

Since the lipase activity on monomeric PNPA in the presence of 4 % aceto- 

nitrile is low as compared to that on ordinary emulsified substrates, the spe- 

cificity of this sort of activity may be questioned. A first approach to this 

important problem is to note that the 2 processes have in common the property 

to be considerably accelerated by interfaces. For example, 700 mg of glass 

beads (Solid Support Aerograph, 170-230 mesh ; mean diameter, 75 ~ 15 ~) were 

siliconized according to Brockman et al (8) and added to 7 ml of a mixture 

3.12 mM in PNPA, 4 % in acetonitrile, 1 mM in Tris-HCl pH 7.5 and 0.i M in 

NaCI. The reaction rate observed in a pH-stat under stirring was 500-fold hi- 

gher than without beads. A similar effect of glass beads on the hydrolysis of 

a triglyceride substrate (tripropionin) by lipase in an aqueous system has re- 

cently been reported (8). In the same connection~ 0.7 ml of dodecane was emul- 

sified in 4 ml of 3.2 mM taurocholate. Addition of i ml of this emulsion to 

14 ml of a mixture containing 0.5 mM PNPA, 80 mM Tris-HCl at pH 7.5, 1.5 mM 

sodium taurocholate 0.i M NaCI and i0 mM CaCl 2 was found to increase the rate 
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Fig. 2 : Acylation and deacylation of lipase. Fig. 2a : Aczlation step. The 
labelled lipase derivative resulting from treatment with ~ PNPA (see text) 
was filtered at 0 ~ C through a Sephadex G 25 column (0.9 X 21 cm) equilibrated 
and eluted with a O.i M sodium acetate buffer at pH 5.0. Radioactivity was 
counted in 50 ~i aliquots with the aid of a Packard Liauid Scintillator. The 
numbers along the protein peak indicate the amount of ~H] acetyl groups bound 
per mole of lipase. Fig. 2b : Deacylation of the above derivative (I mg/ml) by 
a 30 min. incubation at pH 7.5 and 25 ~ C in a O.I M Tris-HCl buffer. The condi- 
tions of the gel filtration and the symbols are the same as in ifig. 2a, except 
for the dimensions of the column (0.9 x 13 cm). 

of the PNPA hydrolysis by a factor of i00. Moreover, the complex between 

lipase and large micelles designated "fast" lipase by Sarda et al (9) because 

of its abnormal behavior on Sephadex could be shown to be 300 times as active 

as lipase alone in a system similar to those described above. The additional 

interest of this latter assay is to indicate that the action of lipase on dis- 

solved substrates is enhanced, not only by the presence of an interface in the 

system, but also by a previous binding of the enzyme to an interface. 

Finally, the influence exerted on the hydrolysis rate by the air-water 

and glass (or polyethylene)-water interfaces inherent to any system used for 

testing lipase activity (i0, 3) could be confirmed here by taking advantage of 
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the 2 techniques (spectrophotometric and titrimetric) that can be employed to 

follow PNPA hydrolysis. These techniques should normally lead to the same re- 

sults throughout the steady state period. In fact, results obtained by titrime- 

try were 150 fold higher. This large difference was attributed to the fact that 

interfaces are much smaller in a spectrophotometer cuvette than in a pH-stat 

beaker (including stirrer and sometimes air bubbles). The interface effects 

reported above can be expexted to accelerate the deacylation step which is 

rate-limiting in the lipase-eatalyzed reaction. 
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