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The position in porcine pancreatic lipase (triacylglycerol acylhydrolase, EC 3.1.1.3) of the serine reacting speci- 
fically with emulsified or micellar diethyl p-nitrophenyl phosphate has been investigated. This serine which 
appears to be involved in lipase adsorption to insoluble triglyceride interfaces, is at position 152 in the enzyme 
chain. The sequence around this amino acid is: His-Val-lle-Gly-His-Ser-Leu-Gly. 

Diethyl p-nitrophenyl phosphate, a general inhib- 
itor for serine enzymes, has been reported to inhibit 
pancreatic lipase (triacylglycerol acylhydrolase, EC 
3.1.1.3) only when used in the form of emulsified 
particles [1] or mixed micelles with bile salt in the 
presence of colipase [2,3]. This inhibition is due to a 
stoicheiometric reaction between the organophos- 
phate and a serine tentatively localized by Mayli6 et 
al. [2] in a Leu-Ser-Gly-His sequence. However, un- 
like authentic serine enzymes, this amino acid is not 
involved in the catalytic site but in the binding site 
[4]. Actually after reaction, the lipase retains its low 
catalytic activity on monomeric substrates and com- 
pletely loses its capacity to recognize hydrophobic 
interfaces. In other words, emulsified or micellar 
diethyl p-nitrophenyl phosphate appears to be a spe- 
cific marker of the site normally responsible for one 
of the typical steps of heterogeneous biocatalysis, i.e., 
lipase adsorption to insoluble substrate interfaces 

[4,51. 
Having found that the above arrangement does not 

exist in the now fully elucidated sequence of por- 
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cine pancreatic lipase (Refs. 6 and 7 and Bianchetta, 
J., Guidoni, A., Bonicel, J. and Rovery, M., un- 
published data), it was advisable to. re-investigate the 
position of the reactive serine. Evidence is presented 
here of this serine being at position 152 in the enzyme 
chain. 

Since [32P]diethyl p-nitrophenyl phosphate was 
not available on the market at the time this work was 
undertaken, lipase prepared as indicated [6] was 
incubated with non-radioactive inhibitor according to 
Rouard et al. [3]. Methods previously published for 
phosphorus mineralization [8] and colorimetric 
determination [9] were modified as follows: minerali- 
zation was carried out on 4 - 1 0  nmol peptide for 2 h 
at 200°C and the volume of solutions used for color- 
imetry was reduced 20-fold. 

The purified diethylphosphoryl lipase derivative 
(2.5 gmol) resulting from action of the organophos- 
phase on the native enzyme was dissolved in 13 ml 
5% formic acid and incubated with pepsin at 37°C 
(enzyme/substrate ratio, 1 : 10, w/w). After 24 h an 
equal amount of enzyme was added and digestion was 
continued for another 24 h. The digest was filtered 
on Sephadex G50 (Fig. la). Phosphorus-containing 
fractions (pool a) were passed through Bio-gel P 10 
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Fig. 1. Purification of the peptide containing phosphorus 
after peptic digestion of diethylphosphoryl lipase, a: Gel fil- 
tration on Sephadex G-50 fine of the digest. Three columns 
(1.5 × 90 cm) connected in series were equilibrated and 
eluted with 1% acetic acid at room temperature, 1.5 ml frac- 
tion volume, flow rate 5 ml/h. V 0, retention volume. Ab- 
sorbance was measured at 280 nm. Pool a (horizontal bar), 
phosphorus-containing fractions, b: Gel filtration on Bio-gel 
P 10 of pool a. Two columns (1 × 100 cm) connected in 
series were equilibrated and eluted with 1% acetic acid at 
room temperature, 1.3 ml fraction volume, flow rate 2.5 
ml/h. Vo, retention volume. Absorbances were measured at 
230 nm ( . . . . . .  ) and 280 nm ( ). Pool b, phosphorus- 
containing fractions, c: Chromatography on SP Sephadex 
C-25 of pool b. The column (0.6 × 35 cm) was equilibrated 
with pyridine/acetic acid (50 mM) buffer, pH 2.55, at room 
temperature. After elution with 70 ml buffer, three concen- 
trations and pH gradients were successively applied. 1st 
gradient 50 mM, pH 2.55-100 mM, pH 3.20; 2nd gradient 
100 mM pH 3.20 -250  mM, pH 3.90; 3rd gradient 250 mM, 
pH 3.90-500 mM, pH 4.90. The arrows indicate the starting 
point of the gradients. Volume of each of the two chambers 
was 70 ml. Fractions were monitored by ninhydrin assay 
after alkaline hydrolysis. Pool c, phosphorus-containing frac- 
tions. 

(Fig. lb).'The resulting pool b chromatographed on 
SP-Sephadex (Fig. lc) yielded pool c. Amino acid 
analysis and NH2-terminal determination showed that 
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pool c contained several peptides but that the peptide 
in position (147-160) of the lipase chain [6] was its 
main constituent. This peptide had already been char- 
acterized from a peptic digestion of native lipase 
(peptide P II 2, Fig. 2 of Ref. 6): 

147 152 155 160 
His-Val-Ile-Gly-His-Ser-Leu-Gly-Ser-His-Ala-Ala-Gly-Glu 

Since this peptide contains two serines, it was prefer- 
able instead to further purify it, to cleave the chain 
between these two serines and purify the new pep- 
tides obtained. The pool c was digested by thermo- 
lysin. About 400 nmol of the main peptide in 100 
gl N-ethylmorpholineacetic acid (0.1 M) buffer, pH 
6.2/20 mM CaC12, were incubated for 18 h, at 37aC, 
with thermolysin (enzyme/substrate ratio 1 : 50, w/w). 
The digest was purified by electrophoresis and 
chromatography on thin layer cellulose [10]. Phos- 
phorus was detected in one spot only. The latter con- 
tained the following peptide in pure form: 

147 152 
His-Val-Ile-Gly-His-Ser (yield 13%) 

The peptide was characterized by its amino acid com- 
position and the Edman-dansyl analyses. 

Another spot having a slower chromatographic 
migration and a negative reaction to the phosphorus 
reagent was characterized as: 

153 155 
I_eu-Gly-Ser (yield 13%) 

The indicated yields for the two peptides were based 
on total phosphoryl lipase. 

These results demonstrate that the serine in por- 
cine pancreatic lipase reacting in a highly specific way 
with diethyl p-nitrophenyl phosphate is Serxs2. The 
sequence around this serine contains a second serine 
at position 155, three histidines at position 147,151 
and 156 and three short hydrophobic sequences Val- 
Ile-Gly, Leu-Gly and Ala-Ala-Gly linked by His-Ser or 
Ser-His. An explanation of the results published by 
Mayli6 et al. [2] might be that the two peptides Leu- 
Gly-Ser-His and His-Ser-Leu-Gly were present together 
in the authors' experfiment and that the identical 
amino acid compositions of these peptides gave rise 
to a misinterpretation. 
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