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On the positional specifkity of phosphdipasa A from pancreas 

Phospholipase A (EC 3.1.1.4) purified from human pancreas’-* and heat- 
treated pancreatin 4 have been demonstrated to catalyse the hydrolysis of the 2-fatty 
acid ester position of lecithin only. Homogenates of ox pancreas are known to release 
both fatty acids from lecithin, but the hydrolysis of the fatty acid ester linkage at the 
r-position might be caused by lysolecithinase4 or phospholipase B (EC 3.1.x.5), which 
enzyme has also been found to be present in this tissue6. On the other hand it may 
be envisaged that in addition pancreatic tissue contains a phospholipase A, which 
attacks specifically the r-ester position of lecithin itself. Actually, rat-liver horn+ 
genates have recently been demonstrated in this laboratory to possess phospholipase 
A activity which produced two isomeric lysolecithins‘*7. Because of the possible 
interference of lysolecithinase, a proof of the presence of phospholipase A activities 
which attack both fatty acid ester linkages has to depend on the ascertainement of 
the nature of the lysolecithins formed rather than on the type of fatty acids released. 
To that end we utilized as substrate a doubly-labeled lecithin (I) and determined the 
isotopic ratio of the lysolecithin fraction, this giving information about the .ratio of 
the isomeric lysolecithins (II and III) formed by pancreatic preparations. 
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For the chemical preparation of lecithin containing two differently labeled 
fatty acids in I- and o-position use was made of a procedure previously applied for 
the synthesis of mixed acid lecithinsa; r-oleoyl-glycero-3-phosphorylchloiue was 
tritiated and subsequently acylated with [r-lX]stearoylchloride, so as to give I- 
[g,ro-~H,]stearoyl-z-[r-1F]stearoyl-glycer~3-phospho~lcho~e (I). By virtue of the 
positional specificity of phospholipaje A from Crotalus adamankus the lecithin thus 
obtained was found to contain the [‘HIfatty acid (92%) at the x-position and the 
[‘<Ifatty acid (96%) at the n-position. The results obtained on the hydrolysis of this 
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substrate by various pancreatic preparations are compiled in Table I. Fresh homo- 
genates of rat pancreas produced a lysolecithin fraction having an isotopic ratio which 
indicated that both fatty acid ester linkages of the lecithin substrate were hydrolysed 
to give the isomeric lysolecithins II and III. It may be noted that the ratios calculated 
for both isomers differed significantly for different homogenates, but the duplicate 
experiments of each preparation were in good agreement. It appears that fresh pan- 
creatic homogenates catalyse a hydrolysis of both the I- and s-fatty acid ester linkage 
of lecithin and the data available at present suggest that cleavage of the r-ester 
position even can prevail. It has to be emphasized that the lysolecithin formed by the 
latter pathway, though initially having structure III, is a labile compound which 
under the experimental conditions used may be subject to migration7~0~10 to give, to 
some extent, r-[r-X]stearoyl-glycero-3-phosphorylcholine. 

The addition of deoxycholate to the incubation mixture tended to alter to 
some extent the ratio of the lysolecithins in favor of compound III. However, a most 
significant shift in this ratio became apparent when hydrolysis experiments were 
performed with homogenates, which had been subjected to heat treatment. Under 
these conditions the isotopic ratio of the lysolecithin fraction demonstrated that 
I-[g,ro-*H,]stearoyl-glycero-3-phosphorylcholine (II) was the prevailing lysolecithin 
present. In corroboration of these results and in agreement with our previous studies 
on phospholipase A from human pancreas**a, a preparation purified in a similar way l 
from horse pancreas was found to hydrolyse exclusively the z-fatty acid ester linkage 
(Table I). 

The present investigation supports the view that pancreatic tissue contains 
two phosphatide monoacyl-hydrolases which exhibit a different mode of action. One 
enzyme provisionally denoted phospholipase A, appears to catalyse the hydrolysis 

TABLE I 

RATIO oP ‘H AND I’C ACTIVITY ox LYSOLECITHIN FORMED FROM DOUBLY-LABELED LECITHIN BY 

PANCREATIC PHOSPROLIPASBS 

The reaction mixture contained 0.24 mg of doubly-labeled lecithin (5gIooo counts/min *H and 
61 ooo cmnta/min W), 2 mg of decxycholate (when indicated) and either 100 mg of tissue (wet 
wt.), IO mg of acetone powder or I mg of purified phospholipase A in 1.0 ml of Krebs-Ringer 
solution, After a 2.:h incubation at 37”, the lipids were extracted, separated by thin-layer chroma- 
tography and used for simultaneous 2H and 1% counting in a Packard Tricarb liquid-scintillation 
spectrometer. The I-acyl-glycero-3-phosphorylcholine (II) prepared by degradation with snake- 
venom phospholipase A (C. &nsunl~us) revealed a ‘H/I% ratio of 246, whereas the isotopic ratio 
in the fatty acids released was found to be 0.9. 

Enzyme sourc-e Dcoxy- Befwe heat treatment After heat treatment 
cholate aHl’% ratio of R&o II/III ‘H/W ratio of Ratio II/III 

lysolecithin CdC. lysolecithin talc. 

Rat pancreas I 
z 

1.96 13:87 
I.84 12:88 

Rat pancreas 2 -t 
j:: 

6:94 52.6 88: 12 
- 25:75 45.7 86: 14 

Rat pancreas 3 + 7.1 41:59 150 96:4 
- 19.5 68:32 51.2 88:x2 

Acetone-powder of + 16.1 64:36 
rat pancreas 39.0 83:x7 

Horse pancreas - 28.3 75:25 108 94:6 
purified horse pan- 

creatic phosphoh- 
paseA + I84 gg:1 
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of the fatty acid ester linkage at the r-position to give z-acyllysolecithin (HI), whereas 
the simultaneously present enzyme phospholipase A, attacks the z-ester position 
with the formation of ~-a~~~~~ (11). In fresh tissues ph~pho~ Ai ap 
pears to be highly active, but the nature of the lysolecithins formed indicated phos- 
pholipase A, activity to be predominant in heat-treated tissues. The phospholipase 
preparations purified from human and horse pancreas, which procedure involved 
heat treatment, appeared to have the same mode of action as the enzyme from 
Crow ~~~~~ venom and are apparently identical to pb~pho~p~ A* 

The differences in ratio of both isomeric lysolecithins formed by fresh and heat- 
treated pancreatic tissue can be most simply explained by assuming that phospho- 
lipase A, by contrast to A, is heat labile. On the other hand, it can be argued that 
heat treatment may destroy lysolecithinase activity, which in theory could affect the 
proportion of both lysolecithins. However, if this is the case one has to assume that 
the lysole~t~ase involved is prefe~nti~y concerned with the break down of 
I-acyl-lysolecithin (II). A further fractionation and determination of the substrate 
specificity of the various phospholipases is highly desirable, since conversely 
it can be despeculated that the phospholipase A, and A,, may act on x-acyl 
(II) and a-acyllysolecithin (III) respectively. Thus the combined action of both 
phospholipases A, and A, might in theory accomplish a complete breakdown of 
lecithin into free fatty acid and glyc~lph~pho~lcho~ne, At present, it can only 
be concluded that pancreatic tissues contains two phospholipases each attacking 
different fatty acid positions of lecithin to give two isomeric lysolecithins and that 
the heat-stable phospholipase obtained in a purified form acts on the a-fatty acid 
ester linkage of lecithin. 

The present investigations have been carried out under the auspices of the 
Netherl~~ Fo~dation for Chemical Research (S.O.N.) and with financial aid from 
the Netherlands Organization for the Advancement of Pure Research (Z.W.O.). The 
authors wish to thank Mr. A. J. AARSMAN for technical assistance. 
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