
ABSTRACT: The objective was to determine whether the ini-
tial pregastric lipase catalyzed hydrolysis of a triacylglycerol to
1,2(2,3)-diacylglycerol was a consequence of sn-specific hy-
drolysis. The identity of the reaction products for the enzyme-
assisted hydrolysis and uncatalyzed acyl-transfer reaction se-
quence of tributyrylglycerol was assigned by 13C nuclear mag-
netic resonance. The optical activity of the product
1,2-dibutyryl-sn-glycerol (yield >50%, pH 6.5, 35°C, 13 min)
was solvent dependent, being −2.92° (c ~1.3, CHCl3) and
+3.32° (c ~1.2, pyridine), and confirmation of sn-3 specificity
by pregastric lipase was obtained.
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Mammalian pregastric lipases are secreted from the pharyn-
geal and epiglottal region during suckling or swallowing (1).
In the neonate, their natural substrates are milk lipids and they
show reactive preference for short-chain fatty acids, which
are sequestered in the sn-3 position in milk fat (2). Under
physiological concentrations of pregastric lipase, hydrolysis
of triacylglycerols is initially only by monoacyl hydrolysis to
form 1,2(2,3)-diacylglcerols (3). 

We have previously shown (4) that the sequence 1 → 2 →
3 (Scheme 1) takes place by a rapid enzyme-assisted hydrol-
ysis (k1) followed by a much slower noncatalyzed acyl trans-
fer reaction (k4). This investigation confirms that 2 appears as
the result of stereospecific sn-3 hydrolysis of 1.

EXPERIMENTAL PROCEDURES

Example I employed 483 mg industrial-grade lamb pregastric
lipase, 1.75 mmol 1 in 40 mL bis-tris-propane buffer, pH
7.00, 35°C. After 13 min, a 30-mL aliquot was extracted with
CHCl3, and after measurement of its optical rotation, its mass
composition (Table 1) was determined by 13C nuclear mag-
netic resonance (NMR) at 400 mHz. The specific rotation was
then calculated after applying the appropriate mass correction

to the extracted sample, to yield [α]D
20 = −2.92° (c ~1.3,

CHCl3). After removal of the CHCl3, the sample was redis-
solved in pyridine and the specific rotation measured to yield
[α]D

20 = +3.32° (c ~1.2, pyridine), where c is percentage wt/vol
concentration in solvent (g/100 mL).

Example II employed 1080 mg industrial-grade enzyme and
2.24 mmol 1 under the same conditions as for Example I. After
15 min, a 30-mL aliquot was removed and the specific rotations
were determined in the two solvents in reverse order to yield
[α]D

20 = +2.81° (c ~1.4, pyridine) and −2.15° (c ~1.2, CHCl3).

RESULTS AND DISCUSSION

By altering the relative concentrations of lipase:1 and analyz-
ing the composition of the product-mixture by 13C NMR, we
have identified the presence of 2–5 (Scheme 1) during the li-
pase-assisted hydrolysis of 1. Typical composition mixtures
are given in Table 1. Compound 2 predominates over 3 in fast
reactions (the concentration of 1 remaining is small), and
under these rapid catalyzed rate conditions the preferred route
for production of 5 is via acyl transfer from 4, which in turn
is produced by enzyme-assisted hydrolysis of 2. Of all the
species present in a product mix, only 2 and 5 are potentially
optically active, and measured activity will depend on the ex-
tent to which each is truly sn-pure, i.e., sn-1,2 and not also
sn-2,3, which would yield d(+) and l(−) specific rotations, re-
spectively. 13C NMR spectroscopy cannot distinguish be-
tween these enantiomers. Compound 5 will be optically inac-
tive if it is produced via the uncatalyzed (random) acyl mi-
gration step (k5). The reaction and extraction procedures
described were carried out so as to minimize the initial extent
of acyl transfer, k4, and to retain optical activity.

The value of [α]D
20 in CHCl3 (−2.92°) (Example I) was in

conflict with the value (5) for α,β-dibutyrin ([α]D
20 = +1.7°, c
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TABLE 1
Mass Percentage Composition of Products of Enzyme Catalyzed Hydrol-
ysis of 1

Reaction Mass %

Example time (min) 1 2 3 4 5

I 13 53.7 36.8 7.46 1.18 0.80
II 15 12.4 66.0 11.9 5.67 4.05



= 7, pyridine), suggesting a catalytic preference for hydroly-
sis at the sn-1 position, but there is no literature precedent for
such catalysis by a pregastric enzyme.

The values obtained from Example II are conservatively
small, especially for the value in CHCl3, which was likely to
have been affected by inability to remove pyridine completely
from the original sample. Importantly, however, reversal of
sign of specific rotation in the two solvents is confirmed, and
the positive value in pyridine is twice that quoted (5). This
reference includes an explicit caveat that the values of [α]D
were “submitted with reservations” as to the purity of the “d-
α,β-dibutyrin” preparation and the extent of its racemization,
but these reservations have subsequently been disregarded.
The possibility that the sign of optical rotation might be de-
pendent on solvent has been little documented in the litera-
ture since 1959, when Baer and Mahadevan (6) determined
[α]D for 1,2-didecanoyl-sn-glycerol in six different solvents.
The value of [α]D for α,β-dibutyrin in CHCl3 (c = 9.77) was
zero (5), suggesting that racemization had occurred. No other
data for sn-1,2-dibutyrylglycerol are available, and their ab-
sence probably reflects the ease of acyl transfer in this short-
chain species which makes production of enantiometrically
pure material difficult. 

The general pattern of asymmetries in milk fat distribution
is common to all mammalian milk fats, but porcine and
human milk fat contain no C4:0 and C6:0 ester linkages. Of the
8.0 and 13.8 mol% total fatty acids present in ovine and
bovine milks, respectively, all short-chain acids are present at
sn-3, while C16:0 and C18:0 acids are predominantly at sn-1
(7). We have shown that pregastric lipases preferentially lib-
erate short-chain fatty acids from symmetric monoacid tria-
cylglycerols and from milk lipids (8). These present data con-
firm that preferential release of short-chain fatty acids from
asymmetric substrates is due to the combined effect of their
chain-length and position.

Stereoselectivity at sn-3 has previously been observed only
for lingual (pregastric) human and rat lipases (2). 13C NMR
spectroscopy identified compound 2 as a 1,2(2,3)-dibutyryl-

glycerol. The data for optical rotation have further identified 2
as the sn-1,2-species and made clear that lamb pregastric lipase
shows sn-3 specificity for hydrolysis of a short-chain lipid.

ACKNOWLEDGMENTS

We acknowledge equipment grants from Auckland University Re-
search Committee and New Zealand Lottery Science, a Ph.D. Fel-
lowship from the N.Z. Agricultural and Marketing Research Devel-
opment Trust (RHB), and the gift of lipase from the N.Z. Rennet Co.
Ltd., Eltham. This paper is dedicated to Professor Warren Roper,
FRS, in acknowledgment of four decades of leadership in chemistry.

REFERENCES

1. Hamosh, M., Gastric and Lingual Lipases, in Physiology of the
Gastrointestinal Tract, edited by L.R. Johnson, Raven Press,
New York, 1994, pp. 1239–1253.

2. Jensen, R.G., F.A. deJong, R.M. Clark, L.G. Palmgren, T.H.
Liao, and M. Hamosh, Stereospecificity of Premature Human
Infant Lingual Lipase, Lipids 17:570–572 (1982).

3. Barton, R.H., C.J. O’Connor, and K.W. Turner, Characteristics
of Tributyroylglycerol Hydrolysis Mediated by a Partially Puri-
fied Lamb Pregastric Lipase, J. Dairy Sci. 79:27–32 (1996).

4. Barton, R.H., and C.J. O’Connor, 13C Nuclear Magnetic Reso-
nance Characterization of the Reaction Products of Lamb Pre-
gastric Lipase-Catalyzed Hydrolysis of Tributyrylglycerol, J.
Am. Oil. Chem. Soc:967–976 (1998). 

5. Sowden, J.C., and H.O.L. Fischer, Optically Active α,β-Diglyc-
erides, Ibid. 63:3244–3248 (1941).

6. Baer, E., and V. Mahadevan, Synthesis of L-α-Lecithins Con-
taining Shorter Chain Fatty Acids. Water-Soluble Glycerophos-
phatides. I, Ibid. 81:2494–2498 (1959).

7. Padley, F.B., F.D. Gunstone, and J.L. Harwood, Occurrence and
Characteristics of Oils and Fats, in The Lipid Handbook, 2nd
edn., Chapman and Hall, London, 1994, pp. 47–223. 

8. O’Connor, C.J., R.H. Barton, P.A.G. Butler, A.D. MacKenzie,
R.D. Manuel, and D.T. Lai, Ruminant Pregastric Lipases: Experi-
mental Evidence of Their Potential as Industrial Catalysts in Food
Technology, Coll. Surf. B: Biointerfaces 7:189–205 (1996).

[Received February 9, 1998; accepted March 16, 1998]

1062 SHORT COMMUNICATION

JAOCS, Vol. 75, no. 8 (1998)

SCHEME 1


