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STEREOSELECTIVITY OF LIPASES

Stereoselective hydrolysis of triglycerides by gastric and pancreatic lipases

Rogalska E., Ransac S. and Verger R.

Centre de Biochimie et de Biologie Moléculaire du C.N.R.S., 31, chemin Joseph Aiguier, 13402 Marseille cedex 9 (France)

SUMMARY

In the present study, porcine pancreatic lipase (PPL), rabbit gastric lipase (RGL) and human gastric lipase (HGL)

stereospecificity towards chemically like, but sterically non equivalent ester groups within onesingle triglyceride molecule was

investigated. Lipolysis reactions were carried out on synthetic trioctanoin ortriolein, which are homogenous,prochiral

triglycerides, chosen as models for physiological lipase substrates. Diglyceride mixtures resulting from lipolysis were

derivatized with optically active R-(+)-1-phenylethylisocyanate, to give diastereomeric carbamate mixtures, which were further

separated by HPLC.Resolution of diastereomeric carbamates gave enantiomeric excess values, which reflect the lipases

stereobias and clearly demonstrate the existence of a stereopreference by both gastric lipases for the sn-3 position. The

stereoselectivity of HGL and RGL,expressed as the enantiomeric excess percentage, was 54% and 70% for trioctanoin and 74%

and 47% fortriolein, respectively. The corresponding values with PPL were 3% in the caseof trioctanoin and 8% in that of

triolein. It is worth noting that RGL, unlike HGL, became morestereoselective for the triglyceride with shorter acyl chains

(trioctanoin). This is one of the moststriking catalytic differences observed between these twogastric lipases.

1- INTRODUCTION

Lipases(triacylglycerol ester hydrolase; EC 3.1.1.3) are ubiquitous enzymes and occur widely in nature (1,2). Their

biological function, at least in plants and higher animals, is to catalyze the hydrolysis oftriacylglycerols to yield free fatty

acids, di-, monoacylglycerol and glycerol. Oneof the fields on which recent research in organic chemistry has been focusing is

the developementof methodsfor chiral synthesis, and lipases are becomingincreasingly recognized as valuable chiral catalysts.

Anotherfield of intense biochemical research, in which the stereospecificity of lipases might play a fundamentalrole,is dietary

fat digestion in humans. Results from several laboratories (3-5) indicate that gastric lipolysis is of prime importancefor the

digestion of dietary fat. The complementarity between gastric and pancreatic lipases appears to be a general phenomenon and a
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detailed study of the stereoselectivity of the two majorlipases of the digestive tract during glyceride hydrolysis would certainly

be of fundamental physiologicalinterest.

As stated in the reviews by Jensen et al. (6), Wells and Di Renzo (7), Macrae (8) and Wang(9), the substrate specificity of

the lipases involved in triglyceride hydrolysis can be subdivided into positional specificity (primary or secondary ester bond),

fatty acid specificity and stereospecificity (sn-1 versus sn-3 ester bonds). Enzymatic stereospecificity in turn has two aspects:

1° discrimination by the enzyme between separate enantiomeric substrate molecules, which depends upon their reflective

symmetry, and 2° discrimination between stereo - nonequivalent paired groups of a particular prochiral substrate molecule,

which dependsonthe rotational symmetry of the substrate with respect to these groups. Most ofthe authors quoted in these

reviews (6-9) have tested the "reflective symmetry" type (first aspect) of stereospecificity of lipases, using as substrates

synthetic enantiomeric acylglycerols with different acyl chains. Thelipolytic stereobias has been determined by product

analysis.

Neither the existing chromatographic methodsfor separating chiral diglyceride derivatives (10) nor the method used and

describe in the present paper have ever been appliedto lipase stereoselectivity evaluation until now.

2- RESULTS AND DISCUSSION

In our study PPL, RGL and HGLstereoselectivity towards chemically like, but sterically non equivalentester groups within

one single triglyceride molecule wasinvestigated. Lipolysis reactions were carried out on synthetic trioctanoin ortriolein,

which are homogenous,prochiraltriglycerides, chosen as models for physiological lipase substrates. Diglyceride mixtures

resulting from lipolysis were derivatized with optically active R-(+)-1-phenylethylisocyanate, to obtain diastereomeric

carbamate mixtures, which were further separated by HPLC.Resolution of diastereomeric carbamates gave enantiomeric excess

values, whichreflect the lipases stereobias (see figure 1).

In our experiments, care was taken while preparing the carbamates to avoid the occurence of any random diastereomer

separation. Reactions werecarried out until whole diglycerides were reacted, as systematically checked by TLC and HPLC. To

ensure that the measured enantiomeric excess actually described only the stereoselectivity for the sn-1 or sn-3 position in the

triglyceride substrates and wasnotinfluenced bytheselective disappearance ofthe enantiomeric diglycerides formed,lipolysis

was always stopped before any formation of monoglyceride could be observed. Thanksto this precaution,it waspossible to

assumethat the measured enantiomeric excess reflects an intrinsic lipase stereopreference for the sn-1 or sn-3 position of the

triglyceride molecule and did not result from a more complex kinetic pathway (e.g. simultaneous tri- and diglyceride

hydrolysis). The enantiomeric excess can be expected to remain constant during prochiral triacylglycerollipolysis if no

enantioselective and significant diacylglycerol disappearence occurs. This was actually the case, as confirmed by the

experimental data.

Theresults of the HPLC separation of the diastereomeric carbamate derivatives of the diglycerides released from trioctanoin

andtriolein hydrolysis by PPL, HGL and RGL,clearly demonstrate the existence of a stereopreference by both gastric lipases

for the sn-3 position (see Table I and II). The stereoselectivity of HGL and RGL, expressed as the enantiomeric excess

percentage, was 54% and 70% fortrioctanoin and 74% and 47% fortriolein, respectively. The corresponding values with PPL

were 3% in the caseof trioctanoin and 8% in thatof triolein. Lack of stereoselectivity of PPL in chiral triglycerides was

reported in the past. Ourresults showthatthis is true also for prochiral substrates. It is worth noting that RGL, unlike HGL,

became more stereoselective for the triglyceride with shorter acyl chains(trioctanoin). This is one of the moststriking catalytic

differences observed between these twogastric lipases (5). For the moment, in the absence ofany three-dimensional structure of
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these lipases, it is difficult to interpret these data in terms of selective enzyme/substrate interactions with different

triacylglycerides.

The main advantage of the method described hereis that it can be used totest lipase stereoselectivity on their natural lipidic

substrates, the triglycerides. Knowledgeof the specific optical rotation of the diglycerides formed doesnotlimit the choice of

substrate, as there is no need for radiolabelled or chemically synthesized enantiomeric glycerides or pseudoglycerides.

Furthermore, any acyl migration within the diglyceride molecule from the secondary to primary ester position does notaffect

the evaluation of the enantiomeric excess since both enantiomers are expected to isomerise at equal rates. Another non

negligible advantage is the good accuracyofthe method, as evaluated while separating carbamates of commercial (Sigma) 1,2-

rac-dioctanoin and 1,2-rac-diolein: the corresponding ee% values were 2.5% and 0.1%, which can be takento be the standard

error of the method.

During lipolysis, we deliberately avoided the use of detergents, such as bile salts, to simplify the system. However, from a

physiological pointof view, since gastric and pancreatic lipases act synergetically (5) in the presence of biological amphiphiles

(which may modify the enzymes'stereoselectivity), it would be of interest to evaluate the kinetic pattern of the enantiomeric

excess of diglycerides produced from test-meal, in an in vivo situation, after the consecutive actions of gastric and pancreatic

lipases. This work is in progressin our laboratory.
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