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Abstract

Lipase from Rhizopus oryzae catalyzes the stereoselective hydrolysis of triglycerides and analogues. Stereopreference
and degree of enantiomeric excess of the product varies with the structure of the substrate: trioctanoylglycerol (‘ester’) and
the sn-2 analogues 2-X-1,3-dioctanoylpropandiol, where 2-X = 2-0O-octyl (‘ether’) and 2-hexyl (‘alkane’), are preferentially
hydrolyzed at sn-1, substitution by 2-phenyl (‘pheny!’) reverses the stereopreference to sn-3.

We have modelled the stereoselectivity of Rhizopus oryzae lipase by docking the tetrahedral intermediates of these
substrates in two orientations, appropriate to hydrolysis at sn-1 or sn-3, respectively. The initial complexes were further
relaxed by molecular dynamics simulations. The favoured orientation of a substrate is characterized by three factors: (1) The
substrate fits well into the binding site. The glycerol backbone is relaxed and the sn-2 chain points to a well defined
hydrophobic binding site. (2) The oxyanion is stabilized by an extra hydrogen bond from the side chain of Thr 83. (3) The
substrate lacks repulsive interactions with protein side chains, especially of Leu 258.

Our model is consistent with experimental data and explains qualitatively the ranking of four different substrates with
regard to stereoselectivity. It can be used to design lipase mutants with modified stereoselectivity.
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1. Introduction hydrolysis of organic esters as well as esterifica-
tion [1]. For 12 lipases, the structure has been
solved at high resolution (see [2] for a review).

The natural substrates of lipases are triglyc-
erides, but they also accept other hydrophobic

esters of primary and secondary alcohols. One

Lipases (triacylglycerol hydrolase, EC
3.1.1.3) are serine hydrolases and catalyze the

Abbreviations: ROL, Rhizopus oryzae lipase; RDL, Rhizopus
delemar lipase; RML, Rhizomucor miehei lipase; PDB, Protein
Data Bank (Brookhaven)
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important property of lipases, their stereoselec-
tivity with respect to stereocenters in the alcohol
moiety, was successfully applied to the prepara-
tion of optically pure secondary alcohols [3]. An
empirical rule was proposed to predict which
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enantiomer reacts faster [4]. The mechanism of
stereoselectivity was confirmed by X-ray struc-
ture analysis for Candida rugosa lipase [5] and
generalized to other lipases [2]. For chiral or
prochiral primary alcohols like triglycerides it
was demonstrated for a variety of substrates that
lipases can also distinguish between the enan-
tiomers [6,7]. In contrast to secondary alcohols,
however, there is no general rule to predict
stereopreference [8]. Several modelling studies
have investigated the mechanism of triglyceride
binding by lipases [9-12]. The molecular mech-
anism causing stereopreference and the influ-
ence of substrate structure is not yet understood.

We have based our investigation on an exper-
imental study of Rhizopus oryzae lipase (ROL):
Stadler et al. [7] observed that ROL is highly
regioselective for the (1,3) position in triglyc-
erides, and the enantiomeric excess of the re-
sulting diglycerides depends on the chemical
structure of the sn-2 substitution: upon substitu-
tion of the ester group by an ether group, the
selectivity for sn-1 increases, while for a phenyl
substituent the selectivity reverses to sn-3. They
concluded that the interaction of the substrates’
sn-2 moiety with the lipase determines stereose-
lectivity, while chain length is of minor impor-
tance. They also compared the hydrolysis of
rac-1-0-alkyl-2,3-dioleoylglycerol and rac-1,2-
O-dialkyl-3-oleoylglycerol and found a similar
selectivity as for trioleoylglycerol and 1,3-di-
oleoyl-2-O-alkylglycerol. From that they con-
cluded that the non-hydrolyzed (3,1) chain does
not influence the selectivity significantly.

We have used computer-aided molecular
modelling to explain these experimental find-
ings and to identify the molecular interactions
which lead to the experimentally observed prop-
erties, thereby trying to answer the following
questions:

(1) Why is ROL sn-1 selective for ether,
alkane and ester substrates?

(2) What causes the quantitative difference in
selectivity towards ether and ester?

(3) Why is selectivity reversed to sn-3 for
phenyl substrates?

2. Methods
2.1. Molecular dynamics simulations

The structure of ROL in the open form was
modelled previously based on its homology to
Rhizomucor miehei lipase (RML), and a triglyc-
eride molecule was docked to its binding site
[12]. We modified the triglyceride substrate to
the ether, alkane and phenyl analogues to inves-
tigate the different stereoselectivity towards
these substrates. The complex was relaxed by
molecular dynamics simulations. To reduce the
simulation time we built a ‘miniprotein’ consist-
ing of all amino acids with at least one atom at
less than 3 A distance from the substrate. The
resulting stretches of amino acids were further
elongated by one or two additional amino acids
to reduce the interaction of terminal charge with
the substrate. The final ‘miniprotein’ consists of
100 amino acids of the 265 residues of ROL.
During energy minimization and molecular dy-
namics simulations we applied position con-
straints to the enzyme backbone. The side chains
and the substrate were allowed to move. The
simulations were performed in vacuo. Molecu-
lar dynamics simulations of the complex of all
four substrates each in sn-1 and sn-3 orienta-
tion were carried out using Sybyl 6.1 (Tripos
Inc.) with the Tripos force field [13]. For the
catalytic histidine and the oxyanion the partial
charges were modified (Fig. 1) as calculated by
the semi-empirical method MNDQ94 /PM3 [14]
using the Unichem 3.0 interface (Cray Research
Inc.).

The complexes were gradually heated in 4
intervals of 2 ps each to 5, 30, 100, 200 K and
during 6 ps to 300 K. Step size was 1 fs up to
100 K and 0.5 fs at 200 and 300 K. The
temperature coupling constant was set to 10 fs
[15], the non-bonded interaction cut-off to 8 A.
After this equilibration phase the system was
further simulated for 4 ps. Structure and torsion
angles were averaged only during this produc-
tion phase. We performed three simulation runs
for each enzyme-—substrate complex with ran-
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dom initial velocities to reduce the influence of
initial conditions on the conformation of the
complex.

2.2. Energy of the substrate

The energy of the average substrate confor-
mation was evaluated by constrained geometry
optimization of a ‘mini-substrate’ using
MNDOQO94 /PM3. The ‘mini-substrate’ consists
of the glycerol backbone and the first three
atoms of the sn-2 moiety. Torsion angles were
adjusted to the average values of the substrate.
The geometry of the ‘mini-substrate’ was opti-
mized with constrained torsion angles.

2.3. Interaction of the substrate with ROL

To predict putative fatty acid binding sites,
GRID96 [16] was used. This program searches
for binding sites of a protein by scanning the
protein surface by probes with different proper-
ties. We used the ‘METHYL’ and the yet un-
documented ‘DRY’ probe (P.J. Goodford, per-
sonal communication) to search for hydrophobic
binding sites.

To determine the amino acids which mediate
stereoselectivity, we investigated the influence
of substrate orientation on side chain geometry.
The average structures of a complex with the
substrate in sn-1 and sn-3 orientation were
superposed and the geometry of the side chains
was compared. For most of the side chains the
geometry was independent of substrate orienta-
tion. The few exceptions with different geome-
try were identified and analyzed in more detail.

3. Results
3.1. Modelled ROL structure

We compared our modelled ROL structure
with the experimental structures of the open

form of the homologous Rhizomucor miehei
lipase (RML, [17]) and Rhizopus delemar li-

pase (RDL, [18]). A comparison of 19 amino
acids interacting with the substrate shows a C,,
rms deviation of 0.5 A to RDL and 0.3 A to
RML. In the lid region, the differences are
slightly larger, which can be explained by the
high flexibility of this region [19].

3.2. Binding of substrates

The binding site of ROL can be divided into
three regions: (1) the catalytic serine spot, (2) a
long and deep hydrophobic crevice of about
2 X 16 A (determined by the GRID ‘METHYL’
probe at a potential of —0.15) and (3) a shallow
hydrophobic dent of about 2 X 5 A (determined
by the GRID ‘DRY’ probe at a potential of
—0.01) parallel to the hydrophobic crevice (Fig.
2). Which is the most probable conformation of
the bound substrates? The starting point for
generation of the substrates’ conformation is the
position of the polarized ester group of the
tetrahedral intermediate. Its orientation in the
binding site is derived by analogy from the
experimentally determined structure of RML
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Fig. 1. Schematic view of the active site: side chains of the

catalytic Ser 145 and His 257, the oxyanion hole formed by the
backbone of Leu 146 and Thr 83 and the side chain of Thr 83. A
substrate is bound as tetrahedral intermediate. The acid and alco-
hol moieties of the substrate are indicated as R, and R, respec-
tively. Partial charges for each atom are given as fractional
electronic unit charge.
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with an inhibitor bound covalently to the cat-
alytic serine [12]. The direction of the alcohol
moiety is given by the position of the catalytic
histidine. The acyl chain of the fatty acid which
is hydrolyzed (sn-1 or sn-3, depending on the
substrate’s orientation) points towards the hy-
drophobic crevice. For substrates with an
aliphatic chain in sn-2 position (ester, ether and
alkane), the most probable binding site for the
sn-2 chain is the hydrophobic dent (Fig. 3 a,b
for sn-1 and sn-3 orientation, respectively). The
two chains will then be parallel and contact
each other at a C-C distance of about 4 A,
thereby increasing mutually their hydrophobic
contact area. This co-operative effect stabilizes
the complex. The third chain of a triglyceride

Leu 258

sn-3

Ser 145

e

' Ala 89

ZﬂZ

Leu 146 l

Pro 178

binds to the two other chains and only to a
minor extent to the enzyme. We call this bind-
ing mode ‘sn-2 down’.

For triglycerides and analogues there is an
alternative binding mode with the non-hydro-
lyzed sn-3(1) chain binding to the hydrophobic
dent (Fig. 3 c,d), and the sn-2 chain bound to
the 1,3 chains (‘sn-2 up’). The two binding
modes ‘sn-2 down’ and ‘sn-2 up’ are not equiv-
alent. In the ‘sn-2 down’ mode the hydrophobic
acyl chains of the two non-hydrolyzed fatty
acids pack favourably to each other (Fig. 3 a,b)
as do the polar ester groups. In the ‘sn-2 up’
binding mode the polar ester group of the non-
hydrolyzed sn-1(3) chain contacts the two other
hydrophobic chains (Fig. 3 c¢,d). Therefore, for

Leu 254 \ Thr 252
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P ¥ g
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Fig. 2. An ester substrate (carbon atoms, white; oxygen atoms, black) docked to the ROL binding site in the sn-1 orientation. The
non-hydrolyzed sn-3 chain is not visualized. The binding sites are determined by GRID. Residues of the hydrophobic crevice (dark grey):
Thr 83, Leu 146, Val 206, Pro 178, Ala 89, Phe 112, Val 209, Pro 210, Ile 93, Phe 95, Phe 216; residues of the hydrophobic dent (black):
Leu 258, Leu 254, Ile 205, Thr 252. The entrance to the binding pocket is on the right, the catalytic Ser 145 on the left.
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Fig. 3. Four possibilities of binding for a substrate to ROL. The long and the short grey shaded regions indicate the hydrophobic crevice and
the hydrophobic dent, respectively. The catalytic serine marks the cleavage site. The sn-2 chain is highlighted, X corresponds to the ester
bond in the sn-1 and the sn-3 chain. Y denotes the different sn-2 groups of ether, ester or alkane. In the phenyl substrate, Y and the
aliphatic chain are replaced by a phenyl ring. The substrate can bind in the sn-1 (a,c) or the sn-3 (b,d) orientation. In the ‘sn-2 down’
binding mode (a,b), the sn-2 chain binds to the hydrophobic dent, in ‘sn-2 up’ (c.d), it does not bind to the lipase.

substrates with an aliphatic sn-2 chain the ‘sn-2
up’ binding mode should be less favourable
than the ‘sn-2 down’ mode. Molecular dynam-
ics simulations of ether, ester and alkane sub-
strates in ‘sn-2 up’ binding mode support this
intuitive prediction, since the non-hydrolyzed
sn-1(3) chain moved out of the hydrophobic
dent in 6 out of 8 simulations, while the com-
plex was stable in the ‘sn-2 down’ binding
mode. For the phenyl substrate, however, the
‘sn-2 up’ binding mode is more favourable. The
non-hydrolyzed sn-3(1) aliphatic chain binds to
the hydrophobic dent, and the phenyl group
points out of the binding site.

3.3. sn-1 preference of ether, ester and alkane

Upon binding to the lipase, the substrate
adapts itself to the binding site. Since the con-
figuration at glycerol C2 is opposite in sn-1 and
sn-3 orientation of the substrate, the torsion
angles of the glycerol backbone have to adjust
to allow the sn-2 chain to bind to the hydropho-
bic dent. Therefore, the glycerol conformation is
different in the sn-1 and sn-3 orientations. We

considered only the sn-2 down binding mode
for the reasons mentioned above. Two effects
were identified which favour the sn-1 orienta-
tion. The torsion angles of the glycerol back-
bone were averaged for three molecular dynam-
ics runs for each of the substrates in both orien-
tations, and the conformational energy was
evaluated (Fig. 4). From the difference of 4-5
kcal /mol in favour of the sn-1 orientation, we
conclude that the substrates bind preferentially
in the sn-1 rather than in sn-3 orientation.

A second interaction also favours the sn-1
orientation. For all three substrates in sn-1 ori-

ether ester phenyl

sn-4 sn-3 sn-1 sn-3 sn-1 sn-3

Fig. 4. Energy differences of the glycerol backbone for the two
orientations. Energies were calculated semi-empirically using a
‘mini-substrate’ (see Methods). Ether and ester substrates are
bound in the ‘sn-2 down’, the phenyl substrate in the ‘sn-2 up’
mode.
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entation, the side chain hydroxyl of Thr 83
forms a hydrogen bond to the oxyanion (Fig. 5
a). In sn-3 orientation it moves away, which
may be caused by repulsive interaction of the
hydroxyl group with glycerol C3. Instead of
stabilizing the oxyanion, the hydroxyl of Thr 83
then points to Asp 92. Thus, the transition state
is less stabilized, which leads to a slower reac-

C=0 —

(sn-1 orientation)

sn-3

oxyanion —»

tion of the substrate in the unfavoured sn-3
orientation.

3.4. Difference in stereoselectivity of ether and
ester

There is clear experimental evidence that
ROL hydrolyzes more selectively an ether than

Asp 92

sn-2

sn-3

Fig. 5. (a) Orientation of Thr 83 side chain for the ester substrate in the sn-1 (light grey) and the sn-3 (dark grey) orientations (oxygen
atoms, black). In the sn-1 orientation, the oxyanion is stabilized by an additional hydrogen bond (dotted line). In the sn-3 orientation, the
glycerol C3 would contact the Thr 83 hydroxyl group (solid line, C-O distance 2.7 A), if the hydroxyl group pointed towards the oxyanion.
Therefore, the side chain moves towards Asp 92. (b) The sn-2 carbonyl group of the ester substrate in the sn-1 (light grey) and the sn-3
(dark grey) orientation. The hydrophobic side chain of Leu 258 contacts the carbonyl oxygen, if the substrate is bound in the sn-1

orientation.
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an ester substrate. So we concluded that there
should be either an additional stabilizing inter-
action of ester in the sn-3 orientation or a
destabilizing interaction in the sn-1 orientation.
This interaction should be local, since the only
differences between the two substrates are an
additional oxygen atom in the ester substrate
and the rigidity of the ester group. Therefore,
we compared the geometry of the sn-2 ester
group in both orientations. The binding geome-
try of the substrate in the two orientations is
governed by a pseudo-mirror symmetry (Fig. 5
b), which is the consequence of the similar
position of the glycerol C2, the different direc-
tion of the C2—O bond, and the similar position
of the sn-2 fatty acid chains in the hydrophobic
dent. However, the protein environment is not
symmetric, so there are different interactions in
the two orientations. The major effect is a steric
repulsion between the side chain of Leu 258 and
the sn-2 carbonyl oxygen of the substrate in
sn-1 orientation. In addition, the carbonyl oxy-
gen is located near a hydrophobic site. Since in
sn-3 orientation, it does not interact with ROL,
this interaction favours the sn-3 orientation. This

eu 258 :

situation is different for the ether substrate,
since no essential difference in local interactions
can be found in the two orientations.

3.5. Phenyl substrate

The chemical structure of this substrate’s sn-2
site differs from the three other substrates in
two aspects: the phenyl ring is large and rigid
and there is no aliphatic sn-2 chain. As a conse-
quence, compared to the three other substrates
with aliphatic chains, the substrate will probably
bind to ROL in the ‘sn-2 up’ binding mode
(Fig. 3 c,d). In this binding mode the sn-3
orientation is favoured by three effects: (1) The
glycerol backbone angles of phenyl substrate in
sn-3 and sn-1 orientation are similar to the
respective angles of the three other substrates in
the sn-1 and sn-3 orientations, respectively.
This is reflected in the difference in energy of 4
kcal /mol favouring the sn-3 orientation of the
phenyl substrate (Fig. 4). (2) In the sn-3 orienta-
tion, the oxyanion is stabilized by a Thr 83
hydrogen bond. (3) In the sn-1 orientation, there
is a repulsive interaction between the phenyl

<«— oxyanion

Fig. 6. The phenyl substrate in the sn-1 (light grey) and the sn-3 (dark grey) orientation. A clash (solid line, C—C distance 2.4 A) would
occur between Leu 258 and the phenyl ring, if the substrate was in the sn-1 orientation (light grey) and the Leu 258 side chain (dark grey) in
the conformation appropriate to binding the substrate in the sn-3 orientation. Therefore, the side chain of Leu 258 moves away upon binding

of phenyl substrate in the sn-1 orientation.
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ring and the side chain of Leu 258, which does
not occur in the sn-3 orientation (Fig. 6)

4. Discussion

Numerous experiments have demonstrated
that lipases stereoselectively hydrolyze organic
esters. Several factors have been assigned to
determine the degree of stereoselectivity of ser-
ine hydrolases. For lipase-catalyzed hydrolysis
of secondary alcohol esters, X-ray structure de-
termination has clearly demonstrated the struc-
tural basis of stereoselectivity [5]. However,
detergent and organic solvent were also sug-
gested as factors either by direct interaction
with the enzyme—substrate complex [20] or in-
directly by modulation of enzyme flexibility
[21].

In our study, we focus on the structural basis
of stereoselectivity of ROL towards triglyc-
erides and analogues. While the backbone is
constrained, protein side chains and the sub-
strate are allowed to relax, since limited relax-
ation has been shown to be essential to discrimi-
nate between enantiomers in proteases [22].

4.1. Binding site

The two most prominent binding sites of
ROL are two long parallel hydrophobic patches,
which start near the active site serine and direct
towards the entrance to the ROL binding site.
One of these, the hydrophobic crevice, is com-
parable to hydrophobic sites which were previ-
ously described in modelling studies of the
structurally similar lipases from Rhizomucor
miehei and Humicola lanuginosa [9]. A more
detailed analysis [10] identified an additional
hydrophobic site in Humicola lanuginosa li-
pase, which corresponds to the hydrophobic dent
in ROL. For three lipases, experimental data are
available how fatty acid chain analogues bind to
the lipase. In the lipases from Candida antarc-
tica [23] and Candida rugosa [24], the binding
site for the hydrolyzed acyl chain has been

identified, in human pancreatic lipase [25] there
is a second, distinct binding site for an acyl
chain. Since the structures of these lipases are
different from ROL, it has to be further investi-
gated whether our concept can be generalized.

In ROL there are two hydrophobic binding
sites, thus the three chains of a triglyceride
substrate or an analogue will compete for bind-
ing. For hydrolysis at the 1,3 position, there are
four ways how a substrate can bind. We distin-
guish two orientations (leading to cleavage at
sn-1 or sn-3) and two binding modes (sn-2
chain binding to the hydrophobic dent or not).
Our structural model of the complex can be
used to analyze for a given substrate, which of
the four possibilities is the most probable one,
and thus to predict stereoselectivity.

In the case of substrates with an aliphatic
chain in sn-2 (ester, ether and alkane substrate),
our model predicts that the ‘sn-2 down’ binding
mode is preferred: the hydrolyzed chain and the
sn-2 chain interact with the hydrophobic dent,
while the non-hydrolyzed sn-3(1) chain binds to
the two already bound chains.

4.2. Factors determining stereoselectivity

Stereoselectivity is primarily determined by
the chemical structure of the sn-2 chain, and
only to a minor degree by the sn-3(1) chains, as
has already been concluded from experimental
observations: (1) The two binding modes (Fig.
3) are not equivalent, since stereopreference is
experimentally observed [6,7,26]. (2) This model
is further confirmed by comparing the enan-
tiomeric excess of hydrolyzed rac-1-O-alkyl-
2,3-dioleoylglycerol and rac-1,2-O-dialkyl-3-
oleoylglycerol [7]. The stereoselectivity towards
the substrate with ester bond in sn-2 is similar
to the value for triglyceride, while the value for
the ether analogue corresponds to 2-O-alkyl-
1,3-diacylglycerol. (3) 2-O-alkyl analogues of
rac-1,2(2,3)-diacylglycerols are preferentially
hydrolyzed at sn-1, like the triglyceride ana-
logue [27]. These experiments demonstrate that
the non-hydrolyzed sn-3/1 chain has only a



H.-C. Holzwarth et al. / Journal of Molecular Catalysis B: Enzymatic 3 (1 997) 73~-82 81

minor influence on stereopreference. This situa-
tion changes for the phenyl substrate. Here the
‘sn-2 up’ binding mode is favoured, with the
two sn-1(3) acyl chains binding to the lipase
and the phenyl ring pointing out of the binding
site.

For all substrates in the ‘sn-2 down’ binding
mode (ether, alkane and ester), the sn-1 orienta-
tion is preferred to the sn-3 orientation by two
factors: (1) The glycerol backbone is less dis-
turbed by the ROL binding site, thus its internal
energy is lower. (2) The oxyanion is stabilized
by an additional hydrogen bond from the side
chain hydroxyl group of Thr 83. This residue
has already been suggested to act as hydrogen
donor to the tetrahedral intermediate of the sub-
strate [17]. The role of this hydroxyl group was
further investigated by protein engineering.
Upon replacing Thr 83 by Ser, the activity of
the ROL mutant enzyme is still 22% of the wild
type. Removing the hydroxyl group by replac-
ing Thr 83 by Val or Ala reduces the activity to
less than 0.1% [12,28].

The general preference of the sn-1 orienta-
tion, however, is modulated by interactions of
the sn-2 group with protein side chains. Since
alkane and ether are small and flexible, they fit
well into the protein without interfering with
side chains, while the carbonyl group of the
ester substrate sticks out of the chain, which
might lead to repulsion. In our model, the direc-
tion from glycerol C2 to the sn-2 chain is
different for both orientations, therefore the car-
bonyl group interacts differently in both orienta-
tions. In the sn-1 orientation, the carbonyl oxy-
gen is in contact with the hydrophobic Leu 258
side chain, while in the sn-3 orientation it is not
in contact with lipase. This observation can
explain the reduced sn-1 preference of the ester
substrate, which has been observed experimen-
tally [7]. The model can also be used to predict
mutation sites which mediate stereoselectivity
towards the ester substrate. For the phenyl sub-
strate, the situation is similar: the bulky and
rigid phenyl ring interacts differently with pro-
tein side chains. The sn-3 orientation is pre-

ferred, while in sn-1 orientation the phenyl ring
interferes with Leu 258.

4.3. Role of solvent

Stereoselectivity results from the equilibrium
between four possibilities, how a triglyceride or
analogue binds to ROL. Small changes of less
than 1 kcal /mol in free energy of binding (as
calculated from AAG = —RT In E) are suffi-
cient to reverse stereopreference. These changes
could be introduced by the presence of organic
solvent, detergent or emulsifier, which could
influence structure or flexibility of either sub-
strate or enzyme [20]. Based on our modelling
studies, we propose a third possibility: even at
low concentration, detergent and organic sol-
vent molecules can bind to the hydrophobic
binding sites of the enzyme and thus influence
the balance. This effect will also depend on the
properties of the binding sites in different li-
pases.

4.4. Comparison to esters of secondary alcohols

For esters of secondary alcohols, the site
determining stereoselectivity is an integral part
of the active site. Binding of the substrate and
selectivity towards the alcohol moiety is medi-
ated by a small and a large pocket [2]. Since the
catalytic triad is identical in all lipases and the
mechanism of hydrolysis is identical for all
substrates, the rule for stereopreference is gen-
erally valid.

In triglycerides, both the stereocenter and the
dominating binding sites are located further
away from the active site. The geometry of the
alcohol binding site and the location of the two
hydrophobic acyl chain binding sites restrict the
conformational freedom of the bound substrate.
Upon binding of the acyl chains, the glycerol
backbone is pressed against the protein, thereby
deforming both substrate and protein side chains.
The degree of repulsive interaction depends on
the orientation of the substrate and the structure
of the sn-2 chain. This basic difference between
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triglycerides and esters of secondary alcohols
explains the considerable variability of stereose-
lectivity towards triglycerides. For triglycerides,
this uncoupling of catalytic mechanism and
stereoselectivity opens the door to design fully
active mutants with changed stereoselectivity.
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