
Journal of Molecular Catalysis B: Enzymatic 35 (2005) 62–69

The modelling and kinetic investigation of the lipase-catalysed
acetylation of stereoisomeric prostaglandins

Imre Vallikivi a,∗, Linda Franssonb, Karl Hultb, Ivar J̈arvinga, Tõnis Pehkc,
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The lipase-catalysed acetylation of the hydroxyl groups of five stereoisomeric prostaglandins of type F was investigated by
olecular dynamics simulations and the results compared with experimental observations. An NMR spectroscopic monitoring was

o estimate reaction velocities and the regioselectivity. A molecular modelling protocol that could qualitatively differentiate bet
H groups of prostaglandins being either accessible or unaccessible to theCandida antarcticalipase B (CALB) catalysed acetylation w
eveloped. The protocol developed analysed the protein structure deformation, the content of essential hydrogen bonds and the fu
ubset energy of tetrahedral intermediates along the molecular dynamics simulations trajectory. The tetrahedral intermediates
eformation RMS value lower than 3.0Å, an essential hydrogen bond content over 50% and a subset energy less than−95 kJ/mol were
lassified active. In total, the accessibility of 16 out of 17 different prostaglandin OH groups was correctly predicted.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Several prostaglandins (PG) are currently used as
edicines and many more are being subjected to exten-

ive biological and medical research. In the last years, much
ttention has also been paid to the synthesis and research
f prostaglandin-like compounds, the isoprostane derivatives

1–3].
Lipase-catalytic methods have been used for separation

f prostanoid enantiomers by kinetic resolution[4–8].
he application of lipase-catalysed reactions to the regio-
nd chemoselective protection of prostaglandins in the
emisynthesis of prostanoids has been described[9]. In the
ase of the above applications, it is important for a user

∗ Corresponding author. Tel.: +372 6204382; fax: +372 6202828.
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of lipase-catalytic methods to be able to prognosticate
regio- and stereoselectivity of the reaction.

Several successful applications of molecular mode
methods to the prediction of lipase stereo- and reg
lectivity have been described[10–15]. Due to the rapi
development of software and hardware in the last dec
these predictions can be made relatively fast and with
results.

PGF2� is a well-known bioactive compound, whi
is used in human and veterinary medicine. It causes
contraction of vascular, bronchial, intestinal and myome
smooth muscles, and also exhibits a potent luteolytic ac
[16]. The physiological activity of PGF2� stereoisomer
(15R)-PGF2�, PGF2� and (15R)-PGF2� have also bee
described[17]. The isoprostane derivative 8-iso-PGF2� has
been recently described as a vaso- and bronchocons
and a partial antagonist of the thromboxane recepto
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platelets. In human whole blood, 8-iso-PGF2� exhibits an
anti-aggregatory activity[18,19].

In this work, theCandida antarcticalipase B (CALB)
catalysed acetylation of the above five stereoisomeric
prostaglandins of type F was investigated by using molecular
dynamics simulation methods in order to characterize the
behaviour of the tetrahedral intermediates formed in the
active site of the CALB by each of the PG hydroxyl groups.
The NMR monitoring of the acetylation of stereoisomeric
prostaglandins was performed to estimate the reaction
velocities and to determine the regioselectivity. The mod-
elling of tetrahedral intermediates gave characteristics
that were further correlated with the experimental data to
give quantitative criteria, which could allow testing the
accessibility of the hydroxyl groups of related prostanoids
to the acetylation catalysed by the CALB.

2. Experimental

2.1. Materials

PGF2� and its stereoisomers were a kind gift from Kevelt
Ltd. (Tallinn). The solvents used were purchased from Merck
and Aldrich. The immobilised preparation of theC. antarc-
tica lipase B (Novozym 435, batch LC2 00015: the declared
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kinetic curves using the least squares method with the KyPlot
program[21]. The initial rates (�mol/(min mg Novozym
435),Table 2) were also calculated (estimated) using the first
three to five points of the kinetic curves.

All the reaction products were identified using13C NMR
spectroscopy (Table 1).

2.2.2. Molecular modelling procedure
The molecular modelling procedure used was similar to

that reported by Raza et al.[11]. The molecular modelling
was based on the crystal structure of the CALB (structure
1TCA [22] acquired from the Protein Data Bank[23]). The
two N-acetyl-d-glycosamine moieties in the free CALB
structure were removed. The hydrogen atoms were added to
the heavy atoms and the structure was allowed to relax in the
force field. All the hydrogen atoms of the enzyme molecule
were allowed to move during a dynamics simulation of 1 ps
in length. The energy of the hydrogen atoms in the latter
structure was minimised. The above steps were repeated
for the water hydrogen atoms. Then, the energy of all the
hydrogen atoms was minimised and, finally, the energy of all
the atoms was minimised. After that four water molecules
were removed from the active site cavity and replaced with a
built substrate (PG with an acetyl moiety) covalently bound
to Ser 105. The tetrahedral intermediate form of the substrate
was manually modelled on the basis of the crystal structure
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–2%, w/w) was a generous gift from Novozymes A/S.

.2. Methods

The1H and13C NMR spectra were recorded on a Bru
MX-500 Spectrometer. The products were identified by

orming a full assignment of1H and13C chemical shifts b
sing 1H–1H and 1H–13C 2D COSY correlation diagram
Table 1).

.2.1. Lipase-catalysed acetylation
The PG sample was dissolved in deutero ace

28�mol/ml) and introduced into a 5 mm NMR tube. Vin
cetate (20 equivalents in relation to the starting PG)

ipase (20 mg/ml) were added to the mixture. The reac
ixture was stored at room temperature (20± 2◦C) without
gitation (only the shaking before NMR experiments was

ormed)[20]. The reaction conditions and the products
resented inTable 2.

The reaction progress was recorded by integrating the
reas corresponding to the signals of the hydrogen a
ttached to C11 3.8–4.0 ppm (CHOAc) and C9 4.0–4.1 ppm
CHOAc) of the prostaglandin. The integration results w
tandardised against an integrated signal (at 0.88 ppm
he hydrogen atoms of the terminal methyl group of
rostaglandin molecule. The latter value corresponds t

otal amount of the prostaglandin and its derivatives in
ystem.

The apparent second-order rate constants (kII , Table 2)
f the acetylation were calculated from the pseudo first-o
f the CALB with the phosphonate inhibitor (structure 1L
24] acquired from the Protein Data Bank[23]). Asp 134
n the acyl binding pocket and the catalytic histidine (
24) were defined as protonated. The enzyme–sub
ystem was described using theKollman All Atom force
eld [25,26]. A non-bonded cut-off distance of 8̊A and a
istance-dependent dielectric function with a scaling fa
f 1 were used in all calculations. An NTV ensemble (

he constant number of atoms, temperature and volume
temperature of 300 K (aside from a short warm-up ph
ere used in all molecular dynamics simulations.
Energy minimisations were performed by using the Po

ethod[27]. The substrates were assigned empirical cha
y using the Pullman method[28] (with a formal charge o
−1” for the substrate oxyanion) and the atom types co
ent with the force field. The non-standardKollman All Atom
orce field parameters were assigned analogously to the
ng parameters for the angle bending as follows: (1) OS
S, 109.5◦, force constant 250 kJ mol−1 degree−2; (2) CT-
T-OH, 109.5◦, force constant 250 kJ mol−1 degree−2; (3)
2-CT-OS, 109.5◦, force constant 250 kJ mol−1 degree−2.
he substrate was allowed to relax in the enzyme thro
epeated dynamics simulations and minimisations on the
roups of the substrates. The minimised structures were
s starting points for dynamics simulations that lasted
00 ps each. In the final dynamics simulations, all the a
ere allowed to move. The structure was heated up to 3
y 50 K per 2 ps that resulted in a total heating time of 10
he sample structures were recorded every 0.2 ps in
imulation. The analyses were performed in the last 50
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Table 1
13C NMR chemical shifts of acetylation products (the chemical shifts of 11-acetyl-PGF2� are given in[9])

8-iso-11-Acetyl-PGF2�

(7)
11-Acetyl-PGF2�

(8)
9-Acetyl-PGF2�

(9)
9,11-Diacetyl-PGF2�

(10)
(15R)-11-Acetyl-PGF2�

(11)
(15R)-11-Acetyl-PGF2�

(12)
(15R)-9-Acetyl-PGF2�

(13)
(15R)-9,11-Diacetyl-PGF2�

(14)

C1 177.4 177.2 177.4 177.3 176.7 176.9 176.9 176.9
C2 32.8 33.0 33.0 33.0 32.6 32.9 32.9 32.9
C3 24.4 24.4 24.4 24.4 24.4 24.5 24.5 24.5
C4 26.4 26.4 26.3 26.3 26.1 26.3 26.3 26.3
C5 130.0 130.8 130.4 130.8 130.0 130.3 130.7 130.6
C6 129.2 127.6 127.4 126.9 128.6 127.4 127.7 127.0
C7 26.8 28.6 29.2 28.5 24.5 28.7 29.0 28.5
C8 50.3 51.7 48.9 48.3 50.0 51.9 49.2 48.5
C9 75.7 72.5 76.5 76.1 71.5 74.8 76.6 76.3
C10 40.0 39.9 39.9 37.6 41.0 40.2 40.1 37.7
C11 77.5 76.9 75.4 74.8 78.8 76.4 75.2 76.1
C12 49.7 52.3 55.6 51.6 51.6 52.8 55.8 52.2
C13 127.3 131.9 131.9 131.9 132.0 131.7 131.7 131.7
C14 135.5 134.7 135.8 135.1 135.3 135.1 135.9 135.7
C15 72.6 72.5 73.0 72.4 73.3 72.9 73.0 73.1
C16 37.0 37.0 37.0 36.9 37.1 37.0 37.1 37.0
C17 25.0 25.0 25.2 25.0 25.0 25.0 25.1 25.0
C18 31.7 31.7 31.7 31.7 31.6 31.7 31.7 31.7
C19 22.6 22.6 22.6 22.6 22.6 22.6 22.6 22.6
C20 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0
C9′ – – 170.7 170.8 – – 170.6 170.6
C9′′ – – 21.2 21.2 – – 21.2 21.2
C11′ 170.9 170.9 – 170.9 170.8 170.6 – 170.6
C11′′ 21.3 21.1 – 21.1 21.1 21.0 – 20.9
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Table 2
The CALB-catalysed acetylation of PGF2� and its stereoisomers

Substrate (mg) Time of
monitoringa (h)

Degree of
conversion (%)

Apparent second-order
rate constantkII ± S.E.
(min−1 (g/ml)−1)

Estimated initial rateb

(�mol/(min mg
Novozym 435))

Products (ratio)

PGF2� (1), 10 25 99 0.31± 0.03 0.64 (6)
8-iso-PGF2� (2), 9 120 85 0.022± 0.005 0.11 (7)
PGF2� (3), 9 11 95 0.285± 0.054 0.81 (8)/(9)/(10) (1/2/0.75)
(15R)-PGF2� (4), 7 22 95 0.090± 0.008 0.16 (11)
(15R)-PGF2� (5), 8 21 95 0.22± 0.07 0.34 (12)/(13)/(14) (1/1/0.75)

a During monitoring 6–10 NMR measurements were performed to give a kinetic curve from which the apparent second-order rate constant (kII ) value was
calculated.

b Relative errors were estimated to be±20%.

each simulation, giving altogether 250 non-minimised struc-
tures for each PG/enzyme system. All the modelling was
performed using a SYBYL 6.7 software package[29] on a
SGI Octane UNIX workstation.

3. Results and discussion

3.1. The CALB-catalysed acetylation of isomeric
prostaglandins

The CALB-catalysed acetylation of PGF2� and its
stereoisomers (Scheme 1) was monitored by using1H NMR

spectroscopy. The consumption of prostaglandins followed
the pseudo-first-order kinetics suggesting that there is no
extensive complex formation of PG with the lipase before its
nucleophilic attack to the acyl-enzyme. The apparent second-
order rate constants (kII ) and the initial rates of acetylation
reactions were calculated (Table 2).

For all isomers the C11-OH group was acetylated at a sig-
nificant rate. The C15-OH group was either inaccessible to
the CALB or acetylated at a rate more than two orders of
magnitude lower than that of the C11-OH group of the cor-
responding PG (Table 3). The C9-OH group was acetylated
only in the case of (9R)-stereoisomers. The C9-OH groups
of PGF2� and (15R)-PGF2� were acetylated at a significant
Scheme 1. The CALB-catalysed acety
lation of PGF2� and its stereoisomers.
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Table 3
The characteristics of PGF2� and its stereoisomers found by means of molecular dynamics calculations

Substance Acetylated
OH group

Potential
energya

(kJ/mol)

Energy of
function-based
subsetb (kJ/mol)

Essential
hydrogen
bond (%)b,c

Deformation
RMSd (Å)

kII experimental
(min−1(g/ml)−1)

Estimated initial rate
(�mol/(min mg
Novozym 435))

PGF2� (1) 9 −22 430 −93 25 1.4 n.o.e n.o.e

11 −22 470 −101 73 1.4 0.31 0.64
15 −22 640 −103 74 5.3 n.o.e n.o.e

8-iso-PGF2� (2) 11 −22 400 −103 64 1.6 0.022 0.11

PGF2� (3) 9 −22 510 −103 81 1.8 0.19 0.54
11 −22 470 −98 56 1.4 0.095 0.27
15 −22 550 −105 90 5.6 n.o.e n.o.e

(15R)-PGF2� (4) 9 −22 340 −92 24 1.2 n.o.e n.o.e

11 −22 300 −100 79 1.1 0.09 0.16
15 −22 640 −94 77 1.6 n.o.e n.o.e

(15R)-PGF2� (5) 9 −22 670 −97 70 1.3 0.11 0.17
11 −22 260 −102 87 2.1 0.11 0.17
15 −22 890 −101 83 2.6 n.o.e n.o.e

The values indicating the inaccessibility of the OH group to the CALB-catalysed acetylation according to the modelling protocol developed have beenmarked
in bold.

a A potential energy of the whole system, the mean value calculated for the last 50 ps of molecular dynamics.
b SeeScheme 2.
c The percentage of the bonds between the substrate and the H bond donor groups, including the corresponding hydrogen atoms associated with the tetrahedral

centre, namely, His 224:N�, Gln 106:N, Thr 40:N and Thr 40:O�.
d An RMS deviation of the system backbone atoms from their centre of mass, the mean value from the last 50 ps of molecular dynamics.
e The formation of the product was not observed, the detection limit was 0.001.

rate (Table 3). Somewhat unexpectedly, the C9-OH and C11-
OH groups of PGF2� as well as (15R)-PGF2� were acetylated
without a strict order: both the monoacetates were simultane-
ously detected in the reaction mixture. This was important for
the evaluation of the modelling results described in this work
because it gave evidence of an actual competition between
the C9-OH and C11-OH groups as nucleophiles in the acety-
lation.

In the case of PGF2� (15S) and (15R)-PGF2�, the stereo-
chemistry of the C15-OH group influences the ratio of regioi-
someric acetylation products. The acetylation of PGF2� gives
9- and 11-monoacetates at a ratio of 2:1, respectively, while
the acetylation of (15R)-PGF2� affords these products at a
ratio of 1:1. In both the cases, the formation of 9,11-diacetate
was also observed. In the case of PGF2� (15S) and (15R)-
PGF2� (Table 2), the absolute configuration of the stereogenic
centre at the C15 carbon atom influences the reaction veloc-
ity as well as the C11-OH group of PGF2� was acetylated
at a rate three times the rate of acetylation of its (15R)
counterpart.

The C11-OH group of 8-iso-PGF2�, which, in compari-
son with PGF2�, has an opposite configuration at C8, was
acetylated at a rate approximately tenfold lower than PGF2�.
Our previous results have demonstrated the decisive role of
interactions between the PG carboxyl group (versus the corre-
sponding methyl ester) and the functional groups of the active
s ety-
l the
s usly
m

3.2. Molecular modelling of the CALB-catalysed
acetylation of stereoisomeric PGs

Structurally similar prostaglandins behave differently in
the active site of lipases. In this work, we investigated the
behaviour of PGF2� and its stereoisomers (compounds1–5)
in the active site of the CALB. The objective was to work
out a computational method to test the accessibility of the
hydroxyl groups of prostanoids to the CALB-catalysed acety-
lation. The resulting procedure would present a way to predict
the stereo- and regioselectivity of the CALB-catalysed acety-
lation of prostaglandins.

The modelling procedure was based upon molecular dy-
namics simulations of tetrahedral intermediates (Scheme 2)
in order to give a sampling of the enzyme–substrate confor-
mational space. The tetrahedral intermediates of acetyl esters

Scheme 2. The catalytic triad in the CALB with a substrate forming a tetra-
h ction-
b is have
b ydro-
g rbonyl
o

ite region of the CALB, for instance, in enabling the ac
ation of the C15-OH group of PGs. Consequently, both
teric and non-steric interactions occurring simultaneo
ay lead to a lower rate of 8-iso-PGF2� acetylation.
edral intermediate. The atoms marked in black participate in the fun
ased subset of the enzyme. The hydrogen bonds essential for catalys
een drawn in black. For a structure to be considered active both h
en bonds from histidine, and at least two hydrogen bonds to the ca
xygen out of three should be present.
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formed with the alcohol group attached to C9, C11 and C15,
respectively, for four prostaglandins (1, 3–5) and the acetyl
ester formed with the alcohol group attached to the C11 of
8-iso-PGF2� (2) were studied. Altogether 13 different 100 ps
molecular dynamics runs were performed. The last 50 ps of
the dynamics runs were evaluated in the following four ways,
by using:

(1) a potential energy of the whole system, the mean value
of all structures from the last 50 ps of the dynamics sim-
ulation;

(2) the function-based subset energy as defined by Raza et
al. [11] and shown inScheme 2, the mean value of all
structures from the last 50 ps of the dynamics simulation;

(3) the percentage of structures having hydrogen bonds
essential for the catalytic process (seeScheme 2);

(4) an average degree of deformation, the “deformation
RMS” calculated as a root mean square (RMS) devia-
tion of the enzyme from the initial structure.

These analyses were compared with experimentally esti-
mated initial rates (and apparent second-order rate constants)
for each acylation product.

The results of all calculations are presented inTable 3.
For the 13 enzyme–substrate complexes studied, the defor-

mation RMS varied between 1.1 and 5.6Å. The degree of
d ester
f tion
R -
e ental
d
w
e MS

Fig. 1. The distribution of deformation RMS, hydrogen bond contents and
subset energy for the 13 OH groups of prostaglandins tested. The suggested
limits between the reactive and unreactive complexes are marked with dotted
lines. The grey area marks unacceptable values.

of over 5Å. In the third case, (15R)-PGF2� (5), the defor-
mation was still high, 2.6̊A, although the overall enzyme
conformation remained intact. The tetrahedral intermediates
involving prostaglandins over the C9- and C11-OH groups
were more similar in deformation RMS. The RMS deforma-
tion values calculated for them were below 2Å, except for
the C11-OH group of (15R)-PGF2�, in case of which it was
2.1Å.

The hydrogen bond contents of the 13 enzyme–substrate
complexes studied varied between 24 and 90%. The hydrogen
bonds percentage of two complexes was less than 50%; both
the complexes were C9-acetates, one of PGF2� (1), the other,
of (15R)-PGF2� (4).

The function-based subset energy varied between−105
and −92 kJ/mol. Two, C9-acetates, PGF2� (1) and (15R)-

F studie bers 1
d erion: d on
R rgy. (4 bond
c ergy a
C

eformation was related to the alcohol group used in
ormation. For each prostaglandin studied, the deforma
MS values of the esters connected to C15 were the high
st. This observation was in accordance with experim
eterminations where no remarkable formation of C15-esters
as observed. In two cases, PGF2� (1) and PGF2� (3), the
nzyme became visually distorted with a deformation R

ig. 2. A stereo view of the 3D distribution of the modelling parameters
enotes a false positive structure. (1) PGF2� (3), C15-acetate. Violated crit
MS. (3) (15R)-PGF2� (4), C15-acetate. Violated criterion: subset ene
ontents. (5) (15R)-PGF2� (4), C9-acetate. Violated criterion: subset en

15-acetate. (Violated criterion: deformation RMS?).
d. The unreactive enzyme–substrate complexes are marked with num–5. ‘x’
eformation RMS. (2) PGF2� (1), C15-acetate. Violated criterion: deformati
) PGF2� (1), C9-acetate. Violated criterion: subset energy and hydrogen
nd hydrogen bond contents. (x) The false positive structure, (15R)-PGF2� (5),
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Scheme 3. The CALB-catalysed acetylation of PGE1 (15) and PGE2 (17). No C15-monoacetates were detected aside from C11-monoacetates in the acetylation
mixtures.

PGF2� (4), displayed the highest energies,−93 and
−92 kJ/mol, respectively. The energy of one C15-acetate,
(15R)-PGF2� (4), was−94 kJ/mol. The total potential energy
is tabulated for reference. The small variations in the poten-
tial energy of the systems are far too large in absolute value
and too sensitive at the same time to be used in a modelling
protocol of this type. The potential energy is very sensitive
to distant changes in the structures, for example, to the re-
arrangement of water molecules or water hydrogen bonds,
adding a significant noise contribution to the signal.

3.2.1. The construction of the modelling protocol
The distribution of experimental data was studied to pro-

pose a modelling protocol. For the three parameters studied,
viz. deformation RMS, hydrogen bond content and subset
energy, limits were set to the gaps of data distribution (Fig. 1).
The proposed limits were:

- deformation RMS of 3̊A;
- hydrogen bond contents of 50%;
- function-based subset energy of−95 kJ/mol.

The violation of any of these three parameters would
be indicative of an OH group of a prostaglandin non-
accessible to the CALB-catalysed acetylation (an “unreactive
OH group”). The experiments showed that out of the 13 OH
groups studied, seven were reactive and six unreactive or vir-
t

unreactive” because they were acetylated partially, at a very
low rate, only after the C11-OH group was acetylated[9,20].
With the suggested modelling protocol all the OH groups of
prostaglandins accessible to the CALB-catalysed acetylation
were correctly predicted as reactive and out of the six non-
reacting OH groups of prostaglandins five, were correctly
predicted as unreactive. InFig. 2, the 3D distribution of the
parameters is shown.

The cut-off value of deformation RMS could be consid-
ered a lower (about 2.3–2.4̊A), than chosen, 3̊A value. For
this, we should ignore the virtual borders of the compact sep-
arated clusters of the values. The experimental proved that
the lowest deformation RMS value indicative of unreactivity
of an OH group was as low as 2.6Å (C15-OH of (15R)-PGF2�

(5)). At the same time, this is the highest value (next to the
value 2.1Å, that characterizes accessible to the CALB C11-
OH group of (15R)-PGF2� (5)) in the cluster involving values
that belong to the reactive OH groups.

In order to evaluate the constructed protocol, a further two
prostaglandins were studied and evaluated.

3.2.2. Evaluation of the modelling protocol
To evaluate the modelling protocol, two prostaglandins

were tested additionally. These were PGE1 (15) and PGE2
(17) (Scheme 3), both of them with ester bonds at either
position C or C . The experimental and modelling results
a

T
T cular d

S ction-b
l)

P

P

T alysed d in b

roup w
eed at ly

a of calc s
a

ually unreactive. We classified C15-OH groups as “virtually

able 4
he characteristics of PGE1 (15) and PGE2 (17) found by means of mole

ubstance Acetylated
OH group

Potential energya

(kJ/mol)
Energy of fun
subseta (kJ/mo

GE1 (15) 11 −22300 −96
15 −22250 −99

GE2 (17) 11 −22660 −96
15 −22430 −83

he values indicating unaccessibility of an OH group to the CALB-cat
a SeeTable 3.
b The acetylation of the C11-OH group of PGE1 is possible, the C15-OH g
c The acetylation of the C11-OH group of PGE2 has been shown to proc
fter the acetylation of the C11-OH group[20]. Consequently, the results
re not relevant in this case.
11 15
re presented inTable 4.

ynamics calculations

ased Essential hydrogen
bond (%)a

Deformation
RMSa

Possibility of
acetylation reaction

85 1.7 Yesb

92 3.6 Nob

65 1.8 Yesc

25 1.2 Noc

acetylation according to the modelling protocol developed are markeold.

as not acetylated[9].
a lower rate than that of PGF2�; the C15-OH group of PGE2 was acetylated on
ulations presented, e.g. the acetylation of the C15-OH group of prostaglandin
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Two of the four-modelled acetates fell outside the criteria
for an active ester intermediate: the PGE1 C15-acetate
showed too high a deformation RMS (3.6Å) and the PGE2
C15-acetate had too high a subset energy (−83 kJ/mol).
The C11-OH groups of prostaglandins were predicted to be
reactive; this was in agreement with experimental results
[20].

In total, out of the 17 tested prostaglandin OH groups
the protocol managed to correctly predict the possibility of
acetylation of 16 with the CALB.

4. Conclusions

We presented a protocol to determine the accessibility of
the OH groups of prostaglandins to the acetylation catalysed
with the CALB. The protocol was based on a combination of
geometrical and energetical considerations, viz. deformation
RMS, hydrogen bond contents in the reaction centre and sub-
set energy of atoms central in the transition state complex.
With cut-off limits defined from the distribution of 13 test
complexes, 12 structures were correctly predicted as reac-
tive/unreactive. A further test-set of acetylation of four OH
groups of E type prostaglandins was studied. For all of them,
the reactivity was correctly predicted.

Although the limits to the modelling parameters
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