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Rapid, automated screening method for enzymatic transformations using
a robotic system and supercritical fluid chromatography
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Abstract

An automated screening method was developed for enzymatic transformations using a robotic system and rapid chiral supercritical fluid
chromatography (SFC) analysis with a run time of 1.5 min. The method accelerates the enzyme selection process for screening biocatalysts,
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here a large number of enzymes are evaluated for activity and enantioselectivity. Kinetic resolution of secondary alcohols by
ransesterification was used as a prototype for method development. The rapid automated method can be used effectively fo
nzymes and optimizing reaction conditions in biocatalysis.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Chiral drugs play an important role in pharmaceutical
esearch and development. Different enantiomers can have
uite different pharmacokinetic and pharmacodynamic
roperties. More than 50% of the marketed drugs are chiral.
everal approaches are being used to meet the increasing
emands of producing enantiomerically pure synthetic inter-
ediates and products, such as asymmetric synthesis, chiral

eparation or purification, and kinetic resolution. Enzymatic
ransformation is becoming one of the important techniques
or kinetic resolution and asymmetric synthesis[1–3].

Recent advances in biochemistry and molecular biology
ave made many enzymes readily available. Although these
ersatile enzymes have drawn tremendous attention in or-
anic synthesis and industrial applications[4–8], measur-

ng their activity and selectivity remains tedious and time
onsuming. High throughput screening of diverse enzyme li-
raries is an effective way to rapidly identify enzymes for bio-

∗ Corresponding author. Tel.: +1 732 274 4489; fax: +1 732 274 4505.

catalysis[9–15]. The bottlenecks of the screening process
(1) automated sample preparation and (2) rapid determin
of chiral purity for enantioselectivity. Several high throu
put enantiomeric excess (ee) screening systems have
developed, such as chiral chromatography with UV–vis, fl
rescence, circular dichroism and mass spectrometry dete
[16–24], capillary array eletctrophoresis[25], and GC[26].
Here, we discuss the development of an automated m
for enzyme screening using a robotic liquid handler and r
chiral SFC analysis to speed up the enzyme selection pr
for drug discovery and development. The method was d
oped with transesterification of alcohols using hydrola
Enantiomerically pure alcohols are important synthetic
termediates and chiral auxiliaries[28]. Similar approache
can be applied to other biotransformations.

2. Experimental

2.1. Material

AMANO enzymes (Lombard, IL) provided samples

E-mail address:dil@wyeth.com (L. Di). the following enzymes: Lipase D “Amano” Conc, Lipase
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R “Amano” G, Lipase F-AP15, Lipase PS-C I, Lipase
AK “Amano” 20, Lipase PS-D “Amano” I, Lipase PS-C
“Amano” II, Lipase M “Amano” 10, Lipase G “Amano”
50, Newlase F, Lipase A “Amano” 12, Lipase AY “Amano”
30G, Technical Grade AS, and Lipase BC. A hydrolase kit
was purchased from Biocatalytic (Pasadena, CA): Chirazyme
E-1, Chirazyme E-2, Chirazyme L-2, Chirazyme L-3, Chi-
razyme L-3 (purified), Chirazyme L-4, Chirazyme L-5, Chi-
razyme L-6, Chirazyme L-7, Chirazyme L-8, Chirazyme L-9,
and Chirazyme L-10. Several other enzymes were purchased
from Sigma (St. Louis, MO): Lipase L-1754, Lipase L-9156,
Acylase I A-8376, papain crude, protease type VIII bacte-
rial, lipase type II crude from porcine, lipase type I from
wheat germ, and lipase fromCandida cylindracea. The al-
cohol substrate, (±)-1-phenylethanol, was purchased from
Aldrich (Milwaukee, WI). Vinyl acetate and methylt-butyl
ether were obtained from EM Sciences (Gibbstown, NJ).

2.2. Automated reaction procedure

A Packard MultiprobeTM II EX HT (eight probes) robot
with WinPrepTM software was used for the liquid handling
(PerkinElmer, Downers Grove, IL). Reagents were added to
the troughs and delivered to the plates by the robot. The lay-
out of the robotic deck is shown inFig. 1. Approximately,
1 well,
c 24-
w te
a each
p hs
l obot
a -
s eac-
t the
v M,

eck la

respectively. To maximize enzyme-substrate interaction, the
samples were shaken vigorously on a plate shaker (Boekel
Scientific, Feasterville, PA) for 24 h at room temperature. The
enzyme material remains a suspension throughout the reac-
tion. Subsequently, the solutions are filtered using a 1 mL
syringe and 0.45�m Nylon 66 disk filter and filtrate was
placed in a 300�L HPLC autosampler vial. Samples were
either injected directly or diluted and then injected into the
SFC.

2.3. Chiral SFC analysis

A chiral analytical method was developed using a SFC
system (Berger Instruments, Newark, DE) that consists of a
carbon dioxide pump, a modifier pump, an Alcott autosam-
pler, an integrated and programmable Valco six-port valve for
solvent selection, a temperature-controlled column oven that
is capable not only of heating, but also cooling well below
ambient temperature using the adiabatic expansion of carbon
dioxide in the oven, a ChiralizerTM six-port programmable
column-switching valve (ChiralizerTM Service, Newtown,
PA), and an Agilent 1100 photodiode array UV–vis detector
(Agilent Technology, Piscataway, NJ). Due to the non-polar
nature of the substrate, a rapid yet shallow gradient method
was used to select the chiral stationary phase that yielded the
g isted
o
a nt
b t
p
a
w al
I ton,
P sil
T

mg of each enzyme was added to a separate reaction
onsisting of a one-dram vial held in a custom-made
ell-plate (Fig. 1). Stock solutions containing vinyl aceta
t 100 mM and the alcohol substrate at 50 mM were
repared in methylt-butyl ether and placed in liquid troug

abeled “reagent 1” and “reagent 2”, respectively. The r
dded 300�L of vinyl acetate and 200�L of alcohol sub
trate into the wells containing the enzymes. The total r
ion volume was 0.5 mL, resulting in a concentration of
inyl acetate and alcohol substrate of 60 mM and 20 m

Fig. 1. Packard robot d
 yout for transesterfication.

reatest resolution of enantiomers. The method cons
f a concave 1.2 min gradient of 2–30% MeOH/CO2 with
1.8 min hold at 30% MeOH/CO2 and a 0.5 min gradie

ack to 2% MeOH/CO2 at 25◦C, 2 mL/min, 150 bar outle
ressure, UV detection at 254 nm and injections of 5�L of
pproximately 1–2 mg/mL solutions in methylt-butyl ether
ith the following columns: Chiralcel OD (Diacel Chemic

ndustries, distributed by Chiral Technologies Inc., Ex
A), Chiralpak AD (Diacel Chemical Industries), Kroma
BB (O,O′-bis-(4-t-butylbenzoyl)-N,N′-diallyl-l-tartaric
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diamide) (Regis Technologies Inc., Morton Grove, IL),
Chirobiotic V (vancomycin) (Regis Technologies Inc.,
Morton Grove, IL) and Whelk-O 2 (Regis Technologies
Inc., Morton Grove, IL). The Chiralcel OD column provided
the greatest separation of enantiomers of 1-phenylethanol,
and an isocratic method was developed employing the
conditions above but using 2% MeOH/CO2. This chiral SFC
method is used for enzyme screening. The detection limit for
1-phenylethanol is 75�g/mL. The reproducibility of percent
ee is 1.7%. The runtime is 1.5 min.

3. Results and discussion

The prototype reaction of enzymatic transesterification for
1-phenylethanol is shown inFig. 2 [27,28]. Selective acyla-
tion of one of the enantiomers under the catalysis of hydro-
lases resulted in kinetic resolution the alcohols. The screen-
ing of the selective enzymes for the transformation was setup
with an automated procedure using a robotic liquid handler.
The automation scheme is summarized inFig. 3. Reagents
were added automatically to the reaction wells to eliminate
repetitive and tedious manual operations. This significantly
increases the speed and throughput to screen a large number
of diverse enzymes for specific transformations. The robotic
p ypes
o
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Fig. 3. Automated procedure for transesterfication.

In this study, SFC conditions were developed using
generic methods with a ChiralizerTM and multiple chiral
columns.An isocratic condition with a runtime of 1.5 min was
selected to analyze the enantioselectivity of the enzymatic
transformation. Under the optimal conditions, the through-
put is 700 analyses/day. Combination of the robotic liquid
handling system and rapid SFC analysis, allows screening of
a large number of enzymes for reactivity and selectivity. If
the enzymatic transformation is selected for scale-up, the fast
method is transferred to development and used for optimiza-
tion of reaction conditions in large scale. The short run time
makes it possible to rapidly determine optimal reaction con-
ditions for high yield, high ee, and minimum side-reactions.

A typical chiral SFC analysis of the alcohols is shown
in Fig. 4. The first chromatogram is the racemate of 1-
phenyl-ethanol. The two enantiomers were well separated
in a 1.5 min run. The second chromatogram is after a 24-h re-
action in the presence of lipase PS-C Amano II. The enzyme
selectively acylated the (S, +)-alcohol to ester and left the (R,
−)-enantiomer intact. The ester product was also detected
under the same chromatographic conditions with a retention
time of 0.27 min. The third chromatogram is after a 24-h re-
action in the presence of lipase PS-D Amano I. In this case,
the selectivity is reversed. The enzyme selectively acylated
the (R, −)-alcohol and left the (S, +)-alcohol intact. The es-
t s the
e iden-
t hich
rograms can be modified easily and applied to different t
f biotransformations.

In drug discovery, typically when a large quantity o
hiral intermediate or product is needed, enzymatic tran
ation is one of the approaches that is considered for sca
nd for supplying material for development and clinical tri
apid identification of specific enzymes for transformat
nd optimal reaction conditions leads to accelerated dru
elopment. Due to the advancement in instrumentation,
as been widely used in the pharmaceutical industry fo
lytical, preparative, and chiral separations[29]. One of the
dvantages of chiral SFC as compared to chiral HPL
hiral GC is its separation efficiency[30]. The low viscos

ty of carbon dioxide enables high flow rates without l
f chromatographic efficiency. This produces short run t
hich is ideal for screening purposes where throughp
ery important.

Fig. 2. Transesteri
 reaction of alcohols.

er product appeared at 0.27 min. This example show
ffectiveness of the automated enzyme screening in

ifying unique substrate selectivity of each enzyme, w
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Fig. 4. Enantioselective transesterification of 1-phenyl-ethanol. Absolute stereochemistry of the enantiomers is identified using authentic samples.

otherwise would be difficult to predict. The reaction was also
studied in the absence of any enzymes. No nonspecific hy-
drolysis was detected, presumably due to the non-aqueous re-
action environment. Non-aqueous conditions for enzymatic
transformation have been very successful in producing chi-
ral materials with high chemical and optical purity[31]. The
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on of 1

absolute stereochemistry of the enantiomers was determined
using authentic pure enantiomers.

The results of the screen can be plotted graphically for
easier visualization of the effective enzymes and chiral pu-
rity. Representative results for selective enzymes are shown
in Fig. 5. Positions of the enzymes were defined by “A, B,
Fig. 5. Representative results of chiral resoluti
 -phenyl-ethanol through enzymatic transesterification.
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Fig. 6. Kinetics of transesterification for 1-phenyl-ethanol.

C, and D” and “1, 2, 3, and 4”. The identities of the enzymes
in each reaction vial are shown in the table under the fig-
ure. The height of each cone inFig. 5represents the percent
ee. Positive represents excess in (S,+)-enantiomer. Negative
represents excess in (R,−)-enantiomer. For 1-phenyl-ethanol,
several enzymes were identified to give stereospecific reso-
lution of the alcohol (Fig. 5).

For screening purposes, a single reaction time is usually
tested initially to find out the reactivity and selectivity of
the enzymes. A long reaction time (e.g., 18–24 h) is usually
selected to ensure sufficient progress of the reactions. If an
enzyme does not catalyze reactions in this time frame, it is
considered a slow reaction and it would not be very practical
to use the enzyme for production. The reaction conditions
can be optimized later for the active enzymes, especially if
there are competitive reactions. Different time points can be
analyzed to monitor the rate of conversion and selectivity
to maximize yield and ee. To study the rate of acylation for
1-phenol-ethanol, three active enzymes were selected and
the kinetics of the asymmetric transformation is shown in
Fig. 6. The rate of the reaction for each enzyme is slightly
different, however, they all reached completion in 24 h with
100% ee. For this reaction, 24 hr is an appropriate time for
screening purposes, since the enzymes are highly selective
Longer incubation time did not cause the enzymes to catalyze
t rcent
e t
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m

4
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