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Enhancing the synthetic utility of aldolase antibody 38C2

Kalyani Mondal, Namakkal G. Ramesh, Ipsita Roy and Munishwar N. Gupta*
Chemistry Department, Indian Institute of Technology, Delhi, Hauz Khas, New Delhi 110016, India

Received 15 June 2005; revised 25 October 2005; accepted 8 November 2005
Auvailable online 29 November 2005

Abstract—Three-phase partitioning (TPP) treated aldolase antibody 38C2 was evaluated for aldol reaction between p-nitrobenzal-
dehyde and acetone to give 4-(4’-nitrophenyl)-4-hydroxy-2-butanone. While TPP-treated 38C2 transformed 65% of p-nitrobenzal-
dehyde, the untreated 38C2 gave only 24% transformation in 18 h at 25 °C. However, since TPP-treated 38C2 also gave an
additional (unidentified) product, its synthetic utility was limited. Crosslinked aggregate of 38C2, however, gave the biocatalyst
which gave a single product and could be reused at 40 °C five times without loss of activity.

© 2005 Elsevier Ltd. All rights reserved.

The aldolase antibody 38C2 is among the first antibody
preparation which is commercially available and has al-
ready proved its usefulness in catalyzing self aldol,!
crossed aldol,! retro aldol,> Robinson annulation reac-
tions,> and decarboxylation of B-ketoacids.* Its conju-
gate with a water-soluble polymer has been used for
prodrug activation for selective chemotherapy for
cancer.’ Earlier, an organoinsulin molecule and etopside
derivative have been reported as prodrugs for diabetes
and cancer chemotherapy, respectively.®” The antibody
38C2 is reported to have 40 times less catalytic efficiency
as compared to the aldolase.? It is also an expensive bio-
catalyst. The present work is aimed at enhancing its cat-
alytic efficiency and reusability.

The aldol reaction used to monitor the catalytic
efficiency of 38C2 aldolase antibody was the reaction be-
tween p-nitrobenzaldehyde (1) and acetone (Scheme 1).!
HPLC was used to estimate the disappearance of
p-nitrobenzaldehyde.'-!°

The first approach attempted was that of three-phase par-
titioning (TPP). It has been observed that when a pure en-
zyme is subjected to TPP, the treated enzyme shows
enhancement of the catalytic efficiency.!'!*> The condi-
tions for subjecting 38C2 aldolase antibody were opti-
mized for obtaining the maximum amount of protein in
the interfacial layer. The parameters varied were protein
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Scheme 1. Synthesis of 4-(4'-nitrophenyl)-4-hydroxy-2-butanone by
aldol reaction between p-nitrobenzaldehyde and acetone.

concentration, ammonium sulfate concentration, and
the volume of 7-butanol added to 200 pL protein solution.
The optimized conditions are as described.!® Under these
conditions, 82% of the starting protein was found in the
interfacial layer in the precipitate form.

The time course of the reaction with TPP-treated 38C2
(Fig. 2, curve B) indicates that it shows a higher catalytic
conversion as compared to untreated 38C2 (Fig. 2, curve
A). Whereas untreated 38C2 gave 24% conversion in
18 h, the TPP-treated 38C2 gave 65% conversion in
the same time.

The nature of the product(s) formed is also different in
the case of TPP-treated 38C2 (Fig. 1). Apart from the
expected aldol product (2, Scheme 1)!7 with a retention
time of 6.62 min, the TPP-treated 38C2 also gave an
additional product (retention time, 7.74 min) (Fig. 1).
However, while the enhancement in catalytic efficiency
of 38C2 upon TPP-treatment is in agreement with earli-
er results with other enzymes such as a-chymotrypsin,'#
proteinase K,'? and lipase,'® the formation of an addi-
tional product indicated that TPP-treated biocatalysts
may function in a different way mechanistically. The


mailto:munishwar48@yahoo.co.uk

808 K. Mondal et al. | Bioorg. Med. Chem. Lett. 16 (2006) 807-810

2.12

0.20

0.10 =

Absorbance

9.71

7.74

6.21

0.00 ~—

0.00 o ) 14.70
Retention time (min)

Figure 1. HPLC chromatogram of aldol condensation between p-nitro
benzaldehyde (tg =9.71 min) and acetone (g = 2.12 min) with TPP-
treated aldolase antibody 38C2 resulting in the formation of the usual
aldol product (g = 6.21 min) and a new product (zg = 7.74 min).

above catalytic efficiency was based upon an assay
which measures depletion of the substrate. The forma-
tion of second product in significant amount implies
that product yield of desirable aldol would be consider-
ably lower (see Fig. 2). In that respect, the TPP did not
yield the desired biocatalyst with better synthetic utility.
A recent biocatalyst design is crosslinked enzyme aggre-
gates (CLEA) which are based upon crosslinking of a
protein which is initially precipitated by adding an
organic solvent or a salt.'®!” After screening some pre-
cipitating agents (data not shown), precipitation with
ammonium sulfate was found to work best. Ammonium
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Figure 2. Time course of TPP-treated antibody reaction. The aldol
reaction between p-nitrobenzaldehyde and acetone was carried out
using untreated antibody (@) and TPP-treated antibody (O) as
described.'® Samples were withdrawn at different time intervals and
the amount of p-nitrobenzaldehyde (substrate) used in the reaction was
monitored through HPLC at 254 nm. The experiment was done in
duplicate and the error bars show the variation in the readings. The
observed standard deviation in each set of readings was less than 0.2%.

sulfate (80% w/v) precipitated 95% protein which re-
tained 94% aldolase activity. Under optimum condi-
tions, 40 mM glutaraldehyde formed CLEA which
showed 120% activity.?® Marginal increase (in this
range) in the activity after CLEA formation has been
reported by earlier workers as well.! CLEA gave only
one product and that was the expected aldol product
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Figure 3. Thermal stability of antibody 38C2 and CLEA of 38C2 at
50 °C. Catalytic antibody 38C2 (100 pg/100 uL) samples (@) were
incubated at 50 °C for different periods of time. Thereafter, the sample
was cooled to 25°C and assayed for its activity with p-nitrobenzal-
dehyde (ref). The experiment was repeated with CLEA of 38C2 (O).
Residual activity was calculated by taking the activity of 38C2 at 0
time to be 100%. The experiment was done in duplicate and the error
bars show the variation in the readings. The observed standard
deviation in each set of readings was less than 0.1%.
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Figure 4. Reusability of CLEA of 38C2. The aldol reaction with
CLEA was carried out at 40 °C for 10 h. Thereafter the reaction
mixture was removed, CLEA washed with 1 mL buffer and fresh
reactants added. After the Sth cycle, loss of protein (5 pg) was detected.
After the 10th cycle, the washings were pooled and the amount of
protein that leached out was found to be 15 pg (as estimated by the
Bradford method®). Residual activity of CLEA of 38C2 was calculated
by taking the activity of 38C2 in the first cycle as 100%.

(as checked by the HPLC assay). Investigating thermal
stability of 38C2 and CLEA of 38C2 showed that CLEA
had a higher thermal stability (Fig. 3). At 50 °C, CLEA
retained 100% activity, while 38C2 had only 75% activ-
ity after 5 h of thermal exposure. However, CLEA also
lost 20% activity after 10 h. At 40 °C, both 38C2 and its
CLEA retained complete activity even after 12 h. While
at 25°C, free 38C2 gave 10% conversion and CLEA
gave 13% conversion in 10 h, at 40 °C the corresponding
conversion figures were 33% and 38%, respectively (con-
version in the range of 30% has been reported during
synthetic application of 38C2).2! Hence, 40°C was
chosen to evaluate reusability of CLEA. Figure 4 shows
the real advantage of working with CLEA. CLEA of
38C2 could be used up to 5 cycles without losing any
aldolase activity. Even after 10 cycles, it lost only 20%
activity. It may be mentioned that very few immobilized
catalytic antibodies have been described in the
literature.?>>* Significant loss in biological activity of
catalytic antibody has also been reported during immo-
bilization.?> Considering the expensive nature of 38C2,
CLEA of 38C2 offers an efficient approach for the
synthetic application of this versatile biocatalyst.
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buffered saline) were mixed with 30% saturated ammo-
nium sulfate (w/v). This was followed by the addition of
t-butanol (200 pL). The solution was gently vortexed
and incubated at 25°C for 30 min. Three phases (i.e.,
upper layer of f-butanol, interfacial precipitate of
protein, and lower aqueous layer) were formed. The
mixture was then centrifuged at 1800g for 5 min. This
low-speed centrifugation gave a compact interfacial
precipitate and clearly separated the lower aqueous
and upper organic layers. The aqueous layer was
pipetted out using a Pasteur pipette, after piercing the
precipitate layer. The ¢-butanol layer was similarly
removed. The precipitate was then dissolved in phos-
phate-buffered saline so that the total volume was
200 uL. The dissolved precipitates were desalted on a
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and #-butanol. The absorbance of the fractions collected
(1 mL each) was read at 280 nm. The fractions contain-
ing the protein were pooled and concentrated (against
sucrose) to 1 mL. 82% of the starting protein was found
to partition to the interfacial layer during TPP as
estimated by Bradford’s method.” To this solution of
38C2,  p-nitrobenzaldehyde (final concentration
1.04 mM) and acetone (final concentration 0.12 M) were
added and kept in an incubator-shaker at 25°C for
different time periods. Thereafter, the reaction was
monitored by HPLC at 254 nm. A similar reaction
was carried out with untreated-catalytic antibody. The
amount of product formed was calculated by taking the
substrate concentration at 0 h as 100% and subtracting
the amount of substrate that was used up at the given
time.

Compound 2. This compound (aldol product) was chem-
ically synthesized as per the method described.! HPLC
showed the same retention time (6.62 min) as the aldol
product obtained in the antibody reaction. Also, upon
coinjection of the reaction mixture with an aliquot of the
chemically synthesized aldol, the peak for the aldol
product was found to be overlapped, thus proving that
the chemically synthesized product was the same as in the
aldol mixture.
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