anti-Sulfonamide antibodies catalyse the hydrolysis of a heterocyclic amide
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The hydrolysis of N-p-toluoylindole and its 3-formyl
derivative, at pH 8.0, are accelerated by a factor of nearly
103 by an antibody obtained against a KLH conjugate of
N-p-toluensulfonylindole.

Hydrolysis of the amide bond is a major target of research in
catalytic antibodies. This approach could be of use in the design
of catalysts for sequence specific peptide hydrolysis; however,
amide hydrolysing antibodies are still rare in spite of many
efforts. So far, the only successful approach to amidase-like
antibodies has been based on the use of phosphinate or
phosphonate esters! and amides? as haptenic transition state
analogues (TSA). In contrast, esterase-like antibodies have been
obtained against several types of TSA,3? including well known
enzyme inhibitors such as tetrahedral phosphorus compounds,?
«-fluoro ketones3 and amino alcohols.® Thus the design of new
haptens capable of producing antibodies with amidase activity
is still a challenge. Here we report that the hydrolysis of a
heterocyclic amide is accelerated by monoclonal antibodies
obtained against a sulfonamide hapten

As a model reaction we chose the hydrolysis of a heterocyclic
amide 1, Scheme 1. It has been shown that the base catalysed
hydrolysis of closely related aroyl pyrroles proceeds via rate
determining decomposition of the tetrahedral intermediate,
from which the leaving group departs as an anion.”8 This step
could be either spontaneous” or catalysed by OH8 and it has
been calculated” that the transition state for the spontaneous
decomposition of the intermediate, which appears to be the
likely process, is reagent-like and thus similar to the tetrahedral
intermediate itself. This transition state is mimicked, in our
approach, by the sulfonamide analogue 3, Scheme 1; TSA 3 and
intermediate 2 adopt a similar conformation and an RMS
overlay of the PM3 minimized molecules gives an error of only
0.73 A.t Unlike the phosphorus derivatives previously used as
TSAs sulfonamides lack a net charge; however the S—O bonds
are strongly polarized and a partial charge of —0.82 is localized
by PM3 on the oxygen atoms of 3.
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Scheme 1

Haptens 4a and 5a were synthesized from commercially
available 3-formyl indole, as outlined in Scheme 2, and then
conjugated with the carrier proteins keyhole limpet hemocyanin
(KLH) and bovine serum albumine (BSA), respectively. Balb/c
mice were then immunized with the KLH conjugate 4b and
monoclonal antibodies, obtained by standard methods,® were
screened by ELISA for binding to the BSA conjugate 5b. Seven
antibodies were thus selected that were specific for the indole
sulfonamide epitope. In a preliminary kinetic test two out of
seven antibodies induced a marked acceleration in the hydroly-
sis of the amide 1b at pH 8. Antibody 312D6, an IgG2a which
showed the higher acceleration, was chosen for a more detailed
study.

Amide 1a was incubated at 25 °C and pH 8.0 (10 mmol dm—?
TRIS buffer) in H,O containing 10% dioxane with the antibody
(2 umol dm—3), purified from ascite fluid by ammonium sulfate
precipitation and protein G affinity chromatography.i The
reaction was followed by HPLC, (C,5; H,O:MeCN:TFA
1.2:1.8:0.01), monitoring the appearance of indole with a
fluorescence detector (at 270 nm excitation and 343 nm
emission) and 3-hydroxymethylindole as internal standard.
Initial rates were measured, within 5% conversion, with
substrate concentrations of 0.033-1.0 mmol dm—3, and cor-
rected for the background reaction. Hydrolysis of 1a, catalysed
by 312D6, follows saturation kinetics and the kinetic parame-
ters were obtained from the Lineweaver-Burk plot shown in
Fig. 1. The values thus obtained for the apparent pseudo-first
order rate constant k., and for the Michaelis constant K,;, are
reported in Table 1, together with the apparent rate constant &
for the background reaction, at the same pH. The results give a
kca/ko Tatio equal to 1500 per antibody molecule or 750 per
catalytic site.

Antibody 312D6 also accelerates the hydrolysis of amide 1b
with kc./ko = 780 (390 per site), Table 1. The background
reaction for this substrate, activated by the 3-formyl group, is
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Scheme 2 Reagents and conditions: i, NaH, THF, 25°C; ii, ArSO,Cl,
reflux, 81%; iii, O-carboxymethyl hydroxylamine hydrochloride, NaOH,
EtOH-H,O0, reflux, 87%; iv, NaBH4, MeOH-H,0O; v, succinic anhydride,
pyridine, reflux, 73%; vi, KLH or BSA, 1-(3-dimethylaminopropyl)-
3-ethylcarbodiimide (EDC), pH 4.5
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approximately 5000-fold faster than the uncatalysed hydrolysis
of 1a at the same pH. Also with this substrate the catalysed
reaction follows Michaelis—Menten kinetics and k., and K,
(Table 1) were obtained in the usual way, Fig. 1. It is remarkable
that k../ko ratios vary by only a factor of two on going from
amide 1a to 1b, in spite of the substantial reactivity difference
between the two substrates.

The 312D6-catalysed hydrolysis of both la and 1b was
completely inhibited by the addition of transition state analogue
3a or 3b in a concentration twice that of the antibody. This
clearly demonstrates that catalysis is taking place in the
antibody combining site and is not due to interactions between
the substrate and the antibody’s surface. In a further experiment,
antibody 312D6 (7.5 pmol dm—3) was incubated with a 15 fold
excess of amide 1b until the UV absorption of the solution was
constant and corresponding to the end point of the reaction; a
second batch of substrate 1b (15 fold excess) was added and the
reaction was again followed spectrophotometrically to show
that the rate of the catalysed reaction had not changed. The
antibody thus exhibits multiple turnover and, at these concentra-
tions, is not inhibited by the products.

For an antibody accelerating a reaction by transition state
complementarity, it can be derived that K., /K; = kcasko.!0
Binding constants K; for the complexes between 312D6 and
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Fig. 1 Lineweaver—Burk plot for the 312D6-catalysed hydrolysis of amides
1a (@; left axis) and 1b (O; right axis) 10% aq. dioxane, pH = 8.0, T =
25 °C, [antibody] = 2 wmol dm—3, [TRIS] = 10 mmol dm—3 [NaCl] = 0.1
mol dm—3

Table 1 Kinetic parameters for the 312D6-catalysed hydrolysis of amides
1a and 1be

Amide 1  kgP/s—! kea/s—1 Ko/moldm—3 K /K; keafko
a 1.01 X 10-8 7.5 X 10-6 3.57 X 10—5 36 750
b 524 x 105 2.1 X 10—2 1.5 X 104 150 400

a Conditions: 2 pmol dm—3 antibody, 10% aq. dioxane, 10 mmol dm—3
TRIS buffer, 0.1 mol dm—3 NaCl, pH 8.0, 25 °C. # Observed pseudo-first
order rate constant at pH 8.0.
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haptens 3a and 3b were measured by a competition ELISA!!
and were 1.0 and 1.3 pmol dm—3, respectively; a similar value
(0.86 wmol dm—3) was obtained, by a direct assay, for the
binding constant of the BSA conjugate 5b. Since this method is
likely to overestimate the binding constant, then K; obtained this
way should be taken as an upper limit. K,,/K; ratios for the
312D6 catalysed hydrolysis of amides 1a and 1b are somewhat
lower than the corresponding k.../ko ratios, Table 1; consider-
ing, however, the approximation on Kj, it appears that a
substantial fraction of hapten complementarity is reflected into
catalytic activity.
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Footnotes

t PM3 calculations were performed with the HYPERCHEM program
(Hypercube, Inc.). Geometry optimization was carried out by the conjugate
gradient method with a final gradient norm smaller than 0.01 kcal A—1 (1 cal
= 4.1847).

+ Purity (>95%) was assessed by SDS-polyacrylamide gel electro-
phoresis.
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