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INTRODUCTION

Classically, antibodies have been characterized as proteins produced by the immune system that
have the sole function of binding other molecules, called antigens, with the goal of eliciting an
immune response. Most natural antigens for antibodies are proteins, and the interactions of anti-
gens with antibodies are very strong, with reported K values between 0.01 and 10 nM (Karush
1978). In this classic conception, antibody function is similar to that of enzymes in specifically
binding other molecules; however, antibodies are distinct from enzymes in that they do not have
the ability to catalyze chemical conversions of their bound partners. For the vast majority of anti-
bodies, this observation is correct. However, in a 1946 consideration of the catalytic function of
enzymes, Linus Pauling first hypothesized that the active center of an enzyme is closely juxtaposed
to a “strained configuration” of its substrate (that is, targeted against the structure of the transi-
tion state) rather than to the native conformation of the substrate molecule (Pauling 1946). On
the basis of this hypothesis, it logically followed that the binding energy between enzyme and sub-
strate could play a significant role in lowering activation energy, thereby catalyzing a chemical

Protein—Protein Interactions: A Molecular Cloning Manual, © 2002 by Cold Spring Harbor 523
Laboratory Press, Chapter 29.



524 |/ Chapter 29

change. This idea led Jencks in 1969 to propose that antibodies generated in an anti-hapten
immune response against chemically stable analogs of the transition state of a reaction of interest
could potentially display an enzymatic activity (Jencks 1969). Indeed, this prediction was con-
firmed in 1986 when the first anti-hapten monoclonal catalytic antibodies were obtained (see
below) and termed “abzymes” (derived from antibody enzymie). At present, artificial monoclonal
abzymes catalyzing more than 100 distinct chemical reactions have been obtained. Moreover,
many naturally occurring abzymes have been detected in the sera of patients with several patholo-
gies, as well as in the milk of healthy human mothers.

From the perspective of control of protein—protein interactions, and in particular, of the study
of extracellular signaling, the development of abzymes holds a unique promise: the ability selec-
tively to modify or eliminate defined interacting proteins. For example, to date, a relatively limited
set of proteases has been defined that recognize specific sequences on target proteins, and subse-
quently induce specific cleavages. These “restriction endoproteases” include the coagulation factor
Xa (Nagai and Thogersen 1987), the caspases, and calpain (for a discussion, see Wang 2000). These
proteases recognize and cleave short peptide sequences that are found on one or multiple cellular
targets. The ability to create antibody-based enzymes that target different, or more selective,
sequences would allow the specific cleavage and modification of essentially any surface-displayed
protein to which the antibody has access. In theory, given the appropriate starting hapten, abzymes
could potentially be developed that target any protein sequence of interest, allowing exact control
of cell signaling processes. In practice, the first amide-catalyzing antibody was generated in 1988
and shown to enhance the rate of catalysis of its substrate 250,000 times over the uncatalyzed reac-
tion (Janda et al. 1988). Since that time, the work of a number of groups has begun to explore the
ability of abzymes as small-molecule or protein-modulatory agents. This chapter reviews some of
the main themes of this work and provides a description of the important issues in identifying nat-
urally occurring polyclonal abzymes.

DESIGN AND POTENTIALITIES OF “ARTIFICIAL” ABZYMES

In 1985, a general method for generating catalytic monoclonal antibodies (mAbs) against transi-
tion-state analogs, and a way to use those antibodies to accelerate chemical reactions, was first
described (Schochetman and Massey 1985). One year later, two groups were able to produce the
first mADbs with catalytic properties that were generated against hapten analogs of the transition
states for p-nitrophenylphosphorylcholine (Pollack et al. 1986) or for monoaryl phosphonate
esters (Tramontano et al. 1986a,b). Since that time, abzymes catalyzing the hydrolysis of amides
and esters, as well as reactions of cyclization (see, e.g., Janda et al. 1993; Li et al. 1994, 1996;
Wentworth et al. 1998), decarboxylation (see, e.g., Smiley and Benkovic 1994; Barbas et al. 1997;
Hotta et al. 2000), lactonization (Napper et al. 1987), peroxidation (Ding et al. 1998), photo-
chemical thymine dimer cleavage, bimolecular amide-bond formation, and other reactions not
known to be catalyzed by known enzymes have been described. A number of papers have
described abzymes that perform other specific functions directed against proteins, including for-
mation of cyclic peptides (Smithrud et al. 2000), catalysis of peptidyl-prolyl cis-trans isomeriza-
tion in protein folding (Ma et al. 1998), and development of a novel enzymatic activity cleaving
the bacterial protein HPr (Liu et al. 1998). Some abzymes have been described that require cofac-
tors for activity, similar to standard enzymes (Iverson and Lerner 1989). The field of artificial
abzymes has been amply reviewed recently (see Lerner and Tramontano 1987; Stewart and
Benkovic 1993; Suzuki 1994; Martin and Schultz 1999, and references therein, for a more detailed
description of the relevant reactions).

The evolution of the technology of artificial abzymes during the last 15 years has led not only
to the rapid development of direct approaches for the generation of antibodies with specified
properties, but also to the creation of strategies to revise the targeting specificity of individual
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abzymes. Such modifications of antigen-binding specificity can be achieved genetically in vitro by
application of site-directed mutagenesis, genetic selection, or screening (using approaches such as
phage display detailed in Chapter 8). Alternatively, modification can be induced directly on puri-
fied antibody via selective chemical modification involving direct introduction of catalytic groups
into the antibody combining site. Some studies describing these approaches include Ersoy et al.
(1999), Gao and Paul (1995), Miller et al. (1997), Roberts et al. (1994), Stewart et al. (1994), and
references therein. As a result of application of these approaches, the substrate specificity (and/or
the specific activity) of some artificial abzymes is comparable to or even higher than that of
enzymes with the same catalytic activity (Gouverneur et al. 1993; Barbas et al. 1997; Janda et al.
1997). The mechanistic basis for the activity of such abzymes is becoming well understood (see,
e.g., Thayer et al. 1999 and discussion below).

NATURAL CATALYTIC ANTIBODIES

In contrast to the artificially designed transition-state-directed antibodies described in the pre-
ceding section, an alternative means of developing catalytic antibodies is through study and
purification of autoantibodies produced naturally in human sera. As noted by Suzuki, naturally
occurring antibodies can be quickly and easily purified at low cost, possess novel catalytic activi-
ties of interest, can be informative for development of therapeutic strategies involving antibodies
administered in serum, and can be useful for design of haptens for production of artificial anti-
bodies (Suzuki 1994). Other relevant issues in comparison of artificial versus natural, and in vitro
versus in vivo, abzyme generation approaches are discussed in Fastrez (1997). The remainder of
this section collates rigid criteria indicating that efficient naturally occurring catalytic antibodies
do exist, and describes methods of natural catalytic antibody purification.

The idea that catalytic antibodies might be involved in natural immunity first arose after the
discovery by Paul and coworkers of natural catalytic antibodies specifically hydrolyzing vasoactive
intestinal peptide (VIP), a 28-amino-acid neurotransmitter, in the serum immunoglobulin G
(IgG) fractions of ~50% of asthmatic patients (Paul et al. 1989). As with the overwhelming major-
ity of antibodies, these antibodies exhibit very strong binding affinity for their cognate antigen,
with an affinity for VIP (K, ~0.76 nM). Seven antibody-sensitive peptide bonds were identified,
of which six were clustered between residues 14 and 22 (Paul et al. 1991). In functional studies,
separated light chains of these antibodies were found to be active in the hydrolysis of VIP (Sun et
al. 1994, 1997). Compared to reversible antigen binding, it was found that antigen cleavage by cat-
alytic antibodies was a particularly potent means to achieve the neutralization of targeted anti-
gens (Paul 1998). Significantly, the structure and function of these antibodies were inherited via
a germ-line variable light (V) gene, providing evidence that certain antibodies possessed an
innate catalytic function of certain antibodies and arguing against the idea that abzymes required
artificial haptens mimicking transition states for their generation (Gololobov et al. 1999).
Subsequently, monoclonal anti-VIP abzymes were obtained and analyzed (see below), yielding
further insight into their function.

Following the initial discovery of anti-VIP abzymes, a number of natural catalytic antibodies
with diverse activities were detected in sera of patients with different immune pathologies.
Proteolytic antibodies directed at thyroglobulin (Tg), a precursor of thyroid hormone, were found
in the serum IgG of patients with Hashimoto’s thyroiditis and systemic lupus erythematosus (SLE)
(Li et al. 1995; Paul et al. 1997). Light chains isolated from patients with multiple myeloma pos-
sessed prothrombinase activity (Thiagarajan et al. 2000). Others have reported factor VIII-cleav-
ing alloantibodies in the sera of patients with severe hemophilia (Lacroix-Desmazes et al. 1999).
The identified proteolytic antibodies cleaved their protein substrates at a small number of fixed
positions, indicating specificity of action. The K|, values of Tg- and prothrombin-directed anti-
bodies for Tg and a peptide 268271 of prothrombin were 39 nM and 103 UM, respectively, indi-
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cating high-affinity substrate recognition. In a study of the development of catalytic specificity by
abzymes, the polyreactive (nonspecific) peptidase activity of serum IgGs from healthy individuals
and patients with autoimmune disease was compared, based on the extent to which these sera
cleaved a synthetic protease substrate, Pro-Phe-Arg-methylcoumarinamide (Paul et al. 1997). A
transition from a polyreactive proteolytic activity to autoantigen-directed activity in autoimmune
disease was suggested (Paul et al. 1997). Finally, the identification of a human immunodeficiency
virus gp120-cleaving antibody light chain from multiple myeloma patients has recently demon-
strated that natural catalytic immunity is not restricted to autoantigenic substrates (Paul et al.
2000).

In addition to abzymes directed against proteins, DNA- and RNA-hydrolyzing antibodies have
also been found in the sera of patients with SLE and studied in detail (for examples, see Shuster
et al. 1992; Buneva et al. 1994; Gololobov et al. 1995; Vlassov et al. 1998a,b; Andrievskaya et al.
2000, and references therein). Subsequently, RNA- and/or DNA-hydrolyzing IgM and/or IgG were
detected in the sera of patients with several autoimmune, viral, and lymphoproliferative diseases.
These sources include Hashimoto’s thyroiditis, polyarthritis (Vlassov et al. 1998a,b), multiple scle-
rosis (MS) (Baranovskii et al. 1998), B-cell lymphomas (Kozyr et al. 1998), viral hepatitis
(Baranovsky et al. 1997), and acquired immunodeficiency syndrome (AIDS) (Gabibov et al.
1994). Such abzymes were not detected in sera from normal controls or patients with other dis-
orders, including influenza, pneumonia, tuberculosis, tonsillitis, duodenal ulcer, and some types
of cancer (Baranovsky et al. 1997), suggesting specificity of generation. Last, and intriguingly, in
addition to IgG nucleic acid-hydrolyzing abzymes (Kanyshkova et al. 1997; Buneva et al. 1998;
Semenov et al. 1998; Nevinsky et al. 2000), amylolitic abzymes (Savel’ev et al. 1999) and protein-
phosphorylating sIgA- (or IgA) abzymes (Kit et al. 1995; Nevinsky et al. 1998) were found in the
milk of healthy human mothers. Of these, the “kinase” abzymes were active against a number of
proteins including the major milk components ¢i-casein and B-casein, and they represent a first
example of natural abzymes catalyzing a bisubstrate synthetic reaction.

Quality Control Criteria for Intrinsic Catalytic Activities of Antibodies

Because antibodies can form complexes with other proteins, and antibody-mediated catalysis is
sometimes characterized by relatively low reaction rates, it is important to prove that a catalytic
activity of Ig fractions is not due to a contamination with “classic” enzymes with the same speci-
ficity. For example, if the turnover number, k_,, for the antibody is 1 min™', it may be a result of
0.002% admixture of antibody with an enzyme with k_ of 5 x 10* min~". Application of a set of
rigid criteria worked out by Paul et al. (1989) in the first articles concerning natural abzymes (for
review, see Paul 1998) allowed the authors of the initial study to conclude that the observed VIP-
hydrolyzing activity is an intrinsic property of IgGs from the sera of patients with asthma. We
note the consideration of these criteria is also useful in evaluating the properties of artificially
generated abzymes, as described above. The most important criteria used in this process by Paul
and coworkers were:

1. Electrophoretic homogeneity of the IgG (based on silver staining of an SDS-PAGE gel).
2. Retention of VIP-hydrolyzing activity by Fab fragments of the purified antibodies.

3. Complete adsorption of the catalytic activity by anti-IgG Sepharose and its elution from the
adsorbent with low-pH buffer.

4. Immunoprecipitation of abzymes by anti-IgG antibodies and disappearance of catalytic
activity from the solution.

5. Demonstration of the VIP-hydrolyzing activity in the antibodies of only 50% of asthma
patients but in no healthy controls.
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Demonstration that gel filtration of IgG at pH 2.7, in conditions providing dissociation of any
non-covalent protein complex (“acidic shock”), did not lead to the disappearance of abzyme
activity, whereas the peak of activity tracked exactly with a 150-kD IgG.

Characterization of a low K value of the abzymes for VIP (38 nM) hydrolysis, which testi-
fied to a high affinity to the substrate and was comparable with the K values of many anti-
body complexes with their antigens.

Determination that the substrate specificity of IgG-dependent hydrolysis of VIP was different
from that of any known protease.

These rigorous checks for intrinsic catalytic activities of abzymes have been used by different

groups, with some modifications, as the basis for detection of natural catalytic antibodies. As the
field has developed, other controls that have been added into the characterization regimen have
been developed by our groups and others. For example:

1.

Preservation of the catalytic activity of antibodies is demonstrated after gel filtration not only
under conditions of extremely low pH, but also in other severe conditions that effectively dis-
sociate noncovalent complexes. Examples of such conditions include use of buffers with
strongly alkaline pH (pH 10-11) or neutral buffers containing 5 M thiocyanate or 6 M guani-
dine chloride (Kit et al. 1995; Nevinsky et al. 1998).

Model experiments have been used to analyze the effectiveness of separation of mixtures con-
taining homogeneous abzymes and human enzymes of similar specificities. After chro-
matography on protein A—Sepharose and gel filtration in severe conditions, an effective sep-
aration of abzymes from the added enzymes should be clearly achieved (see Andrievskaya et
al. 2000 and references therein; Vlassov et al. 1998a,b).

Detection of a catalytic activity associated with separated L- and/or H-subunits of Ig isolated
by affinity chromatography after their dissociation in mild conditions (I mM mercap-
toethanol and 4 M urea) provides good evidence of intrinsic catalytic properties of antibod-
ies (Kanyshkova et al. 1997; Buneva et al. 1998; Nevinsky et al. 1998, 2000).

Direct evidence that antibodies possess enzymatic activities can also be obtained by using an
affinity modification method. In this approach, covalent binding of a reactive analog of the
substrate to the abzyme but not to possible contaminating proteins is demonstrated (Buneva
et al. 1994; Kit et al. 1995; Kanyshkova et al. 1997; Nevinsky et al. 1998, 2000; Semenov et al.
1998).

. A further very strong criterion of the existence of antibodies as catalysts is the in situ detec-

tion of catalytic activities of antibodies versus their Fab fragments in a gel containing the cor-
responding substrate (Kanyshkova et al. 1997; Baranovskii et al. 1998; Buneva et al. 1998;
Semenov et al. 1998; Andrievskaya et al. 2000). For example, when IgG from the milk of
healthy mothers and the Fab fragments derived from this IgG are separated by SDS-PAGE in
nonreducing conditions in a DNA-containing gel, a DNA-hydrolyzing activity is revealed in
the bands corresponding to both IgG and Fab fragments (Fig. 1) (Buneva et al. 1998). The
same results are obtained for RNA-hydrolyzing activity (Andrievskaya et al. 2000). These cri-
teria can in some cases be supplemented by the in situ detection of catalytic activities of sep-
arated Ig chains after SDS-PAGE using reducing conditions (in the presence of 2-mercap-
toethanol). For some abzymes, a DNA-hydrolyzing activity is revealed in a DNA-containing
gel for individual antibody chains (Kanyshkova et al. 1997; Baranovskii et al. 1998;
Andrievskaya et al. 2000). However, this criterion is not universal: After reduction of some
other Igs, the in-gel assay showed the absence of DNA-hydrolyzing activity in the separated L
and H chains (Semenov et al. 1998; Nevinsky et al. 2000).
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FIGURE 1. In situ gel assay of DNase activity of milk 1gG (lanes 7, 3, 5, 6) and its Fab fragments (lanes 2,
4) by SDS-PACE in a gel containing DNA. Before electrophoresis the samples were incubated in nonreduc-
ing (A) or reducing conditions (in the presence of 2-mercapthoethanol) (B). DNase activity was revealed as
a sharp dark band on the fluorescent background after ethidium bromide staining (lanes 3, 4, and 6) (the
negatives of the films are shown). Gels stained with Coomassie Blue show positions of 1gG (lane 1), its Fab
fragments (lane 2), and separated heavy (H) and light (L) chains (lane 5). Arrows indicate the positions of
molecular mass markers (Buneva et al. 1998).

In conjunction with Paul’s original list, these tests provide strong evidence supporting the
catalysis of various reactions by natural abzymes. Some of these tests, and particularly the in situ
observation of catalytic activity induced by an antibody;, its Fab fragment, and one of its individ-
ual separated chains, may be considered as the most rigid argument unambiguously assigning
observed catalytic activity to antibodies versus contaminating proteins, while also providing the
basis for subsequent structural and functional analysis of abzyme activity.

Issues in Isolation of Natural Abzymes Possessing a High Catalytic Activity

Abzymes constitute a subset of normal antibodies, and are purified and processed using similar
experimental protocols (Harlow and Lane 1988). The standard scheme of antibody isolation
includes as a first step a separation of a total antibody fraction consisting of many different Igs
with differing affinity for various antigens, including proteins, nucleic acids, and other species,
which may be tightly complexed with these antibodies. Next, monospecific preparations of anti-
bodies against the single natural antigen are isolated. These antibodies are polyclonal in origin
and may contain an extremely diverse set of Ig molecules, which include abzymes along with com-
mon antigen-binding antibodies without catalytic activity. The repertoire of antibodies differs
between individual patients, and the affinity of distinct antibody fractions for an immobilized li-
gand may differ by several orders of magnitude (Kit et al. 1995; Nevinsky et al. 1998). To simpli-
fy problems of purification, generally only the fraction of antibodies with the highest affinity for
the substrate of interest is used.

Affinity chromatography on adsorbents bearing anti-IgG, anti-IgM, and anti-IgA antibodies
on protein-A Sepharose in harsh conditions is used as the first step of purification for natural
abzymes. As a rule, this step yields homogeneous preparations of antibodies according to SDS-
PAGE (with silver staining) and western blot with immunoprobes, and ensures the effective
removal of proteins nonspecifically bound with antibodies. The next steps are chromatography
on DEAE-cellulose followed by incubation of antibody preparations for 1 hour at pH 2.6 to dis-
sociate any non-covalent complexes, followed by gel filtration on Toyopearl HW-60 or other
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FIGURE 2. Affinity chromatography of milk sIgA with casein kinase activity on ATP-Sepharose. (-) Absorp-
tion at 280 nm; (x), relative casein kinase activity of sIgA (in % to the fraction with highest activity). Fraction
1 was eluted by 50 mm Tris-HCI (pH 6.8). (Nevinsky et al 1998).

adsorbents equilibrated with the same acidic buffer (Kit et al. 1995; Nevinsky et al. 1998 and ref-
erences therein). These steps greatly reduce the likelihood that preparations of abzymes will con-
tain any contaminating proteins: However, we note that one risk of this purification regimen is
that incubation at low pH may disrupt the catalytic activity of some abzymes. The affinity chro-
matography of catalytic antibody preparations on an adsorbent bearing immobilized substrates
(proteins, nucleic acids, nucleotides, etc.) is used as a last step and usually leads to their resolution
into a set of distinct fractions demonstrating an extremely pronounced heterogeneity of mono-
specific catalytic antibodies, which differ from individual to individual. For example, affinity
chromatography of human milk sIgA preparations on ATP-Sepharose (Fig. 2) demonstrated that
these sIgA possessed a heterogeneous affinity for ATP. Usually, some fractions can only be eluted
under conditions required for disruption of very stable immune complexes (3 M NaCl, 3 M
MgCl,) (Nevinsky et al. 1998). This step permits enrichment of antibodies with strong substrate
binding.

Ideally, the final step of purification of abzymes should be their separation from noncatalytic
antibodies of the same specificity. Unfortunately, at this time, no convenient method for this has
been described. As a result, all described polyclonal abzyme preparations represent a mixture of
catalytic and noncatalytic antibodies of similar specificity. Because of this, the relative specific
activities of polyclonal enzymes may be essentially underestimated, especially as the proportion
of abzymes in the high-affinity antibody fraction isolated by affinity chromatography for a given
substrate may be in the order of 1-5% of the total population (G.A.Nevinsky et al., unpubl.).

MECHANISTIC STUDIES OF ABZYMES

To develop abzymes as tools for biological manipulations, it is necessary to understand the struc-
tural basis of their activity in detail. Although study of polyclonal abzymes provides important
information about the potential catalytic activities of antibodies, structural studies require pure,
uniform, material concentrated to high levels. Hence, these studies rely on monoclonal or recom-
binant sources of antibodies. A number of different catalytic antibodies have been analyzed as
models for understanding the basis of catalysis. Some of this work is briefly summarized below.
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SUMMARY

The VIP-hydrolyzing abzyme, which was the first polyclonal abzyme described (Paul et al.
1989), was adapted for mechanistic analysis. The light chain of the VIP abzyme was expressed in
bacteria, purified, and found to possess independent catalytic activity (Gao and Paul 1995;
Tyutyulkova et al. 1996). Subsequently, single-chain Fv constructs containing the V; domain of
the anti-VIP light chain linked via a 14-residue peptide to its natural V,; domain partner were
developed that possessed an increased affinity for the substrate ground state. From these and
other data, a model of catalysis by the anti-VIP antibodies was proposed according to which the
essential catalytic residues are located in the V;, domain and additional residues from the V
domain are involved in high-affinity binding of the substrate (Sun et al. 1997).

Molecular modeling suggested the presence of a serine protease-like site in the light chain of
VIP-hydrolyzing abzyme. This assumption was supported by inhibition of the hydrolytic activity
of recombinant L chain by serine protease inhibitors, but not by inhibitors of other classes of pro-
tease. The serine protease mechanism was further supported by the observation that catalytic
activity was lost following site-directed mutagenesis at a framework region residue, Aspl
(Gololobov et al. 1999), and at two complementarity determining region (CDR) residues, Ser-27a
and His-93 (Gao and Paul 1995), residues forming a catalytic triad modeled to be similar to that
found in serine proteases. The effect of these mutations was specific to catalysis rather than bind-
ing, and the affinity of the light chain for the substrate ground state was nearly unaffected by
mutations at Ser-27a or His-93. In contrast, a Ser-26 single mutant and His-27d/Asp-28 double
mutant displayed increased K,, (by about tenfold) and increased turnover (by about tenfold).
Thus, two types of light-chain amino acid residues participating in catalysis were suggested: those
essential for catalysis and those participating in VIP binding and indirectly limiting abzyme/sub-
strate turnover. Of note, all three critical catalytic residues (Ser-27a, His-93, Asp-1) were present
in the germ-line counterpart of the mature V|, whereas the mature and germ-line sequences dif-
fered only by four amino acids remote from the catalytic site (Gololobov et al. 1999). Differences
between the kinetic constants of the mature and germ-line light chains were marginal. These data
show that catalytic activity of VIP-hydrolyzing antibodies is encoded by a germ-line VL gene, but
can potentially be improved by somatic sequence diversification and pairing of the L chain with
the appropriate heavy chain (for reviews, see Paul 1998; Gololobov et al. 2000).

Another intensively studied system has been catalytic antibodies with esterase-like activity.
Analysis of the crystal structure of the abzyme Fab fragment has shown that the ligand p-nitro-
phenyl ester interacts with amino acid residues of both light and heavy chains of the abzyme
(Golinelli-Pimpaneau et al. 1994). Two tyrosines were found to mimic the oxyanion-binding hole
of serine proteases, at the catalytic core of the antibody. In a series of studies, the changes in bind-
ing of abzyme for a nitrophenyl phosphonate substrate were compared in germ-line versus affin-
ity-matured Fab fragment (Patten et al. 1996; Wedemayer et al. 1997a,b). Intriguingly, the bind-
ing properties of the two species differed, with the germ-line abzyme showing significant changes
in conformation subsequent to binding of hapten, whereas the affinity-matured Fab bound by a
lock-and-key mechanism. These changes were accompanied by an increased affinity of abzyme
for substrate by a factor of 10%, reflecting a decrease in complex dissociation rate. The implication
of these studies is that in vitro mutational approaches guided by detailed structural knowledge
may be a useful means of generating improved novel abzyme catalytic activities targeted against
the cleavage of proteins of biological interest.

A growing body of data suggests that catalytic abzymes may be important mediators of immuno-
logical defense, regulation, and autoimmune dysfunction. The degree to which abzymes contribute
to these biological phenomena will require continuing studies of antibody-mediated catalysis fol-
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lowing experimental immunization and autoimmune disease, as well as mechanistic investigation
of catalysis by antibodies and their subunits. From a technological point of view, the further study
of both artificial and natural abzymes with the goal of understanding of structure—function rela-
tionships, to enable production of tailor-made catalysts of potential therapeutic application, is of
high importance. Because the catalytic activity of certain antibodies is an innate function
(Gololobov et al. 1999), catalysts with specificity for virtually any target polypeptide could poten-
tially be developed, then improved by in vitro or in vivo affinity selection. The increasing number
of available X-ray structures of catalytic antibodies shows the multiplicity of solutions to the ques-
tion of how an antibody can catalyze an enzyme-like reaction. These strategies include amino acid
arrangements analogous to those in enzymes (Zhou et al. 1994), but also arrangements complete-
ly different from those selected in enzymes by natural evolution (Charbonnier et al. 1995). Anti-
idiotype approaches may enable the mimicry by abzymes of many useful enzymes (Kolesnikov et
al. 2000), enhancing their possible functions. The phenomenon of abzyme catalysis can potential-
ly be applied to isolate efficient catalysts suitable for passive immunotherapy of major diseases. For
example, cocaine-hydrolyzing abzymes have been developed and may provide a novel approach to
the problems of drug addiction (De Prada et al. 2000). Abzymes that cleave the gp120 protein of
human immunodeficiency virus (HIV) may be of use in the treatment of AIDS (Paul et al. 2000).
Through the rational design of abzymes with specified and novel catalytic functions allowing the
selective cleavage of surface proteins, it is hoped that an unprecedented level of control over in vivo
protein—protein associations may be achieved.
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