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ABSTRACT: Histone deacetylases have proven to be attractive novel targets for the treatment of cancer. The
first inhibitor of histone deacetylases was approved for the treatment of cutaneous T-cell lymphoma in 2006.
The identification of new lead structures with improved effectiveness and fewer side effects is necessary. This
report investigates the mechanism of inhibition of a histone deacetylase-like amidohydrolase by stopped-flow
and equilibrium titration techniques. The interaction between the inhibitor (E)-3-(furan-2-yl)-N-hydroxya-
crylamide and the enzyme generates a fluorescence resonance energy transfer from the intrinsic tryptophan
residues of the enzyme to the chromophore of the inhibitor. The apparent equilibrium binding constant was
determined to be 1.9 uM. Several independent experimental results provide evidence of the existence of solely
one HDAH conformer. The association kinetics showed two phases representing two unimolecular processes.
Kinetic arguments and accurate investigation of the very fast time range suggest a fast pre-equilibrium, in
which the inhibitor binds to the surface of the enzyme. In the next step, the first complex undergoes a
conformational change that allows the inhibitor to translocate into the active site. Finally, the intermediate
complex is stabilized by another conformational rearrangement. All kinetic data are in agreement with a
reversible three-step mechanism and analyzed using a global fit, yielding the association constant of the pre-
equilibrium (K; = 0.28 x 10° M™") and the forward and reverse rate constants of the consecutive

conformational changes (ky = 6.6s ', k_y = 1.5s" ', k3 = 0.8s ', and k_3 = 0.3s7 ).

The regulation of the acetylation status of histones plays an
important role in transcription regulation of eukaryotic cells
(1, 2). Histones are acetylated by histone acetyltransferases
(HATs)' and deacetylated by histone deacetylases (HDACsS).
Increased levels of histone acetylation promote relaxation of
chromatin structure. In humans, 18 HDAC enzymes have been
identified and divided into four classes. Class I, II, and IV
enzymes depend on Zn>", whereas the members of class III,
the so-called sirtuins, require NAD™ for their enzymatic activity.
In general, HDACs can act as transcription repressors due to
histone deacetylation and promotion of chromatin condensa-
tion (3, 4). Despite this fundamental mode of action, which
appears to be rather unselective, HDAC inhibitors seem to
directly affect transcription of only a relatively small number of
genes (5, 6). Most of these genes are involved in the control of cell
growth and survival, providing a rationale for the anticancer
activity of HDAC inhibitors. In addition, there are many non-
histone protein substrates, e.g., hormone receptors, chaperone
proteins, and cytoskeleton proteins, which regulate cell prolifera-
tion and cell death (7). Therefore, HDAC inhibitors act through
transcription-dependent and transcription-independent mecha-
nisms (8, 9). Several classes of synthetic compounds and natural
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products have been reported to inhibit HDACs (reviewed in
ref 10). Furthermore, a small number of drug candidates are
currently in phase I—III clinical trials, as reviewed by Riester
etal. (11) and Lee et al. (12). Recently, the first HDAC inhibiting
drug, vorinostat (Zolinza, Merck & Co.; SAHA), has been
approved by the U.S. Food and Drug Administration (FDA)
for the treatment of cutaneous T-cell lymphoma as the first
compound in class. The development of further HDAC inhibi-
tors offers new opportunities in the treatment of cancer. The
histone deacetylase-like amidohydrolase (HDAH) from Borde-
tella serves as a validated model for HDAC6 with regard to both
structure (/3) and function (/4). The level of sequence identity
of HDAH with the second domain of HDAC6 is 35%. Both
enzymes share similar substrate and inhibitor selectivities (15,
16). It has been shown that SAHA and other hydroxamates bind
to HDAH via their hydroxamate group which interacts with the
Zn*" ion inside the active site of HDAH (13, 17). (E)-3-(Furan-2-
yl)-N-hydroxyacrylamide (FAHA), another hydroxamate, binds
to HDAH and inhibits eukaryotic HDACs (/8). The interaction
of FAHA with HDAH can be measured instantaneously by
exploiting the fluorescence resonance energy transfer (FRET)
from the intrinsic tryptophans of HDAH to FAHA which has
been shown to occur upon binding (/8).

This study aimed to produce a more detailed mechanistic view
of histone deacetylase inhibition and to complement the static
picture of previously determined crystal structures of HDAH—
inhibitor and HDAC—inhibitor complexes.

EXPERIMENTAL PROCEDURES

Reagents. (E)-3-(Furan-2-yl)-N-hydroxyacrylamide (FAHA)
and suberoylhydroxamic acid (SAHA) were synthesized according
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to the standard methods (/3, /18—20). His-tagged HDAH from
Bordetellal Alcaligenes was prepared as described previously (/4).
All other reagents were obtained from Sigma (Taufkirchen,
Germany). All binding and displacement reactions were con-
ducted under standard assay conditions in 250 mM NaCl, 250
uM EDTA, 15 mM Tris-HCI, and 50 mM potassium phosphate
(pH 8.0) at 21 °C.

Equilibrium Binding. HDAH (250 nM) was titrated with
increasing concentrations of FAHA. We assessed the formation
of the FAHA—HDAH complex by exploiting the fluorescence
resonance transfer from the donor tryptophans of HDAH to the
acceptor furylacryloyl chromophore of FAHA. The intrinsic
HDAH tryptophans were excited at 285 nm (slit width 5 nm),
and their fluorescence emission was measured at 350 nm (slit
width 10 nm) in a Hitachi F-7000 spectrofluorometer. The
binding data were fitted to the so-called four-parameter logistic
function using Origin (OriginLab Corp.):

Py—P,
Py
- {C(FAHA)}
P

RFU = P, + (1)

where P; denotes the low and P, the high plateau, P; is the ICsq
value, and P, is a measure for the steepness of the curve. Since the
concentration of FAHA was ~10 times higher than the concen-
tration of HDAH at the point of inflection, the ICs, value is
equivalent to the binding constant Kp within the experimental
variance.

Stopped-Flow Kinetics. The measurements of binding and
displacement kinetics were conducted on a Bio-Logic MOS-250
stopped-flow instrument which was described in detail pre-
viously (18). The intrinsic tryptophans of HDAH were excited
at 285 nm by a 150 W xenon mercury light source, which was
attached to a manual monochromator, and the emitted fluores-
cence light was measured after it had passed through a poly-
styrene cutoff filter to reject scattered light. The data were fitted
to either a monophasic or biphasic exponential model by using a
nonlinear least-squares fitting procedure integrated in Bio-
Kine32. The dead time of the instrument was calculated to be
<2 ms. The temperature was controlled at 21 £ 0.2 °C.

Reaction Mechanism. (i) One-Step Reaction. In a sim-
ple one-step equilibrium, mixing of the reaction partners gen-
erates a pure one-exponential binding curve under pseudo-first-
order conditions. The reciprocal time constant (1/7) depends
linearly on the concentration of reaction partner B being in high
excess over the other one:

k
A+B—C
k-

1
- =kBy+k- (2)

where k; and k_; denote the association and dissociation rate
constants, respectively. Deviations from linearity indicate a more
complex reaction mechanism.

(if) Two-Step Reaction. In many cases, the initial bimole-
cular recognition step is followed by an unimolecular step, e.g., a
conformational rearrangement of the first complex. In the case of
a fast pre-equilibrium, where kyBy 4+ k_; > k», k_,, and under
pseudo-first-order conditions, a biexponential binding curve is
obtained, which reflects both consecutive reaction steps. The
reciprocal time constant (1/7;) of the fast first binding step
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depends linearly on the concentration of excess reaction partner
B like in the one-step reaction mechanism (see eq 2). In contrast,
the second reciprocal time constant (1/7,) reaches a plateau at
higher concentrations of partner B according to the following
equation (21):

/\'1 /{z
A+B=—C=—=D

k-, k-
1 kiky By
R L 3
T kiBy+k- ’ ®)

where k; and k, are the forward rate constants and k_; and k_,
are the reverse rate constants of the two-step mechanism. By is the
molecular species in excess.

(iti) Three-Step Reaction. A three-step mechanism results, if
there are two consecutive steps which, e.g., represent distinct
conformational changes after the formation of the initial com-
plex, C. Again, pseudo-first-order conditions with species B in
excess simplify the analysis of kinetic data. The three-step
reaction is characterized by three relaxation processes. If the
pre-equilibrium is established much faster than the subsequent
unimolecular steps, e.g., kBy, k—1 > ks, k_», k3, k_3, the
reciprocal time of the fast pre-equilibrium is the same as for
the two-step mechanism and is described by eq 2. By taking the
sum and the product of the reciprocal time constants (1/z, and 1/
173) of the two slower processes, one obtains expressions that allow
for the determination of the various rate coefficients (21):

k1 ]\'z k3
A+B C D E
kfl kfz k73
I 1 kKB

Sl MY T S 4
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11 kK, By

o —m(kz-l-k—z)ﬁ-kfzk% (5)
All time constants measured for several concentrations of By
(FAHA) are analyzed by a global fit to eqs 4 and 5 to yield the
association constant of the pre-equilibrium, K;, and the other
rate constants using the generalized reduced gradient algorithm
from Lasdon et al. (22) implemented in the Solver extension of
Microsoft Excel.

Equations for the Calculation of FRET Efficiencies. The

transfer efficiency (£) of a FRET system can be calculated
according to the well-known expression given by Foerster (23):

Ry®

E=—20 6
R® + R ()

where Ry is the so-called Foerster distance and R is the distance
between donor and acceptor. E becomes 0.5, if R equals R,.
Rearrangement of eq 6 for two different distances (R; and Ry)
and elimination of R, give

RSE;

E = B 7
© (1-E)R+ER® 7

where E; and E denote the FRET efficiencies corresponding to
distances R; and R, respectively. If E; at a given distance R; is
known, E, at distance R, can be calculated for the same
donor—acceptor system.
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FiGure 1: Equilibrium binding of FAHA to HDAH. The fluores-
cence intensity of 250 nM HDAH [A¢x = 285 nm (5 nm), and A¢y,, =
350 nm (10 nm)] is plotted vs the concentration of FAHA. The assay
was performed under standard assay conditions. The data were fitted
using eq 1. The binding constant was calculated to be 1.9 uM. The
chemical structure of FAHA is shown under the curve.

RESULTS

Equilibrium Titration. Originally, FAHA was developed as
a chemical probe to assay inhibitors of HDAH and HDAC (18).
FAHA binds to the enzyme in a reversible manner with a binding
constant of 1.9 uM and generates a fluorescence resonance
energy transfer (FRET) from the intrinsic tryptophans of the
enzyme to FAHA, thereby reducing the donor fluorescence
intensity (Figure 1).

In this assay, compounds that bind to the active site of HDAH
displace FAHA and recover the tryptophan fluorescence of
unbound HDAH again. The energy transfer efficiency (E) of
the FRET was calculated from the quenching of HDAH donor
fluorescence to be 0.53.

Binding Kinetics. The FRET signal, which occurs instanta-
neously upon binding of FAHA to HDAH, allows for a detailed
analysis of the kinetics and the mechanism of the interaction.
FAHA is a hydroxamate and belongs to the same structural class
of HDAC inhibitors as the approved drug SAHA. Therefore,
FAHA is a good model for the binding of hydroxamate
inhibitors.

FAHA and HDAH were mixed in a stopped-flow instrument
to resolve fast binding steps. The concentration of HDAH was
250 nM throughout all experiments, and the concentration of
FAHA was varied and at least 8 times higher than the enzyme
concentration enabling pseudo-first-order kinetics. The binding
of FAHA to HDAH shows a biphasic decrease in tryptophan
fluorescence (Figure 2). Alternating mixing experiments of
HDAH with buffer and 10 uM FAHA revealed that there was
no detectable very fast unresolved change in the fluorescence
signal during the dead time of the instrument.

Dissociation Kinetics. To measure the dissociation kinetics
of the FAHA—HDAH complex, we formed the complex by
mixing 500 nM HDAH and 20 uM FAHA under standard assay
conditions. The solution with the FAHA—HDAH complex was
mixed with an equal volume of 500 uM hydroxamate inhibitor
SAHA (Figure 3). The high excess concentration of SAHA over
FAHA prevented rebinding and distortion of the displacement
kinetics. The apparent dissociation constant was determined
from a fit of the kinetic data to a monoexponential function to
be 0.15s7".
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FIGURE 2: Association kinetics of FAHA and HDAH. HDAH (250
nM) and FAHA (10 #uM) were mixed in standard assay buffer at pH
8.0 and 21 °C. The fluorescence intensity of HDAH is plotted vs time
after complete mixing. The data were fit to a monophasic (dark gray
line) and a biphasic exponential model (light gray line). The biphasic
exponential model yielded inverse time constants (1/7) of 5.47 and
0.79 s~ ', respectively. The deviations (AFluo) between data and the
fit to the monophasic (middle) and biphasic exponential model
(bottom) vs time are shown below.
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FI1GURE 3: Dissociation kinetics of FAHA and HDAH. SAHA (250
uM) was added to a preformed complex of 250 nM HDAH and 10
uM FAHA. The fluorescence intensity of HDAH is plotted vs time.
The data were fit to a monophasic function, yielding an off rate of
0.15s~". The deviation between data and the fit curve (gray line) vs
time is shown below.

Reaction Mechanism. The equilibrium and kinetic data are
in agreement with a three-step mechanism consisting of a fast
pre-equilibrium and two consecutive conformational changes
of the intermediate complexes. Under the assumption of a
fast pre-equilibrium, namely, k By, k—; > ky, k_», k3, k_3, and
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FIGURE 4: Analysis of the biphasic association kinetics. The single reverse reciprocal time constants [1/7; (A) and 1/7, (B)] as well as their sum (C)
and product (D) obtained from stopped-flow experiments are plotted vs the concentration of excess FAHA that was mixed with 250 nM HDAH in
all experiments. The experiments were performed under standard assay conditions. The sets of data in panels C and D were globally fit to
a consecutive three-step reaction model according to eqs 4 and 5, yielding the following values: K; = 0.28 x 10°M ™', k> = 6.6s ', k_» = 1.557",

ky=08s"andk_3 = 03s "

pseudo-first-order conditions, the sum and the product of both
inverse slow experimental time constants can be analyzed in a
straightforward manner. The binding constant of the pre-equi-
librium and the various rate constants are obtained from a global
fit of both data sets, the sum and product of the two inverse time
constants versus FAHA concentration, to eqs 4 and 5 (Figure 4C,
D). The association constant of the first binding step (K;) was
determined to be 0.28 x 10° M, and the rate constants of the
subsequent steps are as follows: k, = 6.6s~ ', k_» = 1.55 ' ky =
0.8s Landk_y =03s"

DISCUSSION

The bacterial HDAC homologue HDAH and FAHA have
been chosen as a model system for investigating the mechanism of
inhibition of HDACs, which have become key targets for drug
treatment in recent years. FAHA proved to be a well-suited tool
for the creation of an efficient FRET from the tryptophans of
HDAH to the chromophoric system of FAHA, leading to a
strong quench of the fluorescence emission of the tryptophan
residues upon binding (Figure 1). This enables detailed studies of
the interaction of HDAH and the model inhibitor FAHA in a
homogeneous solution. The generated FRET signal not only
indicates the very fast progress of the binding reaction but also
contains information about the distance between the donor
tryptophans of HDAH and the chromophoric system of FAHA.

A titration of 250 nM HDAH with increasing concentrations
of FAHA under standard assay conditions revealed an apparent
binding constant of 1.9 uM under the assumption of a simple

HDAH k= 2.8x105 w1 k,= 6.6 51 k= 0.8 51
+ — =~ C, C,= C,
FAHA k,=15s" k;=0.3s1

FIGURE 5: Postulated reaction mechanism of HDAH and FAHA.

reversible bimolecular binding model. This value is comparable
with binding constants for binding of HDAH to other hydroxa-
mates, e.g., SAHA (1.0 uM) and CypX (1.4 uM) (18). FAHA can
be displaced from its complex with HDAH by hydroxamate
inhibitors like SAHA. From the analysis of the monoexponential
dissociation kinetics induced by the addition of excess SAHA to a
preformed complex consisting of HDAH and FAHA, an appar-
ent off rate of 0.15 s~ was determined. The rather simple one-
exponential dissociation curve indicates a dominating unimole-
cular dissociation step. This observation is compatible with the
single dissociation step in a simple reversible one-step equilibri-
um, but the possibility that the observed dissociation step is the
rate-limiting step within a more complex overall reaction me-
chanism cannot be ruled out. To shed more light on the under-
lying mechanism, the association kinetics of HDAH and FAHA
were investigated with a series of stopped-flow experiments at
different FAHA concentrations. The binding reactions were
performed under standard assay and pseudo-first-order condi-
tions with respect to FAHA concentration. The association
kinetics clearly showed a biexponential decay of tryptophan
fluorescence at all FAHA concentrations (Figure 2). A closer
look at the reciprocal time constants of both phases revealed
that the reciprocal time constants of the fast phase approached
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FiGURE 6: Overlay of the HDAH—SAHA structure (chain A of the tetramer) and FAHA. FAHA and SAHA are shown as stick models colored
by element. HDAH is foreshadowed in the background for the most part. The five intrinsic tryptophan residues (violet), Arg29 (brown) at the
outside, and Zn>" (green) at the bottom of the active site are accentuated. FAHA is shown twice, superimposed on SAHA in the active site of the
HDAH—-SAHA complex and attached to the Arg29 residue at the surface of the enzyme. The dotted straight lines connect the chromophores of
the tryptophan residues and both FAHA molecules. The corresponding distances are given in angstroms.

a plateau at a concentration higher than ~8 M FAHA (Figure 4A),
whereas the reciprocal time constant of the slower phase ex-
hibited a small increase below 2 uM but remained constant at
higher concentrations of FAHA. Moreover, in the general case of
a two-step system, where the two observed processes correspond
to the two steps of the mechanism, both the sum and the product
of the two reciprocal time constants are expected to give straight
lines when plotted versus the concentration of FAHA (21). As
one can see in panels C and D of Figure 4, both plots clearly
deviate from linearity and rather show a curved dependence on
FAHA concentration. This observation provides strong evidence
for a complex reaction mechanism consisting of more than two
steps or the existence of more than one type of HDAH conformer
that is not readily interchangeable and shows different dynamics
for interacting with FAHA. There are three lines of evidence that
converge to a distinct likeliness for a homogeneous population of
HDAH molecules. The first argument is based on the observed
one-exponential dissociation curve of the HDAH—FAHA com-
plex (Figure 3). If there would be two or more types of HDAH
conformers, they may form different complexes with FAHA and
dissociate at different rates. The second argument utilizes the
reaction of HDAH with fluorescamine (unpublished results). In
general, fluorescamine is used to create fluorescent conjugates of
proteins, peptides, or amino acids containing a primary amino
group. According to the reaction of alanine with fluoresca-
mine (24), a series of kinetic experiments under pseudo-first-order
conditions and a high excess of fluorescamine over HDAH
revealed solely one-exponential reaction curves. Further analysis
of the concentration dependence of the corresponding time
constants was in agreement with a two-step mechanism involving
one molecular species of HDAH. The ratio of the association
and dissociation rates, k;/k_;, of the first reversible step was

determined to be 0.9 mM ™, and the rate constant for the
irreversible second step, k», is 77.5 s L. These values were of
the same order of magnitude as those estimated by Stein et al. (24)
for the reaction of alanine with fluorescamine (ki/k—; = 0.2
mM ™!, and k, = 100s~"). This means that HDAH behaves like a
homogeneous population of molecules when reacting with
fluorescamine. The third argument for the existence of one type
of HDAH conformer is based on denaturation experiments with
HDAH in the presence and absence of the inhibitor CypX (25). In
that study, the denaturation of HDAH or HDAH-CypX
complexes was initiated by mixing with concentrated solutions
of guanidine hydrochloride in a stopped-flow instrument. All
denaturation experiments at final denaturant concentrations of
2.4,2.8,and 3.2 M showed distinct one-exponential curves which
also militate against a mixture of HDAH conformers. While it is
very difficult to directly prove the conformational homogeneity
of HDAH, our line of arguments suggests that the existence of
two or more types of HDAH conformers is rather unlikely.

The fact that both measurable time constants remain constant
above 8 uM FAHA suggests that both corresponding phases
represent unimolecular processes that are not directly dependent
on FAHA. The equilibrium titration experiment shows that
formation of the HDAH complex with FAHA is not complete
at <8 uM (Figure 1). With a combination of the equilibrium and
kinetic results, it appears probable that there is a fast pre-
equilibrium that limits the two observed consecutive unimolecu-
lar processes. This raises the question of why this first association
step does not generate a measurable FRET signal, though FAHA
and HDAH must form an intermediate complex, C; (Figure 5),
where HDAH and FAHA come into close contact.

In principle, the pre-equilibrium could be nonaccessible,
because of an extremely fast establishment during mixing within
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the stopped-flow instrument before the data are recorded. The
dead time of the instrument under the conditions of the experi-
ment was determined to be ~2 ms. A thorough investigation of
the very fast time range of the fluorescence signal of alternating
mixtures of HDAH with FAHA and assay buffer proved that
there was no measurable very fast FRET signal. An alternative
explanation for the missing FRET signal of the postulated fast
pre-equilibrium could be that the distance between FAHA and
HDAH in the first complex, C;, would be too long to generate a
measurable FRET signal. To test this hypothesis, we super-
imposed the lowest-energy conformer of FAHA (estimated using
MarvinSketch from ChemAxon version 5.1.5) on SAHA within
the active site of the determined crystal structures of the
HDAH—-SAHA complex (/3) by minimizing the root-mean-
square distance between the heavy atoms of the corresponding
hydroxamate groups and pairs of the four adjacent carbon atoms
(Figure 6).

The average distance between the donor tryptophan residues
and FAHA positioned within the active site was estimated to be
~21 A. If we assume that FAHA binds to the outer surface of
HDAH in the first association step, it may interact with, e.g., the
positively charged Arg29 in the outer loop (Aspl5—Leu37) close
to the entrance of the active site channel. The averaged distance
between the outside bound FAHA and the tryptophan residues
would be ~45 A. For this hypothetical distance, the theoretical
energy transfer efficiency can be calculated according to eq 7 to
be as low as 0.01. Such a small effect on the donor fluorescence
would certainly be overlooked under the conditions of the
stopped-flow experiment. Hence, FAHA may bind to the
surface of HDAH at first without generating a measurable
FRET before it moves into the active site. The two slower
unimolecular processes, which can be measured, are interpreted
as conformational changes in FAHA—HDAH complexes C; and
C, (Figure 5).

The kinetic and spectroscopic data prove that there is no direct
binding of FAHA to the interior of the active site. The access to
the active site must be hindered, probably due to an unfavorable
initial conformation of HDAH. A conformational change in the
initial complex, C;, may open the way to the active site and be
reflected by the first observed relatively slow phase. Once there is
free access to the active site, the outside bound inhibitor can
translocate rapidly into the interior of the enzyme, generating a
pronounced FRET signal in complex C,. The third step could be
an additional inhibitor-induced conformational rearrangement
of C,, which stabilizes the final complex, Cs. All kinetic data for
the binding reaction were analyzed according to eqs 4 and 5,
yielding the association constant of the fast equilibrium (K; =
0.28 x 10° M™") and the rate constants of the consecutive
conformational changes (k, = 6.6 sk, =155 ky =
0.8 5!, and k_3 = 0.3 s7"). The apparent dissociation rate
constant of 0.15 s~', which has been determined in a displace-
ment experiment, reflects the rate-limiting step in the dissociation
of the FAHA-HDAH complex. The apparent dissociation
constant is assigned to the rate-limiting dissociation of the final
complex, Cs, because the corresponding time constants are
similar.

The mechanism by which inhibitors interact with enzymes has
been investigated by many researchers. Many enzymes are
reported to be inhibited in a one-step mechanism (26—28). Some
other studies report two-step reactions, in which a rapid pre-
equilibrium is followed by a slower conformational change
leading to a more stable complex (29—31). However, there are
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only a few studies, e.g., with cytochrome P4503A4 (32) and
thrombin (33), that have found an enzyme inhibition mechanism
consisting of three or more steps like in our study. It is not
unexpected that different enzymes exhibit different modes of
inhibition. These mechanistic differences are not obvious from
crystal or NMR enzyme—inhibitor complexes. Our study proves
once more that structural and kinetic data complement each
other and improve our understanding of the molecular processes.
Further studies with different inhibitors from the same or other
structural classes that must generate a specific measurement
signal could be used to learn more about the influence of inhibitor
structure not only on the speed but also on the mechanism of
interaction with HDAH.

In conclusion, all kinetic data of this study are in agreement
with a reversible three-step mechanism for the inhibition of
HDAH by FAHA. Kinetic and spectroscopic data suggest a fast
pre-equilibrium, where FAHA binds to the surface of HDAH. A
subsequent conformational change of the first complex is sup-
posed to open access to the interior of the enzyme accompanied
by a rapid translocation of the inhibitor into the active site. The
last step is considered as a conformational rearrangement to
further stabilize the final complex. The location of the postulated
preliminary binding site at the surface of HDAH and the
consideration of the observed distinct conformational changes
of intermediate HDAH—FAHA complexes may provide some
new clues for the development of novel lead structures.
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