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Abstract—The novel C3-like ADP-ribosyltransferase is produced by a Staphylococcus aureus strain that especially ADP-ribosylates
RhoE/Rnd3 subtype proteins, and its three-dimensional (3D) structure has not known. In order to understand the catalytic
mechanism, the 3D structure of the protein is built by using homology modeling based on the known crystal structure of exoenzyme
C3 from Clostridium botulinum (1G24). Then the model structure is further refined by energy minimization and molecular dynamics
methods. The putative nicotinamide adenine dinucleotide (NAD™)-binding pocket of exoenzyme C3%4" is determined by Binding-
Site Search module. The NAD"-enzyme complex is developed by molecular dynamics simulation and the key residues involved in
the combination of enzyme binding to the ligand-NAD™ are determined, which is helpful to guide the experimental realization and
the new mutant designs as well. Our results indicated that the key binding-site residues of Arg48, Glul80, Ser138, Asn134, Arg85,
and GInl79 play an important role in the catalysis of exoenzyme C3%2", which is in consistent with experimental observation.

© 2004 Elsevier Ltd. All rights reserved.

1. Introduction

Various bacterial toxins are known to catalyze the
transfer of the ADP-ribose moiety of nicotinamide
adenine dinucleotide (NAD) onto specific target pro-
teins of the eukaryotic cell. The mono-ADP-ribosylation
is a post-translational modification of proteins catalyzed
by enzyme that transfer the ADP-ribose moiety of
NAD™* to specific amino acids in protein acceptor.!?
The novel C3-like ADP-ribosyltransferase is produced
by a Staphylococcus aureus strain (exoenzyme C354Y),
which catalyzes the ADP-ribosylates of RhoE/Rnd3
subtype protein at the position of Asn-44 or catalyzes
the ADP-ribosylates of Rho-A, -B, and -C proteins.’
The Rho protein belongs to the Ras superfamily of low
molecular mass GTPases, which are the major regula-
tors of actin cytoskeleton, and they are also involved in
the cell cycle progression and transcriptional activity.*©
A key issue in the search for novel molecules of phar-
macological interest is their ability to hit an enzyme
target selectively. Therefore, for rational drug design
perspective, it is important to obtain detail knowledge of
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the site where the molecule is supposed to bind. More
recently, the complexes of NAD-DT’ and hydrolyzed
NAD-ETAS3 have confirmed many conjectures regarding
the NAD binding sites of DT and ETA, including the
proximity of many catalytically important residues to
the bound ligand. Structural comparison of proposed
NAD biding site of several toxins shows that the spatial
relationship of these key residues is more conserved in
the different binding sites. Some experiments®!! explore
the NAD binding site to C3 ADP-ribosyltransferases
(including DT and PT) or C3 like ADP-ribosyltrans-
ferases, and indicate that the binding site may contain
the key amino acid residues of Glu and Arg etc. Kahn
and Bruice'? investigate the mechanism of diphtheria
toxin hydrolysis of NAD™ by molecular dynamics study,
and the results show that the charge relocalization is
from the ribose ring through a hydrogen bond to Glu.
Wilde et al.!* report on the structure—function analysis
of recombinant exoenzyme C3%?¢ that is based on site-
directed mutagenesis. Their experimental results'? dis-
play that Argd8, Arg85, Tyrl75, GInl78, and Glul80
are essential for ADP-ribosyltransferase activity.

To our best knowledge, the 3D structure and the cata-
lytic mechanism of exoenzyme C3%%" have not known.
Therefore, in the present investigation, we construct a
3D model of the enzyme and search for the binding site
of substrate. The 3D features of the model are obtained
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by a homology modeling procedure based on the crystal
structure of exoenzyme C3 (PDB code 1G24).'* The
homology model is an efficient method for the 3D
structure construction of protein.!* The model can be
used to explain substrate specificity and relationship of
enzyme function and structure. For this purpose, the
docking simulation of the exoenzyme C35*'-NAD*
complex is performed by Affinity module. The infor-
mation on the NAD™ binding domain of these enzymes
is important for understanding the catalytic mechanism
of ADP-ribosylation and can further help us to design
the selective inhibitors.

2. Theory and methods

All calculations are performed on the SGI 03800
workstations using InsightIl software package devel-
oped by Biosym Technologies.'® In the energy minimi-
zation and molecular dynamical calculations, the
consistent-valence forcefield (CVFF)'7 is employed. The
secondary structures are assigned by using DSSP pro-
gram.'®

2.1. 3D model building

The Homology module' is used to build the initial
exoenzyme C35%" model. The homology protein is
searched by Fasta program. A multiple sequence align-
ment is fulfilled based on the structural similarity among
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the templates with the aid of the Needleman—Wunsch
algorithm.?’ The sequence identity between exoenzyme
C3%@ and reference protein exoenzyme C3 from Clos-
tridium botulinum (PDB code 1G24)'* is 42%. An initial
3D structure of exoenzyme C354" is obtained by trans-
ferring the backbone coordinates of the exoenzyme C3
residues to the corresponding residues of exoenzyme
C38u | except for the several variable regions (LOOPs)
as indicated in Figure 1. To construct the structural
variable regions, a loop-searching algorithm over the
databank of known crystal structure is used. The resi-
dues at the N-terminus end and C-terminus end are
generated through end repair by using Insight/Homo-
logy program. Through the procedure mentioned above,
an initial 3D model is thus completed.

The refinement of the homology model is obtained
through energy minimization: 5000 iterations of steepest
descent (SD) calculation are performed and then the
conjugated gradient (CG) calculation is carried out until
0.1 kcalmol~! A~! of convergence on the gradient. After
above simulations, the homology model is obtained by
carrying out the molecular dynamics (MD) calculation
with the use of Discover 3 software package.?’ MD
simulations are carried out at 298 K. An explicit solvent
model TIP3P water is used. The homology model is
solvent with a 10 A water cap from the center of mass of
exoenzyme C3%%¢, Finally, a conjugate gradient energy
minimization of full protein is performed until the root
mean-square (rms) gradient energy is lower than 0.001
kcalmol~' A=!. In this step, the quality of the initial

A251) KGVECLQIEGTLKKSLDFKNDINAEAHSWGMKNYEEWAKDLTD EALDGYARQDYKEINNYL (A314

sitgftreldhmlggtnnggynealvsklnnlmns(
TEFQNTLLNSNGTINKTAFEKAKAKFLN (Al
NEKLDAQIKNISDALGKKPIPENITVYRWCGMPEFGYQISDPLPSLEDFEEQFLNTI (A3

(gap )---
E‘_lQ-ll 2315) RN Q

129)riyrengysstqlvs ke
Al65) KDRLEYGYISTSLMN = (
A379) KEDKGYMSTSLSSER i) (A440

193) svklsdnkrkiiitavvfkk
2227) RLSSDGKQIIITATMMGTAINPK|AYSNTYQEFTNIDQAKAWGNAQYKKYGLSKSEKEA
) TEVIIKGVKRYVVDATLLT |TDKVEDFKEDKEKAKEWGKEKEKEWKLTATEK

Figure 1. Multiple sequence alignment, with structurally conserved regions boxed, of exoenzyme C3%%" with two templates: exoenzyme C3 from
Clostridium botulinum (PDB code: 1G24) and VIP2 (PDB code:1QS1).
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model is improved. After the optimization procedure,
the structure is checked by Profile-3D?>?} and ProStat.
The ProStat module of InsightIl identifies and lists the
number of instances where structural features differ
significantly from the average values calculated from
known proteins.

2.2. Binding site analysis

The Binding-Site module** is a suite of programs in
InsightII for identifying and characterizing protein ac-
tive sites, binding sites, and functional residues from
protein. In this study, the Active Site-Search is used to
search for the protein active site and binding site by
locating cavities in the protein structure. First, the
protein is mapped onto a grid, which covers the com-
plete protein space. The grid points are then defined as
free points and protein points. The protein points are
grid points, within 2 A from a hydrogen atom or 2.5A
from a heavy atom. Then, a cubic eraser moves from the
outside of the protein toward the center to remove the
free points until the opening is too small for it to move
forward. Those free points not reached by the eraser will
be defined as site points. The binding site can be used to
guide the protein-ligand docking experiment. The
searched results are compared with the experiment
given by Wilde et al."’ to determine the NAD™ binding
site.

2.3. Docking the substrate into the active site

Molecular docking can fit molecules together with a
favorable configuration to form a complex system. The
structural information from the theoretical modeled
complex can help us to understand the catalytic mech-
anism of enzyme. The 3D structure of NAD™ is built
with the Builder module. For tracking the interacting
mode of exoenzyme C3%4" with NAD™, the advanced
docking program Affinity> is used to fulfill the auto-
mated molecular docking. The best binding structure of
the ligand to the receptor based on the energy of the
ligand/receptor complex is automatically found by
Affinity, which uses a combination of Monte Carlo type
and stimulated annealing procedure to dock a gust
molecule to a host one. A key feature is that the ‘bulk’ of
the receptor, defined as the atoms, which is not in the
binding site specified, holds rigid during the docking
process, while the atoms in binding site and ligand are
moveable. The potential function of the complex is
assigned by using the CVFF and the cell multipole
approach is used for nonbond interactions. To account
the solvent effect, the centered enzyme-ligand complexes
are solvated in a sphere of TIP3P water molecules with
radius 10 A. The residues of Glul80 and Glul0l are
modeled as anion. Finally, the docked complexes of
exoenzyme C35%"_NAD™ are selected according to the
criteria of interacting energy combined with geometrical
matching quality. These complexes are used as the
starting conformation for further energetic minimiza-
tion and geometrical optimization before the final
models are achieved.

3. Results and discussion
3.1. Homology modeling of exoenzyme C35%"

Two reference proteins, exoenzyme C3 from C.
botulinum (C3bot),'* and vegetative insecticidal protein2
(VIP2),% are used to model the structure of the novel
C3-like ADP-ribosyltransferase. The homology scores
for the two reference proteins compared with exoenzyme
C3%u are 42% and 32%, respectively. The exoenzyme
C3bot and VIP2 have the ADP-ribosyltransferases
activity, which catalyzes the ADP-ribosylates of Rho-A,
-B, and -C proteins. A similar mechanism is most likely
functioning in the exoenzyme C35%", exoenzyme C3bot,
and VIP2. The homology of function can ensure the
accuracy of the sequence alignment. In order to define
structural conservative regions (SCRs) of the protein
family, the multidimensional alignment is used to
superimpose the two reference structures, and the five
SCRs are determined (see Fig. 1). The Needleman-—
Wunsch algorithm with the identity matrix is used to
align the amino acid sequence of exoenzyme C35%" to
the SCRs. By comparison, we choose the most similar
reference protein exoenzyme C3bot!* as the template
protein for modeling exoenzyme C3%2". The LOOPs
between SCRs are more variable in conformation
among the reference protein. The loop-searching algo-
rithm is used to construct the structure of LOOPs. The
side chain conformations are selected to add to a protein
backbone based on a backbone-dependent rotamer
library and the optimum conformation is defined as that
with the lowest nonbond energy. The structural opti-
mization is proceeded by using energy minimization and
molecular dynamics methods and the final structure of
exoenzyme C35% is presented in Figure 2. From Figure
2 we can see that the enzyme has 7 helices and 10 sheets.
The structure has been further checked by profile 3D
and ProStat. For the exoenzyme C3%%" model, the ste-
reochemical quality is checked by ProStat and there is
not the case appeared that the bond lengths and bond
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Figure 2. The Final 3D-structure of exoenzyme C35, The structure is
obtained by energy minimizing an average conformation over the last
100 ps of MD simulation. The a-helix is represented by red color and
the B-sheet is represented by yellow color.
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Figure 3. The 3D profiles verified results of exoenzyme C3%¥, residues
with positive compatibility score are reasonably folded.

angles are different significantly from the average values
calculated from known proteins in the total residues.
The compatibility between the amino acid sequence and
the environment of the amino acid side chains in the
model is another validation criterion. Here its compat-
ibility scores are obtained by using Profile 3D and cor-
responding results for the exoenzyme C35%* model are
shown in Figure 3. Note that compatibility scores above
zero correspond to ‘acceptable’ side chain environment.
From Figure 3, we can see that all residues are reason-
able, which make us to believe that the structure of
exoenzyme C3%% is reliable. Figure 4 shows the struc-
ture alignment of Ca trace between exoenzyme C35%@v
(model in vacuum), exoenzyme C35" (model in account
solvent effect), and template protein exoenzyme C3bot.
The root mean square deviation of the Ca atoms (Ca
RMSD) between exoenzyme C3%?" (model in vacuum)
and exoenzyme C3%** (model in account solvent effect)
is 3.13 A, which indicates that the solvent effect has some
influences on the model structure. So the solvent effect
must be take into account in the molecular simulation. It
has been shown that the deviation of the Ca atoms

Figure 4. Ca trace of exoenzyme C3%% (model in vacuum represented
by green color), exoenzyme C3%* (model in account solvent effect
represented by yellow color), and template protein exoenzyme C3bot
(in purple color) produced using structure alignment.

Chem. 12 (2004) 2035-2041

between the template protein and the model protein is a
good method of validation.?” In the work, the Ca
RMSD for all residues from the best model of exoen-
zyme C3% to the corresponding atoms in the crystal
structure of template protein exoenzyme C3bot is
3.89A.

3.2. Determination of the NAD™ binding pockets

The exoenzyme C35 exoenzyme C3 from C.
botulinum, and VIP2 are well conserved in both
sequence and structure, and their biological functions
are also identical. In order to simulate the interaction
between the exoenzyme C3%# and the substrate, the
binding site is searched by Binding-Site module, which
can be used to guide the protein-ligand docking exper-
iment. By this process, two possible active sites are
searched by the Binding-Site module and they are listed
in Figure 5a and b. Sitel (in Fig. 5a) includes Ser4l,
Asnd4, Thrd5, Argd8, Serd9, Arg85, Leu87, Tyr9l,
Thr96, Thr99-Lys-Glul01, Ser138-Thr-GIn140, Argl50,
Tyr175, Glul80, and Tyr189. Site2 (in Fig. 5b) includes

Figure 5. (a) The possible sitel is searched by the Binding-Site module.
(b) The possible site2 is searched by the Binding-Site module. The key
residues are labeled by green color.
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Ser137, Glul57-Leu-Prol159, Thr162-Lys-Alal64,
Leul83-Phe-Arg-Gly-Thr-Glul88, A207-Val-Val-Phe-
Lys211, and Lys212. From the locations of the two sites,
we can see that the sites are all in general depressions in
the protein surface. After analyzing the properties of the
residues in two sites and their locations, respectively, we
think that the sitel is hydrophilic surfaces and as the
receptor-ligand binding sites, the sitel is characteristi-
cally more deep. The result of sequence alignment (in
Fig. 1) of exoenzyme C35%% compared with exoenzyme
C3 from C. botulinum reveals several conserved residues:
a conserved glutamate (Glul80), termed as the ‘catalytic
glutamic acid’; the ‘STS’ motif, known to be critical for
the enzyme activity of several ADP-ribosylating toxins,
which is changed to an ‘STQ’ motif (Ser138-Thrl39-
GInl140) in exoenzyme C3%2 2 Moreover, Arg48 and
Arg85 in exoenzyme C3%4" are conserved between C3-
like ADP-ribosyltransferases. For the final decision on
the binding site, the searched result are compared to the
experimental study by Wilde et al.'3 Indeed, the struc-
ture—function analysis of exoenzyme C35%" based on
site-directed mutagenesis by Wilde et al. indicates that
the residues of Argd8, Arg85, Tyrl75, GInl178, and
Glul80 play an essential role for ADP-ribosyltransfer-
ase activity of exoenzyme C3%2", The experimental
result'3 demonstrates that the sitel is the more reason-
able binding site to dock NAD* and will be used in the
further discussion. The sitel of substrate is a long and
deep cleft between N-terminal a-helical moiety and the
C-terminal B-sheet moiety of exoenzyme C35%. This
kind of binding site is similar to the homologous enzyme
Ecto-ADP-ribosyltransferase 2.2 from rat (rAR2.2).%

3.3. Interaction between exoenzyme C35*" and NAD"*

The 3D structure of NAD™ is built with the Builder
model. The molecular structure of NAD™ consists of an
adenosine biphosphate, ribose ring, and nicotinamide.
In order to understand the interaction between exoen-
zyme C35%" and NADY, the complex of exoenzyme
C35%u_NAD™ is developed by Affinity module. The
probable binding 3D conformation of the exoenzyme
C35u_NAD* complex is shown by Figure 6. This figure
shows that the NADT' locates in the center of the
binding pocket, which is stable by the hydrogen bond
and electrostatic interactions.

One important character of the interaction between
exoenzyme C35" and NAD™ is the hydrogen bonding
interaction (Fig. 7 and Table 1). Hydrogen bonds play
an important role for structure and function of biolog-
ical molecules, especially for the enzyme catalysis. From
Figure 7 and Table 1, we know that there are several
hydrogen bonds are formed between the NAD™ and
some residues of exoenzyme C3%%, The two hydrogen
bonds are formed between the main-chain carboxyl O of
Asnl34 and side-chain NH of Argd8 with adenosine
group of NAD*. And the side-chain OH of Ser138
forms one hydrogen bond with phosphate group of
NAD. The nicotinamide group of NADT is tightly
bound via three hydrogen bonds with the side-chains
carboxyl of Glul80, main-chain carboxyl O and main-

Figure 6. A stereo picture of the 3D-structure of complex NAD'—
exoenzyme C351¥,

Figure 7. The hydrogen bonding interaction of complex NAD"—exo-
enzyme C35t4,

Table 1. The hydrogen bonds between NAD™ and binding pocket
residues of exoenzyme C35tt

Exoenzyme C35¢ NAD™ atom Distance ~ Angle
Residue Atom (A) (deg)
Glul80 (0] Ribose OH 2.45 145.3
Arg48 NH Adenosine N 2.10 138.6
Ser138 OH Phosphate O 1.73 157.1
Asnl34 (0] Adenosine NH 1.99 149.6
GInl79 (0] Nicotinamide NH 1.84 155.6
GInl79 NH Nicotinamide O 2.09 132.9
Glul80 (0] Nicotinamide NH 1.85 160.2

chain NH of GIn179. The nicotinamide ribose is fixed by
Glul80, which forms a tight hydrogen bond to the
2'-hydroxyl group. This network of hydrogen bonds in
the catalytic site of exoenzyme C3%%" must play a vital
role in determining the level of binding affinities in
exoenzyme C35%_NAD®* complex. These hydrogen
bonding interactions may enhance the stability of
NAD*-enzyme complex. On the further inspection of
the exoenzyme C3%®-NAD®' complex model, the
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Glul180 is located adjacent to the ribose and is the only
residue conserved in all known ADP-ribosyltransferase,
which is equivalent to Glul89 of rAR2.2,%* Glul48 of
diphtheria toxin,*® Glu553 of Pseudomonas exotoxin
A} and Glul29 of pertussis toxin.3?3

To determine the key residues that comprise the binding
pocket of the model, the interaction energy of the sub-
strate with each individual amino acid in the enzyme is
also calculated. Significant binding-site residues in the
models are identified by the total interaction energy
between the substrate and each amino acid residues in
the enzyme. The interaction energies correspond only to
the enthalpic contributions to the free energy of binding.
Moreover, since this model structure corresponds to
homology modeling structure, the absolute values of
these energies could also vary. However, even with these
qualifications, the relative importance of each residue
can be inferred by its rank order of interaction
energy.’3 This identification, compared with a defini-
tion based on the distance from the substrate, can
clearly show the relative significance for every residue.
Table 2 gives the interaction energies including the total,
van der Waals, and electrostatic energies with the total
energy lower than —1.00 kcalmol™' for all residues in
exoenzyme C35%" with NAD*. This table shows that
there is large favorable total interaction energy for the
enzyme-NAD™complex and the total interaction energy
is —162.79 kcalmol™'. The van der Waals and electro-
static energies are —65.90 and —96.89 kcalmol™!,
respectively. It means that the interaction is mainly
attractive interaction. Thus we can conclude that in this
case both the van der Waals and electrostatic energies
are important for determining the binding orientations.
From Table 2 we also know that Ser138, Arg85, Tyrl75,
Argl50, Argd8, GInl40, Asnl34, Asnd44, GInl79,
Ser137, Glul80, and Leul72 are important to anchor
residues for the substrate NAD*' and have main con-
tributions to the substrate interactions. The total inter-
action energy, E., between the NAD™ and Ser138 is
—15.68 kcalmol™! in which the primary interaction
energy is electronic interaction one (Eq. = —11.51
kcalmol™!). The residues of Argl50, Argd8, Asnd4,
GIn179, and Glul80 have the similar behavior as Ser138
and the interaction energies of these residues with
NADT are mainly contributed by electronic interaction.
But, for the residue of Leul72, the interaction energy
with NAD™ is mainly contributed by van der Waals
interaction. Arg48 and Arg85 of exoenzyme C35%" are
equivalent with Arg51 and Arg88 of exoenzyme
C3bot,'* respectively. In the structure of both enzymes,
these arginine residues are part of a polar pocket in
which adenine ring of NAD™ fits. The residue of Arg48
forms a hydrogen bond with adenine ring and the
guanidinium group of Arg85 makes m—m interactions
with adenine ring.”’ These residues of Arg48, Glul80,
Ser138, Asnl34, and GInl79 have large interaction
energy with NAD™ and they form hydrogen bonds with
NAD™* simultaneity. Thus we can conjecture that these
residues are important residues for the binding of sub-
strate-NAD* with exoenzyme C3%2, which is confirmed
by Wilde et al’s experimental investigation.'> The
energy information in Table 2 may guide the selection of

Table 2. The total energy (Eiomi), van der Waals energy (Eyqy), and
electrostatic energy (E,.) between NAD' and individual residues
(|Etotal] > 1kcalmol ! listed in energy rank order)

Residue Evdw Eele Elolal
(kcalmol ™) (kcalmol ™) (kcalmol ™)

Total —65.90 -96.89 —162.79
Ser138 —4.17 —11.51 —15.68
Arg85 -7.15 —7.41 —14.56
Tyrl75 —-3.04 —6.52 —9.56
Argl50 —0.48 —8.61 -9.09
Argd8 0.23 -9.03 —8.81
GIn140 -3.17 —5.53 —8.70
Asnl34 —2.70 —-5.23 —7.93
Asnd4 —-0.93 -5.90 —6.83
GInl79 0.54 —6.58 —6.04
Ser137 —-2.30 -3.61 —-5.91
Glul80 0.70 —6.28 —5.58
Leul72 —-3.83 —1.55 —5.38
Ser40 —0.43 —4.66 -5.09
Leul47 —2.83 —1.86 —4.69
Leu87 —2.89 —1.49 —4.38
Thr139 —2.66 —-1.39 —4.05
GInl178 —1.82 —1.96 -3.78
Glyl177 —0.35 -3.16 —3.51
Gly135 —-0.77 —2.41 -3.18
Tyrl89 —2.67 —0.11 —2.78
Thr99 —0.59 -2.07 —2.66
Asn88 —0.23 —-2.42 —2.65
Thr96 —-2.73 0.36 -2.37
Argl00 —0.19 -2.16 —2.35
Ile43 —0.07 -1.97 —2.04
Leud7 —0.10 -1.92 —2.02
Thrl173 —0.37 —1.62 —1.99
Leu86 —1.54 —0.43 —-1.97
Tyr91 -0.92 —0.82 —-1.74
Prol76 -2.15 0.67 —1.48
Glul53 —0.04 —-1.29 —-1.33
Tyr36 —0.61 —0.63 —1.24
Leul83 —-0.12 —1.01 —1.13
Lys121 —0.31 —0.76 —1.07
Gly97 —0.75 —0.27 —1.02
Glul33 —0.30 —-0.71 —1.01

candidate sites for further experimental studies on site-
directed mutagenesis.

4. Conclusions

The three-dimensional structure of the novel C3-like
ADP-ribosyltransferase produced by a S. aureus strain
(exoenzyme C35%%) has not known. In this investigation,
the protein 3D structure is built by using homology
modeling based on the known crystal structure of exo-
enzyme C3 from C. botulinum (1G24). Then the model
structure is refined by the energy minimization and
molecular dynamics methods. The putative NADT-
binding pocket of exoenzyme C35% is determined by
Binding-Site Search module, of which the NAD"-
binding pockets to the enzyme has been revealed by
previous experiment, and our result is in consistent with
experimental fact. The NAD'-enzyme complex is
studied by molecular dynamics simulation and the key
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residues involved in the combination of enzyme binding
to the receptor of NAD"are defined, which is helpful for
the realization of the experiment results, and guiding the
new mutant designs as well. In our studies, the residues
of Argd8, Asnd4, Ser138, Asnl134, GInl79, and Glul80
are identified for the model and these residues are
important for strong hydrogen bonding interaction with
substrate and play an major role in the catalysis of
exoenzyme C3%% which are in good agreement with the
experiment by Wilde et al. The Arg85 also appear as
important binding-site residue has the m—m interactions
with NAD™ for the model. These residues mentioned
above may be the prime targets for site-directed muta-
genesis experiments.
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