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Abstract—Homology modeling, molecular docking, and molecular dynamics simulation have been performed to determine human
15-hydroxyprostaglandin dehydrogenase (15-PGDH) binding with its NAD" cofactor and prostaglandin E2 (PGE,) substrate. The
computational studies have led to a three-dimensional (3D) model of the entire 15-PGDH-NAD*-PGE, complex, demonstrating
the detailed binding of PGE, with 15-PGDH for the first time. This 3D model shows specific interactions of the protein with the cofac-
tor and substrate in qualitative agreement with available experimental data. Our model demonstrates the PGE,-binding cavity of the
protein for the first time. The model further leads to an interesting prediction that the catalytic activity of 15-PGDH should also sig-
nificantly be affected by GIn148, in addition to the previously known three catalytic residues (Ser138, Tyr151, and Lys155). The
reported 3D model of 15-PGDH-NAD*-PGE, complex might be valuable for future rational design of novel inhibitors of 15-PGDH.

© 2005 Elsevier Ltd. All rights reserved.

1. Introduction

Prostaglandins are derived from arachidonic acid
through the prostaglandin endoperoxide synthase path-
way.! Prostaglandins have a variety of biological activi-
ties and are relatively short-lived in vivo. A cytosolic
enzyme, NAD"-dependent 15-hydroxyprostaglandin
dehydrogenase (15-PGDH)), is the key catabolic enzyme,
which controls the biological activities of the prostaglan-
dins. The enzyme 15-PGDH catalyzes the oxidation of 15
(S)-hydroxyl group of prostaglandins to 15 ketone,
resulting in the biological inactivation of prostaglandins.?

15-PGDH is found in most of the mammalian tissues.
The highest activities are detected in lung, kidney, and
placenta.? 15-PGDH was proposed to be a dimer com-
posed of identical subunits with a molecular weight of
29 kDa; however, recent evidence suggests that 15-
PGDH may be monomeric in its native form.* The
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cDNA of the enzyme was cloned® and the amino acid se-
quence analysis showed that 15-PGDH belongs to the
short-chain dehydrogenase family, which includes more
than 60 different enzymes.® These enzymes show a con-
siderable diversity in their use of substrates. A compar-
ison of the amino acid sequence of 15-PGDH with those
of other short-chain dehydrogenases reveals an overall
homology of 20% with several strictly conserved amino
acid residues. One of us demonstrated that Tyrl5l1,
Lys155, and Ser138 of human 15-PGDH are critical
for the catalytic activity and proposed that these three
residues form a catalytic triad.”°

Although no three-dimensional (3D) X-ray crystal struc-
ture of 15-PGDH has been reported in the literature, 3D
X-ray crystal structures of the binary and tertiary
complexes of another short-chain dehydrogenase 7o-
hydroxysteroid dehydrogenase from E. coli have been
elucidated.'® These studies indicated that the hydroxyl
groups of a serine (Ser138 in 15-PGDH) and a tyrosine
(Tyr151 in 15-PGDH) within the active site most likely
interact with the oxygen atom of the hydroxyl group of
the substrate undergoing oxidation in the productive
binding mode. The g-amino group of the lysine residue
forms a hydrogen bond with the cis-diol of the nicotin-
amide ribose of the coenzyme, NAD™. It has also been
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found that Cys182 of human 15-PGDH is essential as this
residue may form part of the NAD" binding domain.'!
Recently, we have demonstrated that Thr188 of human
15-PGDH appears to be critical for interaction with
NAD™ as the Thr188Ser mutant of 15-PGDH exhibited
a 100-fold increase in the K, for NAD™ whereas the K,
for prostaglandin E2 (PGE,) was unchanged.'? It has also
been suggested that relatively conserved residues Ilel7,
Asn91, and Vall86 are also involved in the interaction
with NAD" by hydrogen bonding since some mutants
at each position exhibited Ky, values for NAD" nearly
10-fold higher than that of the wild type with much smal-
ler change in K, values for PGE,.!3 However, these stud-
ies were essentially focused on the residues in the
conserved domain of the enzyme binding with NAD™.
A 3D model of 15-PGDH obtained from molecular mod-
eling studies reported by Krook et al. was also used to
study the 15-PGDH binding with NAD™.'* However,
the specific binding of 15-PGDH with PGE, and binding
of PGE, with NAD™ have not been examined in terms of
3D molecular structure.

In the present work, we have built a 3D model of the en-
tire 15-PGDH protein by performing molecular model-
ing and simulation. This 3D model enables us to study
the binding of 15-PGDH with PGE, and binding of
PGE, with NAD". The simulated 3D model of the en-
tire 15-PGDH-NAD"-PGE, complex provides useful
insights into the architecture of the 15-PGDH active site
and the stereospecific oxidation of PGE,. The computa-
tional results also clearly suggest that the catalytic mech-
anism involves an amino acid residue, which has not
been mentioned in the literature.

2. Methods
2.1. Initial model of the three-dimensional (3D) structure

The amino acid sequences of the human hydroxyprosta-
glandin dehydrogenase [AC: 31542939] were generated
from the GenBank database.' The search for sequence
similarities with several members of the prostaglandin
dehydrogenase family within the Protein Data Bank
(PDB)!® database was performed with the BLAST pro-
gram.!” The coordinates of the crystal structures of Lev-
odione Reductase from Corynebacterium aquaticum [1D:
11Y8 chain A, 1.6 A resolution]'® and Tropinone Reduc-
tase-11 from Datura stramonium [ID: 2AE2, 2.3 A reso-
lution]'® were used as the templates to build the initial
15-PGDH models. Multiple-sequence alignment was
performed using Homology module of InsightII (Accel-
rys, Inc.) and then we manually adjusted the structure to
move gaps from the regions within helices and strands to
those of loops. The 3D-models of the hydroxyprosta-
glandin dehydrogenase protein were generated using
the automated homology modeling tool Modeler?%2!/In-
sightIl with default parameters.

2.2. Model refinement and evaluation

The best initial model obtained from the homology
modeling was solvated with solvent water molecules

and was roughly energy-minimized in order to make it
suitable for performing molecular dynamics (MD) simu-
lation to relax the loops and side chain (see below for the
details of the MD simulation procedure). During the
MD simulation, constraints with a force constant of
50 kcal mol A~ were applied to the backbone atoms
(N, Ca, C, and O) of the structurally conserved regions
(SCR). The simulated 3D model was evaluated periodi-
cally for its stereochemical quality as well as its residue
packing and atomic contacts. The program used to eval-
uate the modeled protein structure is Procheck.?? The
atomic contact analysis was performed by using the
Whatif program?3 to identify bad packing of side chain
atoms or unusual residue contacts.

2.3. Molecular docking

The geometries of NAD" and PGE, molecules were
optimized by performing ab initio electronic structure
calculations using the Gaussian03 program®* at the
HF/6-31G* level. The optimized geometries were used
to calculate the electrostatic potentials on the molecular
surfaces at the same HF/6-31G* level. The calculated
electrostatic potentials were used to determine the par-
tial atomic charges by using the standard restrained elec-
trostatic potential (RESP) fitting procedure.>> The
determined RESP charges were used in the calculations
of electrostatic energy terms in the docking and MD
simulation processes. The NAD" was added to the re-
fined 3D model of 15-PGDH by superimposition of
our 15-PGDH model with the aforementioned X-ray
crystal structure complexed with NAD™.'® This 3D
model of the 15-PGDH-NAD" complex was used to
study further binding with substrate PGE, by using a
molecular dynamics docking approach. In modeling
the entire 15-PGDH-NAD*-PGE, complex, the first
step was a visual analysis of the 15-PGDH-NAD" com-
plex in order to identify a suitable location (binding
pocket) and orientation on the protein surface where li-
gand PGE, could have appropriate interactions with 15-
PGDH-NAD". Thus, several possible PGE,-binding
pockets were identified. Then, PGE, was positioned at
9 A in front of each of these possible binding pockets
as an initial structure for the molecular docking. Each
of these initial structures was used to perform a MD
simulation with implicit water using the Discover mod-
ule of Insightll. During the MD simulation with implicit
water, only side chains of the residues in the binding
pocket was allowed to move. Then, the MD-simulated
structures of the 15-PGDH-NAD"-PGE, complex were
neutralized and solvated with water molecules. These
structures were energy-minimized until the energy deriva-
tive became less than 0.001 kcal/mol/A. Each of the
energy-minimized structure was used to perform MD
simulation for 1.6 ns at 300 K.

2.4. Molecular dynamics simulation procedure

The initial geometry of 15-PGDH or 15-PGDH-NAD*—
PGE, structure was neutralized by adding 5 sodium
counterions and was solvated in a rectangular box of
TIP3P water molecules®® with a minimum solute-wall
distance of 10 A. The counterions were added randomly
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with the tleap module of Amber7 program?’ and these
ions were found in water outside the protein. The sol-
vated system was energy-minimized prior to the MD simu-
lation. The general procedure for carrying out the MD
simulations in water is similar to that used in our previ-
ously reported other computational studies.?® 3? First of
all, the protein-ligand was frozen and the solvent water
molecules with counterions were allowed to move during
a 5000-step energy minimization with the conjugate gra-
dient algorithm and a 10 ps MD run at 7 = 300 K. After
full relaxation and the entire solvated system was energy-
minimized, the system was slowly heated from 7= 10 K
to 7= 300 K in 60 ps before the production MD simula-
tion for 1.6 ns. The MD simulation was performed with a
periodic boundary condition in the NPT ensemble at
T =300 K with Berendsen et al.>? temperature coupling
and constant pressure (P = 1 atm) with isotropic mole-
cule-based scaling. The SHAKE algorithm3* was applied
to fix all covalent bonds containing a hydrogen atom, a
time step of 2 fs was used, and the non-bond pair list
was updated every 10 steps. The pressure was adjusted
by isotropic position scaling. The particle mesh Ewald
(PME) method?® was used to treat long-range electro-
static interactions. A residue-based cutoff of 10 A was
applied to the non-covalent interactions. During the
MD simulation, the coordinates of the simulated com-

BA

plex were saved every 1 ps. The simulation was per-
formed by using the Sander module of Amber7
program. The same MD simulation procedure was also
performed on another 15-PGDH-NAD*-PGE, com-
plex in which the 15-PGDH protein is a mutant, Ile1 7A-
la. The initial structure of 15-PGDH-NAD-PGE,
complex for the Ilel 7Ala mutant was generated by using
the last snapshot of the MD-simulated 15-PGDH-
NAD*-PGE, complex for the wild-type 15-PGDH pro-
tein but changing the side chain of the mutated residue.

All of the computations were performed on a supercom-
puter (Superdome) at University of Kentucky Center for
Computational Sciences and on SGI Fuel workstations
and a 34-processors IBM x335 Linux cluster in our
own lab.

3. Results and discussion

The amino acid sequence alignment revealed 33% iden-
tity between the human 15-PGDH and C. aquaticum
Levodione Reductase and 23% identity between the
human 15-PGDH and D. stramonium Tropinone Reduc-
tase (Fig. 1). The ‘Whatif quality report’ results summa-
rized in Table 1 indicate that the initial 15-PGDH model

oA BB o

15-PGDH: - - -MHVNGKVALVTGAAQGIGRAFAEALLLKGAKVALVDWNLEAGVQCKA
1IY8: ----RFTDRVVLITGGGSGLGRATAVRLAAEGAKLSLVDVSSEGLEASKA
2AE2: AGRWNLEGCTALVTGGSRGIGYGIVEELASLGASVYTCSRNQKELNDCLT

BC

aC BD

15-PGDH: ALDEQFEPQKTLFIQCDVADQQQOLRDTFRKVVDHFGRLDILVNNAGVNN-

1IY8: AVLETAPDAEVLTTVADVSDEAQVEAYVTATTERFGRIDGFFNNAGIEGK
2AE2: QWRSKGFKVEASVCDLSSRSERQELMNTVANHFHGK-LNILVNNAGIVI -
oD BE
15-PGDH: -------- EKNWEKTLQINLVSVISGTYLGLDYMSKQNGGEG--GIIINM
1IY8: OQNPTESFTAAEFDKVVSINLRGVFLGLEKVLKIMREQGS----- GMVVNT
2AE2: ----- YKEAKDYTVEDYSLIMSINFEAAYHLSVLAHPFLKASERGNVVFI
oE oF BF

15-PGDH: SSLAGLMPVAQQPVYCASKHGIVGFTRSAALAANLMNSGVRLNAICPGFV

11Y8:
2AE2:
aG

ASVGGIRGIGNQSGYAAAKHGVVGLTRNSAVEYGRYG--IRINAIAPGAT
SSVSGALAVPYEAVYGATKGAMDQLTRCLAFEWAKDN - - IRVNGVGPGVI

ol

15-PGDH: NTAILESIEKEENMGQYIEYKDHIKDMIKYYGILDPPLIANGLITLIEDD

WTPMVENSMKQLDPENPRKAAEEFIQVNPSKRYGEAPEIAAVVAFLLSDD
ATSLVEMTIQ--DPEQKENLNKLI -DRCALRRMGEPKELAAMVAFLCFPA

1IY8:
2AE2:
BG
15-PGDH: AL--NGAIMKITTSKGIHFQDYDTT
1IY8: ASYVNATVVPIDGGQSAAY
2AE2: ASYVTGQIIYVDGGLMANCGF

Figure 1. Multiple alignment of NAD(P)-binding Rossmann-like domain amino acid sequences. The sequences for human, Corynebacterium
aquaticum and Datura stramonium were aligned using Homology module of InsightIl. The secondary structures are indicated along the top of
alignment (o represents a-helix; B refers to B-sheet). The residues close to PGE, are indicated in bold.

Table 1. Whatif quality report (Z-score)* for the initial model of 15-PGDH before performing the MD simulation and for the final model of

15-PGDH refined by the MD simulation

Backbone-backbone

Backbone-side chain

Side chain-backbone Side chain-side Z-score for all

contacts contacts contact chain contacts contacts
Initial model 1.04 —4.12 —0.36 —4.16 -2.19
Refined model 0.74 -2.90 0.21 —2.33 —1.44

4 Whatif ‘Fine Packing Quality Control report. Average values of the Z-score for all contacts of the protein can be read as follows: —5.0 < Z-score
(guaranteed wrong structure) < —3.0 < Z-score (probably bad structure) < —2.0 < Z-score (good model).
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obtained before performing the MD simulation in water
is associated with a bad Z-score (Z-score less than —4)
for the backbone-side chain and side chain-side chain
interactions, whereas the Z-score of the backbone—back-
bone contact is positive and shows a reasonable back-
bone structure. The bad contacts between the side
chains are usually observed when the model is built with
more than one template. To fix these bad contacts, the
3D model was used to perform a MD simulation on
the solvated 15-PGDH-NAD*-PGE, complex. Such
kind of MD simulation is usually performed for the
refinement of a homology model.*®3# Since the back-
bone-backbone contacts were reasonable, during the
MD simulation the backbone was fixed by applying
constraints on the backbone atoms as described in the
METHODS section.

The analysis of the main-chain torsion angles in the re-
fined model of 15-PGDH revealed that the 300 ps MD
simulation did not cause any severe distortion of the
protein backbone structure. A total of 85.6% of the resi-
dues are in the most favored regions of the Ramachan-
dran plot with 13.9% in additionally allowed regions,
giving a total of 99.5%. Other stereochemical parameters
such as peptide planarity, bad non-bonded interactions,
main-chain hydrogen bonding energy and standard
deviations of y1 angle (i.e., the first torsion angle of
the side chain) were also examined. Moreover, the evalu-
ation of the structural integrity of the final 15-PGDH
model showed a Z-score of —1.44 (Table 1). The Z-

scores calculated for individual residues are depicted in
Figure 2. This value falls in the acceptable range for a
valid structure. It was recommended that if the Whatif
score is below —35, the model is definitely of low quality.
If the Whatif value is above —2, it is recommended as a
good structure.?® The last test allowed evaluating the
stability of the protein folding in the presence of
NAD™ and PGE,. To control the stability of the simu-
lated structure during the MD simulation, the root mean
square deviation (RMSD) from the starting structure
was monitored. As shown in Figure 3, the Co RMSD
stabilized near 1.7 A indicating that the core structure
of the protein was stable during the MD simulation.
The simulated 3D structure model of the ternary com-
plex of 15-PGDH-NAD*-PGE, shown in Figure 4 is
satisfactory, despite the low identity between the human
hydroxyprostaglandin sequence and the templates.

The simulated 3D model structure of the protein con-
sists of a core domain that includes most of the polypep-
tide and a small lobe (oG and oH) that protrudes from
the core. A deep cleft is recognized between the core do-
main and small lobe, which is presumed to be the bind-
ing site for PGE,. The center of the core domain is a
seven-stranded parallel-sheet, flanked on each side by
a-helices, which constitutes the ‘Rossmann fold’ topol-
ogy. This core structure is highly conserved among the
SDR family members, despite relatively low residue
identity between these enzymes (around 30% iden-
tity).>3° The small lobe of this model is also very similar

Z-score

Residue

Figure 2. Whatif quality report of the human 15-PGDH model.
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Figure 3. Internuclear distances and C, trace RMSD during the MD simulation of the wild type with the ligands. The distances D1 to D5 are
depicted in Figure 5. D1 represents the distance between the hydroxyl hydrogen of Thr188 and the phosphate oxygen of NAD™. D2 refers to the
distance between hydrogen of Ile17 backbone NH and the phosphate oxygen of NAD™. D3 is the distance between oxygen of the sugar group of
NAD™ and nitrogen NZ atom of the amine group of Lys155. D4 represents the distance between the oxygen of the amide group of the nicotinamide

ring and the main-chain amine of Vall86. DS is the distance between oxygen of GIn148 amide group and the hydroxyl hydrogen of PGE,.
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Figure 4. 3D structure of 15-PGDH-NAD'-PGE, complex. PGE,
(ball and stick), NAD" (stick).

to each other, although the structure of this region is
highly variable among SDR family members for which
a few crystal structures have been known. As seen in
Figure 4, NAD™ is located at the bottom of the cleft be-
tween the core domain and the small lobe. The carbox-
amide group of the nicotinamide ring is anchored by the
main-chain oxygen and nitrogen atoms of Vall86 and
the side-chain oxygen of Thr188 (Fig. 5). This tight
binding of the carboxamide to the protein directs the
face of the nicotinamide ring toward the PGE,, consis-
tent with a C-15 hydrogen transfer.

Our simulated 3D model of the entire 15-PGDH-
NAD"-PGE, complex is consistent with all of the previ-
ously reported experimental data concerning the cata-
lytic activity of 15-PGDH mutants.”%!>1340 For
example, our model of the 15-PGDH-NAD"-PGE,
complex reveals that the NH, group of Asn91 side chain
has a hydrogen bond with a oxygen atom of NAD", as
seen in Figure 5, which explains why the Asn91Ala
mutation decreased the catalytic activity of 15-PGDH
for NAD" by ~12-fold. Indeed, residues GInl5, Ilel7,
Trp37, Asn91, Ser138, Tyrl51, Vall86, Lysl55, and
Thr188 have been postulated to be of functional impor-
tance in the specific binding of the cofactor.!? These resi-
dues stay around NAD" and stabilize it through a
network of hydrogen bonds. Our simulated model theo-
retically supports the postulation. Moreover, in our 3D
model the binding cavity of the PGE, substrate is found
to be located between aE, aF, oG, and oH helices and
C-terminal residues, which is consistent with the experi-
mental finding that the protein activity was changed
when the C-terminal residues were mutated.*!

We note that some essential residues in a long segment
[le190-Pro222 were not included in the 3D model of

D4.309 |SER138—OH "* g
HO—{ TYR151
17,7

/D3 HN— LYs155

—NH,z=-=-- Oy OH
\—N\

237 “HN | Aspe4
VAL65

Figure 5. Schematic view of the interactions of NAD" and PGE, with
15-PGDH. The hydrogen bonds are indicated with dashed lines. The
distances are given in angstroms.

the human 15-PGDH reported by Krook et al.'* Our re-
sults demonstrate that the binding pocket of PGE, is
close to these amino acids, including Ile190 to E198
(G helix), Tyr206 to Met213 (aH helix and loop),
and others indicated in Figure 1. Based on our model-
ing, the bound PGE; is predicted to be in contact with
about eight amino acids in 15-PGDH (Fig. 6). The hy-
droxyl groups on C-11 and C-15 of PGE, have hydro-
gen bonds with the main-chain oxygen of Gly184, the
side-chain hydroxyl group of Ser138, and the side-chain
oxygen of GInl48 (Fig. 5). The PGE, binding site is
mainly surrounded by hydrophobic residues (Vall45s,
Alal46, Glyl84, Ile194, and Gly250), most of which
are located in the loops within the core domain or
between oF and oF.

On the basis of the previous extensive experimental
studies, it has been proposed in the literature!?:13-3941-44
that the mechanism for the reaction of PGE, catalyzed
by 15-PGDH and other members of the SDR family
involves a ‘Ser-Tyr-Lys catalytic triad’, which consists
of Serl138, Tyrl51, and Lysl55 in 15-PGDH. As
depicted in Figure 5, our model shows close contacts
of the substrate with these three residues, which is con-
sistent with the experimental observation that these
three residues are involved in the catalytic mechanism.
Our model depicted in Figure 5 further reveals for
the first time that GInl48 should also have a role on
the catalysis, because its side-chain oxygen atom
strongly hydrogen bonds to the hydroxyl group of the
substrate.
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Figure 6. 3D view of the PGE, and NAD" ligands in the human 15-
PGDH binding site.

Recently reported experimental data'’ indicated that
exchanging Ile17 to Ala decreased the biological activity
of the resulting mutant significantly. In order to inter-
pret such an interesting experimental finding and to con-
firm our simulated 3D model of 15-PGDH-NAD"-
PGE, complex concerning the protein-ligand interac-

Figure 7. Relative positions of NAD" and PGE, and some residues of
15-PGDH wild-type and 117A mutant. The yellow and red refer to the
wild-type and mutant complexes, respectively.

tions for 15-PGDH with NAD" and PGE,, we also
simulated the 15-PGDH-NAD*-PGE, complex for
the Ilel7Ala mutant 15-PGDH. The mutated residue is
shown in Figure 7. Figures 3 and 8 show that the MD
trajectory of the simulated 15-PGDH-NAD'-PGE,
complex for the wild-type protein was stabilized after

| letMamint [ Dot —bz —bs —D¢ —D5 —RusD |
: MI*“M.L’M"‘J!.‘A', kjvmuum”,, 1”’ m I qW; iy A
R N
0 400 T?n(::(ps) 1200 1600

Figure 8. Internuclear distances and C, trace RMSD during the MD simulation of the Ilel7Ala mutant with the ligands. The distances D1 to D5 are
depicted in Figure 5. D1 represents the distance between the hydroxyl hydrogen of Thr188 and the phosphate oxygen of NAD™. D2 refers to the
distance between hydrogen of Ile17 backbone NH and the phosphate oxygen of NAD™. D3 is the distance between oxygen of the sugar group of
NAD™ and nitrogen NZ atom of the amine group of Lys155. D4 represents the distance between the oxygen of the amide group of the nicotinamide
ring and the main-chain amine of Vall86. DS is the distance between oxygen of GIn148 amide group and the hydroxyl hydrogen of PGE,.
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600 ps MD simulation, whereas the hydrogen bond (dis-
tance D5 in Fig. 8) in the Ilel7Ala mutant disappeared
after about 150 ps. Further, we superimposed the simu-
lated 15-PGDH-NAD"-PGE, complex for the wild-
type protein with that for the Ilel7Ala mutant. As
shown in Figure 7, the position of NAD" in the mutant
was shifted slightly to the left side because of the de-
creased steric hindrance of side chain of the residue
17, resulting in some conformational change of PGE,
and the increase of distance D5. This is qualitatively
consistent with the latest experimental data that the
K., of the Ile17Ala mutant for NAD* was about 15-fold
larger than that of the wild-type.'? This further supports
that our 3D model of 15-PGDH-NAD"-PGE, complex
is reasonable.

Since human 15-PGDH protein is an interesting thera-
peutic target, identification of the protein binding site
for PGE, substrate and the 15-PGDH-NAD'-PGE,
binding mode is essential for understanding the catalytic
mechanism. Making mutations on the identified residues
involved in the protein binding with the substrate and
testing the catalytic activity of the mutants, one will be
able to experimentally examine our computational pre-
diction of the 15-PGDH-NAD*-PGE, binding mode.
The 3D model of 15-PGDH-NAD"-PGE, complex ob-
tained from this study might be also useful in future
rational design of novel inhibitors of 15-PGDH.

4. Conclusion

The previous studies using site-directed mutagenesis to
determine the requirements for productive interaction
with the PGE, substrate have not been possible to
clearly define the domains of the human 15-hydroxypro-
staglandin dehydrogenase (15-PGDH) required for the
interaction with the PGE2 substrate. In the present
study, a combined use of homology modeling, molecular
docking, and molecular dynamics simulation techniques
led to a 3D model of the entire 15-PGDH-NAD"-PGE,
complex. This 3D model shows specific interactions be-
tween the NAD™ cofactor and key amino acid residues
in the active site and these interactions are consistent
with all of the previously reported experimental data
concerning the catalytic activity of 15-PGDH mutants.
Our model demonstrates the PGE,-binding cavity of
the protein, which has been unknown. The specific pro-
tein-substrate binding mode shown in the model is con-
sistent with previous experimental observation that
Ser138, Tyrl51, and Lys155 are involved in the catalytic
mechanism. Our model further reveals for the first time
that GInl48 should also have a role on the catalysis,
because its side-chain oxygen atom strongly hydrogen
bonds to the hydroxyl group of the substrate.
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