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FAMSmulti: Automated homology modeling using

multiple reference proteins

(' - School of Pharmaceutical Sciences, Kitasato University)

OKazuhiko Kanow!, Mitsuo Iwadate'!, Genki Terashi,
Mayuko Takeda—Shitaka!, Daisuke Takaya!, Hiroko Sakai’
and Hideaki Umeyama'

INTRODUCTION:

We had developed an automated method of the protein
gtructure prediction called FAMS (Full Automatic
Modeling System) [1,2]. FAMS is a homology
modeling program consisting of database search and
simulated annealing, and can construct high accuracy
mode! when appropriate reference protein was
detecied. For predicting more accuraic model
(especially loop siructure and side-chain torsion
angles), we developed new version of FAMS, called
FAMS-multi, which use multiple reference proteins.
For the purpose of assessment of this method, we
participated in CASP7 (7% Critical Assessment of
Techniques for Protein Structure  Prediction)
experiment (our team name is ‘fams-multi’). CASP is
a world-wide experiment for protein struchue
prediction held every two years since 1994, CASP
provides participants with more than 100 amino acid
sequences, and participants must submit the predicted
structures within 48 hours (for automatic predictors)
or more 2 weeks (for non-auomatic predictors).
Non-automatic predictors can use models which were
predicted by antomatic predictors. We participated as
a non-automatic predictor for the purpose of using
antomatic predicted models, but all process had been
performed full automatically. Models which were
predicted by other automatic predictors were used to
generate the better alignments, and we rebuilt models
by FAMS-multi program which use multiple reference
proteins. In the following, we describe the scheme of
this method.

METHODS:

1, Generating the ‘best’ pair wise alignments

The predicted models automatically by the other
teams were refined by FAMS for the purpose of
removing collision, and these models were cvaluated
and ranked by the CIRCLE method (later description).
Then top 5 models (in excluding models which hasn’t
described reference PDB code on the ‘PARENT’
record) were selected to generate alignments. The
alignment was generated by structural alignment

between the model and ‘parent’ PDB using CE
program {3].

2. Constrncting models by FAMS-multi
First some reference proteins were chosen based on

the certain criteria concerning sequence and structural
similarity with ‘parent’ PDB proteins. Maximum
number of the reference proteing is 30. Next, a
multiple structural  alignment based on the
superposition of CA atoms was performed among the
reference proteins. For this alignment, the target
sequence was put on according to sequence alignment
generated by CE. This alignment was evaluated to fit
if inserted gaps were concentrated in loop and variable
regions (VRs), which are defined by residues having
the distance between CA atoms greater than 1.0 A.
Thus, we get a result of multiple alignment between a
target protein and reference proteins.

Using this alignment, tertiary structure was
constructed mainly with next three steps, CA
construction, main-chain construction, side-chain
construction. In the each step, optimization was
executed by the simulated annealing method.

CA construction step: For the initial CA coordinates,
first, the weighted average of CA coordinates and the
average distance were obtained from pairwase
structural alignment based on the superposition of CA
atoms between the target and reference proteins. Next,
simulated annealing optimized the coordinates of CA
atoms,

Main-chain construction step: Initial coordinates of
main-chain atoms were constucted in the same
method as FAMS. In the simulated annealing step,
potential function,” which is consisting of (1) the
weighted average of the coordinates of main-chain
atoms, (2) the average of distance, and (3) the pair of
N and O atoms forming the hydrogen bond as
structural information, was used.

Side-chain construction step: For the penerated
main-chain atoms, conserved side-chain torsion angles

Y amantrnhanm britacata-11t an 'i'n




were obtained from homologous proteins. The
coordinates of side-chain atoms consisting of
conserved side-chain torsion angles were placed in
relation to the fixed main-chain atoms, The structural
information, the weighted average of the coordinates,
average of distance, and the pair of N and O atoms
forming the hydrogen bond, was derived from
homologous proteins, and this information was used
in optimization procedure,

3. Evaluating models (CIRCLE mgthod)

First the target difficulty was predicted for the purpose
of the evaluation method depending on difficulty, For
predicting the target difficulty, we used Support Vector
Machine (SVM) as the classification tool in the two
categories of “CM” and “FR, NF”, The training data
set was CASP6 targets. The five models constructed
by FAMS-multi were evaluated by either the scoring
functions for “CM” (easy) or “FR, NF” (difficul), in
the following equation (1).

0.35xS88score+3D] Dscorey, CM
0.75xSSseore + 3D\ Dscorerge  FR or NE

TotalScore = {

SSscore =3 f(SS pmenrersns SSyoes confidence) @)

SSscore represents the measure of secondary structure
similarity, calculated by comparing secondary
structure of model and the result of PSIPRED,
SSpreprezsp  vepresents  the secondary  structure
predicted by PSIPRED. SSywopgr is the secondary
structure of model. “confidence” is the confidence of
prediction, taken from  PSIPRED output.
3DIDscorecys and  3DIDscoremmyy are scoring
function to evaluate side chain environments. These
functions were refined by CASP6 models and
difficulties of targets. The 3D1D score is calculated by
3 parameters (fraction of buried area, fraction of polar
area, Secondary structure). As shown in the equation
(1) and (2), more weight in difficult targets (FR, NF)
than easy targets (CM) is given for SSscore.

4, Refinement model

Five selected models were refined using Energy
minimize & Molecular dynamics. Refined models are
correctly revised for hydrogen bonds, main-chain
torsion angles, side-chain torsion angles and the
decreasing collision between hydrophobic atoms.
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RESULTS & DISCUSSION:

In “high accuracy” targets corresponding to 27
domains, fams-muiti team predicted models having
high accuracy backbone geometry and side-chain
torsion angles. In the several cases, models
constructed using roultiple reference  proteins
improved backbone over the each single template, In
accuracy of side-chain torsion angles, more than 70 %
of region was predicted successfully. We fixed correct
x 1 angle within 30 degree with native structure.

We show an example that fams-multf predicted
successfully,

Example: Target T0378 (PDB_ID=216D)
This farget contains two
domains, and, therefore,
target sequence was divided -
into two regions.
Fams-multi was performed
for each domain. The \ Ty
second domain (T 0378_1?2) ' Va
has some reference proteins
in PDB, and these structures
were almost similar excluding one helix which
consists of about 15 amino acid residues. The relative
position of this helix is variable between reference
proteins, and many predictors mistook this helix
position. Fams-muiti predicted this helix successfully,
s0 GDT_TS (accuracy of backbone geometry) of this
target (sum of T0378_DI1 and T0378_D2) was the
highest among all predictor’s models.
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i
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»
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Figure2 Coverage plot of T0378 D1 (leff) and T0378 D2
(right). Black line indicates model of fams-multi and orange lines
indicate model of other predictors, .
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1. Genki Terashi, Mayuko Takeda-Shitaka,
Kazuhiko Kanou, Mitsuo Iwadate, Daisuke
Takaya, and Hideaki Umeyama. The

SKE-DOCK server and human teams based on a
combined method of shape complementarity and
free energy estimation. Proteins, accepted,

2, Genki Terashi, Mayuko Takeda-Shitaka,
Kazuhiko Kanou, Mitsuo Iwadate, Daisuke
Takaya, Akio Hosoi, Kazuhiro Ohta, and Hideaki
Umeyama. Fams-ace: a combined method to
select the best model after remodeling all server
models, Proteins, accepted.
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Ogata K, Umeyama H. An automatic homology
modeling method consisting of database searches
and simulated annealing. J Mol Graph Model
2000;18:258-272, 305-256.

Genki  Terashi, Mayuko Takeda-Shitaka,
Kazuhiko Kanou, Mitsuo Iwadate, Daisuke
Takaya, Akio Hosoi, Kazuhiro Ohta, and Hideaki
Umeyama. Fams-ace: a combined method to
select the best model after remodeling all server
models. Proteins, accepted.

Genki  Terashi, Mayuko Takeda-Shitaka,
Kazuhiko Kanou, Mitsuo Iwadate, Daisuke
Takaya, and Hideaki Umeyama. The
SKE-DOCK server and human teams based on a
combined method of shape complementarity and
free energy estimation. Proteins, accepied.
Ginalski K, Elofsson A, Fischer D, Rychlewski L.
3D-Jury: a simple approach to improve protein
structure predictions, Bioinfonnatics
2003;19:1015~-1018.
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Membrane—associated Proteins in Bicosanoid and
Glutathione Metabolism (MAPEG) superfamily

complex modeling

(! -~ School of Pharmaceutical Sciences, Kitasato University)

O Kazuhiko Kanou', Mayuko Takeda=Shitaka!, Mitsuo
Twadate!, Genki Terashi!, Daisuke Takaya!, Hiroko
Sakai! and Hideaki Umeyama'

INTRODUCTION:

MAPEG (membrane associated proteins in eicosanoid
and glutathione metabolism) is a widespread
superfamily which has been defined according to

sequence similarity, enzymatic activities and structural ’

properties. This family consists of some human
proteins including microsomal prostaglandin E;
synthase  (mPGES), 5-lipoxygenase-acticvating
protein (FLAP), leukotriene C4 (LTC,) synthase,
microsomal glutathione S-transferase 1 (MGST1),
MGST2, MGST3, and MGSTi-like 1 (MGST-L1).
MPGES catalyses the synthesis of PGE2 from PGH2
(produced by cyclooxygenase from arachidonic acid).
Because of structural similarities in the active sites of
FLAP, LTC4 synthase and PGE synthase, substrates
for each enzyme can compete with one another and
modulate synthetic activity.

Recently the crystal structure of human LTC, synthase
(PDB-ID=2UUH, 2UUL, 2PNO)[1] and human FLAP
(PDB-ID=2Q7M, 2Q7R) had been determined. These
structures form homo-trimer that each subumit is
composed five long o -helices and first four helices
form the transmembrane segments. We performed
automatic protein structure prediction of MAPEG
superfamily, and these crystal structures were used as
a template structure of homology modeling method.
104 protein structures were predicted using structure
of LTC, synthase and 234 protein structures were
predicted using structure of FLAP. All of models were
constructed as three subunit complex by using
homology modeling program FAMS
Ligand&Complex[2,3]. These predicted models are

now available on the following URL.
http://famshelp. gsc.riken.jp/famsbase/ MAPEG/MA
PEG.him

Furthermore we predicted human mPGES models
using non-automatic prediction method.

METHODS:

High-throuput modeling of MAPEG family

Target proteins for high-throuput homology modeling
were collected using PSI-BLAST for NCBInr
sequence database. The homologous proteins of each
crystal structure were selected with criteria of E-value
< 1le-10. For each target sequence, three homology

* search programs (PSI-BLAST, RPS-BLAST and

IMPALA) were performed and three alignments
between larget protein and template structure were
obtained. These alignments were used fo consiruct
trimer model by using homology modeling program
FAMS Ligand&Complex. Then ligands which are
complexed with each template protein were involved.

Fredeton schems NCBI-I’II’
sequence

Crystal stiuclure of LC end FLAR
s - ] database

\ PSIBLAST A
T - gaeel largel proleins™ N
- Selselion erieda § Evalus < fe10
\\

404 target protelns for LTC,
234 target protelns for FLAP
PSIELAST
ReSELAST
PPHLA ‘:':l
Thres slgranent for sach larget prote |
E‘“——_—J Construct 30 struelrausing edch,
FRAS i Enstits. l l [ - crysial struche -
 tmer models omplaxed wih Egends |
Figurel Prediction schente.
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Crystal structures and ligands which were used as a
template structure are shown as following table.

PDB-ID | Protein name Ligands

2UGH Human LTCy4 GLUTATHIONE, MALTOSIDE
2PNO Human LTC; GLUTATHIONE, MALTOSIDE
2Q7M Human FLAP MK-591 (FLAG inhibitor)

2Q7R Human FLAP TODINATED ANALOG OF MK-591
ZH8A Rat MGST1 GLUTATHIONE

Tablel teniplates and ligands

Human mPGES-1 modeling
MPGES-l1 may be a ocritical determinant of

postischemic neurological dysfunctions and a valuable
therapeutic target for treatment of human stroke [4].
Therefore we predicted structure of human mPGES-1
manually. The automatic alignment befween
mPGES-1 and LTC, was modified using
SKE-CHIMERA. [5] and two frimer models with
ligands were constructed based on this alignment
using 2UUH and 2PNO as a femplate. Because the
alignment between mPGES-1 and FLAP couldn’t be
obtained by antomatic procedure, we performed
intermediate sequence search  (ISS)  method.
Alignment between mPGES-1 and FLAP was made
from SKE-CHIMERA alignment between mPGES-]
& LTC, and automatic alignment between LTC; &
FLAP by using sequence of LTC; as “intermediate
sequence”, and two trimer models with ligands were
constructed based on this alignment using 2Q7M and
2Q7R as a template. Models using 2UUH and 2PNO
as a template involve three glutathiones in each active
site. Models using 2Q7M and 2Q7R as a template
involved MK-591 (FLAP inhibitor) and iodinated
analog of MK-591, respectively.

RESULTS & DISCUSSION:

After the all of high-throuput modeling was complete,
the quality of the stereochemistry of the models of
MAPEG  superfamily was verified. In the
Ramachandran plot of the mainchain ¢~ angles
rendered by the program PROCHECK (Laskowski et
al., 1993), almost all of the non-glycine residues were
in the most favoured or allowed regions. Average
percentage of residues in disallowed regions of all
models is only 1.45%. Moreover, all of the w angles
were trans-planar, The average of percentage of
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residues in most favoured regions, in additional
allowed regions, in generously allowed regions and in
disallowed regions are shown as table2.

Resldues Residuesin | Residuesin

Residues in
Template | Inmost additional erierousl .
ﬂ'ﬂﬁm favoursd allowed EHUWEd ¥ | disallowed
regions regions reglons reglans

20UH 88.89% 8.16% 2,01% 0.94%%
2PNO 89.99% 7.62% 1.51% 0.89%
2Q7TM 82.33% 12.87% 3.05% 1.75%
207R 83.03% 11.79% 3.01% 2.18%
2HBA T4.03% 19.84% 4.14% 1.99%
Total 36.12% 10.10% 2.33% 1.45%

"Table2 PROCHEX. result, Average of all models from each
template structure.

We show superposition of two human mPGES-1
models based
alignments (Figure2), One of
them is a model using ZUUH
as a femplate (green), and
another is a model using 2Q7M
as a femplate (cyan). Two
models are similar, but binding
site of each ligand is different.
Orange molecule is glutathione, and magenta
molecule is MK-591 (FLAP inhibitor). We suggest the
possibility that MK binding site of this model is
substrate binding site of m PGES, and now we attempt
docking simulation for this site using original
protein-ligand docking program, We expect that the
candidate compounds for treatment of human stroke
are found as a result of this docking simulation.

on mannal
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K09: fams-ace: Refinement of 3D models and development of assessme
method for selecting the best model in CASP7.

(School of Pharmacy, Kitasato University) OMayuko Takeda-Shitaka, Genki Terashi, Kazuhi
Kanou, Mitsuo Iwadate, Daisuke Takaya, Hiroko Sakai and Hideaki Umeyama.

fams-ace was entered in the 3D coordinate prediction category as a human expert group in CASI
The procedure of fams-ace can be summarized as the following 3 steps. (1) All the server mod
were refined and rebuilt utilizing our homology modeling method by using FAMS. |
Representative structures were selected from each server, according to a model quality evaluati
based on a 3D1D profile score. (3) The top 5 models were selected and submitted in the order of t
consensus-based score. Fams-ace is a fully automated server and does not require hum
intervention. We introduce the methodology of fams-ace and discuss the successes and failures
this approach during CASP7. In addition, we discuss possible improvements of fams-ace.

K10: Calculation of the space between subunits of protein

(* National Institute of Agrobiological Sciences, ** Mitsubushi Space Software Co. Ltd.) OM:
Maeda™ and Hiroya Nobori** .

A new method to calculate the space between subunits of a protein is proposed. It is consists
three steps as follows. (1) The interface area is defined from the decreasing accessible surface at
(AASA) of each subunit. (2) The assembling region is defined as a polyhedron gathering tetrahed
(3) Grid points are produced in the tetrahedra and the points outside of the atoms are picked up. T
chosen points are counted and the volume of the empty space is calculated. The volume (assembli
space volume, ASV) is well correlated to the AASA. The average of the ASV/AASA value (Af
index) is about 1.4 A. The ASV values of 68 homo-dimer proteins were compared to the g
volumes of SURFNET by Laskowski. Generally the gap volume was larger than the correspondi
ASV value. We aim to use the ASV/AASA value (ASV index) as an index of the sha
complementarity. Thus we also analyze the ASV index to the SC of Lawrence et al., but a
correlations were detected between two parameters. We also tried to detect atom occupancy in t
defined assembling region. As the result, the average of the atom occupancy of protein
approximately 50% in homo-dimer proteins.
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KP20: Identification of novel inhibitors for ubiquitin C-terminal hydrolase-L3
by virtual screening

(lDept of Electr. Eng. & Bioscience, Grad. Sch. of Advanced Scz and Eng., Waseda Univ., Japan
Dept of Degeneratlve Neurologwal Diseases, Nat. Inst. of Neuroscience, NCNP, Japan)
CKazunori I—Itrayama Shunsuke Aoki” Kaori Nishikawa?, Takashi Matsumoto'and Kelji Wada®

UCH-L3 (ubiquitin C-terminal hydrolase-L3) is a de-ubiquitinating enzyme that is a component
of the ubiquitin—proteasome system and known to be involved in programmed cell death. A
previous study of high-throughput drug screening identified an isatin derivative as a UCH-L3
inhibitor. In this study, we attempted to identify a novel inhibitor with a different structural basis.
We performed in silico structure-based drug design (SBDD) using human UCH-L3 crystal structure
data (PDB code; 1XD3) and the virtual compound library (ChemBridge CNS-Set), which includes
32,799 chemicals. By a two-step virtual screening method using DOCK software (first screening)
and GOLD software (second screening), we identified 10 compounds with GOLD scores of over 60.
To address whether these compounds exhibit an inhibitory effect on the de-ubiquitinating activity of
UCH-L3, we performed an enzymatic assay using ubiquitin-7-amido-4-methylcoumarin (Ub-AMC)
as the substrate. As a result, we identified three compounds with similar basic dihydro-pyrrole
skeletons as UCH-L3 inhibitors. These novel compounds may be useful for the research of UCH-L3
function, and in drug development for UCH-L3-associated diseases.

L

KP21: FAMSmulti: Automated homology modeling using multiple reference
proteins

(1 - School of Pharmaceutical Sciences, Kitasato University) OKazuhiko Kanou', Mitsuo Twadate',
Genki Terashi', Mayuko Takeda-Shitaka', Daisuke Takaya', Hiroko Sakai' and Hideaki Umeyama'

We had developed an automated method of the protein structure prediction called FAMS (Full

Automatic Modeling System). FAMS is a homology modeling program, and can construct high
accuracy model when appropriate reference protein was detected. For predicting more accurate
model (especially Ioop structure and side-chain torsion angles), we developed new version of
FAMS, called FAMS-multi, which use multiple reference proteins.
For the purpose of assessment of this method, we participated in CASP7 (7th Critical Assessment of
Techniques for Protein Structure Prediction) experiment (our team name is “fams-muiti’). CASP is a
world-wide experiment for protein structure prediction held every two years since 1994. All
procedure of ‘fams-multi’ had been performed full automatically. Models which were predicted by
other automatic predictors were used to generate the better alignments, and we rebuilt models by
FAMS-multi program which use multiple reference proteins. Results of CASP7 experiment is
available on following URL. http://predictioncenter.org/casp7/
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KP22: SKE-DOCK server and human teams: protein-protein docking based on
the shape complementarity and free energy estimation.

- (School of Pharmacy, Kitasato University) OGenki Terashi, Mayuko Takeda-Shitaka, Kazuhiko
Kanou, Mitsuo Iwadate, Daisuke Takaya, Hiroko Sakai and Hideaki Umeyama.

We participated in rounds 6-12 of the critical assessment of predicted interaction (CAPRY)
contest as the SKE-DOCK server and human teams. The SKEDOCK server is based on simple
geometry docking and a knowledge base scoring function. The procedure is summarized in the
following three steps: (1) protein docking according to shape complementarity, (2) evaluating
complex models, and (3) repacking side-chain of models, Good predicted models were obtained for
target 25 by both the SKEDOCK server and human teams, The smallest Ligand-rmsd values
corresponding to the rmsd between the model and experimental structures were 3.307 and 3.3244,
respectively.

KP23: fams-ace: Refinement of 3D models and development of assessment
method for selecting the best model in CASP7,

(School of Pharmacy, Kitasato University) OMayuko Takeda-Shitaka, Genki Terashi, Kazuhiko
Kanou, Mitsuo Iwadate, Daisuke Takaya, Hiroko Sakai and Hideaki Umeyama.

fams-ace was entered in the 3D coordinate prediction category as a human expert group in CASP7.
The procedure of fams-ace can be summarized as the following 3 steps. (1) All the server models
were refined and rebuilt utilizing our homology modeling method by using FAMS. (2)
Representative structures were selected from each server, according to a model quality evaluation
based on a 3D1D profile score. (3) The top 5 models were selected and submitted in the order of the
consensus-based score. Fams-ace is a fully automated server and does not require human
intervention. We introduce the methodology of fams-ace and discuss the successes and failures of
this approach during CASP7. In addition, we discuss possible improvements of fams-ace.

180




FISIIEEEMABR Y I £,

KP24: Membrane-associated Proteins in Eicosanoid and Glutathione
Metabolism (MAPEG) superfamily complex modeling

(' - School of Pharmacentical Sciences, Kitasato University) OKazuhiko Kanou!, Mayuko
Takeda-Shitaka!, Mitsuo Twadate!, Genki Terashi’, Daisuke Takaya', Hiroko Sakai' and Hideaki
Umeyama'

INTRODUCTION: .

MAPEG (membrane associated proteins in eicosancid and glutathione metabolism) is a
widespread superfamily which has been defined according to sequence similarity, enzymatic
activities and structural properties. This family consists of some human proteins including
microsomal prostaglandin E2 synthase (nPGES), 5-lipoxygenase-acticvating protein (FLAP),
leukotriene C4 (LTC4) synthase, microsomal glutathione S-transferase 1 (MGST1), MGST2,
MGST3, and MGST1-like 1 (MGST-L1).

Recently the crystal structure of human LTC4 synthase and human FLAP had been determined. We
performed automatic protein structure prediction of MAPEG superfamily, and these crystal
structures were used as a template structure of homology medeling method. These predicted models
are now available on the following URL,
http://famshelp.gsc.tiken.jp/famsbase/MAPEG/MAPEGhtm

Furthermore we predicted human mPGES models using non-automatic prediction method.

+

KP25: Analysis of carcinogens classified by IARC and prediction of human
carcinogenicity using Support Vector Machines.

(Graduate School of Pharmaceutical Sciences, The University of Tokushima) O Toshiaki
Takezaki,Shinichi Kobayashi, Kumiko-Sakamoto, Masaru Kihara, Aiko Yamauchi

In the drug development process, carcinogenicity test using animals takes huge cost and period.
Using an in silico carcinogenicity prediction system which shows higher accuracy,
carcinogenicity-positive compounds can be removed at the beginning of the process and new
valuable compounds would be found efficiently. In this study, we predicted carcinogenicity of 1,072
compounds by Support Vector Machine (SVM), a statistical-learning method. The compounds
include both medicines and those evaluated on human carcinogenicity by IARC. The average
accuracy of the SVM prediction for carcinogenicity positive and negative compounds was 91.6%
and 78.0%, respectively. In order to create more efficient SVM model, we calculated Fscore and
applied Mann-Whitney U test on each descriptors, Then 12 significant structural descriptors on the
prediction were specified. Furthermore, we got knowledge about CYP isozymes which related the
metabolism of carcinogenicity negative/positive compounds. After adding the CYPs information to
descriptors, more refined and more accurate SVM analytical model could be created.
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