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More than fifteen substrates of carboxypeptidase A (CPA) have been ‘‘docked’’ to the
active site of the enzyme and searched for the lowest energy conformation of the substrates
bound to the active site. The method employed combines Monte Carlo procedures with energy
minimization (MC/EM procedures). The distances of P19 –P3 to S19 –S3 were measured. The
computational results are consistent with the proposed binding interactions of CPA and
its substrates and also with the promoted-water pathway of CPA catalysis. This study has
demonstrated that MC/EM procedures are very useful for searching the conformations of
substrates available in the active site of the enzyme.  1998 Academic Press

INTRODUCTION

Bovine carboxypeptidase A (CPA) is a metallopeptidase containing a zinc ion
bound to a single polypeptide chain of 307 amino acids. It catalyzes the hydrolysis
of peptides/proteins with aromatic or large aliphatic side chain residues at the
C-terminus (1–3). The important residues involved in the CPA catalysis are Arg-71,
Arg-127, Asn-144, Arg-145, Tyr-248, Glu-270, Zn21, and the metal-bound water
molecule (3). X-ray studies of bovine CPA–inhibitor complexes suggest that Arg-71
is hydrogen-bonded to the amide carbonyl oxygen in the P2 site (4). The NH of
the amide in the P1 site is hydrogen-bonded to the hydroxyl oxygen of Tyr-248.
The hydroxyl oxygen of Tyr-248 and the amide nitrogen of Asn-144 are both
believed to be hydrogen bonded to the carboxylate oxygen in the P19 site. Arg-145
interacts with the carboxylate oxygens in the P19 site. It is also proposed that Arg-127
is hydrogen bonded to the amide oxygen in the P1 site as a catalytic residue (5).
In the promoted-water pathway, Glu-270 acts as a general base, abstracting a proton
from zinc-bound water molecule (3).

We applied computational methodology to examine the binding interactions of
CPA and its substrates which were proposed by Christianson and Lipscomb (3):
Monte Carlo techniques along with energy minimization (MC/EM) using the Amber
force field to search for the lowest energy conformations of the substrates available
in the active site of CPA (6). The MC/EM techniques have been used to study the
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enzyme-inhibitor/substrate systems and the approach has turned out to be a useful
tool for studies involving computer-aided design and the evaluation of enzyme
inhibitors (7). In this paper we have made use of this methodology to study the
binding interactions between searching for the lowest energy conformations of the
substrates bound to the active site of the enzyme. The computational procedures
are described in detail under Computational Methods.

COMPUTATIONAL METHODS

Protein Model

We used the X-ray structure of bovine carboxypeptidase A complexed with
the phosphonate inhibitor O-[[(1R)-[[N-(phenylmethoxycarbonyl)-L-phenylalanyl]
amino]isobutyl]hydroxyphosphinyl]-L-3-phenyllactate (FVF) (2.0 Å resolution) as
the computational protein model (8, 9). The Protein Data Bank file, 7CPA, contains
307 amino acid residues, a Zn21 ion, and the inhibitor FVF. When searching for
the lowest energy conformation of substrates bound to the active site of the enzyme,
the inhibitor was deleted from the complex and the substrates were manually docked
to the active site. All of the computations were started with the enzyme coordinates
given in 7CPA. The starting structures of the substrates were chosen at random.
Two different manual dockings of the substrate to the active site of the enzyme
have been applied to the conformational searching for each substrate. The final
data shown in this paper are the average of the two trials. In most of the cases
studied, the searched conformations of the substrate with the active site of the
enzyme by two different manual dockings gave the same or very similar results.

Monte Carlo/Energy Minimization Procedures

We adopted the method described by Guida (7) to perform the conformational
searches. The selected substructure, Amber force field, and the conformational
search conditions were modified to fit to the carboxypeptidase A enzyme system
and are described in detail below.

1. Substructure selection. The substructure included the residues in the enzyme’s
active site and the inhibitor or docked substrate and was subjected to computations.
The selected residues in the active site are His-69, Arg-71, Glu-72, Arg-124, Arg-127,
Asn-144, Arg-145, His-196, Ser-197, Tyr-198, Ser-199, Ile-201, Tyr-248, Ala-250,
Gly-253, Ser-254, Ile-255, Asp-256, Thr-268, Glu-270, Phe-279, and zinc ion. There
were more than 250 heavy atoms selected. During each Monte Carlo (MC) cycle,
the inhibitor/substrates were unconstrained. The torsion angles of the inhibitor/
substrates which were allowed to rotate during each MC step are shown in Fig. 1.
In addition, the hydrogens of hydroxyl groups from tyrosine, serine, and threonine
and the amino hydrogens were also unconstrained to allow for reorientation during
energy minimization to obtain proper hydrogen-bonding geometries. All other
residues were constrained by a force constant 100 kJ/Å2, except Glu-270, which
was constrained by a smaller force constant 10 kJ/Å2 because of its putative move-
ment during hydrolysis (8, 10).
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FIG. 1. The structures of the inhibitor FVF and all of the substrates subjected to the MC/EM
conformational searches in the 7CPA active site model. Torsion angles rotated during each MC step
are shown with the arrows: FVF; BBP, N-benzoylbutanoyl-L-Phe; BGP, N-benzoylglycyl-L-Phe; BPP,
N-benzoylpropanoyl-L-Phe; PBP, 4-phenylbutanoyl-L-Phe; SAP, N-(trans-styrylacetyl)-L-Phe; BGGP,
N-benzoylglycylglycyl-L-Phe; BPGP, N-(3-benzoylpropanoyl)glycyl-L-Phe; PBGP, N-(4-phenylbutanoyl)
glycyl-L-Phe; AcGP, N-acetylglycyl-L-Phe; PAGP, N-(2-phenylacetyl)glycyl-L-Phe; HCiGP, N-hydrocin-
namoylglycyl-L-Phe; GGP, Gly-Gly-Phe; GAP, Gly-Ala-Phe; GLP, Gly-Leu-Phe; GPP, Gly-Phe-Phe;
GSP, Gly-Ser-Phe.
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2. AMBER force field. Macromodel Version 4.5 was used for this computational
study and the AMBER force field was employed for computations of the molecular
energetics (11–13). There were some modifications made to the parameter set
assigned to FVF, Zn, and its ligands (His-69, His-196, and Glu-72) by the
BATCHMIN program (7, 14–15). In addition, explicit hydrogens were added to
aryl moieties (phenyl rings from Phe-279, Tyr-198, Tyr-248, and inhibitor/substrates)
in order to correctly model electrostatic interactions for aromatic residues (16, 17).
The edge-to-face arrangement of Tyr-198 and Phe-279 is commonly observed in
the crystal structures of CPA and its complexes (18). The detailed modified parame-
ters are shown in the Appendix. Thus the aromatic hydrogens were assigned a
charge of 10.15e with the corresponding aromatic carbons being assigned a charge
of 20.15e. Due to a large amount of atoms (more than 250 atoms) subjected to
conformational searching of CPA along with its substrates/inhibitors, the charge
of Zn ion applied in the Amber force in MacroModel program is not very critical.
The Zn atom was assigned a charge of 12.0e. Another charge on Zn (11.7e) was
also tried with the FVF–CPA complex; the result showed no significant difference
from the 12.0e case.

3. Definition of conformational search conditions. In order to test the MC/EM
procedures in searching for the conformations of substrates in the active site of the
enzyme, a set of highly defined coordinates from the X-ray structure of 7CPA along
with the inhibitor was applied for defining the best conformational search conditions
as described by Guida (7). Two computational calculations were carried out. First,
the selected substructure of 7CPA with the inhibitor was subjected to local energy
minimization, which was terminated when the energy gradient RMS fell below 0.01
kJ/Å. Second, the inhibitor was removed and ‘‘redocked’’ to the enzyme’s active
site and the inhibitor along with the residues involved in the active site were
selected as the substructure and subjected to the MC/EM procedures. The default
nonbonded cutoff protocol employed by the BATCHMIN program was used except
a van der Waals cutoff was changed to 8.0 Å. In general, all conformers that were
different from the global minimum energy conformation by no more than 20
kJ/mol were saved. The energy minimization was terminated either when energy
gradient RMS fell below 0.05 kJ/Å or after 500 iterations. After completion of the
MC/EM conformational search, the lower energy conformers were subjected to
further energy minimization to reduce the energy gradient RMS to below 0.01
kJ/Å. Water solvent was applied for both computations and the PRCG (Polak-
Ribiere Conjugate Gradient) was used for the energy minimization. The computa-
tional structure(s) of the inhibitor FVF were compared to the X-ray structure. Only
when computational structure(s) were visually the same as or close to the X-ray
structure would the conformational search conditions used then be applied for
probing the lowest energy conformation of substrates docked to the active site of
the enzyme. Otherwise the conditions would be refined until the requirements were
met. The approach described above has proved to be reliable for searching the
conformations of substrates in the enzyme’s active site.

4. Conformational search of substrates in the enzyme’s active site. The inhibitor
was deleted from the complex and the studied substrate was manually ‘‘docked’’
to the active site in a position similar to that of the inhibitor. Then the substructure
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including enzyme’s active site and the docked substrate was defined and subjected
to the MC/EM procedures to perform the conformational searches.

Platform and Software

The computations were carried out on a Silicon Graphics-Indy workstation. Mac-
romodel V4.5 was used. About 2000–5000 MC/EM steps were required for searching
the ‘‘lowest’’ energy conformation of substrate in the active site of the enzyme
which took 10–12 CPU days.

RESULTS

For the purpose of defining computational parameters, the crystal structure of
the CPA–FVF complex (8, 9) was used as a starting point for testing the MC/EM
procedures. The computational result of the substructure local energy minimization
(Fig. 2) showed that the energy minimization resulted in a little change of the
inhibitor FVF relative to the crystal structure at the P19 site and the peptide backbone
at the P1–P3 sites. After the conformational search of the inhibitor bound to the
active site of CPA, two conformers with the lowest energy were selected to compare
with the crystal structure. The comparison shows that the two searched lowest
energy conformers of the inhibitor FVF also have changed little relative to the
crystal structure at the C-terminal residue and the peptide backbone in the P1–P3

sites (Fig. 3). A comparison of the crystal and computed structures of FVF based
on the torsion angles is shown in Table 1. The results of the two computations
showed that the side chains of FVF at the P2–P3 site have significant movement
compared to the crystal structure of the inhibitor. This might be expected as the
side-chain conformations have only slightly different energies. For this reason, the
side-chain conformation that we got computationally could very well be quite
different from the crystal structure. In our studies, we only focused on the substrate’s
C-terminal residue and the peptide backbone at the P1–P3 sites. Therefore we
concluded that the computational parameters that we had defined above were
suitable and could be applied to the lowest energy conformational searches of the
substrates ‘‘docked’’ to the active site of CPA without further modification.

A typical result of the lowest energy conformational searching of the substrates
bound to the enzyme’s active site is shown in Fig. 4, using N-benzoylglycyl-L-
phenylalanine (BGP) as an example. The values of the distances between substrate
and enzyme’s active site after the lowest energy conformational search are summa-
rized in Table 2. For all the substrates studied, the distances between the terminal
residue’s carboxylate oxygens and Arg-145 nitrogens were less than 3 Å (B). The
Tyr-248 hydroxyl oxygen and this carboxylate oxygen is about 2.6 Å away from
each other (C). The Asn-144 a-amide nitrogen is approximately 3.7 Å away from
the carboxylate oxygen, which indicates an unlikely hydrogen binding interaction
(A). The Arg-127 nitrogen is about 2.7 Å away from the carbonyl oxygen at P1 site
(E). In general for dipeptide analogs, the Arg 71 nitrogen is less than 3 Å away
from carbonyl oxygen at P2 site (F) and the Tyr-248 hydroxyl oxygen is also less
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FIG. 2. The comparison of the X-ray crystal and computed structures of the inhibitor FVF after the
substructure local energy minimization. (a) The stereoview comparison of FVF in the active site.
Wireframe, the residues in the active site; Spacefill, Zn ion; Sticks, X-ray structure of FVF (light) and
computed structure of FVF (dark). (b) The stereoview comparison of FVF with the deletion of the
active site. A, X-ray crystal structure of FVF; B, the computed structure of FVF.
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FIG. 3. The comparison of the X-ray crystal and computational structures of the inhibitor FVF after
conformational search of the inhibitor in the active site of the enzyme. (a) The stereoview comparison
of the computed structures of FVF and X-ray structure in the active site. Wireframe, the residues in
the active site; Spacefill, Zn ion; Sticks, X-ray structure of FVF (light) and the two computed structures
of FVF with the lowest energy (dark); (b) The stereoview comparison of FVF with the deletion of the
active site. A, X-ray crystal structure of FVF; B and C, the two conformers of FVF searched with the
lowest energy. B is the one with the global energy minimum.
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TABLE 1
The Comparison of X-Ray and Computed Torsion Angles for FVF

Ph

ω1

O

ω2 O
ω3

NH

Phω11

ω4

ω10

ω5

O

NH

ω12

ω6
ω7 P

O O-

O
ω8

ω13

ω14 Ph

ω9

COO-

FVF

Torsion Angles X-raya Ab Bc Cd

g1 2107.3 267.0 262.2 267.4
g2 159.1 2177.1 262.8 265.5
g3 2137.0 2176.5 179.6 158.4
g4 268.5 273.4 283.1 292.2
g5 139.6 142.4 2174.8 2178.1
g6 2120.5 288.9 290.1 288.6
g7 258.7 249.0 261.0 254.8
g8 276.8 285.1 284.4 286.2
g9 239.8 267.0 264.9 265.4
g10 264.7 268.8 266.9 265.0
g11 101.5 129.6 81.3 81.4
g12 263.8 272.2 251.7 270.3
g13 2174.1 2174.8 2177.9 2175.2
g14 296.5 295.3 296.0 293.2

a The values of torsion angles of FVF in the X-ray structure (8, 9).
b The values of torsion angles of FVF after local energy minimi-

zation.
c,d The values of torsion angles of two lower conformers (FVF)

found after conformational search of FVF in the active site of the
enzyme. B has the lowest energy (2952.75 kJ/mol). The energy of C
is 2944.82 kJ/mol. The values of the energy of the conformers are
from Macromodel MC/EM procedures.

than 3 Å away from the amide nitrogen at P1 site (D). However, for tripeptides
and their analogs, D is more than 3.3 Å (BGGP); F is 5.9–7.7 Å (BGGP, GGP,
GPP), too long for hydrogen binding interactions, and a result consistent with the
X-ray structures of the enzyme bound with the inhibitors. The distances of Zn
bound water molecule oxygen (H) and Glu-270 carboxylate oxygen (G) to the
reaction site carbonyl carbon were also measured and found to be about 2 and
4.5 Å, respectively.

DISCUSSION

Using MC/EM procedures, the conformations of the enzyme–substrate com-
plexes with the lowest energy in the ground state were searched. The computational
data showed that the values of (B), (C), and (E) were less than 3 Å for all the
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FIG. 4. The stereoview of the lowest energy conformation of BGP (N-benzoylglycyl-L-Phe) in the
active site of CPA after the conformational search using MC/EM procedures. Ball and sticks (dark),
BGP; sticks, active site residues; spacefill, Zn ion.

substrates studied except that of (A) is greater than 3.7 Å. For dipeptide analogs,
the values of (D) and (F) were less than 3 Å. However, for tripeptides and their
analogs it appears that the values of (D) and (F) are larger. These results suggest
that for dipeptide analogs, the binding interactions of the enzyme and these short
substrates are consistent with that proposed by Christianson and Lipscomb (3)
except that our computational study did not show the hydrogen bonding interaction
between Asn-144 and substrate’s carboxylate group at the C-terminal. An explana-
tion for this exception might be due to the structural differences between the
phosphonate ester bonds in the inhibitors and the peptide bonds in the substrates.
For tripeptides and their analogs (BGGP, GGP, and GPP), the computational data
showed that the Tyr-248 hydroxyl oxygen and the Arg-71 nitrogen are too far away
from the substrate’s amide nitrogen at the P1 site and carbonyl oxygen at the P2

site respectively (3.3–7.7 Å), for hydrogen bonding. These results are consistent
with the X-ray structures of the enzyme bound with the inhibitors which are also
tripeptide analogs. Searching the distances at those two sites from the X-ray struc-
tures (Table 3), the distances (D) and (F) are all greater than 3.1 Å, which indicates
little or no hydrogen binding (8).

The distances of the oxygen of Zn-bound water molecule and the carbon of the
cleavage site carbonyl were estimated. The method is described in the footnote of
Table 2. The values of (G) are twice less than those of (H), which indicates that
Glu-270 is much further away from the reaction site than Zn-bound water molecule.
The result is consistent with the mechanism in which the Zn-bound water molecule’s
hydroxyl group nucleophilically attacks the carbonyl carbon at the reaction site;



TABLE 2
The Distances of P19 –P2/S19 –S2 after the Searching for the Lowest Energy Conformations of

Substrate Docked to the Active Site of CPA Using MC/EM Procedures

O

Hydrophobic pocket

CH2

CH

NH

CO2

C O

C
R1

N
H

C

O

O-
Glu-270

Zn2+

His-196 Glu-72 His-69

(I)
(J)

(F)

(A)

(B)

(D)

(E)

(G)

O

H

H

(H)

Arg-127

Arg-71

H2N Asn-144
Arg-145

HO Tyr-248
(C)

Distances (Å)

Substrates (A) (B) (C) (D) (E) (F) (G) (H)a

BGP 3.796 2.717 2.636 2.752 2.699 2.925 4.712 2.1
2.692

BPP 3.757 2.693 2.642 — 2.706 2.714 4.569 2.0
2.683

PBP 3.778 2.710 2.652 — 2.705 — 4.572 2.1
2.684

SAP 3.717 2.686 2.659 — 2.712 — 4.628 2.0
2.675

BBP 3.785 2.713 2.643 — 2.693 — 4.645 2.1
2.681

BGGP 3.789 2.709 2.644 3.390 2.734 5.926 4.387 2.1
2.686

BPGP 3.772 2.699 2.642 2.957 2.714 2.736 4.502 1.8
2.668

PBGP 3.776 2.697 2.648 2.940 2.713 2.708 4.559 2.0
2.672

HCiGP 3.804 2.700 2.649 3.289 2.697 2.738 4.495 1.9
2.682

PAGP 3.771 2.710 2.674 2.892 2.711 2.714 4.552 1.9
2.673

AcGP 3.768 2.709 2.653 2.918 2.723 2.701 4.550 2.0
2.680

GGP 3.754 2.696 2.644 2.911 2.739 7.741 4.413 2.1
2.686

GAP 3.790 2.728 2.623 2.896 2.725 2.839 4.493 1.9
2.672

GLP 3.776 2.718 2.643 2.797 2.715 2.739 4.642 2.1
2.685

GPP 3.794 2.722 2.642 2.963 2.761 7.457 4.397 2.0
2.685

GSP 3.779 2.720 2.648 2.864 2.726 2.757 4.499 2.0
2.684

a H is estimated by subtracting the distance between Zn ion and carbonyl carbon at the reaction site
(J) by 2.049 Å where 2.049 Å is the distance between Zn ion and oxygen of Zn-bound water molecule
in X-ray structure of free enzyme (I) (10).

304
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TABLE 3
The Values of (D) and (F) for the Three X-Ray Structures of Enzyme-Inhibitor

Complexes (FVF, ZAF, and AGF) (8)

O

P3 P2 P1 P1'

Ph
O

N
H R1

(D)

–


O H R2

N
H

H

P
O CO2

O O H
Ph

–


Arg-71
(F)

Tyr-248

FVF: R2 = PhCH2, R1 = (CH3)2CH
ZAF: R2 = CH3, R1 = CH3
AGF: R2 = CH3, R1 = H

Inhibitors (D) (F)

FVF 3.122 3.089
ZAF 3.055 3.014
AGF 3.173 3.499

Note. FVF: O-(((1R)-((N-(phenylmethoxycarbonyl)-L-phenylalanyl)amino)isobu-
tyl)hydroxyphosphinyl)-L-3-phenyllactate; ZAF: O-[[(1R)-[[N-phenylmethoxycarbo-
nyl)-L-alanyl]amino]ethyl]hydroxyphosphinyl]-L-3-phenyllactate AGF: O-(((1R)-
((N-(phenylmethoxycarbonyl)-L-alanyl)amino)methyl)hydroxyphosphinyl)-L-3-
phenyllactate.

i.e., the promoted-water pathway mechanism for CPA-catalyzed proteolysis pro-
posed by Christianson and Lipscomb (3).

In conclusion, our studies suggest that the MC/EM procedures have provided a
very useful tool for the lowest energy conformational searches of substrates
‘‘docked’’ to the active-site of CPA in the ground state.
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APPENDIX

PARAMETERS ADDED TO amber.fld, water.slv., AND atom.typ IN MACROMODEL

PROGRAM

Parameters added to amber.fld, water.slv, and atom.typ. For a detailed description of the format
employed by BATCHMIN for the parameters listed here, see Ref. 19.

water.slv parameter:

RADIUS ENERGY P TYPE P TYPE Opt Atm
(Angstrm) (kJ/Ang**2) (3body ON) (3body OFF) ----

ATM Zn 1.0000E00 0.03000E0 1.0000000 1.0000000 0000
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atom. typ parameter:

#at–typ at–no at–wt name color vdw–rad deloc catdel 1-3eqv el–neg

201 30 65.39000 Zn 10 1.90 F F ! 1.60

amber.fld parameters:

Stretching Interactions (STR) Opt. Descriptor
---------------------------- ---------------

Bond Length Constant Bond Moment Atm1 Atm2

00 * Zn 2.0000 100.0000 0000 0000

Bending Interactions (BND) Opt. Descriptor

Angle Constant Atm1 Atm2 Atm3
(deg) (KCal/mol)

00 * Zn * 00 110.0000 25.0000 0000 0000 0000
00 * 00 * Zn 110.0000 25.0000 0000 0000 0000

Torsional Interaction (TOR) Opt. Descriptor

V1/2 V2/2 V3/2 Atm1 Atm2 Atm3 Atm4
(Constants in Kcal/mol)

Zn * 00 * 00 * 00 0.0000 0.0000 0.0000 0000 0000 0000 0000
00 * Zn * 00 * 00 0.0000 0.0000 0.0000 0000 0000 0000 0000

Van der Waals Interactions (VDW) Opt. Descriptor

Radius Epsilon Offset Charge Atm1 Lp

Zn 1.9000 0.1500 2.0000 0000

Amber Substructure File: Selected Amino Acids and Bases
--------------------------------------------------------

Phe and Substrates/inhibitors’ phenyl rings attach Hs. Charge for Hs is
+0.15e, for Cs is -0.15e (see Ref 9).
C2=CU[(-H1)]-CU[(-H1)]=CU[(-H1)]-CU[(-H1)]=CU[(-H1)]-1

0.0000 -0.1500 0.1500 -0.1500 0.1500 -0.1500 0.1500 -0.1500
0.1500 -0.1500 0.1500

Tyr’s aromatic Hs and Cs charges (see Ref 9).
C2=CU[(-H1)]-CU[(-H1)]=C2[(-O3[-H1])-CU[(-H1)]=CU[(-H1)]-1

0.0000 -0.1500 0.1500 -0.1500 0.1500 0.2100 -0.6500 0.4300
-0.1500 0.1500 -0.1500 0.1500

Zinc attached to the inhibitor (ZFV) in PDB7CPA. Bond lengths and angles
from PDB7CPA. Constants from Guida et al. (see Ref 6). Atomic charges
calculated from 6-31++g(d,p)(hf).
00.Zn(.OM-P0(-OM)(=O2)-00)

2 3 2.1940 100.0000
3 4 1.6030 525.0000
2 3 4 105.2000 25.0000

0.0000 2.0000 -1.0450 1.9440 -0.7470
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Zinc +2 attached to two imidazoles (His-69, His-196). Bond Angles from
PDB7CPA, constant from Guida et al. (see Ref 6).
N0.Zn.N0

1 2 3 97.6000 5.0000

Zinc +2 attached to two imidazoles and bidentate to carboxylate. Bond
lengths and bond angles from PDB7CPA, constants from Guida et al. (see
Ref 6).
N0.Zn(.OM-C2=O2.2).N0

1 2 2.0850 100.0000
2 3 2.2350 100.0000
2 5 2.2950 100.0000
2 6 2.0870 100.0000
1 2 5 121.0000 5.0000

0.0000 2.0000 -1.0000 0.4000 -0.4000 0.0000

Tripeptide phosphonate, FVF from PDB7CPA. Bond lengths, Bond angles and
torsion angles from PDB7CPA. The constants from Guida et al. (6).
00*00-C0-P0(=O0)(-O0)-O0*00

3 4 1.7390 209.0000 0.0000
4 5 1.2250 525.0000 0.0000
4 6 1.6030 525.0000 0.0000
4 7 1.6760 230.0000 0.0000
2 3 4 104.2000 70.0000
1 2 3 4 0.0000 0.1700 0.5000
2 3 4 5 0.0000 0.0800 0.1300
2 3 4 6 0.0000 0.0800 0.1300
2 3 4 7 0.0000 0.0000 0.0800
3 4 7 8 0.0000 0.0000 0.0000
5 4 7 8 0.0000 0.0000 0.0000
6 4 7 8 0.0000 0.0000 0.0000
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