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Chapter 1: Installation

A. Downloading the Software

Go to www.biohedron.com and follow the link that
says source code. You will then be challenged for your
userid and password.

You will need to obtain these two items by emailing
the author at connolly@biohedron.com and stating
you would like to try out the software in order to
decide whether to buy it. If you succeed in convincing
me to trust you and you get past this password chal-
lenge, you will find yourself in adirectory with several
files.

Download two of them: msp.tar.Z and doc.tar (the
other filesin this directory are older versions, plus
object code for people who do not have compilers).
After downloading msp.tar.Z, run the UNIX uncom-
press command. Thiswill give you msp.tar. The
msp.tar and doc.tar files can then have their contents
extracted by the UNIX tar command. See the man
pages on uncompress and tar for details.

* On aMacintosh you can use Stuffit Deluxe.
e  On Windows, you can use WinZip.

B. Suggested Directory Structure

Parallel to the directory into which you unpacked the
source files, you should create a bin directory. The
makefile will try to put the executablefilesin ../bin. Of
course, you can modify the makefile to adapt to what-
ever directory structure that you have.

C. Compiling the Programs

The source codeisANSI C. InaUNIX shell, you can
make all of the executable files by typing in:

% make al |
There are also targets for each individual program:

% make nsrol |
% nmake nsform
% nmake nsdraw
% nmake nstran


http://www.biohedron.com
mailto:connolly@biohedron.com
http://www.aladdinsys.com
http://www.winzip.com
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Chapter 2: Concepts

A. Protein Surface

The topography of protein surfacesis quite irregular.
The analysis of the topography of protein surfaces has
had application in structure-based drug design. In par-
ticular, drugs bind in crevices on protein surfaces.

Figure 1 Atomic Surface

An important first step in analyzing protein topogra-
phy is defining a surface for a protein molecule. The
simplest space-filling representation of amoleculeis
the hard-sphere model. Each atomic sphereis given
the van der Waals radius of the atom. The van der
Waals surface of the molecule is made up of the parts
of the van der Waal s surface of each atom that do not
lieinside any other atom. Much of the van der Waals
surface of aprotein ison theinside of the protein (Fig-

ure 1), so thisis not a suitable surface for studying the
binding of other molecules onto protein surfaces.

Figure 2 Molecular Surface

B. Solvent Accessibility

The outer surface of a protein molecule can be identi-
fied by using ideas of B.K. Lee & F.M. Richards (Jour-
nal of Molecular Biology, 1971) on rolling a water-
sized probe sphere over amolecule (Figure 2). The
surface of a macromolecule can be defined to be the
part of the molecule that is accessible to solvent. The
solvent molecule (water) is represented by a sphere of
radius 1.4-1.7 angstrom, called the probe sphere.

The solvent-excluded volume is that volume of space
that the probe is excluded from by collisions with the



atoms of the molecule. This volume is bounded by the
molecular surface.

All surface and volume methods have a dependence on
factors such as atomic radii, the probe radius, the qual-
ity of atomic coordinates, and whether explicit hydro-
gen atoms have been included. For protein and nucleic
acid molecules, the hydrogen atom positions are gen-
erally not known, and heavy atomswith hydrogensare
approximated by a single sphere, whose van der Waals
radius is augmented by one to three tenths of an ang-
strom. Of course, all molecules have thermal motions,
which are not modeled by these static, geometrical
methods.

Chapter 2: Concepts
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Figure 3 Accessible Surface
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The accessible surface is the trace of the probe sphere
center asit rolls over the molecule of interest. The con-
tact surface isthat part of the van der Waals surface of
the atom that can be touched by a probe sphere. The
reentrant surface is the inward facing part of the probe
sphere asit is touching more than one atom. Together,
the contact surface and the reentrant surface form a
continuous sheet called the molecular surface (Figure
3).



Chapter 2: Concepts

C. Piecewise-Quartic Molecular Sur-
face

In three dimensions, the contact surface is made up of
convex spherical regions, while the reentrant surfaceis
made up of saddle-shaped rectangles and concave
spherical triangles. Because the saddle-shaped rectan-
gles are part of the surface of atorus, which is defined
by a fourth-degree polynomial, the surface must be
called piecewise quartic. The piecewise-quartic molec-
ular surface is sometimes approximated by polyhedral
surfaces.

D. \olumes

The solvent-excluded volume is the region of space
that the probe sphere is excluded from by collisions
with the atoms of the molecule. The volume enclosed
by the union of the atom spheresis called the van der
Waals volume. The solvent excluded volume minus
the van der Waals volume is called the interstitial vol-
ume (Figure 4).
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Figure 4 Solvent-Excluded Volume
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E. Cavities

In macromol ecules, such as proteins, there can be not
just small interstices, but also larger gaps between
atomsin theinterior, gapsthat arelarge enough to hold
awater-size probe sphere. These internal voids or cav-
itieswill each be enclosed by a component of the
molecular surface (Figure 5). The definition of internal
cavities depends upon the probe radius chosen. Also,
an internal cavity may be disconnected from the outer
solvent in the static, X-ray structure, but connected
when protein breathing motions are considered.



Figure 5 Cavity Surface
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F. Density

Densities are a lattice of numerical values. All density
values will lie between 0.0 and 1.0. From a crystallo-
graphic point of view, this value range more resembles
occupancies, than electron densities.

Chapter 2: Concepts

Figure 6 Density/Occupancy

A convenient representation is to use shades of grey
(Figure 6). A smaller cube width gives amore detailed
representation, but it also increases the computation
time and memory reguirements. Also, the fineness
should not exceed the quality of the data.

G. Curvature

Anidearelated to accessibility isto center at each
point on the protein surface a sphere of roughly amino-
acid-residue size, and then compute the part of the
sphere that isinside the surface (Connolly, 1986). This
gives an area measured in square angstroms, which

11



Chapter 2: Concepts

may be divided by the square of the sphere radiusto
give asolid-angle measurein steradians between 0 and
4 rt. This method is analogous to accessibility, but
identifies features at alarger scale. The valueislarge
for concave regions and small for convex regions (Fig-
ure7).

Figure 7 Curvature Measured by Angle

12
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Chapter 3: Molecules

A. Atomic Coordinates

The three-dimensional coordinates of amolecule are
the original input to the programs. These coordinates
must be in protein data bank format. The program
selects only those PDB input file records that begin
with ATOM or HETATM. The program also replaces
embedded blanks in some atom names by an under-
score. These coordinates are used in aprimary way by
pgms, to compute surfaces and volumes, and in a sec-
ondary way by msdraw, to draw a ball-and-stick
model.

B. Chemical Bonds

The connectivity is determined based upon inter-
atomic distances and covalent radii. Thisisthe only
use made of covalent radii; they are not used in the sur-
face calculation. Two atoms are connected if their sep-
aration isless than the sum of their van der Waals
radii, plus a user-specifiable tolerance. Only atoms
belonging to the same molecule will be connected.

C. Atom Types and Radii

Van der Waals radii are assigned by a two-step proce-
dure. First the residue name and the atom name in the
PDB file are used to determine that atom type, which

14

Isan integer, and then the atom typeisused to assign a
van der Waals radius. Similarly for the covalent radius
used to determine connectivity. The defaultsin the
ms.c file can be overridden in the following way.

D. Overriding the Defaults

The program has a default set of atomic radii, specified
inthe ms.cfile. To use your own radii, prepare aradius
file, and read it with the -r flag. To also override the
classification of atoms into atom types, prepare two
files, apattern file and aradius file, and then read them
with the -r and -y flags. See “Atomic Radii” on

page 70.


http://www.rcsb.org/pdb/
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Chapter 4. Computing Volumes and Areas

A. Computing Volumes

Using the Defaults

The msroll program is used to compute volumes and
areas of proteins. The simplest way to compute the
volume of aprotein isto accept the default values for
atomic radii and the probe radius. There are then only
two arguments to the program:

* the protein coordinate input file
» thevolume output file

The order of arguments does not matter. Either com-
mand below will work fine. However, typeit all on one
line; the command runsto a second line here in the
manual only because of the column width limitation.

%nsroll -mprotein.pdb -v
pr ot ei n. vol

%nsroll -v protein.vol -m
pr ot ei n. pdb

The output file information includes the total area and
volume of the molecule, plus atable of cavity areas,
volumes and centers. Cavities are discussed in more
detail in the chapter on cavities. Both piecewise-quar-
tic and polyhedral volumes and areas are given. Do not
expect the polyhedral and piecewise-quartic numbers

16

to match too closely, unless the triangulation is very
fine. See “Computing Polyhedra’ on page 32.

Setting the Probe Radius
The simplest parameter to specify is the probe radius.

The default valueis 1.5 angstrom, which is the size of
awater molecule.

%nsroll -mprotein.pdb -p 1.8 -v
pr ot ei n. vol

Setting Atomic Radii

The user can choose her own atomic radii by specify-
ing adisk file. See “Atomic Radii” on page 70. This
chapter also givesthe default atomic radii built into the
program.

%nsroll -mprotein.pdb -r
atons.radii -v protein.vol

B. Computing Areas

Using the Defaults

The msroll usages discussed above give the area of the
protein as awhole, and the areas of individual cavity
surfaces, but not the areas of individual atoms. For
that, you must use the -a argument, which writes the



atomic areasto adisk file. The format of thisfileis
given in the chapter on disk file formats.

%nsroll -mprotein.pdb -a
protein. area

The probe radius and atomic radii can be set as
described above for volumes.

Areas and Volumes in the Same Run

One can also write both areas and volumes with asin-
gle command:

%nsroll -mprotein.pdb -p 1.8 -r
atons.radii -a protein.area -v
pr ot ei n. vol

Sorting the Atomic Areas Output File
-afile [ bac | bca ]

In the simplest situation, where there is no second
argument for the area command, the output file con-
tains one line for each atom. This line gives the con-
tact, reentrant, molecular (contact+reentrant) and
accessible areas of the atom. The bac argument causes
the record order of the file to be mainly by atom and
secondarily by component. For example:

%nsroll -mprotein.pdb -a
prot ei n. bac bac

Chapter 4: Computing Volumes and Areas

The bac argument causes the record order of thefileto
be mainly by component and secondarily by atom. For
example:

%nsroll -mprotein.pdb -a
protein. bca bca

17
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Chapter 5: Coloring

A. Pre-Defined Colors

The colors below are predefined. Theintegers are used
in polyhedron files, while the names are used in the
msdraw script files.

Table 1: Pre-defined Colors

# red green blue name
0 0.25 0.25 0.25 black
1 1.00 1.00 1.00 white
2 1.00 0.00 0.00 red
3 0.00 1.00 0.00 green
4 0.00 0.00 1.00 blue
5 0.00 1.00 1.00 cyan
6 1.00 0.00 1.00 magenta
7 1.00 1.00 0.00 yellow
8 0.50 0.50 0.50 grey
9 0.75 0.75 0.75 gray
10 0.40 0.20 0.10 brown
11 1.00 0.40 0.00 orange
12 0.50 0.00 0.30 purple
13 0.00 0.00 0.30 navy
14 0.40 0.40 1.00 sky
15 1.00 0.50 0.50 pink
16 0.80 1.00 0.00 yellow_green
17 0.80 0.40 0.10 tan
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B. Outer and Inner Colors

There are several different types of coloring. Some of
them distinguish between the outer side and the inner
side. By outer and inner, | mean like the outer and
inner surfaces of a bottle. No distinction is made for
internal cavities. The outer side isthe side facing the
probe, including when the probeisin an internal cav-
ity. Theinner sideisvisible only if their is clipping.

Figure 8 Inner Coloring

inner side

puter side

C. Uniform Coloring

In uniform coloring, only two hue numbers are given
for the entire surface: onefor the outer side and onefor
theinner side (Figure 8).



D. Component Coloring

In component coloring, there are two hue numbers for
each surface component, one for the outer side and one
for the inner side. In the diagram (Figure 9), we have
given both internal cavities the same color.

Figure 9 Cavity Coloring.

The colorsare given in Table 2..

Table 2: Component Colors

Chapter 5: Coloring

F. Shape Coloring

Shape coloring is based upon atable,which has six hue
numbers.

Table 3: Shape Colors

Component Outer side Inner side
1: Outer surface red blue

2: First cavity green yellow

3: Second cavity green yellow

E. Atom Coloring

Atom coloring is based upon the color field of each
atom.

Shape Outer Side Inner Side
convex hue hue

saddle hue hue
concave hue hue

21
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Chapter 6: Rendering Molecules

A. Crambin Ball-and-Stick Model

A rendering of aball and stick model of aproteinis
shown in Figure 10.

Figure 10 Chemical Model of Crambin

The coloring for the rendered mode is taken from the

color fields of the atoms. You can create thisimage
with the shell commands and scene script bel ow:

24

Shel | conmmands:

% nsdraw -1 bas.scr -r bas.sun sun
% sdti mage bas. sun

The sun argument above causes the disk file to be writ-
ten in 8-bit sunraster format. The msdraw program
reads the following script.

The bas. scr file:

light source -0.5 1.0 1.0
shading_nodel 0.2 0.2 0.4 0.2 2.0
nol ecul e crn 1crn. pdb

tol erance 0. 25

el bow 2.5

connect crn # creates sticks
crn color = grey

oxygens = atom matches O
oxygens col or = red

ni trogens = atom nmatches N
ni trogens col or = bl ue

sul furs = atom matches S

sul furs color = yellow

bal | _and_sti ck

atom col ori ng



B. Surface Colored by Atom

A molecular surface of crambin, colored by atom type,
isshown in Figure 11. The image was created with the

shell commands and scene script below.

Figure 11 Crambin with Atom Coloring

Chapter 6: Rendering Molecules

Shel | conmands:

% mnsroll -mlcrn.pdb -q crn. pgns
% nsdraw -i ms.script -r ns.sun sun
% sdti mage ns. sun

The ms.script file read by msdraw consists mostly of
coloring commands. The pdb file specified for msdraw
must be the same as the one for msroll.

ns. scri pt

nol ecul e crn 1crn. pdb

crn color = grey

oxygens = atom nmat ches O
oxygens col or = red

ni trogens = atom mat ches N
ni trogens col or = bl ue

sul furs = atom matches S
sul furs color = yellow
read_surface crn. pgns
atom col ori ng

C. Displaying Translucent Surfaces

The small plant protein crambin is shown in Figure 12
It has a green, translucent surface and a multi-colored

ball-and-stick model. If you examine the green surface
closely, by zooming in on the PDF file, you will see

25



Chapter 6: Rendering Molecules

coordinates in pdb format. The msroll program reads
them so that it can roll a sphere over the atoms to gen-
erate a surface, while the msdraw program reads them
so that it can connect the atoms to form a ball-and-
stick chemical model. The msdraw program takes its
Instructions from the script file specified by its -i argu-
ment. The output file raster file will be written in SGI
image format.

that the translucency effect has been generated by
omitting every other green surface pixel in a checker-
board pattern.

Figure 12 Translucent Surface of Crambin.

Shel |l comrands for rendering and
viewi ng a transl ucent surface:

% nsroll -mlcrn.pdb -q crn. pgns
% nmsdraw -i lucent.script -r lucent.rgb
% i mgvi ew | ucent. rgb

The image was created with the shell commands and
scene script given below. Thereis one msroll UNIX
shell command to create the surface, one msdraw com-
mand to render the surface using msdraw, and one
command to look at the image file, using the SGI img-
view utility. Both msroll and msdraw read atomic

26

The scene script file contains directions for only one
molecule, crambin. It names the molecule “crn”, since
within the program molecule names must begin with a
|etter, not a number. The connect command creates the
bonds. The next command means that all atoms of crn
are to have their color attribute set to grey. This might
be written as crn.color = grey in many scripting lan-
guages. The scripting language operates on sets of
atoms, rather than individual atoms. This obviates the
need for loops to set the values of arrays of atoms,
Whilethe crn atom set is predefiined, the set of oxygen
atoms must be defined. Thisis done by chosing all
atoms whose name begins with the letter O. Once the



oxygens set is defined, its atoms have their color set to
red. Similar commands take care of the nitrogens and
sulfurs. These kinds of commands for dealing with
sets of atoms are discussed more fully in the chapter
on atom fields. The ball-and-stick chemical model of
spheres and cylindersis next created, and colored
according to the atom colors. A bond cylinder will
have two colorsif it connects atoms of different colors.
The piecewise-quartic molecular surfaceisread in. It
Is made semi-transparent by giving it an opacity of 0.5,
and it is colored green.

Script file translucent.script

nol ecul e crn 1crn. pdb
connect crn # creates bonds
crn color = grey

oxygens = atom matches O
oxygens col or = red

ni trogens = atom nmatches N
ni trogens color = bl ue

sul furs = atom matches S
sul furs color = yellow

bal | _and_sti ck
atom col oring read_surface crn. pgns
uni formopacity 0.5 0.5

uni form col oring green

Chapter 6: Rendering Molecules

D. Clipping Surfaces
-z zclip

Thisis an optional argument to the msdraw program.
The clipping plane is assumed to be parallel to the xy
plane, and the argument must be in the range -1.0 to
1.0. The number is not in angstroms, but represents a
fraction of the z range of the molecules. That is, a
value of 1.0 clips nothing, avalue of 0.0 clips through
the middle, and a value of -1.0 clips everything. Trian-
glesthat cross the clipping plane will be truncated.
Bonds crossing the clipping plane will also be cui.

-X tiltx

-y tilty
These arguments are used to specify thetilt of the clip-
ping plane. They can beintherange 0.0to 1.0. Let x
and y denote the values specified by the -x and -y argu-
ments. Then (X, y, 1.0) gives a vector perpendicular to
the clipping plane. For example, an x value of 1.0
gives atilt of 45 degrees. It is not possible to specify
negative values for these two flags.

E. Solid Surfaces

The solvent-excluded volume of the protein molecule
can be made to appear solid by use of the solid_shade

27



Chapter 6: Rendering Molecules

script command. The command takes one argument,
the shade (from 0 to 255) of the solid shade. The sur-
face being made to appear solid should be given a uni-
form interior color. The solid_shade command should
appear after the coloring command. If thereis more
than one solid surface in the scene, you should also put
an overlap_hue command at the top of thefile, before
the first molecule command. This command takes one
argument, the color of the overlap for interpenetrating
solvent-excluded volumes. An exampleis given below
for retinol binding protein.

rotation 90.0 0.0 1.0 0.0
overl ap_hue green

nmol ecul e crb

surface crb. pgns

uni form col ori ng brown brown
sol i d_shade 200

nol ecul e retinol 1crb. pdb
retinol -= residue != RTL
oxygens = atom nmat ches o
oxygens col or = red
carbons = atom matches c
car bons col or = bl ack
surface retinol. pgns

at om col ori ng

no_cl i ppi ng

There are two surfacesin this example: for the protein
and for the ligand. The protein is cut and solid. The

28

ligand is given avan der Waals surface (retinol.pgms)
and is not cut (note the no_clipping command).

Figure 13 Solid Surface of Retinol-Binding Protein
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Chapter 7: Dot Surfaces

A. Points, Areas and Normal Vectors

A dot surfaceisaset of pointsin space. Itislikea
polyhedron, but with no edges and no faces. Its mini-
mal nature givesit an elegant smplicity.

Each dot is specified by itsx, y and z coordinates. It
has an area, which gives the area of the part of the sur-
face assigned to it. It also has a vector, of unit length,
pointing directly away from the surface, toward the
center of the probe sphere.

B. Surface Point Output File

-j file
All the surface points will be written to the disk file,
along with their normal vectors, if calculated. The

records will be in ascending atom number order. See
“Surface Points’ on page 71.

C. Atomic Areas Output File
-k file

Thisfile gives the areas from the dot surface algo-
rithm. The output file consists of one record per atom,
and each record has threefields: contact area, reentrant
area, and molecular area.
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D. Displaying Dot Surfaces

The dot surfaces produced by msroll are in the same
format as those produced by the M S Fortran program,
available from the Quantum Chemistry Program
Exchange. There exist many programs for displaying
these dot surfaces.



http://qcpe.chem.indiana.edu/
http://qcpe.chem.indiana.edu/
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Chapter 8: Polyhedra

A. Computing Polyhedra

Using the Defaults

The simplest command for computing a polyhedral
molecular surface specifies only the input and output
disk files:

%nsroll -mprotein.pdb -t
sur f ace. vet

Tessellation Finess Parameter

The polyhedral surface is made up of triangles. They
are computed by subdividing the faces of the piece-
wise-quartic molecular surface, not by connecting the
points of the dot surface. The fineness parameter
should bein radians. The maximum allowed value for
thisanglefield is 1.5 radians. For avalue of 1.5 radi-
ans, the surface will be crude. The default value of 1.0
gives areasonably smooth surface. A small number
generates alarge number of small triangles. A large
number generates a small number of large triangles.
The execution time of the program increases inversely
as the square of this parameter

%nsroll -mprotein.pdb -t
surface.vet -f 0.8
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Tessellation Fineness File

%nsroll -mprotein.pdb -t
surface.vet -f fine.script

The script file (not shown) sets the angle fields of the
atoms to the desired values. The atom’s angle field
tells the msroll program how finely to tessellate (trian-
gulate) the surface belonging to this atom.

The fineness file can a so restrict which atoms of the
pdb file end up in molecule's atom set. One includes
commands such as:

protein -= resi due == HOH

This removes that waters from the input molecule
crambin.

B. Displaying Polyhedra

The mstran program will convert amolecular surface
polyhedron file to Silicon Graphics Inventor file,
which can be displayed with the SGI ivview utility
program.

% nstran -t pol yhedron -o
I nventor file

%ivviewinventor file


http://www.sgi.com/software/inventor/relnotes_2.1.html

C. Plotting Surfaces

Plots are also generated by the msdraw program. The
polyhedral surface isthe input to the program. The tri-
angles are subjected to hidden-line elimination. The
output iswritten to disk in either HPGL or PostScript.

% nsdraw -i script -p plot.ps ps
% nsdraw -i script -p plot.hp hpgl

Chapter 8: Polyhedra
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Chapter 9: Identifying Internal Cavities

A. Displaying Cavities

A rendering of ared model of lysozyme, with atrans-
lucent front surface and blue internal cavities, is seen
in Figure 14. The front surface is white and translu-
cent, while the rear surface is opague and green. The
cavity surfaces are blue. All the atoms and bonds are
red. The front part of the surface has been clipped

away.

The cavities are regionsin the interior of the protein
large enough to accomodate the probe. It has been
found that if they are bordered by polar atoms, they
generally contain water molecules. The msroll and
msdraw programs are instructed to ignore the water
moleculesin the 2lyz.pdb file by using the following
command.

lyz -= residue nmatches HCH

The —= assignment operator means subtract the set on
the right from the set on the left. The set on theright is
all the atoms whose residue names begin with HOH.
HOH is the name that the protein data bank givesto
water molecules.

36

Figure 14 Lysozyme with Internal Cavitiesin Blue

This image was produced with the commands and
scene script below. The instuction for ignoring the
water molecules shows up in the script files given to
both msroll and msdraw.

Shel | comrands for rendering and
viewi ng a clipped surface with



internal cavities:

Chapter 9: Identifying Internal Cavities

%nsroll -mlyz.pdb -q lyz.pgns -f lyz.script
% nsdraw -i cavities.script -r cavities.rgb -z 0.4

% ingview cavities.rgbh &

The water-exclusion command isthe sole line in the
lyz.script file.

lyz -= residue nmatches HCH

In the scene script file, the protein is rotated 45 degrees
around the y-axis. The last three numbers of the rota-
tion command give the rotation axis as an xXyz vector.
This command is given first, because it applies to all
the molecules in the scene. In our case, thereisonly
one molecule, lysozyme. The moleculeisread in not
from the sister pdb directory as before, but from the
current working directory. The waters are eliminated
from the lyz atom set by the matching command. The
coloring and chemical model commands are similar to
the previous example.

Script file translucent. script
rotation 45.0 0.0 1.0 0.0
nol ecul e lyz |lyz. pdb
lyz -= residue matches HCH
connect |yz
lyz color = red
bal | _and_sti ck
at om col ori ng
read _surface |yz. pgns
conponent _col ori ng white green bl ue
conponent _opacity 0.5 1.0 1.0

B. Cavities Output File
-c file

Thisisan argument to msroll. The cavity surfaceis
written to a specid file. Thisisuseful if you want to
look at only the cavity surface and not the outer sur-
face. It can be used in conjunction with the -t flag, in
which case the outer surface iswritten to the file speci-
fied with that flag.
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Chapter 10: Solvent-Excluded Densities

A. Computing Densities

The msform program can convert a polyhedral molec-
ular surface into athree-dimensional array of cubes,
each with a number between 0.0 and 1.0. The cubes
entirely within the polyhedron receive avalue of 1.0.
The cubes entirely outside the polyhedron receive a
value of 0.0. Cubes entirely inside the small surfaces
bounding internal cavities also have zero densities.
Cubes intersecting the polyhedral surface have densi-
ties somewhere inbetween 0 and 1. The density runs
between 0.0 (no occupancy) and 1.0 (full occupancy).
It is an occupancy density, not an electron density.

A polyhedron is converted into a density by: (@) super-
posing upon the polyhedron a cubical grid, (b) identi-
fying those cubes that lie entirely within the
polyhedron, (c) identifying those cubes that intersect
the surface, and (d) for each intersecting cube, com-
puting the volume of the part of the cube that lies
within the polyhedron. The cubes entirely within the
polyhedron are given a density of 1.0, and those lying
partly within the polyhedron are given a density equal
to the volume of the truncated cube divided by the vol-
ume of awhole cube.

The polyhedral surface serves asthe input. The cube
width is specified as a parameter.
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msform -t pol yhedron -ww dth -0
density [-v inventor file]

The density file format isAVS. See “Density” on
page 72. Example:

%nsform-t protein.vet -w 2.0 -0
prot ei n. avs

B. Computing a Polyhedron from a
Density

nsform-d density [-| level] -0
pol yhedr on

The program computes a polyhedral molecular surface
from adensity. The level parameter specifies what
level to contour at. The default is 0.5.

C. Displaying Densities
The mstran program will convert amolecular volume

density fileto a Silicon Graphics Inventor file, which
can be displayed with the SGI ivview utility program.

nstran -d density -o inventor file
-c level -h hue

In the syntax the level parameter is a number between
0.0 and 1.0. A good valueis 0.5. The hueis one of the
predefined colors (red, green, blue, ...).
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Chapter 11: Measuring Curvature

A. Solid Angle

Solid Angle Computations

It can compute the curvature of the polyhedral surface
by intersecting the polyhedron with spheres where the
sphere centers are defined by the polyhedron vertices.
By measuring the fraction of the region of each sphere
that lies inside the solvent-excluded volume, one can
guantitate surface region convexity and concavity.

Single Polyhdral Surface

% nsform-t polyhedron -r radius -0
pol yhedr on

This computes one solid angle for each polyhedron
vertex. Thefirst vertex value field (u) is replaced by
the solid angle of the evaluation sphere centered at that
point. See “Polyhedron” on page 72.

Three Concentric Spheres per Vertex

% nsform-t pol yhedron -r radius -x
I ncrenent -o pol yhedron

If the -x parameter is specified, the radius, radius +
increment, radius + 2 * increment spheres will gener-
ate three values for the vertex (u, v, and w). If the ana-
lytical sphere-polyhedron algorithm fails, a numerical
algorithm is used to compute omega. The program
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prints out the number of omegas computed numeri-
caly.

B. Contouring Vertex Properties

Vertex properties are represented by signed real num-
bers. Thereis no limit to the range. They are associ-
ated with vertices. Each vertex can have up to three
properties, which are labeled u, v and w. The proper-
ties are converted to hues using aramp, which is spec-
ified in the define_ramp command. Property values
lying outside the range of the ramp are given the bot-
tom or top hue number, as appropriate. The command
"define_ramp yellow 4 green 2 black™ givesthisramp
(Figure 15).

Figure 15 Color Ramp

value -100 -80 60 4.0 -2.0 00 0 40 6.0

yellow - - gleen . 2 - black
Ted 10 08 06 04 0z 0o 008 0.17 025
green 10 10 1.0 1.0 1.0 10 075 030 025
blue 0o 0o 0o 0.0 0o 0o 0.08 017 025

For rendered image, there is one band corresponding
to each tick mark above. For plotted contours, thereis
one contour for each tick mark above.
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C. Contouring in Stereo

Below are the of shell commands and script for ender-
ing and plotting a shape-colored model of aproteinin
stereo.

Shell comrands for rendering and plotting surface shape
%nsroll -mprotein.pdb -t protein.vet

% nsform-t protein.vet -r 5.0 -0 protein.veto

% nsdraw -i omega.script -r left.rgb -p left.ps -a 6.0
% nsdraw -i omega.script -r right.rgb -p right. ps
%ingview left.rgb & ; ingviewright.rgb &

% Xpsview left.ps & ; xpsviewright.ps &

The following script fileis read by msdraw.

Script file omega. scri pt
nol ecul e protein
read_pol yhedron protein.veto
# pre-defined color ranmp yel |l ow green-bl ue
contour u 3.0 12.0 ygb

D. Rotating Colored Polyhedra mstran -t polyhedron -f ulvjw -I
| ower -u upper -h color _ranp -o

The mstran program will convert a vet format molecu- i nventor file

lar surface polyhedron file to Silicon Graphics Inven-
tor file, which can be displayed and rotated with the
SGI ivview utility program.

The syntax will color the polyhedron according to the
real numbersin the vertex value fields. There are three
vertex value fields (u, v and w). For example, msform
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stores the solid angle in the u field. Unlike in msdraw,
you cannot define your own color ramp, but instead
must use one of the predefined color ramps: green, red,
blue, tan, orange, magenta, and pink. The first three
ramps (green, red, blue) give three distinct bands, the
later ramps have more intermediate colors.

E. Measuring Density Curvature

Curvature and Local Symmetry

nsform-t pol yhedron -d density -r
radi us -o pol yhedron

The program measures the shape of the density in the
vicinity of each vertex of the polyhedron. A sphereis
constructed centered at each vertex and the cubes par-
tialy or entirely within the sphere are summed. The
polyhedron is modified, the local volume iswritten in
thefirst (u) value field, the amount of two-foldnessin
the second (v), and the amount of three-foldnessin the
third (w) valuefield.

Sector Densities

nsform -t pol yhedron -d density -0
pol yhedron -z orange

In this usage, the polyhedron vertices are given values
based upon the -z orange file. An orange is an intersec-
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tion sphere that is subdivided into sectors (wedges,
slices). The orange file has one line, which has five
fields: x, y, z, radius and number of sectors. The pro-
gram computes the amount of each sector that lies
inside the proteins solvent-excluded density. This
gives a number between 0.0 and 1.0. Thereisone
number for each sector. The axis of the orange isthe
normal vector at the specified center. The normal vec-
tor iscomputed, as usual, as pointing from the centroid
of the sphere-protein intersection volume to the speci-
fied intersection sphere center. But these sector values
are not written to the output disk file; instead, some-
thing more subtle is done. Every vertex on the polyhe-
dral surface either lies outside the orange, or inside
one of the slices of the orange. All vertices outside the
orange sphere are given the value 500. All verticesfall-
ing into adlice are given the value (0.0 to 1.0) of the
glice. The polyhedron, with these valuesin the u field,
Iswritten to the specified disk file. The polyhedron is
rotated before written. It is rotated so that the normal
vector points along the positive z axis.
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Chapter 12: Interfaces of Protein Complexes

A. Visualizing Protein Complexes

Interfaces can also be studied with msdraw. Figure 16
shows the rendering of aclipped complex. Thetrypsin
enzyme is green, and the bovine pancreatic trypsin

inhibitor proteinisred. It was created with the shell
commands bel ow.

Shell commands for pancreatic
trypsi n conpl ex

%nsroll -f ptci.script -m../pdb/2ptc.pdb -q ptci.pgns -n ptci
% nsroll -f ptce.script -m../pdb/2ptc.pdb -q ptce.pgns -n ptce
% nsdraw -i conpl ex.script -b 18.0 -r conpl ex.sun sun -z 0.05 -s 600

% sdt i rage conpl ex. sun

Note that the msroll commands both rename the mole-
cule and use script files. Each script file refersto the
protein by its new name. The purpose of each script
fileisto reduce the set of atoms to just one of the two
molecules: just the enzyme or just the inhibitor. They
also exclude non-protein atoms (HETATM).

pt ce. scri pt
ptce -= pdb nmat ches HETATM

ptce -= subunit matches |
pt ci.script
ptci -= pdb nmat ches HETATM

ptci -= subunit nmatches E
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Figure 16 Trypsin-bpti interface
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The msdraw script file for creating thisillustration is conpl ex. script, part 2
rather long and is divided into two parts.

conpl ex. script, part 1

B. A Pair of Polyhedra

nsform -t pol yhedron -n pol yhedron
-r radius -o pol yhedron
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This computes solid angles for two polyhedra at once.
Thiscommand usestwo polyhedra (-t and -n). Thefirst
(-t) polyhedron is the one that will have values
assigned to its vertices, and will be written as output (-
0). The three vertex value fields will contain three
solid angles. Thefirst will be the solid angle subtended
by the primary polyhedron as measured by a sphere
centered at a vertex of the primary polyhedron. The
second will be the solid angle subtended by the oppos-
ing polyhedron as measured by a sphere centered at
this same vertex of the primary polyhedron. The third
number will be the sum of thefirst two. It will be close
to four pi steradians for a close fit.

C. Surface Buried in an Interface

nsform -t pol yhedron -n pol yhedron
-r radius -x extension -0
pol yhedr on

Thisfeature is used to identify surface buried in a pro-
tein-protein interface. The first (-t) polyhedron isthe
one that will have values assigned to its vertices. The
number specified as the extension is the distance the
intersection sphere is moved out along the normal vec-
tor. If one specifies for both the radius and extension
parameters the same number as the probe radius used
to compute the two protein surfaces, then the intersec-
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tion sphere will have the same center and the same
radius as the probe tangent to that vertex. Thefirst (u)
and third (w) fields in the primary polyhedron vertices
will be given the value zero, and the second field (v)
will be the solid angle of the intersection of the sphere
with the second (-n) polyhedron. If that value is posi-
tive, that indicates that the probe collides with the
opposing protein, and so that vertex is buried. The val-
ues are written into the value fields of the output (-0)
polyhedron.

D. Computing a Surface Between Two
Densities

nsform-d density -y density [-r
radius] [-s 0] 1] -o pol yhedron

The program computes apolyhedral interfacial surface
between the two given densities. The two densities
need to have the same cube width. A third density is
temporarily created. The third density isthefirst den-
sity minus the second density. The contour level is
aways 0.0. A sphereis constructed centered at each
cube center and the cubes partialy or entirely within
the sphere are used. The radius parameter specifies
what radius to use for computing the local volume and
normal vector. The smooth=1 parameter means use
smoothed density, where the average value of the den-



sity inside the sphere of the specified radiusis used.
For smooth=0, the value of the density at the sphere
center is used. The cubes near the interface will have
values near 0.0 and vectors that point from the first
density to the second. If the interface is not a close fit,
or if the cubes are small enough to fit in the gaps
between the densities, there will be holes in the inter-
facial surface, unless smoothing is used.

Chapter 12: Interfaces of Protein Complexes

Computing an interfacial surface between two protein
densitiesis done by running msform several times.
The output of the final run of msform is run through
mstran to convert it to SGI Inventor format.

Shell commands for interfacial
surface

% nmsform-t protein.vet -w 2.0 -0 protein.avs

% nmsform-t ligand.vet -w 2.0 -0 |igand. avs

% nmsform-d protein.avs -y ligand.avs -r 3.0 -0 interface. vet
%nstran -t interface.vet -o interface.iv

E. Polyhedra Evaluated at an Interfa-
cial Surface

nsform -t pol yhedron -n pol yhedron
-h pol yhedron -r radius -0
pol yhedr on

The fifth usage style computes three solid angles, one
for one protein, one for another protein, and their sum,
asdid an earlier style, but differsin that there are now
three polyhedra. Thefirst (-t) polyhedron is used
solely to define vertices to center intersection spheres
at. The second (-n) and third (-h) polyhedra are the
ones that are intersected with the sphere. The output

polyhedron is the first polyhedron, but with three ver-
tex values set. The purpose of thisfeatureisto use as
the first polyhedron not a protein surface polyhedron,
but an interfacial surface computed by a previous run
of msform (see above).

F. Densities Evaluated at an Interfacial
Surface

nsform-d density -y density -t
pol yhedron -r radius -0
pol yhedr on
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The program measures the shape of the two given den-
sities (-d, -y) inthe vicinity of each vertex of the given
(-t) interface-bisecting polyhedral surface. The values
arewritten in the value fields of the output (-0) polyhe-
dron. The two densities need to have the same cube
width. A sphere is constructed centered at each vertex
and the cubes partially or entirely within the sphere are
used. The interface polyhedron is modified, so that the
local volume normal vector stored into the normal vec-
tor fields, and the shape in the three value fields. The
first value (u) is the amount of two-foldness for the
first density, the second value (v) is the amount of two-
foldness in the second density, and the third value (w)
isthe local volume of the sum of the two densities. It
will be close to 1.0 for regions where thefit istight.
The two-fold amounts should be similar for a closefit.
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Chapter 13: Command-Line Arguments

A. msroll

The execution time increases linearly with the number
of atoms, and as the cube of the probe radius. The
arguments are are given below.

Error Message File

-e file
The error message file (also contains informative mes-
sages).

Grid Spacing Parameter
-g spaci ng

This command specifies the fineness of the probe-col-
lision grid; the neighbor grid istwice this. The purpose
of these gridsisto speed up neighbor-finding (cube
grid) and probe collision checks (bit grid). It is not
possible to use one grid, but not the other. The grids
areoptional. If not given, no grid will beused. Thereis
a certain amount of overhead involved with the grids,
so it is not advisable to use them unless the molecule
has at |east one thousand atoms.

Molecule Input File
-mfile
The atomic coordinates, in pdb format.
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Name
-n nane

The name of the molecule, overriding the one inferred
from the name of the pdb file.

Probe Radius
-p radi us
The minimum allowed valueis 0.0. This gives avan

der Waals surface. Large values cause the program to
be very slow. Default=1.5.

Piecewise Quartic Output File

-g file
The binary surface fileis written to disk. See “PQMS
Disk Format” on page 73.

Atomic Radii Input File

-r file
The van der Waals radii. See “Atomic Radii” on
page 70.

Polyhedron Output File
-t file



The polyhedral surface fileis computed and written to
disk. Thisfileisread by msdraw. See“Polyhedron” on

page 72.

Cusp Intersections

-X I nteger
Thereis user control over cusp trimming. The maxi-
mum order of cusp edge intersections trimmed can be
specified by an integer, wheretheinteger isQ, 1, 2 or 3.
Zero isrecommended for rerunning large proteins that

generate cusp trimming error messages on thefirst run.

B. msform

There are many things this program can do, and what
it does is determined by which command line flags are
present. Typing just the program name will print out
all the different usages, but without the explanatory
paragraphs below. The flags are:

-t file (invetformat)

-n file (second polyhedral input file)

-h file (third polyhedral input file)

-d fil e (densityinput file)

-y file (seconddensity input file)

-0 fil e (polyhedron or density)

-1 level (defaultlevel = 0.5for one density)
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-X radi us (extension or expansion)
-w W dt h (of density cubes)
-r radi us (of intersection sphere)

C. msdraw

Purpose

The program reads the surface files computed by
msroll and creates three kinds of output files: (a) an
image file of pixelsthat shows a smooth surface with
hidden-surface elimination, (b) plots with hidden-line
elimination, and (c) vector filesin SGI Open Inventor
format.

Output File Names and Formats

medraw -i scriptfile -r rasterfile
[format] -p plotfile [format] -v
vectorfile

Images can be written in 3 formats: sgi, sun and
avsimage. The default format is"sgi" image, whichis
a 24-hit color format. For sun or avsimage formats,
add the word sun or avsimage after the file name. The
"sun" format produces the sun rasterfile format, which
can be displayed under X Windows using the xview or
xloadimage utilities. Thisis an 8-bit color format
using a color lookup table. For AV S image format, use
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"avsimage' (for AV Sfield format, use "avsfield"). Plot
output file format is either PostScript (the default) or
"hpgl"”, which is HP-GL (Hewlett-Packard Graphics
Language). MSDraw reads a script filein order to
define the scene. The script file name is given after the
-i flag. See “ Scene Filename Argument” on page 62.

Image Size Parameter
-S 1 nmage_si ze

The image is always square, and the integer specifies
itswidth (default 512).

Tilt of Clipping Plane
-xX tiltx

-y tilty

These flags are used to specify the tilt of the clipping
plane. They can beintherange 0.0t0 1.0. Let x and y
denote the values specified by the -x and -y flags. Then
(X, y, 1.0) gives a vector perpendicular to the clipping
plane. For example, an x value of 1.0 gives atilt of 45
degrees. It isnot possible to specify negative valuesfor
these two flags.

Border Parameter
-b border
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The argument is a floating-point number in angstroms.
The window is shrunk (new in 3.9) in al four direc-
tions (left, right, bottom, top) by the amount given in
the border command. Default border value: 0.0.

Alignment Parameter
-n al i gnnent

Causes the window bounds to be rounded outwards to
amultiple of the given parameter. Default=1.0.

Title String
-t title

Affects plotting only. Thistitle will be assigned as a
comment in the PostScript output file.

Header Type

-h header
The header can be either inventor or viml. The inven-
tor option is the default and causes the SGI Open

Inventor header to be written, while vrml causes 3D
output files to be written with aVRML header.

Z Clipping
-z zclip



The clipping plane is assumed to be parallel to the xy
plane, and the argument must be in the range -1.0 to
1.0. The number is not in angstroms, but represents a
fraction of the z range of the molecules. That is, a
value of 1.0 clips nothing, avalue of 0.0 clips through
the middle, and a value of -1.0 clips everything. For
plotting and Inventor output, triangles that cross the
clipping plane will be truncated, and the new line that
isintroduced will be given the vet file's triangle color,
or the polyhedron color, if specified. Bonds crossing
the clipping plane will also be cut. See “No Clipping”
on page 67.

Stereo Angle
-a stereo_angl e

This command is used for producing stereo pairs. The
molecules, clipping plane (if present) and the light
source will berotated by the specified angle. It may be
necessary to use aborder and perhaps also an align-
ment parameter to make sure that the two images are
drawn to the same scale.

Shading Type

-g shadi ng
The argument isflat for flat or faceted triangles, and
smooth for phong shading (default).
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Fineness Parameter
-f fineness

This parameter rarely needs to be specified. The argu-
ment is afloating point number in the range 1.0 to 2.0,
controlling the fineness of the sampling in the render-
ing agorithm. If the fineness is too low, afew pixels
will be vacant; if it istoo high, the computation will
take longer. Default fineness: 1.35.

D. mstran

This program will convert vet format molecular sur-
face polyhedra and molecular volume density filesto
Silicon Graphics Inventor files, which can be dis-
played with the SGI ivview utility program.

% nstran -t polyhedron -f u|v|w -I
| ower -u upper -h color_ranp -o
i nventor file

This syntax will color the polyhedron according to the
real numbersin the vertex valuefields. There are three
vertex value fields (u, v and w). For example, msform
stores the solid angle in the u field. Unlike in msdraw,
you cannot define your own color ramp, but instead

must use one of the predefined color ramps: green, red,
blue, tan, orange, magenta, and pink. Thefirst three

55



Chapter 13: Command-Line Arguments

ramps (green, red, blue) give three distinct bands, the
later ramps have more intermediate colors.

% nstran -d density -c level -h hue
-0 inventor_file

In this syntax the level parameter is anumber between
0.0 and 1.0. A higher number will create more cubes.
A good valueis 0.5. The hueis one of the predefined
colors (see msdraw) such as red, green, blue, cyan,
magenta, yellow, white, black, grey, etc. All the cubes
will be this color.
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A. Atom Fields

Some of thesefields require explanation. The character
string fields may be at most 6 characterslong. The
"atom" field means atom name in the PDB file; the
"kind" field means a user-defined atom type, such as
C2 for methylene carbon; the type field means the inte-
ger used to choose a van der Waals radius from the
radii file; the"element” field isthe atomic number. The
"anumber"” field is not the atomic number, but isthe
atom number in the PDB file. The "radius’ field isthe
van der Waals radius; the "covalent” field is the cova-
lent radius and is used in determining connectivity.
The"ball" field is the radius for ball-and-stick figures
in msdraw. Simply reading an input PDB file sets the
values of many of these fields. The values of the other
fields are set by various algorithms that the program
uses. They can be overridden by the user. Some fields
such as kind are null if not set by the user. The ball
radii are set to 0.5.

Table 4: Atom Fields

Table 4: Atom Fields

Field Name Type Examples
color integer 2
covalent real 0.77
density real 4.0
element integer 7
kind character string C3
occupancy real 1.0
opacity real 0.5
pdb character string HETATM
radius real 1.75
residue character string ASN
rnumber integer 343
sequence character string 343B
subunit character A
suffix character B
tfactor real 3.18
type integer 9

Field Name Type Examples
angle real 1.1
anumber integer 45
atom character string CD2
ball real 0.3
center 3 reals 354.2-88
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B. Sets of Atoms

The atoms are numbered starting at 1. The numbers
are based upon the order the atoms are read in the
input file. If there is more than one molecule in the
input file, the numbering is NOT restarted at one for
the second molecule. So each atom has a unique num-
ber.

Each set is described by alinked list of ranges, and
each range is described by begin and ending atom
numbers. For example: 23-45, 58-101, 189-212. There
are operations for unions and intersections of sets. The
purpose of these atom setsisto set properties of atoms,
such as colors, and to excluded some atoms from the
calculations.

C. Atom Field Files

A file of atom-field commandsis read by the "-f file-
name" argument to msroll. These commands are also
read after the "molecule" command of msdraw and are
applied to that molecule.

D. Selecting Sets of Atoms

Define sets of atoms based upon input field values
from the PDB file:
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setnane = field operator constant
where operator is one of:

Qperators

mat ches
initial_substring

I nsi de (for spheres)

out si de (for spheres)

above (for planes)

bel ow (for planes)

== nuneric or string

I'= nuneric or string

< numneric

<= nuneric

> nuneric

The "matches' operator is used for determining atom
type from atom name: "atom matches C" istrue for
any atom name beginning with the letter C. Caseis
ignored. The "inside" and "outside" operators select
atoms inside or outside a sphere. The "above" and
"below" operators select atoms on one side or the other
of aplane. The "above" operator selects atoms on the
side of the plane in the direction the normal vector.
Note that only the"=" and "!=" can be used for charac-
ter strings; the greater than and less than operators are
used only for numbers.
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E. Setting Atom Fields

Define output field values for atoms in these sets by
field assignment commands:

setnane field = constant

Further commands related to atom sets and atom prop-
ertiesare shown in thelist below. The +=, -=and *=
assignment commands are similar to the ssmple =
assignment command. The clear command causes a set
to become empty. The connect command creates
bonds for atoms in the specified set. Two atoms are
connected if their separation is less than the sum of
their van der Waals radii, plus the tolerance. The toler-
ance should be specified before the connect command.
The disconnect command removes all bonds from an
atom in thefirst set to an atom of the second set. The
bond radiusis set by the bond_radius command. The
general ball radius can be modified by the ball radius
command.
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At om Set Commands
setnanme = field operator

const ant

setnane += field operator
const ant

setnane -= field operator
const ant

setnanme *= field operator
const ant

set2 = setl

set3 = setl * set2

set3 = setl + set?2

set3 = setl - set?2

sphere spherenane x y z radius

pl ane pl anenane X y z Xxn yn zn
cl ear setnane
connect setnane [tol erance]
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Chapter 15: Scene Script

A. Scene Filename Argument
-i script_file

The script file containsinformation for drawing one or
more molecules.

B. Command Syntax

A command cannot run to more than one line. There
cannot be two commands on one line. Each command
begins with a keyword defining the type of command.
Theformat isfreeformat. Any characters after a# will
be ignored and can be used as comments. Blank lines
are ignored. Keywords must be in lower case and can-
not be abbreviated. In the command descriptions
below, optional command arguments are enclosed in
square brackets. When either of two alternatives are
acceptable, they are separated by a pipe (|) symbol.

C. Global Commands

These commands affect the whole picture. There are
three commands that, if present, should appear only at
the top of the script file: rotation, shading_model, and
light_source. They are optional.

Rotation
rotation angle xn yn zn
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This specifies an angle (in degrees) and an axis. The
vector need not be of unit length.

Shading Model

shadi ng_nodel depth anbient diffuse
specul ar exponent

The arguments are all floating-point numbers. Thefirst
four numbers must add up to 1.00. They give the frac-
tion of the intensity (gray) levelsto assign to the rele-
vant function. The last number is the exponent of the
cosine for the specular reflection (highlight). The
depth parameter gives the amount of depth cueing. The
ambient parameter givesthe brightness of the object at
the regionsfarthest away from the direction of the light
source. Default:

shadi ng_nodel 0.0 0.0 0.8 0.2 2.0

Light Source Direction
i ght _source xn yn zn

The direction vector of alight source at infinity. The
vector does not need to be of unit length. Default: 0.5
0510

After these commands, if present, come the descrip-
tions of each molecule. Each molecule is introduced
with a molecule command, followed by commands to



read surface output files from msroll and to control
how the objects are displayed.

Overlap Hue
over | ap_hue hue

The huefor interpenetrating sol vent-excluded volumes
for two (or more) surfaces, each with asolid_shade
command. Default: white.

D. Molecule Commands

Molecule

nol ecul e nane pdb file [radii file]
The name should be less than 40 characters. It
becomes the name of the set of atoms read in from the
pdb file, and is used in the connect command (see
below). The radius file is optional; if missing, radii
will be taken from the ms.c file.

Read PQMS Surface
read_surface fil enane

This command will render the molecular surfacein the
specified binary surfacefile.
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Read Polyhedral Molecular Surface
read_pol yhedron fil enane

This command will render the polyhedral molecular
surface, which should be an output file from the msroll
program.

Normal Vector Length
nornmal s | ength

Vertex normals of the specified length will be drawn.
There will be one vector for each vertex of the polyhe-
dron. Each vertex normal isthe average of the triangle
normals of the triangles that meet at the vertex. Short
vectors (around 0.1) will givethelook of adot surface.
As aways, hidden-line elimination is performed. The
command should occur sometime after the
read_polyhedron command. It affectsthe plot only, not
the rendered image.

Ball-and-Stick Model
bal | _and_sti ck

This command will render aball and stick model for
image output and it will draw a stick figure for plot
output. The atomic coordinates are taken from the cur-
rent molecule file, the connectivity from that created
by the prior connect commands for this molecule. The
radii of the balls are determined by the ball field of the
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atoms of the current molecule, which in turn is set by
the atom-property commands pertaining to the current
molecule. This command will also render atube
model, in some circumstances. If there are exactly two
bonds to an atom, they have equal radii, and the value
of the elbow parameter (default = 2.0) is greater than
1.0, then the atom will be drawn as an elbow (part of a
torus), instead of as a sphere. Thiswill also occur if
there are more than two bonds to the atom, provided
that the two fattest bonds have radii that are equal and
larger than the radius of the third fattest bond to the
atom. To disable tubes, so that you always get only
balls for atoms, set elbow to 0.0 (see the elbow com-
mand, below). The color argument affects the plotted
output, only. If the color is not specified, the plotted
model will be black. The coloring for the rendered
model is taken from the color fields of the atoms as
specified in the atom property file commands pertain-
ing to the current molecule.

Define Color
define color dark green 0.0 0.5 0.1

This command defines new colors. The color name can
be up to 15 letters. There can be up to 256 colors.
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Input Coloring

I nput _col ori ng
This command applies only to polyhedral input files.
The coloring is taken from the hue field in the edge
and triangle records of the vet file. This command

should occur after the read surface or
read _polyhedron command.

Atom Coloring

atom col ori ng
This command has no parameters. The hues are taken
from the color field of the atoms, as set by the atom

property commands. This command should occur after
the read_surface or read polyhedron command.

Uniform Coloring
uni form col ori ng huel [ hue2]

Thefirst hueisfor the outer side and the second for the
inner side, which isvisible only if thereis clipping or
transluscency. This command should occur after the
read surface or read_polyhedron command.

Component Coloring
conmponent _col ori ng huel hue2 hue3



The first two arguments refer to the outer and inner
sides of the outer surface; the third argument refersto
theinner (cavity) surfaces. This command should
occur after the read_surface or read_polyhedron com-
mand.

Shape Coloring
shape_col ori ng contact reentrant

shape_col ori ng convex saddl e
concave

This command should occur after the read_surface or
read_polyhedron command.

Atom Opacity
atom opacity
The atom opacities are set by atom property com-

mands. This command should occur after the
read_surface or read _polyhedron command.

Uniform Opacity

uni formopacity opacityl [opacity?2]
The uniform opacity argument isin the range 0.0 to
1.0. A value of 0.0 will make the surface invisible, a

value of 1.0 will make it opague. The values 0.25,
0.50, and 0.75 cause every fourth, every other, and
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three out of four pixelsto be drawn, respectively.
Other values are rounded to the nearest of these five
values. The words transparent (0.0), translucent (0.5)
and opague (1.0) can also be used instead of numbers.
This command should occur after the read_surface or
read_polyhedron command.

Component Opacity
conponent _opacity outer inner
cavity

The component opacities are in the range 0.0 to 1.0.
This command should occur after the read_surface or
read_polyhedron command.

Shape Opacity
shape_opacity contact reentrant

The opacity arguments are realsin therange 0.0 to 1.0.
This command should occur after the read_surface or
read_polyhedron command.

Solid Shade
sol i d_shade shade

The shade argument should be in the range 0 to 255.
This command should occur after the read_surface or
read_polyhedron command.
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Plot Line Width
outer line width real

inner_line_wdth real
cavity line_ width real
bond |ine w dth real

These four commands affect plotting only. Thisline
width is afactor that multiplies the basic line width.
The basic line width depends upon the output format.
Itis0.35 mm for HP-GL, and 1 point for PostScript.
The outer and inner parameters refer to the outer and
inner sides of the polyhedral surfaces. The cavity
width appliesto internal cavities, and the bond width
to the stick figure. The defaults are 1.0 (outer), 0.2
(inner), 1.5 (cavity) and 1.5 (bond). These commands
should follow the molecule command, but occur
before the read _polyhedron and ball_and_stick com-
mands.

Elbow Parameter

el bow r eal
The argument is a floating point number in the range
0.0to0 10.0, controlling the ratio of the elbow torus
radius to the bond radius. If the valueis below 1.0, no

elbows will be drawn. The purpose of the command is
to control the rendering of the tube model. Default:
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2.0. This command should occur after the molecule
command, but before the ball_and_stick command.

Ball Radius Parameter
bal | radius real

The argument is a floating point number that specifies
the ball radius for the ball and stick model. It is possi-
ble to override this value with atom property com-
mands assigning values to the atom's ball field (see
below). Default: 0.5. Thiscommand should occur after
the molecule command, but before the ball_and_stick
command.

Bond Radius
bond _radi us real

The argument is a floating point number that specifies
the cylinder radius for the ball and stick model.
Default: 0.3. This command should occur after the
molecule command, but before the ball_and_stick
command.

Blanking Polyhedron Edges
bl ank
This command causes the polyhedron edges not to be

drawn, but it still hides lines behind it. It should occur
after the read_polyhedron command.



No Clipping
no_cl i ppi ng

This command refers to just the current object. It
should occur after the molecule command and some of
the commands. It will cause the object not to be
clipped by the clipping plane, if specified. It is gener-
aly used to have the chemical model protrude from a
clipped surface. The command should occur after the
command defining the object (ball_and_stick, polyhe-
dron or surface) that is not to be clipped.

E. Contouring Commands

The program computes contoursfor the shape function
(u, v or w). It will also contour the x, y or z coordi-
nates, to produce a stack of planar contours. The con-
touring can be output in one of three ways. (a) as
bands of color in arendered image, (b) as contour lines
inaplot, or (c) asthree-dimensional contoursin an
SGI Open Inventor file.

Define Ramp

In the define_ramp command, there must be at |east
two colors mentioned, up to as many aswill fit on a
line. The total number of color levels must be less than
256. Examples:
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define ranp tranp orange 10 green

define_ranp onranp vyellow 3 green
2 cyan 2 blue 2 navy

Some ramps are predefined:

define_ranmp red yellow O red O bl ue

define_ranp green yellow O green O
bl ue

defi ne_ranp bl ue sky 0O blue 0 navy

define ranp tan yellow 2 tan 2
br own

defi ne_ranp orange yell ow 2 orange
2 red

define_ranp nagenta white 2 nagenta
2 purple
define_ranp pink white 2 pink 2 red

Contour

contour function from to ranp

The from and to are real numbers (have a decimal
point) and the ramp must have been defined by a
define ramp command (see above). The only functions
currently allowed are: u, v, w, X, y, z. The u, v and w
are thefirst, second and third vertex value fields. The
X,y and z are simply the vertex cartesian coordinates.
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For plotting and vector output, there will be a contour
polyline at each ramp level. The ramp specifies the
number of values and the color of each, but the contour
command specifies the range of values (from -- to).
For rendering the polyhedron, there will be a bands of
color. The maximum number of contour levelsis 255.
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A. Atomic Radii

Table 5: Atomic Radii
Type van der Waals covalent Name
1 1.60 0.57 Oo=C
2 1.70 0.66 OH
3 1.60 0.57 OCO
4 1.65 0.70 NH
5 1.70 0.70 NH2
6 1.75 0.70 NH3
7 1.85 0.77 CH
8 1.90 0.77 CH2
9 1.95 0.77 CH3
10 1.80 0.67 CAr
11 1.90 0.70 CHAr
12 1.90 1.04 S
21 1.50 1.50 Metal
31 2.00 0.77 CAINu
32 1.77 0.67 CArNu
33 1.40 0.66 OSuNu
34 1.64 0.57 O=CNu
35 1.64 0.57 OPONu
36 1.55 0.65 NArNu
37 1.86 0.70 NAINu
38 1.80 0.95 P
99 1.00 0.50 H

The table above gives the default atomic radii that the

msroll and msdraw programs use. The format is space-
delimited. The atom type in the first column must cor-

respond to the predefined atom types in the program,
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or to the atom typesin a user-specified pattern file (see
below). Thefirst real number isthe van der Waals
radius and the second is the covalent radius. The first
field in the radius file and the third field in the pattern
field are the atom type, which provides a bridge
between the two files.

B. Atom Name Patterns

Table 6: Atom Name Patterns

Residue  Atom Type Name
E P? 38 P

* P?? 38 P

* N 4 NH

* CA 7 CH

* FE 21 Metal
ASP OoD2 3 OCO
CYS SG 12 S

GLU CG 8 CH2

The default pattern table contains 418 rows, so it will
not be reproduced in this manual. It can be found in
the ms.c file. The format is blank-delimited. The table
above gives only arepresentative sample of rows. A
guestion mark matches any one character. A string
consisting of only an asterisk matches any string.
Thereisno feature for, C*, for example, to match any
string beginning with C. You would have to use as
series of lines: C, C?, C??, C???, C????. Theresidue



and atom names can be at most 5 characters. The
fourth field, the atom kind, is currently not used. The
last match found is used, so less-specific matches
should be listed first.

C. Atomic Areas

Thisfile gives the solvent-accessible areas of individ-
ual atoms. Thereisone line per atom. There are four
floating point numbers per line. Thefirst floating point
number is the contact area, the second is the reentrant
area, thethird is their sum (molecular area), and the
fourth is the accessible area. The accessible area
describes the trace or trgjectory of the center of the
probe sphere, and has often been related to physical
chemistry. Consult Fred Richards' publicationsfor a
discussion of molecular areas and volumes.

D. Volumes and Cavities

Thereisonelinefor each surface component. Cavities
have negative volumes. The total solvent-excluded vol-
ume of the moleculeislisted last. Thisfile givesthe
total contact, total reentrant, total molecular (con-
tact+reentrant), and total accessible areas of the mole-
cule, and the solvent-excluded volume of the
molecule. This volume does not include the volumes
of any internal cavities (packing defects large enough
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to accommodate the probe). These summary areas and
volumes are followed by atable of centroids, volumes,
and areas for each surface component. A surface com-
ponent is a connected piece of surface. For small mole-
cules there will be only one component. For large
molecules, such as proteins, the first component is the
outer surface, and the following components are sur-
faces bounding cavities. The volume for the outer sur-
face includes the volumes of all the cavities. The
cavity volumes are always negative, which is how they
may be distinguished from a surface bounding a sepa-
rate, small molecule located afew angstroms from the
protein surface. Thus simply summing the volume col-
umn of thistable will give the solvent-excluded vol-
ume given at the beginning of thefile. That is, the
cavity volumeis not considered to be part of the sol-
vent-excluded volume of the protein. The component
areas are molecular areas (contact area plus reentrant
area) followed by accessible areas.

E. Surface Points

The surface output file has one line per surface point.
The surface points are in ascending atom number
order, with the contact points of each atom preceding
the reentrant points. The output format issimilar to
that of MS (QCPE program #429), except that: (a) the
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second and third atom numbers of reentrant surface
points are not correct, (b) shape number isaways 2,
even when the probe touches three atoms, (c) contact
and reentrant points are written to asingle file, and (d)
In atom number order, so thereis no need for sorting or
merging.

F. Polyhedron

Thefirst record has three integers (" %d %d %d"). The
first integer isthe number of vertices, the second inte-
ger isthe number of edges, and the third integer isthe
number of triangles. The vertex coordinates then fol-
low. Each line has the C format: "%12.6f %12.6f
%12.6f %7.4f %7.4f %7.4f %10.6f %10.6f %10.6f
%3d %5d %3d". Thefirst three fields are the vertex
coordinates and the next three fields are a unit normal
vector for the vertex.The next three fields are the func-
tion values (default=0.0) for the vertex. They are there
for assigning propertiesto vertices, for example shape
or electrostatic potential (by some externa program).
The next three fields are integers. component number,
atom number and color (hue). Next come the edge
records. Each one has C format: "%6d %6d %3d %5d
%3d". The first two numbers specify the vertex num-
bers, which start at one. The vertex numbers corre-
spond to the order of the vertex records earlier in this
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file. The next three numbers are the component num-
ber, the atom number and the color (hue) number. For
edges on the boundary between different atoms or dif-
ferent colors, one of the two possibilities will be cho-
sen randomly. Finally come the triangles. Each line
has three edge numbers (the edge numbers start at one
and are implicitly given by the order of the edge
records), followed by three vertex numbers, followed
by a surface-component number, an atom number and
acolor number. The edge numbersare signed; that is, a
negative number meanstraversethe edgein thereverse
direction. The edges and vertices are in counter-clock-
wise order when viewed from outside the molecule.
The C format of atrianglelineis: "%7d %7d %7d
%6d %6d %6d %3d %5d %3d". The atom and color
numbers are determined by which atom the center of
thetriangleis closest to. The triangles are sorted by
atom number.

G. Density

AVS Field Format

The msroll program writes density in AV S field for-
mat, which consists of an ASCII header, followed by
two form-feed characters, and then the binary data.
Thisformat can be found at: http://www.aber.ac.uk/
~ccuwww/docs/g/g5.html.
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H. PQMS Disk Format

Header Record

The file begins with a header record of 512 bytes.
Most of thisrecord isreserved for future versions of
thisfile. The version number gives the digit(s) to the
left of the decimal point, and the subversion number
givesthe digit(s) to the right of the decimal point. For
example, aversion number of 2 and a subversion num-
ber of 9 gives 2.9. The version and subversion num-
bers of all programs are equal for each release of the
Molecular Surface Package, and this number isthe
number in the PQM Sfile. All PQM S files begin with
the four letters: PQMS. These files are sometimes
called pgms-files to distinguish them from the dot sur-
face files produced by the M S program. The format of
this header is:

Table 7: Header Record

Bytes Type Contents

1-8 char "PQMS" & 4 trailing null bytes
9-12 long version number

13-16 long subversion number

17-24 double probe radius

25-28 long number of varieties

29-32 long number of vertices

33-36 long number of circles

37-40 long number of arcs
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Table 7: Header Record

Bytes Type Contents
41-44 long number of faces
45-48 long number of cycles
49-52 long number of edges
53-56 long number of components
57-60 long number of atoms
61-64 long reserved
65-128 char name of molecule
129-512  char reserved

Record Types

After the header record are the records that describe
each geometrical element of the surface. These records
are divided into thirteen (13) types. The mathematical
term "variety" means a surface such as spheres, tori
and cylinders. The msroll program uses only spheres
and tori to define the piecewise-polynomia molecular
surface. The msdraw program also uses the cylinder.
The record types are:

Table 8: Record Types
Type Name

atom variety

torus variety

probe variety
vertex

circle

o AW NP
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Table 8: Record Types Table 9: Surface Elements
Type Name bytes type value
6 convex arc 29-32 double radius
7 concave arc 33-44 3 doubles  unit vector along axis
8 convex face Vertex
9 saddle face 14 long record type (4)
10 concave face 5-16 3 doubles  center coordinates
11 cycle ,
Circle
12 edge
13 component 1-4 long record type (5)
5-8 long subtype
Surface Elements 9-20 3 doubles  center coordinates
o _ 21-24 double radius
The type Of record IS g|Ven by the fi rst two byteS of the 25-36 3 doubles unit vector a|ong axis
record. Sometimes records of different types have the Arc
same format. In parti cular, the atom variety, torus vari- 1-4 long record type (6 or 7)
ety and probe variety al have the same format. The 5-8 long subtype
convex arc and concave arc have the same format. 9-12 long circle number
Finally, the convex face, saddle face and concave face 13-20 2 longs vertex numbers
have the same format. The counters in the header Z-2n long error flag
record are used by msdraw to know how many of each Face
format of record to read. The formats are given below: 1-4 long record type (8, 9 or 10)
5-8 long variety number
Table 9: Surface Elements 9-12 long number of first cycle
bytes type value 13-16 long component number
: 17-20 long > 0: hue; < 0: error flag
Variety
1-4 I dt 1,20r3 Cycle
) ong record type (1, 2 or 3) 1-4 long record type (11)
5-16 3 longs atoms numbers = | ber of next cvele of f
8-28 3 double center coordinates ) ong UMBET ot next cycle ottace
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bytes type value
9-12 long

number of first edge

13-16 long number of edges
Edge

1-4 long record type (12)

5-8 long error flag

9-12 long arc number (signed)
Component

14 long record type (13)

5-8 long subtype

9-12 double volume

13-16 double molecular area
17-28 3 doubles  accessible area
29-40 3 doubles  center of component

. Image File Formats

Indexed and RGB Color

The color table iswritten for SUN Raster format only.
All the other formats use true color. For SUN Raster
format, the pixels are indices into the color table. For
al other formats, they are red, green and blue values.
For the three AV S formats, the pixels are written so
that all the information for asingle pixel is grouped
together. For AVS Image and AV S Field formats, a 32-
bit pixel iswritten. For AV S Density format, a 16-bit
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float iswritten, so it isonly good for gray scale. For
SGI RGB format, the red, green and blue components
of each pixel are split apart. That is, thefile hasfirst all
the red components, then all the green components,
and finally all the blue components.

Sun Raster

Sunraster 8-bits per pixel format. For the format of this
file, consult the "rasterfile.n" #include file of SUN
Microsystems. After the header thereisa color lookup
table. The color lookup table has 256 entries. The
number of shades per color depends upon the number
of colors actually used in the image.

SGl Image

The new SGI image format has replaced the old for-
mat. Use imgview to view it.

J. Vector File Formats

SGI Inventor

Thiswill produce an ascii filein SGI's Inventor format,
which can be viewed using ivview. The only tricky
aspect is how to handle the coloring. The Open Inven-
tor software provides for two kinds of coloring: (a)
vertex-based and (b) triangle based. The programs
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uses the hue numbers at the end of the triangle records
of the polyhedron files and the hue numbersin the
atom huesfile (-h), unlessthereisan -f flag. The "f"
stands for function. The u, v, and w arguments select
which one of the three columns of vertex valuesis
used. These real numbers are subdivided into eleven
bins, each with a color from yellow through green to
blue. The range being subdivided isfrom 0.0 to 1.0 by
default, but may be changed by -l and -u flags. The
vertex-based coloring of Open Inventor isused for this
situation. An awkward construct, "-f h", isused to
specify vertex coloring based upon the vertex hue inte-
ger.

Plotting: HPGL and PostScript

First the header is written. Then the line segments are
written. Interspersed with the line segments are com-
mands to change the line width or the pen color.
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