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The interpretability of the map is sensitive to the
quality of the initial phases and there is still no definitive
measure of this. The best indicator is based on map
skeletonisation. In 1974 J. Greer described an algorithm
that carries out this skeletonisation by charting a line
The electron density applications availablethrough the electron density along the direction of

within QUANTA96 represent novel and effectiveminimum descent [1]. These lines are commonly called
tools for speeding up the processes ptr@cing bones, and are often flagged as a series of coordinate

. tal d | buildi points sometimes referred to as the bones coordinates.
experimental  maps _an manual rebul IngThey should indicate the probable connectivity of the

during refinement. The various modules (Xvprotein. The program O [2] is now the standard program
AUTOFIT, X-BUILD, X-SOLVATE and X- that uses a bones skeleton, generated by an external

LIGAND), have been developed over the pagiogram, to guide the initial fitting of Ccoordinates into

year in close collaboration with the large electron density. X-AUTOFIT aims to provide an
number of crystallographers working on application where skeletonisation of the density is
projects in the Protein Group at York. Crucially, integral to the working of the program, and as much help

these new tools are easy to learn, and natural t@)solz‘zﬂslﬁ'ig'ﬁu'sse%?;"gfje?gnsem' automated map fitting

use, and provide a 10 fold_ reduction in the time X-AUTOFIT and X-BUILD are not designed to

spent at the graphics terminal. replace experienced crystallographers, but rather provide
them with tools that allow map fitting to meed faster,
and to assess the results at each stage against prior
knowledge. The program has been developed in response
to the requirements of the crystallographers working in
York, and is under ongoing development. While
automation is possible with a perfectly phased map, maps

1 Introduction based on experimental phases are not perfect, and indeed
the quality of the electron density varies over the map
itself. All the algorithms have been designed to work in

L . . . \real time; users become impatient if they have to sit idle
The determination of the detailed three dlmensmnaWhile their precious graphics time seeps away.

structure of a protein molecule by X-ray crystallography
involves a number of key steps. These include the
crystallisation of the protein, data collection, data
processing, phase determination, model building,
refinement and analysis of the final coordinates. This
paper presents some novel procedures and algorithms that New techniques
can greatly reduce the time taken for both the initia

tracing during the model building stage and for

rebuilding during refinement. They are incorporated in . . .
the programs X-AUTOFIT, and X-BUILD which are The new _algorlthms and techniques d_escrlbed _her_e cover
embedded in QUANTA. ’ the following aspects of crystallographic determination of
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protein structures; map masking, chain tracing electroibeen possible to carry out the calculation on 100,000 map
density, sequence assignment, general model buildingpints (nominally a 12A radius sphere of electron
real space refinement, solvent fitting, ligand fitting anddensity) per second (Indigo R4000). This allows the user
validation of structure. All calculations and functionality to change parameters in the algorithm via a user dial and
are integral to the program and can be used in anwyatching the effect on the resultant electron density
combination. The theory will be described in this sectionskeleton. This is particularly useful when the chain
and details of the user interface and practical applicationtsaverses the core of the protein where there is good
discussed in section 4. density, then forms a loop at the surface, where lower
density levels must be used to observe chain connectivity.
The actual speed of the algorithm for reducing
2.1 Map Masks the map to a skeleton in comparison to that of O bones
program is difficult to define; the speed is sensitive to the
sparsity of the map and the cache size of the computer.
A map mask can be either calculated from a boneélthough there is about a five fold improvement in the
skeleton (see following section on the use of bones), fromalculation times; the user perceives a larger apparent
a set of atomic coordinates, or read from a file. This masincrease in speed because the skeleton is only generated
can be saved to a file for use by other external progranmaround the place of interest in the map. The algorithm
such as DM [3]. The main advantage of X-AUTOFIT tends to proceed in an indeterminant way, and it is
map masking is the ease with which the actual mask catifficult to know the best initial density level to use. The
be manipulated. Voids within the mask can beuser can observe the effect of changing this and hence
automatically deleted using a fast void searchingnake a better informed choice in the building process.
algorithm [4] to leave a clean simple surface mask. Th&ome changes have also been made to the algorithm to
actual extent of the mask can be edited interactively usinignprove the connectivity by a different treatment of
a moveable spherical pointer with a changeable radius. fteighbours in the map. This results in a more connected
is possible to add or remove mask volume with theskeleton. A fast skeleton smoothing function is included.
cursor, and since the recalculation of the surfaces is sthe user has the option to draw a bicubic spline curve
fast, any changes are instantly observed. As X-AUTOFIThrough the points of the skeleton to give completely
was developed on a modest power computer, it soosmooth bones. The curves are arranged so as to retain the
became obvious that the actual size of the mask waspmsition of the branch points and end points in the
problem for general manipulation. This problem has beeskeleton and therefore keep the important features used to
solved using two approaches. First the mask is drawn asgaide building in the correct positions.
dot surface rather than as a net to reduce the size of the A tree search function processes the skeleton to
graphical object. Secondly, the number of points in the@rovide automatic determination of side chain and main
net can be artifically reduced (and increased) with ahain bones. This function is also used to trim the
single tool thereby making its size much moreisolated fragments to give a cleaner representation of the
manageable for use on smaller graphical machines. Sindensity. The depth of search used to determine side chain
the mask can be readily manipulated, as well as turned @nd main chain segments can be changed to tune the
and off, it is possible to make use of it in other buildingalgorithm to a particular map. It is also possible to

processes. The most obvious is during thiiinthe G- asSI9N bones from main chain to side chain or to delete
sections with a single point and click action. The main

tracing as at this stage, symmetry related atoms may "®hain and side chain bones are coloured differently.

yet be built at a crystal contact. Here the mask can bé A function is also brovided that endeavours to
used as a graphical bounding surface. . P o

assess the quality of the map by a quantitative measure of
the number of breaks and false links in the skeleton. In a
perfect map there should only be a single chain for each
segment, possibly linked by disulphide bridges, and all
the density will be attached to this single tree. Therefore

the quality of the map is in some way proportional to the

The skeletonlsgtlon of density is a three dimensional datr‘%mber of separate trees and false links. This function
reduction algorithm that removes points from the electron

density using the four rules described in the orginal pape&an be used to screen several maps produced using
of J Greer [1]. Mathematically this is simple to ifferent phasing methods (histogram matching, a variety

implement, but difficult to make fast enough to provideOf solvent flattening techniques, and so on) and to suggest

an interactive display. With careful consideration ofthe most interpretable map.
memory and the use of short cuts in the calculation it has

2.2 Electron density skeletonisation



This rule based building algorithm allows large parts of
the structure to be built quickly and with confidence.

2. mi m racin . .
3 Semiautomated § tracing There are also tools for the general manipulation

of the Gy trace such as joining and cutting the trace
The first step in building a new structure is to trace theluring the building process, and for positioning single

polypeptide chain through the electron density. A nove : :
algorithm has been designed to aid in this buildin l:o‘ atoms. Multiple @ atoms can be generated in

process that makes use of the bones and the dens defined helix and stran_d _conformatlpns, and any part
of the trace can then be rigid body refined into electron
gradient to provide suggestions for the neyt @sition  density.

in the chain trace.

The Gy atom is placed using a series of rules.
The algorithm considers: 2.4 The Gy-plot and the Ramachandran plot
1) The set of positions which are linked to the previous

Cq atom by continuous skeleton and 3.8 away from theI'he program provides the empirical probability surface

previous (g atom. contoured to highlight various conformations common in
2) The eometry with respect to the previous, C Proteins. A pointer on this map |nd|ca}tes thg'current
) Qx g -y P _ P % value of the angle and torsion, and its position can
atoms fitted, weighted as a function of they C indicate the occurrence of helix or extended
conformation map. It has been shown that a probabilitgonformations. Hence, it is immediatelyvious when the

surface can be generated if the pseudo torsion from ea<a1 atoms are being fitted to helix, or beta-strand
o , -

set of four G atoms in a protein is plotted against theconformations, or when impossible conformations are

pseudo opening angle derived from threg &oms being generated, such as when thet@ce is extended

along side chain electron density. This plot also has the
gadvantage of indicating when the user is generating
h xtensive left handed helices into their maps - a feature
that suggests that the wrong hand for the heavy atom
ﬁglution has been used to phase the map. An added

(subsets of same 4yCatoms) for a well refined set of
proteins from the Protein Data Bank [5]. The allowe
regions on this plot are restricted. Different areas on t
plot provide information on the local conformation of the
protein backbone, such as alpha helix, beta sheet, a
turn structures. It is therefore possible to use thimdvantage of the gconformation map is that the user

empirically derived probability surface to direct the fitting can pick a point from this map, and so place the current

of Cy atoms to electron density. Cq atom into this conformation, for example, an alpha
3) The analysis of branches at/near the set of points 3.84elix.

A Ramachandran plot is displayed during the
erdeI building procedure where all changes in
coordinates are reflected by changes in the distribution of

5) Real space refinement of the pseudo angle, torsion aﬁr&e Ramachandran points on a contoured plot. This plot

bond length around the local area found by bone§2" also be picked with a cursor so that a residue with
analysis poor angles can be identified, and futher more, the

program will automatically centre on this residue that has
The program places the nextgGitom at a peen selected.

position which has the greatest weight based on the five

rules described. The probability of the program

determining the correct position depends on the quality 0f.5  Sequence assignment by fuzzy logic

the map, but ranges from 90% for a 2fo-fc map (test

case), to 40% for a MIR map of moderate quality [6].

Since the algorithm is weighted towards observed proteipt some stage in the building process the crystallographer
conformations, it allows the user to build secondaryhas to fit the known sequence to this polypeptide

structure elements very quickly . It can often recogniséragment. The only information available is the extent of

that a particular connectivity may be the result of sid% . . i

: : L : he map density at eachyCoordinate fitted to the map.
hain density merging into another section of the map; _ : i )
cna y ging pInspectlon of the electron density will occasionally

this is particularly important when building beta sheets, ™! o : ;
P y imp g Indicate the position of tryptophans or prolines, but in

from the last G atom.
4) Whether the bones segment represents a side chain
main chain section of electron density.



most cases the density may only indicate size or thmain chain angles. The algorithm then uses the correct
environment . The sequence alignment algorithnmsections of residues to refine the bad residue
presented here allows the crystallographer to define eonformations as consecutive residues have correlated
residue type by a fuzzy descriptor. The present fuzzgngle information. In this way the program can produce a
descriptors are: Unknown, Big, Medium, Small, reasonable polyglycine chain from an apparently poor
Aliphatic, Aromatic, Polar, Non-polar, Charged, Acid, initial trace.

and Basic. Each of the 20 common residues found in Once the backbone atoms have been fitted, the
proteins have a propensity likelihood associated with eac&
of the fuzzy definitions. These can be assigned a linear
scale of likelihood ranging from 0 to 10. For exampleCgs. The program then searches for the side chain by
glycme. rates 10/10 for small, 1/10 big, and Oll,owobbling the @ atom to find the best direction. This is
aromatic. A value of zero represents complete exclusion
in the alignment. A known residue is given a propensityiecessary as errors in the placement of theah result
value of 10, and all other residue types return zero fronn rigid refinement procedures missing the side chain
the alignment at this position. The user can change théensity altogether. The remaining side chain atoms are
weighting of each of the descriptors by supplying theirfitted one by one using chi angle refinement, then all
own table of propensity values. For example, it is possiblatoms are fitted together to the density. Again the
to define lysine as both Big and Small because the sidgogram allows a wbble for each chi angle so that the

chains are sometimes not visible in density. In this casgge chain can follow density even when thg C
they the propensity value for lysine might be set to 8/1%oordinate has an error in the region of 1A .

Big and 8/10 Small. This procedure has a very large radius of

. ane the user assigns fuzzy descriptors to th@onvergence, but will produce a model with coordinate
residues in a fragment the program shows on a sequen

. Eftors of up to 0.5A. These are within the radius of
table all the possible forward and backwards Sequen%nvergence of Xray reciprocal space refinement

aligments that match the sequence to tged€finitions.  techniques. The aim of the real space refinement
The alignments are shown as blue arrows for forward fit@lgorithm described here is to find and fit side chain

and red arrows for backwards fits, while the thickness ofitoms tolerating some geometric errors which can easily
the arrow indicates the goodness of fit. The program onlpe corrected later.

shows sequence alignments where all the residue matches Proline residues are treated differently. Once the
are non-zero, and the sum of the fuzzy propensities igrogram has fitted the backbone atoms for a proline
gr?ﬁ\ter I'ghan fiV(ta. An unknown residue type takes no Pafbsidue, the € C, and G atoms are placed by

in the alignment.

'|ghe number of possible hits is indicated by therefinement of the torsion about the;-Cpg bond. The
number of alignment arrows, while the respectiveprogram also checks that the internal geometry of the
thickness of the hit arrows will narrow down the possibledroline is within reasonable limit during the refinement.
oth cis and trans conformations are tested, and the
rogram will select the configuration which gives the best
. . ._fit to the density for this residue.

The fuzzy sequence alignment algorithm is The coodinates generated by this algorithm are

in.stan'taneous, SO .th.e crystallqgrapher can experime%loured according to how well they fit the density so that
with different descriptions of residue types and watch th?)oor sections of the build are flagged.

effect on the alignment.

g atoms are positioned to give tetrahedral L amino acid

section of the sequence that corresponds to the fitged i
atoms.

2.6 Amino acid main chain and side chain 2.7 Checking the chain direction

density fitting
The real space refinement algorithm can also be used to

The program has a torsion angle real space refinemeff€ck whether the & chain is built in the correct

procedure that will build entire residues from thg C direction, and also whetherp(ositions have been fitted

atoms. The real space refinement procedure first fit®® the carbonyl positions for some residues. A poly
. . glycine chain is fitted in both directions to the map, and
polyglycine to the @ coordinates. It then checks the yon ynrestrained density fitting is carried out. The ratio
geometry of the fitted residues to find which residuegyetween the geometric error statistics for the two
have been built in a conformation which results in POOhypotheses is a senstive measure. If one direction is



highly favoured rather than the other, the trace isnethod that could model build loops and termini would
probably correct; if there is no clear preference the tracsignificantly speed up the map fitting process.
may well be wrong. It is particularly helpful in fitting The method uses a novel algorithm that searches
Beta strands. a series of backbone conformations for loops and termini,
and chooses a good fit as one which has overlap with
density, and good van der Waal contacts. The electron
2.8 Torsion angle real space refinement density near the site of the loop is first masked so that any
part which overlaps closely with coordinates within the
molecule, or in a symmetry equivalent position is
The application can carry out real space refinemengxcluded. A random number generator produces random
against the torsion angles. Its major advantage is theackbone conformations for the required peptide length.
reduction in the number of variables to fit the model toThese random conformations are then checked to see if
the density. Its major problem when used with proteins ithey can approximately bridge the gap in the model and
that the backbone atoms form a long chain of highlyejected if of the wrong length. (This test cannot be done
correlated phi/psi/lomega torsion angles. If nofor terminal fitting.) If this test is passed the overlap with
consideration is given to this correlation, then any zonéensity is calculated and scored. The top ten are
greater than 5 residues cannot be refined because tHisplayed, colour coded by fit. The range of density fits is
torsions in this region will not vary during the refinementalso displayed. The search can be stopped when a
process. Diamond [7], used a block refinement proceduneasonable solution is observed or when the multiple
where the protein was broken into small zones of residuemlutions converge towards a single conformation.
but this caused problems at the link points. The algorithm checks approximately 2500
In X-AUTOFIT the correlation is broken by conformations each second but the search method adds 2
running alternate cycles of refinement with and withoutmore torsions to search fully (phi and psi) for each new
restraints between the C=0 and N atoms of a peptidesidue and the procedure soon becomes impossibly slow.
link. This allows single residues to move independentifEven though the algorithm has a theoretical maximum of
of the rest of the chain at some stages during th25 residues, calculations of this size are not feasible.
refinement process. This procedure has a high radius dfevertheless this search method has been used
convergence and has been found to be a very successfuiccessfully on segments of up to 6 residues taking times
method to refine the polymer chain. Another advantagén the vicinity of tens of minutes.
of using torsion angle refinement is that the variables
refined are almost independent to the traditional xyz(B)
parameters used for X-ray refinement. 2.10 Regularisation
As the refinement is carried out in real space,
phase information contributes to the fitting. Although this
can provide more information to help fit the variables, itX-BUILD can regularise a structure using line
can also result in bias towards existing errors. Hence thiminimisation of the derivatives. It reduces the deviation
algorithm can only be used as a tool for aiding modefrom ideality for the following: bonds, angles, chiral
building rather than as a general method for proteirtenters, planes, torsions, and non-bonded contacts to
refinement. atoms within the molecule, and to symmetry equivalent
molecules. Usually the crystallographer will use this to
tidy the structure, but it is possible to turn on some
2.9 Monte Carlo torsion search methods for map defined torsions and non-bonds for various procedures.
fitting Some atoms can also be left fixed.
The new algorithm was developed to be used in
interactive editing. As well as regularising a zone after
The most difficult part of model building a protein is to building is complete, it is possible to define a zone of
fit the Ioops and termini. There are many reasons Whg,esidues to be continually regularised. Individual atoms
this is so. Firstly there is not a simple set of secondaryithin this zone may be moved, while the regulariser
structure rules to restricts the possibilites for modeRttempts to preserve good overall geometry. This tool is
building. Secondly as the termini and loops areextremely powerful when making large changes to
commonly located on the surface of the molecule, theprotein structure, and has been found to be invaluable
are very mobile and often poorly defiuned in the electrowhen rebuilding after X-ray refinement.
density. Thirdly it is possible that these regions were The algorithm is fast enough to allow the
truncated by the mask during the solvent flatteningnteractive editing of a zone of up to 8-10 residues on an
process. Given these considerations, any automatd®#000 base level indigo, and up to 50 residues on an



Extreme/High impact machine. This is probably moreprogram QUANTA. Each palette is dedicated to some
than would normally be edited during a model buildingfunctionality such as map masking or sequence
process. assignment. Each tool bar activates a facility or command
in a modal form. It is possible to open all 12 palettes at
one time although this is likely to obscure any other
2.11 Other algorithms implemented as part of X- information on the screen. Therefore  most
AUTOFIT crystallographic processes can be accomplished using
only 2 palettes, and these can be opened, used, and closed
at any time during the use of X-AUTOFIT and X-
Several general functions have been written specificallfpUILD. Although X-AUTOFIT and X-BUILD represent
for use in this application. They have been optimised t@lifferent functionalities, they are completely integrated.
make the process of map tracing and model building asor example, functionalities of the two modules can be
easy as possible. combined. so that a map mask could be used as a limiting

The non-bonded and symmetry equivalent contacts useggjon for the G tracing process to prevent the building

lattice search algorithm which is currently the most;, symmetry or bones used with an omit map to build a
efficient method for finding interactions between 3D yitficult loop.

points in space. Atoms can be bonded at a rate of 10,000

per second which generally means that there is no delay

in ypdating the whole display over the local Working3.1 Electron density skeletonisation - bones
region.

A function to generate rotational conformers
around a bond has been written that can generate 10,008¢ gjectron density skeleton is controlled by a single
of these per second per atom. This is obviously |mportarBa|ette with 12 options. The user can turn on and off
for loop fitting and the real space refinement methodsb nes at any time within X-AUTOFIT, and these are

EUt glso means that "’r‘]”y_l_wa’;“al dfiveﬂ ro(tjations'arou tomatically generated to cover any part of displayed
onds appears smooth. The function that determines the,, 44 ypdated when the screen origin is moved.

overlap between coordinates and map uses both linear When editing bones for uses as a map mask it is

interpolation and quadratic interpolation as the former ig,sef| to delete large parts of the bones that represent
quicker to use when far from a minimum, and does NoLymetry overlap. It is possible to delete all the connect
result in false minima, but the latter results in bett€lyneq from the selected bones point on the screen with a
solutions when close to a minimum. This overlapgingie action. This uses the tree search function to
function has also be_en Opt'm'SEd to allow reﬂn.ement Qetermine the connected bones, and hence is essentially
proceed at a rate assmted with normal xyzB reciprocal jnantaneous. It is possible to delete all the unwanted

space .refinement. Most of the e[ectron .der?sity S'feletoﬂegions of bones to determine a map mask in the order of
analysis uses a tree search function which is partlcularl%inutes_ It is also possible to delete single branches of

applicable to this type of 3D network. This means that C bones, change bones classification, or undo the last edit of
placement, main chain/side chain bones assignment, atite bones.
map quality which all require rapid pathway analysis ofA tool calculates the symmetry related bones, usually in
the bones can be accomplished instantaneously. under a second to give a reduced representation of any
A novel fast contouring routine has been writtensymmetry related bones, including non-
for map masks which can contour 1.5 million points percrsytallographically related bones. The reduced
second. This makes interactive editing of the mask &epresentation is used as these require less vectors to
realistic possibility even on moderately sized machines. draw, and are therefore easier to manipulate; and since
the normal use of bones is to only see where they overlap
the "real" bones, then no information is lost by using a
reduced representation.
The bones in X-AUTOFIT can therefore be used
to determine a map mask, where the crystallographer
3 The use of X-AUTOFIT and X-BUILD for would normally calculated a large volume of bones, and
real problems edit these until there are no symmetry overlaps. The map
mask is then calculated to cover all the bones present in
the volme described by the current active volume of map.

. . Fhe other use of X-AUTOFIT bones is to work with a
All the tools to be described are controlled by a series o
12 palettes that contain up to 30 tool bars within themall volume an use this as a guide in thet@cing of



the electron density. For sphere is 12A the bones can lagdom is at a terminal of a fragment then the user can
recalculated in around 1 second so that thextend the chain from this position, otherwise the user
crystallographer can experiment with the bonesan change the x/y/z coordinate of this atom using the
parameters, and move around the map with very littlelials. The build direction is defined by the current active
overhead associated with recalculation of the skeleto

B4 atom, so the chain trace can be extened in either
This procedure is described the next section. o '

direction using the same tools and information. The
polarity of the chain can be defined at a later stage using

sequence alignement information and the auomated C

3.2 Building chains of Gg atoms. direction detection tool.

The next stage of theg&racing is probably the

The Gy-tracing palette is designed for the initial sequence assignment, which is described in the next

interpretation of electron density calculated using thesession, and can be carried out ongaft@gment of any
phasing methods of SIR/MIR and MAD. At this stagesize, although larger fragments are usually easier to
there is large error in the phase information, and theetermine.

maps are on the edge of interpretability. It has already

been shown that the use of bones can greatly aid in the

intpretation of electron density [1] because the use d8.3 Sequence assignment

"lines" instead of solid regions dilimited by a net gives a

many more visual views to the crystallographer

experienced with stick model representations of proteinsSThe sequence palette controls the fuzzy alignment
The use of bones is therefore integral to the use of thalgorithm, and has two sub-palettes that list the 20
common amino acids, 10 woolly descriptions of residues
and unknown. A tool allows the reading of a sequence as
of building into the electron density ay@race, the first g one letter sequence file. After reading in a sequence the
is the placement of secondary structure elements intene letter code is displayed in lower case at the top of the
recognisable pieces of map (ie helices and beta strandg)odel window. All segments built are then checked to see
followed by rigid body refinement, and the second is toI

Cq- tracing in X-AUTOFIT. There are two basic methods

f any Cy has any residue description that is not unkown,

use the semi-automateg, lacement algorithm. and this is aligned. If a unique sequence match is
Recognisable secondary structure can be fittedetermined then the sequence position that this represents

quickly using sections of strand and helix, and then thés changed to upper case on the one letter sequence. The

fit of these to density can be improved with the rigid bodyurrent active fragment is then aligned and a match of

refinement. These fitted sections can then be extendeghy kind is shown using the arrow indicators.

with the semi automatedqitting. To extend the chain To change any alignment, or to start from

scratch, the crystallographer needs only select the current

trace, a tool is provide to fit the nexty@tom using the . ; d th . idue t ‘ th
rule based fitting algorithm previously described. ThedCtVe Q" atom, an €N assign a residue type from the
1 options allowed. The program instantly shows any

I h just th ti f the atom by;—. .
crystallographer can adjust the postion of the atom ﬁvelghted match on the sequence table in both a forward

picking a point on the bones, to which thg-Cq bond is  and backward direction using arrows. The weight of the
pointed at, picking a conformation from thg Geometry fit to the sequence based on the fuzzy descriptions of the
surface, or adjusting the open angle and torsion angf@&dues types is show by the thickness of each arrow. If a

using the dials. A tool to show all the bones points 3.8AINIque sequence is determined, then the the sequence
table is upper cased for this region.

paths the g trace can take, and offers a useful visualcurrent active segment. If a unique sequence has been
clue for building. determined for a fragment, but the crystallographer is not

The application allows any number of fragmentsSure whether this is correct, then the alignment can be
to be built, deleted and merged during the building?SSigned NOT unique. This means that the sequence table
process allowing a great degree of freedom for théh this region is available for alignment by other
crystallographer. It is also possible to select any fragmerffagments. The uniqueness of a fragment can be set back

as active at any time using a point and click procedurdVith the same tool. If the program determines a unique
i . ) _ hit for a fragment when a residue is changed to a
This action makes the nearest &om active. If this g o .
deciding type, then the program will update all thg C



atom types respectively. If, on inspection, this is found to A tool allows simple regularisation of a zone of
be incorrect then the last fuzzy alignment can beesidues, the editing of atom positions while a zone of
returned. An alignment can also be cleared if deemed t@sidues is actively regularised, and editing a single
be entirely wrong. residue while it is regularised. All of these tools support
disulphide bridges, optional non-bond interactions, and
optional phi-psi restraints. The use of phi-psi restraints
3.4 Generating an all atom model during geomtry refinement is open to abuse because it is
possible for a crystallographer to set up the application to
refine all the phi-psi values to the nearest allowed region
on the Ramachandran plot to "improve" the geomtry at
the detriment to the quality of the structure. This facility
An automated procedure is provided to generate an athust therefore be used with caution. Its principle use is
atom model from the gtrace to use in X-build general for modelling wﬁth low resolu'gion experimental data and
where there is no experimental data for general

model building part of the application. This tool modelling of proteins. Fixed atoms are supported for all

generates an all atom model using the assigned SEAUENEE ools for regularising coordinates, and the application

by real space refinement at about 5 residues each secoj) omatically sets up fixed atoms where the regularise

on an R4000 SGl workstatlon. I.f no sequence mformatlorione joins the rest of the protein structure by covalent
is specified a polyalanine trace is generated. links

There are two futher palettes that are useful for
model building. The first is to access the add/delete
palette, and the second is to change the colouring of the
active molecule quickly. The add delete palette allows
Peptide links to be made and broken to change the
connectivity of the polypeptide chain, and allow terminal
diting in the middle of a chain. Tools are available to
elete residues, and ranges of residues, and also add
esidues at the terminus of a segment. The application
carries out a tree search of conformations about the last
hi and psi angles to fit the added residue to density, and
'en fits the side chain. This is a quick way of extending
terminal as density appear during refinement, as the

3.5 Model building

There are two palettes for general model building o
macromolecules and two further sub-palettes for editin
and colouring. All the tools that are normally associate
with manual editing of proteins are provided, plus someg
powerful semi-automated modelling facilities with novel
interfaces. The manul edit tools include, move atom
move zone of residues, change chi angles, change pepti
plane, and edit the phi and psi angles of the first or las
four residues Qf asegment. : application automatically adds the new residues to
The side chain of amino acids can be mutated t ensity
one of the 20 common amino acids with a single too Y-AUTOFIT also has a facility to deal with

button, and after replacing the side chain the appl'cat'?,&artially ordered regions of the structure. Alternate

onformations can be added and edited with any of the
fommands found elsewhere in the build palette. The
%pplication supports two types of alternate conformations.
Mn the first case, where only the side chain is disorder,
Ofny changes automatically keep the B-conformer main
chain atoms superimposed on the A-conformer positions.
The second mode allows free editing of both the A and B
onformer, so separate loops can be generated with the
o different main chain conformations. The add/delete
alette allows the changing of the C- terminal oxygens to
equired types, and also has a simple tool for
movement of the g atom whilst real space fitting the renumbering the sequence ID's for each segment.
side chain of that residue. The latter case is used when The colour palette allows the atom colour to be
quickly changed to some simple colour scheme; by

here is error in th ition of th ition (or th
t ere IS €erro the position of t %(.DOS'[O (0. the .element type, alternate conformations different, by build
chiral volume), and the real space fitting of the sidechain ) .
: X rogress, by fit to density, by temperature factor, and by
alone does not produce a sensible solution. A tool al
allows a single residue to be refined by real Spacoccupancy. - .
A second model building palette contains tools for real

torsional angle refinement. This can also be used on . ; L i
) . . space torsion angle refinement, rigid body refinement,
amino acids, ligands and water atoms.

fits the atoms to electron density by real space refineme
Geometric conformations for amino acids can be set t

or to a Sutcliff conformer. In each case the progra
shows all the non- bond interactions and the energy
interaction with the surrounding atoms.

The main power of the model building facility in
X-BUILD results from the real space refinement
algorithms and the interactive regulariser. There are too
to fit main chain atoms by real space fitting, fit side chai
atoms by real space fitting, and also a tool that allows th



Monte Carlo loop fitting, Monte Carlo terminal fitting in the 3D text editor described in the previous
and a "do all" tool. All of these work on regions of gassjon, so allow the use to look and correct the

structure. The refinement and loop/terminal fitting . ; .
algorithms have been described earlier and provid articular  problem — determined  during  the

powerful automated methods for model building proteinsValidation procedure.
With the interface via a GUI it is possible to try these on
a "see whether it works" basis, and save/reject the
changes depending on the outcome of the results.
The do all tool allows, for example, all the
waters to be refined in turn, and the application checks
for each atom/residue: mean atomic deviation, maximum
atomic deviation, non-bonding , and density fit on4 Summary
completion. If any of these checks are worse than the user
defined limits then the application will stop and allow

manual intervention. So for example, if during theThe aim of this program is to provide tools for the
automatic refinement of all water molecules, one YEfinegrysta”ographer to reduce the time taken for each step of
to a bad position, where there is no reasonable densitihis process but still allowing the experience of the
the application will stop and allow the crystallographer tocrystallographer to determine the structure. The bones
delete this rogue water. Subsequent use of the do all toghlculation is rapid, and allows the crystallographer to

will default to starting at the next atom/residue in theexperiment to give the best representation for each part of
structure. This tool is invaluable now that structures ar - . . .
becoming so big, and often many hundreds of wate € map. The&tbundlng_ tools prow_de many hints to ald.
positions can be identified. the process of generating the main chain of the protein.

Since the real space refinement procedure requires only

the Gy positions to generate the entire residue, a
3.6 3D text notebook significant saving in time and effort occurs without

detracting from the excitement of determining a new

structure. The sequence alignment is an extremely
X-AUTOFIT and X-BUILD support a 3D nob®ok  powerful tool which allows the use of woolly descriptions
facility that allows the addition of the text strings at anyof residue type when the map is poor. While the model
point in 3D space. This allows the placement ofpuilding section allows the use of grid, gradient and
comments about problems encountered during th®lonte Carlo methods of torsion angle real space
building for subsequent building sessions. The 3D texiefinement to aid in the model building process. The
editor also has some predefined list of text informatiorprocedure described here can make significant savings in
such as termini or ligands. It is possible to advance t@me for model building, typically, from days to hours,
each text string using a single tool, and the map, bonegsd weeks to days.
and screen centre is updated about this position. This tool
allows a crystallographer to quickely navigate around a&his work was supported by Glaxo Group Research,
large protein structure. Molecular Simulations Inc [8], and the SERC.
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