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1. INTRODUCTION

More than half the dry weight in a cell is made up of proteins. These abundant and
important molecules carry out numerous functions; for example, they are used to support
the skeleton, control senses, move muscles, digest food, defend against infections and
process emotions. There are more than 100,000 proteins that come in all shapes and
sizes; however, they are all made up of the same set of 20 amino acids, its primary
sequence. The shape of a protein is determined by the folding of this primary sequence.
The shape of a protein is vital; for, entire biological systems can be ultimately explained

at the basic level of protein shape fitting and interaction.

Since the functional capabilities of a protein are largely determined by its structure, the
prediction of protein structure is an area of significant research. Despite recent efforts to
develop automated protein structure determination procedures, structural genomics
projects are slow in generating spatial distribution for complete proteomes, and folding
remains unknown for many protein families'. Alternatively, prediction algorithms
provide cheap and fast methods to assign spatial distributions for many proteins. The
first class of these types of methods, include threading and comparative modeling and
rely on detectable homology traversing most of the modeled sequence and at least one
known structure’. The second class of methods, de novo or ab initio methods, predict the
structure from sequence alone, without considering the similarity in spatial distribution
between known and unknown structures'.

Arriving at the native confirmation of a polypeptide chain is a substantial problem in
protein structure prediction. Ideally, the predicted model will have a 3D configuration
precisely congruent to the actual protein conformation. Developers of prediction
methods tend to over-estimate the performance of their tool. This can be attributed to the
following reason: Single forms of assessment are not sufficient to describe the

functioning of a method".

This paper addresses three heuristic methods to evaluate the predicted structures of alpha

helix pairs in proteins while accounting for some of the physical, chemical and



homologous properties of helices, namely distance geometry, helix packing and contact
map similarity. These three Advisors are part of a Case-based Reasoning (CBR)
approach of protein structure prediction. They are amongst 20 to 30 Advisors that will
ultimately be employed to determine a native conformation of a protein of unknown

structure.

These particular Advisors were designed because it is believed that distance geometry,
helix packing and contact maps are key contributors and identifiers of protein structure.
For example, it has long been recognized that helical-helical interactions play a vital role

V,vi

in stabilizing membrane proteins Several research groups have been successful in
determining novel protein structure using distance geometry methods (Aszodi et al.,
1995Vﬁ; Mumenthaler and Braun, 1995Viﬁ; Nilges, 1995“). On the other hand, the contact
map provides useful information about the protein’s secondary structure, and it also

captures non-local interactions giving clues to its tertiary structure”.

The hypothesis behind this research is that by assessing and scoring predicted helix pair
models of known helix structures, taking into consideration only a singular property of a
protein sub-domain at a time, we will eventually be able to isolate the native confirmation
of the entire protein structure that adheres to all known biological, physical and chemical

attributes of a protein.

This report will provide background information on the CBR approach of protein
structure prediction, the theory behind Contact Maps, the formalism of Distance
Geometry, and the types of helix packing. It will also delineate the methodology used to
create each of the three Advisors. Results of implementing each of the Advisors as part

of the CBR system of protein structure prediction will be stated and discussed.



2. BACKGROUND

2.1 Protein Structure from Contact Maps: A Hierarchical Approach

In order to better understand protein-protein interactions and in turn biological pathways
and functions, it is imperative that we determine the structure of proteins. Knowledge of
protein structure is critical in determining the evolutionary origins of proteins, drug
design, re-construction of defective proteins and synthetic protein creation. The
accurate prediction of protein structure from sequence data is a fundamental problem in
modern molecular biology. One approach to this problem is to first predict a contact map
and structural features (such as secondary structures) from a given protein sequence, and
then to reconstruct the 3D structure of the protein from its predicted contact map. A
proposed method, to address the second step in this process, uses the experience
embedded in the Protein Structure Databank (PDB)Xi. This method is hierarchical, in the
sense that it applies contact maps at varying levels of the complexity hierarchy for a
protein. Maps that describe the contact between secondary structures (and potentially
super-secondary structures) are used to initially locate known proteins that share high-
level structural
properties with the input protein®. Then contacts among amino acid residues are
examined to determine more detailed similarities among the input protein and

substructures for proteins within the database™.

A Case-Based Reasoning (CBR) framework is applied. CBR is a paradigm that involves
solving new problems by recalling old problems and their solutions, and by adapting
these previous experiences, which are represented as cases. CBR is founded on the
premise that similar problems have similar solutions. The underlying hypothesis of this
research, and the motivation for using CBR as a problem solving tool, is that proteins
with similar contact maps also have similar structures®. Secondary structures are
easily recognizable in a contact map: a-helices appear as thick bands along the main
diagonal; B-sheets appear as thin bands parallel or anti-parallel to the main diagonal. A
contact map can be viewed as a translational and rotational invariant representation of the

protein's topology, thus capturing much of its relevant structural information. It also



provides a “fingerprint” that can be used to efficiently compare proteins to find ones with
similar structures. This approach incorporates a hierarchical search strategy that initially
locates proteins that have similar secondary structures to our input protein®. Given a
protein p with m secondary structures (a-helices, B-sheets and coils), its secondary
structure contact map is defined as the m x m binary array S, such that S,(m,n) =1 if
there exists a contact in map C, between any residue in secondary structure m and any

residue in secondary structure n. Otherwise S,(m,n) = 0.

Moreover, the profile, P, ,, is defined for each contact (m,n) in the secondary structure
contact map as the subarray of C, such that the rows of P,,, correspond to the amino acid
residues in secondary structure m and the columns correspond to the residues in
secondary structure n™. Profiles need only be defined for contacts along and below the
diagonal of the secondary structure contact map, as the profile for contact (i,j) is
equivalent to that for contact (j,i). Note, that unlike the contact map and the secondary
structure contact map, a profile contact map is not symmetric"i. The motivation for
defining secondary structure contact maps and profiles is to provide an efficient and
detailed representation of high-level contacts that allows us to initially compare the
structural similarity between proteins without considering the more complex contact

maps”™.

The CBR system compares the novel contact map with contact maps derived from
structures in the PDB based on image retrieval techniques. Four similarity metrics are
applied"i: Quad-tree vector; Minkowski distance of colour and edge distributions; Gray-

level co-occurrence matrix interception; and Jaccard distance™’. Refer to Figure 2.1.



Figure 2.1.1°

Given the following contact maps, maps (a) and (c) were determined to be similar, while map (b) was
considered to be dissimilar.

Once similar profile contact maps and their corresponding structures have been retrieved

from the database, they are adapted to determine the relative locations of secondary

structures in the protein®". The adaptation program transfers the coordinate information

of the best matched helix pairs for each novel helix pair™®. Any missing 3D coordinates
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are determined using biochemical knowledge™ .
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Figure 2.1.2""

Transfer of the coordinate information of the best matched helix pairs for each novel helix pair. Any areas
of missing 3D coordinates are “grown” using biochemical knowledge.



The predicted structures are then evaluated by a series of knowledge-based ‘“‘expert

advisors™.”

Each of the advisors computationally ranks the quality of each prediction
based on a different criterion, such as polarity, distance geometry, etc. A neural network
assigns weights to the advisors with the assumption
that certain combinations of the advisors give optimal predictions™. These determined
weights are applied to compute a weighted sum of individual advisor rankings in order to
determine an overall ranking for each predicted structure™.

This CBR implementation is currently being tested on ideal (physical maps
computed using coordinates in the PDB) and predicted contact maps. On average, the
distance between the predicted and correct coordinates for the best adaptation is 1.234 A

Xii
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Figure 2.1.3": Design of a Case-Based Reasoning system for determining protein
structure from contact maps.



2.2 Contact Maps

Contact maps are the fundamental tool utilized in this hierarchical approach of protein
structure prediction. Traditionally contact maps are created from distance maps, where a
threshold value is applied to given a distance matrix to produce the Boolean values, as
illustrated in Figure 2.2.1. A distance map, D, is a M X M matrix where M is the number
of amino acids in a protein and Dj; is the distance between amino acid i and amino acid j
in the protein in 3D space, usually measured in Angstréms (A). However, the problem of
predicting a distance map from the primary sequence of a protein is almost as hard as

predicting the structure of the protein from the primary sequence.

1 18

Distance map Contact map

Figure 2.2.1°

Left to right, distance map and contact map for the protein Bacterioferritin (Cytochrome B1). The axes in both maps represent the
residues for the protein starting at the N terminus in the left corners. In the distance map the darker areas represent closer distance,
while in the contact map the dark areas represent a value of 1 where residues are in contact (within 10 A of each other).

In consequence, this research group uses the contact maps predicted by Fariselli, P. et al.
(2001)™" in Bologna, Italy. The team in Bologna uses neural networks to formulate these
maps with evolutionary pathways, conserved regions of sequence, and predicted
secondary structures among the information that is used as inputs"iv. The method of

contact map prediction is superfluous to the study being presented in this report and it is



assumed that the input contact maps given to us by the group in Bologna will be very

accurate some time in the future.

Determining an ideal value to use as a threshold for creating contact maps, also poses a
challenge. Various research groups are using different thresholds; such as, 8 A™", 9 A*
and even 5 A*". Our lab has chosen to adopt 10 A between alpha carbons as the threshold
value, for it proved to be the most useful for our purposes. It was observed that with
values less than 10 A we would not have enough points of contact and consequently not

enough information to describe the interface between a pair of helices.

In the Advisors under consideration in this paper all contact maps are created using a
threshold value of 10 A and by utilizing the distance map methodology, after having

predicted coordinates for pairs of alpha helices.

2.3 Distance Geometry

Several types of structural information, for example, distances, chemical cross-linking,
neutron scattering, etc. can be expressed as intra- or intermolecular distances. The
distance geometry formalism permits these distances to be assembled and three-

dimensional structures consistent with them to be calculated.

Some authors, such as Mor’e, J. and Wu, Z. (1999)"“, have suggested the use of distance
geometry in conjunction with optimization techniques and experimental data to predict
the structure of a protein. For instance, in NMR experiments the structure of a protein is
construed using distance geometry methods which are applied to a set of internuclear
distances. However, owing to experimental error, only upper and lower bounds for the

distances can be obtained.
In relation to the CBR approach employed in this research, some authors (Pollastri G. and

Baldi P. (2002)™ | Mor’e, J. and Wu, Z. (1999)™") have even suggested the use of

distance geometry, optimization techniques and contact maps to predict protein structure.
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Sometimes contact map information is supplemented with statistical data about the
distances between residues and the constructed structure is refined using knowledge-

XVii

based and inverse kinematics approaches™ .

2.4 Helix Packing & Clustering Contact Maps

In the bottom up approach of protein structure prediction employed in this research we
start by predicting the configuration of the secondary structures. Over one-third of a
globular protein is made up of alpha helices. Consequently, it is imperative that we

formulate an accurate method of predicting the coordinates of alpha helices.

The face to face interaction (packing) between a pair of alpha helices is insufficiently

Xviii

understood in the ab initio method of prediction™ . Several packing models have been

23XiX 99XX

developed, for example, “ridges into grooves and “knobs into holes However,
these models insufficiently describe helix pair interaction and structure. The Helix
Packing Advisor discussed later in this report is based on the hypothesis that if two pairs
of alpha helices have similar contact map interfaces then they will pack similarly (and

XXi

consequently be assigned similar packing values)™ .

In following with this hypothesis, contact maps for pairs of alpha helices and have been
divided into three classes™: The first class includes any maps with contacts in the
corner. Maps that have contacts within the outer two rows or columns, but not in the
corners, belong to the second class, “edge contact maps.” Finally, maps that do not have
any contacts in the perimeter are grouped in the third class known as ‘“central contact

maps.”

The classification of contact maps into these three categories is done using the greedy

XXii

algorithm in the order of corner, edge and central contact maps™ . A database for each of
the three types of contact maps was created. In order to create this database 1078 alpha
helix pairs belonging to 171 proteins from the PDB were used™". The subsequent table

(Table 2.4.1) summarizes the contents of the database:

11



Contact Map Class | Total Instances | Face-to-Face Packing | Not Face-to-Face Packing
Central 112 112 (100%) 0 (0%)
Edges 535 531 (99.3%) 4 (0.7%)
Corner 431 397 (92.1%) 34 (7.9%)
Doubled Corner 862 794 (92.1%) 68 (7.9%)
All Maps 1078 1040 (96.5%) 38 (3.5%)
Table 2.4.1*"

Database of clustered contact maps based on 1078 alpha helix pairs belonging to 171 proteins from the
PDB.

The corner and edge contact maps are clustered further because clusters of maps share the
same packing value. In order to cluster maps a similarity matrix is constructed by
treating the contact map as a point (first translated into a vector) and finding the cosine
distance between two contact maps™'. For example, if n contact maps are to be
clustered, the similarity matrix S is size n x n, where entry S(i,j) is the cosine distance

from contact map i to j.

The similarity matrix is further reduced using k nearest neighbours (k-nn) sparsification,
where k is the number of points that are closest to a specific point (or contact map, in this

XXii

case) using a particular distance measure™ . The k points with the smallest distances are

found in each row of the similarity matrix™". If point j is a member of the k-nn list of
point i, then the k-nn list of point j is checked to see if point i is a member™. In this

manner there will be total mutuality in the k-nn list for each contact map.

The coordinates of a pair of alpha helices can then be determined by comparing its
contact map to that of its k nearest neighbours of known structure, and transferring the

corresponding spatial distribution.

12




3. METHODOLOGY
3.1 Data Used

The data used to implement the Distance Geometry, Contact Map and Helix Packing
Advisors is training data which was taken from 329 alpha helix pairs found in the PDB.
For each of the alpha helix pairs a text file containing the optimal retrieved and adapted
cases from the CBR system is available. Each text file, example shown below, contains
the primary sequence of the protein the helix pair is from, the residue numbers of the
specific helix pairs in contact, the correct native coordinates, the source coordinates of

each optimal retrieved case, and the predicted coordinates based on each set of source

coordinates.

i
File Edit Format View Help

HKRESHKHAEQARRNRLAVALHELASL:PAEHKQQNVSAAPSKATTVEAACRY:RHLQQNGST rs

{CCCHHHHHHHHHHHHHHHHHHHHHHHHC HHHHHHC CCCCCCCCHHHHHHHHHHHHEHHRCCOOC

VERTICAL_SEQUENCE

4 567 891011 12 12 14 15 16 17 18 19 20 21 22 23 24 25 26 27

ICORRECT

7.329 3.839 4.622 5.438 3.362 5.331 7.945 6.296 3.357 6.304 8.597 6.091 7.375 10.944 9.527 B.003 10.825 12.772 9.795 9.476 13
72.451 -1.042 2.363 2.853 5.95 7.662 8.055 9.705 11.305 13.036 12.893 14.974 18.074 17.403 16.957 20.499 21.869 20.93 22.516

5 48.69 50.262 46.544 45.702 48.456 45.736 42.724 44.593 46.299 43.192 41.222 42.932 41.932 38.433 38.186 40.347 37.294

-844 34.301 31.805 31.164 34.87 35.456 22.595 34,272 37.561 35.712 34.507

.7 0.666 1.043 3.857 4.761 4. 42 6.856 9.515 8.95 9,582 12.948

.527 77.613 75.304 77.812 78.087 74.371 73.684 75.815 74.019 70.758 72.046

PREDICTL! DN

34.507 35.712 37.561 34.272 32.595 35,456 _34.87 31.164 31.805 34.301 31.844 28.938 30.804 32.839 29.28 27.444 30.604 30.308 21
12. 948 582 8.95 9.515 6.856 4.42 4.7 3 -0.666 -0.706 -1.882 -2.5685 -5.8303 -7.3198 -6.8414 -8.8189 -11.911 -12
72.046 70.758 74.019 75.815 73.684 7 1812 75.304 77.613 80.527 78.332 82.028 80.443 78.89 82.501 84.435 &1.67 8.
SOURCE

102.41 105.49 105.59 104.88 107.89 110.11 109.41 110.47 114 113.73 112.82 115.74 118 116.5 117.46 121.04 121.4 120.01 122 .
143.89 145.88 147.53 144.33 142.8 145,88 146.13 142.49 143,59 146.44 144, 18 142.04 145.1 145,85 142,35 142.77 146.23 144, 1
47 46.415 49.831 51.761 49.965 50.19 53.894 54.235 53.313 55.837 5B.7 57.617 57.972 61.417 62.636 61.381 62.935 66.241

1 3.857
74.371 78.087

P ICTION

116.5 118 115.74 112.82 .73 114 110.47 109.41 110.11 107.89 104.88 105.59 105.49 102.41 102.68 102.46 95.743 98

145,85 145.1 142,04 144,18 146.44 143,59 142,49 146.13 145,88 142.8 144,33 147,53 145,88 143,89 143,22 147.07 146.1

61.417 57.972 57.617 58.787 55.837 53.313 54.235 53.894 50.19 49.965 51.761 49.831 46.415 4 75 44,065 43,269 4

SOURCE

70.611 69.425 67.981 66.355 64.683 63.403 62. 721 57.821 55. 52.962 52.556 50.586 48.475 46.

79.404 78.388 75.119 76.923 79.196 76.162 74. L1001 74.438 74, 75.713 72.141 72.902 75.985 74.

14,886 41.308 42.672 45.508 43.072 41.152 44.407 45.214 41.694 42.054 45.415 43.821 40.700 42.047 45.171 44.512 41.

PREDICTION
.9

99.973
42,7 14
42,518

081 . 807
71.186

. 262

69,425 -355 64.683 63.403 62.081 60.176 38.721 57.821 55.997 53.896 52.962 52.556 50.586 48.475 46.088 45,
78,388 2119 76.923 79.196 76.162 74.658 101 74. -141 72.902 75.985 -624 71
17,398 42.573 45.598 43.072 41.152 44.407 .694 42, 1047 45.171 44.512 41.852 43

SOURCE

2.435 4.793 7.163 6.432 17 11.072 11.687 10.929 13.451 16.178 15.819 15.917 18.854 20.755 20.469 21.294 24.361 25.8 25.579
.279 -0.372 -1.017 -4.772 -5.319 -3.549 -5.378 -B.655 -8 -6.705 -9.753 -12.151 -10.3 -10.1 -13.914 -14.568 -12.352 -14.513

52 153 55.072 55.065 51.544 52.11 55.414 53.593 50.8 53.145 55.421 52.472 50.912 54.205 54.364 50.685 50.871 53.634 51

13 854 20.755 20.469 21.294 24.361 25.8 25.579 27.083 29.895 30.724 30.83 32.876 35.491 35.665 36.461 39.235 40.631 40
-10.1 -13.914 -14.568 -12.352 -14.513 -17.53 -15.691 -14.361 - 923 -19.135 -16.119 -16.67 0.344 -19.352 -1
54.205 54,364 50.685 50.871 52.634 51.332 48.3254 50.532 51.543 47.945 46,85 49,572 48.608 44, 995 46.041 48,489

57.618 53.858 53.76B8 56.802 54.9 51.458 53.026 54.672 51.33 49.75 52.476 52.914 49,224 49,4209 52.364 50.378 4
-311 0.768 -1.816 -0.244 3.073 1.872 -0.161 2.996 4.766 2.207 1.824 5.599 6.172 3.725 5.672 B.E893 7.055 5.645 9.
55.043 55.49% 58.201 59.058 60.385 61.241 64.043 65.414 65.084 67.444 70.065 69.981 70.709 73.633 75.1 75.05 76

PREDICTION
53.768 56.802 54.977 51.458 53.026 54.672 51.33 40.75 52.476 52.914 49,224 49. 429 52.364 50.378 47.259 4934 50.547 46.957 45
.6 4

1,816 -0.244 3.073 1.872 -0.161 2.996 4,766 2,207 1.824 5.599 6.172 3.725 5 .8

58.294 59,958 60.385 61.241 64.043 65.414 ©65.084 &7.444 70.065 69.981 70.709 ;3.633 75. l 75.05 F6. 433 "9 368 80.3

SOURCE

-60.657 -61.014 -58.023 -55.986 -56.324 -55.443 -52.244 -51.046 -50.86 -49. ES* -46.954 -45.44 -45.928 -44.306 -41.571 -40. 354

84.483 B3.845 B1.437 §3.562 B86.353 84.059 83.096 B6.702 86.209 82.61 82.773 85.982 B5.237 81.833 83.625 B5.443 52.145 80.596

10.408 14.117 14.024 11.603 14.175 17.071 15.176 15.315 19.073 19.415 1. 943 18.184 21.893 21.368 19.389 22.521 24.358 21. GiirJ
3

4 |
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Figure 3.1.1

Screen shot of a text file used in the execution of the three Advisors under consideration in this report.
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3.2 Distance Geometry Advisor - Lower and Upper Bounds

Given the predicted structure of a helix pair, the Distance Geometry Advisor verifies
whether the distance between any pair of amino acids falls within a determined upper and
lower bound. This is of importance because distance is a key feature in preserving
biochemical properties within a protein structure. In order to compute these bounds,
statistical data about minimum and average distances between alpha carbons is taken into

consideration.

From literature we know that the average distance between adjacent alpha carbons along
a helix backbone is 3.84 A. The lower and upper bounds for distances between adjacent
alpha carbons are thus calculated by adding or subtracting 0.5 A respectively from this

distance.

Under the assumption that residues of a helix are distributed according to a model
average helix it is assumed that the alpha carbons are distributed along a helix with radius
2.5 A, 100 degrees separation, and a distance along the axis of 1.5 A. The lower and
upper bounds for distances between non-adjacent pairs of amino acids within the same
helix are obtained by adding and subtracting 0.5 A respectively to the estimated distance
between the two amino acids. The distance between the residue pair is computed as
follows; where x1, y1 and z1 correspond to the coordinates of the first residue, and x2, y2
and z2 to that of the second residue. “positionResidue#” refers to the position of that

residue in the alpha helix:

yl = 2.5*%cos(positionResidue1*(100/360)*2*pi)
z1 =2.5*sin(positionResidue1*(100/360)*2*pi)
x1 = 1.5*positionResiduel-1.5

y2 = 2.5*cos(positionResidue2*(100/360)*2*pi)
z2 = 2.5*sin(positionResidue2*(100/360)*2*pi)
x2 = 1.5*positionResidue2-1.5

distance= ((x2-x1)*+(y2-y1)*+(z2-21)*)'"*

14



If two amino acids, one from each of the helices, in the helix pair are in contact, the lower
bound is set to the allowable minimum distance according to the type of amino acids of
their corresponding residues. This data is obtained by calculating the minimum distance
between a pair of amino acids from a group of approximately 2400 proteins in the CATH
database which belong to class 1: proteins which are mainly composed of alpha helices.
While the upper bound is set to the threshold value of the contact map (10 A in this lab’s

case).

If the amino acids, one from each helix, are not in contact the lower bound is set to the
threshold value of the contact map and the upper bound is set to the average distance
between alpha carbons (3.84 A) times the number of carbons separating the pair of

residues.

In a three dimensional Cartesian space, constraints are imposed by the Euclidean metrics
in order to make sure that the distances are geometrically consistent. The triangle
inequality is one such constraint:

Dac < Dag + Dsc

Other constraints, though important, are computationally costly to employ.
Consequently, it is common to use an approximation based solely on the triangle
inequality. As such, two rules to correct inconsistencies in lower (L) and upper (U)
bounds are deduced from the triangle inequality:

Uac < Uap + Upc

Lac <Lag - Ugc

This process is known as boundary smoothing and can be reduced to the equivalent

problem of finding the shortest path in a digraph™".

15



ALGORITHM 3.2.1: Distance Advisor Boundary Smoothing. Taken from Havel, T."",

for k = 1:Natoms do
for i = 1:Natoms-1 do
for j = i+1:Natoms do
if Upper(i,j) > Upper(i,k) + Upper (k,j) then
Upper(i,j) = Upper(i.k) + Upper(i,j)
if Lower(i,j) < Lower(i,k) - Upper (k,j) then
Lower(i,j) = Lower(i,k) + Lower(k,j)
if Lower(i,j) < Lower(j,k) - Upper (k,i) then
Lower(i,j) = Lower(j,k) - Upper(k,i)
end
end
end

All of the above information which depicts how the Distance Geometry Advisor
establishes the upper and lower bounds for a pair of amino acid residues from alpha

helices has been adapted from Zuviria, E. (2006)™".

In order to determine good scoring criteria all the “correct” helix coordinates for each
helix pair text file were run through the distance advisor and each “correct” helix pair
was assigned a score from 1 to -1 based on the number of residues pairs that fell within
the computed upper and lower and bounds. The greater the number of residue pairs that
fell within the bounds, the closer the score of that prediction to +1. The average and
range of their ranking was determined, and in consequence the predicted structures were

ranked relatively. See Algorithm 3.2.2 for scoring methodology.
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ALGORITHM 3.2.2: Distance Advisor Scoring Methodology

PART 1 - Verify whether alpha carbons in the helix pair are within the upper & lower bounds. Assign
appropriate score.

for c1 = 1:lengthHH
for c2 = 1:lengthVH
idealDistance = (IHP(c1, ¢2) + uHP(c1, ¢c2))/2
numCPairsHP = numCPairsHP + 1
if (HP(c1, ¢2) < 1HP(c1, ¢2) or HP(c1, ¢2) > uHP(cl, c2))
score = score + -1
elseif (HP(cl, c2) >= (idealDistance - 1) & HP(c1, c2) <= (idealDistance + 1))
score = score + 1
else
score = score
end %end if
end %end for c2
end %end for ¢l

% Calculate average score
score = score / (numCPairsHH + numCPairsVH + numCPairsHP);

PART 2 - Based on the calculated score assign predicted structure a relative score as determined by the
“correct” structures’ score.

if score >= 0.25 && score <=0.4

score = 1

elseif score > 0 && score <0.2
score = (.2

elseif (score >= 0.2 && score <=0.25) Il (score > 0.4 && score <=0.5)
score = 0.4

elseif score < 0 && score > -0.0777
score = -0.8

elseif score <-0.0777 Il score > 0.6168
score = -1

else
score =0

end

Legend:

“HP” — Helix Pair

“VH” — Vertical Helix
“HH” — Horizontal Helix
“%” — Comment



3.3 Helix Packing Advisor

The primary step in this Advisor is to generate an input contact map and a contact map
for each of the predicted structures of a helix pair, using the distance matrix method
discussed in section 2.2 of this report. If the input contact map (currently determined by
the coordinates of the “correct” helices as stated in the text files (Fig. 3.1.1)) of the
considered helix pair is a “central contact map” the Advisor affirms that the two helices
should pack with 100% confidence. However, if the input contact map belongs to the
corner or edge classes, then we search the database for the closest matching contact map.
The confidence is then the cosine distance between the input map and its closest

neighbour.

In the hierarchical approach used to predict helix pair structures from the source contact
map, each source contact map will have on average 9 sets of predicted helix pair
coordinates. If the packing in a set of predicted coordinates matches the packing of the
input map’s closest neighbour, which by design will be the same as the input contact
map, the confidence score is positive, else it is negative. Similarly, if the predicted
structure of a central input contact map does not pack then it is given a negative score,

otherwise the score is positive.

3.4 Contact Map Congruency Advisor

The Contact Map Advisor evaluates a predicted helix pair’s spatial distribution based on
how similar the input contact map is to the prediction’s contact map. This is because in
theory the contact map of the final predicted protein structure should be identical to the

input map produced by Fariselli, P. et al. (2001)*".
The contact map of the predicted structure is produced by first determining the Euclidean

distance between each amino acid pair in the two helices. The distance is determined by

employing the following formula: ((x; — x2)* + (y1 - y2)2 + (21— 2)H)". Subsequently if
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the distance between any pair of amino acids is less than 10 A the corresponding position

in 2D array is assigned a 1, else it holds a 0.

Each position in the computed predicted structure contact map is then compared with the
corresponding position in the input contact map (presently constructed using coordinates
of the “correct” helix pair structure, as it appears in the text file (Fig. 3.1.1)). The total
number of positions with equal values in the corresponding maps is tallied and the
percentage determined. This percentage is then linearly scaled to fit a scoring range of -1

to 1, using the formula 2x -1, where x is the calculated percentage.

Note: Eventually this CBR approach of predicting protein structures will substitute the
input contact maps yielded from the “correct” helix pair’s structure for input maps
produced by Fariselli, P. et al. (2001)" in the Helix Packing and Contact Map

Congruency Advisors.
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4. RESULTS

4.1. Distance Geometry Advisor

When the 329 “correct” helix pairs were run through PART 1 of Algorithm 3.2.2 the

following were the scoring results:

average score = 0.3249

minimum score = -0.0777

maximum score = (0.6168

number of scores in range 0.0 to 0.2 =24

number of scores in range 0.2 to 0.25 = 32

number of scores in range 0.25 to 0.3 = 62

number of scores in range 0.3 to 0.35 = 63

number of scores in range 0.35 to 0.4 = 73

number of scores in range 0.4 to 0.5 = 59

number of scores in range 0.25 to 0.4 = 205

number of scores in range -0.0777 to 0.0 =2

number of scores in range -1 to -0.0777 (min.) and 0.6168 (max.) to 1=2

These results verify that average alpha helix specifications are for an optimized helix and
rarely occur in nature; for most distances between residues fall somewhere within the

range of the upper and lower bound, and not exactly in the middle of that range.

The average score after running the predicted helix structures through this advisor was
0.2911. This in turn indicates that the predicted structures obey as much of the distance
geometry rules of alpha helices as correct helices themselves. Further suggesting that the
CBR prediction method utilized encompasses precisely this vital aspect of alpha helix

structure.

4.2 Helix Packing Advisor

The following (Fig. 4.2.1) is sample output retrieved after running the HelixPairl.txt file
through this advisor. As illustrated in the data, the score is either positive or negative a
certain number. This is because for edge or corner maps if the packing of the predicted

structure matches the packing of the closest neighbour then the score is determined by the
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positive cosine distance between the input map and its closest neighbour. Conversely, if

it does not match the score is determined by the negative cosine distance.

>> start(‘e:\Lab\HelixPackingAdvisor\HelixPairsMarch22\HelixPair1.txt')
Prediction =
1
edge
score =

-0.5727

Prediction =
2

edge

score =

-0.5727

Prediction =
3

edge

score =

0.5727

Prediction =
4

edge

score =

0.5727

Prediction =
5

edge
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score =

0.5727

Prediction =
6

edge

score =

0.5727

Prediction =
7

edge

score =

-0.5727

Prediction =
8

edge

score =

-0.5727

Prediction =
9

edge

score =

-0.5727

avgScore =

-0.0636

Figure 4.2.1
Sample output after running the HelixPair1.txt file through the Helix packing Advisor



Table 4.2.1 presents examples of results from the Helix Packing Advisor. The helix pair

files in the table were randomly selected from the 329 helix pair text files available.

Helix Pair # | Type of Contact Map | Average Score
110 Corner 0.6447
98 Corner 0.6976
329 Corner 0.7276
222 Corner 0.4753
1 Edge -0.0636
22 Edge 0.7285
50 Edge 0.7071
212 Edge 0.6197
28 Central 1

124 Central 1

248 Central 1

321 Central 1

Table 4.2.1

Results from Helix Packing Advisor

These results assert that most predicted structures have a score above 0.6 and thus pack
similarly to the type of packing indicated by the input contact map. Therefore, the CBR
method employed to determine the predictions, and the hypothesis that “if two pairs of
alpha helices have similar contact map interfaces then they will pack similarly”™ help

support each other.

Another noteworthy observation was that attempting to find examples of helix pairs that
pack centrally, was much more difficult than locating corner or edge helices. This in turn
correlates to the packing distribution shown in Table 2.4.1. The fact that all predicted
structures with central input maps pack face-to-face with 100% confidence, reaffirms that
the CBR approach of assigning spatial distribution to a protein of unknown structure by
first finding similar contact maps of proteins of known structure is step in the right

direction of protein structure prediction.
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4.3 Contact Map Congruency Advisor

When the 329 helix pair files, with an average of 9 predictions each, were run through the
Contact Map Congruency Advisor the overall average score was: 0.5622786093419401
and 65% of predictions had a score between and including 0.5 and 1. This indicates that
most predictions of helix pairs have structures similar to that of the native confirmation.
This in turn denotes that the employed method of helix structure prediction, that is
adapting coordinate information of structures with similar contact maps, is accurate and

noteworthy.
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S. DISCUSSION AND FUTURE WORK

In the near future the Case-based Reasoning approach will employ a neural net algorithm
to evaluate the performance of each Advisor. This evaluation will depend on gathering
information about what constitutes a “good” protein structure. This is being done by
Glasgow et al., 2006":
1. conducting statistical and machine learning analysis of existing databases of
protein structures
2. acquisition of expert knowledge (accessed through interviews and research
papers)
3. using and adapting text-book knowledge
4. calculating the root mean square distance (RMSD) between the spatial

distribution of the predicted structure and the native confirmation

The lower the RMSD, the greater the similarity in protein structure of the prediction to
the native confirmation. The effectiveness of the Distance Geometry, Helix Packing and
Contact Map Congruency Advisors, along with all the other 20 to 30 Advisors will be
assessed by comparing their scoring techniques to the RMSD. If a prediction has a low
RMSD, then the Advisor should assign it a relatively high score. For a high RMSD, we

should expect a score close to -1.

Through utilization of this comparative technique of an Advisor’s score to the RMSD a
weighted tally of each Advisor is determined and an overall score for each prediction is

calculated by employing the following formula:
1l
vim) = Z wilA;) x s(A;, m)
i=l
In this formula A; is an Advisor, m is the predicted structure, s(A; ,m) is the strength of the

A;’s assessment for m, and w(A)) is the weight assigned to Advisor A; .

Consequently, the novel protein's final predicted structure will obey the principles of

chemistry, biology and physics. It will also adhere to experimental data and the
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previously determined structures, and it will be consistent with the information available

from the primary sequence.
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