Chapter 2
Creating Datasets

Abstract Data is the key in biological knowledge discovery. The data used in
discovery is specific and specialized to a specific issue in cell and molecular biol-
ogy. This is generally achieved by creating datasets of specific nature. Here, we
discuss the importance of biological datasets in information gleaning and describe
procedures for specialized dataset creation. The creation of data subsets for human
leukocyte antigen (HLA) peptide binding, HLA—peptide structures, HLA class I
and class II grouping of structures with peptides, protein subunit interactions,
homodimers, heterodimers, homodimer folding into categories, fusion proteins,
intron-containing genes in eukaryotes and intronless genes in eukaryotes, is described
in this chapter.
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2.1 Datasets

Biological phenomena are specific, yet diverse in nature. Description of such
phenomena using data requires specialized datasets derived from large databases
such as GenBank/EMBL/DDBIJ and PDB (Fig. 2.1). Databases mentioned here
are the major resources for genetic information. However, the source of data is
not limited to these databases. Creation of specialized datasets is important to
understand issues in several disciplines (immunology, macromolecular structural
biology, biochemistry and genetics) of molecular and cellular biology. Datasets
of small scale (homogeneous data — similar data property) are created from huge
databases (heterogeneous data — diverse data property) using keywords or anno-
tations used to describe specific biological property or phenomenon. The dataset
thus created is generally of redundant (unnecessary or duplicated) in nature.
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Fig. 2.1 Creating biological datasets for knowledge discovery. PDB protein databank, DDBJ
DNA databank of Japan, EMBL European molecular biology laboratory, RCSB research collabora-
tion for structural biology

Therefore, it is important to remove redundancy and to create a nonredundant
dataset of interest. The nonredundant dataset is further curated (process of data
refinement) to add value. This is done by data grouping or clustering. This
procedure again clusters data of similar nature into specific subgroups. The subgroups
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thus generated are helpful in identifying common features that are used to
describe a specific biological phenomenon. Therefore, it is critical to create
specialized datasets. In this chapter, the creation of a number of biologically important
datasets is described.

2.2 HLA-Binding Peptide Dataset

Human leukocyte antigen (HLA) allele-specific peptide-binding data were col-
lected from literature (Alexander et al. 1998; Den Haan et al. 1998; Kawashima
et al. 1998; Chang et al. 1999; Nukaya et al. 1999). These binding data are strictly
based on HLA molecules defined by the sequence-based nomenclature system
described by IMGT/HLA (http://www.ebi.ac.uk/imgt/hla/). Any binding data
defined by the serological nomenclature system is not included in our analysis.
Binding values for these peptides were expressed in IC,  units, denoting the peptide
concentration inhibiting the binding of the standard peptide by 50%. This provides
an estimate of the ability of the peptides binding to specific HLA allele proteins.
The collected peptides were grouped into different subsets based on the HLA
alleles they bind (Table 2.1). Each of the subset was further clustered into three
subgroups by their IC, units: good binders — less than 100 nM; moderate binders
100-500 nM and poor binders or nonbinders more than 500 nM (Table 2.2). The
grouping of data provides an insight to the type of short peptides that specifically
bind or not bind to defined HLA allele antigens.

2.3 MHC-Peptide Structural Dataset

Major histocompatibility complex (MHC) plays an important role in T-cell-
mediated immune response. The structural information on MHC-peptide com-
plexes was retrieved from the Protein Databank (PDB) as flat files with the “.pdb”
extension (www.rcsb.org/PDB/). The retrieved data amounts to 43 in number and
this dataset was later used for further analysis (Table 2.3: class I dataset and
Table 2.4: class II dataset). The currently available structural data on MHC—peptide
complexes in PDB is partially curated and somewhat redundant in nature. A fully
curated dataset for MHC—peptide complexes was created by visual inspection of
the structural data which further let to the development of MHC—peptide interaction
database (MPID — http://surya.bic.nus.edu.sg/mpidt/). This approach produces the
most accurate and useful information for discovery given the current limitations of
a purely automatic procedure. The rules applied to clean data, the types of rules
governing MHC—peptide interactions are also discussed.
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Table 2.1 HLA class I-specific peptides with IC, binding values

2 Creating Datasets

HLA allele Peptide IC,, References

A*0201 VHRDDLLEA 365 Kawashima et al. 1998
A*0202 KIFGSLAFL 9.0 Kawashima et al. 1998
A*0202 KVAELVHFL 29 Kawashima et al. 1998
A*0202 FLWGPRALV 43 Kawashima et al. 1998
A*0202 IMIGVLVGV 62 Kawashima et al. 1998
A*0202 YLSGANLNL 165 Kawashima et al. 1998
A*0202 LLTFWNPPV 297 Kawashima et al. 1998
A*0202 ILHNGAYSL 358 Kawashima et al. 1998
A*0202 VMAGVGSPYV 391 Kawashima et al. 1998
A*0202 CLTSTVQLV 457 Kawashima et al. 1998
A*0202 LMTFWNPPV 779 Kawashima et al. 1998
A*0202 LLTFWNPPT 1,720 Kawashima et al. 1998
A*0202 ALCRWGLLL >10,000 Kawashima et al. 1998
A*0203 YLSGANLNL 2.4 Kawashima et al. 1998
A*0203 CLTSTVQLV 6.7 Kawashima et al. 1998
A*0203 LMTFWNPPV 7.6 Kawashima et al. 1998
A*0203 KIFGSLAFL 9 Kawashima et al. 1998
A*0203 IMIGVLVGV 13 Kawashima et al. 1998
A*0203 VMAGVGSPYV 13 Kawashima et al. 1998
A*0203 FLWGPRALV 14 Kawashima et al. 1998
A*0203 KVAELVHFL 14 Kawashima et al. 1998
A*0203 LLTFWNPPV 26 Kawashima et al. 1998
A*0203 LLTFWNPPT 67 Kawashima et al. 1998
A*0203 ILHNGAYSL 100 Kawashima et al. 1998
A*0203 ALCRWGLLL 278 Kawashima et al. 1998
A*0203 YLQLVFGIEV 345 Kawashima et al. 1998
A*0206 KIFGSLAFL 23 Kawashima et al. 1998
A*0206 LMTFWNPPV 33 Kawashima et al. 1998
A*0206 LLTFWNPPV 56 Kawashima et al. 1998
A*0206 IMIGVLVGV 106 Kawashima et al. 1998
A*0206 KVAELVHFL 168 Kawashima et al. 1998
A*0206 CLTSTVQLV 308 Kawashima et al. 1998
A*0206 FLWGPRALV 336 Kawashima et al. 1998
A*0206 YLQLVFGIEV 370 Kawashima et al. 1998
A*0206 ILHNGAYSL 567 Kawashima et al. 1998
A*0206 LLTFWNPPT 755 Kawashima et al. 1998
A*0206 YLSGANLNL 804 Kawashima et al. 1998
A*0206 VMAGVGSPYV 3,700 Kawashima et al. 1998
A*0206 ALCRWGLLL 8,863 Kawashima et al. 1998
A*0301 RLGVRATRK 11.7 Chang et al. 1999
A*0301 QLFTFSPRR 14.7 Chang et al. 1999
A*0301 RMYVGGVEHR 15.3 Chang et al. 1999
A*0301 LIFCHSKKK 204 Chang et al. 1999
A*0301 GVAGALVAFK 28.2 Chang et al. 1999
A*0301 VAGALVAFK 45.8 Chang et al. 1999
A*0301 KTSERSQPR 68.8 Chang et al. 1999
A*0301 LGFGAYMSK 135.8 Chang et al. 1999
A*1101 LIFCHSKKK 1.6 Chang et al. 1999

(continued)
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HLA allele Peptide IC,, References

A*1101 GVAGALVAFK 4.3 Chang et al. 1999
A*1101 VAGALVAFK 6.7 Chang et al. 1999
A*1101 LGFGAYMSK 20.7 Chang et al. 1999
A*1101 KTSERSQPR 93.8 Chang et al. 1999
A*1101 QLFTFSPRR 182.0 Chang et al. 1999
A*1101 RLGVRATRK 207.0 Chang et al. 1999
A*1101 RMYVGGVEHR 300.0 Chang et al. 1999
A*3101 KTSERSQPR 66.7 Chang et al. 1999
A*3101 RMYVGGVEHR 94.7 Chang et al. 1999
A*3101 RLGVRATRK 428.6 Chang et al. 1999
A*3101 QLFTFSPRR 620.7 Chang et al. 1999
A*3101 LIFCHSKKK 2535.6 Chang et al. 1999
A*3101 LGFGAYMSK 2950.8 Chang et al. 1999
A*3101 GVAGALVAFK 3272.7 Chang et al. 1999
A*3101 VAGALVAFK 3750.0 Chang et al. 1999
A*3301 KTSERSQPR 1812.5 Chang et al. 1999
A*3301 QLFTFSPRR 3766.2 Chang et al. 1999
A*3301 RMYVGGVEHR 9666.7 Chang et al. 1999
A*3301 RLGVRATRK 10,000 Chang et al. 1999
A*3301 GVAGALVAFK 10,000 Chang et al. 1999
A*3301 LGFGAYMSK 10,000 Chang et al. 1999
A*3301 LIFCHSKKK 10,000 Chang et al. 1999
A*3301 VAGALVAFK 10,000 Chang et al. 1999
A*¥6801 QLFTFSPRR 2.6 Chang et al. 1999
A*6801 GVAGALVAFK 117.6 Chang et al. 1999
A*6801 KTSERSQPR 145.5 Chang et al. 1999
A*6801 LGFGAYMSK 222.2 Chang et al. 1999
A*6801 VAGALVAFK 258.1 Chang et al. 1999
A*6801 LIFCHSKKK 3333 Chang et al. 1999
A*6801 RMYVGGVEHR 1777.8 Chang et al. 1999
A*6801 RLGVRATRK 10,000 Chang et al. 1999
A*6802 KVAELVHFL 17 Kawashima et al. 1998
A*6802 FLWGPRALV 40 Kawashima et al. 1998
A*6802 IMIGVLVGV 89 Kawashima et al. 1998
A*6802 KIFGSLAFL 3,333 Kawashima et al. 1998
A*6802 LMTFWNPPV 3,448 Kawashima et al. 1998
A*6802 CLTSTVQLV 8,000 Kawashima et al. 1998
A*6802 YLQLVFGIEV 9,302 Kawashima et al. 1998
A*6802 LLTFWNPPV 9,442 Kawashima et al. 1998
A*6802 LLTFWNPPT >10,000 Kawashima et al. 1998
A*6802 VMAGVGSPYV >10,000 Kawashima et al. 1998
A*6802 ILHNGAYSL >10,000 Kawashima et al. 1998
A*6802 YLSGANLNL >10,000 Kawashima et al. 1998
A*6802 ALCRWGLLL >10,000 Chang et al. 1999
B*3501 LPGCSFSIF 90.4 Chang et al. 1999
B*5101 LPGCSFSIF 100.0 Chang et al. 1999
B*5301 LPGCSFSIF 114.0 Chang et al. 1999
B*#5401 LPGCSFSIF 6666.0 Chang et al. 1999
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Table 2.2 Grouping of peptides based on IC, binding

values

Alleles Peptides GB MB NB
A*0201 23 15 8 -
A*0202 12 4 5 3
A*0203 13 11 2 -
A*0206 13 3 5 5
A*0301 8 7 1 -
A*1101 8 5 3 -
A*3101 8 2 1 5
A*3301 8 - 8
A*6801 8 1 5 2
A*6802 13 3 - 10
B*3501 1 1 - -
B*5101 1 1 - -
B*5301 1 - 1

B*#5401 1 - - 1
Total 118 53 31 34

GB good binder (<100 nM), MB moderate binder
(100-500 nM), NB nonbinder/weak binder (>500 nM)

2.4 MHC-Peptide Structure Dataset Clustering

The MHC-peptide dataset was further clustered based on MHC allele specificity
and peptide length. Each member of the clustered subgroup was analyzed for
MHC-peptide interaction and discussed. The MHC—peptide structural data set was
primarily clustered into class I MHC and class Il MHC. Further, the class I MHC-
peptide complexes were clustered into 13 subgroups based on the MHC alleles and
the length of the bound peptide (Table 2.3). Similarly, the remaining eight MHC
class II complexes were clustered into six subgroups (Table 2.4). The properties of
MHC-peptide interactions identified from these 19 subgroups are summarized in
Tables 2.5 and 2.6.

2.5 PDB Chain Identifier

The chain identifiers representing the alpha chain in all MHC class I entries except
1KBG (PDB code) is “a” (Table 2.3). “h” represents the chain identifier for the
alpha chain in IKBG. Most of the MHC class I-specific peptides are represented by
the chain identifier “c,” while the rest are represented by the chain identifier “p”
(Table 2.3). The “alpha” and “beta” chains in class II entries are represented by
chain identifiers “a” and “b,” respectively (Table 2.4). The class II-specific peptides
are represented by either one of the following chain identifiers: “c” or “e” or “b

with some alphanumeric tags” (Table 2.4). An understanding of the current data
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formats with reference to a specific biological function such as MHC-peptide bind-
ing will provide ways to curate them to a more consistent format and thus, aid in
the development of an automated data retrieval system.

2.6 Information Redundancy in Dataset

In class I dataset, entries with PDB code 1AKJ, 1AO7, 1BD2, 1BOR, 1A9B, 1IKBG
are considered redundant by the authors (within the limitation of this chapter) as
these entries are duplicates describing a particular sequence information, or they
contain incomplete structural information. Specifically, the PDB entry 1A9K was
classified as obsolete by PDB and hence it is indicated by a “#” (Table 2.3). In class
II data set, the PDB entry 1AQD, represents a DR1-peptide complex, where the
peptide sequence is *VGSDWRFLRGYHQYA. The coordinates for the first resi-
due valine (V) are not available in the PDB file. Similarly, the peptide sequence in
1BX2 (PDB code) is ENPVVHFFKNIVTPR*, and coordinates for the last residue
arginine (R) are not available. Residues for which the structural information is not
available are marked by an asterisk mark (*) solely to indicate this feature
(Table 2.4). In some entries, there are two complexes per asymmetric unit each
composed of three polypeptide chains, describing identical MHC-peptide sequence
data. In such cases, we take the data for one and leave the other.

2.7 Information from MHC-Peptide Data

Data of highest quality that is quantitatively rich in information content when
extracting knowledge from data repositories are generally prepared (Rechenmann
2000). We show the use of 36 nonredundant MHC—peptide structural complexes
from PDB for analysis. In the dataset, 28 of the 36 complexes were class | MHC—
peptide complexes and the remaining 8 complexes were class [T MHC—peptide
complexes. Among 28 nonredundant class I entries listed (Table 2.3), 10 are murine
H-2 peptide complexes and the remaining 18 are human MHC—peptide complexes.
Similarly, of the eight class II entries listed (Table 2.4), two are murine complexes
and the remaining six are human MHC—peptide molecules. The available structural
information has tremendously improved our knowledge on peptide binding to
MHC molecules. MHC—peptide complexes are available for HLA-A*0201, HLA-
A*6801, HLA-B*0801, HLA-B*2701, HLA-B*3501, HLA-B*5301, H-2KB,
H-2DB, H-2LD, DR1, DR2, DR3, DR4 and I-AD (Tables 2.3 and 2.4). Among
them HLA-A*0201-peptide complexes are the most represented (Table 2.3).
Therefore, representative structure-based binding information on allele-specific
MHC peptide complexes will deduce the relationship that map the structure func-
tion differences influenced by sequence variation. The overwhelming advance-
ments in -DNA technology and high-throughput X-ray crystallography projects
(Service 2000) will speed up MHC-peptide research in the near future.
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2.8 Structural Parameters for MHC-Peptide Dataset Analysis

Interface area indicates a measure of the mean change in accessible area (mean
AASA) for the peptide and the MHC molecules when going from a monomeric
MHC molecule to a dimeric MHC—peptide complex state (Tables 2.5 and 2.6).
Solvent accessible surface area for the MHC—peptide complexes, monomeric pep-
tides and monomeric MHC molecules are calculated using the algorithm imple-
mented elsewhere (Lee and Richard 1971). The gap volume between the peptide
and the MHC was calculated using SURFNET (Laskowski 1995). The number of
intermolecular hydrogen bonds between the peptide and the MHC were calculated
using HBPLUS (McDonald and Thornton 1994) in which hydrogen bonds are
defined according to standard geometric criteria. Gap index, defining the comple-
mentarity of the interacting surfaces in the MHC-peptide have been evaluated by
the formula as defined elsewhere (Jones and Thornton 1996). The entries for which
the relative binding strengths are not easily available are marked by “-.”

2.9 Creation of Heterodimer and Homodimer Dataset

A total of 2,488 heterodimer (different subunits interacting) candidates and 1,324
homodimer (identical subunits interacting) candidates were downloaded from PDB
and PQS (Protein Quaternary Structure) server. We then created a nonredundant data-
set of 156 heterodimers (Table 2.7) and 170 homodimers (Table 2.8) such that they
satisfy the following conditions. These include: (1) each chain >50 residues; (2) struc-
tures determined by X-ray crystallography; (3) resolution <2.5 A; (4) the structure with
the highest resolution was selected where more than one structure was available; (5)
redundant entries were removed at a sequence similarity cutoff of >30%.

2.10 Homodimer Folding Dataset

We created a dataset consisting of 41 homodimer complex structures (2S (two
state): 25; 3SDI (three state with dimer intermediate): 5; and 3SMI (three state with
monomer intermediate): 10 from PDB). The unfolding pathways for these dimers
observed using thermodynamic experiments that were obtained from literature
(Table 2.9). The selected homodimers are at least 40 residues per monomer.

2.11 Alanine-Mutated Interface Residues Dataset

A dataset of 296 alanine-mutated interface residues (Table 2.10) derived from 15
protein—protein complexes (Table 2.11) was obtained from ASEdb (Alanine
Scanning Energetics database). [26] These residues have AAG in the range —0.9—-10
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Table 2.5 Class I MHC—peptide interface (nonredundant set)

PDB Binding Interfatce H-bonds Vuolume Gap R
code Subgroups strength area (A%) [number] (A% index (A)
1HHJ Subset 1-group 1 242* [IC, ] 880.4 14 827.4 0.94
IHHK 2.5" [IC, ] 885.0 10 1083.4 1.22
1BOG - 869.0 12 4413 0.51
IHHG - 803.3 12 1039.9 1.29
1HHI 6° [IC,] 857.8 9 455.7 0.53
2CLR Subset 1-group 2 — 910.9 10 911.3 1.00
IHHH 2.5¢0IC, ] 940.5 11 655.9 0.70
ITMC  Subset 2-group 1 - 955.5 14 926.2 0.97
1AGB Subset 3-group 1 - 844.4 15 881.7 1.04
1AGC - 830.5 18 688.1 0.83
1AGD - 846.0 16 816.1 0.96
1AGE - 832.8 15 920.6 1.10
1AGF - 883.1 14 765.4 0.87
1HSA Subset 4-group 1 - 727.8 14 1148.4 1.58
1AIN Subset 5-group 1~ — 879.7 11 670.2 0.76
1A9E Subset 5-group 2 - 895.5 12 779.3 0.87
1AIM  Subset 6-group 1 - 845.4 12 971.2 1.14
1A10 - 994.5 10 778.8 0.78
10SZ Subset 7-group 1 - 946.9 18 756.2 0.80
2VAB - 881.7 12 1301.0 1.47
1VAC 5900° [M~'s™'] 892.2 14 691.2 0.77
IVAD  Subset 7-group2 - 880.5 21 939.5 1.07
2VAA - 938.2 16 738.3 0.79
1BZ9 Subset 8-group 1~ — 884.0 10 897.0 1.01
1CE6 - 867.7 15 787.7 0.91
1QLF - 893.7 13 567.3 0.63
1BII Subset 9-group 1~ — 937.4 14 792.0 0.84
1ILDP Subset 10-group 1 — 771.4 9 889.3 1.15

Interface area indicates a measure of the mean change in accessible area (mean AASA) for the
peptide and the MHC molecules when going from a monomeric MHC molecule to a dimeric
MHC-peptide complex state. Solvent accessible surface area both for the MHC—peptide com-
plexes as well as the individual peptides and MHC molecules was calculated using the algorithm
implemented by Lee and Richard (1971). The gap volume between the peptide and the MHC was
calculated using SURFNET (Laskowski 1995). The number of intermolecular hydrogen bonds
between the peptide and the MHC were calculated using HBPLUS (McDonald and Thornton
1994) in which hydrogen bonds are defined according to standard geometric criteria. Gap index,
defining the complementarity of the interacting surfaces in the MHC-peptide have been evaluated
by the formula as defined elsewhere (Jones and Thornton 1996). The derived knowledge presented
here is only for the nonredundant peptide set. Binding strength for these peptides was expressed
in IC, units, denoting the peptide’s concentration required to inhibit the binding of the standard
peptide by 50%. The entries for which the relative binding strengths are not easily available are
marked by “~”. References: *Sette et al. (1994), *Lauvau et al. (1999), “Gianfrani et al. (2000),
dLivingston et al. (1999), °Chen et al. (1994)
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Table 2.9 Dataset of homodimers divided into three groups according to their unfolding

pathways
PDB ID Chain  Protein name Cofactors  Source ML (aa)
28 (25)
2cpg A&B Transcriptional - Streptococcus 45
repressor CopG agalactiae
larr A&B Arc repressor - Bacteriophage P22 53
1rop (Sym)  Repressor of protein - Escherichia coli 63
Rop
Scro A&C Cro repressor - Bacteriophage lambda 66
1bfm A&B Histone B - Methanothermus 69
fervidus
la7g (Sym)  E2 DNA-binding - HPV strain 16E2 82
domain
lvgb (Sym)  Gene V protein - Bacteriophage f1 87
1b8z A&B Histone-like protein - Thermotoga maritima 90
HU
lety A&B FIS protein - E. coli 98
1y7q A&B SCAN domain of ZNF — Homo sapiens 98
174
la8g A&B HIV-1 protease - HIV type 1 99
Isiv A&B SIV protease - SIV 99
1vub A&B CcdB E. coli 101
Icmb A&B Met repressor - E. coli 104
3ssi (Sym)  Subtilisn inhibitor - Streptomyces 108
albogriseolus
1wrp (Sym)  Trp repressor - E. coli 108
1bet (Sym)  B-nerve growth factor — Mus musculus 107
1buo (Sym)  Btb domain from - H. sapiens 121
PLZF protein
1ohO A&B Ketosteroid isomerase — Pseudomonas putida 131
2gsr A&B Class nt glutathione - Sus scrofa 207
s-transferase
1gsd A&B Glutathione - H. sapiens 208
transferase Al-1
lgta (Sym)  Glutathione - Schistosoma japonica 218
transferase
2bqgp A&B Pea lectin Mn & Ca  Garden pea 234
ion
1hti A&B Triosephosphate - H. sapiens 248
isomerase
leel A&B Nh(3)-dependent - Bacillus subtilis 271
Nad(+) synthetase
3SDI (6)
Imul (Sym)  Histone-like protein - E. coli 90
hu-a
1hqo A&B Ure2 Protein - Saccharomyces 258
cerevisiae
Ipsc A&B Parathion hydrolase Cd ion Brevundimonas 329

diminuta

(continued)



56

Table 2.9 (continued)

2 Creating Datasets

PDB ID Chain  Protein name Cofactors  Source ML (aa)

lem7 A&B 3-isopropylmalate - E. coli 363
dehydrogenase

laoz A&C Ascorbate oxidase Cu ion Green zucchini 552

1nl3 A&B SecA - Mpycobacterium 835

tuberculosis

3SMI (10)

1a43 (Sym)  C-terminal domain - HIV type 1 72
of HIV-1 capsid
protein

1qll A&B Lysine-49 - Bothrops jararacussu 121
phospholipase A2

1dfx (Sym)  Desulfoferrodoxin Fe & Ca Desulfovibrio 125

ion desulfuricans

lyai B&C Cu, zn superoxide Cu & Zn Photobacterium 151
dismutase ion leiognathi

Ispd A&B Cu, zn superoxide Cu & Zn H. sapiens 154
dismutase ion

Irun A&B cAMP receptor protein  — E. coli 197

11gs A&B Glutathione-s- - H. sapiens 209
transferase

Itya (Sym)  Tyrosyl-tRNA - Bacillus 319
synthetase stearothermophilus

Ind5 A&B Prostatic acid - H. sapiens 354
phosphatase

2crk (Sym)  Creatine kinase - Oryctolagus cuniculus 381

ML monomer length, 2§ two-state, 3SDI three-state with dimeric intermediate, 3SMI three-state
with monomeric intermediate, SIV simian immunodeficiency virus, HIV human immunodefi-
ciency virus, HPV human papillomavirus, Ccdb controller of cell division or death B protein,
PLZF promyelocytic leukemia zinc finger protein, FIS factor for inversion stimulation. (sym)
indicates that the dimer is generated from a single chain in the PDB by Protein Quaternary
Structure Server (PQS) (Henrick and Thornton 1998)

Table 2.10 Data from ASEdb

AAG AAG AANG
PDB (Kcal/ PDB (Kcal/ PDB (Kcal/
1D? Residue® Mol  ID® Residue®  Mol)® ID? Residue®  Mol)®
ladyA RS 2.3 1brsA K27 5.4 lcbwl P13 -0.1
ladyA H8 0.9 1brsA N58 3.1 lcbwl K15 2
ladyA QI2 0.3 1brsA R59 5.2 1cbwl R17 0.5
ladyA HI13 -0.3 1brsA E60 -0.2 Icbwl 119 0.1
ladyA R31 0.2 IbrsA E73 2.8 lcbwl V34 0
ladyA R32 0.9 lbrsA R&7 5.5 lcbwl R39 0.2
ladyA N68 0.2 1brsA H102 6 ldanA L39 0
ladyA H84 0.2 1brsB Y29 34 ldanA 142 0
ladyA W89 0.2 1brsB D35 4.5 1danA K62 0
ladyA  EI108 -0.3 1brsB D39 7.7 ldanA Q64 0.8

(continued)
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Table 2.10 (continued)
AAG AAG AAG

PDB (Kcal/  PDB (Kcal/  PDB (Kcal/
1D? Residue® Mol  ID?* Residue®  Mol)® 1D? Residue®  Mol)®
ladyA  HI114 0.65 1brsB T42 1.8 ldanA 169 1.9
ladyB W261 0.1 1brsB E76 1.3 ldanA F71 1.2
ladyB W263 1.2 1bxiA C23 0.92 ldanA E77 0
la4yB W318 1.5 1bxiA N24 0.14 1danA R79 1.2
ladyB K320 -0.3 1bxiA T27 0.73 IdanA Q88 0
ladyB E344 0.2 1bxiA S28 0.17 ldanA V92 0
ladyB W375 1 1bxiA S29 0.96 ldanA NO93 0
ladyB E401 0.9 1bxiA E30 1.41 ldanA E9%4 0
ladyB R457 -0.2 1bxiA L33 342 1danA R271 0
ladyB 1459 0.7 1bxiA V34 2.58 1danA F275 0
ladyB Y434 3.3 1bxiA V37 1.66 IdanA R277 0.51
ladyB D435 3.5 1bxiA T38 0.9 1danA F278 0
ladyB Y437 0.8 1bxiA E41 2.08 ldanA R304 0.65
lahwC Y156 4 1bxiA S48 0.01 ldanA M306 0.5
lahwC  T167 0 1bxiA G49 1.49 1danA T307 0
lahwC  TI170 1 1bxiA S50 2.19 ldanA Q308 0
lahwC D178 -0.5 1bxiA D51 5.92 ldanA D309 0.41
lahwC  T197 1.3 1bxiA Y55 4.63 1danA Q312 0
lahwC V198 -0.3 1bxiA P56 1.24 1danA E325 0
lahwC  N199 1.1 1cbwl T11 0.2 ldanA R379 0.51
1danB K15 -0.4 1danB E208 0 1dvfB N55 1.9
1danB T17 0.1 1dfjT E202 1 1dvfB 1100 2.7
1danB NI18 0.2 1dfjT W257 1.3 1dvfB Y101 4.7
1danB K20 2.6 1dfjT W259 2.2 1dvfB Q103 1.6
1danB 122 0.7 1dfjI E283 1.3 1dvfB R105 4.1
1danB E24 0.7 1dfjI S285 0.8 1fc2C N28 0.6
1danB Q37 0.55 1dfjl w314 1 1fc2C 131 2.2
1danB K41 0.35 1dfjI K316 1.3 1fc2C K35 1.2
1danB S42 -0.1 1dfjT E340 1.6 1gelC S23 0.29
1danB D44 0.7 1dfjI E397 1.3 lgelC Q25 0.03
1danB W45 1.6 1dfjI Y430 5.9 lgelC H27 0.28
1danB K46 0.25 1dfjI D431 3.6 lgelC K29 0.59
1danB S47 0.05 1dfjI Y433 2.6 IgclC N32 0.18
1danB K48 0.4 1dfjT R453 0.8 1gclC Q33 0.1
1danB F50 04 1dfjT 1454 0.3 lgelC K35 0.32
ldanB Y51 -0.1 1dvfA T30 0.9 1gelC Q40 -0.41
1danB D58 2.18  1dvfA Y32 1.8 1gelC S42 0
1danB D61 0.24 1dvfA W52 4.2 lgelC L44 1.04
1danB E62 0 1dvfA D54 4.3 IgclC T45 -0.15
1danB L72 -0.06 1dvfA N56 1.2 lgelC N52 0.7
1danB F76 1.2 1dvfA D58 1.6 1gclC R59 1.16
1danB Y78 0.7 1dvfA E98 4.2 1gclC S60 -0.09
ldanB P92 -0.2 1dvfA R99 1.9 lgelC D63 -0.32
1danB Q110 1.4 1dvfA D100 2.8 lgelC Q64 0.44

(continued)
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Table 2.10 (continued)

2 Creating Datasets

AAG AAG AAG
PDB (Kcal/  PDB (Kcal/ PDB (Kcal/
ID? Residue® Mol  ID?* Residue®  Mol)® 1D? Residue®  Mol)®
1danB E128 0.1 1dvfA Y101 4 lgclC E85 1.31
1danB R131 0 1dvfA H1030 1.7 1jckB T20 1.4
1danB L133 0 1dvfA Y1032 2 1jckB N23 2.5
1danB R135 0.55 1dvfA Y1049 1.7 1jckB Y26 1.7
1danB N138 0 1dvfA Y1050 0.7 1jckB N60 1.3
1danB F140 1.5 1dvfA W1092 0.3 1jckB Y90 2.5
ldanB S163 0 1dvfA S1093 1.2 1jckB Vol 2.1
1danB T203 0.1 1dvfB H33 1.9 1jckB G102 0.1
1danB V207 -0.2 1dvfB D52 1.7 1jckB K103 0.4
1jckB F176 1.9 3hfmA  NO3 0.21 3hhrA 1179 0.8
1jckB Q210 2.5 3hfmA K96 6.38 3hhrA R183 0.5
1vibA Y32 0.5 3hfmA K97 5.5 3hhrA E186 0
1vibA W52 1.23  3hfmA 198 0 3hhrA P2 -0.05
1vibA D54 1.95 3hfmA  S100 0.26 3hhrA T3 -0.05
1vfbA R99 0.47 3hfmA DIOI 0.94 3hhrA 14 0.41
1vfbA D100 3.1 3hfmB Y58 1.7 3hhrA R8 0.2
1vfbA Y101 4 3hfmB D101 3.75 3hhrA L9 -0.04
1vibA H1030 0.8 3hhrA HI18 -0.5 3hhrA N12 0.1
1vfbA Y1032 1.3 3hhrA H21 0.2 3hhrA L15 0.15
1vibA Y1049 0.8 3hhrA Q22 -0.2 3hhrA R16 0.24
1vibA Y1050 0.4 3hhrA F25 -0.4 3hhrA R19 0.05
1vibA T1053 -0.23 3hhrA D26 -0.2 3hhrA C182 1.01
1vfbA W1092 1.71  3hhrA Q29 -0.6 3hhrB R43 2.2
1vfbA S1093 0.11 3hhrA Y42 0.2 3hhrB E44 1.8
1vfbB D18 0.3 3hhrA L45 1.2 3hhrB N72 0.2
1vibB N19 0.3 3hhrA Q46 0.1 3hhrB W76 0.6
1vfbB Y23 0.4 3hhrA P48 0.4 3hhrB T77 -0.25
1vfbB S24 0.8 3hhrA S51 0.3 3hhrB W80 0
1vibB K116 0.7 3hhrA E56 04 3hhrB S98 -0.1
1vibB T118 0.8 3hhrA S62 0.2 3hhrB S102 -0.2
1vibB D119 1 3hhrA N63 0.3 3hhrB 1103 1.8
1vfbB V120 0.9 3hhrA R64 1.6 3hhrB W104 4.5
1vfbB QIl21 2.9 3hhrA E65 -0.5 3hhrB 1105 2
1vibB 1124 1.2 3hhrA Q68 0.6 3hhrB C108 0
1vibB R125 1.8 3hhrA Y164 0.3 3hhrB E120 -0.2
2ptcl K15 10 3hhrA R167 0.3 3hhrB K121 0.1
3hfmA  HI5 -0.44 3hhrA K168 -0.2 3hhrB C122 0
3hfmA Y20 4.2 3hhrA D171 0.8 3hhrB S124 0.2
3hfmA  R21 0.85 3hhrA K172 2 3hhrB D126 1
3hfmA W63 0.31 3hhrA El174 -0.9 3hhrB E127 1
3hfmA  R73 -0.33 3hhrA T175 2 3hhrB D164 1.6
3hfmA  L75 0.69 3hhrA F176 1.9 3hhrB 1165 22
3hfmA  T89 0 3hhrA R178 2.4 3hhrB Q166 0
3hhrB R217 0.2 3hhrB N218 0.3 3hhrB K167 0
3hhrB Q216 0.9 3hhrB W169 4.5

*Suffix added to the PDB entry code refers to chain name "Number added to residue symbol is residue

position in the chain ‘Change of binding free energy generated in alanine mutagenesis experiment
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Table 2.11 Complexes (15) used to generate 296 mutations at the interface

No. No.
mutations mutations

PDB ID  Partner A Partner B in A in B

lady Angiogenin Ribonuclease inhibitor 11 12

lahw Tissue factor Immunoglobulin Fab 5G9 7 -

1brs Barnase Barstar 7 5

1bxi Colicin E9 immunity Colicin E9 Dnase domain 17 -
protein

lcbw Basic pancreatic trypsin ~ Chymotrypsin 7 -
inhibitor

ldan Blood coagulation Soluble tissue factor 24 34
factor Viia

1dfj Ribonuclease A Ribonuclease inhibitor - 14

ldvf FvDl1.3 FvES2 16 7

1fc2 Protein A IgG Fc fragment 3 -

lgel Cd4 Envelope protein Gp120 17 -

1jck Staphylococcal T cell antigen receptor V 10 -
enterotoxin C3

1vtb Monoclonal antibody Egg lysozyme 13 11
D1.3

2ptc Basic pancreatic trypsin  Trypsin 1 -
inhibitor

3hfm Lysozyme IgG1 Fab (HyHEL-10) 13 2

3hhr Human growth hormone  hGH receptor 39 26

kcal mol-!. The dataset was classified into three groups: hot spots (AAG >
1.5 kecal mol™), warm residues (0.5-1.5 kcal mol™!) and unimportant residues
(<0.5 kcal mol™), as described by Gao et al. (2004).

2.12 Intronless Genes Dataset

The eukaryotic subdivision files from GenBank are used to create a dataset contain-
ing entries that are considered as “intronless” genes according to the “CDS”
FEATURES convention (Fig. 2.2). By definition, we consider an entry to be intron-
less in gene structure if it contains the following description patterns in the corre-
sponding GenBank lines: (1) Contain the word DNA in the LOCUS line at positions
48-53 as per the locus line format; (2) Contain the pattern “CDS” in the
FEATURES; (3) The “CDS” line in the FEATURES should contain a continuous
span of bases indicated by the number of the first and the last bases in the range
separated by two periods (e.g. 23..78). If symbols “<” or “>” are indicated at the
end points of the range, the entry is discarded because the range is beyond specified
base number in such cases. When operators such as “complement(location)” are
used in the “CDS” line, the feature is read as complementary to the location indi-
cated and therefore the complementary strands are read from 5( to 3( (Fig. 2.3).
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FEATURES
source

Location/Qualifiers
1..152254

/organisn="Chlorokybus atmophyticus"

/organelle="plastid:chloroplast"”
/mol_type="genomic DNA"
/strain="SAG 48.80"
/db_xref="taxon:3144"

misc_feature 1..109098

2 Creating Datasets

/note="LSC; large single copy region"

376..1101
/gene="ycf27"
376..1101
/gene="ycf27"
/codon_start=1
/transl_table=11

/product="regulatory component of sensory transduction

systen"
/protein id="ABM87971.1"
/db_xref="GI:124012235"

/translation="MTNTNYNEKIMVVDDEAIVRQIIQTRLSMIGYNVITANDGEEAI
KHFFKEQPQLVVLDVMMPKLDGYSVCQQOLRRESDVPIINLTALEDVADRITGLELGAD
DYIMKPFSPKELEARIRSVFRRSNRNS YVVKONKDSSIINIGSLIIDKKRKQVFKDNK
RLRLTGHEFSLLELLINRSGESVSRYEILKEVUEYGNDSYIDTRVVDVHISRLRSKLE

EDPANPDLILTVRGIGYLFQKFD"

Fig. 2.2 GenBank FEATURES and CDS annotation (bottom horizontal arrow) for a genomic
DNA (top horizontal arrow)

FEATURES
source

misc_feature

gene

direct

gene

partial

Location/Qualifiers FEATURES
1..1497 source
/organism=“Oencthera parviflora”
/organelle="plastid:chloroplast®

{mol_type="genomic DNA™

feultivar="scrovirena”

Jdb_xref="caxon: 482425

/motem*plastome Type IV

<1..>1497 misc_feature
/note="large single copy (LSC)"

1..1497 gene
/gene="arpB"

/ locus_tag="CepaCpl0s™

fdb_xret="GenelD: 5955407

1..1497 [=3
/gene="atpB"

{ locus_tag="CepaCp0os"

{codon_startel

/tranal_table=ll

/product="ATP synthase beta subunit®
/protein_id="YP_001687435.1%

Jdib_xref="GI:169143015%

Jdb_xref="GeneID:5355407" complement
/tranalacion="HRINPTTSGPGVSTLEKKKSGRIAQIIGPVLIVT
HALVVEGRDTGGOE INVTCEVOOLLGNNRVRAVANSATOGLTRGHEVT
GGATLGRIFNVLGEFVDELGPVDTRTTSP INRSAPAF IQLDTHLSIFE
PYRRGGRIGL {TVLIMELINNIAK RTRE
SGVINECH TAESKVALVYGQMNEPPGARNEVGL TALTHAEYF RDVNEQD
RFVOAGSEVSALLGRHPSAVGYOPTLETEMGSLOERITSTRAGSITSI
TOPAPATTFAMLOATTVLSRGLARKGIYPAVDPLOSTSTHLAPRIVGD
ETLORYKELQDIISILGLDELSEEDRLTVARARKIERFLEQPFFUAEY
LAETIRGFELILSGELDGLPEQAFYLVGTIDEATAKAKNLENESDLEK

1494, .>1497

/gene="arpE"

/ locus_tag="CepaCpl0s™

fdb_xref=rGenelD: 5955467

1454, .>1497

/gene="acpE"

/ locus_teg="OepacpOos”

fcodon_start=1

feransl_table=11

/product="ATP synthase epsilon subunit*
/provein_id="YP_001687436.1"

fdb_xretf= 169143016"

fdb_xref=*GenelID:S955467"
/transiation="NTLNLCVLTPNRIVUDSEVHED ILSTHSGQIGVLPNEAR IATAV
BIGILRIRQNGOULTHALMGGF ARIGNNE I TILVND AEKGSD IDPQEAQETLGLAEAN
FREAEGEROTIEANLALRRARTRVEAINVIS"

Location/Qualifiers

1..1428

forganism=“Oenothera parviflora™
forganelle="plastid:chloroplast”
fmol_type=“gencmic DNA®
foultivar=*atrovirens"
fdin_xref=rraxon: 482429%
/note="plastome type IV"
<1..>1428

[note="large single copy (LSC)*
complement (1..1428)

{gene="rhel"
{locus_tag="OspaCp004™
fdio_wref="GenelD:5355425%
complement (1. .14928)

/gene="ehol
/ locus_tag="CepaCpo04"

/codon_start=1

/tranal_teble=1l

/v E 1. <«

large subunic®
/protein_id=“YP_001687434.1%
Jdio_xref=rGI:169143014%
/db_xref="GenelID: 5955425"
/tranalation="HSPOTETEASVGFEAGVEDYELT
QPGVFPEEAGAAVAAESSTGTUTTVITOGLTSLDRYE
YPLDLFEEGSVTNNF TS IVGNVFGFEALRALRLEDLR
KLNEYGRPLLGCTIRPRLGLS ARNYGRAVYECLRGGL
LFCAEATYRSQAETGE IKGHYLNATAGTCEEMNERAT
NTSLAK LLE: THFRV
LEGERDITLGFVDLLRADDF IEKDRSRGIYF TQDWVSL
IFGDDSVLAFGGGTLGHPUGNAPGAVANRVALEACVG

Fig. 2.3 CDS annotation for direct, complement and partial intronless genes
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Table 2.12 Different CDS (coding sequence) patterns used for SEG annotation in GenBank
FEATURES format is shown

Entries Nature CDS patterns for SEG No. of entries Total entries

Complete Direct a.b 1,903 3,750
complement complement(a..b) 1,847

Partial Direct <a..>b 140 184
complement complement(<a..>b) 44

2.13 Human Single Exon Gene (SEG) Dataset

Human SEG sequences were obtained from the Genome SEGE database (Sakharkar
and Kangueane 2004) created using a procedure described above in Sect. 2.12. This
procedure utilized CDS annotation in the FEATURES (GenBank formatted record)
for the identification and extraction of SEG sequences from the human genome.
The CDS annotation in the FEATURES contains several patterns (complete [direct
or complimentary] or partial [direct or complimentary]) for representing SEG and
these patterns are summarized in Table 2.12. Thus, we obtained 3,750 SEG nucle-
otide sequences from the human genome. The human genome file does not contain
protein translations. A protein translation file called “protein.fa” (file containing all
protein sequences in the human genome) containing protein sequences was down-
loaded. The “protein.fa” file contains protein translation for 3,656 SEG sequences.
These SEG protein sequences formed a dataset for human SEG.

2.14 Intron-Containing Genes Dataset

The data is obtained from GenBank for the dataset. The invertebrate, mammalian,
plant, primate, rodent and vertebrate subdivisions, which represent all the eukaryotic
gene entries, are considered. The information on sequence, length, position and intron
phase at intron—exon junction was obtained by parsing the CDS features in the
GenBank records (Fig. 2.4). The protein sequence from the GenBank records, protein
ID, product information and gene name are extracted from the translation, protein ID
and product/gene name qualifiers, respectively, present in the CDS field of the
FEATURES. If the 30 and 50 ends of the flanking exons for an intron are available
in different GenBank records — as in the segmented genes — then the entries are
marked as fusion entries and the positions of introns are marked by an “@” sign.
Partial sequences are identified based on the “<” or “>” symbol in the CDS field.
Since there is an error rate in the prediction of the intron positions by computer
programs, we decided to create subsets, one containing all entries where the introns
were predicted and another one containing entries where the introns were character-
ized by experiments. Entries containing predicted introns were identified by searching
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cDS join(2029..2434,2599..2928 2962..3328)
fgene="ztf-2"
flocus_tag="F13G3.1"
/standard_name="F13G3.1"

FEATURES Location/Qualifiers (o5 516‘2"(64270?5563299'652?%'5152'5268"5405'5451”5723'
source  1..24551 /gene“="svdl53‘ )
forganism="Caenorhabditis elegans” flocus_tag="F13G3.2"
/mol_type="genomic DNA" bl = "
Jetram="Bristol N2* /fstandard_name="F13G3.2'
#db_xret="taxon 6239 . cDs join(B542..6778,7018..7183,7233..7291,7341..7586)
;S:::lo"::g;:-i"l flocus_tag="F13G3.12"
gene 5029, 338 /standard_name="F13G3.12'
fgene="ztf-2" -
. N cDS complement(join(7702..7830,7879..8038 8083..8204,
flocus ta0="F1363.1 8347..8543 8843..8996,9161. 9484 9544, 9649,10345.. 10569,
10631..10719))
cos complement(join(11109..11179,11300..11507,11610..11651))
fgene="dyit-1"

flocus_tag="F13G3.4"

CcDS complement(join(11922..12183,12420..12531,12829..12983,
13092..13196,13310..13446,13649..13726))

Fig. 2.4 Different CDS representations for intron-containing multiple exon genes in eukaryotes
are illustrated

for the words “cosmid,” “BAC,” “PAC” or chromosome. The dataset is also divided
into two other independent subsets containing the entries corresponding to organ-
elle and nuclear genes by searching for words “mitochondrial,” “chloroplast” or
“plastid” in the “ORGANISM” line of GenBank entry.

2.15 Fusion Protein Dataset

Gene fusion has been described as an important evolutionary phenomenon
(Fig. 2.5). This report focuses on identifying, analyzing, and tabulating human
fusion proteins of prokaryotic origin. These fusion proteins are found to mimic
operons, simulate protein—protein interfaces in prokaryotes, exhibiting multiple
functions and alternative splicing in humans. The 26,673 nonhomologous human
protein set (created by removing similar sequences at 40% sequence similarity
criteria) are searched against the 102,135 nonhomologous bacterial protein set (cre-
ated by removing similar sequences at 40% sequence similarity criteria) using
BLASTP (protein sequence search software — http://blast.ncbi.nlm.nih.gov/Blast.
cgi) at an E value (expect value) cutoff of 107'°, This experiment identified human
fusion proteins consisting of two or more fusion partners of prokaryotic origin. The
list is available elsewhere (Yiting et al. 2004).
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HisH HisF
(Glutaminase domain) (Cyclase domain)

S. cerevisiae

HisH
(Glutaminase subunit)

HisF
(Cyclase subunit)

Fig. 2.5 Fusion protein scenario for imidazole glycerol phosphate synthetase (IGPS) in yeast and
bacteria

2.16 Exercises

1.Examine PDB and create a dataset for protein-DNA and protein-RNA
complexes.

2. Give a statistics of HLA alleles in IMGT/HLA database.

3. Give a quantitative account for data statistics in major genetic databases.

4. Create an updated dataset of MHC—peptide complexes from PDB.

5.How many monomers and multimers are solved and made available in PDB?
Give an account.

6.Relate sequence data in GenBank and structure data in PDB with a statistical
account.

7. What are the salient aspects of the FEATURES in GenBank?

8. Illustrate the CDS annotations for intron-containing and intronless eukaryotic
genes in GenBank.

9. What are the different methods used to represent partial CDS in GenBank?

10. Give an account of binding data for biologically important macromolecules.
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