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ABSTRACT

Proteins are one of the most complex and diverse classes of macromolecules found in the
cell. They occur in all living cells, and their biological significance cannot be
overemphasized. This fact was recognized by the German chemist G.T. Mulder in 1839,
when he gave this class of compounds the name protein, which means "of prime

importance".

Proteins are linear macromolecules buiit up of sequentially linked amino acids. All
proteins are composed of the elements: carbon, nitrogen, oxygen and hydrogen. Most
proteins also contain sulfur, and some have phosphorus and other elements, such as iron,
zinc, or copper. Because of their diverse natures, proteins can be classified in several
ways. Firstly proteins can be divided into two major classes: simple proteins, which yield
only amino acids upon hydrolysis, and conjugated proteins, which yield amino acids and
other organic and inorganic components upon hydrolysis. These other components are
called prosthetic groups. A second classification is based on the physical characteristics of
the protein molecule: globular proteins being soluble in water, and fibrous proteins
insoluble in water. The biological importance of proteins resuits from their wide variety of
functions. Proteins are the body's main dietary source of nitrogen and suifur. In addition
to their catalytic and structural functions, they make up the contractile system of muscles.
As antibodies they are the defense system of the body, and as hormones they regulate the
body's glandular activity. In the blood they maintain fluid balance, are part of the clotting
mechanism, and transport oxygen and lipids. Proteins play crucial role in almost every
biological process however they can only express their biological functions, interactions
with their targets, when they achieve a certain active native conformation, so called three-
dimensional structure (3-D). Both protein function and its active 3-D structure are
determined by the sequence of amino acids in the protein molecule. There are many

attempts to solve the problem of a protein’s structure-function relationship.

There is evidence that biological processes can be induced or modulated by induction of
light of particular haracteristic frequencies. The frequency selective effects of light on g
biological processes involving protein activation imply that protein activation involves
energies of the same order and nature as electromagnetic irradiation of light. As there is 11
evidence that certain charge could travel along the protein molecule, then charge moving

through the protein backbone and passing different energy stages caused by different
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amino acid side groups, can produce sufficient coniditions for the specific electromagnetic
radiation or absorption. These results lead to the conclusion that specificity of protein
interactiionnare based on the resonant electromagnetic energy tansfer between interacting
molecules, on a frequency specific for each observed function/interaction. These
phenomena are analyzed in terms of the Resonant Recognitior Model (RRM) {5,6]. It
proposes that protein activities (interactions) are based on resonant electromagnetic energy
transfer within the range of infrared and visible light. The RRM, which is central to this
study, is a physicomathematical method for analysing protein and nucleic acid sequences
[5,6]. Its aim is to find possible patterns of significance and thus assist in structure-
function studies. The RRM is a model of protein-protein and protein-DNA interaction
based on a significant correlation between spectra of the numerical presentation of amino
acid or nucleotide sequences and their biological activity. The RRM analyses the
correlation by converting the sequences of amino acids into numerical sequences and
consequently transforming the numerical sequences into frequency domain using the

Fourier transform.

The focus of this study is therefore directed at several things:

To investigate the effect of various amino acid parameters on the determination of

characteristic frequencies of the different aralyzed protein groups

o To compare obtained results with the results of previous investigations where the
Electron-Ion Interaction Potential (EIIP) was used to determine the characteristic

profiles of biologically unrelated proteins in the RRM

« The investigation of the possible use of the experimentally measured parameter

Tonization constant of amino acids (IC) instead of the EIIP within the RRM.

¢ The experimental measurement of dielectric and conduction properties of amino acids

and analysis of their possible use for structure/function analysis of proteins within the
RRM.

e To provide the physical basis for the EIIP.
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This project is aimed at expanding an entirely new RRM approach to analysis of protein-
protein interactions. Within the project different protein families were investigated using
the Fourier transform. To convert protein sequences into relevant numbers of parameters
related to the protein’s biological function, the dielectric and conduction properties of 20
amino acid solutions were measured. As a result of this project an improved RRM model
is proposed. This model is expected to become a valuable tool in analysis of proteins and
DNA, in the modification and the design of new peptides with desired biological functions
and thus it should be possible to produce new and more effective drugs and other

biotechnological products.
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INTRODUCTION

Proteins are crucial to vittually every biological process. As enzymes, they catalyze
innumerable chemical reactions, which would otherwise occur slowly. They are active as
carrier and storage molecules, in muscle contraction and in mechanical support {1]. As
antibodies, they are responsible for immune protection and as receptors, in the nervous

system, for the generation and transmission of nerve impulses {2].

Proteins are polymers built up from amino acids. Their great diversity and versatility is
derived from the properties of the twenty different amino acid side chains that may be
present. The protein has an unbranched structure and is formed by condensation reactions,
which progressively add amino acid units to the polypeptide chain. Each monomer unit
called amino acid is connected by a peptide bond and possesses the side chain of the amino

acid from which it was formed [3].

As the polymerization process progresses, the polypeptide chain folds in a way, which is
under the direction of the side-chain sequence, into the three-dimensional structure (3-D)
that characterizes the active protein. A variety of intermolecular interactions influence the
final protein conformation: electrostatic and torsional interactions, dispersion forces and
solvent reaction {4]. If the biological function is considered as a selective interaction of the

protein and its target, then a more fundamental problem of understanding the physical basis

of this interaction and sequentially a selectivity of such process appears [5]. Once this

understanding has been gained, it should be possible to design peptides and even proteins
de novo, with the chosen biological function, and thus to produce new and more efficient

drugs and other biotechnological products [5,6].

There have been many attempts to discover the rules governing the coding of the biological
function into the sequence of amino acids within the protein. Typical approaches deal with
either homology characterization of specific features of the primary and secondary
structure of proteins or molecular modeling of protein tertiary structure [1,7]. Those
approaches permit a significant insight into protein structure and active site location.
Unfortunately they still do not provide sufficient knowledge about informational, structural
and physicochemical parameters crucial to the selectivity of protein interactions, which can

be used for the de novo design of peptide or protein analogous with desired biological
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activity., The existing knowledge in the field of computer-aided molecular modeling and
protein structure/function analysis can be classified in terms of the primary, secondary and

tertiary structure analysis of proteins [8,9].

This report presents the author's investigation of the effect of various amino acid properties
on the determination of characteristic patterns of different functional protein families
within the RRM [5,6]. Also it includes the research of possible usage of experimentally
measured amino acid parameters instead of the Electron-lon Interaction Potential (EIIP)
[54] in the RRM. Solving this problem will assist in the understanding of the functions of
thousands of protein sequences discovered each year and generate great impact in the field

of molecular biology and bioengineering.
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CHAPTER 1

PROTEIN PROPERTIES
1.1. AMINO ACIDS

The particular function of a given protein is determined by the sequence of amino acids in
the protein molecule. Amino acids are organic acids that have an amino group on the
alpha carbon - the cerbon next to the carboxyl group. The general structure of an amino

acid is as follow [8]:

[c-carbon] [Iside chain]

H:N—CHR—COOH
[amino group]  [carboxyl group)
Figure 1.1. General structure of an amino acid.

The different R-group side chains on the amino acids distinguish one amino acid from
another. Amino acids are so called because they contain in their molecular structure at
least one primary amino group - NH (or cyclic imino group > NH) - and one carboxylic

group. So they have both basic and acidic characteristics [1].

Amino acids have many uses in the body. They are used by cells to synthesize tissue
protein for use in the formation of new cells or the repair of old cells, to synthesize
enzymes, to form non-protein nitrogen-contained compounds such as nucleic acids or
heine groups, or to form new amino acids. Amino acids that are not used in synthesis are

converted in the liver to ammonia, carbon dioxide, water and energy.

Occurrence
Over eighty amino acids are now known to occur naturally. More may yet be discovered
but their occurrence is rare. Twenty-six are constituents of proteins; twenty occurring

frequently in protein structure.

Properties
All amino acids are white crystalline solids that melt indifferently at high temperatures

(>200°C) and with some decomposition. They are soluble in water but they vary
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considerably in their solubility. Furthermore the solubility of any acid increases as the
solution is made basic or acidic. Most are insoluble in organic solvents. These properties
are a direct consequence of the dual basic-acidic character of amino acids which gives rise

to ionic behavior [7,8].

"HsNCHCH(NHCHCO)nNHCHCOO

| |

R R R

Proteins may be generally classified into two categories: the fibrous proteins, which are
insoluble in water and the water-soluble globular proteins. Molecules of fibrous proteins
tend to be long and thread-like, and may be set side by side to form fibres and are often
held together at many points by hydrogen bonds. Fibrous proteins often serve as structural
materials. Globular proteins are typicaily folded to form spheroids with the hydrophobic
portions of the proteins tumed into the centre of the spheroid and the hydrophilic portions
of the proteins tumed outward to the surface. Due to their shape the contact area between
molecules tends to be small and hence intermolecular forces also tend to be relatively weak
and the proteins are relatively soluble. This solubility and resultant mobility are often
exploited by biological systems to perform functions relating to the regulation and

maintenance of biological processes [1,10).

It should also be noted that proteins along with nucleic acids exhibit the phenomenon of
denaturation. Exposing a protein to heat or a strong reactive agent will cause it to lose its
ability to perform physiological functions [8,11]. For example, albumin in eggs turns
white when heated. In contrast, large polypeptides do not exhibit this phenomenon

because, unlike proteins, they do not possess a stable secondary structure.

1.2 PROTEIN STRUCTURE

Proteins are complex molecules that can be classified according to specific primary,

secondary, tertiary and quaternary structural characteristics.
Primary Structure: The Amino Acid Sequence and the Peptide Bond

The primary structure of a protein is given by the sequence of amino acids in the protein

molecule. These amino acids are coupled together by covalent bonds called peptide bonds.
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The peptide bond is an amide linkage, formed by joining the carboxyl group of one amino
acid to the amino group of a second amino acid through elimination of water (a

condensation reaction) (Fig.1.2) [10].

Ri O H RO RRO RO
I

| N L0

H:N—C—COH + N—C—COH - H2N—C—C-—-N—C—COH + H20

| /] I

H H H H H H
Amino acid | Amino acid 2 Peptide bond

Figure 1.2 The peptide bond.

The pep.ade v-od v . - . in the face of changes in pH, in solvents, or in salt
concentra -~ i can ¢ broken only by acid or base hydrolysis, or by specific enzymes.
Two amino ~i- bw'd together by a peptide bond are called dipeptide; three amino acids

form a tripeptiue and more than three form a polypeptide. There are some standard
conventions for the naming of peptides and proteins. Since proteins contain very large
numbers of amino acids, three-lefter abbreviations of the amino acid names are used when
writing the amino acid sequence. A dash or dot between the amino acid names represents
the peptide bond. One end of the protein will consist of an amino acid having a free amino
group so called the N-terminal end and it is listed first in the sequence of amino acids. At
the other end of the protein there will be an amino acid having a free carboxyl group. This
is the C-terminal amino acid, and it is the last amino acid listed in the sequence. The order
of amino acids in a protein will determine its function, and is critical to its biological
activity. A change of just one amino acid in the sequence can disrupt the entire protein

molecule [12].

Secondary structure: Noncovalent Bonding

The secondary structure of a protein is a specific geometric arrangement of the amino
acids. These configurations, resulting from hydrogen bonding, were established by Linus

Pauling [1] using X-ray wiifraction (Fig. 1.3a).
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Figure 1.3a Alpha-helix.

a - Helix

Pauling determined that the polypeptide chains in the protein keratin were curled in an
arrangement called o - helix. In this configuration the amino acids form loops in which the
hydrogen on the nitrogen atom in the peptide bond is hydrogen bonded to the oxygen
attached to the carbon atom of a peptide bond farther down the chain. There are 3.6 amino
acids in each turn of the a-helix, and the R-groups on these amino acods extend outward
from the helix. Hair and wool are made up of several coils of keratin wound around each

other and held together by disulfide bridges.
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Right-handed alpha-helix.
Green dots show hydrogen

bonds.

/A y Kesidue 18

- Residue t+4

Residue 1

Figure 1.3b A right-handed a-helix. The a-helix has 3.6 residues per turn. The green dots
show the hydrogen bond. [Courtesy, Dr. Berndt, Karolinska Institute, Sweden].

In this configuration, the amino acids form loops in which the hydrogen on the nitrogen
atom in the peptide bond is hydrogen bonded to the oxygen attached to the carbon atom of

a peptide bond farther down the chain (Fig.1.3a, 1.3b).

[ - Configuration, or Pleated Sheet

The fibrous protein of silk has a different secondary structure. In silk, several polypeptide
chains going in different directions are located next to each other; this gives the protein a
zigzag appearance, hence the name pleated sheet (B-sheet) (Fig.1.4a, 1.4b). The chains are
held together by hydrogen bonds, and the R-groups extend above and below the sheet.

Each protein will have a specific secondary structure depending upon the amino acid

E. Pirogova 16

BioElectronics Group, Department of Electrical and Computer Systems Enginecring




sequence. It should be noted that the hydrogen bonding is weak noncovalent bonding, and

is easily disrupted by changes in pH, temperature, solvents or salt concentrations [9,10].

" Figure 1.4a The three-stranded parallel beta sheet in thioredoxin (2TRX.PDB). The tree
ﬂ parallel strands are shown in both cartoon format (left) and in stick form containing
backbone atoms N, Ca, C and O (right). Arrows identify hydrogen bonds. [Courtesy,

Dr. Berndt, Karolinska Institute, Sweden].

z Figure 1.4b B-Sheet. . [Courtesy, Dr. Berndt, Karolinska Institute, Sweden].

Tertiary Structure: Globular Proteins

The tertiary structure refers to the total 3-D structure of the polypeptide units of the

protein. It includes the conformation relationships in space of the side chain groups to the
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polypeptide chain and the geometric relationship of distant regions of the polypeptide
chain to each other. The native tertiary conformation is that of the lowest Gibbs free
energy kinetically accessible to the polypeptide chains for the particular condition of ionic

strength, pH and temperature of the solvent in which the folding process originates [4].

Tertiary structure is the three-dimensional structure (3-D) of globular proteins (Fig.1.5). In
general, globular proteins are very tightly folded into a compact spherical form. This
folding results from interactions between the R-group side chains of amino acids and may

involve hydrogen bonding and the following interactions [3,4,10].

Figure 1.5 3-D structure of Trypsin Inhibitors [6].

These 3-D surface features are fundamental to protein function as they allow protein
molecules to interact with other molecules in specific ways. For example, specific surface
features are responsible for the binding of enzymes {13]. Proteins also form larger
structures such as tubules or filaments. Therefore, knowledge of 3-D structiire of protein,
either by prediction or experimental measurements, will contribute to the understanding of

protein functions that are so crucial in living systems.

Disulfide Bridges

Disulfide bridges are interactions that include a disulfide linkage between molecuies of the
amino acid cysteine. Sulfhydryl groups (—S—H) are easily oxidised to form a disulfide
(—S—S—). These bridges are covalent linkages that can be ruptured by reduction, but

that are stable in the face of changes in pH, solvents or salt concentrations {8,11].
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Salt bridges

Salt bridges result from ionic interactions between charged carboxyl or amino side chains
found on amino acids such as aspartic acid, glutamic acid, lysine and arginine. These

linkages are particularly vulnerable to changes in pH [3,4].

Hydrophobic Interactions

Hydrophobic interactions occur between the nonpolar side chains of the amino acids in the
protein molecule. Since the solvent water repulses them, these groups tent to be found on
the inside of the molecule along with other hydrophobic groups. At normal pH and
temperature, each protein will assume a shape that is energetically the most stable given
specific sequence of amino acids and the various types of interactions we have mentioned.

This shape is called the native state or native configuration of the protein [3,4,10,14,15].

Quaternary Structure: Two or More Polypeptide Chains

The quaternary structure refers to the structure and interactions of the non-covalent
association of discrete polypeptide subunits into a multisubunit protein. Not all proteins
have a quaternary structure. The quaternary structure of a protein is the manner in which
separate polypeptide chains fit together in those proteins containing more than one chain.
Hydrogen bonding, hydrophobic interactions and salt bridges may be involved on holding

the chains in position [3].

1.3 DENATURATION AND FACTORS AFFECTING PROTEINS' STRUCTURE

Various changes in the environment of a protein can disrupt the complex secondary,
tertiary or quaternary structure of the molecule. Disruption of the native state of the
protein is called denaturation, and will cause the protein to lose its biological activity.
Denaturation may or may not be permanent; in some cases the protein wili return to its
native state when the denaturing agent is removed. Denaturation may result in
coagulation, with the protein being precipitated from solution. The process of denaturation
involves the uncoiling of the protein molecule into a random state. Denaturing agents

come in many forms, a few of which are as follows:
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Heat

Heat causes an increase in thermal agitation of the molecule, disrupting hydrogen bonding
and salt bridges. After gentle heating the protein can usually regain its native state, but
violent heating will result in irreversible denaturation and coagulation of the protein.
Similarly, heat used to sterilize equipment coagulates the protein of microorganisms. Heat
can also be used to detect the presence of protein in urine; heated urine that turns cloudy

indicates the presence of protein.

pH

Changes in pH have their greatest disraptive effect on hydrogen bonding and salt bridges.
The polypeptide polylysine is composed entirely of the amino acid lysine, which has an
amino group on its side chain. In acidic pH the side chains will all be positively charged
and will repel each other, causing the molecule to uncoil. In basic pH, however, the side
chains will be neutral. Therefore, they do not repel, and the molecule will coil into a o-

helix.

Organic Solvents

Organic solvents such as alcohol or acetone are capable of forming hydrogen bonds
themselves, which then complete with the hydrogen bonds naturally occurring in the
protein. This causes denaturation and coagulation. A 70% alcohol solution is a gbod
disinfectant since it will coagulate the protein in bacteria, thereby destroying these

organisms.

Heavy Metal Ions

Heavy metal ions such as Pb®*, Hg®", and Ag" may disrupt the natural salt bridges of the
protein by forming salt bridges of their own with the protein molecule. This usually causes
coaguiation of the protein, The heavy metal ions also bind with sulfhydryl groups,
disrupting the disulfide linkages in the protein molecule and denaturing the protein. Such
heavy metals are toxic to living organisms. As an antipode to heavy metal poisoning,
substances high in protein, such as milk or egg whites, are given. These substances will
bond with the metals while they are still in the stomach. The victim must then be made

vomit before the metals are again released by the process of digestion.
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Alkaloidal Reagenis

Reagents such as tannic or picric acid affect salt bridges and hydrogen bonding, causing
proteins to precipitate. Tannic acid is used to precipitate proteins in animal hides; this is

the process of tanning useil in the manufacture of leather.

Reducing Agents

Reducing agents <isrupt disulfide bridges formed beiween cysteine molecules. For
example, hair permancnts work by reducing and disrupting the disulfide bridges ia hair;

when the hair is o:eded ad oxidizing agents are applied, new disulfide bridges are formed.

Radiation

Radiation is similur to heat in its effect on proteins. For example, ultraviolet light will burn
the skin, causing sunbuin {siructural protein: skin pigment melanin). It causes an increase
in thermal agitation of the molecule, disrupting hydrogen bonding and salt bridges. If the

influence is not too strong the structural protein can usually regain its native state.

1.4 INTERACTION FORCES

The forces i:etween the atoms in a molecule and between molecules themselves determine
the molecule’s structure. A variety of forces are involived in the interactions of protein
molecules including electron exchange forces, resonance forces, dipole forces, polarisation
forces snd van der Waals® forces [16]. We can classify those interactions into strong and-
weak interactions with a criterion to see whether or not the thermal motion will disrupt the
interaction. The average thermal energy of one electron is in the order of kT, where % is
Boltzisais's constant and T is the absolute temperature [16]. The strong interactions have a
value much greater than k7, so they are unlikely to be disrupted by thermal motion. The
primary structure of 2 protein is determined by such strong interactions through forming
the covalent bonds. On the other hand, the weak interactions are of the same order as kT
and contribute most to the forming of the higher-order structures. The weak interaction
forms dipole-dipole interactions and hydrogen bonds. These bonds will be disrupted first
when the protein molecule is heated, resulting in the loss of quaternary, tertiary and

secondary structure in that order.
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All these forces mentioned above are basically electrostatic forces, thus, they could be
described by Coulomb's law. Although the electromagnetic forces between moving
charges are too weak to account for the formation of protein structures, they may be
crucially involved in protein’s biorecognition, chemical binding and energy transfer [5].
Moreover, the fact that the most biological processes in any living organism are based on
the seleciive isteractions between particular biomolecules, makes this force unable to be
ignored at all. The newly developed Resonant Recognition Model is mainly focused on
investigating the behavior of the electromagnetic forces and fields within the protein

structures [5,6).
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CHAPTER 2

REVIEW OF PREVIOUS RESEARCH

2.1 PROTEIN’S STRUCTURE-FUNCTION ANALYSIS

A protein’s biological function and its 3-D structure are in some way determined by the
corresponding amino acid sequence [17]. Solving of the protein’s folding problem and
determination of the biological function from the amino acid sequence are two facets of
one fundamental problem in today’s molecular biology. This fundamental problem is to
decipher the natural information encrypted within the amino acid sequence. Solving this
problem will assist in the understanding of the functions of thousands of protein sequences
discovered each year. Furthermore, it will facilitate the de novo designed of new protein

sequences for the pharmaceutical industry [12].

There have been many attempts to discover the rules governing the coding of the biological
function into sequence of amine acids within the protein. Typical approaches deal with
either homology characterization of specific features of the primary and secondary
structure of proteins or molecular modeling of protein tertiary structure. Although such
approaches permit a significant insight into protein structure and active site location, they
still do not provide sufficient knowledge about the informational, structural and
physicochemical parameters crucial to the selectivity of protein interactions that can be

used for de novo designed protein’s analogies with the desired biological behavior [3,4,8].

Typical approaches fall into two distinct groups:

1) Model based analysis of amino acid sequences to simulate the felding process and

search fer information related to the biological function.

2) Empirical and statistical approaches inferred from known structures and

functions.
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2.1.1 Model based approaches
Energy minimization

The approaches based on energy minimization are mainly centered on attempting to solve
the protein's folding problem. It is a thermodynamic assumption that the native structure
of a globular protein corresponds to the minimum energy of that biological system [12].
This energy is postulated as Gibbs free energy [18]. Theoretically, the native structure of
any molecule can be determined by searching the entire conformation space of all the
degrees of freedom for the conformation with the lowest free energy. Once the 3-D
structure of the protein is determined then it will be easy to determine the biological

function either through experimental means or searching a database.

In practice, this is not possible due to the following reasons:

e The energy functions that drive the folding and stabilize the native structure are not
well understood. Currently, the energy of a conformation Is deduced from the
combination of various factors such as hydrophobic interactions and hydrogen bonding
[12). Hence, in order to model the physical folding accurately, detailed full-atomic

model of the protein and its surrounding solvent are required.

e The conformation space for a full-atomic model is too large for an exhaustive search to
be conducted. A simplified model is needed so that the conformation space is small
enough for the minimum free energy conformation to be located in a reasonable
amount of time [19]. Examples of simplified models are the random walk model,.

reduced representation model, cylinder and sphere model, and lattice model {19-22].

The most direct approach in the protein structure prediction is a simulation of the folding
process using a molecular dynamics simulation (MD) [23]. This procedure usually
requires a full-atomic model of the analyzing protein molecule. A few shells of solvent
molecules may be placed around the protein for counting of the solvating effects. The
remaining solvent environment that cannot be explicitly included is mimicked either by
adjusting the boundary conditions or replicating the system in three dimensions so that no
water-vacuum interfaces remain. The classical equations of motion for the system are

integrated numerically by solving Newton's equation of motion:
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mi (d’ri/dt*) = -Vi{U(r.r2..m)]  =1,.N 2.1

where mys 1s the mass of particle i, r: is the position of particle i, U is the potential energy

surface as a function of positions of all particles, N is the number of particles in the system.

The solutions to these equations determine the atomic positions and velocities as a function
of time and allow the structure, folding pathways, diffusion and thermodynamics
properties to be calculated. The potential energy surface U for proteins includes energy
terms to represent chemical bonds, angles, {orsions, rotations, van der Waals interactions,
Coulombic interactions, etc. This is a complicated function of many parameters that must
be differentiated with respect to the Cartesian positions of each atom for the numerical
solution of Newton's equations of motion. Step size 3t for the integration is usually chosen
to be around 10~ seconds (1fs). It is currently feasible to simulate for about 10%-107
integration steps. This means that a simulation time is on the order of nanoseconds.
However, the time scales of many processes in protein folding are determined by the rate
of overcoming freec-energy barriers, which make take milliseconds. Even for small
peptides, the maximum simulation time achievable is a few nanoseconds, due to thee
computational effort needed to evaluate every element in the full-atomic model. Thus for
larger proteins it is impossible to obtain a statistically valid sample of the relevant

conformations using a standard MD simulation [23].

Another powerful optimizing method is the Monte Carlo (MC) approach in which both the
energy and temperature of the Boitzmann distribution guides the search for the global
minimum. Instead of simulating the entire molecule in one step, a conformation change is
introduced at one bond and the new energy is evaluated. If this new energy is lower, the
new conformation is taken to be the new conformation for the molecule. If the new energy
is higher, the new conformation is accepted with a Boltzmann probability that depends on
the simulation temperature and the conformation energy [24]. Although the MC method
can eventually locate the global minimum, the number of steps required to guarantee that is

larger than the exponential of the number of steps to enumerate the whole search space
[25].
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To increase the simulation efficiency, simulated thermal annealing may be used with MC
or MD simulation [26]. The protein molecule is initially simulated at a high temperature
(eg.1000K). The temperature is gradually lowered until eventually a conformation freezes

out. Finally, energy minimization is. performed to locate the energy minimum in the

vicinity where the protein has been frozen out.
Hydrophobicity profiles

The hydrophobicity of a residue in a protein is a measure of its relative comfort in a non-
aqueous medium such as a non-polar solvent or a protein interior, compared with an
aqueous medium [17]. Residues with hydrophobic side-chains tend to bury themselves
within proteins, away from the aqueous surroundings. A protein can be transferred into a
numerical series by replacing each amino acid using its hydrophobicity [17]. The graph of
this numerical series is often referred as hydrophobicity profiles. The feature of the
distribution of the hydrophobicity along the protein sequence will be revealed after
applying a moving window. Rose [27] used a hydrophobicity profiles to predict tums
while Kyte and Doolittle [28] predicted protein molecular segmentation iuto interior and
exterior regions for both soluble and membrane-bound proteins. Eisenberg [29} applied

hydrophobic moment distinguish transmemrbrane helices from amphiphilic helices.

The underlying assumptions of the hydrophobicity profiles are based on a simple two-
sclvent model, i.e., the protein and its aqueous surrounding can be viewed as two different
solvent phases. The hydrophobicity profiles depend on the choice of hydrophobic;ity scale
and the length of the moving window (the number of consecutive amino acid to be
smoothed together). Although, the hydrophobicity profiles give some hints about a
protein's structure, no published methods based on the hydrophobicity analysis is accurate

enough for large protein samples. Overlap regions are always found [30].

Stochastic modeling and optimal filtering

White, Stultz and Smith [31,32] have proposed a stochastic signal model for recognized
structural classification of single-domain proteins. This model treats protein as a "time
series" of symbols containing signals that determined the protein's structural class. At first,

a set of symbols is mathematically defined by using stochastic, nonlinear, state-space
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model [32]). Then, an optimal filtering algorithm is adopted to compute the model
likelihood, i.e., and the probability that a given primary sequence would have been
generated by each of the candidate Lypotheses. Finally, the protein folding structure is
classified accordingly to that particular hypothesis which has sufficiently high probability.
The Protein Sequence Analysis (PSA) algorithm is based on probabilistic Discrete State-
space Models (DSMs) and optimal filtering and smoothing algorithms as described in the
paper "Structural analysis based on state-space modeling" by C.M. Stultz, 1.V. White, and
T.F. Smith, Protein Science (1993), 2:305-314. The mathematical basis for the models and
algorithms is presented in [31]. In the PSA, a single amino acid sequence is analyzed in
one of three ways: using Type-1, Type-2, or WD-repeat DSMs. Type-1 models are for
complete sequences from monomeric, single-domain, globular, water-soluble proteins in
several recognized structural classes. Now, however, there is an exception, because a set
of Type-1 DSMs have been included for transmembrane proteins with a beta-barrel fold
like porin. In any case, the Type-1 analysis may be applied to sequences having lengths in
the range from 40 to 350 residues. Type-1 DSMs are also appropriate for those
subsequences of membrane-spanning proteins that are believed to extend beyond the
membrane (based on a hydropathy profile). Type-2 models, in contrast, are for either
partial or complete sequences from potentially large proteins that violate one or more of
the modeling assumptions embodied in Type-1 models. For example, Type-2 models are
appropriate for proteins that have one or more of the following properties: (1) they are
multimeric; (2) they have more than one structural domain; or (3) they are not globular or
soluble (e.g., membrane-spanning proteins). Type-2 models can be applied to sequences up
to 1000 residues iong. WD-repeat models are specially designed for the WD-repeat family
of proteins. These models combine a particular Type-1 structural model with sequence-
specific pattern information. They can be applied to sequences up to 1000 residues long,.
Limitations of the PSA server and its libraries of DSMs are as follows: |

1.When using Type-1 models to determine the probable tertiary structural class of the
protein, the probability calculated for each structural class indicates the relative probability
of that structural class compared with all of the other structural classes in their library. The
probabilities are weights of support for the available DSMs as explanations of the analyzed
sequence. The PSA server does not predict folds of proteins, for which they have no DSM.
Moreover, the probabilities reported by this system are not the probabilities that the
analysis is "correct” or "true." Rather, the probabilities indicate which of their DSMs are

the best explanations of the analyzed sequence.
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2. The current library of Type-1 models is primarily intended for monomeric, single-
domain, soluble, globular proteins having sequences in the length range from 35 through
350 residues. The Type-2 models and WD-repeat models are based on fewer analysis
assumptions and deal with sequences of any length. However, for practical reasons,
sequences analyzed by the PSA System using Type-2 models and WD-repeat models are
limited to 1000 residues. To analyze longer sequences, it is requested to split them into
1000-residue subsequences, with some overlap, and analyze each of the subsequences
separately. This approach is based on a mathematical model. However, the biological and
physical meaning of this model is a blur. Moreover, the treatment of the individual amino
acid in a protein sequence as a symbol discards all physicochemical properties of amino

acids that will play an important role in the formation of protein's natural conformations

and biological functions.
2.1.2 Empirical and Statistical Methods

The existing knowledge in the field of computer-aided molecular modeling and protein

structure/function analysis can be classified in terms of primary, secondary and tertiary

structure analysis of proteins' [2].

Primary structure analysis

Primary structure analysis is concerned mainly with the search for homologies among
amino acid sequences. The main concept behind this method is that proteins with the same
biological function share amino acid sequence alignments and these homologous fragments
carry the main information about the protein function [13,22]. However, similar sequences
may appear occasionally in totally unrelated proteins through convergent evolution of

sequences with similar properties [1,2,33].

On one hand, there are a number of cases of unexpected but significant resemblances
between functionally dissimilar pioteins, while on the other hand, there are cases of
insignificant resemblance between functionally related peptides [1]). Thus, the available
methods rarely reach a satisfactory level of predictive accuracy for the de novo prediction

of the biological function from sequence similarities or for the rational peptide design.
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Optimal alignment programs [34] are designed to distinguish between analogous and

RN SRR N g N

homologous sequences, but they are still based on sequences similarities. Problems
remaining with optimal alignment programs include difficulties associated with the length
of the sequence, string and insertion of gaps in order to increase the number of matching
residues. Inserting the gaps too liberally and assigning the gap-weights arbitrarily can lead
to biologically irrelevant alignments. Combination of primary, secondary and tertiary
structure homologies to overcome some of these problems has recently been attempted
[35].

Thus, the homology comparison and the alignment of protein sequences are the basis for
the protein structure prediction and molecule design. A similarity search for comparison
and alignment has two phases: first, the finding of such similarities, and second, the

assessing of their significance {35}].

Two-sequence comparison uses a match matrix to contain the results of all possible
character comparisons between two sequences and visualize the regions of significant
B similanity [2]. The techniques developed for two-sequence comparison include simple dot-

‘ piot, threshold filtering, reduced alphabet and similarity scoring [2]. All these approaches

are based on the expression of similarity by summing a score for each pairwise comparison
-' ; of residues. The simple dot-plot is the simplest scheme that gives a score of unity to each
: match, and zero to every mismatch or deletion [36]. As an alternative to similarity scoring,
one can score the distance between two subsequences in a particular alignment. The

simplest distance-scoring scheme scores zero for each match, and unity for each mismatch

or single residue deletion. The summed distance is the minimum number of individual
changes required to transform one subsequence into the other, and can therefore be
regarded as a measure of the evolutionary distance between them. Sometimes the
background is so high that significant similarities may be cancelled. In order to increase
the signal-to-noise ratio, threshold filterizig is designed to systematically remove the dots
derived from accidental pairing (noise) from the genuine similarity (signal). A flexiblie and
efficient method of filtering is to put a dot only where the local concentration of matches
exceeds a set threshold [2]. Alphabet reduction is to group some residues together to
reduce the number of different symbols [2]. For example, in weakly homologous sub-
sequences, lysine and arginine, or leucine and isoleucine are often regarded as functionally

equivalent. Thus, before doing comparison, all lysine and lencine can be written as
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arginihe and isoleucine. This alphabet reduction can enhance signals. However, the
number of random matches is also increased. Similarity scoring is used to recognize
intermediate grades of similarity between match and mismatch when two residues are
compared. Since Dayhofl” and Eck proposed the first PAM (Percentage of Acceptable
point Mutations) scoring matrix in 1968 [37], there have been a few types of similarity
scoring matrixes. The first type scoring matrixes is based on the nucleic acids mutation of
the corresponding amino acids. The second type is based on the physicochernical
properties of amino acids (Rao matrix [38]). The third type is related to the substitutive
relationship of amino acids within the group of proteins (PAM matrix and MD matrix
[39]). Furthermore, protein’s structural information is also used to construct the similarity-
scoring matrix. This type of scoring matrixes is called structure-scoring matrix (RIS
matrix and SCM matrix [40]). The use of similarity scoring scheme may produce a
significant increase in the delectability of signals. However, the particular scoring scheme
should be tailored to the similarity being sought. Another method is the multiple sequence

comparison. The method is still based on the two-sequeace comparison. Before doing
multiple sequences comparison, the comparing order needs to be sorted. Generally, the

higher sequence homology is the greater the reliability of thie scquence comparison is. So,

the comparing order is sorted by the homologous closene:s of the sequences before doing

multiple sequences comparison. There are two generally used multiple sequence

comparison algorithms: the Feng and Doolitle method [41] and the Barton and Sternberg
method [42]. Multiple sequence comparison is quite a complicated and time-consuming

method as the combinatorial comparisons have to be taken into the account for a group of

proteins.

Amino acid sequence comparison and alignment have achieved some success to extract the
information pertinent to protein’s structure and function. However, many different amino
acid sequences give similar 3D-structures. Simple calculations have shown that there are a
total of 10 completely different side chain arrangements that can give similar polypeptide
folds for an average-sized domain of 150 amino acid residues {43]. It is a huge number
that cannot be solved by the current fastest computer. | Another probiem is that similar
sequences may appear occasionally in totally functional unrelated proteins through
convergent evolution of sequences with similar properties. In the mean time there are also
cases of insignificant sequence resemblance between function..'ly related peptides.

Actually, the comparing sequences should be identical lengths; otherwise gap deletion or
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insertion will need to be adopted. Such “man made” matches can lead to biologically
irrelevant alignments. Thus, only limited success has been achieved so far by this method

and no general solution seems to be in sight [1,43].

Secondary structure analysis

The relationship between protein amino acid sequence and secondary structure is complex,
reflecting the intricate thermedynamic and kinetic process of protein folding. The
secondary siructure analysis methods can be categorized into three classes: the empirical
statistical methods, stereo-chemical methods and non-linear statistical methods {14]. In the
absence of experimental knowledge about the protein secondary structure, various
empirical, computer-aided algorithins are available for its prediction from the known
primary structure [11], with results often presented in the form of preferred regions of
regular secondary folding for a given peptide chain [10,44]. Most of these algorithms are
based on the average probability that any particular amino acid residue will be foundina o
-helical, B -sheet or “random coil” conformation [10,11,44]. While these approaches can
be reilai‘vely successful in predicting secondary structure (with probabilities in the region
of 60-70% with selected examples) [10], direct relationships to the protein function cannot

generally be described with these methods.

Despite the fact that the degree of prediction is only up to 60% [45,46], existing methods
for pred.icting protein secondary structures [47] are becoming more widely used as more
amino acid sequences are determined from gene cloning and DNA sequencing techniques.
Thus, there are growing needs for computational methods to obtain insight into structural

and functional features associated with sequence information.

A multivariabi: analysis method for discrimination of the protein secondary structure
segments [48,49] is based on a database analysis. There an amino acid sequence is
represented by ¢ <~quence of numerical values corresponding to certain aspects of amino
acid residues such as hy.;-onhobicity and bulkiness. Given a collection of the amino acid
indices {49] and giver. « iih.ury of calculation methods to extract specific patterns in the
numerical profile represcating the amino acid sequence, the method wili automatically find
the best sets of parameters that discriminate different groups of sequence datz. In the

present case, different sccondary structure segments taken from the Protein Data Bank.
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Once proper database are organized, the methiod can also be applied to other structural and
functional features such as the prediction of various binding sites and modification sites in

the amino acid sequences.
Tertiary structure analysis

The folding of the linear primary protein chain into the defined 3-D structure results in a
spatial refationship between the various constituent amino acids which is found to be
crucial for determination of the functional behavior >f the protein. This widely accepted
model of protein interactions proposes that seiectivity of * .ese interacticns is based on the
structural matching between active sites of interacting molecuies. Experimentally, the
tertiary structure and stability of proteins have been studied using such techniques as X-ray
crystaliography, circular dichroism, fluorescence ~pectroscopy and 2-D NMR [50]. The
most well known tertiary structure information has becn obtained t vough the use of X-ray
crystallography {43]. The interaction of X-ray with electrons in protein molecules
arranged in a crystal is used to obtain an electron-density map of the molecule, which can
be then interpreicd in terms of an atomic model. However, the X-ray di{fraciion method
requires an enormous amount of work and is time consuming. Furthermore, a protéin
might not always be available in a crystalline form and the crystallization may cause
protein structural distortion [43]. These limitations make the determination of protein’s 3-
D structures several orders that the determination of their primary structures, the amino

actd sequences [15].

However, such methods as circular dichroism, fluorescence spectroscopy and 2-D NMR
have been limited due to the need for relatively large amounts of protein and the inability
of many techniques to deteci fow abundances of the conformation intermediates. These
methods may also be limited by structural distortions caused by particular techniques, e.g.
crystalization. The increasing data base of experimentally derived protein primary
structures combined with the computer algorithms for performing molecular mechanics
and dynamics has the potential to establish computational algorithms as a powerful tool to
study protein tertiary structure and predict peptide/protein active conformations {9,51].
Fecently, a new optimization method called Genetic Algorithm (GA) [52] has been
recognizad as a highly efficient searching algorithm and has begun to be applied in protein

3-0 sructure prediction [21). The results obtained are still being anticipated. These
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methods are still not able to predict protein 3-D structure solely from its sequence, and thus
they usually use a number of constraints from experimental measurcments, or they are

based on the sequr.ntial and functional homology to the proteins with known 3-D structure.

Although all these techniques have significant success in prediction of protein structure
and/or function, they are still not sufficient for understanding protein interactions, and
consequently for the design of peptides or proteins with the desired bioactivity. The lack
of knowledge about the informational parameters of protein sequence important to the
protein biological function, as well as a lack of understanding of the physical processes,
whish are behind the biological activity of the proteins, has limited the success of these

techniques.
2.2. ASSIGNING PHYSICOCHEMICAL PARAMETER

The information encoded in the amino acid sequence ultimately determines the 3-D
structure and biological function of a protein under physiological conditions. In order to
understand empirical relationships between the amino acid sequence, structural patterns
and functional sites as well, statistical analyses can be made from collection of sequence

data.

Rach of the 20 amino acids has multifaceted properties that are responsible for the
specificity and diversity of protein structure and function. A large body of experimental
and theoretical research has been performed to characterize different kinds of properties of
individual amino acids and to represent them in terms of the numerical index. In 1988
Nakai et al. collected 222 amino acid indices from research papers and investigated their
interrelationships by the hierarchical cluster analysis {49]. The Cluster analysis of amine
acid indexes method finds the best sets of parameters that discriminate different groups of
sequence data [48,49]. One of the important factors in this analysis is how the amino acid
sequence should be represented. The amino acid sequence may be considered as a
sequence of numerical values reflecting various aspects of amino acid residues, such as:
hydrophobicity and bulkiness. This analysis is intended as a practical guide for making
use of suitable indices for structural and functional predictions. As reported in the paper
[49] numerical indices representing various physicochemical and biochemical properties of

the 20 amino acids have been collected from published literature. Because many of them
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wére highly correlated, hierarchical cluster analysis was performed using the correlation
coefficient as a measure of similarity. They identified four major clusters: (i) helix and
turn propensities, (ii) B-strand propensity, (iii) hydrophobicity and (iv) physicochemical
properties. The database was then updated in 2000 [53] by adding of the newly published

amino acid properties.

An Amino Acid Index Database [53] is a set of 20 numerical values representing any of
the different physicochemical and biochemical properties of amino acids. As a follow-up
to the previous study of Nakai, K., Kidera, A. & Kanehisa, M. [49], they have increased
the size of database, which currently contains 402 published indices, and re-performed the
single-linkage cluster analysis. The results basically confirmed the previous findings. The
database may be accessed through the DBGET/LinkDB system at GenomeNet
(http://www.genome.ad.jp/aaindex/).

With the rapid expansion of the protein databases, the identification of the biological
fanction of newly sequenced proteins or the determination of their relationship with
defined functional families, becomes a real problem. Therefore, the introduction of
additional information concerning the relationship between amino acids within the protein
sequence would be heipful. One of the most efficient approaches in this direction is
Fourier analysis of parametric profiles representing the primary structure of the protein
[54). The main problem in this approach represents the proper choice of the amino acid
parameter best suited to characterize the biological function of the analyzed proteins.
Previous investigations in this direction [55] have shown that, among the 226 different
analyzed parameters, Electron-Ion interaction Potential (E1IP) [54,55] has been chosen
as the unique amino acid property and was recomended for the use for proteins' structure-
function analysis within the RRM. However, the EIIP is only one of the many amino acid
properties known. The question is as to whether any of the other known amino acid
parameters from the newly updated database [53] can be used in the RRM analysis. When
parameters from comprehensive database that displayed a significant correlation with EIIP
values were used instead of the EIIP in the RRM the characteristic frequencies obtained
were found to be greatly variable and to show no relation to the EHP derived frequencies,
[56). The results of the previous study {56] have shown the presence of periodicities
across the range of parameters. The latter result is an indication of the difference in protein

sequences. Different sequences will display varyingly demonstrable patterns of
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periodicities [56]. This led to investigating the effect of non-significant parameters and the
inclusion of the entire database of 402 published up to row different amino acid indicators

in the RRM of several protein’s families.
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CHAPTER 3

THE RESONANT RECOGNITION MODEL

Proteins are “the work horses” of biological systems at the cellular level. They are
responsible for various biological activities including enzymatic analysis, transport and
storage, immune protection, intracellular communication and many other tasks. Proteins are
linear macromolecules built up of sequentially linked amino acids. The information
contained in the amino acid sequence determines the protein's chemical properties, chain
conformation, protein’s function and its specificity. Although both function and structure
of a large number of proteins are becoming known throughout projects like Human Genome
Project and are available through a number of data bases [4], the crucial problem of
understanding how the biological function is "written" within the protein sequence still

remains [5,6].

Once this understanding has been gained it should be possible to design peptides and even
proteins de novo with the chosen biological function and thus to produce new and more

efficient drugs and other biotechnological products [5,6].

With the rapid accumulation of databases of proteins’ primary structures, there is an urgent
need for theoretical approaches that are capable of analysing protein structure/function
relationships. As described in the previous section, many attempts have been deveioped.to
predict the tertiary structure and biological function of protein from its sequence but only
with limited success. These approaches have inherent limitations, i.e. they do not provide
sufficient knowledge about the physical process for proteins folding and interacting. They
also lack the informational, structural and physicochemical parameters crucial to the
selectivity of protein interactions, which can be used for de novo design of peptide or

protein analogous with the desired biological activity.

The new physicomathematical approach presented here is called the Resonant
Recognition Model (RRM) [5,6,57-60]. The RRM, developed by 1. Cosic [6], is based on

the representation of the protein primary structure as a numerical series by assigning to
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each amino acid a physical parameter value relevant to the protein’s biological activity. A
3 " number of amino acid indices (402 have been published up to now [53]) have been found
to correlate in some way with the biological activity of the whole protein. Previous
investigations [55,61-63] have shown that the best correlation can be achieved with
parameters, which are related to the energy of delocalised electrons of each amino acid.
These findings can be explained by the fact that the electrons delocalised from the
particular amino acid have the strongest impact on the electronic distribution of the whole
protein. In previous studies [54,55], the energy of delocalised electrons (calculated as the
electron-ion interaction pseudopotential, EIIP) of each amino acid residue was employed in
the RRM approach. The resulting numerical series then represented the distribution of the
free electrons’ energies along the protein. This numerical series was then converted into a
discrete Fourier spectrum, which carried the same information content about the

arrangement of amino acids in the sequence as the original numerical sequence [36].

Approaches similar to the RRM, based on the Fourier transform and physical

characteristics of amino acids, have been successfully applied by Mandell who has shown

that the characteristic hydrophobic mass energy Fourier modes are signatures of
isomorphism and immunological reactivates [64]. Viari et al. (1990) have used the RRM
approach with scale independent coding to localize biologically relevant patterns in

calcium-binding proteins [65].

Definition of Common Frequency Characteristics

The RRM is a physicomathematical model. It interprets the protein's sequence linear

information using signal analysis methods. It comprises two stages. The first involves the
transformation of the amino acid sequence into a numerical sequence. Each amino acid is

represented by the value of the electron-ion interaction potential (EIIP) [54,55], which

describes the average energy states of all valence electrons in particular amino acid. The

EIIP values for each amino acid were calculated using the pseudopotentials general model

[54,61]: |
- -
(k+q W k) = 0.25 Zsin (r 1.04Z)/2n ) 3.1) - ;
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where g is a change of momentum & of the delocalised electron in the interaction with

potential w, while

Z=(Zi)/N (3.2)
where Zi is the number of valence electrons of the i -th component of each amino acid and
N is the total number of atoms in the amino acid. The EIIP values for 20 amino acids, as
well as for five nucleotides (the whole procedure can be applied to the DNA and RNA),
are shown in Table 3.1. A unique number can thus represent each amino acid or

nucleotide, irrespective of its position in a sequence.

Numerical series obtained in this way are then analyzed by digita! signal analysis methods
in order to extract information pertinent to the biological function. The original numerical
sequence is transformed to the frequency domain using the discrete Fourier transform
(DFT). As the average distance between amino acid residues in a polypeptide chain is
about 3.8 A, it can be assumed that the points in the numerical sequence derived are
equidistaﬁt [6]. For further numerical analysis, the distance between points in these
numerical sequences is set at an arbitrary value @=1. Then, the maximum frequency in the
spectrum is FF=1/2 d=0.5. The total number of points in the sequence influences the
resolution of the spectrum only. Thus, for N-point sequence the resolution in the spectrum
is equal to //N. The n-th point in the spectral function corresponds to the frequency f =
n/N [5,6].

In order to extract common spectral characteristics of sequences having the same or similar

biological function, the following cross-spectral function was used:
Sn=Xn¥n* n=1712. N2 3.3)

where Xn are the DFT coefficients of the series x(m) and Yn* are complex conjugate DFT
coefficients of the series y(m). Peak frequencies in the amplitude cross-spectral function

define common frequency components of the two sequences analyzed [5,6,66].

The whole procedure: protein sequence — numerical series —> amplitude spectra —
cross-spectra is shown in Fig. 3.1a. Fig 3.1b presents: (i} sequences of o and B human '

hemoglobins; (i) graphical representation of the corresponding numerical sequences
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obtained by replacing every amino acid with its EIIP value; (iii) spectra of both o and B

human hemoglobins; (iv) cross-spectral function of the spectra presented in (iii). The

prominent peaks denote common frequency components. The abscissa represents RRM

frequencies, and the ordinate is the normalized intensity.

REM - ~@&

Umpy - N Y(EmP)
Fourier spectrum ~ Fourier spectrum

~ cross-spectrum
‘peaks in the cross-spectrum denote common
frequency components

-

. Protein sequence T\ protein seq'uence 2

- numerical sequence - nurherical sequence .

Figure 3.1a The Resonant Recognition Model (RRM) procedure
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HUMAN o-HEMOGLOBIN
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Figure 3.1b Graphical presentation of the RRM procedure [6].
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Table 3.1. The Electron-Ion Interaction Potential (EIIP) Values for Nucleotides and

Amino Acids
Nucleotide Nucleotide EIIP

A A 0.1260

G G 0.8606

T T 0.1335

C C . 0.1340

Amino Acid Amino Acid EIIP

Leu L 0.0000

Ile | 0.0000

Asn N 0.0036
Gly G 0.0050

Val Vv 0.0057

Glu E 0.0058

| Pro p 0.0198
His H 0.0242

Lys K 0.0371

Ala A 0.0373
Tyr Y : 0.0516

Trp W 0.0548

Gln Q 0.0761
Met M 0.0823

Ser S 0.0829

Cys C 0.0829
Thr T 0.0941

Phe F 0.0946
Arg R 0.0959
Asp D 0.1263

To determine the common frequency components for a group of protein sequences, the
absolute values of multipie cross-spectral function coefficients M have been calcuiated as

follows:
IMnl = [Xin/ [X20/ .. [XMR]  n=1 2..,N/2 (3.4)

Peak frequencies in such a multiple cross-spectral function denote common frequency
components for all sequences analyzed. Signal-to-noise ratio (S/N) for each peak is
defined as a measure of similarity between sequences analyzed [5,6]. S/N is calculated as
the ratio between signal intensity at the particular pex¥: frequency and the mean value over
the whole spectrum. The extensive experience gained {ro:x: previous research suggests that
an §/N ratio of at least 20 [57-59,67-70] can be considersd significant. The multiple cross-
spectral function for a large group of sequences with the same biolog:cal function has been

named “consensus spectrum”. The presence of a peak frequency with a significant .. N
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ratio in a consensus spectrum implies that all of the analyzed sequences within the group
have one frequency component in common [56]. This frequency is related to the

biological function provided the following RRM criteria are met:

A: One peak only exists for a group of protein sequences sharing the same biological

function
B: No significant peak exists for biologically unrelated protein sequences
C: Peak frequencies are different for different biological functions.

In previous studies, the above criteria have been tested with over 1000 proteins from 25
functional groups [5,6,57-59,67-70]. The regulatory DNA sequences were analyzed in the
same way. The following fundamental conclusion was drawn from these studies: each
specific biological function of protein or regulatory DNA sequence is characterised by a

single frequenéy.

The RRM also provides a method to identify the individual amino acids that contribute
mostly to a protein’s specific biological function. Since the characteristic frequency
correlates with the biological function, the positions of the amino acids that are most
affected by the change of amplitude at the frequencies and consequently to the
corresponding biological function. The inverse Fourier transform is used in this
determining process. This *“hot spots” identification method has been applied already to a
number of exampies. The previous studies with interleukin 2, SV40 enhancer, Ha-ras p21
oncogene product, glucagons, Cytochrome C, haemoglobins, myoglobins and lysozymes
alt have documenied evidence that such predicted amino acids are found to be spatially
clustered in the protein tertiary structure and to be positioned in and around the protein

active site in some of those examples [5,6,58].
Signal-Noise Ratio Normalization
The frequency characteristic for an observed biological function is defined as the

prominent peak frequency in the multiple cross-spectral function of the fanuly of proteins

having this function in common. This prominent peak denotes a common frequency
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component for all the protein sequences analyzed. Any common frequency component can

be considered as a characteristic of the observed function providing certain criteria are

satisfied [6]. To quantify those criteria it is important initially to define the index, which
will be 2 measure of the level of commonality for any frequency component in the cross-
spectral function. However, this definition of S/N is sensitive to the protein signal length
and the number of sequences that computed in the maltiple cross-spectral function. Thus,
it is not quite suitable for the development of the general criteria for a variety of protein
families. There was a need to define S/N as a genera! comparable index that could be
consistent and universally applied to the system under examination. This normalized S/N
index has to be independent of the sequence length and the number of sequences analyzed.
This index should measure the confidence of determining the characteristic frequency of a
biological function. After an empirical and statistical testing, 2 new normalized S/N ratio

(NSN) has been introduced to avoid the problem discussed above [71].

All these results have shown, the RRM represents a whole new view to protein activity, in

1

.

o

X
K,

k

particular protein-protein and protein-DNA interactions. The underlying hypothesis of this
model is that certain periodicities in the distribution of energy of delocalised electrons
along the protein molecule are critical parameters for protein biological function. This
model allows extract the linear information contained in amino acid sequence and also
provides a physical explanation of macromolecule’s interaction processes. With a
characteristic frequency identified by the RRM, it is possible then to design peptides of ]
different length having desired periodicities in their distribution of energies of delocalised |
electrons along their sequence [5,6]. Thus, the RRM can identify signals that characterize
protein biological functions. Applications of the RRM are mostly in the area of

biotechnology, drug design and pharmacology.

T e

POTREN
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CHAPTER 4

MATERIALS AND METHODS

4.1 THE RRM PROGRAM AND SEQUENCES USED

The RRM-EIIP program runs on IBM PC and takes as its input operator specified single
sequences and performs the Fourier Transform using the EIIP perameter alone and displays
the results. A modified version, here called the RRM program, allows the operator to also
specify the amino acid parameter to be used for the Fourier Transform. Consensus Spectra
are obtained by operator mediated selection of further sequences with which comparisons

are made.

In this study, the RRM was used to determine the effect of various amino acid parameters
on the characteristic profiles of different functional protein families. Twenty two different
protein groups (glucagons, lysozymes, hemoglobins, cytochromes C, EGFs, FGFs, TNFs,
TGFs, PDGs, TNFs, interleukins, myoglobins, viral oncogenes, proto-oncogenes,
oncogenes, p53s, cysteine proteases, metallo-proteases, serine proteases, aspartic proteases,

trypsins, protease inhibitors and AIDS related proteins) were used as test examples.
The protein sequences database is presented in Appendix D.

4.2 THE PARAMETER DATABASE

The amino acid parameters used and compared in this study were mostly obtained from the
literature sources cited in Kawashima, S. and Kanehisa, M. et al. [53]. An amino acid
index is a set of 20 numerical values representing any of the different physicochemicat and

biological properties of amino acids.

There are six main groups of parameters which are categorised by their first letter
identifier. These groups are (A) alpha and turn propensities, (B) beta propensities, (C)
composition, (H) hydrophobicity and (P) physicochemical propertics and (O) other

properties. The parameters falling in the A, B, C, H, P and O categories are arranged in
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order of appearance in Kawashima e a/,; in this reference an arrangement of these
parameters based on statistical correlation, as determined by cluster analysis is presented.
The amino acid parameters were numerically labeled according to the listing of
Kawashima et al. using four number identifiers. 402 amino acid parameters were entered
into the database. In cases where particular amino acid values were not available for a
given parameter, they were replaced by zeros. This method was chosen rather than
substituting the mean of the other values, as it -was found that there is no significant
difference between these two methods {49]. In those cases where no parameters were
given in the references cited, no entries were made. In the amino acid parameter database,
independent files identifiable by their alphanumeric indicator were created for each
parameter, rater than bunching all of the parameters up as one large compendium. This
was done to allow easy access to any single or combination of parameters. Additionally
we have included into above database the lonization constant of amino acid parameter
(IC), which values were collected from other literature sources {72,73]. Furthermore, in
this study we have analyzed the computational parameters presented as well as different

mathematical combinations of these amino acid indices.
The parameter database is presented in Appendix C.

4.3 CORRELATION WITH THE EIIP

Correlation is a statistical technique that is used to measure and describe a relationship
between two variables. Correlation requires two scores from each individual (one score
from each of the two variables). Correlation can be classified into two basic categories:
positive and negative. Positive correlation: two variables tend to move in the same
direction. Negative correlation: two variables tend to move in the opposite direction. A
perfect correlation always is identified by a currelation of 1,00 where as a correlation of 0
indicates no relationship at all. Thus when we include the positive or negative sign our

correlation coefficient can range from -1 to 1.
The Pearson’s Correlation.

r=(degree to which X and Y vary together)/(degree to which X and Y vary separately)=
=(covariability of X and Y)/(variability of X and Y separately)
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where SS - the amount of variability for a single variable, SP - the amount of covariability

between two variables, n - refers to the number of pairs of scores.

Once the database was established, the parameters were transferred to Microsoft EXCEL
spreadsheets.  Pearson product-moment correlation calculations were carried out
sequentially between each amino acid parameter and the referential EIIP value in order to
test for any linear relationship between them [74]. Parameters having correlation
coefficients in excess of +/- 0.5 were deemed to be the most strongly correlated with EIIP

and were thus 1solated.

4.4 COMPARISON OF SPECTRA OBTAINED

The parameters, which significantly correlate with the EIIP, were reintroduced into the
RRM program and characteristic frequencies determined using these new values. These
frequencies were determined for different functional protein groups under examination and

then compared to frequencies obtained using EIIP values.
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CHAPTER 5

RESULTS AND DISCUSSION

5 1 EXAMINATION OF DIFFERENT AMINO ACID PARAMETERS WITHIN THE
RRM |

5.1.1 Application of the Ionization Constant of Amino Acids for Protein Signal
Analysis within the RRM

On going studies to predict the structure and function of proteins from the primary

sequence have, as yet, proven unsuccessful although significant insight has been gained.

The RRM is a model that interprets the protein primary sequence [6].

P

As it was mentioned previously, the assignment of a particular number to the
physicochemical parameter for each amino acid is a critical initial step in all RRM
calculations. This set of numbers should have a physical meaning related to the protein's
biological function. Previously each amino acid in the protein sequence was represented
by the value of the EIIP, the basic physical parameter in the RRM approach, as presented
by I. Cosic [5,6,57-59,67-70]. The EIIP is deduced from the theory of metals. It originates
in the physics of condensed matter [54,61]. V. Veljkovic suggested that this parameter
might also play an important role in biochemical processes, as there is evidence that the i
electromagnetic field surrounding a molecule is able to take part in biomolecular processes
[61]. The EIIP has been applied for the investigation of the biological activity of small
organic molecules, particularly the carcinogens [€61]. The initial approximation used for
calculation of the EIIP values for each amino acid is that this potential is only a function of
the average density of electrons in a molecule. Thus, the values of the EIIP for each amino
acid were mathematically obtained from an approximate pseudopotential model [54]). This
is, by nature, an extremaly complex physical quantity included the following
approximations: (1) the quasi-local approximations, (2) the Slater's approximation, (3) the
indispesable approximation and (4) the pseudoatomic approximation [61]. Particularly for
this work the pseudoatomic approximation needs to be clarified specifically. In this

approximation a complex system is treated as 2 homogeneous sysiem composed of
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pseudoatoms bearing the averaged characteristics of atomic types out of which the
analyzed real system is composed. The EIIP was used in studying of the biological
processes, since these processes are themselves the results of specific molecular

interactions.

Although the EIIP was successfully used in the previous studies [5,6,55,57-59], in this
investigation we have tried to improve the existing RRM approach by investigating the
possible use of other physicochemical amino acid parameters. For this purpose we have
investigated here the use of the lonization constant of amino acid parameter (IC) instead of
the EIIP to represent each amino acid in the protein sequence. In contrast with the EIIP
[54,61}, the IC parameter is a measurable physical property. If the protein conductivity
was introduced, then charges moving through the protein backbone might produce
electromagnetic irradiation or absorption with spectral characteritics corresponding to
energy distribution along the protein. The RRM is capabie of calculating these spectral
characteristics [6]. In the RRM interactions between molecules are considered as the
transfer of resonant energy between interacting miolecules. On the other hand, every
chemical reaction itself is considered as a transfer of free radicals (ions) between the
reacting chemical species that involve the energy transform. To explain the selectivity of
protein-protein interactions and taking into account that protein' structure and function are
determined by the sequence of amino acids, it leads us to the investigation of the chemical
properties of amino acids. In particular, the dual character of amino acids, which gives rise
to ionic behavior that is chategorized by the ionization (dissociation) constant. The values
of the IC parameter were collected [72,73] and tested for the use for structure/function

analysis of different protein families within the RRM.

Acids and bases can be classified as proton donors and proton acceptors, respectively. This
means that the conjugate base of a given acid will carry a net charge that is more negative
than the corresponding acid. In biologically relevant compounds various weak acids and
bases are encountered, e.g. the acidic and basic amino acids, nucleotides, phospholipids
etc. Weak acids and bases in solution do not fuily dissociate and, therefore, there is
equilibrium between the acid and its conjugate base. This equilibrium can be calculated
and is termed the equilibrium constant, Ka. This is also sometimes referred to as the

dissociation constant as it pertains to the dissociation of protons from acids and bases.
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The ionization reaction (H—A)=(H")+(A") will be governed by an acid lonization
(Dissociation) Constant:

Ka=(H)(AYH—A), (5.1.1.1)
where (H') - concentration of positively charged ions in the solution, (A") - concentration

of negatively charged ions in the solution, and (H—A) - concentration of a reactant.

Therefore, in obtaining the -log of both sides of the equation describing the dissociation of

a weak acid we arrive at the following equation:
-logKa = -log[H'][A"}/[H—A] (5.1.1.2)
Since as indicated above -logKa = pKa and taking into account the laws of logarithms:
pKa = -log[H"] -log[A)/[H—A] (5.1.1.3)
pKa =pH -log[A]/[H—A] (5.1.1.4)

From this equation it can be seen that the smatiler the pKa value the stronger is the acid.
This is due to the fact that the stronger an acid the more readily it will give up H" and,
therefore, the value of [H—A] in the above equation will be relatively small. It is

convenient to express Ka in a form analogous to pH:

pKa=-logKa (5.1.1.5)

When cenditions are adjusted such that the acid is half tonized, (H——A) = (A’), and Ka =
(H") or pKa = pH. In other words, the term pKa is that pH at which an equivalent
distribution of acid and conjugate base (or base and conjugate acid) exists in solution. It
should be noted that around the pKa the pH of a solution does not change appreciably even
when large amounts of acid or base are added. This phenomenon is known as buffering. In
most biochemical studies it is important to perform experiments, that will consume H' or

OH’ equivalents, in a solution of a buffering agent that has a pKa near the pH optimum for
the experiment.
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The experimental values in most cases are measured at 25°C. The widely used method for
the determination of pKa is direct potentiometric titration while in some cases are optical
methods [7]. Because pH is an important environmental variable in the study of proteins,
it should be monitored within the direct potentiometric titration process. Titration
measurements at high ionic strength predominantly reflect only electrostatic interactions
between nearby charged groups. For intact proteins, a total potenticmetric titration is a
moderately simple experiment when sufficient quantities of proteins are available.
However, the interpretation of the results is difficult because it is often not clear to which
residue to assign a particular region of the titration curve. In these cases, other (more
specific) ways of following the titration of individual residues must be selected, for
instance optical methods. A typical spectroscopic experiment is simple. Electromagnetic
radiation at a certain nominal wavelength is allowed to impinge on the sample. Then some
properties of the radiation that emerges from the sample are measured. One of the simplest
properties is the fraction of the incident radiation absorbed or dissipated by the sample.
Not only the emergént intensity, but also the distribution of emergent &équcncies, are

sources of information.

The corresponding values of the IC parameter are taken from the references [72,73] and
presented in Table 5.1.1.1 (column 3). The correlation coefficient between the EIIF values
and IC values was calculated. This correlation coefficient is -0.794 indicating a strong
correlation [74] between these parameters (Table 5.1.1.1). Error was calculated as the ratio

1/N, where N is a number of the amino acid sequences in a particular protein group.

In this work each amino acid in the protein sequence is represented by the corresponding
value of the IC parameter instead by the EIIP parameter as it was done previously.
Numerical series obtained in this way are analyzed as previously by transforming them
into the frequency domain using DFT in order to extract information pertinent to the

biological function.

Sequences from different function.al protein families (glucagons, lysozymes, hemoglobins,
cytochrome C, EGFs, TGFs, interleukins, PDGs, TGFs and TNF) were analyzed, and a
multiple cross-speciral analysis was performed for each protein group using the EIIP and

[C parameter values. The S/N ratio value was calculated in the same way as previously.
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- Table 5.1.1.1 EIIP and IC Parameters and their Correlation Coefficient.

Amino EIIP IC
Acid
L 0.0000 2.40
| 0.0000 2.40
N 0.0036 2.20
G 0.0050 ' 2.46 |
\4 0.0057 2.35
E 0.0058 2.30
P 0.0198 2.00 f
H 0.0242 2.30 '
K 0.0371 2.20
A 0.0373 2.30
Y 0.0516 2.20
W 0.0548 2.37
Q 0.0761 2.06
M 0.0823 2.17
S 0.0829 2.10 - '
C 0.0829 1.96 1
T 0.0941 2.09
F 0.0946 1.98
R 0.0959 1.82
D 0.1263 1.88
Correl. Coefficient with EIIP. -0.794

The peak frequencies, S/N and error values for each protein group are shown in Table
5.1.1.2.

Table 5.1.1.2 Peak frequency and Signal-to-Noise Ratio Vulues for Protein Groups

Protein EIIP 1C No. Error
Group seq.
¥requency S/N Frequency S/N
Glucagon 0.0879 122.7 0.0859 94.4 30 0.0333
Lysozyme 0.3281 238.3 0.3281 249.2 17 0.0588
Haemoglobin 0.0254 256.0 0.0254 256.0 85 0.0118
Cytochrome C 0.4746 247.4 0.4746 208.6 46 0.0217
EGF 0.0605 245.7 0.0605 255.8 73 0.0137
FGF 0.4551 255.9 0.4551 221.4 38 0.0263
TGF 0.0137 29.3 0.0117 38.1 3 0.33
Interleukin 0.0410 191.5 0.0957 192.2 11 0.0909 ]
PDG 0.4199 75.1 0.1934 32.5 4 0.25
TNF 0.0527 119.0 0.0762 79.9 9 0.1111
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As it was assumed, sequences with the same biological function share the same
characteristic common frequer.cy components. Each specific biological function is

characterized by a single frequency.
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Figure 5.1.1.2 Multiple cross-spectral function of Lysozyme proteins using (a) EITP and (b)

IC parameters.
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Figure 5.1.1.4. Multiple cross-spectral function of Cytochrome C proteins using (a) EIIP

and (b) IC parameters.
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Figure 5.1.1.5 Multiple cross-spectral function of EGF proteins using (a) EIIP and (b) IC

parameters.
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Figure 5.1.1.6 Multiple cross-spectral function of FGF proteins using (a) EIIP and (b) IC

parameters.
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Figure 5.1.1.7 Multiple cross-spectral function of TGF proteins using (a) EIIP and (b) IC

parameters.
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Figure 5.1.1.9 Multiple cross-spectral function of PDG proteins using (a) EHIP and (b) IC

parameters.
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Figure 5.1.1.10 Multiple cross-spectral function of TNF proteins using (a) EHP and (b) IC

parameters.
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Results of this study have shown (Fig. 5.1.1.1-5.1.1.6) that the IC parameter generates in
the consensus spectrum one dominant peak corresponding to a common biological activity
of the selected proteins. The presence of a peak frequency with a significant S/N in a
consensus spectrum implies that all of the analyzed amino acid sequences within the
protein group have one frequency component in common. This common frequency
component denotes the protein biological function of the analyzed protein family. This
frequency is related to the biological function provided the following definition: (a) one
peak only exists for a group of sequences sharing the same biological function, (b) no
significant peak exists for biologically unrelated protein sequences. Results of this

investigation reveal that the IC parameter is satisfied the RRM criteria A listed previously.

It could be observed (Table 5.1.1.2) that for Glucagon, Lysozyme, Haemoglobin,
Cytochrome C, EGF and FGF proteins the same characteristic frequencies (within the
calculation error) were obtained using both EIP and IC parameter values. These
similarities of the proteins characteristic frequencies are expected as comparable EHP and
IC parameters are strongly correlated (Table 5.1.1.1). This correlation between the
parameters is reflected into the analogy of the consensus spectra of the pointed out

proteins.

Figure 5.1.1.1 represents an example of the Glucagon consensus spectrum when they are
obtained using EITP and IC parameters respectively. Bo*a spectra are very similar
revealing the same common characteristic frequency peak at f=0.0879. The second
significant frequency is at £~0.320 in both spectra but with different amplitude ratios. For
glucagons particularly it was observed that these proteins have two characteristic
frequencies £=0.0879 and £=0.320. It is difficuit to distinguish which one among them is
more important. In previous work [5,6] the frequency £=0.0879 was considered as the
most common (characteristic) of Glucagon general activity. However, here we have

discovered that £=0.320 is also, if not more, an inherited part of Glucagon characteristic.

It is interested to note that for other protein groups TGFs, Interleukins, PDGs and TNFs we
observe (Table 5.1.1.2) difierent characteristic frequencies using EIIP and IC parameters.
After careful examining the corresponding consensus spectra (Fig.5.1.1.7-5.1.1.10) it is
clear that these observed spectra have more than one peak and those peaks are at the same

frequencies for both EIIP and IC parameters but with different amplitude ratios. Thus, not
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the same characteristic frequencies were recorded. This fact could be easily confirmed
with the example of TNF proteins (Fig 5.1.1.10). Indeed all three main peaks identified by
using the EIIP (Fig. 5.1.1.10a) parameter appear in the spectrum obtained using the IC
(Fig. 5.1.1.10b) parameter but with different amplitude ratios.

Based on the results obtained and following the aim of the investigation of the possible use
of the IC parameter in the RRM, we conclude that IC property is suitable parameter to use

for structure/function analysis of unrelated proteins within this approach.
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5.1.2 The use of the Ionization Constant of amino acids for protein signal analysis

within the RRM - Application to Oncogenes

In this chapter we have compared results of the RRM investigation of oncogene products
using both EIIP and IC parameters. In addition protein P53, as well known anti-oncogenic

factor, have been analyzed.

The sequences from the following protein families: viral oncogenes, proto-oncogenes,
oncogenes and p53 proteins have been investigated. A multiple cross-spectral analysis was
performed for each analyzed protein group, using EIIP and IC values accordingly. The

peak frequency and signal-to-noise values are shown in Table 5.1.2.1.

Table 5.1.2.1 Peak frequency and Signal-to-Noise Ratio Values for Protein Groups using

selected analyzed EIIP and lonization Constant parameters.

Parameter EIIP lonization constant
Protein Group | Frequency S/N Frequency ' S/N
Viral Oncogene 0.1611 375.1 0.4844 368.4
Proto-Gicogene 0.0576 2194 0.4189 260.0

Oncugene 0.0332 504.6 0.4180 511.9

P53 protein 0.1943 155.9 0.1494 348.5

As it was assumed in the RRM theory, each specific biological function is characterized by
a single frequency. Results obtained have shown that the proposed IC parameter generates
in the consensus spectrum one dominant peak corresponding to a common biological

activity of the selected proteins when performed according to criteria determined within
the RRM.

It is interesting to note that for all protein groups selected for RRM analysis the
characteristic frequencies, using both parameters EIIP and IC are different. After careful
examining the corresponding consensus spectra (Fig.5.1.2.1-5.1.2.4) we observe that these
spectra have more than one peak and those peaks are at the same frequencies for both

parameters but with different amplitude ratios.

The results have shown that while EIIP can be used successfully to distinguish between

oncogenes and proto-oncogenes (Fig.5.1.1.2-5.1.2.3), the IC can successfully identify
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common characteristics for the whole oncogene protein family. In addition protein P53, as
well known anti-oncogenic factor, have been analyzed. 1t has been shown that IC is more

successful than EIIP in determining the pS3 characteristic (Fig.5.1.2.4).

However, although in some cases the IC parameter presented is more suitable for the
structure/function prediction, it is still difficult to conclude which one of these two

comparable parameters solely would be the best parameter to use in the RRM.
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Figure 5.1.2.1 Multiple cross-spectral function of Viral Oncogene proteins using (a) EIIP

and (b) IC parameters.
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5.1.3 The use of the Ionization Constant of amino acid for protein signal analysis

within the RRM - Application to Proteases

The RRM has been employed here for the determination of biological profiles of protein
groups under examination and for further investigation of the possible use of the IC

parameter instead of the EIIP in the RRM approach.

The RRM analysis was perf- =4 for protease protein family using EIIP and IC

parameters. Astestexamp? - © & . ti. nthe following protease subgroups:

L

cysteine protease (23 ¢« -;-: 0. nes),

¢ metallo-protease (17 sequences),

e serine protease (38 sequences),

e aspartic protease (47 sequences),

e trypsin/chymotrypsin (15 sequences),

e AiDS related protease (25 sequences)

» protease inhibitors (26 sequences).

Sequences from all selected functional groups were investigated and a multiple cross-
speciral analysis was performed for each protein group, using EIIP and IC parameter
values consequently. As a result, protein characteristic frequencies for each protein
functional group were obtained. The peak frequency and signal-to-noise values for each

protease subgroup are shown in Table 5.1.3.1.

The assumption used here is that sequences with the same biological function share the

same characteristic periodic component in the distribution of energy of delocalised

electrons.
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Table 5.1.3.1 Peak frequency and signal-to-noise ratio values for protein groups.

EIIP 1C
Protein Group Frequency S/N Frequency S/IN
Cysteine 0.0596 197.9 0.4902 248.1
Metallo 0.2520 268.4 0.1699 165.9
Serine RaE |y B B
Aspartic 0.1816 429.9 0.2178 167.4
Trypsin/Chymotrypsin: | 0.3457 178.3 0.0332 174.7
AIDS proteins 0.3447 481.0 0.0127 489.5
Inhibitors C T s

It could be observed that in both cases (using EIIP and IC values) each specific biological
function is characterized by a single frequency. Results obtained have shown that the
analyzed IC parameter generates in consensus spectrum one dominant peak (Fig.5.1.3.1-
5.1.3.7) corresponding to common biological activity of studied proteins and is satisfied all

RRM criteria listed previously.

It could be observed from Table 5.1.3.1 that for serine proteases and protease inhibitiors
the same characteristic frequencies (within the calculation error) were obtained using both
EIIP and IC parameters. This similazity is to be expected, as there is a strong correlation -
0.794 between these two parameters. The analogy of the peak frequencies implies that in
this particular frequency the analyzed protein group reveals the same specific biological
function. Based on our previous investigations we conciude that the significance of
correlation between selected parameters is then reflected into the analogy of the spectra of
proteins studied. Furthermore, this analogy implies that we can detect then that particular
characteristic frequency which is relevant to common biological behavior of the whole
functional protein group. Therefore, the correlation coefficient value of analyzed
parameter could be considered as one of the major factors influencing on the selection of
the proposed parameter for its further use for structure/function analysis of unrelated
proteins within the RRM.

Of interest is the fact that for the rest of the analyzed functional groups: cysteine, metallo,
aspartic, trypsin/chymotrypsin proteases and AIDS related protcases, characteristic
frequencies are different using the EIIP and IC parameters. Clearly, sequences with the

same biological function share the same characteristic periodic component. Thus, the

difference in characteristic frequencies recorded using the EIIP and IC parameters could be
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explained by the fact that these frequencies detected correspond to different specific
biological function. Despite the diversity of characteristic frequencies obtained for
mentioned above protein groups using EIIP and IC parameters, the IC parameter satisfy the
RRM criteria C and generate one dominant peak in the consensus spectrum. Therefore we

conclude that the introduced IC parameter is suitable for the use in the RRM analysis.

However, as the IC parameter is a measurable physical property, the use of the IC within
the RRM might lead to a better understanding of the physical nature of the protein's

biological function.

Finally, we have compared results of the RRM analysis of protease proteins using both
EIIP and IC parameters. The results obtained have shown that IC parameter can
successfully identify common characteristic frequency for all selected protease functional
subgroups. However, although in some cases IC is more suitable for structure-function
analysis of different protein families it is still difficult to conclude which one of two
comparable parameters solely would be the best parameter to use for determination of

biological profiles of proteins independent of their biological activity.
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Figure 5.1.3.1 Multiple cross-spectral function of Cysteine proteases using (a) EIIP and (b)

IC parameters.
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Figure 5.1.3.3 Multiple cross-spectral function of Serine proteases using (a} EIIP parameter :
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5.1.4 Investigation of the amino acid properties presented in the Amino Acid Index

Database for the use in the RRM approach

The RRM has been employed here to investigate the effect of various amino acid
properties on the determination of functional patterns of the protein groups under

examination.

In this study different amino acid properties have been compared. All of them were
obtained from the Amino Acid Index Database [53). The amino acid sequence is
considered as a sequence of numerical values reflecting various aspects of amino acid

residues, such as: hydrophobicity and bulkiness.
The complete listing of amino acid parameters database used in this study, along with the
individual amino acid values and calculated correlation coefficients for each parameter

when compared to the EIP, can be found in Appendix C.

Table 5.1.4.1 Selected Parameter Values and their Correlation Coefficients with EIIP.

Amino Acid Parameter

EIIP P001 H085 H371

Ala 0.0373 4.35 -0.01 0.937

Arg 0.0959 4.38 0.04 1.725

Asn 0.0036 4.75 0.06 1.080

Asp 0.1263 4.76 0.15 1.640

Cys 0.0829 4.65 0.12 1.004

Gln 0.0761 4.37 0.05 1.078

Glu 0.0058 4.29 0.07 0.679

Gly 0.0050 3.97 0.00 0.901

His 0.0242 4.63 0.08 1.085

1le 0.0000 3.95 -0.01 0.178

Leu 0.0000 4.17 -0.01 0.808

Lys 0.0371 4.36 0.00 1.254

Met 0.0823 4.52 0.04 0.886

Phe 0.0946 4.66 0.03 0.803

Pro 0.0198 4.44 0.00 0.748

Ser 0.0829 4.50 0.11 1.145

Thr 0.0941 4.35 0.04 1.487

Trp _ 0.0548 4.70 0.00 0.803

Tyr 0.0516 4.60 0.03 1.227

Val 0.0057 3.95 0.01 0.625
Correl, Coeffic. 0.5542 0.5643 0.6654

R
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There are six main groups of parameters which are categorized by their first letter
identifier: (A) alpha and turn propensities, (B) beta propensity, (H) hydrophobicity, (C)

composition, (P) physicochemical properties and (O) other properties.

Once the database was established, correlation caiculations were carried out sequentially
between each of the 402 parameter and the referential EIIP values in order to test for any
linear relationship between them. Parameters having correlation coefficients in excess of
+/- 0.5 were deemed to be the most strongly correlated with EIIP and were thus isolated
[74].

These selected parameters are P001-0~CH chemical shifts, H085-Localised electrical
effect and H371- Normalized frequency of chain reversal D {53]. The selected

parameter values and their correlation coefficients with EIIP are shown in Table 5.1.4.1.

Sequences from six protein functional groups: glucagons, lysozymes, hemoglobins,
myoglobins, and cytochromes C and EGFs were used as test examples. In this work each
amino acid in the sequence was represented by corresponding value of selected parameter
instead of the EIIP value as it was done previously [6,57-60,67-69]. Numerical series
obtained in this way were analyzed and a multiple cross-spectral analysis was performed
for each protein group. Peak frequency and S/N values obtained are presented in Table
5.1.4.2.

Table 5.1.4.2 Peak Frequency and Signal-to-Noise Values for Protein Group using

Selecied Parameters.
Parameter EHIP 001 HO085 H371
Freq. | S/N | Freq. | S/N | Freq. | S/N Freq. S/N
Glucagon 0.0879 | 122.7 | 0.1364 | 166.3 | 0.1523 {1 140.1 | 0.2520 | 95.7

Hemoglobin 0.0254 | 256.0 | 0.1367 | 256.0 | 0.4102 | 249.1 | 0.3926 | 256.0

Lysozyme 0.4707 | 120.5 | 0.0742 ; 167.3
Myoglobin 0.0254 | 255.2 | 0.1270 | 256.0
Cytochrome C e | ¢ 0.4219 | 232.3 | 0.2012 | 1503
EGF s | et | O | T [ R N

The assumption used here is that sequences with the same biological function share the
same characteristic pertodic component in the distribution of energy of delocalised

electrons. Each specific biological function is characterized by a single frequency. A
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multiple cross-spectral analysis was performed for each analyzed protein group, using new

parameter values.

It could be observed from Table 5.1.4.2 that for Cytochrome C proteins the same
characteristic frequencies were obtained using EIIP and P001 parameters. for which the
values of the amino acid indexes are quite different (Table 5.1.4.1). The analogous results
were found for Lysozyme and Myoglobin protein groups when we have obtained the same
characteristic frequencies using EIIP and H085 parameters. For EGF proteins we have
detected the same characteristic frequency (within the calculation error) or characteristic
region using EIIP, P01, HO85 and H371 parameters. The analogy of the peak frequencies
in consensus spectrum implies that in these particular frequencies the analyzed protein
groups reveal the same specific biological function. Furthermore, all these analyzed
parameters are strongly correlated with EIIP that is indicated by the correlation coefficient
values (Table 5.1.4.1). This correlation is reflected then into the similarity between spectra
of proteins. In addition it is interest to note that for the rest analyzed functional groups
characteristic. frequencies are different. It is expected because, as it was mentioned above

in the RRM criteria, the frequencies are different for different biological functions.
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Figure 5.1.4.1 Multiple cross-spectral function of Glucagon proteins using parameters: (a)
EIIP, (b) POO1, (c) HO8S and (d) H371.
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Figure 5.1.4.2 Multiple cross-spectral function of Hemoglobin using parameters: (a) EIIP,

(b) P001, (c) HO8S and (d) H371.
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Figure 5.1.4.3 Muitiple cross-spectral function of Lysozyme using parameters: (a) EIIP, (b)
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Figure 5.1.4.4 Multiple cross-spectral function of Myoglobin proteins using parameters: (a)
ElIP, (b) POOI, (c) HO85 and (d) H371.
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Figure 5.1.4.5 Multiple cross-spectral function of Cytochrome C proteins using
parameters: (a ) EIIP, (b) POO1, (c) HO85 and (d) H371.
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The aim of this study was to select those parameters among the presented database that are
most suitable to represent the common biological behavior of the studied protein groups.
Previously EIIP has been successfully used for the protein analysis within the RRM [57-
60,67-69]. Results obtained have shown that all three parameters P001, HO85 and H371
generate in consensus spectrum one dominant peak corresponding to common biological
activity of selected protein groups and are performed according to the required RRM
criteria (Fig.5.1.4.1-5.1.4.6). Thus, results reveal that PO01, HO085 and H371 parameters

are suitable for the use within the RRM for structure-function analysis of proteins.

E. Pirogova 88
BioElectronics Group, Department of Electrical and Computer Systems Enginecring




5.1.5 Development of new computational amino acid parameters for the use in protein

structure-function analysis within the RRM

In this investigation the RRM was used to determine the effect of different amino acid

parameters and their linear combinations on the periodicity (characteristic frequency) of

certain protein groups. Nine functionally unrelated protein groups were used as test
examples. Here, amino acid parameters are compared. Most of them were obtained, as
previously, from the Amino Acid Index Database [53]. For this particular study we have
chosen parameters strongly correlated with EIIP and recommended for the use based on

the results of previous RRM analysis.

The comparable parameter database includes:

ENP Electron-ion interaction potential [54,55]

A Helix coil equilibrium constant [49]

H Normalised frequency of chain reversal D 53]
iC  lonization constant [72,73)

and their different mathematical cormbinations.

Table 5.1.5.1 EIIP, Selected Parameter Values and their Correlation Coefficients

amino EIIP 1C A H IC+H A+H ICxH AxH AxHxIC
acid
L 0.0000 2.40 2.2 0.808 3.208 3.008 1.939 1.778 4.267
I 0.0000 2.40 0.4 0.178 2.578 0.578 0.427 0.071 0.17
N 0.0036 2.20 2.6 1.080 3.28 3.68 2.376 2.808 6.178
G 0.0050 2.46 1.0 0.901 3.361 1.901 2.216 0.901 2.216
A% 0.0057 2.35 0.8 0.625 2.975 1.425 1.469 0.500 1.175
E 0.0058 2.30 2.2 0.679 2.979 2.879 1.562 1.494 3.436
P 0.0198 2.00 0.0 0.748 2.748 0.748 1.496 0.000 0
H 0.0242 2.30 2.5 1.085 3.385 3.585 2.496 2.713 6.24
K 0.0371 2.20 2.2 1.254 3.454 3.454 2.759 2.759 6.07
A 0.0373 2.30 3.0 0.937 3.237 3.937 2.155 2.811 6.465

5 Y 0.0516 2.20 2.5 1.227 3.427 3.727 2.699 3.068 6.75

W 0.0548 2.37 2.5 0.803 3.173 3.303 1.903 2.008 4,759
Q 0.0761 2.06 2.7 1.078 3.138 778 2.221 2.911 5.997
M 0.0823 2.17 2.2 0.886 3.056 3.086 1.923 1.949 4,229
S 0.0829 2.10 3.7 {.145 3.245 4,845 2.405 4,237 8.898
C 0.0829 1.96 2.6 1.004 2.964 3.604 1.968 2.610 5116
T 0.094] 2.09 2.7 1.487 3.577 4.187 3.108 4.015 8.391
F 0.0946 1.98 2.5 0.803 2.783 3.303 1.59 2.008 3.976
R 0.0959 1.82 2.7 1.725 3.545 4.425 3.14 4.658 8478

D 0.1263 1.88 2.6 1.640 3.52 4.24 3.083 4.264 8.016
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The correlation coefficients between EIIP and selected parameters values have been

calculated and presented 1n Table 5.1.5.1.

In this work each amino acid in the protein sequence is represented by the comresponding
value of each selected parameter instead of the EIIP value as it was done previously [6].
Numerical series obtained in this way were analysed‘ as previously by transforming them
into frequency domain using DFT in order to extract information pertinent to the biological
function. Peak frequencies in the multiple cross-spectral function denote common

frequency components for the protein sequences analysed.

Sequences from different functional groups (glucagons, lysozymes, haemoglobins,
cytochromes C, EGFs, FGFs, TNFs, interleukins and myogiobins) were investigated and a
multiple cross-spectral analysis was performed for each group, using the E{IP and other
investigated parameters values. The peak frequency and signal-to-noise values for each

selecied protein grdup are shown in Table 5.1.5.2.

Table 5.1.5.2 Peak Frequency and Signal-to-Noise Values for Protein Groups.

Protein EIIP IC A H IC+H | A+H { 1CxH | AxH | AxHxIC
Group
Cytochrome 0.0254 | 0.2012 | 0.2012 | 0.2012 { 0.2012 | 0.2031 0.2¢31
C 104.1 150.3 245.6 129.3 202.1 231.5

Lysozyme 0.2422 0.4980 | 0.2422 | 0.0410
97.2 196.7 106.1 167.9

Hemoglobin 0.4551 | 0.3926 | 03145 | 01,3926 } 0.4258 | 0.3926 :
249.2 | 2560 | 2560 ! 231.2 ] 2559 | 2559 253.1

Glucagon 0.3730 | 0.2520 | 0.3730 | 0.1016 | 0.252G | ©.099% 0.0996
106.1 95.7 82.9 934 224.0

1519
TNF 0.0527 0.1836 | 0.0332 | 0.308¢ | 0.2422 | 0.r372 | A

119.0 920 | 1207 | 281 | 1150 | 849
FGF 04785 | ISR | 0.4570
172 | Bl | 1189 | 992
Interleukin | 0.0410 | 0.0957 | 0.0312 0.3613 | 0.0566
1915 | 1922 | 1213 4 1 862
Myoglobin 0.0137 | 0.0820 0.0820
1913 | 239.1 110.7

It could be observed from Table 5.1.5.2 that for Lysozyme the same characteristic
frequencies were obtained using the EIIP, IC, H, AxH and AxHxIC parameters. For TNF
protein group the same characteristic frequencies (within the calculation error) weie
obtained using the IC, AxH and AxHxIC parametcrs. For EGF proteins the same

characteristic frequencies (within the calculation error) were obiained using all selected
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parameters. For FGF the same characteristic frequencies obtained using the EIIP, IC, H,
TexH, AxH and AxHxIC. Analogous results were obtained for Myoglobin using the E{IP,
H, IC+H, IcxH, AxH and AxHxIC (Table 5.1.5.2). The similarities of characteristic
frequencies obtained using mentioned above parameters are expected, as there is
significant correlation [74] between these parameters (Table 5.1.5.1) and the EIIP. There
is the sirongest correlation (0.716) between the EIIP and the (AxH) parameters. The
consensus spectrum of Lysozyme proteins using the EIIP, IC and (AxH) parameters are

shown in Fig.5.1.5.1.

It is interested to note that for TNF protein group the main frequency is different when the
EIIP is used rather than IC or (AxH) (Fig.5.1.5.2). From the figure 5.1.5.2 it could be
observed that TNFs do not have only one but more significant common frequencies
indicating their multifunctional activity. Thus, when using the EIIP one frequency
f=0.0527 is more prominent than the other two while when using IC and (AxH) parameters
the other frequency £=0.0762 is more prominent. Importantly, with all three pointed out
parameters all three characteristic frequencies are significant, according to the S/N values
15,6].
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and (¢) AxH parameters.
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The correlation coefficient between the EIIP and (AxH) parameters is 0.716 (Table
5.1.5.1). That indicates a strong correlation (> l0.5] ) between these parameters [74). The
strong correlattion between the EIIP and (AxH) parameters is reflected into the analogy
between spectra of the studied proteins. Results obtained here reveal that the proposed
computational parameter (AxH) is also suitable for the determination of the characteristic
frequencies of proteins in the RRM model. As long as it generates i the consensus
spectrum one dominant peak corresponding to the common biological behavior of the
studied proteins and sutisfies the RRM criteria. However, afler comparison of results
obtained within the RRM analysis using the IC and (AxH) parameters, we conclude that
the IC parameter is more appropriate for this approach. To decide finally which parameter

»
is optimal for the use in the RRM further analysis is necessary.

Following the aim of searching for the best computational amino acid parameter for the use
in the RRM, and based on results obtained from previous studied, we have continued to
analyse the P01, HO85 and H371 amino acid parameters extracted from the Amino Acid
Index Database.

Table 5.1.5.3 Analyzed parameter values and their correlation coefficients with the EIIP.

Parameter
Amino EIIP IC EE ICEE
Acid

L 0.0000 2.40 -0.01 2.41

| 0.0000 2.40 -0.01 2.41

N 0.0036 2.20 0.06 214

G 0.0050 2.46 0.00 2.46

\4 0.0057 2.35 0.01 2.34

E 0.0058 2.30 0.05 2.23 »
P 0.0168 2.00 0.00 2.00

H 0.0242 2.30 0.08 2.22

K 0.0371 2.20 0.00 2.20

A 0.0373 2.30 -0.01 2.31

Y 0.0516 2.20 0.03 2.17
W 0.0548 2.37 0.00 2.37

Q 0.0761 2.06 0.07 2.01
M 0.0823 2.17 0.04 2.13

S 0.0829 2.10 0.11 1.99

C 0.0829 1.96 0.12 1.84

T 0.0941 2.09 0.04 2.05

F 0.0946 1.98 0.03 1.95

R 0.0959 1.82 0.04 1.78

D 0.1263 0.15 1.73

Cor. Coef. _ _ |
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As we ;:oncluded in the previous study these parameters could be used for protein
structure/function analysis within the RRM, as long as they satisfied all RRM criteria,
However, these three selected parameters are not equally efficient accordingly to
correlation coefficient and S/N values. Thus, we determined that POOI, HO85 and H371
parameters wouldn't be solely the best parameters to use in further protein modeling within
the RRM.

Hence, for further improvement of parameters suitable for its application in the RRM
approach, we have tried here different mathematical combinations of IC, PCu1, HO85 and
H371 parameters with the aim to find among them the most correlated with the EIIP
parameter. This new parameter should be more significantly correlated with the EIIP than

selected above parameters.

As a result of our caiculations, we are proposing here a new computational parameter
ICEE. This parameter is a simple mathematical combination of two previously selected
parameters: IC (Ionization constant of amino acid) [72,73] and HO85 (Localized electrical
effect) [53). We have chosen this parameter because of its strong correlation with the
EIIP. The correlation coefficient is -0.807 (Table 5.1.5.3).

Here, we have analyzed and compared the following amino acid parameters: EIIP, IC, EE
(EE=HO085 used in previous study, here renamed for further convenience) and
computational parameter ICEE (ICEE=IC-EE). The selected parameter values are
presented in Table 5.1.5.3.

The RRM was employed here for the proteins' analysis using proposed amino acid
parameters.  Sequences form different functional groups (glucagon, iysozyme,
hemoglobin, ¢ytochrome C, EGF, TGF, PDG, TNF, interieukin, myoglobin, viral oncogen,
proto-oncegene, oncogene, and p53 protein) were investigated using ElIP, IC, EE and
ICEE parameters. A multiple cross-spectral analysis was performed for each protein group

using selected parameter values.

As a result protein characteristic frequencies for each protein functional group were

obtained. The peak frequency and S/N values for each protein group are shown in Table
3.1.5.4.
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Table 5.1.5.4 Peak frequency and signal-to-noise values for protein groups.

Parameter

Protein _ IC EE ICEE

group T N Freg. | S/N Freq. | SN
Glucagon_ 0.1523 | 140.1 | 0.3340 91.8
Lysozyme 0.0742 167.3 o
Hemeglobin 0.4102 | 249.1
Cytocarome C 04219 232.3
EGF
TGF PN
PDG 0.4199 75.0 0.1797 21.5
TNF 0.0527 119.0 0.1445 385
Interleukin 0.0410 191.0 0.1016 | 236.5
Myoglobin 0.2539 2554 1913 | 0.1270 ; 2560 186.5
Viral oncogene - 236.5
Proto-oncogene 0.0576 219.0 0.'-41 | 2227
T EmmETEEUEE AN EKiEETE [i
P53 0.1943 156.0 0.0381 | 289.1

Results obtained have shown that all selected for analysis IC, EE and ICEE parameters
generate in consensus spectrum one dominant peak corresponding to common biological
activity of selected proteins and are performed accordingly to criteria determined within
the RRM.

It could be observed from Table 5.1.5.4 for Lysozyme, Hemoglobin, Cytochrome C, EGEF,
TGF, PDG, TNF, Interleukin, Proto-oncogene, Oncogene and P53 proteins the same
characteristic frequencies were obtained using parameters IC and ICEE. This similarity is
expected, as both the IC and ICEE parameters are mutually strongly correlated (r=0.9837),

that is reflected in the analogy of the consensus spectrums.

It should be noted that for Lysozyme, Hemoglobin, Cytochtome C, EGF and TGF the same
characteristic frequencies were obtained using parameters EIIP, IC and ICEE (Fig.5.1.5.4-
5.1.5.8). For EGF and TGF protein groups the same characteristic frequencies were
obtained using all analyzed EIIP, IC, EE and ICEE parameters. The analogous result was
found for Viral oncogene when we have obtained the s:auilerity of the characteristic
frequencies using the EIIP and EE parameters. These findings con'd be explained also by
the significant correlation between the EIIP, IC and ICEE parameters (Table 5.1.5.3). This

strong correlation is reflected into the analogy of the consensus spectrums.

[t could be also observed from Table 5.1.5.4 that characteristic frequencies are different for

the other protein groups. The following fundamental conclusion was drawn from the RRM
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model: each specific biological function is characterised by a single frequency. Each RRM
frequency characterises one biological function. The difference in the characteristic
frequencies implies that we have detected different specific biological functions of the
proteins studied using the analyzed parameters (satisfaction to RRM criteria (¢), page 41).
Thus, each of analyzed ElIP, IC, EE and ICEE parameters allows us to detect a single
frequency relevant to the specific biological function of the studied protein sequences.
That is a main criterion for the selection of the analyzed parameter for its further use within

the RRM approach.

The aim of this study was to test the possible use of the proposed parameters IC, EE and
ICEE instead of the EIIP for structure/function analysis of different proteins within the
RRM. Results obtained reveal that among selected and comparable amino acid parameters
only 1C and ICEE are currently the most appropriate parameters for RRM analysis of
different unrelated protein families. We can conclude this as far as these two parameters
satisfy ali RRM criteria, generate one prominent peak corresponding for biological activity

of whole protein group and are highly correlated with EXIP.

Despite the successful results it is still difficult finally to conclude which parameter would
be solely the best parameter to use in the RRM. Ac we know the selectivity of protein
interactions within the amino acid sequence could be identified if appropriate physical
parameters are used. Thus, more research needs to be done in this direction. Therefore,
we plan to measure for the first time the dielectric and conduction properties of twenty
single amino acids and investigate the possible use of these new properties in the RRM.
These newly measured parameters could then replace the EIIP vaiues, which were

mathematically calculated and include many approximations mentioned praviously [54].
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Figure 5.1.5.3 Multiple cross-spectral function of Glucagon proteins using (a) EIIP, (b) IC
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Figure 5.1.5.6 Multiple cross-spectral function of Cytochrome C proteins using (a) EIIP,
(b) IC and (c) ICEE parameters.
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52  INVESTIGATION OF DIELECTRIC AND CONDUCTION PROPERTIES OF
AMINO ACIDS

Szent-Gyorgyi [76] depicts a vision in which biology, once the study of whole living
organism and its interations with the environment, becomes a science of the sub-molecular.
The properties of living organisms become explicable in terms of the electrons which are
responsible for the chemical reactions that “drive" the organism. The challenging aspects
of biology from a modern electronic engineer's veiwpoint are threefold {75]:

(1)  Biological systems store and process information using individual molecules, or
sub-components of molecules as the storage medium. We may refer to this phenomenon
as biological information processing.

(2)  Biological systems are able to direct electronic (and ionic) currents along pathways
that are also defined at the ultramicroscopic (molecular) level. This may refer to as
biological microelectronics.

(3) Biological systems have developed a range of exquisitely sensitive transducting
systems for receiving information about the state of thir environment. These are biological
niCrosensors.

Electrochemical methods provide the means by which electronic devices and circuity can
communicate directly (through the passage of d.c. currents) with electroactive
biomolecules. If bioelectronic devices are to be consructed which exploit the properties of
biological molecules, it is likely that in many cases electrochemical methods and concepts
will be involved at the interface between the electronic and biological components.
Dielectric spectroscopy has enabled investigations into the possible harmful effects of
elctromagnetic field on biomolecular systems {75,76). Amino acids ate the basic structural
units from which proteins are formed. Depending on the pH of the local environment,
amino acids can take a number of different ionized states: acid form, neutral form and base
form. Each amino acid possesses a differetnt side chain and these can be small or
relatively large. Each side chain also has a particular charge distribution. As it was
mentioned previously the selectivity of protein interactions within the amino acid sequence
could be identified if appropriate physical parameters are used [6]. Following the
preliminary gains made through our previous studies, particularly the finding of the
physicochemical parameters, which could be used in the RRM, there are several other
steps that could be undertaken to facilitate and improve the current RRM approach. These

steps are the dielectric measurements, which we have used to prot:e the physical changes
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taking place in each particular amino acid [75-77). Within this study we have measured
the dielectric and conduction properties of twenty single amino acids for its use in the
RRM. These newly measured parameter values will replace the electron-ion-interaction
potential (EIIP) values, which were mathematically calculated from an approximate
pseudopotential model [S4]. This novel approach will provide us with more accurate
amino acid parameters. It will allow us to improve active site prediction with the modified
RRM model.

Techniques

Experimental dielectric bridge methods have been employed in some form for low
molecular mass materials and polymers for more than forty years [77]. But never been

used on amino acids.

These methods describe in more detail the use of frequency response analyzers and time
domain reflectrometry, which are relatively new technique {75). Although there are a
number of different bridge configurations, the basic principle of operation is the same and
involves the balancing of the impedance of the two opposite arm pairs of the bridge. One
of these arms contains the sample, which may be modeled as a resistor R, in paralle]l with a

capacitor Cy

The technique proposed (78] is designed to measure values of the sample capacitance (Cp,
F) and conductance (G, S) over a frequency range 20-10MGz.

The main variables we are interested in measuring are:

G, sample capacitance (UF)

G sample conductance (uS)

g' sample dielectric constant (unitless)
tan § sample loss tangent

These are explained here in more detail now.
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During the experiment we have measured the values of the capacitance and conductance of
20 amino acid solutions. These new parameters values are given below. Based on results

obtained we have calculated then the dielectric constant for each analyzed sample.
¢', dielectric constant:

In general terms, for a sample of thickness d and area 4 held between two parallel
electrodes, the permittivity €' (dielectric constant) can be calculated from the measured

values of capacitance C, using the equations:

£=C,/C, (5.2.1)

where C, and C, are the capacitance of the cell with a sample and an empty cell. The

capacitance of an empty cell is given by
o=tod/d (5.2.2)

where 4 and A are the area and thickness of the sample, respectively. g, is the permittivity
of free space, a universal constant. C, is the number that the machine experimentally
determines. Therefore to work out £' we need to accurately know the sample thickness and
area. However, in our study we measure the capacitance and conductance of the prepared
amino acid solutions. Thus, in our case (electrode is surrounded by the solution
environment) we should measure experimentally the C, of an empty cell as well. The

experimental value of C, is shown in Table 5.2.1.

tan o, dielectric loss:
tan & is independent of sample dimensions and equals
tun 6=¢"/e'=(G/w)/C, (5.2.3)
where ©=2m, C, and G capacitance and conductance of the sample respectively.
A large source of error in the higher frequency region, which is particularly serious for

conductive samples, is that of stray inductance. To minimize this phenomenon, a.c bridges

are constructed symmetrically so that effects essentially cancel.
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Sample preparation and experimental measurements

The preparation of amino acid samples for this study required additional laboratory work
and was performed at the analytical laboratory at the Department of Chemical Engineering.
As it was mentioned above all amino acids are white crystalline solids melted indifferently
at high temperatures (>200°C) and with some decomposition. They are soluble in water
but they vary considerably in their solubility. Furthermore the solubility of any acid
increases as the solution is made basic or acidic. Most are insoluble in organic solvents.
These properties are a direct consequence of the dual basic-acidic character of amino acids
which gives rise to ionic behavior. Based on different physicochemical properties of

analyzed amino acids we have used distilled water and 1M HCL as a solvent environment.

Alanine, Arginine, Glycine, Lysine, Proline, Serine, Threonine, Valine and Cysteine amino
acids were dissolved in distilled water at room temperature using the magnetic stirrer.
These amino acids were easily completely dissolved, obtained clear solutions. Asparagine
and Histidine were dissolved in water using a hot plate magnetic stirrer, obtained clear
light-yellow solution respectively. Methionine, Glutamine and Tryptophan were dissolved
in water using the sonocation technique [81], obtained clear solutions. Leucine, Isoleucine,
Aspartic Acid, Glutamic Acid, Phenylalanine and Tyrosine were dissolved completely in

IM HCL at room temperature using the magnetic stirrer, obtained clear solutions.

Hence, to run dielectric measurements we have prepared aqueous solutions of 0.5M
concentration of the following amino acids: Alanine, Arginine, Glycine, Lysine, Proline,
Serine, Threonine, Valine, Cysteine, Asparagine, Histidine, Methionine, Glutamine and
Tryptophan. HCL solutions of Leucine, Isoleucine, Aspartic Acid, Glutamic Acid,

Phenylalanine znd T-rosine have been prepared as well.

Then the experimental measurements of capacitance and conductance of our samples
{amino acid solution, 60 ml) have been undertaken at the Department of Materials
Engineering using Dr. George Simon’s Software Win DETA V3.71 and HP4284 RLC
Bridge (20-10MHz) [79,80]. The liquid cell used in these measurements consists of the
glass container and the sensor attached. The description of the sensor is presented in
Figure 5.2.1. The equipment and a glass container used in this experiment are pictured and

shown in Figure 5.2.2. Results of this study are presented in Table 5.2.1 and 5.2.2.

E. Pirogova : 107
BioElectronics Group, Department of Electrical and Computer Systems Engineering




L

N

Legenda Assuniption:
d = distance between elements Ci=Cr=vrrrnran = C, ()
I = length of each element CX;=C,+¢=CX;=..uu.. = CX, (2)
w = width of each element
t = thickness of each element CX, (y=1,...,m) 3)

Length L=1+w
The capacitor plate area A is then: A =L*t
A Tﬂ

CX, CX, CXs CXa

TT

Coi = EI:CXy or (using (2)) C,, =n*CX,

The dimensions of the electrodes on the IDEX sensor head are as follows:
Length = 0.950" Width = 0.004" Spacing = 0.004" Thickness = 0.001"
The electrodes cover an area of’

Area length = 0.950" Area width = 0.400"

Figure 5.2.1 Sensor
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Figure 5.2.2 Liquid cell and

equipment used.
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Table 5.2.1 Capacitance (uF) and Conductance (uS) of Amino Acid Aqueous Solution.

Amino Sample 1 Sample 2 Sample 3 Sample 4 Average Value STD
Acid Cp G Cp G Cp G Cp G Cp G Cp G
Alanine 2.277 | 303.11 1.878 | 272.24 1.863 274.47 1.993 280.51 2.003 282.58 0.1918 | 14.124

Arginine 11.82 } 433.50 § 12.27 | 447.61 12.43 456.91 12.58 460.78 12.28 449.70 | 0.3287 | 12.132
Asparagine | 4.984 | 312,35 | 5.085 | 32489 | 4.964 325.39 4.868 323,55 4.975 321.55 | 0.0890 | 6.179
Cysteine 3.970 | 399.48 | 3.956¢ ) 410.53 } 3.917 415.70 3.876 418.61 3.930 411.08 | 0.0423 | 8.424
Glycine 3.362 | 28747 | 3.418 | 29707 | 3.512 301.55 3.503 305.59 3.449 297.92 | 0.0717 | 7.787
Histidine 6.204 | 279.51 | 6.530 { 315.68 | 6.357 324.16 6.015 323.27 6.277 310.66 | 0.2194 | 21.ii0

Lysine 8.986 | 304.32 | 9339 | 32033 | 9.401 325.35 9.470 327.87 9.299 31947 | 0.2154 | 10.573
Proline 2.064 | 273.88 | 2.103 | 272.06 | 2.056 267.99 1.914 262.36 2.034 26907 | 0.0828 | S5.108
Serine 2.082 ) 223.83 | 2.160 | 239.55 | 2.193 243.90 2214 247.53 2.162 238.70 | 0.0580 | 10.438
Threonine 2,165 | 267.26 | 2.278 | 288.95 | 2.279 290.78 2.292 292.75 2.254 284.94 | 0.0593 | 11.885
Valine 2.740 | 243.87 | 2.695 | 25246 | 2.670 253.40 2.654 252.80 2.690 25063 | 0.0375 | 4.525

Glutamine 6.467 | 317.79 | 5.994 | 301.06 | 5.858 293.23 5.738 276.65 6.014 297.18 | 0.3194 | 17.097
Methionine | 4.756 | 406.81 | 4.829 | 415.21 | 4.380 395.31 3.306 349.60 4.318 391.73 0.7026 | 29.249
Tryptophan | 2.179 | 21940 | 2,143 | 21597 | 2.148 213.78 2,118 211.24 2.147 215.10 ] 0.0250 | 3.459

Table 5.2.2 Capacitance (uF) and Conductance (mS) of Amino Acids dissolved in HCL.

Amino Sample 1 Sample 2 Sample 3 Sample 4 Average Value STD

Acid Cp G Cp G Cp G Cp G Cp G Cp G

Ghrtamic Acid 104.41 | 13.019 | 10343 | 13.054 | 99.083 | 12.881 | 94.884 | 12913 | 10045 | 12967 | 4.3746 | 0.0814

Tyrosine 81.2908 | 14.453 | 82.702 | 15.246 | 86.057 { 14.683 | 88.878 | 14.076 | 84.734 | 14.615 | 3.4087 | 0.4857

Leucine 96,733 | 14.112 | 92.622 | 12915 | 90.997 | 12313 | 91.805 | 11.751 | 93.039 { 12.773 | 2.5503 | 1.0115 ;
Isoleucine 84.423 | 14.753 | 81.422 | 12,734 | 84.525 | 11.764 | 86.713 | 11.202 | 84.271 | 12.568 | 2.1732 | 1.5606

Phenylalanine 97.267 | 9.282 | 95934 | 9.164 | 95687 | 9.109 | 96.519 { 9.094 | 96.352 | 9.162 | 0.7029 | 0.0853

Aspartic Acid 87.188 | 10.131 | 96.321 9.563 103.85 | 9.435 107.77 | 9.497 | 98.782 | 9.657 | 9.0728 | 0.3206

Distilled water: Cp=0.516 uF; G=124.097 pS; £=0.0191x10° HCL: Cp=80.848 pF; G=15.701 mS; £'=2.9905x10°
Empty cell: C0=27.035 pF; G=0.00034 uS
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Table 5.2.1 Continued

Cpsample/ | Gsample/ | &'x10° Ag'x10° tan §
Cp H20 G H20 sample | amino acid sample
3.882 2,277 0.0741 0.0550 22.465
23.798 3.624 0.4542 0.4351 5.8313
9.641 2.591 0.1841 0.1650 10.290
7.016 3.313 0.1457 0.1266 16.656
6.684 2.401 0.1276 0.1085 13,755
12.165 2.503 0.2322 0.2131 7.881
18.021 2,574 (.3440 0.3249 54706
3.942 2,168 0.0752 0.0561 21.065
4.190 1.923 0.0710 0.0519 17.581
3.602 2,296 0.0834 0.0643 20.130
5.213 2.020 0.0995 0.0804 14.836
11,655 2.395 (.2225 0.2034 7.869
8.368 3.157 0.1597 0.1406 14.446
11.161 1.733 0.0794 0.0603 15.953
Table 5.2.2 Continued
Cpsample/ | Gsample/ | g'x10° Ae'x10° tan &
Cp HCL G HCL sample amino acid sample
1.2425 0.8259 3.7156 0.7251 20.555
1.0481 0.9308 3.1342 0.1437 27.465
1,1508 0.813§ 34114 0.4209 21.861
1.0423 0.8005 3.1171 0.1266 23.748
1.1918 0.5835 3.5640 0.5735 15.142
1.2218 0.6151 3.6539 0.6634 15.567

The changes of the Cp sampies €' sampic and tan & gmpie in a frequency range are shown in

Fig.5.2.3-5.2.25.
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ILE Figure 5.2.3 Exampie of Asparagine amino acid aqueous solution. The change of Cp, sample

in a frequency range (red line), the change of €' yunyme in a [requency range (green line).
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Figure 5.2.4 Examplc of Cysteine amino acid aqueous solution. The change of Cp, sanple In

a frequency range (red line), the change of €' yupte in a frequency range (green line).
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Figurc 5.2.5 Example of Histidine amino acid aquecous solution. The change of Cp ampic I
| a frequency range (red line), the change of €' gwpie in a frequency range (green line).
i
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Figure 5.2.6 Example of Lysine amino acid aqucous solution. The change of Cj, canpie In 2

frequency range (red line), the change of the €' wunie 1N @ frequency range (green hne).
p
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Figure 5.2.7 Example of Threinine amino acid aqucous solution. The change of C;, sample In

a frequency range (red line), the change of the €' g1 1n @ [requency range (green line).
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| Figure 5.2.8 Example of Valine amino acid aqueous solution. The change of Cp sampie In @
frequency range (red line), the change of the €' .mpie i @ frequency range (green line).
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Figure 5.2.9 Example of Glutamine amino acid aqucous solution. The change of C;; gumpie i
in 4 frequency range (red line), the change of the £' qpyp1e In a frecquency range (green ling). |
|
|
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Figure 5.2.10 Example of Methionine ammno acid aqueous solution. The change of C; sampie

in a {requency range (red line), the change of the €' suypie in @ frequency range (green line).
|
I
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Figure 5.2.11 Example of Tryptophan amino acid aqucous solution. The change of the
Cp sample 10 a frequency range (red line), the change of Taun (Delta) values in a frequency

range (green hine).
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Figure 5.2.12 Example of Alanine amino acid aquecous solution. The change of the Cp campie
in a frequency range (red line), the change ol Tan (Dclta) values in a frequency range

(green line).
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Figure 5.2.13 Example of Arginine amino acid aqueous solution. The change of the
Cp sample in @ frequency range (red linc), the change of Tan (Delta) values in a [requency

range (green hine).
!
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Figure 5.2.14 Example of Glycine amino acid solution. The change ol the Cp g In @
frequency range (red line), the change of Tan (Delta) values in a (requency range (green

line).
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Test Sample

Figure 5.2.15 Examplc of Proline amino acid aqueous solution. The change of the C, gnpie

in a frequency range (red line), the change of Tan (Delta) values in a frequency range

(green line).
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Figure 5.2.16 Example of Serine amino acid aqueous solution. The change ol the C, cunype
in a frequency range (red ling), the change of Tan {Delta) values in a frequency range

(green line).
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Figure 5.2.17 An empty cell. The change of the Cp, sunyic in a frequency range (red line), the

change of the €' gupe 1D @ frequency range (green line).
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Figure 5.2.18 Examplc of distilled water. The change of the Cj gl Int a frequency range
(red line), the change of the €' gympie 1N @ frequency range (green line).
!
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Figure 5.2.19 Example of Glutamic acid dissolved in 1M HCL. The change of the C; cunpte
in a frequency range (red hine), the change of the &' wupie in @ frequency range (green line).
!
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Figure 5.2.20 Exampie of Tyrosine amino acid dissolved in 1M HCL. The change of the

Cp sampre 10 @ frequency range (red line), the change of the €' anypte in a frequency range

(green line),
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Figure 5.2.21 Example of Leucine amino acid dissoived in 1M HCL. The change of the
: Cp wmpie in @ Trequency range (red line), the change of the &' gupie in a frequency range
(green hine).
|
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Figure 5.2.22 Example of Isoleucine amino acid dissoived in IM HCL. The change of the
Cp sample 11 2 frequency range (red line), the change ol the €' qmpe In a frequency range

(green line).
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Figure 5.2.23 Example of Phenyialanine amino acid dissolved in iM HCL. The chiange of
the Cp sample i @ frequency range (red line), the change ol the &' sepic iD 4 frequency range

(green line).
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Figure 5.2.24 Example of Aspartic acid dissolved in IM HCL. The change of the C;, sunple

in a frequency range (red line), the change of the €' upie in 2 frequency range (green line).
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Figure 5.2.25 Example of IM HCL. The change of the C, qanyic In a frequency range (red

line), the change of the &' gmpie 11 @ frequency range (green line).
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Identification of the RRM characteristic frequencies using the new measured dielectric

constant of amino acids parameter

As we mentioned above after completing the experimental measurements of capacitance

SRS}

ped

and conductance of prepared amino acid solutions, we have calculated then the

i
ERgt

e S &

experimental values of new parameters: dielectric constant (€') and dielectric loss (tan 8)

for each particular amino acid sample as follows:

A st N
Tt R T

s calculation of ' of the sample

E3'sarrlpl:==C1:usan1plc:/ Co (5.2.4)

where C, capacitance of the empty cell

o calculation of €' of distilled water and £'of HCL respectively

&'water=Cpwater’ Co - (5.2.5)

e'ner=Concr/Co (5.2.6)

¢ calculation of Ac' amino acid for aqueous solutions

Ae'amino acid=E'sample = €'water (5.2.7)
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and calculation of Ac¢' amino acid for HCL solutions

R

T

De&'amino acid=€ 'sampte = E'HCL (5.2.8)

LS I

e calculation of tan & of the sample

tan 8=(Ggample/ (1))/ Cpsgmp]c (5 .2 .9)

where o is an angular frequency, o=2n
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The calculations of correlation coefficients were carried out as well to find out how

significantly the EIIP and obtained new parameter values z:e correlated. The EIIP,

A i
AR R

dielectric constant and dielectric loss parameter values and their correlation coefficient are

presented in Table 5.2.3.

The RRM was employed here for the structure/function analysis (determination of the
characteristic profiles) of the proteins studied. Sequences from different functional groups:

Glucagon, Lysozyme, FGF, Cytochrome C and EGF were investigated and results
compared using the EIIP, A€'amino acio and tan & parameters. To determine the characteristic

frequencies of analyzed proteins a multiple cross-spectral analysis was performed for each

i protein group using the selected parameter values.
' Table 5.2.3 EIIP and &' Parameters and their Correlation Coefficient.

Ami.no EHP B¢’ 4mino 2ad tan & sumpte

4 Acid

L 0.0000 0.4209 21.861
b I 0.0000 0.1266 23.748
N 0.0036 0.1650 10.290
G 0.0050 0.1085 13.755
: V 0.0057 0.0804 14.836
E 0.0058 0.7251 20.555
P 0.0198 0.0561 21.065
H 0.0242 0.2131 7.881
| K 0.0371 0.3249 5.471
A 0.0373 0.0550 22.465
& Y 0.0516 0.1437 27.465
W 0.0548 0.0603 15.953
|k Q 0.0761 0.2034 7.869
M 0.0823 0.1406 14.446
& S 0.0829 0.0519 17.581
- C 0.0829 0.1266 16.656
E T 0.0941 0.0643 20.130
. F 0.0946 0.5735 15.142
R 0.0959 0.4351 5.831
| D 0.1263 0.6634 15.567

: Correl. Coefficient with EIIP. 0.1984 -0.1871

As a result of this analysis protein characteristic frequencies for each protein functional
group were obtained. The peak frequency and S/N values for each protein group are
shown in Table 5.2.4.
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Table 5.2.4 Peak frequency and Signal-to-Noise Ratio Values for Protein Groups

Protein ENIP Ae' amino acid tan & sample
Group

Frequency S/N Frequency S/N Frequency S/N
Glucagon 0.0879 122.7 0.3359 183.0 0.3789 205.8
Lysozyme 0.3281 238.3 0.0645 197.5 02520 | 250.6
FGF 0.4551 255.9 0.1055 147.4 0.0781 211.6
Cytochrome C 0.4746 2474 0.2773 227.3 0.0645 -195.5
EGF 0.0605 245.7 0.1230 102.4 0.4727 241.7
Myoglobin 0.2539 255.4 0.3066 253.0 0.0586 255.1

Consensus spectra for each selected protein group using the corresponding values of

comparable EIIP, A€’ ymino «cid and tan & parameters are presented in Figure 5.2.3-5.2.8.
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Figure 5.2.3 Multiple cross-spectral function of Glucagon proteins using (a) EIIP,
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Figure 5.2.4 Multiple cross-spectral function of Lysozyme proteins using (a) EIIP,

(b) Ag' sminoacia and (c) tan & parameters.
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Figure 5.2.5 Multiple cross-spectral function of FGF proteins using (a) EIIP,
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(b) A&' amino acia and (c) tan & parameters.
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Figure 5.2.6 Multiple cross-spectral function of Cytochrome C proteins using (a) EIIP,

(b) Ag’ 4mino acid and () tan & parameters.
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Figure 5.2.8 Multiple cross-spectral function of Myoglobin proteins using (a) EIIP,

(b) Ag' smine aci¢ and (c) tan 8 parameters.
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Based on results of this study it should be noted that the RRM frequencies obtained are
different for all analyzed protein groups using the EIIP, Ag' jnino acid and tan & parameters
(Table 5.2.4). This is expected, as comparable parameters are not significantly correlated.
The correlation coefficient between the EIIP and the B&' smino acia 15 0.1984 and the correlation
cocfficient between the EIP and the tan § parameters is -0.1871. However, it could be
observed from the Fig.5.2.3-5.2.6, 5.2.8 that the Ag' ymino acig and tan & parameters generate
only one prominent peak in the consensus spectra of Glucagon, Lysozyme, Hemoglobin,
Cytechrome C and Myoglobin proteins. This corresponds that all analyzed sequences within
the protein group share the same biological function (satisfaction to criteria A, page 41).
Thus, this frequency determined within the RRM denotes the specific biological function of
studied proteins. It is interesting to note that for EGF protein group we observe three
characteristics frequencies using the Ag' yine acia parameter. Accordingly to criteria C (page
41) the peak frequencies are different for different biological functions, Thus, the Ag' mino acid
parameter allows us to detect not only one but three different biological functions for EGF
proteins. Also it is impotant (Fig. 5.2.7) that among these three frequencies detected by the
Ag' mino acia parameter, one is the same as detected by the EIIP parameter. But these
frequencies have different amplitude ratios. This defference in the amplitude ratio values
explains why not the same frequencies were determined using the EIIP and A€’ amino acia

parameters,

Following the aim of the analysis of the possible use of the A€' smino acig and tan & parameters
for structure-function predictions within the RRM, we conclude that these parameters could be
suitable for the determination of characteristic profiles of studied proteins. The parameters
allow us to detect the particular RRM frequency characterized the specific biological function
of the protein studied, whilst satisfying the required RRM criteria. However, the further
analysis of other protein families as well as the "hot spots” analysis and the peptides'design
within the RRM model would be needed o prove the suitability of the dielectric constant and

loss parameters for this approach.
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CHAPTER 6

CONCLUSION AND FUTURE WORK

6.1 CONCLUSIONS

Probably the most important problem in life science and bioenginecring today is the
understanding of the relationships between the primary sequence, the higher order structure
(3-D structure) and the function of proteins. An application f the RRM approach for the
analysis of different protein families with the aim c¢f identifying the characteristic pattern
implied withiiz a protein sequence, which could be linked dirsctly to the protein's structural

and functional properties, has been investigated.

It has been previously shown that the EIIP, which is a basic pirameter in the RRM model,
presents a unique amino acid property that can be used for the analysis of different unrelated
protein families. Although the EIIP was successfully nsed in our previous research there was
many criticism against the artificial nature of this parameter as the EIIP *was niathematically

caiculated using the following approximations:

Therefore, one the main aims of this study was the selection of the parameters representing
different amino acid properties that are most suilabie to reprisent the common biological
behavior of the proteins studied and as well suitable for tlie use within the RRM approach
instead of the EIIP or to understand and explain the physical meaiing of the EIIP using related

measurable amino acid properties.

The common procedure used for the selection of the amino acid parameters in the RRM

involves two steps analysis:

1. The parameter generates in the consensus spectrum one dominant peak corresponding to a

common biological activity of the studied proteins.

2. This obtained RRM characteristic frequency is 1eiated {o the biological function provided

the following criteria are met:
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A: One peak only exists for a group of protein sequences sharing the same biological
function

B: No significant peak exists for biologically unrelated protein sequences

C: Peak frequencies are different for different biological functions

General conclusions are now drawn accordingly to the charactenistics of the resuits achieved

in previous chapters:

+The IC parameter has been used in the RRM for the determination of the
characteristic frequencies corresponding to the common biological activity of the
following protein groups: glucagons, lysozymes, hemoglobins, cytochromes C, EGFs,
FGFs, TNFs, TGFs, PDGs, TNFs, interleukins, myoglobins, viral oncogenes, proto-
oncogenes, oncogenes, p53s, cysteine proteases, metallo-proteases, serine proteases,
aspartic proteases, trypsins, protease inhibitors and AIDS related proteins.
Comparable analysis of the characteristic frequencies obtained using the EIIP and IC
parameter was performed as well. Results obtained reveal the suitability of the IC

parameter to identify the biological profiles of the studied proteins.

¢ Amino acid parameters: P001- o-CH chemical shifts, H085-Localized electrical
effect, H371- Normalized frequency of chain reversal D and A- helix coil equilibrium
constant have been chosen from the existing Amino Acid Index Database. These
selected amino acid properties and their different linear combinations have been
investigated within the RRM. As a result RRM characteristic frequencies were
obtained for the following proteins: Cytochrome C, Lysozyme, Hemoglobin,
Glucagon, TNF, EGF, FGF, Interleukin and Myoglobin. All mentioned above
parameters are suitable for the use in structure-function analysis of proteins within the
RRM as far as they generate one prominent peak in the consensus spectrum
corresponding to the common biological behavior of sequences analyzed and satisfy

the RRM criteria. Furthermore, the new computational parameter ICEE is introduced
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and recommended for the use in further RRM analysis for the active sites predictions

and the identification of the "hot spots".

¢ The Dielectric constant (') and Dielectric loss (tan §) parameters have been tested
for its possible use in the RRM. These parameters are based on the values of
capacitance and conductance obtained experimentally for 20 amino acids using the
dielectric spectroscopy method. Results obtained satisfy the RRM criteria. This
satisfaction allows us to conclude that the introduced parameters are suitable for the

use in the RRM analysis.

¢Finally, the main conclusion is that the results of the whole study could be
considered as a great support for the EIIP parameter. Although the EIIP is a
rﬁathernatically calculated parameter, the physical nature of the EIIP, distribution of
the energy of free electrons transfered along the protein, is very similar to the physical
nature of the parameters selected from the Amino Acid Index Database, which values
were experimentally measured by other authors. All investigated IC, P001, HO835,
H371 and ICEE parameters are strongly correlated with the EIIP. They describe the
various amino acid properties related to the process of the charge moving through the
protein backbone. Thus, the main concept of the RRM approach, based on the
assumption that interactions between biomolecules are electromagnetic in nature, has
been confirmed. As very similar results were obtained using the EIIP and ICEE
(ICEE=IC-EE) parameteres, it leads us to the conclusion that the physical basis of the
EIIP parameter is related to both the Ionization Constant (1C) and Localized electrical
effect (EE=HO085) parameters. This means that the EIIP's nature is relevant to the

amino acid equilibrium and the localized electrical effect.

With the knowledge of the RRM characteristic frequencies for particular functions, it is
possible to predict the protein's active site(s), functional mutations and even to design

bioactive peptides with the desired biological functions.
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6.2 LIMITATIONS OF THE STUDY

The comparable analysis of the use of various amino acids properties for structure/function

P

predictions of biological profiles of different proteins within the RRM presented in this study

is the subject to the following limitation:

o The measurements of experimental values of capacitance and conductance of amino acid
solutions have been undertaken using two different solvents distilled water and HCL for
the preparation of analyzed soluticns. It is recommended for future work to design the
measurements using the same solvent environment for ali 20 analyzed amino acids, for
instance we can use HCL or prepare less concentrated aqueous solutions of analyzed
amino acids (<0.5M).

¢ Though extensive protein examples have been chosen to develop the protein functionality
classification scheme, based on the assigning to each amino acid the proper amino acid
physical property value, the examples are still far from exhaustive. The inclusion of all
protein functional groups would rise the computation load dramatically and would be far
beyond the author's capabiiity. However, partial examples would adversely affect the

confidence rate and make the scheme difficult to become fully functioning.

As it was mentioned above the possibilities of the RRM are: (1) to define a particular function
of a protein, based on the characteristics frequency obtained; (2) to predict functionally
important amino acids within the protein sequence and thus to propose effective mutations; (3)
to analyze and predict the possibility of macromolecular interactions; (4) to design sequences

with desired spectral and, sequentially, functional characteristics {6].

This study has investigated the application of new parameters suitable for the protein

[ ]

analysis within the first step of the whole RRM approach. This step (1) is the
identification of the RRM characteristic frequency. Thus, the study is not covered the

steps (2) - (4) of the RRM analysis, which are the predictions of the amino acid active

: _I b
3
k.

5
I
1)
i
3
b

sites, interactions and peptide design, based on the new parameters proposing for the use
instead of the EIIP.
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e No attempt has been taken to design the biophysical test to confirm predicted RRM
characteristics of the studied proteins with frequency characteristics obtained

experimentally for certain light-induced biomolecules.
6.3 FUTURE WORK

Following the preliminary gains made through this study, particularly the finding of the
optimal physicochemical aniino acid parameters, and based on the limitations of this research,
there are several other steps that could be undertaken to facilitate and refine the work done.
Particularly, after assigning the new parameter value to each amino acid in the protein

sequence we should perform such research:

1) "Hot Spots" analysis of identifications of essential amino acids corresponding to the
10t op y

biological function of the protein sequence;

2) Analysis and predictions of the possibility of the interactions between proteins and its

targets,
3) Design of the new peptides based on the predicted characteristic frequency;
4) Comparable analysis of the 3-D structures of the studied protein and designed peptide.

As a result of this project an improved RRM model is proposed. The conceptis presented in
this model lead to a completely new perspective on life processes at the molecular level. This
is a step forwards to better understanding of the physical nature of biomolecular interactions 3
and biological processes. The RRM is capable to bring a number of practical advantages to 1

the fields of molecular biology, biotechnology and agriculture.
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List of 20 Amine Acids with the 3-letter and 1-letter Abbreviations

il e

AMINO ACID 3-letter 1-letter
Alanine Ala A

Arginine Arg

\

- —

A e A

Asparagine Asn

Aspartic Acid Asp

Cysteine Cys
Ghatamic Acid Glu

Glutamine _ Gln

Glycine Gly
Histidine His

Isoleucine Ile

Leucine Leu

Al L= R QO | Al O 2w

Lysine Lys
Methionine Met

=

Phenylalanine Phe

Proline Pro

Serine Ser

. Threonine Thr

Tryptophan Trp

Tyrosine Tyr
Valine Val

<l =<l G| = »n = m

N
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APPENDIX C

AMINO ACID PARAMETERS AND THEIR CORRELATION COEFFICIENTS
WITH EIIP

An amino acid index is a set of 20 numerical values representing any of the different physicochemical and
biological properties of amino acids. The Amino Acid Index Database is a collection of published indices

together with the result of cluster analysis using the correlation coefficient as the distance between two
indices. This section currently contains 402 indices.

List of 402 Amino Acid Indices with the Result of Clustering
A. alpha and turn propensities |
A005 BEGF750101 Conformational parameter of inner helix (Beghin-Dirkx, 1975) ﬂ
A007 BEGF750103 Conformaticnal parameter of beta-turn (Beghin-Dirkx, 1975)
A016 BUNA790101 alpha-NH chemical shifts (Bundi-Wuthrich, 1979}

A018 BUNA790103 Spin-spin c-oupling constants 3JHalpha-NH (Bundi-Wuthrich, 1979) g
A019 BURA740101 Normalized frequency of alpha-helix (Burgess et al., 1974)

A022 CHAMBS830101 The Chou-Fasman parameter of the coil conformation {Charton-Charton, 1983)

A0(23 CHAMB30102 A parameter defined from the residuals obtained from the best correlation of the
Chou-Fasman parameter of beta-sheet (Charton-Charton, 1983)

A037 CHOP780101 Normalized frequency of beta-turn (Chou-Fasman, 1978a)

A038 CHOP780201 Normalized frequency of alpha-helix (Chou-Fasman, 1978b)

A040 CHOP780203 Normalized frequency of beta-turn (Chou-Fasman, 1978b)

A042 CHOP780205 Normalized frequency of C-terminal helix (Chou-Fasman, 1978b)

A044 CHOP780207 Normalized frequency of C-terminal non helical region (Chou-Fasman, 1978b)
A047 CHOP780210 Normalized frequency of N-terminal non b region (Chou-Fasman, 1978b})
A048 CHOP780211 Normalized frequency of C-terminal non b region (Chou-Fasman, 1978b)
A049 CHOP780212 Frequency of the 1st residue in turn {Chou-Fasman, 1978b)

A050 CHOP780213 Frequency of the 2nd residue in turn (Chou-Fasman, 1978b)

A052 CHOP780215 Frequency of the 4th residue in tum (Chou-Fasman, 1978b)

A053 CHOP780216 Normalized frequency of the 2nd and 3rd residues in turn (Chou-Fasman, 1978b) ;

A060 CRAJ730101 Normalized frequency of middle helix (Crawford et al., 1973)
A062 CRAJ730103 Normalized frequency of turn (Crawford et al., 1973)
A074 FASG760103 Optical rotation (Fasman, 1976)

A075 FASG760104 pK-N (Fasman, 1976)
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A090 FAUI880113 pK-a(RCOOHR) (Fauchere et al., 1988)

A091 FINA770101 Helix-coil equilibrium constant {Finkelstein-Ptitsyn, 1977)

A093 FINA910102 Helix initiation parameter at posision i,i+1,i+2 (Finkelstein et al., 1991)
A097 GEIM800101 a-helix indices (Geisow—Rc;berts, 1980)

A998 GEIM800102 a-helix indices for alpha-proteins (Geisow-Roberts, 1980)

A099 GEIM800103 a-helix indices for beta-proteins (Geisow-Roberts, 1980)

A100 GEIM800104 a-helix indices for alpha/beta-proteins (Geisow-Roberts, 1980)
Al104 GEIME800108 Aperiodic indices (Geisow-Roberts, 1980)

Al105 GEIMB800102 Aperiodic indices for alpha-proteins (Geisow-Roberts, 1980)

A107 GEIM800111 Aperiodic indices for alpha/beta-proteins (Geisow-Roberts, 1980)
Al119 ISOY800101 Normalized relative frequency of alpha-helix (Isogai et al., 1980)
Al21 ISQOY800103 Normalized relative frequency of bend (Isogai et al., 1980)

A122 1SOY800104 Normalized relative frequency of bend R (Isogai et al., 1980)

A124 ISOYB800106 Normalized relative frequency of helix end (Isogai et al., 1980)
A138 KANMB0010t Average relative probability of helix {Kanehisa-Tsong, 1980)
Al140 KANMBSB00103 Average relative probability of inner helix (Kanehisa-Tsong, 1980)
Al160 LEVM780101 Necrmalized frequency of alpha-helix, with weights (Levitt, 1978)
A162 LEVM780103 Normalized frequency of reverse turn, with weights (Levitt, 1978)
A163 LEVM780104 Normalized frequency of alpha-helix, unweighted (Levitt, 1978)

Al165 LEVM780106 Nommalized frequency of reverse turn, unweighted (Levitt, 1978)

Al166 LEWP710101 Frequency of occurrence in beta-bends (Lewis et al., 1971)

Al171 MAXF760101 Normalized frequency of alpha-helix (Maxfield-Scheraga, 1976)

A176 MAXF760106 Normalized frequency of a region (Maxfield-Scheraga, 1976)

Al186 NAGK730101 Normalized frequency of alpha-helix (Nagano, 1973)

Al188 NAGK730103 Normalized frequency of coil (Nagano, 1973)

A223 PALJB10101 Normalized frequency of alpha-helix from LG (Palau et al., 1981)

A224 PALJ810102 Nommalized frequency of alpha-helix from CF (Palau et al., 1981)

A227 PALJ810105 Normalized frequency of turn from LG (Palau et al., 1981)

A228 PALJ810106 Normalized frequency of turn from CF (Palau et al., 1981)

A229 PALJR10107 Normalized frequency of alpha-helix in all-alphaclass (Palau et al., 1981)
A230 PALJ810108 Normalized frequency of alpha-helix in alpha+beta class (Palau et al., 1981)

A23% PALJR10109 Normalized frequency of alpha-helix in alpha/beta class (Palau et al., 1981)
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A235 PALIS 101‘13 Normalized frequency of turn in all-alpha class (Palau et al., 1981)
A236 PALJ810114 Normalized frequency of turn in all-beta class (Palau et al., 1981)
A237 PALI810115 Normalized frequency of tum in alpha+beta class (Palau et al., 1981)
A238 PALJ810116 Normalized frequency of turn in alpha/beta class (Palau et al., 1981)
A250 PRAM900102 Relative frequency in alpha-helix (Prabhakaraﬁ, 1990)

A252 PRAM900104 Relative frequency in reverse-turn (Prabhakaran, 1990)

A256 PTIO830101 Helix-coil equilibrium constant (Ptitsyn-Finkelstein, 1983)

A258 QIAN8B0101 Weights for alpha-helix at the window position of -6 (Qian-Sejnowski, 1988)
A259 QIANS880102 Weights for alpha-helix at the window position of -5 (Qian-Sejnowski, 1988)
A260 QIANS80103 Weights for alpha-helix at the window position of -4 (Qian-Sejnowski, 1988)

A261 QIANS880104 Weights for alpha-helix at the window position of -3 (Qian-Sejnowski, 1988)

A262 QIANB80105 Weights for alpha-helix at the window position of -2 (Qian-Sejnowski, 1988)

A263 QIANBB(106 Weights for alpha-helix at the window position of -1 (Qian-Sejnowski, 1988)

r A264 QIANBB0107 Weights for alpha-helix at the window position of 0 (Qian-Sejnowski, 1988)
A265 QIANS80108 Weights for alpha-helix at the window position of 1 (Qian-Sejnowski, 1588)

A266 QIANSB0109 Weights for alpha-helix at the window position of 2 (Qian-Sejnowski, 1988)

A267 QIANSB0110 Weights for alpha-helix at the window position of 3 (Qian-Sejnowski, 1988) ]

A268 QIANSB8G111 Weights for alpha-helix at the window position of 4 (Qian-Sejnowski, 1988)

A269 QIANSB80112 Weights for alpha-helix at the window position of 5 (Qian-Sejnowski, 1988)
A270 QIANB80113 Weights for alpha-helix at the window position of 6 (Qian-Sejnowski, 1988)
A274 QIANS80117 Weights for beta-sheet at the window position of -3 (Qian-Sejnowski, 1988)
A286 QIANSS80129 Weights for coil at the window position of -4 (Qian-Sejnowski, 1988) ‘

A287 QLANS80130 Weights for coil at the window position of -3 (Qian-Sejnowski, 1988)

A288 QIANS80131 Weights for coil at the window position of -2 (Qian-Sejnowski, 1988)

A289 QLANB80132 Weights for coil at the window position of -1 (Qian-Sejnowski, 1988)
A290 QIANS80133 Weights for coil at the window position of © (Qian-Sejnowski, 1988)

A291 QIANS80134 Weights for coil at the window position of 1 (Qian-Se¢jnowski, 1988)

A292 QIANS80135 Weights for coil at the window position of 2 (Qian-Sejnowski, 1988)

A293 QIANBB0136 Weights for coil at the window position of 3 (Qian-Sejnowski, 1988}

A
vt o

A294 QIAN880137 Weights for coil at the window position of 4 (Qian-Sejnowski, 1988}
A295 QIANS80138 Weights for coil at the window position of 5 (Qian-Sejnowski, 1988)

A296 QIANS80139 Weights for coil at the window position of 6 (Qian-Sejnowski, 1988)
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A300 RACSS820104 Average relative fractional occurrence in EL(i) (Rackovsky-Scheraga, 1982)
A304 RACS820108 Average relative fractional occurrence in AR(i-1) (Rackovsky-Scheraga, 1982)
A306 RACSB20110 Average relative fractional occurrence in EL(i-1) (Rackovsky-Scheraga, 1982)

A308 RACSS820112 Average relative fractional occurrence in ER(i-1) (Rackovsky-Scheraga, 1982)

A310 RACS820114 Value of theta(i-1) (Rackovsky-Scheraga, 1982)

A328 RICI880107 Relative preference value at N4 (Richardson-Richardson, 1988)
A330 RICIBB0109 Relative preference value at Mid (Richardson-Richardson, 1988)
A331 RICI880110 Relative preference value at C5 (Richardson-Richardson, 1988)
A333 RICJ880112 Relative preference value at C3 (Richardson-Richardson, 1988)
A334 RICJ880!1i3 Relative preference value at C2 (Richardsen-Richardson, 1988)
A335 RICI880114 Relative preference value at Cl (Richardson-Richardson, 1988)
A337 RICJ880116 Relative preference value at C' (Richardson-Richardson, 1988) ;
A338 RICI880117 Relative preference value at C" (Richardson-Richardson, 1988)
A340 ROBB760101 Information measure for alpha-helix (Robson-Suzuki, 1976)

A342 ROBB760103 Information measure for middle helix (Robson-Suzuki, 1976)

A343 ROBB760104 Information measure for C-terminal helix (Robson-Suzuki, 1976) ?
{ A346 ROBB760107 Information measure for ¢xtended without H-bond (Robson-Suzuki, 1976) %
: A347 ROBB760108 Information measure for turn {Robson-Suzuki, 1976)

A348 ROBB760109 Information measure for N-terminal turn (Robson-Suzuki, 1976)

A349 ROBB760110 Information measure for middle turn (Robson-Suzuki, 1976) i

A350 ROBB760111 Information measure for C-terminal turn (Robson-Suzuki, 1976)
A351 ROBB760112 Information measure for coil (Robson-Suzuki, 1976)

A352 ROBB760113 Information measure for loop (Robson-Suzuki, 1976)

A359 SNEP66010! Principal component I (Sneath, 1966)

A362 SNEP660104 Principal component I'V (Sneath, 1966)

A363 SUEMS840101 Zimm-Bragg parameter s at 20° C (Sueki et al,, 1984)

A366 TANS770101 Normalized frequency of alpha-helix (Tanaka-Scheraga, 1977)
A367 TANS770102 Normalized frequency of isolated helix (Tanaka-Scheraga, 1977) : ‘

A369 TANS770104 Normalized frequency of chain reversal R (Tanaka-Scheraga, 1977)

A375 TANS770110 Normalized frequency of chain reversal (Tanaka-Scheraga, 1977)

A376 VASMS830101 Relative population of conformational state A (Vasquez et al., 1983)
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A391 WOLS870103 Principal property value 23 (Wold et al., 1987)
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Parameter
Amino A005 A007 A016 A018 AQ19 AQ22 A023 A037 A038 A040 A042

acid
Ala 1.00 0.37 8.249 6.50 0.486 0.71 -0.118 0.66 1.42 0.74 1,20
Arg 0.52 0.84 8.274 6.90 0.262 1.06 0.124 0.95 0.98 1.01 1.25
Asn 0.35 0.97 8.747 7.50 0.193 1.37 0.289 1.56 0.67 1.46 0.59
Asp 0.44 0.97 8.410 7.00 0.288 1.21 0.048 1.46 1.01 1.52 0.61
Cys 0.06 0.84 8.312 7.70 0.200 1.19 0.083 1.19 0.70 0.96 1.11
Gin 0.44 0.64 8.411 6.00 0.418 0.87 -0.105 0.98 1.11 0.96 1.22
Glu 0.73 0.53 8.368 7.00 0.538 0.84 -0.245 0.74 1.51 0.95 1.24
Gly 0.35 0.97 8.391 5.60 0.120 1.52 0.104 1.56 0.57 1.56 0.42
His 0.60 0.75 8.415 8.00 0.400 1.07 0.138 0.95 1.00 0.95 1.77
Ile 0.73 | 0.37 8.195 7.00 0.370 0.66 0.230 0.47 1.08 0.47 0.98
Leu 1.00 0.53 8.423 6.50 0.420 0.69 -0.052 0.59 1.21 0.50 1.13
Lys 0.60 0.75 8.408 6.50 0.402 0.99 0.032 1.01 1.16 .19 1.83
Met 1.00 0.64 8.418 0.00 0.417 0.59 -0.258 0.60 1.45 0.60 1.57
Phe | 0.60 0.53 8.228 9.40 0.318 0.71 0.015 0.60 1.13 0.66 1.10
Pro 0.06 0.97 0.000 0.00 0.208 1.61 0.000 1.52 0.57 1.56 0.00
Ser 0.35 0.84 8.380 6.50 0.200 1.34 0.225 1.43 0.77 1.43 0.96
Thr 0.44 0.75 8.236 6.90 0.272 1.08 0.166 0.96 0.83
Trp 0.73 0.97 8.094 0.00 0.462 0.76 0.158 0.96 1.08
Tyr 0.44 0.84 8.183 6.80 0.161 1.07 0.094 1.14 0.69
Val 0.82 0.37 | 8436 7.00 0.379 0.63 0.513 0.50 1.06

Correlat.

coeffic. R | -0.2310 (| 0.2819 | 0.1499 0.0296 | -0.1714 | 0.0345 | -0.1640 | 0.1399 | -0.0067

with EIIP
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Parameter
Amino A044 A047 A048 A049 A059 A052 A053 A(60 A062 A074 A075
acid -
Ala 0.52 0.67 0.74 0.060 0.076 0.058 0.64 1.33 0.60 1.80 9.69
Arg 1.24 0.89 1.05 0.070 0.106 0.085 1.05 0.79 0.79 12.5 8.99
Asn 1.64 1.86 1.13 0.161 0.083 0.091 1.56 0.72 1.42 -5.60 8.80
Asp 1.06 1.39 1.32 0.147 0.110 0.081 1.61 0.97 1.24 5.05 9.60
Cys 0.94 1.34 0.53 0.149 0.053 0.128 0.92 0.93 1.29 -16.5 8.35
Gin 0.70 1.09 0.77 0.074 0.098 0.098 0.84 1.42 0.92 6.30 9.13
Glu 0.59 0.92 0.85 0.056 0.060 0.064 0.80 1.66 0.64 12.0 9.67
Gly 1.64 1.46 1.68 0.102 0.085 0.152 1.63 0.58 1.38 0.00 9.78
His 1.86 0.78 0.96 0.140 0.047 0.054 0.77 1.49 0.95 -38.5 9.17
Ile 0.87 0.59 0.53 0.043 0.034 0.056 0.29 0.99 0.67 12.4 9.68
Leu 0.84 0.46 (.59 0.061 0.025 0.070 0.36 1.29 0.70 -11.0 9.60
Lys 1.49 1.09 0.82 0.055 0.115 0.095 1.13 1.03 1.10 14.6 9.18
Met 0.52 0.52 0.85 0.068 0.082 0.055 0.51 1.40 0.67 -10.0 9.21
Phe 1.04 0.30 0.44 0.059 0.041 0.065 0.62 1.15 1.05 -34.5 9.18
Pro 1.58 1.58 1.69 0.102 0.301 0.068 2.04 0.49 1.47 -86.2 10.64
Ser 0.93 1.41 149 | 0.120 0.139 0.106 1.52 0.83 1.26 -7.50 9.21
Thr 0.86 1.09 1.16 0.086 0.108 0.079 0.98 0.94 1.05 -28.0 9.10
Tip 0.16 0.48 1.59 0.077 0.013 0.167 0.48 1.33 1.23 - -33.7 9.44
Tyr 0.96 1.23 1.01 0.082 0.065 0.125 1.08 0.49 1.35 -10.0 9.11
Val 0.32 0.42 0.59 0.062 0.048 0.053 0.43 0.96 0.48 5.63 9.62
Correlat.
coeffic. R | -0.1578 | 0.0404 | 0.0637 0.1973 0.1089 0.1294 0.1253 | -0.0012 0.1887 | -0.0192 | -0.4190
with EITP
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Parameter

Amino A090 A091 A093 A097 A098 A099 Al100 Al104 A105 A107 All19
acid
Ala 4.76 1.08 1.00 1.29 1.13 1.55 1.19 0.91 0.80 0.93 1.53
Arg 4.30 1.05 0.70 1.00 1.09 0.20 1.00 1.00 0.96 1.01 1.17
Asn 3.64 0.85 1.00 0.81 1.06 1.20 0.94 1.64 1.10 1.36 0.60
Asp 5.69 0.85 1.70 1.10 0.94 1.55 1.07 1.40 1.60 1.22 1.00
Cys 3.67 0.95 1.00 0.79 1.32 1.44 0.95 0.93 0.00 0.92 0.89
Gln 4.54 0.95 1.00 1.07 0.93 1.13 1.32 0.94 1.60 0.83 1.27
Glu 5.48 1.15 1.70 1.49 1.20 1.67 1.64 0.97 0.40 1.05 1.63
Gly 3.77 0.55 1.30 0.63 0.83 0.59 0.60 1.51 2.00 1.45 0.44
His 2.84 1.00 1.00 1.33 1.09 1.21 1.03 0.90 0.96 0.96 1.03
Ile 481 1.05 1.00 1.05 1.05 1.27 1.12 0.65 0.85 0.58 1.07
Leu 4.79 1.25 1.00 1.31 1.13 1.25 1.18 0.59 0.80 0.59 1.32
Lys 4.27 1.15 0.70 1.33 1.08 1.20 1.27 0.82 0.94 0.91 1.26
Met 4.25 1.15 1.00 1.54 1.23 1.37 1.49 0.58 0.39 0.60 1.66
Phe 431 1.10 1.00 1.13 1.01 0.40 1.02 0.72 1.20 0.71 1.22
Pro 0.00 0.71 13.0 0.63 0.82 0.21 0.68 1.66 2.10 1.67 0.25
Ser 3.83 0.75 1.00 - 0.78 1.01 1.01 0.81 1.23 1.30 1.25 0.65
Thr 3.87 0.75 1.00 0.77 1.17 (.55 0.85 1.04 0.60 1.08 0.86
Trp 4.75 1.10 1.00 1.18 1.32 1.86 1.18 0.67 0.00 0.68 1.05
Tyr 4.30 1.10 1.00 07l 0.88 1.08 0.77 0.92 1.80 0.98 0.70
Val 4.86 0.95 1.00 0.81 1.13 0.64 0.74 0.60 0.80 0.62 0.93
Correlat.
coeffic. R | 0.1609 | -0.060 | -0.1708 | -0.0069 0.0769 | -0.0736 | 0.0453 | -0.6061 | -0.0457 | -0.0175 0.1256
with EIIP
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Parameter

Al138

Amino Al21 Al122 Al24 Al40 Al60 Al62 Al63 Al165 Al66 Al71
acid
Ala 0.78 1.09 1.09 1.36 1.45 1.29 0.77 1.32 0.79 0.22 1.43
Arg 1.06 0.97 1.07 1.00 1.15 0.96 0.88 0.98 0.90 0.28 1.18
Asn 1.56 1.14 0.88 0.89 0.64 0.90 1.28 0.95 1.25 0.42 0.64
Asp 1.50 0.77 1.24 1.04 0.91 1.04 1.41 1.03 1.47 0.73 0.92
Cys 0.60 0.50 1.04 0.82 0.70 1.11 0.81 0.92 0.79 0.20 0.94
Gln 0.78 0.83 1.09 1.14 1.14 1.27 0.98 1.10 0.92 0.26 1.22
Glu 0.97 0.93 1.14 1.48 1.29 1.44 0.99 1.44
Gly 1.73 1.25 0.27 0.63 0.53 0.56 1.64 0.61
His 0.83 0.67 1.07 1.11 1.13 1.22 0.68 1.31
Ile 0.40 0.66 0.97 1.08 1.23 0.97 0.51 0.93
Leu 0.57 0.44 1.30 1.2t 1.56 1.30 0.58 1.31
Lys 1.01 1.25 1.20 1.22 1.27 1.23 0.96 1.25
Met 0.30 0.45 0.55 1.45 1.83 1.47 0.41 1.39
Phe 0.67 0.50 0.80 1.05 1.20 1.07 0.59 1.02
Pro 1.55 2.96 1.78 0.52 0.21 0.52 1.91 0.58
Ser 1.19 1.21 1.20 0.74 0.48 0.82 1.32 0.76
Thr 1.09 1.33 0.99 0.81 0.77 0.82 1.04 0.79
Trp 0.74 0.62 1.03 0.97 1.17 (.99 0.76 0.97
Tyr 1.14 0.94 0.69 0.79 0.74 0.72 1.05 0.73
Val 0.44 0.56 0.77 0.94 1.10 0.91 0.47 0.93
Correlat.
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coeffic. R | 0.0064 | -0.1564 | 0.0318 | -0.0339 | -0.0145 | 0.0691 0.0123 | -0.0702 | 0.0520 0.3536 0.0437

with EIIP I
Parameter
Amino Al76 Al86 Al188 A223 A224 A227 A228 A229 A230 A231 A235

acid

Ala 1.00 1.29 0.72 1.30 1.32 0.84 0.65 1.08 1.34 1.15 0.69
Arg 1.18 0.83 1.33 0.93 1.04 091 0.93 0.93 0.91 1.06 0.00
Asn 0.87 0.77 1.38 0.90 0.74 1.48 1.45 1.05 0.83 0.87 1.52
Asp 1.39 1.00 1.04 1.02 0.97 1.28 1.47 0.86 1.06 1.00 2.42
Cys 1.09 0.94 1.01 0.92 0.70 0.69 1.43 1.22 1.27 1.03 0.00
Gln 1.13 1.10 0.81 1.04 1.25 1.00 0.94 0.95 1.13 1.43 1.44
Gl 1.04 1.54 0.75 - 1.43 1.48 0.78 0.75 1.09 1.69 1.37 0.63
Gly 0.46 0.72 1.35 0.63 0.59 1.76 1.53 0.85 0.47 0.64

His 0.71 1.29 0.76 1.33 1.06 0.53 0.96 1.02 1.11 0.95

e 0.68 0.94 0.80 0.87 1.01 0.55 0.57 0.98 0.84 0.99

Leu 1.01 1.23 0.63 1.30 1.22 0.49 0.56 1.04 1.39 1.22

Lys 1.05 1.23 0.84 1.23 1.13 0.95 0.95 1.01 1.08 1.20

Met 0.36 1.23 0.62 1.32 1.47 0.52 0.71 1.11 0.90 1.45

Phe 0.65 1.23 0.58 1.09 1.10 0.88 0.72 0.96 1.02 0.92

Pro 1.95 0.70 1.43 0.63 0.57 1.47 1.51 0.91 0.48 0.72

Ser 1.56 0.78 1.34 0.78 0.77 1.29 1.46 0.95 1.05 0.84

Thr 1.23 0.87 1.03 0.80 (.86 1.05 0.96 1.15 0.74 0.97

Trp 1.10 1.06 0.87 1.03 1.02 (.88 0.90 1.17 0.64 1.11

Tyr 0.87 0.63 1.35 0.71 0.72 1.28 1.12 0.80 0.73 0.72

E. Pirogova

BioElectronics Group, Department of Electrical and Computer Systems Engineering




S Ene s R VIS TR e e Lt
AL N s T e R RS O K

Val 0.58 0.97 0.83 0.95 1.05 0.51 0.55 1.03 1.:8 0.82 0.14

Correlat.

coeffic. R | 0.2688 | -0.0814 { 0.0317 { -0.0710 0.0151 0.0725 0.2132 | -0.0164 | -0.0532 0.1615 0.1771

with EIIP

Parameter
Amino A236 A237 A238 A250 A252 A256 A258 A259 A260 A261 A262
acid
Ala 0.87 0.91 0.92 1.29 0.78 1.10 0.12 0.26 0.64 0.29 0.68
Arg 1.30 0.77 0.90 0.96 0.88 0.95 0.04 -0.14 -0.10 -0.03 -0.22
Asn 1.36 1.32 1.57 0.90 1.28 0.80 -0.10 -0.03 0.09 -0.04 -G.09
Asp 1.24 0.90 1.22 1.04 1.41 0.65 0.01 0.15 0.33 0.11 -0.02
Cys 0.83 0.50 0.62 1.11 0.80 0.95 -0.25 -0.15 0.03 -0.05 -0.15
Gln 1.06 1.06 0.66 1.27 0.97 1.00 -0.03 -0.13 -0.23 0.26 -0.15
Glu 091 0.53 0.92 .44 1.00 1.00 -0.02 0.21 0.51 - 0.28 0.44
Gly 1.69 1.61 1.61 0.56 1.64 0.60 -0.02 -0.37 -0.09 -0.67 -0.73
His 0.91 1.08 0.39 1.22 0.69 0.85 -0.06 0.10 -0.23 -0.26 -0.14
Ile 0.27 0.36 0.79 0.97 0.51 1.10 -0.07 -0.03 -0.22 0.00 -0.08

Leu 0.67 0.77 0.50 1.30 0.59 1.25 0.05 -0.02 0.41 0.47 0.61
Lys 0.66 1.27 0.86 1.23 1 0.96 1.00 0.26 0.12 -0.17 -0.19 0.03
Met 0.00 0.76 0.50 1.47 0.39 1.15 0.00 0.00 0.13 0.27 0.39
Phe 0.47 0.37 0.96 1.07 0.58 1.10 0.05 0.12 -0.03 0.24 0.06
Pro 1.54 1.62 1.30 0.52 1.91 0.10 -0.19 -0.08 -0.43 -0.34 -0.76
Ser 1.08 - 1.34 1.40 0.82 1.33 0.75 -0.19 0.01 -0.10 -0.17 -0.26
Thr 1.12 0.87 I.11 0.82 1.03 0.75 -0.04 -0.34 -0.07 -0.20 -0.10
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Correlat.

coeffic. R | -0.0188 | -0.1493 | 0.0189 0.0067 0.0019 0.6004 | -0.0254 | -0.0638 | -0.0339 | 0.1408 | -0.0506
with EIIP
Parameter
Amino A263 A264 A265 A266 A267 A268 A269 A270 A274 A286 A287
acid
Ala 0.34 0.57 0.33 0.13 0.31 0.21 0.18 -0.08 -0.14 -0.43 -0.19
Arg 0.22 0.23 0.10 0.08 0.18 0.07 0.21 0.05 0.14 0.06 -0.07
Asn -0.33 -0.36 -0.19 -0.07 -0.10 -0.04 -0.03 -0.08 -0.27 0.00 0.17
Asp 0.06 -0.46 -0.44 -0.71 -0.81 -0.58 -0.32 -0.24 -0.10 -0.31 -0.27
Cys -0.18 -0.15 -0.03. -0.09 -0.26 -0.12 -0.29 -0.25 -0.64 0.19 0.42
Glin 0.01 0.15 0.19 0.12 0.41 0.13 -0.27 -0.28 -0.11 0.14 -0.29
Glu 0.20 0.26 0.21 0.13 -0.06 -0,23 -0.25 -0.19 -0.39 -0.41 -0.22
Gly -0.88 -0.71 -0.46 -0.39 -0.42 -0.15 -0.40 -0.10 0.46 -0.21 0.17
His -0.09 -0.05 0.27 0.32 0.51 0.37 0.28 0.29 -0.04 0.21 0.17
Ile -0.03 0.00 -0.33 0.00 -0.15 0.31 -0.03 -0.01 0.16 0.29 -0.34
Leun 0.20 0.48 0.57 0.50 0.56 0.70 0.62 0.28 -0.57 -0.10 -0.22
Lys -0.11 0.16 0.23 0.37 0.47 0.28 0.41 0.45 0.04 0.33 0.00
Met 0.43 0.41 0.79 0.63 0.58 0.61 0.21 0.11 0.24 -0.01 -0.53
Phe 0.18 0.03 0.48 0.15 0.10 -0.06 0.05 0.00 0.08 0.25 -0.31
Pro -0.81 -1.12 -1.86 -14 -1.33 -1.03 -0.84 -0.42 0.02 0.28 0.14
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Ser -0.35 -0.47 -0.23 -0.28 -0.49 -0.28 -0.05 0.07 -0.12 -0.23 0.22
Thr -0.37 -0.54 -0.33 -0.21 -0.44 -0.25 -0.16 -0.33 0.00 -0.26 0.10
Trp 0.07 -0.10 0.15 0.02 0.14 0.21 0.32 0.36 -0.10 0.15 -0.15
Tyr -0.31 -0.35 -0.19 -0.10 -0.08 0.16 0.11 0.00 0.18 0.09 -(0.02
Val 0.13 0.31 0.24 0.17 -0.01 0.00 0.06 -0.13 0.29 -0.10 -0.33
Correlat. :
coeffic. R | 0.2097 | -0.0833 | 0.0934 | -0.0954 | -0.1093 0.1986 | -0.0816 | -0.1646 | -0.0020 | -0.0466 | -0.0457
with EIIP |
Parameter
Amino A288 A289 A290 A291 A292 A293 A294 A295 A296 A300 A304
acid
Ala -0.25 -0.27 -0.42 -0.24 -0.14 0.01 -0.30 -0.23 0.08 0.78 1.48
Arg 0.12 -0.40 -0.23 -0.04 0.21 -0.13 -0.09 -0.20 -0.01 1.75 1.02
Asn 0.61 0.71 0.81 0.45 0.35 -0.11 -0.12 0.06 -0.06 . 1.32 0.99
Asp 0.60 0.54 0.95 0.65 0.65 0.78 0.44 0.34 0.04 1.25 1.19
Cys 0.18 0.00 -0.18 -0.38 -0.09 -0.31 0.03 0.19 0.37 3.14 0.86
Glin 0.09 -0.08 -0.01 0.01 0.11 -0.13 0.24 0.47 0.48 0.93 1.42
Glu -0.12 -0.12 -0.09 0.07 0.06 0.09 0.18 0.28 0.36 0.94 1.43
Gly 0.09 1.14 1.24 0.85 0.36 0.14 -0.12 0.14 -0.02 1.13 0.46
His 0.42 0.18 0.05 -0.21 -0.31 -0.56 -0.20 -0.22 -0.45 1.03 1.27
Ile -0.54 -0.74 -1.17 -0.65 -0.50 -0.09 -0.07 0.42 0.09 1.26 1.12
Leu -0.55 -0.54 -0.69 -0.80 -0.80 -0.81 -0.18 -0.36 0.24 0.91 1.33
Lys 0.14 0.45 0.09 0.17 -0.14 -0.43 0.06 -0.15 -0.27 0.85 1.36
Met -0.47 -0.76 -0.86 -0.71 -0.56 -0.49 -0.44 -0.19 0.16 0.41 1.41
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Phe -0.29 -0.47 -0.39 -0.61 -0.25 -0.20 011 -0.02 0.34 1.07 1.30
Pro 0.89 1.40 1.77 2.27 1.59 1.14 0.77 0.78 0.16 1.73 0.25
Ser 0.24 0.40 (.63 0.33 0.32 0.13 -0.09 -0.29 -0.35 1.31 0.89
Thr 0.16 -0.10 0.29 0.13 0.21 -0.02 -0.27 -0.30 -0.04 1.57 0.81
Trp -0.44 -0.46 -0.37 -0.44 -0.17 -0.20 -0.09 -0.18 -0.06 0.98 1.27
Tyr -0.19 -0.05 -0.41 -0.49 -0.35 0.10 -0.25 0.07 -0.20 1.31 - 0.91
Val -0.45 -0.86 -1.32 -0.99 -0.70 -0.11 -0.06 0.29 0.18 1.11 0.93
Correlat.
coeffic. R | 0.1742 | -0.0938 | 0.0878 | -0.0173 0.1783 0.1419 0.0683 -0.1877 { 0.0387 0.2400 0.1209
with EIIP
Parameter
Amino A306 A308 A310 A328 A330 A331 A333 A334 A335 A337 A338
acid
Ala 1.02 0.99 14.53 1.10 1.80 1.80 0.70 1.40 1.10 1.00 0.70
Arg 1.00 1.19 17.82 1.50 1.30 1.00 0.80 2.10 1.00 1.40 1.10
Asn 1.31 1.15 13.59 0.00 0.90 0.60 (.30 0.50 1.20 0.90 1.50
Asp 1.76 1.18 19.78 0.30 1.00 0.70 0.60 0.70 0.40 1.40 1.40
Cys 1.05 2.32 30.57 1.10 0.70 0.00 0.20 1.20 1.60 0.80 0.40
Gin 1.05 1.52 22.18 1.30 1.30 1.00 1.30 1.60 2.10 1.40 1.10
Glu 0.83 1.36 18.19 0.50 0.80 1.10 1.60 1.70 0.80 0.80 0.70
Gly 2.39 .40 37.16 0.40 Q.50 0.50 0.10 0.20 0.20 1.20 0.60
His 0.40 1.06 22.63 1.50 1.00 2.40 1.10 1.80 3.40 1.20 1.00
lle 0.83 0.81 20.28 1.10 1.20 1.30 1.40 0.40 0.7 1.10 0.07
Leu 1.06 1.26 14.30 2.60 1.20 1.20 1.90 0.80 0.70 0.90 0.50
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Lys 0.94 0.91 14.07 0.80 1.10 1.40 2.20 1.90 2.00 1.20 1.30
Met 1.33 1.00 20.61 1.70 1.50 2.70 1.00 1.30 1.00 0.80 0.00
Phe 0.41 1.25 19.61 1.90 1.30 1.90 1.80 0.30 0.70 0.10 1.20
Pro 2.73 0.00 52.63 0.10 0.30 0.30 0.00 0.20 0.00 1.90 1.50
Ser 1.18 1.50 18.56 0.40 0.60 0.50 0.60 1.60 1.70 0.70 0.90
Thr 0.77 1.18 21.09 0.50 1.00 1.50 0.70 0.90 1.00 0.80 2.10
Trp 1.22 1.33 19.78 3.10 1.50 1.10 0.40 0.40 0.00 0.40 2.70
Tyr 1.09 1.09 26.36 0.60 0.80 1.30 1.10 0.30 1.20 0.90 0.50
Val 0.88 1.01 21.87 1.50 1.20 0.40 1.30 0.70 0.70 0.60 1.00

Correlat.

coeffic. R | -0.1138 | 0.3280 | -0.1105 | 0.0272 0.1707 0.0211 -0.1965 | 0.1887 0.0691 | -0.0946 | 0.1725

with EIIP

Parameter
Amino A340 A342 A343 A346 A347 A348 A349 A350 A3sl A3S2 A359

acid
Ala 6.5 6.7 23 0.0 -5.0 -3.3 -4.7 -3.7 -2.5 -5.1 0.239
Arg -0.9 0.3 1.4 1.1 2.1 0.0 2.0 1.0 -1.2 2.6 0.211
Asn -5.1 -6.1 -3.3 -2.0 4.2 54 3.9 -0.6 4.6 47 0.249
Asp 0.5 -3.1 -4.4 -2.6 3.1 3.9 1.9 -0.6 0.0 3.1 0.171
Cys -1.3 -4.9 6.1 54 4.4 -0.3 6.2 4.0 -4.7 3.8 0.22
Gin 1.0 0.6 2.7 2.4 0.4 -0.4 -2.0 34 -0.5 0.2 0.26
Glu 77.8 2.2 2.5 3.1 -4.7 -1.8 -4.2 -4.3 -4.4 -5.2 0.187
Gly -8.6 -6.8 -8.3 -3.4 5.7 -1.2 5.7 5.9 4.9 5.6 0.16
His 1.2 -1.0 5.9 0.8 -0.3 3.0 -2.6 -0.8 1.6 -0.9 0.205
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Ile 0.6 3.2 -0.5 -0.1 -4.6 -0.5 7.0 -0.5 -3.3 -4.5 0.273 4
Leu 3.2 5.5 0.1 -3.7 -5.6 -2.3 ~-6.2 2.8 -2.0 5.4 0.281
Lys 2.3 0.5 7.3 -3.1 1.0 -1.2 2.8 1.3 -0.8 1.0 0.228
Met 5.3 7.2 3.5 2.1 -4.8 -4.3 -4.8 -1.6 -4.1 -5.3 0.253
Phe 1.6 2.8 16 0.7 -1.8 0.8 -3.7 1.6 -4.1 -2.4 0.234
Pro -7.7 -22.8 - 44 7.4 2.6 6.5 3.6 -6.0 5.8 3.5 0.165
Ser -3.9 -3.0 -1.9 1.3 2.6 1.8 2.1 5 2.5 3.2 0.236
Thr -2.6 -4.0 3.7 0.0 0.3 -0.7 0.6 1.2 1.7 0.0 0.213
Tip 1.2 4.0 -0.9 -3.4 34 -0.8 33 6.5 1.2 2.9 0.183
Tyr -4.5 -4.6 -0.6 438 2.9 3.1 3.8 1.3 ~0.6 3.2 0.193
Val 1.4 2.5 2.3 2.7 -6.0 -3.5 -6.2 -4.6 -3.5 -6.3 0.255
Correlat.
coeffic. R | 0.0278 | 0.0540 0.1422 0.0306 0.3012 0.0757 0.2553 0.3610 | -0.1534 | 0.2732 | -0.1501
with EITP
Parameter
Amino A362 A363 A3606 A367 A369 A375 A376 A391
acid
Ala -0.062 1.071 1.42 0.946 1.194 0.842 0.135 0.09
Arg -0.167 1.033 1.06 1.128 0.795 0.936 0.296 -3.44
Asn 0.166 0.784 0.71 0.432 0.659 1.352 0.196 0.84
Asp -0.079 0.68 1.01 1.311 1.056 1.366 0.289 2.36
Cys 0.38 0.922 0.73 0.481 0.678 1.032 0.159 413
Gln -0.025 0.977 1.02 1.615 1.29 0.998 0.236 -1.14
Glu -0.184 0.97 1.63 0.698 0.928 0.758 0.184 -0.07
Gly -0.017 0.591 0.5 0.36 1.015 1.349 0.051 0.3
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Val -0.212 0.95 0.99 0.409 0.64 0.643 0.285 -1.29
Correlat.
coeffic. R | 0.4555 | -0.0036 | -0.1134 | 0.0679 |.-0.0150 | 0.2250 0.0315 0.1092
with EIIP
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B020
3028
B39
B045S
B046
B061
B101
B102
B103
B106
B120
B139
B141
Bi61
B164
B167
B168
B169
B172
B187
B218
B221
B225
B226
B232
B234
B251
B257
B275

B276

B. beta propensity

BURA740102 Normalized frequency of extended structure (Burgess et al., 1974)
CHAMS830107 A parameter of charge transfer capability (Charton-Charton, 1983)
CHOP780202 Normalized frequency of beta-sheet (Chou-Fasman, 1978b)

CHOP780208 Nommalized frequency of N-terminal beta-sheet (Chou-Fasman, 1978b)
CHOP780209 Normalized frequency of C-terminal beta-sheet (Chou-Fasman, 1978b)
CRAIJ730102 Nommalized frequency of beta-sheet (Crawford et al., 1973)

GEIMS800105 beta-strand indices (Geisow-Roberts, 1980)

GEIM3800106 beta-strand indices for beta-proteins (Geisow-Raoberts, 1980)

GEIMB00107 beta-strand indices for alpha/beta-proteins (Geisow-Roberts, 1980)
GEIM800110 Aperiodic indices for beta-proteins (Geisow-Roberts, 1980)

]SOY800}02 Normalized relative frequency of extended structure (Isogai et al., 1980)
KANMB00102 Average relative probability of beta-sheet (Kanehisa-Tsong, 1980)
KANMS00104 Average relative probability of inner beta-sheet (Kanehisa-Tsong, 1980)
LEVM780102 Normalized frequency of beta-sheet, with weights (Levitt, 1978)
LEVM780105 Normalized frequency of beta-sheet, unweighted (Levitt, 1978)
LIFS790101 Conformational preference for all beta-strands (Lifson-Sander, 1979)
LIFS790102 Conformational preference for paralle} beta-strands (Lifson-Sander, 1979)
LIFS790103 Conformational preference for antiparallel beta-strands (Lifson-Sander, 1979)
MAXF760102 Normalized frequency of extended structure (Maxfield-Scheraga, 1976)
NAGK730102 Normalized frequency of beta-structure (Nagano, 1973)

OOBMS850101 Optimized beta-structure-coil equilibrium constant (Oobatake et al., 1985)
OOBMB850104 Optimized average non-bonded eneigy per atom (Oobatake et al., 1985)
PALJ810103 Normalized frequency of beta-sheet from LG (Palau et al., 1981)
PALJ810104 Normalized frequency of beta-sheet from CF (Palau et al., 1981}
PALI810110 Normalized frequency of beta-sheet in all-beta class (Palau et al., 1981)
PALJ810112 Normalized frequency of beta-sheet in alpha/beta class (Palau et al,, 1981)
PRAM900103 Relative frequency in beta-sheet (Prabhakaran, 1990}

PTIO830102 beta-coil equilibrium constant (Ptitsyn-Finkelstein, 1983)

QIANS80118 Weights for beta-sheet at the window position of -2 (Qian-Sejnowski, 1988)

QIANS80119 Weights for beta-sheet at the window position of -1 (Qian-Sejnowski, 1988)
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B277 QIANS880120 Weights for beta-sheet at the windﬁw position of 0 (Qian-Sejnowski, 1988)
B278 QIAN880121 Weights for beta-sheet at the window position of 1 (Qian-Sejnowski, 1988)
B279 QIANS880122 Weights for beta-sheet at the window position of 2 (Qian-Sejnowski, 1988)
B307 RACS820111 Average relative fractional occurrence in E0(i-1) (Rackovsky-Scheraga, 1982)
B344 ROBB760105 Information measure for extended (Robson-Suzuki, 1976)

B34S ROBB760106 Information measure for pleated-sheet (Robson-Suzuki, 1976)

B368 TANS770103 Normalized frequency of extended structure (Tanaka-Scheraga, 1977)
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Parameter

Amino | B020 | B028 B039 B045 B046 B061 B101 B102 B103 B106 B120
acid
Ala 0.288 0 083 | %6 0.75 1.00 0.84 0.86 0.91 1.10 0.86
Arg 0.362 0 293 | ol 0.90 0.74 1.04 1.15 0.99 0.93 0.98
Asn 0.229 1 0.89 5450 1.21 0.75 0.66 0.60 0.72 1.57 0.74
Asp 0.271 1 0.54 0.38 0.85 0.89 0.59 0.66 0.74 1.41 0.69
Cys 0.533 0 1.19 0.87 1.11 0.99 1.27 0.91 1.12 1.05 1.39
Gin 0.327 0 1.10 1.65 0.65 0.87 1.02 111 0.90 0.81 0.89
Glu 0.262 1 .37 1 0.35 0.55 0.37 0.57 0.37 0.41 1.40 0.66.
Gly 0.312 1 a7s 1 0.63 0.74 0.56 0.94 0.86 0.91 1.30 0.70
His 0.260 0 087 1054 0.90 0.36 0.81 1.07 1.01 0.85 1.06
Ile 0.411 0 toy | 1.94 1.35 1.75° 1.29 1.17 1.29 0.67 1.31
Leu 0.400 0 LM 1.30 1.27 1.53 1.10 1.28 1.23 0.52 1.01
Lys 0.265 6 0.74 1.00 0.74 1.18 0.86 1.01 0.86 0.94 0.77
Met 0.375 0 1.05 1.43 0.95 1.40 0.88 1.15 0.96 0.69 1.06
Phe 0.318 0 1.38 1.50 1.50 1.26 1.15 1.34 1.26 0.60 1.16
Pro 0.340 0 0.55 0.66 0.40 0.36 0.80 0.61 0.65 1.77 1.16
Ser 0.354 0 0.75 0.63 0.79 n.65 1.05 0.91 0.93 1.13 1.09
Thr 0.388 0 1.19 1.17 0.75 1.15 1.20 0.14 1.05 0.88 1.24
Trp 0.231 0 1.37 1.49 1.19 0.84 1.15 1.13 1.15 0.62 1.17
Tyr 0.429 0 1.47 1.07 1.96 1.41 1.39 1.37 1.21 0.41 1.28
Val 0.495 0 1.70 1.69 1.79 1.61 1.56 1.31 1.58 0.58 1.40

Correlat,

coeffic. R | 0.0860 | -0.1763 | -0.0600 | -0.0337 | -0.1064 | -0.0097 | 0.0134 | 0.1590 | -0.0157 | -0.0907 | 0.0832

with EITP _
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Parameter

Amino B139 B141 B161 B164 B167 B168 B169 B172 B187 B218 B221
acid
Ala 0.81 0.75 0.90 0.86 0.92 1.00 0.90 0.86 0.96 2.01 -2.49
Arg 0.85 0.79 0.99 0.97 0.93 0.68 1.02 0.94 0.67 0.84 2.55
Asn 0.62 0.33 0.76 0.73 0.60 0.54 0.62 0.74 0.72 0.03 2.27
Asp 0.71 0.31 0.72 0.69 0.48 0.50 0.47 0.72 0.90 -2.05 8.86
Cys 1.17 1.46 0.74 1.04 1.16 0.91 1.24 1.17 1.13 1.98 -3.13
Gin 0.98 0.75 0.80 1.00 0.95 0.28 1.18 0.89 1.18 1.02 1.79
Glu 0.53 0.46 0.75 0.66 0.61 0.59 0.62 0.62 0.33 0.93 4.04
Gly 0.88 0.83 0.92 0.89 0.61 0.79 0.56 0.97 0.90 . 0.12 -0.56
His 0.92 0.83 1.08 0.85 0.93 0.38 1.12 1.06 0.87 -0.14 4.22
lle 1.48 1.87 1.45 1.47 1.81 2.60 1.54 1.24 1.54 3.70 -10.87
Leu 1.24 1.56 1.02 1.04 1.30 1.42 1.26 0.98 1.26 2.73 -7.16
Lys 0.77 0.66 0.77 0.77 0.70 0.59 0.74 0.79 0.81 2.55 -9.97
Met 1.05 0.86 0.97 0.93 1.19 1.49 1.09 1.08 1.29 1.75 -4.96
Phe 1.20 1.37 1.32 1.21 1.25 1.30 1.23 1.16 1.37 2.68 -6.64
Pro 0.61 0.52 0.64 0.68 0.40 0.35 0.42 1.22 0.75 0.41 5.19
Ser 0.92 0.82 0.95 1.02 0.82 0.70 0.87 1.04 0.77 1.47 -1.69
Thr 1.18 1.36 1.21 1.27 1.12 v.59 1.30 1.18 1.23 2.39 -4.75
Trp 1.18 0.79 1.14 1.26 1.54 0.89 1.75 1.07 1.13 2.49 17.84
Tyr 1.23 1.08 1.25 1.31 1.53 1.08 1.68 1.25 1.07 2.23 9.25
Val 1.66 2.0 1.49 1.43 1.81 2.63 1.53 1.33 1.41 3.50 -3.97
Correlat.
coeffic. R | -0.0402 | -0.1626 | -0.1053 | 0.0210 | -0.0981 | -0.3132 { 0.0353 | -0.0032 | 0.0809 | -0.2260 | 0.1537
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Parameter
Amino B225 B226 B232 B234 B251 B257 B275 B276 B277 B278 B279
acid
Ala 0.81 0.90 0.89 0.98 0.90 1.00 -0.31 -0.10 -0.25 -0.26 0.05
Arg 1.03 0.75 1.06 1.03 0.99 0.70 0.25 0.19 -0.02 -0.09 -0.11
Asn 0.81 0.82 0.67 0.66 0.76 0.60 -0.53 -(.89 -0.77 -0.34 -0.40
Asp 0.71 0.75 0.71 0.74 0.72 0.50 -0.54 -0.89 -1.01 -0.55 -0.11
Cys 1.12 1.12 1.04 1.01 0.74 1.90 -(.06 0.13 0.13 0.47 0.36
Gin 1.03 0.95 1.06 0.63 0.80 1.00 0.07 -0.04 -0.12 -0.33 -0.67
Glu 0.59 0.44 0.72 0.59 0.75 0.70 -0.52 -0.34 -0.62 -0.75 -0.35
Gly 0.94 0.82 0.87 0.90 0.92 0.30 0.37 -0.45 -0.72 -0.56 0.14
His 0.85 0.86 1.04 1.17 1.08 0.80 -0.32 -0.34 -0.16 -0.04 0.02
Ile 1.47 1.59 1.14 1.38 1.45 4.00 0.57 0.95 1.10 - 0.94 0.47
Leu 1.03 1.24 1.02 1.05 1.02 2.00 0.09 0.32 0.23 0.25 0.32
Lys 0.77 0.75 1.00 0.83 0.77 0.70 -0.29 -0.46 -0.59 -0.55 -0.51
Met 0.96 0.94 1.41 0.82 0.97 1.90 0.29 0.43 0.32 -0.05 -0.10
Phe 1.13 1.41 1.32 1.23 1.32 3.10 0.24 0.36 0.48 0.20 0.20
Pro 0.75 0.46 0.69 0.73 0.64 0.20 -0.31 -0.91 -1.24 -1.28 -0.79
Ser 1.02 0.70 0.86 0.98 0.95 0.90 0.11 -0.12 -0.31 -0.28 0.03
Thr 1.19 1.20 1.15 1.20 1.21 1.70 0.03 0.49 0.17 0.08 -0.15
Trp 1.24 1.28 1.06 1.26 1.14 2.20 0.15 0.34 0.45 0.22 0.09
Tyr 1.35 1.45 1.35 1.23 1.25 2.80 0.29 0.42 0.77 0.53 0.34
Val 1.44 1.73 1.66 1.62 1.49 4.00 0.48 0.76 0.69 0.67 0.58
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Correlat,

coeffic. R | 0.0076 | -0.0698 | 0.1042 | -0.0859 | -0.1053 | -0.0992 | -0.0063 | 0.0403 0.0104 | -0.0060 | -0.0943

with EI[P

Parameter
Amino B307 B344 B345 B368

acid
Ala 0.93 -2.30 -2.70 0.790
Arg 1.52 0.40 0.40 1.087
Asn 0.92 -4.10 -4.20 0.832
Asp 0.60 -4.40 -4.40 0.530
Cys 1.08 4.40 3.70 1.268
Gln 094 1.20 0.80 1.038
Glu 0.73 -5.00 -8.10 0.643
Gly 0.78 -4.20 -3.90 0.725
His 1.08 -2.50 -3.00 0.864
Ile 1.74 6.70 7.70 1.361
Leu 1.03 2.30 3.70 1.111
Lys 1.00 -3.30 -2.90 0.735
Met 1.31 2.30 3.70 1.092
Phe 1.51 2.60 3.00 1.052
Pro 1.37 -1.80 -6.60 1.249
Ser 0.97 -1.70 -2.40 1.093
Thr 1.38 1.30 1.70 1.214
Trp 1.12 -1.00 0.30 1.1144
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Tyr 1.65 4,00 3.30 1.340
Val 1.70 6.80 7.10 1.428
Correlat.
coeffic. R | 0.1264 | 0.0333 0.0807 -0.0367
with EIIP
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C. Composition

C029 CHAMS30108 A parameter of charge transfer donor capability (Charton-Charton, 1983)

C064 DAYM780101 Amino acid composition (Dayhoff et al., 1978b)

C116 HUTJ700101 Heat capacity (Huschens, 1970)

C134 JOND920101 Relative frequency of occurrence (Jones et al., 1992)

C136 JUKT750101 Amino acid distribution (Jukes et al., 1975)

C137 JUNJ780101 Sequence frequency (Jungek, 1978)

C144 KARP850103 Flexibility parameter for two rigid neighbors (Karplus-Schulz, 1985)

C189 NAKH920101 AA composition of CYT of single-spanning proteins (Nakashima-Nishikawa, 1992)
C190 NAKH920102 AA composition of CYT2 of single-spanning proteins (Nakashima-Nishikawa, 1992)
C191 NAKH920103 AA composition of EXT of single-spanning proteins (Nakashima-Nishikawa, 1992)
C192 NAKH920104 AA composition of EXT2 of single-spanning proteins (Nakashima-Nishikawa, 1992)
C193 NAKH920105 AA composition of MEM of single-spanning proteins (Nakashima-Nishikawa, 1992)
C194 NAKH920106 AA composition of CYT of multi-spanning proteins (Nakashima-Nishikawa, 1992)
C195 NAKH920107 AA composition of EXT of multi-spanning proteins (Nakashima-Nishikawa, 1992)
C196 NAKH920108 AA composition of MEM of multi-spanning proteins (Nakashima-Nishikawa, 1992)
C197 NAKH900101 AA composition of total proteins (Nakashima et al., 1990)

C198 NAKH900102 SD of AA composition of total proteins (Nakashima et al., 1990)

C199 NAKH900103 AA composition of mt-proteins (Nakashima et al., 1990)

C201 NAKH900105 AA composition of mt-proteins from animal (Nakashima et al., 1990)

C203 NAKH9GO107 AA composition of mt-proteins from fungi and plant (Nakashima et al., 1990)

C205 NAKH900109 AA composition of membrane proteins (Nakashima et al., 1990)

C207 NAKH900111 Transmembrane regions of non-mt-proteins (Nakashima et al,, 1990)

C208 NAKH900112 Transmembrane regions of mt-proteins (Nakashima et al., 1990)

C301 RACS820105 Average relative fractional occurrence in EQ(i) (Rackovsky-Scheraga, 1982)
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Parameter
Amino C029 Co64 C116 C134 C136 C137 Cil44 C189 Cid0 C191 C192
acid
Ala 0 8.6 2922 | 0077 | 5300 | 6850 | 0892 . -7 | ingg 5.15 5.04
Arg 1 4.9 2637 | 0.051 2.60 3820 | 0901 i . 1 &1 4.38 3.73
Asn 1 4.3 3830 | 0.043 3.00 397.0 | 0930 | 45 <3 4.81 5.94
Asp 0 5.5 37.09 [ 0.052 3.60 | 4000 [ 0932 |~ i3 5.75 526
Cys 2.9 50.70 | 0.020 1.30 2410 | 0925 LT 69 3.24 2.20
Gln 1 3.9 44.02 0.041 2.40 313.0 - 0.885 476 ' 4.68 4.45 4.50
Glu 0 6.0 41.84 0.062 3.30 427.0 | 0933 7.82 9.34 7.05 6.07
Gly 0 8.4 23.71 0.074 4.80 707.0 0.923 6.80 7.72 6.38 7.09
His 1 2.0 59.64 0.023 1.40 155.0 0.894 2.70 2.15 2.69 2,99
He 0 4.5 45.0 0.053 3.10 394.0 0.872 348 1.80 4.40 432
Leu 0 7.4 48.03 0.091 4.70 581.0 0.921 8.44 8.03 8.11 9.88
Lys 1 6.6 37.10 0.059 4.10 5750 | 1.057 6.25 6.11 5.25 6.31
Met 1 1.7 69.32 0.024 1.10 132.¢ 0.804 2.14 3.79 1.60 1.85
Phe 1 3.6 48.52 0.040 2.30 303.0 0.914 2.73 2.93 3.52 3.72
Pro 0 5.2 36.13 0.051 2.50 366.0 0.932 6.28 7.21 5.65 6.22
Ser 0 7.0 32.40 0.069 4.50 593.0 0.923 8.53 7.25 8.04 8.05
Thr 0 6.1 35.20 0.059 3.70 490.0 0.934 4.43 3.51 7.41 5.20
Tip 1 1.3 56.92 0.014 0.80 99.0 0.803 0.80 0.47 1.68 2.10
Tyr 1 3.4 51.73 0.032 2.30 292.0 0.837 2.54 1.01 3.42 3.32
Val 0 6.6 40.35 0.066 4.20 553.0 0.913 544 4.57 7.00 6.19
Correlat. _
coeffic. R ; 0.2884  -0.2853 0.0260 | -0.3437 | -0.2900 | -0.3088 | -0.1113 | -0.2167 { -0.2536 | -0.2372 | -04175
with EIIP
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Parameter

Amino C193 C194 C195 C196 C197 C198 C199 C201 C203 C205 C207
acid .
Ala 9.90 6.69 5.08 9.36 7.99 3.73 574 5.88 '5.39 9.25 10.17
Arg 0.09 6.65 4.75 0.27 5.86 3.34 1.92 1.54 2.81 3.96 1.21
Asn 0.94 4.49 5.75 2.31 4.33 2.33 5.25 4,38 7.31 3.71 1.36
Asp 0.35 4.97 5.96 0.94 5.14 2.23 2.11 1.70 3.07 3.89 1.18
Cys 2.55 1.70 2.95 2.56 1.81 2.30 1.03 1.11 0.86 1.07 1.48
Gin 0.87 5.39 424 1.14 3.98 2.36 2.30 2.30 2.31 3.17 1.57
Glu 0.08 7.76 6.04 0.94 6.10 3.00 2.63 2.60 2.70 4.80 1.15
Gly 8.14 6.32 8.20 6.17 6.91 3.36 5.66 5.29 6.52 8.51 8.87
His 0.20 2.11 2.10 0.47 2.17 1.55 2.30 2.33 2.23 1.88 1.07
He 15.25 4.51 4.95 13.73 5.48 2.52 9.12 8.78 9.94 6.47 10.91
Leu 22.28 8.23 8.03 16.64 9.16 3.40 15.36 16.52 12.64 10.94 16.22
Lys 0.16 8.36 493 0.58 6.01 3.36 3.20 2.58 4.67 3.50 1.04
Met 1.85 2.46 2.61 3.93 2.50 1.37 5.30 6.00 3.68 3.14 4.12
Phe 6.47 3.59 4.36 10.99 3.83 1.94 6.51 6.58 6.34 6.36 9.60
Pro 2.38 5.20 4.84 1.96 4.95 3.18 4.79 5.29 3.62 4.36 2.24
Ser 417 7.40 6.41 5.58 6.84 2.83 7.55 7.68 7.24 6.26 5.38
Thr 433 5.18 5.87 4.68 5.77 2.63 7.51 8.38 5.44 5.66 5.61
Trp 2.21 1.06 2.31 2.20 1.34 1.15 2.51 2.89 1.64 2.22 2.67
Tyr 3.42 2.75 4.55 3.13 3.15 1.76 4.08 3.51 5.42 3.28 2.68
Val 14.34 5.27 6.07 12.43 6.65 2.53 5.12 4,66 6.18 7.55 11.44
Correlat. .
coeffic. R | -0.4705 | -0.2435 | -0.3155 | -0.3614 | -0.3217 | -0.2961 | -0.3504 { -0.3045 | -0.4518 | -0.3847 | -0.3652
with EIIP
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Parameter
Amino C208 C211
acid
Ala 6.61 0.88
Arg 0.41 0.99
Asn 1.84 1.02
Asp 0.59 1.16
Cys 0.83 1.14
Gin 1.20 0.93
Glv 1.63 1.01
Gly 4,88 0.70
His 1.14 1.87
Ile 12.91 1.61
Leu 21.66 1.09
Lys 1.15 0.83
Met 7.17 1.71
Phe 7.76 1.52
Pro 3.51 0.87
Ser 6.84 1.14
Thr 8.89 0.96
Tp 2.11 1.96
Tyr 2.57 1.68
Val 6.30 1.56
Correlat.
coeffic. R | -0.2983 | 0.0389

E. Pirogova

181

BioElectronics Group, Department of Electrical and Computer Systems Engineering




[ with EIIP |

E. Pirogova 182
BioElectronics Group, Department of Electrical and Computer Systems Engineering




H. H.ydrophobicity

H002 ARGP820101 Hydrophobicity index (Argos et al., 1982)

H003 ARGP820102 Signal sequence helical potential (Argos et al., 1982)

H004 ARGP820103 Membrane-buried preference parameters (Argos et al., 1982)

H006 BEGFE750102 Conformational parameter of beta-structure (Beghin-Dirkx, 1975)

H008 BHARS80101 Average flexibility indices (Bhaskaran-Ponnuswary, 1988)

H010 BIOV880101 Information value for accessibility; average fraction 35% (Biou et al., 1988)
HO011 BIOVS880102 Information value for accessibility; average fraction 23% (Biou et al., 1988)
H012 BROC820101 Retention coefficient in TFA (Browne ¢t al,, 1982)

H013 BROCS820102 Retention coefficient in HFBA (Browne et al., 1982)

H014 BULH740101 Transfer free energy to surface (Bull-Breese, 1974)

Ho031 CHAMSZO!OZ Free energy of solution in water, kcal/mole (Charton-Charton, 1982)
H034 CHOC760102 Residue accessible surface area in folded proteir {Chothia, 1976)

H035 CHOC760103 Proportion of residues 95% buried {Chothia, 1976)

H036 CHOC760104 Proportion of residues 100% buried (Chothia, 1976)

H041 CHOP780204 Normalized frequency of N-terminal helix (Chou-Fasman, 1978b)

H{54 CIDH920101 Normalized hydrophobicity scales for alpha-proteins (Cid et al., 1992)
H055 CIDH920102 Normalized hydrophobicity scales for beta-proteins (Cid et al., 1992)

H056 CIDH920103 Normalized hydrophobicity scales for alphatbeta-proteins (Cid et al., 1992)
H057 CIDH920104 Nomalized hydrophobicity scales for alpha/beta-proteins (Cid et al., 1992)
H058 CIDH920105 Normalized average hydrophobicity scales (Cid et al., 1992)

H066 DESM900101 Membrane preference for cytochrome b: MPH89 (Degii Esposti et al., 1_990)
H067 DESM900102 Average membrane preference: AMP0O7 (Degli Esposti et al., 1990)

H068 EISD840101 Consensus normalized hydrophobicity scale (Eisenberg, 1984)

H069 EISD860101 Solvation free energy (Eisenberg-McLachlan, 1986)

H070 EISD860102 Atom-based hydrophobic moment (Eisenberg-McLachlan, 1986)

H071 EISD860103 Direction of hydrophobic moment (Eisenberg-McLachlan, 1986)

H073 FASG760102 Melting point (Fasman, 1976)

H076 FASG760105 pK-C (Fasman, 1976)

H077 FAUI830101 Hydrophobic parameter p (Fauchere-Pliska, 1983)

HO085 FAUJ880108 Localized electrical effect (Fauchere et al., 1988)

HO086 FAUIB80109 Number of hydrogen bond donors (Fauchere et al., 1988)
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H08"? FAUJS80110 Number of full nonbonding orbitals (Fauchere ct al., 1988)

HO088 FAUJB80111 Positive charge (Fauchere et al., 1988)

H89 FAUJ880112 Negative charge (Fauchere et al., 1988)

H092 FINA910101 Helix initiation parameter at posision i-1 (Finkelstein et al., 1991)
B094 FINA910103 Helix termination parameter at pos;ision j-2,j-1,j (Finkelstein et al., 1991)
H095 FINA910104 Helix termination parameter at posision j+1 (Finkelstein et al., 1991)
H108 GOLD730101 Hydrophobicity factor (Goldsack-Chalifoux, 1973)

H110 GRAR740101 Composition (Grantham, 1974)

H111 GRAR740102 Polarity (Grantham, 1974)

H113 GUYHS850101 Partition energy (Guy, 1985)

H114 HOPA770101 Hydration nurnber (Hopfinger, 1971), Cited by Charton-Charton (1982)
Hi15 HOPT810101 Hydrophilicity value (Hopp-Woods, 1981}

H125 ]SOYB{;OIOT Noimalized relative frequency of double bend (Isogai et ai., 1980)
H129 JANJ780101 Average accessible surface area (Janin et al., 1978)

H130 JANJ780102 Percentage of buried residues (Janin et al., 1978)

H131 JANJ780103 Percentage of exposed residues (Janin et al., 1978)

H127 JANJ790101 Ratio of buried and accessible molar fractions (Janin, 1979)

H128 JANJ790102 Transfer free energy (Janin, 1979)

H132 JOND750101 Hydrophobicity (Jones, 1975)

H133 JOND750102 pK (-COOH) (Jones, 1975)

H142 KARP850101 Flexibility parameter for no rigid neighbors (Karplus-Schulz, 1985)
H143 KARP850102 Flexibility parameter for one rigid neighbor (Karplus-Schulz, 1985}
H145 KHAG800101 The Kerr-constant increments {Khanarian-Moore, 1980)

H146 KIi.EP840101 Net charge (Klein et al., 1984)

H147 KRIW790101 Side chain interaction parameter (Krigbaum-Komoriya, 1979)
H148 KRIW790102 Fraction of site occupied by water (Krigbaum-Komoriya, 1979)
Hi50 KRIW710101 Side chain interaction parameter (Krigbaum-Rubin, 1971)

H151 KYTJ820101 Hydropathy index (Kyte-Doolittie, 1982)

H152 LAWES840101 Transfer free encrgy, CHP/water (Lawson et ai., 1984)

H153 LEVM760101 Hydrophobic parameter (Levitt, 1976)

H170 MANP780101 Average surrounding hydrophobicily (Manavalan-Ponnuswamy, 1978)
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H178 MEEJ800101 Retention coefficient in HPLC, pH7.4 (Meek, 1980)
K179 MEEJ800102 Retention coefficient in HPLC, pH2.1 (Meek, 1980)

H180 MEEJ810101 Retention coeflicient in NaClO4 (Meek-Rossetti, 1981)

H181 MEEJ810102 Retention coetficient in NaH2PO4 (Meek-Rossetti, 1981)

H182 MEIH800101 Average reduced distance for Ca (Meiravitch et al., 1980)

H183 MEIH800102 Average reduced distance for side chain (Meirovitch et al., 1980)

H184 MEIH800103 Average side chain orientation angle (Meirovitch et al., 1980)

H185 MIYS85010¢ Effective partition energy (Miyazawa-Jemigan, 1985)

H200 NAKH900104 Normalized composition of mt-proreins (Nakashima et al., 1990)

H202 NAKH900106 Normalized composition from animal (Nakashima et al., 1920)

H204 NAKH900108 Normalized composition from fungi and plant {Nakashima et al., 1990}
H206 NAKH900110 Normalized composition of membrane proteins (Nakashima et al., 1990)
H209 NAKH900113 Ratio of average and computed composition (Nakashima et al., 1990)
H210 NISK800101 8 * contact number (Nishikawa-Ooi, 1980)

H211 NISK860101 14 * contact number (Nishikawa-Ooi, 1986)

H212 NOZY710101 Transfer energy, organic solvent/water (Nozaki-Tanford, 1971)

H213 OOBM770101 Average non-bonded energy per atom (Oobatake-Ooi, 1977)

H215 OOBM770103 Long range non-bonded energy per atom (Oobatake-Ooi, 1977)

H220 OOBMS850103 Optimized transfer energy parameter (Oobatake et al., 1985)

H222 OOBM850105 Optimized side chain interaction parameter {Qobatake et al., 1983)

H233 PALJ810111 Normalized frequency of beta-sheet in a+b class (Patau et al,, 1981)
H239 PARJ860101 HPLC parameter {Parker et al., 1986)

H240 PLIV310101 Partition coefficient (Pliska et al.,, 1981)

H241 PONP80010! Surrounding hydrophobicity in folded form (Ponnuswamy et at., 1980)

H242 PONP800102 Average gain in surrounding hydrophobicity (Pennuswamy ct al., 1980)

H243 PONP800103 Average gain ratio in surrounding hydrophobicity (Ponnuswamy et al., 1980)
H244 PONP800104 Surrounding hydrophobicity in alpha-helix (Ponnuswamy et al., 1980}

H245 PONP800105 Surrounding hydrophobicity in beta-sheet (Ponnuswaray et al., 1980)

TR L A P AT R N .
ALi ety S S g e

1 H246 PONP800106 Surrounding hydrophobicity in turn (Ponnuswamy et al., 1980)
H247 PONP800107 Accessibility reduction ratio (Ponnuswamy et al,, 1980)
H248 PONPS00108 Average number of surrounding residues (Ponnuswamy et al., 1980)

H253 PRAMS820101 Intercept in regression analysis (Prabhakaran-Ponnuswamy, 1982)
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_ H249 PRAM900101 Hydrophobicity (Prabhakaran, 1990}
H271 QIANS801i4 Weights for beta-sheet at the window position of -6 {Qian-Sejnowski, 1988}
H272 QIANS80115 Weights for beta-sheet at the window position of -5 (Qian-Sejnowski, 1988)
H273 QIANSSL iy Weights for beta-sheei at the window position of -4 (Qian-Sejnowski, 1988)
H283 QIANB80126 Weights for beta-sheet at the window position of 6 (Qian-Sejnowski, 1988)
H284 QIANS80127 Weights for coil at the window position of -6 (Qian-Sejnowski, 1988)
H285 QIANS80128 Weights for coil at the window position of -5 (Qian-Sejnowski, 1988)
H297 RACS820101 Average relative fractional occurrence in AO(i) (Rackovsky-Scheraga, 1982)
H299 RACS820103 Average relative fractional occurrence in AL(i) (Rackovsky-Scheraga, 1982)
H311 RACS770101 Average reduced distance for Ca (Rackovsky-Scheraga, 1977)
H312 RACS770102 Average reduced distance for side chain (Rackovsky-Scheraga, 1977)
H313 RACS770103 Side chain orientational preterence (Rackovsky-Scheraga, 1977)
H314 RADAB80101 Transfer free energy from chx to wat (Radzicka-Wolfenden, 1988)
H315 RADAS880102 Transfer free energy from oct to wat (Radzicka-Wolfenden, 1988)
H317 RADAS880104 Transfer free energy from chx to oct (Radzicka-Wolfenden, 1988)
H318 RADAS80105 Transfer free energy from vap to oct (Radzicka-Wolfenden, 1988)

H320 RADABB0107 Energy transfer from out to in(95%buried) (Radzicka-Wolfenden, 1938)

H321 RADAS880108 Mean polarity (Radzicka-Wolfenden, 1988)

H325 RICJ880104 Relative preference value at N1 (Richardson-Richardson, 1988)
H326 RICI88(G105 Relative preference value at N2 (Richardson-Richardson, 1988)
H327 RICJ880106 Relative preference value at N3 (Richardson-Richardson, 1988)
H329 RICI880108 Relative preference value at N5 (Richardson-Richardson, 1988)
H332 RICJ880111 Relative preference value at C4 (Richardson-Richardson, 1988)
H341 ROBB760102 Information measure for N-terminal helix (Robson-Suzuki, 1.976)
H339 ROBB790101 Hydration free energy (Robson-Osguthorpe, 1979)

H354 ROSG850102 Mean fractional area loss (Rose et al., 1985)

H355 ROSMS880101 Side chain hydropathy, uncorrected for solvation (Roseman, 1988) g
H356 ROSM880102 Side chain hydropathy, corrected for solvation (Roseman, 1988) -j
H357 ROSM880103 Loss of Side chain hydropathy by helix formation (Roseman, 1988)
H358 SIMZ760101 Transfer free energy (Simon, 1976), Cited by Charton-Charton (1982)

H360 SNEPG6601Q2 Principal component 11 (Sneath, 1966)

E. Pirogova 186
BioElectronics Group, Department of Efectrical and Computer Systems Engineering




H364 SUEMS840102 Zimm-Bragg parameter s'1.0E4 (Sueki et al., 1934)

H365 SWER830101 Optimal matching hydrophobicity (Sweet-Eisenberg, 1983)

H371 TANS770106 Normalized frequency of chain reversal D (Tanaka-Scheraga, 1977)
H373 TANS770108 Normalized frequency of zR (Tanaka-Scheraga, 1977)

H377 VASMS830102 Relative population of conformational state C (Vasquez et al., 1983)
13378 VASM830103 Relative population of conformational state E (Vasquez et al,, 1983)
370 VELV85010t Electron-ion interaction potential (Velikovic et al., 1985)

¥i1580 VENT840101 Bitterness (Venanzi, 1984)

1381 VHEG790101 Transfer free energy to lipophilic phase (von Heijne-Blomberg, 1979)
#382 WARP780101 Average interactions per side chain atom (Warme-Morgan, 1978)
H384 WERD780101 Propensity to be buried inside (Wertz-Scheraga, 1978)

H386 WERD780103 Free energy change of a(Ri) to a(Rh) (Wertz-Scheraga, 1978)

H337 WERD78010: Free energy change of e(i) to a(Rh) (Wertz-Scheraga, 1978)

H388 WOEC730101 Polar requirement (Woese, 1973)

H392 WOLRS810101 Hydration potential {(Wolfenden et al,, 1981)

H389 WOLS870101 Principal property value z1 (Wold et al., 1987)

H393 YUTK870101 Unfolding Gibbs energy in water, pH7.0 (Yutani et al,, 1987)

H394 YUTK870102 Unfolding Gibbs energy in water, pH9.0 (Yutani et al., 1987)

H395 YUTK870103 Activation Gibbs energy of unfolding, pH7.0 (Yutani et al., 1987)
H396 YUTKS870104 Activation Gibbs energy of unfolding, pH9.0 (Yutani ¢t al., 1987)
H398 ZIMJ680101 Hydrophobicity (Zimmerman et al., 1968)

H400 ZIMJ680103 Polarity (Zimmerman et al., 1968)

H401 ZIMJ680104 Isoelectric point (Zimmerman et al., 1968)

H402 ZIMJ680105 RF rank (Zimmerman et al., 1968}
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Parameter

Amino H002 H003 H004 HO006 HO008 H010 HO11 H012 H013 HO014 H031
acid
Ala 0.61 1.18 1.56 0.77 0.357 16.0 44.0 7.30 3.9 -0.20 -0.368
Arg 0.60 0.20 0.45 0.72 0.529 -70.0 -68.0 -3.60 3.2 -0.12 -1.030
Asn 0.06 0.23 0.27 0.55 0.463 -74.0 -72.0 -5.70 -2.8 0.08 0.00
Asp 0.46 0.05 0.14 0.65 0.511 -78.0 -91.0 -2.90 -2.8 -0.20 2.06
Cys 1.07 1.89 1.23 0.65 0.346 168.0 90.0 -9.20 -14.3 -0.45 4.53
Gin 0.00 0.72 0.51 0.72 0.493 -73.0 -117.0 -0.30 1.8 0.16 0.731
Glu 0.47 0.11 0.23 0.55 0.497 -106.0 -139.0 -7.10 -7.5 -0.30 1.770
Gly 0.07 0.49 0.62 0.65 0.544 -13.0 -8.0 -1.20 2.3 0.00 -0.525
His 0.61 0.31 0.29 0.83 0.323 50.0 47.0 -2.10 2.0 -0.12 0.00
Ile 222 1.45 1.67 0.98 0.462 151.0 100.0 6.60 11.0 -2.26 0.791
Leu 1.53 3.23 2.93 0.83 0.365 145.0 108.0 20.0 15.0 -2.46 1.070
Lys 1.15 0.06 0.15 0.55 0.466 -141.0 -188.0 -3.70 -2.5 -0.35 0.00
Met 1.18 2.67 2.96 0.98 0.295 124.0 121.0 5.60 4.1 -1.47 0.656
Phe 2.02 1.96 2.03 (.98 0.314 189.0 148.0 19.20 14.7 -2.33 1.060
Pro 1.95 0.76 (.76 0.55 0.509 -20.0 -36.0 5.10 5.6 -0.98 -2.240
Ser 0.05 0.97 0.81 0.55 0.507 -70.0 -60.0 -4.10 -3.5 -0.39 -0.524
Thr 0.05 0.84 0.91 0.83 0.444 -38.0 -54.0 0.80 1.1 -0.52 0.00
Trp 2.65 0.77 1.08 0..77 0.305 145.0 163.0 16.30 17.8 -2.01 1.600
Tyr 1.88 0.39 0.68 0.83 0.420 53.0 22.0 5.90 3.8 -2.24 4910
Val 1.32 1.08 1.14 0.98 0.386 123.0 117.0 3.50 2.1 -1.56 0.401
Correlat.
coeffic. R | -0.1652 | -0.0087 | -0.0288 0.0410 |} -0.0417 | -0.0796 @ -0.0889 | -0.0966 | -0.1164 0.1473 0.2063
with ElIP
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Parameter
Amino HO034 HO035 HO036 H041 H054 HO055 HO056 HO057 HO058 H066 HO067
acid
Ala 25.0 0.38 0.20 1.29 -0.45 -0.08 - 0.36 0.17 0.02 1.56 1.26
Arg 90.0 0.01 0.00 0.44 -0.24 -0.09 -0.52 -0.70 -0.42 0.59 0.38
Asn 63.0 0.12 0.03 0.81 -0.20 -0.70 -0.90 -0.90 -0.77 0.51 0.59
Asp 50.0 0.15 0.04 2.02 -1.52 -0.71 -1.09 -1.05 -1.04 0.23 0.27
Cys 19.0 0.45 0.22 0.66 0.79 0.76 0.70 1.24 0.77 1.80 1.60
Gln 71.0 0.07 0.01 1.22 -0.99 -0.40 -1.05 -1.20 -1.10 0.39 0.39
Glu 49.0 0.18 0.03 2.44 -0.80 -1.31 -0.83 -1.19 ~-1.14 0.19 0.23
Gly 23.0 0.36 0.18 0.76 -1.00 -0.84 -0.82 -0.57 -0.80 1.03 1.08
His 43.0 0.17 0.02 0.73 1.07 0.43 0.16 -0.25 0.26 1.00 1.00
Ile 18.0 0.60 0.19 0.67 0.76 1.39 2.17 2.06 1.81 1.27 1.44
Leu 23.0 0.45 0.16 0.58 1.29 1.24 1.18 0.96 1.14 1.38 1.36
Lys 97.0 0.03 0.00 0.66 -0.36 -0.09 -0.56 -0.62 -0.41 0.15 0.33
Met 31.0 0.40 0.11 0.71 1.37 1.27 1.21 0.60 1.00 1.93 1.52
Phe 24.0 0.50 0.14 0.61 1.48 1.53 1.01 1.29 1.35 1.42 1.46
Pro 50.0 0.18 0.04 2.01 -0.12 -0.01 -0.06 -0.21 -0.09 0.27 0.54
Ser 440 0.22 0.08 0.74 -0.98 -0.93 -0.60 -0.83 -0.97 0.96 0.98
Thr 47.0 0.23 0.08 1.08 -0.70 -0.59 -1.20 -0.62 -0.77 1.11 1.01
Trp 32.0 0.27 0.04 1.47 1.38 2.25 1.31 1.51 1.71 0.91 1.06
Tyr 60.0 0.15 0.03 0.68 1.49 1.53 1.05 0.66 1.11 1.10 0.89
Val 18.0 0.54 0.18 0.61 1.26 1.09 1.21 1.21 1.13 1.58 1.33
Correlat.
coeffic. R | 0.2237 | -0.2468 | -0.2078 0.0110 | -0.1906 | -0.0413 | -0.2483 | -0.1743 | -0.1755 0.0215 | -0.0866
with EIIP
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Parameter

Amino HO068 H069 H070 HO071 HO073 HO076 HO077 HO085 H086 HO087 H(88

acid
Ala 0.25 0.67 0.0 0.00 297.0 2.34 0.31 -0.01 0.0 0.0 0.0
Arg -1.76 -2.10 10.0 -0.96 238.0 1.82 -1.01 0.04 4.0 3.0 1.0
Asn -0.64 -0.60 1.3 -0.86 236.0 2.02 -0.60 0.06 2.0 3.0 0.0
Asp -0.72 -1.20 1.9 -0.98 270.0 1.88 -0.77 0.15 1.0 4.0 0.0
Cys 0.04 0.38 0.17 0.76 178.0 1.92 1.54 0.12 0.0 0.0 0.0
Gln -0.69 -0.22 1.9 -1.00 185.0 2.17 -0.22 0.05 2.0 3.0 0.0
Glu -0.62 -0.76 3.0 -0.89 249.0 2.10 -0.64 0.07 1.0 4.0 0.0
Gly 0.16 0.00 0.0 0.00 290.0 2.35 0.00 0.00 0.0 0.0 0.0
His -0.40 0.64 0.99 -0.75 277.0 1.82 0.13 0.08 1.0 1.0 1.0
Ile 0.73 1.90 1.2 0.99 284.0 2.36 1.80 -0.01 0.0 0.0 0.0
Leu 0.53 1.90 1.0 0.89 337.0 2.36 1.70 -0.01 0.0 0.0 0.0
Lys -1.10 -0.57 5.7 -0.99 224.0 2.16 -0.99 0.00 2.0 1.0 1.0
Met 0.26 2.40 1.9 0.94 283.0 2.28 1.23 0.04 0.0 0.0 0.0
Phe 0.61 2.30 1.1 0.92 284.0 2.16 1.79 0.03 0.0 0.0 0.0
Pro -0.07 1.20 0.18 0.22 222.0 1.95 0.72 0.00 0.0 0.0 0.0
Ser -0.26 0.01 0.73 -0.67 228.0 2.19 -0.04 0.11 1.0 2.0 0.0
Thr -0.18 0.52 1.5 0.09 253.0 2.09 0.26 0.04 1.0 2.0 0.0
Trp 0.37 2.6600 1.6 0.67 282.0 2.43 2.25 0.0 1.0 0.0 0.0
Tyr 0.02 1.60 1.8 -0.93 344.0 2.20 0.96 0.03 1.0 2.0 0.0
Val 0.54 1.50 0.48 0.84 293.0 2.32 1.22 0.01 0.0 0.0 0.0

Correlat.

coeffic. R | -0.3040 ) -0.2000 0.2711 «0.1507 ) -0.2916 | -0.3778 | -0.1241 0.5643 0.2816 0.3077 0.0364

with EIIP
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Parameter

Amino HO089 H092 H094 H095 H108 H110 H111 H113 H114 H115 H125
acid
Ala 0.0 1.0 1.2 1.0 0.75 0.00 8.1 0.10 1.0 -0.5 1.34
Arg 0.0 0.7 1.7 1.7 0.75 0.65 10.5 1.91 2.3 3.0 2.78
Asn 0.0 1.7 1.2 1.0 0.69 1.33 11.6 0.48 2.2 0.2 0.92
Asp 1.0 3.2 0.7 0.7 0.00 1.38 13.0 0.78 6.5 3.0 1.77
Cys 0.0 1.0 1.0 1.0 1.00 2.75 5.5 -1.42 0.1 -1.0 1.44
Gin 0.0 1.0 1.0 1.0 0.59 0.89 10.5 0.95 2.1 0.2 0.79
Glu 1.0 1.7 0.7 0.7 0.00 0.92 12.3 0.83 6.2 3.0 2.54
Gly - 0.0 1.0 0.8 1.5 0.00 0.74 9.0 0.33 1.1 0.0 0.95
His 0.0 1.0 1.2 1.0 0.00 0.58 10.4 -0.50 2.8 -0.5 0.00
Ile 0.0 0.6 0.8 1.0 2.95 0.00 52 -1.13 0.8 -1.8 0.52
Leu 0.0 1.0 1.0 1.0 2.40 0.00 49 -1.18 0.8 -1.8 1.05
Lys 0.6 0.7 1.7 1.7 1.50 0.33 11.3 1.40 5.3 3.0 0.79
Met 0.0 1.0 1.0 1.0 1.30 0.00 5.7 -1.59 0.7 -1.3 0.00
Phe 0.0 1.0 1.0 1.0 2.65 0.00 5.2 212 1.4 -2.5 0.43
Pro 0.0 1.0 1.0 0.1 2.60 0.39 8.0 0.73 0.9 0.0 0.37
Ser 0.0 1.7 1.5 1.0 0.00 1.42 9.2 0.52 1.7 0.3 0.87
Thr 0.0 1.7 1.0 1.0 0.45 0.71 8.6 0.07 1.5 -0.4 1.14
Trp 0.0 1.0 1.0 1.0 3.00 0.13 5.4 -0.51 1.9 -34 1.79
Tyr 0.0 1.0 1.0 1.0 2.85 0.20 6.2 -0.21 2.1 -2.3 0.73
Val 0.0 0.6 0.8 1.0 1.70 0.00 5.9 -1.27 0.9 -1.5 0.00
Correlat,
coeffic. R | 0.1449 | 0.4195 0.1919 0.0711 -0.2056 | 0.3244 0.1057 0.0771 0.1411 0.1620 0.2453
withi EIIP
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Parameter

Amino H129 H130 H131 H127 H128 H132 H133 H142 H143 H145 Hi46

acid
Ala 27.8 51.0 15.0 1.7 0.3 0.87 2.34 1.041 0.946 49.1 0.0
Arg 94.7 5.0 67.0 0.1 -1.4 0.85 1.18 1.038 1.028 | 133.0 1.0
Asn 60.1 22.0 49.0 0.4 -0.5 0.09 2.02 1.117 1.006 -3.6 0.0
Asp 60.6 19.0 50.0 0.4 -0.6 0.66 2,01 1.033 1.089 0.0 -1.0
Cys 15.5 74.0 5.0 4.6 0.9 1.52 1.65 0.960 0.878 0.0 0.0
Gln 68.7 16.0 56.0 0.3 -0.7 0.00 2.17 1.165 1.025 20.0 0.0
Glu 68.2 16.00 55.0 0.3 -0.7 0.67 2.19 1.094 1.036 0.0 -1.0
Gly 24.5 52.0 10.0 1.8 0.3 0.10 2.34 1.142 1.042 64.6 0.0
His 50.7 34.0 34.0 0.8 -0.1 0.87 1.82 0.982 0.952 75.7 0.0
Ile 22.8 66.0 13.0 3.1 0.7 3.15 2.36 1.002 0.892 18.9 0.0
Leu 27.6 60.0 16.0 2.4 0.5 2.17 2.36 0.967 0.961 15.6 0.0
Lys 103.0 3.0 85.0 0.05 -1.8 1.64 2.18 1.093 1.082 0.0 1.0
Met 33.5 52.0 20.0 1.9 0.4 1.67 2.28 0.947 0.862 6.8 0.0
Phe 25.5 58.0 10.0 2.2 0.5 2.87 1.83 0.930 0912 54.7 0.0
Pro 51.5 25.0 45.0 0.6 -0.3 2.77 1.99 1.055 1.085 43.8 0.0
Ser 42.0 35.0 32.0 0.8 -0.1 0.07 2.21 1.169 1.048 44.4 0.0
Thr 45.0 30.0 32.0 0.7 -0.2 0.07 2.10 1.073 1.051 31.0 0.0
Trp 34.7 49.0 17.0 1.6 0.3 3.77 2,38 0.925 0917 70.5 0.0
Tyr 55.2 24.0 41.0 0.5 -0.4 2.67 2.20 0.961 0.930 0.0 0.0
Val | 23.7 64.0 14.0 2.9 0.6 1.87 2.32 0.982 0.927 29.5 0.0

Correlat.

coeffic. R | 0.1648 | -0.1972 | 0.1266 ) -0.1405 | -0.1708 | -0.1651 | -0.4561 | -0.0856 | 0.0789 0.1281 0.0030
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Parameter
Amino H147 H148 H150 H151 H152 H153 H170 H178 H179 H180 H181
acid
Ala 0.28 4.32 4.6 1.8 -0.48 -0.5 12.97 0.5 -0.1 1.1 1.0
Arg 0.34 6.55 6.5 -4.5 -0.06 3.0 11.72 0.8 -4.5 -0.4 -2.0
Asn 0.31 6.24 5.9 -3.5 -0.87 0.2 11.42 0.8 -1.6 -4.2 -3.0
Asp 0.33 6.04 5.7 -3.5 -0.75 2.5 10.85 -8.2 -2.8 -1.6 -0.5
Cys 0.11 1.73 -1.0 2.5 -0.32 -1.0 14.63 -6.8 -2.2 7.1 4.6
Gln 0.39 6.13 6.1 -3.5 -0.32 0.2 11.76 -4.8 -2.5 2.9 -2.0
Glu 0.37 6.17 5.6 -3.5 -0.71 2.5 11.89 -16.9 -7.5 0.7 1.1
Gly 0.28 6.09 7.6 -0.4 0.0 0.0 12.43 0.0 -0.5 -0.2 0.2
His 0.23 5.66 4.5 -3.2 -0.51 -0.5 12.16 -3.5 0.8 -0.7 -2.2
Ile 0.12 231 26 4.5 0.81 -1.8 15.67 13.9 11.8 8.5 7.0
Leu 0.16 3.93 3.25 3.8 1.02 -1.8 14.90 8.8 10.0 11.0 9.6
Lys 0.59 7.92 7.9 -3.9 -0.09 3.0 11.36 0.1 -3.2 -1.9 -3.0
Met 0.08 244 1.4 1.9 0.81 -1.3 14.39 4.8 7.1 5.4 4.0
Phe 0.10 2.59 3.2 2.8 1.03 -2.5 14.00 13.2 13.9 13.4 12.6
Pro 0.46 7.19 7.0 -1.6 2.03 -1.4 11.37 6.1 8.0 4.4 3.1
Ser 0.27 5.37 5.25 -0.8 0.05 0.3 11.23 1.2 -3.7 -3.2 -2.9
Thr 0.26 5.16 4.8 -0.7 -0.35 -0.4 11.69 2.7 1.5 -1.7 -0.6
Trp 0.15 2.78 4.0 -0.9 0.66 -3.4 13.93 14.9 18.1 17.1 15.1
Tyr 0.25 3.58 4.35 -1.3 1.24 -2.3 13.42 6.1 8.2 7.4 6.7
Val 0.22 3.31 34 4.2 0.56 -1.5 15.71 2.7 3.3 59 4.6
Correlat.
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coeffic. R

-0.0981

-0.0880

-0.1614

with EIIP
Parameter

Amino H182 H183 Hisg4 H185 H200 H2902 H204 H206 H209 H210 H211
acid
Ala 0.93 0.94 87.0 2.36 -0.6 -0.57 -0.70 0.34 1.61 0.23 -0.22
Arg 0.98 1.09 81.0 1.92 -1.18 -1.29 -0.91 -0.57 0.40 -0.26 -0.93
Asn 0.98 1.04 70.0 1.70 0.39 0.02 1.28 -0.27 0.73 -0.94 -2.65
Asp 1.01 1.08 71.0 1.67 -1.36 -1.54 -0.93 -0.56 0.75 -1.13 -4.12
Cys 0.88 0.84 104.0 3.36 -0.34 -0.3 -0.41 -0.32 0.37 1.78 4.66
Gln 1.02 1.11 66.0 1.75 -0.71 -0.71 -0.71 -0.34 0.61 -0.57 -2.76
Glu 1.02 1.12 72.0 1.74 -1.16 -1.17 -1.13 -0.43 1.50 -0.75 -3.64
Gly 1.01 1.01 90.0 2.06 -0.37 -0.48 -0.12 0.48 3.12 -0.07 -1.62
His 0.89 0.92 90.0 2.41 0.08 0.10 0.04 -0.19 0.46 0.11 1.28

e 0.79 0.76 105.0 417 1.44 1.31 1.77 0.39 1.61 1.19 5.58
Leu 0.85 0.82 104.0 3.93 1.82 2.16 1.02 0.52 1.37 1.03 5.01
Lys 1.05 1.23 65.0 1.23 -0.84 -1.02 -0.40 -0.75 0.62 -1.05 -4.18
Met 0.84 0.833 100.0 4.22 2.04 2.55 0.86 0.47 1.59 0.66 3.51
Phe 0.78 0.73 108.0 4.37 1.38 1.42 1.29 1.30 1.24 0.48 5.27
Pro 1.00 1.04 78.0 1.89 -0.05 0.11 -0.42 -0.19 0.67 -0.76 -3.03
Ser 1.02 1.04 83.0 1.81 0.25 0.30 0.14 -0.20 0.68 -0.67 -2.84
Thr 0.99 1.02 83.0 2.04 0.66 0.99 -0.13 -0.04 0.92 -0.36 -1.20
Trp 0.83 0.87 94.0 3.82 1.02 1.35 0.26 Q.77 1.63 0.90 5.20
Tyr 0.93 1.03 83.0 2.91 0.53 0.20 1.29 0.07 0.67 0.59 2.15
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Val 0.81 0.81 94.0 3.49 -0.60 -(3.79 -0.19 Q.36 1.30 1.24 4.45
Carrelat.
coeffic. R | 0.124] 0.1117 -0.0663 ! -0.0569 | -0.1066 | -0.0540 | -0.2483 | -0.1364 | -0.4067 | -0.1477 | -0.1044
with EIIP
Parameter
Amino H212 H213 H215 H220 H222 H233 H239 H240 H241 H242 H243
acid
Ala 0.5 -1.895 -0.491 0.46 4.55 0.82 2.1 -2.89 12.28 7.62 2.63
Arg 0.0 -1.475 -0.554 -1.54 5.97 0.99 4.2 -3.30 11.49 6.81 2.45
Asn 0.0 -1.560 -0.382 1.31 5.56 1.27 7.0 -3.41 11.00 6.17 2.27
Asp 0.0 -1.518 -0.356 -0.33 2.85 0.98 10.0 -3.38 10.97 6.18 2.29
Cys 0.0 -2.035 -0.670 0.20 -0.78 0.71 1.4 -2.49 14.93 10.93 3.36
Gln 0.0 -1.521 -0.405 -1.12 4.15 1.01 6.0 -3.15 11.28 6.67 2.45
Glu 0.0 -1.535 -0.371 0.48 5.16 0.54 7.8 -2.94 11.19 6.38 2.31
Gly 0.0 -1.898 -0.534 0.64 9.14 0.94 5.7 -3.25 12.01 7.31 2.55
His 0.5 -1.755 -0.540 -1.31 448 1.26 2.1 -2.84 12.84 7.85 2.57
Ile 1.8 -1.951 -0.762 3.28 2.10 1.67 -8.0 -1.72 14.77 9.99 3.08
Leu 1.8 -1.966 -0.650 0.43 3.24 0.94 -9.2 -1.61 14.10 9.37 2.98
Lys 0.0 -1.374 -0.300 -1.71 10.68 0.73 5.7 -3.31 10.80 5.72 2.12
Met 1.30 -1.963 -0.659 0.15 2.18 1.30 -4.2 -1.84 14.33 9.83 3.18
Phe 2.5 -1.864 -0.729 0.52 4.37 1.56 -9.2 -1.63 13.43 8.99 3.02
Pro 0.0 -1.699 -0.463 -0.58 5.14 0.69 2.1 -2.50 11.19 6.64 2.46
Ser 0.0 -1.753 -0.455 -0.83 6.78 0.65 6.5 -3.30 11.26 6.93 2.60
Thr 0.4 -1.767 -0.515 -1.52 8.60 0.98 5.2 -2.91 11.65 7.08 2.55
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Trp 3.4 -1.869 -0.839 1.25 1.97 1.25 -10.0 -1.75 12.95 8.41 2.85
Tyr 2.3 -1.686 -0.656 -2.21 2.40 1.26 -1.9 -2.42 13.29 8.53 2.79
Val 1.5 -1.981 -0.728 0.54 3.81 1.22 -3.7 -2.08 15.07 10.38 3.21
Correlat.
coeffic. R | -0.0722 | 0.1883 0.0532 -0.4396 -0.1213 -0.0340 0.1868 -0.1726 -0.1692 -0.0920 0.0008
with EIIP
Parameter
Amino H244 H245 H246 H247 H248 H253 H249 H271 H272 H273 H283
acid
Ala 13.65 14.60 10.67 3.70 6.05 0305 @ -67 -0.18 -0.01 -0.19 -0.06
Arg 1i.28 13.24 11.05 2.53 3.70 0.227 51.5 -0.12 0.02 - 0.03 0.02
Asn 12.24 11.79 10.85 2.12 5.04 0.322 20.1 0.28 0.41 0.02 0.10
Asp 10.98 13.7% 1221 2.60 495 0.335 38.5 0.05 -0.09 -0.06 0.24
Cys 1449 . 1506 14.15 3.03 7.80 0.339 -8.4 -0.26 -0.27 -0.29 -0.19
Gin 11.30 _ : 12.02 11.71 2.79 5.45 0.306 17.2 0.21 0.01 0.02 -0.04
- faa 1.!‘55_? i3.59 11.71 3.30 5.10 0.282 343 -0.06 0.09 -0.10 -0.04
Gly 1530 |, 14.18 10.95 3.13 6.16 0.352 -4.2 0.23 0.13 0.19 0.17
. His 11.59 15.35 12.07 3.57 5.8 0.215 12.6 0.24 0.22 -0.16 0.19
Ile 14.63 14,10 12.95 7.69 7.51 0.278 -13.0 -0.42 -0.27 -0.08 -0.20
Leu 14.01 16.49 13.07 5.88 7.37 0.262 -11.7 -0.23 -0.25 -0.42 -0.46
Lys 11.96 13.28 9.93 1.79 4.88 0.391 36.8 0.03 0.08 -0.09 -0.43
Met 13.40 16.23 15.00 5.21 6.39 0.280 -14.2 -0.42 -0.57 -01.38 -0.52
Phe 14.08 14.18 13.27 6.60 6.62 0.195 -15.5 -(.18 -0.12 -0.32 -0.33
Pro 11.51 14.10 10.62 2.12 5.65 0.346 0.8 -0.13 0.26 0.05 0.37
Ser 11.26 13.36 11.18 2.43 5.53 0.326 -2.5 0.41 0.44 0.25 0.43
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Tyr 12.64 14.76 11.52 3.03 6.75 0.293 2.9 -0.10 0.15 .05 0.35
Val 12.88 16.30 13.86 7.14 7.62 0.291 -10.9 -0.07 -0.09 -0.15 0.00
Correlat. ,
coeffic. R { -0.3288 | -0.1091 | -0.0449 | -0.2478 | -0.1824 | -0.1512 0.1803 0.0762 -0.1122 0.0657 0.1200
with EIIP
Parameter
Amino H284 H285 H297 H299 H311 H312 H313 H314 H315 H317 H318
acid
Ala -0.05 -0.19 0.85 0.82 0.934 0.941 1.16 1.81 0.52 1.29 1.42
Arg 0.06 0.17 2.02 2.60 0.962 1.112 1,72 -14.92 -1.32 -13.6 -18.6
Asn 0.00 -0.38 0.88 2.07 0.986 1.038 1.97 -6.64 -0.01 -6.63 -9.67
Asp 0.15 0.09 1.50 2.64 0.994 1.071 2.66 -8.72 0.00 0.00 0.00
Cys 0.30 0.41 0.90 0.00 0.900 0.866 0.50 1.28 0.00 0.00 0.00
Gin -0.08 0.04 1.71 0.00 1.047 1.150 3.87 -5.54 -0.07 -5.47 -9.31
Glu -0.02 -0.20 1.79 2.62 C.986 1.100 2.40 -6.81 -0.79 -6.02 -9.45
Gly -0.14 0.28 1.54 1.63 1.015 1.055 1.63 0.94 .20 0.94 2.39
His -0.07 -0.19 1.59 0.00 0.882 0.911 0.86 -4.66 0.95 -5.61 -11.22
lle 0.26 -0.06 0.67 2.32 0.766 0.742 0.57 492 2.04 2.88 0.11
Leu 0.04 0.34 1.03 0.00 0.825 0.798 0.51 4,92 1.76 3.16 0.52
Lys -0.42 -0.20 0.88 2.86 1.040 1.232 3.90 -5.55 0.08 -5.63 -9.60
Met 0.25 0.45 1.17 0.00 0.804 0.781 0.40 2.35 1.32 1.03 -2.80
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Phe .09 0.07 0.85 0.00 0.773 0.723 0.43 2.98 2.09 0.89 -2.85
Pro 0.31 0.04 1.47 0.00 1.047 1.093 2.04 0.00 0.00 0.00 0.00
Ser -0.11 -0.23 1.50 1.23 1.056 1.082 1.61 -3.40 0.04 -3.44 -5.10
Thr -0.06 -0.02 1.96 2.48 1.008 1.043 1.48 -2.57 0.27 -2.84 -3.15
Trp 0.19 0.16 0.83 0.00 0.848 0.867 0.75 2.33 2.51 -0.18 -8.39
Tyr 0.33 0.22 1.34 1.90 0.931 1.050 1.72 -0.14 1.63 -1.77 -71.74
Val 0.04 0.05 0.89 1.62 0.825 0.817 0.59 4,04 1.18 2.36 0.81
Correlat.
coeffic. R | 0.1342 | 0.2660 0.3196 | -0.0249 0.1363 0.1208 0.1076 , -G.3350 | -0.1604 | -0.2075 | -0.1802
with EIIP
Parameter
Amino H320 H321 H325 H326 H327 H329 H332 H341
acid
Ala -0.29 -0.06 1.2 1.6 1.0 1.4 1.3 2.3
Arg -2.71 -0.84 0.7 0.9 0.4 1.2 0.8 5.2
Asn -1.18 -0.48 0.7 0.7 0.7 1.2 0.6 0.3
Asp -1.02 -0.80 0.8 2.6 2.2 0.6 0.5 7.4
Cys 0.00 1.36 0.8 1.2 0.6 1.6 0.7 0.8
ln -1.53 -0.73 0.7 0.8 1.5 1.4 0.2 -0.7
Giu -0.90 -0.77 2.2 2.0 3.3 0.9 0.7 10.3
Gly -0.34 -0.41 0.3 0.9 0.6 0.6 0.5 -5.2
His -0.94 0.49 0.7 0.7 0.7 0.9 1.9 -2.8
Ile 0.24 1.31 0.9 0.7 0.4 0.9 1.6 -4.0
Leu -0.12 1.21 0.9 0.3 0.66 1.1 1.4 -2.1
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-3.5

1.8

Met -0.24 1.27 0.3 1.0 1.0 0.85 -1.30
Phe 0.00 1.27 0.5 0.9 0.6 1.0 2.9 -1.1 2.8 0.88 -3.24
Pro 0.60 0.00 2.6 0.5 0.4 0.3 0.0 8.1 0.4 0.64 -1.75 .
" Ser -0.75 -0.50 0.7 0.8 0.4 1.1 0.5 -3.5 -1.2 0.66 4.35
Thr -0.71 -0.27 0.8 0.7 1.0 0.6 0.6 2.3 -0.5 0.70 3.86
Trp -0.29 0.88 2.1 1.7 1.4 14 - 2.1 -0.9 3.0 0.85 -2.86
Tyr -1.02 0.33 1.8 0.4 1.2 0.2 0.8 -3.7 2.1 0.76 0.98
Val 0.09 1.09 1.1 0.6 1.1 0.8 1.4 -4.4 1.4 0.86 -2.18
Correlat.
coeffic. R | -0.2936 | -0.1172 | -0.2847 0.3535 0.0606 0.1376 0.0450 0.06732 -0.1540 | -0.0803 0.3242
with EIIP
Parameter
Amino H356 H357 H358 H360 H364 H365 H371 H373 H377 H378 H379=
acid EIIP
Ala -0.67 0.4 0.73 0.330 8.0 -0.40 0.937 0.328 0.507 0.159 0.0373
Arg 3.89 0.3 0.73 -0.176 0.1 -0.59 1.725 2.088 0.459 0.194 0.0959
Asn 2.27 0.9 -0.01 -0.233 0.1 -0.92 1.080 1.498 0.287 0.385 0.0036
Asp 1.57 0.8 0.54 -0.371 10.0 -1.31 1.640 3.379 0.223 0.283 0.1263
Cys -2.00 0.5 0.70 0.074 26.0 0.17 1.004 0.006 0.592 0.187 0.0829
Glin 2.12 0.7 -0.10 -0.254 33.0 -0.91 1.078 0.000 0.383 0.236 0.0761
Glu 1.78 1.3 0.55 -0.409 6.00 -1.22 0.679 0.000 0.445 0.206 0.0058
Gly 0.00 0.0 0.00 0.370 0.1 -0.67 0.901 0.500 0.390 0.049 0.0050
His 1.09 1.0 1.10 -0.078 0.1 -0.64 1.085 1.204 0.310 0.233 0.0242
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Ile -3.02 0.4 2.97 0.149 55.0 1.25 0.178 2.078 0.111 0.581 0.0000
Leu -3.02 0.6 2.49 0.129 32.0 1.22 0.8CD 0.414 0.619 0.083 0.0000
Lys 2.46 C.4 1.50 -0.075 1.0 -0.67 1.254 0.835 0.559 0.159 0.0371
Met -1.67 0.3 1.30 -0.092 54.0 1.02 0.836 0.982 0.431 0.198 0.0823
Phe -3.24 0.7 2.65 -0.011 18.0 1.92 0.8G3 1.336 0.077 0.682 0.0646
Pro -1.75 0.9 2.60 0.370 42.0 -0.49 0,748 0.415 0.739 0.366 0.0198
Ser 0.10 0.4 0.04 0.022 0.1 -0.55 1.145 1.089 0.689 0.150 0.0829
Thr -0.42 0.4 G.44 0.136 0.1 -0.28 1.487 1.732 0.785 0.074 0.0941
fp -2.86 G.6 3.00 -0.011 77.0 0.50 0.803 i.781 0.160 0.463 0.0548
Tyr 0.98 1.2 2.97 -0.138 66.0 1.67 1.227 0.000 0.060 0,737 0.0516
Val -2.18 0.4 1.69 0.245 0.1 0.91 0.625 0.946 0.356 0.301 0.0057

Correlat.

coeffic. R | £.1647 ! -0.1275 | -0.2191 | -0.3565 | 90.2163 | -0.0576 | 0.6654 0.3970 0.0270 0.0007 1.0050

with EIIP |

Parameter
Amino H380 H381 H382 H384 H386 H387 H388 H392 H389 H393 H394

acid .
Ala 0.0 -12.04 10.04 0.52 0.15 -0.07 7.0 1.94 0.07 8.5 6.8
Arg 0.0 39.23 6.1% 0.49 -0.37 -0.40 9.1 -19.92 2.88 0.0 0.0
Asn 0.0 4.25 5.63 0.42 0.69 -0.57 10.0 -9.68 3.22 8.2 6.2
Asp 0.0 23.22 5.76 0.37 -0.22 -0.80 13.0 -10.95 3.64 8.5 7.0
Cys 0.0 3.95 8.89 0.83 -0.19 0.17 6.5 -1.24 0.7i 11.0 8.3
Gln C.0 2.16 5.41 0.35 -0.06 -0.26 8.6 -9.38 2.18 6.3 8.5
Glu 0.0 16.81 5.37 0.38 0.14 -(0.63 12.5 -10.20 3.08 3.8 4.9
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Gly 0.0 -7.85 7.59 0.41 I 0.36 0.27 7.9 2.39 2.23 7.1 6.4
His 0.0 6.28 7.49 0.70 -0.25 -0.49 8.4 -10.27 2.41 10.1 9.2
. Ile 1.0 -18.32 8.72 0.79 0.02 0.06 4.9 2.15 -4.44 168 10.0
) Leu 1.0 -17.79 8.79 0.77 0.06 -0.17 4.9 2.28 -4.19 15.0 12.2
| Lys 0.0 9.71 4.40 0.31 -0.16 -0.45 10.1 -9.52 2.84 7.9 7.5
Met 0.0 -3.86 9.15 0.76 0.11 0.03 53 -1.48 -2.49 13.3 8.4
Phe 1.0 -21.98 7.98 0.87 1.18 0.40 5.0 -9.76 -4.92 11.2 8.3
Pro 0.0 5.82 7.79 0.35 0.11 -0.47 6.6 -3.68 -1.22 8.2 6.9
Ser 0.0 -1.54 7.08 0.49 0.13 -0.11 7.5 -5.06 1.96 7.4 8.0
Thr 0.0 -4.15 7.00 0.38 0.28 0.09 6.6 -4.88 0.92 8.8 7.0
Trp 1.0 -16.19 8.07 0.86 -0.12 -0.61 5.2 -5.88 -4.75 9.9 5.7
Tyr 1.0 -1.51 6.90 0.64 0.19 -0.61 5.7 -6.11 -1.39 8.8 6.8
Val 1.0 -16.22 8.88 0.72 -0.08 -0.11 5.6 1.99 -2.69 12.0 9.4
Correlat.
coeffic. R | -0.2429 | 0.3216 | -0.1650 | -0.0257 | -0.0695 0.0613 0.1183 -0.3674 0.1623 -0.3550 | -0.2838
with EIIP
Parameter
Amino H395 H396 H398 H400 H401 H402
acid
Ala 18.08 18.56 0.83 0.00 6.00 9.9
Arg 6.00 0.00 0.83 52.00 10.76 4.6
Asn 17.47 18.24 - 0.09 3.38 5.41 5.4
Asp 17.36 17.94 0.64 49.70 2.77 2.8
Cys 18.17 17.84 1.48 1.48 5.05 2.8
Gin 17.93 18.51 0.00 3.53 5.65 9.0
Glu 18.16 17.97 0.65 49.90 3.22 3.2
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Gly 18.24 18.57 0.10 0.00 5.97 5.6
His 18.49 18.64 1.10 51.60 7.59 8.2
Ile 18.62 19.21 3.07 0.13 6.02 17.1

Leu 18.60 19.01 2.52 0.13 5.98 17.6
Lys 17.96 18.36 1.60 49.50 9,74 35
Met 18.11 18.49 1.40 1.43 5.74 14.9
Phe 17.30 17.95 2.75 0.35 5.48 18.8
Pro 18.16 18.77 2.70 1.58 6.30 14.8
Ser 17.57 18.06 0.14 1.67 5.68 6.9
Thr 17.54 17.71 0.54 1.66 5.66 9.5
Trp 17.19 16.87 0.31 - 2.10 5.89 17.1
Tyr 17.99 18.23 2.97 1.61 5.66 15.0
Val 18.30 18.98 1.79 0.13 5.96 14.3

Correlat.

coeffic. R | -0.3374 | -0.3417 | -0.2178 | 0.1430 | -0.0525 | -0.1899

with EIIP
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P. Physicochemical properties

PO01 ANDN920¢101 a-CH chemical shifts (Andersen et al,, 1992}

P009 BIGC670101 Residue volume (Bigelow, 1967)

P015 BULH740102 Apparent partial specific volume (Bull-Breese, 1974)

P017 BUNA790102 a-CH chemical shifts (Bundi-Wuthrich, 1979}

P024 CHAMR30103 The number of atoms in the side chain labelled 1+1 (Charion-Charton, 1983}
P026 CHAMS30105 The number of atoms in the side chain labelled 3+1 (Charton-Charton, 1983)
P027 CHAMS830106 The number of bonds in the longest chain (Charton-Charton, 1983)
P030 CHAMS20101 Polarizability parameter (Charton-Charton, 1982)

P032 CEOC75010]1 Average volume of buried residue (Chothia, 1975)

P033 CHOC760101 Residue accessible surface area in tripeptide (Chothia, 1976)

P059 COHE430101 Partial specific volume (Cohn-Edsall, 1943)

P063 DAWD720101 Size (Dawson, 1972)

P065 DAYM780201 Relative zautability (Dayhoff et al., 1978a)

P072 FASG760101 Molecular weight {Fasman, 1976)

P078 FAUJ880101 Graph shape index (Fauchere et al., 1988)

P080 FAUJ880103 Normalized van der Waals velume (Fauchere et al., 1988)

P981 FAUJB880104 STERIMOL length of the side chain (Fauchere et al., 1988)

P082 FAUJB80105 STERIMOL minimum width of the side chain (Fauchere et al., 1988)
P083 FAUJ880106 STERIMOL maximum width of the side chain (Fauchere et al., 1988)
P096 GARJ730101 Partition coefficient (Garel et ai., 1973)

P109 GOLD730102 Residue volume (Goldsack-Chalifoux, 1973)

P112 GRAR740103 Volume (Grantham, 1974}

P117 HIITI700102 Absolute entropy (Hutchens, 1970}

P118 HUTJ700103 Entropy of formation (Hutchens, 1970)

P135 JOND920102 Relative mutability (Jones et al., 1992)

P149 KRIW790103 Side chain volume (Krigbaum-Komo.iya, 1979)

P154 LEVM760102 Distance between Ca and centroid of side chain (Levitt, 1976)

P157 LEVM760105 Radius of gyration of side chain {Levitt, 1970)

P158 LEVM760106 van der Waals parameter RO (Levitt, 1976)

P159 LEVM760107 van der Waals parameter ¢ (Levitt, 1976)

P177 MCMT64010]1 Refractivity (McMeekin et al.,, 1964), Cited by Jones (1975)
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P214 OOBM770102 Short and medium range non-bonded energy per atom (Oobatake-Ooi, 1977)
P216 OOBM770104 Average non-bonded energy per residue (Oobatake-Oot, 1977)

P217 OOBM770105 Short and medium range non-bonded energy per residue (Oobatake-Ooi, 1977)
P219 OOBMS850102 Optimized propensity to formreverse turn (QOobatake et al., 1985)

P280 QIANS30123 Weights for beta-sheet at the window position of 3 (Qian-Sejnowski, 1988)
P281 QIANB80124 Weights for beta-zhevt at the window position of 4 (Qian-Sejnowski, 1988)
P282 QIAN880125 Weights for beta-sheet at the window position of 5 (Qian-Sejnowski, 1988)
P316 RADAS80103 Transfer free energy from vap to chx (Radzicka-Wolfenden, 1988}

P319 RADAS880106 Accessible surface area (Radzicka-Wolfenden, 1988)

P353 ROSG850101 Mean area buried on transfer (Rose et al., 1985)

P361 SNEP660103 Principal component 11l (Sneath, 1966)

P383 WEBA780101 RF value in high salt chromatography (Weber-Lacey, 1978)

P390 WOQLS870102 Princiba] property value 22 (Wold et al,, 1987)

P397 ZASB820101 Dependence of partition coefficient on ionic strength (Zaslavsky et al., 1982)

P399 ZIMJ680102 Bulkiness (Zimmerman et al., 1968)
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Parameter
Amino P001 Po09 Po15 P017 P024 P026 P027 P030 P032 P033 P059
acid
Ala 4.35 52.6 0.691 4.349 0.0 0.0 0.0 0.046 91.5 115.0 0.75
Arg 4138 109.1 0.728 4.396 1.0 1.0 5.0 0.291 202.0 225.0 0.70
Asn 4.75 75.7 0.596 4.755 1.0 0.0 2.0 0.134 135.2 160.0 0.61
Asp 476 68.4 0.558 4,765 1.0 0.0 2.0 0.105 124.5 150.0 0.60
Cys 4.65 68.3 0.624 4.686 1.0 0.0 1.0 0.128 117.7 135.0 0.61
Gin 437 89.7 0.649 4,373 1.0 1.0 3.0 0.180 161.1 180.0 0.67
Glu 429 84.7 0.632 4.295 1.0 1.0 3.0 0.151 155.1 190.0 0.66
Gly 3.97 36.3 0.592 3.972 0.0 0.0 0.0 0.000 66.4 75.0 0.64
His 4,63 91.9 0.646 4.630 1.0 1.0 3.0 0.230 167.3 195.0 0.67
Ile 3.95 102.0 0.809 4224 2.0 0.0 2.0 0.186 168.8 175.0 0.90
Leu 417 102.0 0.842 4.385 1.0 6.0 2.0 0.186 167.9 170.0 0.90
Lys 4.36 105.1 0.767 4.358 1.0 1.0 4.0 0.219 171.3 200.0 0.82
Met 4.52 97.7 0.709 4,513 1.0 1.0 3.0 0.221 170.8 185.0 0.75
Phe 4.66 113.9 0.756 4.663 1.0 1.0 4.0 0.290 203.4 210.0 0.77
Pro 4.44 73.6 0.730 4.471 0.0 0.0 0.0 0.131 129.3 145.0 0.76
Ser 4.50 54.9 0.594 4.498 1.0 0.0 1.0 0.062 99.1 115.0 0.68
Thr 4.35 71.2 0.655 4.346 2.0 0.0 1.0 0.108 122.1 140.0 0.70
Trp 4.70 1354 0.743 4.702 1.0 1.5 5.0 0.409 237.6 255.0 0.74
Tyr 4.60 116.2 0.743 4.604 1.0 1.0 5.0 0.298 203.6 230.0 0.71
Val 3.95 85.1 0.777 4.184 2.0 0.0 1.0 0.140 141.7 155.0 0.86
: Correlat.
¢ coeffic. R } 0.5542 | 0.0582 : -0.3184 | 0.4692 0.0878 0.2007 0.2563 0.1624 0.1159 0.1330 | -0.4075
i with EIIP
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Parameter

Amino P063 PO65 PO072 P078 P080 P081 P082 P083 P096 P109 P112
acid
Ala 2.5 100.0 86.09 1.28 1.00 2.87 1.52 2.04 0.28 88.3 31.0
Arg 7.5 65.0 174.20 2.34 6.13 7.82 1.52 6.24 0.10 181.2 124.0
Asn 5.0 134.0 132.12 1.60 2.95 4.58 1.52 4.37 0.25 125.1 56.0
Asp 2.5 106.0 133.10 1.60 2.78 474 1.52 3.78 0.21 110.8 54.0
Cys 3.0 20.0 121.15 1.77 2.43 4.47 1.52 3.41 0.28 112.4 55.0
Gln 6.0 93.0 146.15 1.56 3.95 6.11 1.52 3.53 0.35 148.7 85.0
Glu 5.0 102.0 147.13 1.56 3,78 5.97 1.52 3.21 0.33 140.5 83.0
Gly 0.5 49.0 75.07 0.00 0.00 2.06 1.00 1.00 0.17 60.0 3.0
His 6.0 66.0 155.16 2.99 4.60 5.23 1.52 5.66 0.21 152.6 96.0
Ile 5.5 96.0 131.17 4.19 4,00 4,92 1.90 3.49 0.82 168.5 111.0
Leu 35 40.0 131.17 2.59 4.00 492 1.52 445 1.00 168.5 111.0
Lys ar 56.0 146.19 1.89 4.77 6.89 1.52 4,87 0.09 175.6 119.0
Met 6.0 94.0 149.21 2.35 443 6.36 1.52 4.80 0.07 162.2 105.0
Phe 6.5 41.0 165.19 2.94 5.89 4.62 1.52 6.02 2.18 189.0 132.0
Pro 5.5 56.0 115.13 2.67 2.72 4.11 1.52 4.31 0.39 122.2 32.5
Ser 3.0 120.0 105.09 1.31 1.60 3.97 1.52 2.70 0.12 88.7 32.0
Thr 5.0 97.0 119.12 3.03 2.60 4.11 1.73 3.17 0.21 118.2 61.0
Trp 7.0 18.0 204.24 3.21 8.08 7.68 1.52 5.90 5.70 227.0 17C.0
Tyr 7.0 41.0 181.19 2.94 6.47 473 1.52 6.72 1.26 193.0 136.0
Val 5.0 74.0 117.15 3.67 3.00 4.11 1.90 3.17 0.60 141.4 84.0
Correlat.
coef”~. R | 0.0347 | 0.0187 0.2561 -0.0876 | 0.1758 0.2408 | -0.0202 { 0.2273 0.0229 0.0502 0.0903
with cIIP
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Parameter
Amino P117 115 P135 P149 P154 P157 P158 P159 P177 P2i4 Pzié6
acid

Ala 30.88 154.33 100.0 27.5 0.77 0.77 5.2 0.025 4.34 -1.404 -9.475
Arg 68.43 341.01 83.0 105.0 2,72 2.38 6.0 0.200 26.66 -0.921 -16.225
! Asn 41.70 207.90 104.0 58.7 1.98 1.45 5.0 0.100 13.28 -1.178 -12.480
-‘ Asp 40.66 194.91 86.0 40.0 1.99 1.43 5.0 0.100 12.00 -1.162 -12.144
Cys 53.83 219.79 44.0 44.6 1.38 1.22 6.1 0.100 35.77 -1.365 -12.210
Gln 46.62 235.51 84.0 80.7 2.58 1.75 6.0 0.100 17.56 | -1.116 -13.689
Glu 44.98 22216 77.0 6-.0 2.63 1.77 6.0 0.100 17.26 -1.163 -13.815

Gly 24,74 127.90 50.0 0.00 0.00 0.58 42 0.025 0.00 -1.364 -7.592
His 65.99 242.54 91.0 79.0 2.76 1.78 6.0 0.100 21.81 -1.215 -17.550
lie 49.71 233.21 103.9 93.5 1.83 1.56 7.0 0.190 19.06 -1.189 -15.608
Leu 50.62 232.20 54.0 93.5 | 208 1.54 7.0 0.190 18.78 -1.315 -15.728
Lys 63.21 300.46 72.0 10G.0 2.94 2.08 6.0 0.200 21.29 -1.074 | -12.366
Met 55.32 202.65 93.0 94.1 2.34 1.80 6.8 0.190 21.64 -1.303 -15.704
Phe 51.06 204.74 51.0 115.5 2.97 1.90 7.1 0.390 29.40 -1.135 -20.504
Pro 39.21 179.93 58.0 419 1.42 1.25 6.2 0.170 10.93 -1.236 -11.893
Ser 35.65 174.06 117.0 29.3 1.28 1.08 4.9 0.025 €.35 -1.297 -10.518
Thr 36.50 205.80 | 107.0 51.3 1.43 1.24 5.0 0.100 11.01 -1.252 -12.369
Tp 60.00 237.01 25.0 145.5 3.58 2.21 7.0 0.560 42.53 -1.030 -26.166
Tyr 51.15 226.15 50.0 117.3 3.36 2.13 7.1 0.390 31.53 -1.030 -20.232
Val 42.75 207.60 98.0 71.5 1.49 1.29 6.4 0.150 13.92 -1.254 -13.867

Correlat.

coeffic. R | 0.1533 | 0.1403 0.0327 0.0818 0.2476 0.2176 | -G.0780 | 0.1133 0.2455 0.2323 | -0.1193
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| with EIIP |

Parameter
Amino P217 P219 P280 P281 P282 P316 P319 P353 P361 P383 P390
acid
Ala -7.020 1.34 -0.44 -0.31 -0.02 0.13 93.7 86.6 -0.110 0.89 -1.73
Arg -10.131 0.95 -0.13 -0.10 0.04 -5.0 250.4 162.2 0.079 0.88 2.52
Asn -9.424 2.49 0.05 0.06 0.03 -3.04 146.3 103.3 -0.136 0.89 1.45
Asp -9.296 3.32 -0.20 0.13 0.11 -2.23 142.6 97.8 -0.285 0.87 1.13
Cys -8.190 1.07 0.13 -0.11 -0.02 -2.52 135.2 132.3 -0.184 0.85 -0.97
Gln -10.044 1.49 -0.58 -0.47 -0.17 -3.84 177.7 119.2 ~.067 0.82 0.53
Glu -10.467 2.20 -0.28 -0.05 0.10 -3.43 182.9 113.9 -0.246 0.84 0.39
Gly -5.456 2.07 0.08 0.45 0.38 1.45 52.6 62.9 -0.073 0.92 -5.36
His -12.150 1.27 0.09 -0.06 -0.09 -5.61 188.1 155.8 0.320 0.83 1.74
Ile -9.512 0.66 -0.04 -0.25 -0.48 -2.77 182.2 158.0 0.001 0.76 -1.68
Leu -10.520 0.54 -0.12 -0.44 -0.26 -2.64 173.7 164.1 -0.008 0.73 -1.03
Lys -9.666 0.61 -0.33 -0.44 -0.39 -3.97 215.2 115.5 0.049 0.97 1.41
Met -10424 | 0.70 -0.21 -0.28 -0.14 -3.83 197.6 172.9 -0.041 0.74 -0.27
Phe -12.485 0.80 -0.13 -0.04 -0.03 -3.74 228.6 194.1 0.438 0.52 1.30
Pro -8.652 2.12 -0.48 -0.29 -0.04 0.00 0.0 92.9 -0.016 0.82 0.88
Ser -7.782 0.94 0.27 0.34 0.41 -1.66 109.5 85.6 -0.153 0.96 -1.63
Thr -8.764 1.09 0.47 0.27 0.36 -2.31 142.1 106.5 -0.208 0.92 -2.09
Trp ~-14.420 -4.65 -0.22 -0.08 -0.01 -8.21 271.6 224.6 0.493 0.20 3.65
Tyr -12.360 -0.17 -0.11 0.06 -0.08 -5.97 239.9 177.7 0.381 0.49 2.32
Val -8.778 1.32 0.06 0.11 -0.18 -2.05 157.2 141.0 -0.155 0.85 -2.53
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Correlat.
coeffic. R | 0.0194 | -0.0339 | 0.0786 0.1443 0.3349 | -0.2116 0.2379 0.1165 0.0103 -0.0638 | 0.2731
with EIIP '
Parameter
Amino £397 P399
acid
Ala -0.152 11.50
Arg -0.089 14.28
Asn -0.203 12.82
Asp -0.355 11.68
Cys 0.000 13.46
Gln -0.181 14.45
Glu -0411 13.57
Gly -0.190 3.40
His 0.000 13.69
lle -0.086 21.40
Leu -0.102 21.40
Lys -0.062 15.71
Met -0.107 16.25
Phe 0.001 19.80
Pro -0.181 17.43
Ser -0.203 947
Thr -0.170 15.77
Trp 0.275 21.67
Tyr 0.000 18.03
Val -0.125 21.57
Correlat,
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coeffic. R | 0.0436 -0.1270
with EIIP
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. Other properties

0021 CHAMS10101 Steric parameter (Charton, 1981)

0025 CHAM8§0104 The number of atoms in the side chain iabelled 2+1 (Charton-Charton, 1983}
0043 CHOP780206 Normalized frequency of N-terminal non helical region (Chou-Fasman, 1978b)
0051 CHOP780214 Frequency of the 3rd residue in turn {Chou-Fasman, 1978b)

0079 FAUJ880102 Smoothed upsilon steric parameter (Fauchere et al., 1988)

0084 FAUJ880107 N.m.r. chemical shift of alpha-carbon (Fauchere et al., 1988)

0123 ISOY800105 Nomnalized relative frequency of bend S (Isogai et al., 1980)

0126 ISOY800108 Normalized relative frequency f coil {(Isogai et al., 1980}

0155 LEVM760103 Side chain angle theta(AAR) (Levitt, 1976)

0156 LEVM767104 Side chain torsion angle phi{ AAAR) (Levitt, 1976)

0173 MAXF760103 Normalized frequency of zR (Maxfield-Scheraga, 1976)

0174 MAXF760104 Normalized frequency of left-handed alpha-helix (Maxfield-Scheraga, 1976)
0175 MAXF760105 Normalized frequency of zL (Maxfield-Scheraga, 1976)

0254 PRAMS820102 Slope in regression analysis ‘1.0E1 (Prabhakaran-Ponnuswamy, 1982)

0255 PRAMS20103 Cormrelation coefficient in regression analysis (Prabhakaran-Ponnuswamy, 1982)
0298 RACS820102 Average relative fractional occurrence in AR(i) (Rackovsky-Scheraga, 1982)
0302 RACSB20106 Average relative fractional occwirence in ER(i) (Rackovsky-Scheraga, 1982)
0303 RACSB20107 Average relative fractional occurrence in AO{i-1) (Rackovsky-Scheraga, 1982)
0305 RACS820109 Average relative fractional occurrence in AL(i-1) (Rackovsky-Scheraga, 1982}
0309 RACS820113 Value of theta(i) (Rackovsky-Scheraga, 1982)

0322 RICI880101 Relative preference value at N" {Richardson- Richardson, 1988)

0323 RICIZ80102 Relative preference value at N’ (Richardson-Richardson, 1988)

0324 RICI880103 Relative preference value at N-cap (Richardson-Richardson, 1988)

0336 RICJB80115 Relative preference value at C-cap (Richardson-Richardson, 1988}
0370 TANS770105 Normalized frequency of chain reversal S (Tanaka-Scheraga, 1977)
0372 TANS770107 Normalized frequency of left-handed helix (Tanaka-Scheraga, 1977)
0374 TANS770109 Normalized frequency of coil (Tanaka-Scheraga, 1977)

0385 WERD?780102 Free energy change of e(i) to e(ex) { Wertz-Scheraga, 1978)
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Parameter

Amino 0021 0025 0043 0051 0079 0084 0123 0126 0155 0156 0173
acid
Ala 0.52 0.0 0.70 0.035 0.53 7.3 0.35 0.47 121.9 243.2 0.64
Arg 0.65 1.0 0.34 0.099 0.69 11.1 0.75 0.52 1214 206.6 0.62
Asn 0.76 1.0 1.42 0.191 0.58 8.0 2.12 2.16 117.5 207.1 3.14
Asp 0.76 1.0 0.98 0.179 0.59 9.2 2.16 1.15 121.2 215.0 1.92
Cys 0.62 0.0 0.65 0.117 0.66 14.4 0.50 0.41 113.7 209.4 0.32
Gln 0.68 1.0 0.75 0.037 0.71 10.6 0.73 0.95 118.0 205.4 0.80
Glu 0.68 1.0 1.04 0.077 0.72 11.4 0.65 0.64 118.2 213.6 1.01
Gly 0.00 0.0 1.41 0.190 0.00 0.0 2.40 3.03 0.0 300.0 0.63
His 0.70 1.0 1.22 0.093 0.64 10.2 1.19 0.89 118.2 219.9 2.05
Ile 1.02 1.0 0.78 0.013 0.96 16.1 0.12 0.62 118.9 217.9 0.92
Leu 0.98 2.0 0.85 0.036 0.92 10.1 0.58 0.533 118.1 205.6 0.37
Lys 0.68 1.0 1.01 0.072 0.78 10.9 0.83 0.98 122.0 210.9 0.89
Met 0.78 1.0 0.83 0.014 0.77 10.4 0.22 0.68 113.1 204.0 1.07.
Phe 0.70 1.0 0.93 0.065 0.71 13.9 0.89 0.61 118.2 203.7 0.86
Pro 0.36 0.0 1.10 0.034 0.00 17.8 0.43 0.63 81.9 237.4 0.50
Ser 0.53 0.0 1.55 0.125 0.55 13.1 1.24 1.03 117.9 232.0 1.01
Thr 0.50 0.0 1.09 0.065 0.63 16.7 0.85 0.39 117.1 226.7 0.92
Trp 0.70 1.0 0.62 0.064 0.84 13.2 0.62 0.63 118.4 203.7 1,00
Tyr 0.70 1.0 0.99 0.114 0.71 13.9 1.44 0.83 110.0 195.6 1.31
Val 0.76 0.0 0.75 0.028 0.89 17.2 0.43 0.76 121.7 220.3 0.87
Correlat.
coeffic. R | -0.0236 | -0.0772 | -0.2386 0.1445 0.0624 0.1360 0.0714 -0.2977 0.2866 -0.2892 | -0.0567
with EIIP
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Parameter
Amino 0174 0175 0254 0255 0298 0302 0303 0305 0309 0322 0323
acid
Ala 0.17 [.13 0.175 0.687 1.58 0.30 0.40 0.00 17.05 0.7 0.7
Arg 0.76 0.48 0.083 0.590 1.14 0.90 1.20 0.00 21.25 0.4 0.4
Asn 2.62 1.11 0.090 0.489 0.77 2.73 1.24 4.14 34.81 1.2 1.2
Asp 1.08 1.18 0.140 0.632 0.98 1.26 1.59 2.15 19.27 14 1.4
Cys 0.95 0.38 0.074 0.263 1.04 0.72 2.98 0.00 28.84 0.6 0.6
Gln 0.91 0.41 0.093 0.527 1.24 0.97 0.50 0.00 15.42 1.0 1.0
Glu 0.28 1.02 0.135 0.669 1.49 1.33 1.26 0.00 20.12 1.0 1.0
Gly 5.02 3.84 0.201 0.670 0.66 3.09 1.89 6.49 38.14 1.6 1.6
His 0.57 0.30 0.125 0.594 0.99 1.33 2.71 0.00 23.07 1.2 1.2
Ile 0.26 0.40 0.100 0.564 1.09 0.45 1.31 0.00 16.66 0.9 0.9

Leu 0.21 0.65 0.104 0.541 1.21 0.96 0.57 0.00 10.89 0.9 0.9
Lys 1.17 1.13 0.058 0.407 1.27 0.71 0.87 0.00 16.46 1.0 1.0
Met 0.00 0.00 0.054 0.328 1.41 1.89 0.00 0.00 20.61 0.3 03
Phe 0.28 0.45 0.104 0.577 1.00 1.20 1.27 2.11 16.26 1.2 1.2
Pro 0.12 0.00 0.136 0.600 1.46 0.83 0.38 1.99 23.94 0.7 0.7
Ser 0.57 0.81 0.155 0.692 1.05 1,16 0.92 0.00 19.95 1.6 1.5
Thr 0.23 0.71 0.152 0.713 0.87 0.97 1.38 1.24 18.92 0.3 0.3
Trp 0.00 0.93 0.092 0.632 1.23 1.58 1.53 0.00 23.36 1.1 1.1
Tyr 0.97 0.38 0.081 0.495 0.68 0.86 1.79 1.90 26.49 1.9 1.9
Val 0.24 0.48 0.096 0.529 0.88 0.64 0.95 0.00 17.06 0.7 0.7

Correlat. _

coeffic. R | -0.2237 | -0.2367 | -0.1207 | -0.0573 | -0.0278 | -0.1518 0.0673 -6.1568 | -0.1665 | -0.1161 | -0.1161

with EIIP
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Parameter
Amino 0324 0336 0370 0372 0374 Q385
acid
Ala 0.5 0.8 0.497 0.289 0.945 0.16
Arg 0.4 0.9 0.677 1.380 0.364 -0.20
Asn 3.5 1.6 2.072 3.169 1.202 1.03
Asp 2.1 0.7 1.498 0917 1.315 -0.24
Cys 0.6 0.4 1.348 1.767 0.932 -0.12
Gln 0.4 0.9 0.711 2372 | 0.704 -0.55
Glu 04 0.3 0.651 0.285 1.014 -0.45
Gly 1.8 3.9 1.848 4,259 2.355 -0.16
His 1.1 1.3 1.474 1.061 0.525 -0.18
| Qe 0.2 0.7 0.471 0.262 0.673 -0.19
Leu 0.2 0.7 0.656 0.000 0.758 -0.44
Lys 0.7 1.3 0.932 1.288 0.947 -0.12
Met 0.8 0.8 0.425 0.000 1.028 -0.79
Phe 0.2 0.5 1.348 0.393 0.622 -0.25
Pro 0.8 0.7 0.179 0.000 0.579 -0.59
Ser 2.3 0.8 1.151 0.160 1.140 -0.01
Thr 1.6 0.3 0.749 0.218 0.863 0.05
Tmp 0.3 0.0 1.283 0.000 0.777 -0.33
Tyr 0.8 0.8 1.283 0.654 0.907 -0.42
Val 0.1 0.2 0.654 0.167 0.561 -0.46
Correlat.
coeffic. R | 0.2614 | -0.3000 | 0.0669 | -0.1275 | -0.1009 | -0.1193
with EIIP
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APPENDIX D

LIST OF AMINO ACID SEQUENCES USED IN THE STUDY

LYSOZYME (17 sequences)

1. Lzba

Lysozyme (EC 3.2.1.17) - Babcon
KIFERCELARTLKRLGLDGYRGISLANWVCLAKWESDYNTQATNYNPGDOSTDYGIFQIN
SHYWCNDGKTPGAVNACHISCNALLODNI TDAVACAKRVVSDPOGI RAWVAWRNHCONRD
VSQYVQGCGV

2. Lzbo

Lysozyme ¢ (EC 3.2.1.17) 2 - Bovine

x KVFERCELARTLKKLGLDGYKGVSLANWLCLTKWESSYNTKATNYNPSSESTDYGIFQIN
SKWWCNDGKTPNAVDGCHVSCSELMENDIAKAVACAKKIVSEQGI TAWVAWKSHCRDHDV
K SSYVEGCTL

3. Lzbpt4

Lysozyme (EC 3.2.1.17) - Bacteriophages T4
MNIFEMLRIDEGLRLKIYKDTEGYYTIGIGHLLTKSPSLNAARKSELDKAIGRNCNGVITK
% DEAEKLFNQDVDAAVRGILRNAKLKPVYDSLDAVRRCALINMVFOMGETGVAGEFTNSLRM
L LOOKRWDEAAVNLAKSRWYNQT PNRAKRVITTFRTGTWDAYKNL

4. Lzch

i Lysozyme ¢ (EC 3.2.1.17) precursor - Chicken

'? MRESLLILVLCFLPLAALGKVFGRCELAAAMKRHGLDNYRGY SLGNWVCARKFESNEFNTOA
TNRNTDGSTDYGILQINSRWWCNDGRTPGSRNLCNIPCSALLSSDITASVNCAKKIVSDG
; NGMNAWVAWRNRCKGTDVQAWIRGCRL

# 5. Lzdk

Lysozyme ¢ {(EC 3.2.1.17) precursor - Duck

i MKALLTLVFCLLPLAAQGKVYSRCELAAAMKRLGLDNYRGY SLGNWVCAANYESGFNTQA
TNRNTDGSTDYGILQINSRWHCDNGKT PRSKNACGIPCSVLLRSDITEAVRCAKRIVSDG
DGMNAWVAWRNRCRGTDVSKWIRGCRL

6. Lzdk3

i Lysczyme ¢ (BEC 3.2.1.17) III - Duck

i KVYERCELAAAMKRLGLDNYRGY SLGNWVCAANYESSEFNTQATNRNTDGSTDYGILEINS
RWAWCDNGKTPRAKNACGIPCSVLLRSDITEAVKCAKRIVSDGDGMNAWVAWRNRCKGTDV
SRWIRGCRL

7. Lzler

3 Lysozyme ¢ {EC 3.2.1.17) precursor - Ring-necked pheasant

{ MRSLLILVLCFLPLAAPGKVYGRCELAAAMKRMGLDNYRGYSLGNWVCAAKFESNEFNTGA
TNRNTDGSTDYGILQINSRWWCNDGRT PGSKNLCHIPCSALLSSDITASVNCAKKIVSDG
DGMNAWVAWRKHCKGTDVNVWIRGCRL

8. L2gsg

Lysozyme g (EC 3.2.1.17) - Goose
RTDCYGNVNRIDTTGASCKTAKPEGLSYCGVSASKKIAERDLQAMDRYKTIIKKVGEKLC
VEPAVIAGIISRESHAGKVLKNGWGDRGNGEFGLMQVDKRSHKPQGTWNGEVHITQGTTIL
INFIKTIQKKFPSWTKDOQLKGGISAYNAGAGNVRSYARMPIGTTHDDYANDVVARAQYY
KQHGY

9. Lzhu

Lysozyme (EC 3.2.1.17}) - Human

KVFERCELARTLKRLGMDGYRGI SLANWMCLAKWESGYNTRATNYNAGDRSTDYGIFQIN
SRYWCNDGKTPGAVNACHLSCSALLODNIADAVACAKRVVRDPQGI RAWVAWRNRCQONRD

VROYVQGCGV
10. Lzosg
3 Lysozyme g (EC 3.2.1.17) - Ostrich
&E RTGCYGDVNRVDTTGASCKSAXPEKLNYCGVAASRKTIAERDLOSMDRYKALIKKVGQKLC

X VDPAVIAGI ISRESHAGKALRNGWGDNGNGFGLMQVDRRSHKPVGEWNGERHLMQGTEIL
2 ISMIKAIQKKFPRWTKEQQLKGGISAYNAGPGNVRSYERMDIGTTHDDYANDVVARAQYY
KQHGY
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11. Lzove

Lysozyme c (EC 3.2.1.17) - Chachalaca
KIYKRCELARAMKRYGLDNYRGYSLGNWVCAARYESNYNTOATNRNSNGSTDYGILOINS
RWWCNDGRTPGTKNLCHISCSALMGADIAPSVRCAKRIVSDGDGMNAWVAWRKHCKGTDV
STWIKDCKL

12. Lzpy

Lysozyme c (EC 3.2.1.17} - Pigeon
KDIPRCELVKILRRHGFEGEFVGKTVANAVCLVKHESGYRTTAFNNNGPNSRDYGIFQINS
KYWCNDGKTRGSKNACNINCSKLRDDNIADDIQCAKKIAREARGLTPWVAWKKYCQGKDL
SSYVRGC

13. Lzgjeb

Lysozyme ¢ (EC 3.2.1.17) - Bobwhite (tentative sequence)
KVEGRCELAAAMKRHGLDNYRGYSLGNWVCAAKFESNFNSQATNRNTDGSTDYGVLQINS
RWWCNDGKTPGSRNLCNIPCSALLSSDITATVNCAKKIVSDGBGMNAWVAWRNRCKGTDV
QAWIRGCRL

14. Lart

Lysozyme (EC 3.2.1.17) - Rat
KTYERCEFARTLKRNGMSGYYGVSLADWVCLAQGHESNYNTQARNYDPGDOSTDYGIFQIN
SRYWCNBGKTPRAKNACGIPCSALLODDITQAIQCAKRVVRDPQGIRAWVAWQRHCKNRD
LSGYIRNCGV

15. Lzuh

Lysozyme ¢ (EC 3.2.1.17) - Guineafowl (tentative sequence)
KVFGRCELAARMKRHGLDNYRGY SLGNWVCAAKFESNENSQATNRNTDGSTDYGVLQINS
RWWCNDGRT PGSRNLCNIPCSALQSSDITATANCAKKIVSRGBGMNAWVAWRKHCKGTDV
RVWIKGCRL

16. Lzwk

Lysozyme ¢ (EC 3.2.1.17) precursor - Cecropia moth (fragment)
CRSWQFALHCDAKREFTRCGLVQELRRRGFDETLMSNWVCLVENESGRE TDKIGKVNKNGS
RDYGLEQINDKYWCSKGSTPGKDCNVTCNQLLTDDISVAATCAKKI YKRIIKEDAWYGWKN
RCQHGLPDISDC

17, Lzwsg

Lysozyme g {EC 3.2.1.17) - Black swan
RTDCYGNVNRIDTTGASCKTAKPEGLSYCGVPASKTIAERDLKAMDRYKTEIIKKVGEKLC
VEPAVIAGI ISRESHAGKVLKNGWGDRGNGEGLMOVDKRSHKPOQGTWNGEVHITOGTTIL
TDFIKRIQKKFPSWTKDQOLKGGISAYNAGAGNVRSYARMDIGTTHDDYANDVVARAQYY
KQHGY

GLUCAGON (30 sequences)

1. Glull

GLUCAGON I PRECURSOR
MKRIHSLAGILLVLGLIQSSCRVLMQEADPSSSLEADSTLKDEPRELSNMKRHSEGTFSN
DYSKYLEDRKAQEFVRWLMNNKRSGVAEKRHADGTFTSDVSSYLKDQAIKDEVDRLKAGQ
VRRE

2. Glu2i

GLUCAGON II PRECURSOR
MTSLHSLAGLLLLMIIQSSWOQMPDQDPORNSMLLNENSMLTEPIEPLNMKRHSEGTESND
YSKYLETRRAQDFVOUWLKNSKRNGLFRRHADGTYTSDVSSYLQDQAAKDFVSWLKAGRGR
RE

3. Gluangl

HO708424A: glucagon

HSEGTFSNDYSKYLEDRKAQEFVRWLMNN

4. Glubov

H710325A: glucagon

HSQGTFTSDYSKYLDSRRAQDEFVQOWLMNT

5. Gluca

GLUCAGON PRECURSOR {FRAGMENT)
HSQGTFTNDYSKYMDTRRAQDFVOWLMSTXX XX KA XXX XX XXX XYADAPYISDVYSYLOD
QVAKKWLKSGQDRRE
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6. Glucatf

21105264B : glucagon like peptide
HADGTYTSDVSSYLODOAAKDFITWLKSGQPKPE

7. Gluch

GLUCAGON PRECURSOR
MKSLYFVAGLEVMLVOGSWQORSLONTEEKSSSFPAPQTDPLGDPDQINEDKRHSQGTETS
DYSKYLDSRRAQDEFVOWLMNTKRNKNNIAKRHDEFERHAEGTFTSDVSSYLEGOARKEFI
AWLVKGRGRRDFPEEVNIVEELRRRHADGSFSDEMNTVLDSLATRDFINWLLOTKITDRK
8. Glucca

GLUCAGON PRECURSOR
MKSVYFVAGLFIMLAQGSWORSLODTEEKPRSVSASQTDMLDDPDOMNEDKRHSQGTETS
DYSKYLDSRRAQQFLKWLLNVKRNRNNIAKRHDEFERHAEGTFTSDVSSYLEGQAAKEFI
AWLVKGRGRRDPFPEEVAIVEELGRRHADGSFSDEMNTILDNLATRDFINWNLIQTKITDRK
9. Giuceb

GLUCAGON

HEOGTEFTSDYSKHELDSRYRAQEFVQWLMNT

10. Glucee

GLUCAGON PRECURSCR
MKMKSIYFIAGLLLMIVQGSWONPLODTEEKSRSFKASQSEPLDESRQLNEVKRRSOGTE
TSDYSKYLDSRRAQDFVOWLMSTKRNGQOGOEDKENDKFPDQLSSNATISKRHSEFERHAE
GTYTSDITSYLEGQAAKEFIAWLVNGRGRRE

it. Glucd

GLUCAGON

HSOGTFTSDYSKYLDSRRAQDEVQWLMST

12. Gluch

GLUCAGON

HTDGIFSSDYSKYLDNRRTKDEVQOWLLSTKRNGANT

13. Gluckik

H753726A: glucagon

HSOGTEFTSDYSKYLDSRRAQDEVOWLMST

14. Glucl

GLUCAGON PRECURSOR {FRAGMENT)
HSOGTFTNDYSKYLDTRRAQDFVOWLMSTKRSGGITX XXX XXX XHADGTYTSDVSSYLQD
QAAKKFVTWLKQGQDRRE

15. Gluem

GLUCAGON PRECURSOR
MKNIYIVAGFFCGAGQGSWOHSLODTEEKSRSFPASQTDPLEDLPDQINEDKRHSQGTFETS
DYSKYLDSRRAQDFVOWLMNTKRNRNNIAKRHDEFERHAEGTFTSDVSSYLEGQAAKEFRI
AWLVKGRGRRDFPEEVTIVEELGRRHADGSFSDEMNTILDSLATRDFINWLIOTKITDKK
16. Gluco

GLUCAGON PRECURSOR
MEKSIYFVAGLEVMLVOGSWOHPLODTEEKPRSFSTSQTDLLDDPDOMNEDKRHSQGTETS
DYSKFLDTRRAQDFLDWLKNTKRNRNEIAKRHDEFERHAEGTFTSDVSSYLEGQAAKEFI
AWLVKGRGRRDFPEEVTIVEELRRRHADGSFSDEMNTVLDHLATKDFINWLIQTKITDRK
17. Glucoho

21205373A: glucagon
HSEGTFSNDYSKYQEERMAQDFVQWLMNS
18. Slucp

GLUCAGON
HSEGTFSNDYSKYLETRRAQDFVQWLEKNS
19. Gluer

GLUCAGON PRECURSOR

MKTVY IVAGLFVMLVQGSWOHAPODTEENARSFPASQTEPLEDPDQINEDKRHSOGTETS
DYSKYLDSRRAQDFVOWLMNTKRNRNNIAKRADEFERAAEGTFTSDVSSYLEGQARKEFT
AWLVKGRGRRDFPEEVAIAEELGRRHADGSFSDEMNTILDNLATRDFINWLIQTKITDKK
20. Gluerb

GLUCAGON

HSQOGTFTSDYSKYLDSRRAQDEVOWLMNT

21. Glucs

GLUCAGON

HSEGTFTSDYSKYMDNRRAKDEVQWLMNT
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22. Gluct

GLUCAGON
HSEGTFTSDYSKYLDNRRAKDFVQWLMNT
23. Giuduc

H721287A: glucagon
HSOGTFTSDYSKYLDTRRAQDFVQWLMST
24. Gluguipg

21112169A: glucagon
HSEGTFTSDYSKYLDNRRAKDEVQWLMNT
25. Gluhum
QOOOOMCSCCSMOQWWYYAAAAYWHQQMC
26. Glupig

H570104A: glucagon
HSOGTEFTSDYSKYLDSRRAQDEFVQWLMNT
27. Glurab

H720967A: glucagon
HSQGTFTSDYSKYLDSRRAQDFVQWLMNT
28. Glurat

H711649A: glucagon
HSOGTFTSDYSKYLDSRRAQDEFVQWELMNT
29, Glatfish

21112169A: glucagon
HSEGTFTSDYSKYLDNRRAKDFVQWLMNT
30. Gluturk

H721913A: glucagon
HSQGTFTSDYSKYLDSRRAQDFVQWLMST

HEMOGLOBIN (21 sequences)

1. Haba

VLSPAD%(TNVKTAWGKVGGHGGEYGAE‘.ALERME‘LSE‘PTTKTYFPHFDLSH
GSAQVKGHGKKVADALTLAAAHVDDMPSALSALSDLHAHKLRVDPVNFKL
LSHCLLVTLAAHHPAEFTPAVHASLDKFLASVSTVLTSKYR

2. Habaim

hemoglobin alpha-I chain - mandrill
VLSPADKKNVKAAWDKVGGHAGEYGAEALERMFLSFPTTKTY FPHFNLSHGS DQVKGHGK
KVADALTLAVGHVDDMPQALSKLSDLHAHKLRVDPVNFKLLSHCLLVTLARHLPAEFTPA
VHASLDKFLASV3TVLTS3KYR

3. Habay

hemoglobin alpha chain - yellow baboon
VLSPDDKKHVKAAWCKVGEHAGEYGAEALERMFLSFPTTKTYFPHFDLSHGS DQVNKHGK
KVADALTLAVGHVDDMPQALSKLSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPAEFTPA
VHASLDKFLASVSTVLTSKYR

4. Habd

hemoglobin alpha chain - Eurasian badger
VLSPADKANIKATWDKIGGHAGEYGGEALERTFASFPTTKTYFPHFDLSHGSAQVKGHGK
KVADALTNAVAHLDDLPGALSALSDLHAYKLRVDPVNFKLLSHCLLVTLACHHPAEFTPA
VHASLDKFLSSVSTVLTSKYR

5. Habdbm

hemoglobin alpha chain - beech marten
VLSPADKTNVKSTWDKIGGHAGEYGGEBRLERTEVSFPTTKTYFPHFDLSPGSAQVKAHGK
KVADALTLAVGHLDDLAGALSALSDLHAHKLRVDPVNFKLLSHCLLVTLACHHPAEFTPA
VHASLDKFFSTVSTVLTSKYR

6. Habdr

hemoglobin alpha chain - ratel
VLSPSDKANVKATWDKIGGHAGEYGGEALERTFASFPTTKTYFPHFDLSPGSAQVKAHGK
KVADALTNAVAHGDDLPMALSTLSDLHAYKLRVDPVNFKLLSHCLLVTLACHAPAEFTPA
VHASLDKFEFSTVSTVLTSKYR
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7. Habrm

hemogleobin alpha chain - polar bear
VLSPADKSNVKATWDKIGSHAGEYGGEALERTFASFPTTKTYFPHFDLSPGSAQVKAHGK
KVADALTTAAGHLDDLPGALSALSDLHAHKLRVDPVNFKFLSHCLLVTLASHHPAEFTPA
VHASLDKFFSAVSTVLTSKYR '

8. Habrt

hemoglobin alpha chain - Asiatic black bear
VLSPADKSNVKATWDKIGSHAGEYGGEALERTFASFPTTKTYFPHEDLSPGSAQVKAHGK
KVADALTTAAGHLDDLPGALSALSDLHEAHKLRVDPVNFKFLSHCLLVTLASHHPAEFTPA
VHASLDKFFSAVSTVLTSKYR

9. Hacjb

hemoglobin alpha chain - black-tailed marmoset
VLSPADKSNVKAAWGKVGSHAGDYGAEALERMFLSEPTTKTYFPHEDLSHGSAQVKGHGK
KVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHHPAEFTPA
VHASLDKFLASVSTVLTSKYR

10. Hadg

hemoglobin alpha-I chain - dog

- VLSPADKTNIKSTWDKIGGHAGDYGGEALDRTFOSFPTTKTYFPHFDLSPGSAQVKAHGK
KVADALTTAVARLDDLPGALSALSDLHAYKLRVDPVNFKLLSHCLLVTLACHHPTEFTPA
o VHASLDKEFFAAVSTVLTSKYR

11. Hadg2

hemoglobin alpha-II chain - dog
VLSPADKTNIKSTWDKIGGHAGDYGGEALDRTFQSFPTTHTYFPHFDLSPGSAQVKAHGK
KVADALTTAVAHLDDLPGALSALSDLHAYKLRVDPVNEFKLLSHCLLVTLACHHPTEFTPA
VHASLDKFFTAVSTVLTSKYR

12. Hadgy

i hemoglobin alpha chain - coyote (tentative sequence)
VLSPADKTNIKSTWDKIGGHAGDYGGEALDRTFQSFPTTKTYFPHFDLSPGSAQVKAHGK
g KVADALTTAVAHLDDLPGALSALSDLHAYKLRVDPVNFKLLSHCLLVTLACHHPTEFTPA
1 VHASLDKFFTAVSTVLTSKYR

13. Hafqg

hemoglobin alpha chain - giant panda

-ﬁ VLSPADKTNVKATWDKIGGHAGEYGGEALERTFASFPTTKTYFPHFDLSPGSAQVKAHGK
KVADALTTAVGHLDDLPGALSALSDLHAHKLRVDPVNEFKLLSHCLLVTLASHHPAEFTPA
VHASLDKFFSAVSTVLTSKYR

14, Hafgl

hemoglobin alpha chain - lesser panda
VLSPADKTNVKSTWDKLGGHAGEYGGEALERTFASFPTTKTYFPHFDLSPGSAQVKAHGK
KVADALTLAVGHLDDLPGALSALSDLHAHKLRVDPVNFKLLSHCLLVTLACHHPAEFTPA
VHASLLXFFSAVSTVLTSKYR

15. Hagy _
hemoglobin alpha-I and alpha~II chains - thick-tailed bush baby
VLSPTDKSNVKARWEKVGGHAGDYGAEALERMFLSFPTTKTYFPHFDLSHGSAQVKAHGK
R KVADALTNAVSHVDDMPSALSALSDLHAHKLRVDPVNFKLLSHCLLVTLACHHPAELTPA
v VHASFDKFMASVSTVLTSKYR

16. Hagol

hemoglobin alpha-3 chain - lowland gorilla
VLSPADKTNVKAAWGKVGAHAGDYGAEALERMFLSFPTTKTYFPHFDLSHGSAZVKGHGK
‘; KVAKALTBAVZHLODMPNALSALSBLHAHKLRVBPVBFKLLNHCLLVTLAABEPSZFTPA
VHASVDKFLASVSTVLTSKYR

17. Hagolc

hemoglobin alpha-3 chain - chimpanzee

VLS PADKTNVKAAWGKVGAHAGZYGAEALERMFLSFPTTKT YFPHFDLSHGSAZVKGHGK
KVAKALSBAVZHLDDMPNALSALSBLHAHKLRVBPVBFKLLNHCLLVTLARBFPSZFTPA
VHASVDKFLASVSTVLTSKYR

18. Hahh

hemoglobin alpha chain - western Buropean hedgehog
VLSATDKANVKTFWGKLGGHGGEY GGEALDRMFQAHPTTKT YFPRFDLNPGSAQVKGHGK
KVADALTTAVNNLDDVPGALSALSDLHAHKLRVDPVNFKLLSHCLLVTLALHHPADFTPA
VHASLDKFLATVATVLTSKYR
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19. Haho

hemoglobin alpha chains -~ horse
VLSAADKTNVKAAWSKVGGHAGEYGAEALERMFLGEFPTTKTYFPHEFDLSHGSAQVKAHGK
KVGDALTLAVGHLDDLPGALSNLSDLHAHKLRVDPVNFKLLSHCLLSTLAVHLPNDFTPA
VHASLDKFLSSVSTVLTSKYR

20. Hahy

hemoglebin alpha chain - golden hamster
VLSAKDKTNISEAWGKIGGHAGEYGAEALERMFFVYPTTKTYFPHFDVSHGSAQVKGHGK
KVADALTNAVGHLDDLPGALSALSDLHAHKLRVDPVNFKLLSHCLLVTLANHHPADFTEA
VHASLDKFFASVSTVLTSKYR

21. Hahzs

hemoglobin alpha chain - spotted hyena
VLSSADKANIKATWDKIGGHGGEYGAEALERTFLCFPTTKTYFPHFDLSHGSAQVEKAHGK
KVADALALAAARHLDDLPSALSALSDLHAYKLRVDPVNFKLLSHCLLVTLARHHPAEFTPA
VHSDLDKFLSSVSTVLTSKYR

22. Hajl

hemoglobin alpha chain - lion
VLSSADKNNVKACWGKIGSHAGEYGAEALERTEFCSFPTTKY r ' PHEDLSHGSAQVQAHGQ
KVADALTKAVVHINDLPNALSDLSDLHAYKLRVDPVNFKFLSHCLLVTLACHHPEEFTPA
VHASLDKFFSAVSTVLTSKYR

23. Hajua

hemoglobin alpha chain - jaguar
VLSSADKNNVKACWGKIGSHAGEYGAEALERTFCSFPTTKTYFPHFDLSHGSAQVQAHGQ
KVADALTKAVAHINDLPNALSDLSDLRAYKLRVDPVNFKFLSHCLLVTLACHEPEEFTPA
VHASLDKFFSAVSTVLTSKYR

24. Hale2r

hemoglobin alpha-I1 chain - ruffed lemur
VLSPADKNNVKSAWKAIGSHAGEHGAEALERMFLSFPPTKTYFPHEDLSHGSAQIKTHGK
KVADALTNAVNHIDDMPGALSALSDLHAHKLRVDPVNFKLLSHCLLVTLASHHPAEFTPA
VHASLDKFFAAVSTVLTSKYR

25. Haleir

hemoglobin alpha-I chain - ruffed lemur
VLSPADKNNVKSAWNAIGSHAGEHGAEALERMELSFPPTKTYFPHEFDLSHGSAQIKTHGK
KVADALTNAVNHI DDMPGALSALSDLHAHKLRVDPVNFKLLSHCLLVTLASHHPAREFTPA
VHASLDKFEFAAVSTVLTSKYR

26. Halrn

hemoglobin alpha chain - slender loris
VLSPADKTNVKTAWEKVGGHAGEYGAEALERMFLSFPTTKTYFPHFDLSHGSAQVKAHGK
KVADALTTAVSHVDDMPSALSALSDLHAHKLRVDPVNFKLLSHCLLVTLACHHPADETPA
VHASLDKFLASVSTVLTSKYR

27. Halrs

hemoglobin alpha chain - slow loris

VLS PADKTNVKARWEKVGSHAGDYGAEALERMFLSFPTTKTYFPHFDLSHGSAQVKAHGK
KVADALTNAVSHVDDMPSALSALSDLHAHKLRVDPVNFKLLSHCLLVTLACHHPADETPA
VHASLDKFLASVSTVLTSKYR

28. Hamkp

hemoglobin alpha chain - black-handed spider monkey
VLSPADKSNVKAAWGKVGGHAGDYGAEALERMFLSFPTTKTYFPHFDLSHGSAQVKGHGK
KVADALTNAVARVDDMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHHPADFTPA
VHASLDKFLASVSTVLTSKYR

29. Hamks

hemoglobin alpha chain ~ sooty mangabey
VLSPDDKKHVKAAWGKVGEHAGEYGAEALERMFLSFPTTKTY FPHENLSHGSDQVKGHGK
KVADALTLAVGHVDDMPHALSKLSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPAEFTPA
VHASLDKFLASVSTVLTSKYR

30. Hamnle

hemoglobin alpha-I chain - European mink
VLSPADKTNVKSTWDKIGGHAGEYGGEALERTFASFPTTKTYFPHFDLSHGSAQVKAHGK
KVADALTNAVAHMDDLPGAMSALSDLHAYKLRVDPVNFKLLSHCLLVTLACHRPAEFTEA
VHASLDKFFSAVSTVLTSKYR

E. Pirogova

221

BioElectronics Group, Department of Electrical and Computer Systems Enginecring




31. Hamn2f

hemoglobin alpha-II chain - domestic ferret
VLSPADKTNVKSTWGKIGGHAGEYGGEARLERTFASFPTTKTYFPHFDLSHGSAQVKAHGK
KVADALTNAVAHVDDLPGALSALSDLHAYKLRVDPVNFKLLSHCLLVTLACHHPAEFTPA
VHASLDKFFSAVSTVLTSKYR

32. Hamnif

hemoglobin alpha-I chain - domestic ferret
VLSPADKTNVKSTWDKIGGHAGEYGGEALERT FASFPTTKTYFPHFDLSHGSAQVKAHGK
KVADALTNAVAHVDDLPGALSALSDLEHAYKLRVDPVNFKLLSHCLLVTLACHHPREFTPA
VHASLDKEFFSAVSTVLTSKYR

33. Hamqa

hemoglobin alpha chain - brown capuchin
VLSPADKTNVKTAWGKVGGHAGDYGAEALERMFLSFPTTKTYFPHFDLSHGSAQVKGHGK
KVADALSNAVAHVDDMPNALSALSPLHAHKLRVDPVNEKLLSHCLLVTLAAHHPADFTPA
VHASLDKFLASVSTVLTSKYR

34. Hamgb

hemoglobin alpha chain - red colobus (tentative sequence)
VLSPADKTNVKTARGKVGGHGGEYGAEALERMFLSFPTTKTYFPHFDLSHGSAQVKGHGK
KVADALTLAAAHVDDMPSALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHRPAEEFTPA
VHASLDKFLASVSTVLTSKYR

35. Hams _

hemoglobkin alpha chains - mouse
VLSGEDKSNIKAAWGKIGGHGAEYGAEALERMFASFPTTKTYFPHFDVSHGSAQVKGHGK
KVADALASAAGHLDDLPGALSALSDLHAHKLRVDPVNFKLLSHCLLVTLASHHPADFTPA
VHASLDKFLASVSTVLTSKYR

36. Haoee

hemoglobin alpha chain - European mole
VLSGTDKSNIKAAWDKVGAHAGEYGAEALERTFTSFPTTKTYFPHFDLSHGSAQVKAHGK
KVADALTNAVGHLDDLPGAMSALSDLHAHKLRVDPVNFKLLSHCLLVTLACHHPNDFTPA
VHASLDKFLATVSTVLTSKYR

37. Haol

hemoglobin alpha chain - Ehrenberg's mole-rat
VLSPEDKNHRVRSTWDKIGGHGAEYGAEALERMFTSFPTTKTYFPHFDVSHGSAQVKAHGK
KVADALANAAGHLDDLPGALSALSDLHAHKLRVDPVNFKLLSHCLLVTLANHHPAEFTPG
VHASLDKFLASVSTVLTSKYR

38. Haote

hemoglobin alpha chain - Eurasian river otter
VLSPADKTNVKSTWDKIGGHAGEYGGEALERTFVSFPTTKTYFPHFDLSHGSAQVKAHGK
KVADALTNAVAHMDDLPGALSALSDLHAYKLRVDPVNFKLLSHCLLVTLACHHPAEFTPA
VHASLDKFESAVSTVLTSKYR

39. Haotg

hemoglobin alpha chain - giant otter
VLSPADKTNVKATWDKIGGHAGEYGGEALERTFASFPTTKTYFPHFDLSPGSAQVKAHGK
KVADALTNAVAHMDDLPAALSALSDLHAYKLRVDPVNFKLLSHCLLVTLACHRPAEFTPA
VHASLDKFFSTVSTVLTSKYR

40. Haoz

hemoglobin alpha chain - muskrat
VLSGEDKNNIKTAWGKIGGHAREYGREALERMFVVYPTTKTYFPHFDVSHGSGQVKAHGK
KVADALTTAVGHLDDLPGALSALSDLHARKLRVDPVNFKLLSHCLLVTLANHIPADFTPA
VHASLDKFLASVSTVLTSKYR

41, Hapd

hemoglobin alpha chain - Amur leopard
VLSSADKNNVKACWGKIGSHAGEYGAEALERTFCSEPTTKTYFPHFDLSHGSAQVOARGQ
KVADALTKAVAHINDLPNALSDLSDLHAYKLRVDPVNFKFLSHCLLVTLACHHPEEFTPA
VHASLDKFFSAVSTVLTSKYR

42. Hapdp

hemoglobin alpha chain - northern Persian leopard
VLSSADKNNVKACWGKIGSHAGEYGAEALERTFCSFPTTKTYFPHFEDLSHGSAQVOTHGQ
KVADALTKAVAHINDLPNALSDLSDLHAYKLRVDPVNFKFLSHCLLVTLACHHPEEFTPA
VHASLDKFFSAVSTVLTSKYR
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43. Harb 3
hemoglobin alpha chain - rabbit 3
VLSPADKTNIKTAWEKIGSHGGEYGAEAVERMFLGFPTTKTYFPHEDFTHGSEQIKAHGK
KVSEALTKAVGHLDDLPGALSTLSDLHAHKLRVDPVNFKLLSHCLLVTLANHHPSEFTPA
VHASLDKELANVSTVLTSKYR

44. Harr

hemoglobin alpha chain - raccoon
VLSPADKANIKATWDKIGGHAGEYGGEALERT FASFPTTKTYFPHFDLS PGSAQVKAHGK
KVADALTLAVGHLDDLPGALSALSDLHAYKLRVDPVNFKLLSHCLLVTLACHHPAEFTPA
i VHASLDKFFTSVSTVLTSKYR

45. Hartl

hemoglobin alpha-1l chain - rat
VLSADDKTNIKNCWGKIGGHGGEYGEEALQRMFAAFPTTKTYFNHIDVSPGSAQVKAHGK
KVADALAKAGAHLBBVPZALSTLSDLHARKLRVDPVNFKFLSHCLLVTLACHHPGDETPA 3
MHASLDKFLASVSTVLTSKYR :
46. Hartng

hemoglebin alpha chain - northern gundi
VLSAADKTRVKARWDKIGGHGGEYGAEALERMFLSFPTTKTY FPHFDVSHGSAQVKARGK
KVADALANAASHLDDLPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLACHHPAEFTPA
VHASLDKFLATVATVLTSKYR

47. Hatb

hemoglobin alpha chain ~ western tarsier
VLSPADKTNVKAAWDKVGGHAGDYGAEALERMFLSFPTTKTYFPHFDLSHGSSQVKGHGK
KVADALTTAVGHIDNMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLACHHPADFTPA
VHASLDKFVASVSTVLTSKYR

48. Hats

; hemogleobin alpha chain - common tree shrew

i VLSPGDKSNIKAAWGKIGGQAPQYGAEALERMFLSFPTTKTYFPHFDMSHGSAQIQAHGK
o KVADALSTAVGHLDDLPTALSALSDLHAHKLRVDPANFKLLSHCILVTLACHHPGBFTPE
IHASLDKFLANVSTVLTSKYR

49. Hatsm

hemoglobin alpha chain - house shrew
VLSANDKANVKAAWDKVGGQAANYGAEALERTFASFPTTKTYFPHYDLSPGSAQVKAHGK
KVADALTKAVGSMDDLPGALSALSDLHARKLRVDPVNFKLLSHCLLVTLAAHRHPADETPA
VHASLDKFLASVSTVLTSKYR

50. Hatx

hemoglobin alpha chain - tiger
VLSSADKNNVKACWGKIGSHAGEYGAEALERTFCSFPTTKTYFPHFDLSHGSAQVQTHGY
KVADALTKAVAHINNLPNALSDLSDLHAYKLRVDPVNFKFLSHCLLVTLACHHPEEFTPA
VHASLDKFFSAVSTVLTSKYR

51. Haukle §
hemoglobin alpha-1 chain - European polecat 3
VLSPADKTNVKSTWDKIGGHAGEYGGEALERTFASFPTTKTYFPHFDLSHGSAQVKAHGK
KVADALTNAVAHMDDLPGALSALSDLHAYKLRVDPVNFKLLSHCLLVTLACHHPAEFTPA

VHASLDKFFSAVSTVLTSKYR

52, Hauk2e

hemoglobin alpha-I1 chain - Buropean polecat
VLSPADKTNVKSTWGKIGGHAGEYGGEALERTFASFPTTKTYFPHFDLSHGSAQVKAHGK
KVADALTNAVAHMDDLPGALSALSDLHAYKLRVDPVNFKLLSRCLLVTLACHHPAEFTPA

VHASLDKFFSAVSTVLTSKYR

53. Hbbag :
hemoglobin beta chain - gelada baboon 3
VHLTPEEKNAVTTLWGKVNVDEVGGEALGRLLVVYPHTORFFDSFGDLSSPAAVMGNPKY ;
KAHGKKVLGAFSDGLNHLDONLKGTFAQLSELHCDKLHVDPENFKLLGNVLVCVLAHHFGK
EFTPQVQAAYQKVVAGVANALAHKYH

54. Hbbam

hemoglobin beta chain - mandrill
VHLTPEEKTAVTTLWGKVNVDEVGGEALGRLLVVYPWTQRFFDSFGDLSSPDAVMGNPKV
KAHGKKVLGAFSDGLNHLDNLKGTFAQLSELHCDKLHVDPENFKLLGNVLVCVLAHHFGK
EFTPQVQAAYQKVVAGVANALAHKYH
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55. Hbbay

hemoglobin beta chain ~ yellow baboon
VHLTPEEKNAVTALWGKVNVDEVGGEALGRLLVVY PWTORFFDSFGDLS SPAAVMGNPKY
KAHGKKVLGAFSDGLNHLDNLKGTFAQLSELHCDKLHVDPENFKLLGNVLVCVLAHHFGK
EFTPQVQARYQKVVAGVANALAHKYH

56. Hbcjb

hemoglobin beta chain - black-tailed marmoset
VHLTGEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTDRFFESFGDLSTPDAVMNNPKY
KAHGKKVLGAFSDGLTHLDNLKGTFAHLSELHCDKLHVDPENFRLLGNVLVCVLAHHFGK
EFTPVVQAAYQKVVAGVANALAHKYH

57. Hbez

hemoglobin beta chain - chimpanzee
VHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLS TPDAVMGNPKV
KAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKLHVDPENFRLLGNVLVCVLAHHFGK
EFTPPVQAAYQKVVAGVANALAHKYH

58. Hbezp

hemoglobin beta chain - pygmy chimpanzee
VHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNEPKY
KAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKLHVDPENFRLLGNVLVCVLARHFGK
EFTPEVQAAYQKVVAGVANALAHKYH

59. Hbema

hemoglobin beta chain - Amazon manatee
VHLTPEEKALVIGLWAKVNVKEYGGEALGRLLVVYPWTQRFFEHFGDLSSASAIMNNPKV
KAHGERKVFTSFGDGLKHLEDLKGAFAELSELHCDKLHVDPENFRLLGNVLVCVLARHFGK
EFSPEAQAAYQKVVAGVANALAHKYH

60. Hbgi

heroglobin beta chain - commen gibbon (tentative sequence)
VHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPKV
KAHGKKVLGAFSDGLAHLDNLKGTFAQLSELHCDKLHVDPENFRLLGNVLVCVLAHHFGK
EFTPQVQARAYOKVVAGVANALAHKYH

61. Hbgo

hemoglobin beta chain - gorilla
MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLST PDAVMGNPK
VKAHRGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKLHVDPENFKLLGNVLVCVLAHHEG
KEFTPPYQAARYQKVVAGVANALAHKYH

62. Hbho

hemoglobin beta chain - horse
VOQLSGEEKAAVLALWDKVNEEEVGGEALGRLLVVYPWTORFFDSFGDLSNPGAVMGNPKY
KAHGKKVLHSFGEGVHHLDNLKGTFAALSELHCDKLHVDPENFRLLGNVLVVVLARHFGK
DETPELOASYQKVVAGVANALAHKYH

63. Hbhu

hemoglobin beta chain -~ human
VHLTPEEKSAVTALWGKVNYDEVGGEALGRLLVVYPHTORFFESFGDLST PDAVMGNPKY
KAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKLHVDPENFRLLGNVLVCVLAHHFGK
EFTPPVQAAYQKVVAGVANALAHKYH

64. Hbhua

hemoglobin beta chain - human _
VHLTPVEKSAVTALWGKVNVDEVGGEARLGRLLVVYPWTQRFFESFGDLST PDAVMGNPKY
KAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKLHVDPENFRLLGNVLVCVLARHFGK
EFTPPVQAAYQKVVAGVANALAHKYH

65. Hbmkb

hemoglobin beta chain - red-crowned mangabey
VHLTPEEKVAVTTLWGKVNVDEVGGEALGRLLVVYPWTORFFESFGDLSNPDAVMGNPKV
KAHGKKVLGAFSDGLNHLDNLKGTFAQLSELHCDKLHVDPENFKLLGNVLVCVLAHHFGK
EFTPQVQAAYQKVVAGVANALAHKYH

66. Hbmkg

hemoglobin beta chain - green monkey
VHLTPEEKTAVTTLWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSSPDAVMGNPKV
KAHGKKVLGAFSDGLABLDNLKGTFAQLSELHCDKLHVDPENFKLLGNVLVCVLAHHFGK
EFTPQVQOAAYOKVVAGVANALAHKYH
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67. Hbmkh

hemoglobin beta chain - long-haired spider monkey
VHLTGEEKARVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMSNPKY
KAHGKKVLGAFSDGLAHLDNLKGTFAQLSELHCDKLHVDPENFRLLGNVLVCVLAHHEGK
EFTPQLOAAYQKVVAGVANALAHKYH

68. Hbmkk

hemoglobin beta chain - black spider monkey
VHLTGEEKAAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMSNPKV
KAHGKKVLGAFSDGLAHLDNLKGTFAQLSELHCDKLHVDPENFRLLGNVLVCVLAHHEFGK
EFTPQLQAAYQKVVAGVANALAHKYH

69. Hbmkm

hemoglobin beta chain - moustached tamarin (tentative sequence)
VHLTGEEKSAVTTLWGKVNVEEVGGEALGRLLVVYPWTQREFFDSFGDLSSPDAVMNNPKY
KARGKKVLGAFSDGLAHLDNLKGTFAQLSELHCDKLHVDPENFRLLGNVLVCVLAHHFGK
EFTPQVQAAYQOKVVAGVANALAHKYH

76¢. Hbmkn

hemoglobin beta chain - douroucouli (tentative sequence)
VHLTGEEKAAVTALWGKYNVDEVGGEALGRLLVVYPWTQRFFDSFGDLSSPDAVMNNPKY
KAHGKKVLGAFSDGLAHLDNLKGTFAQLSELHCDKLHVDPENFRLLGNVLVCVLAHHFGK
EFTPQVQARYQKVVAGVANALAHKYH

71. Hbmkp

hemoglobin beta chain - black-handed spider monkey

& VHLTGEEKAAVTALWGKVNVDEVGGEALGRLLVVYPWTQORFFESEFGDLSTPDAVMSNPKV
- KAHGKKVLGAFSDGLAHLDNLKGTFAQLSELHCDKLHVDPENFRLLGNVLVCVLAHHEGK
EFTPOLQAAYQKVVAGVANALAHKYH

72. - Hbmks

' hemoglobin beta chain - common squirrel monkey (tentative seqguence)
VHLTGDEKAAVTALWGKVNVEDVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMNNPKV
KAHGKKVLGAFEDGLAHLDNLKGTFAQLSELHCDKLHVDPENFRLLGNVLVCVLAHHFGK
EFTPQVQAAYQKVVAGVANALARKYH

73. Hbmga

hemoglobin beta chain - brown capuchin
VHLTAEEKSAVTTLWGKVNVDEVGGEALGRLLVVYPWTQRFFDSFGDLSTPDAVMNNPKV
KAHGKKVLGAFSDGLTHLDNLKGTFAQLSELHCDKLKRVDPENFRLLGNVLVCVLARHFGK
EFTPQVQAAYQOKVVAGVATALAHKYH

74. Hbmqaa

hemoglobin beta chain - white-fronted capuchin
VHLTAEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQREFFDS FGDLSTPDAVMNNPKY
KAHGKKVLGAFSDGLTHLDNLKGTFAQLSELHCDKLHVDPENFRLLGNVLVCVLAHHFGK
EFTPQVQAAYOKVVAGVATALAHKYH

75. Hbmgh

hemoglobin beta chain - red colobus
VHLTPDEKNAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFDSFGDLSTADAVMGNPRV
KAHGKKVLGAFSDGLAHLDNLKGTFAQLSELHCDKLHVDPENFKLLGNVLVCVLAHHEGK
EFTPQVQARYQKVVAGVANALAHKYH

76, Hbmgqce

hemoglobin beta chain - crab-eating macaque (tentatlve sequence)
VHLTPEEKNAVTTLWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSSPDAVMGNPKV
p KAHGKKVLGAFSDGLNHLDNLKGTFAQLSELHCDKLHVDPENFKLLGNVLVCVLAHHFGK
EFTPQVQAAYQKVVAGVANALAHKYH

77. Hbmgf

hemoglobin beta chain - brown-headed tamarin
VHLTGEEKSAVTTLWGKVNVEEVGGEALGRLLVVYPWTQRFFESFGDLSSPDAVMGNPKY
KAHGKKVLGAFSDGLAHLDNLKGTFAQLSELHCNKLHVDPENFRLLGNVLVCVLAHHFGK
EFTPOVOARYQKVVAGVANALAHKYHR

78. Hbmgj

hemoglobin beta chain -~ Japanese macaque
VHLTPEEKNAVTTLWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSSPDAVMGNPKV
KAHGKKVLGAFSDGLNHLDNLKGTFAQLSELHCDKLHVDPENFKLLGNVLVCVLAHHFGK
EFTPOVQAAYQKVVAGVANALAHKYH
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79. Hbmqn

hemoglobin beta chain - black-and-red tamarin {tentative sequence)
VHLTGEEKSAVTTLWGKVNVEEVGGEALGRLLVVYPWTQRFFESFGDLSSPDAVMNNPKY
KAHGKKVLGAFSDGLAHNLDNLKGTFAQLSELHCDKLAVDPENFRLLGNVLVCVLARHFGK
EFTPQVOAAYQKVVAGVANALAHKYH

80. Hbmgp

hemoglobin beta chain - hanuman langur
VHLTPEEKAAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSSPDAVMGNPKV
KAHGKKVLGAFSDGLAELONLKGTFAQLSELHCDKLHVDPENFRLLGNVLVCVLAHHFGK
EFTPOVORAYQKVVAGVANALAHKYH

81, Hbmgpm

hemoglobin beta chain - pig-tailed macaque
VHLTPEEXKNAVTTLWGKVNVDEVGGEALGRLLVVY PWTQRFFESFGDLSSPDAVMGNPKV
KAHGKKVLGAFSDGLNHLDNLKGTFAQLSELRCDKLHVDPENFKLLGNVLVCVLAHHFGK
EFTPOVOAAYQOKVVAGVANALAHKYH

82. Hbmqr

hemoglobin beta chain - rhesus macaque
VHLTPEEKNAVTTLWGKVNVDEVGGEALGRLLLVYPWTQRFFESFGDLSSPDAVMGNPKY
KAHGKKVLGAFSDGLNHLDONLKGTFAQLSELHCDKLHVDPENFKLLGNVLVCVLAHHFGK
EFTPQVOARYQKVVAGVANALAHKYH

83. Hemahum

HUMANI ALFA HEMOGLOBIN
VLSPADKTNVKARWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDLSH
GSAQVKGHGKKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKL
LSHCLLVTLAAHLPAEFTPAVHASLDKFLASVSTVLTSKYR

84. Hembhum

BETA-HUMANI HEMOGLOBIN
VHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLST
PDAVMGNPKVKAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKLHVDP
ENFRLLGNVLVCVLAHHFGKEFTPPVOAAYQOKVVAGVANALAHKYH

85. Hemghum

HUMAN GAMA GLOBIN

GHFTEEDKATITSLWGKVNVEDAGGET LGRLLVVYPWTORFFDSFGNLSS
ASATMGNPKVKAHGKKVLTSLGDAIKHLDDLKGTFAQLSELHCDKLHVDP
ENFKLLGNVLVTVLAIHFGKEFTPEVQASWOKMVTGVASALSSRYH

86. Hemhag

HEMOGLOBIN HAGFISH (MYXINE GLUTINOSA} (N}
PITPHGQPPTLSEGDKKAIRESWPQIYKNFEQNSLAVLLEFLKKFPKAQD
SFPKFSAKKSHLEQDPAVKLOQAEVIINAVNHTIGLMDKEAAMKKYLKDLS
TKHSTEFQVNPDMFKELSAVEVSTMGGKAAYEKLFSI IATLLRSTYDA

87. Hemlamp

HEMOGLOBIN RIVER LAMPREY (N)
PIVDSGSVAPLSAAEKTKIRSAWAPVYSNYETSGVDILVKFFTSTPAAQE
FFPKFKGMTSADQLKKSADVRWHAERI INAVNDAVASMDDTEKMSMKLRD
LSGKHAKSFQVDPOYFKVLAAVIADTVAAGDAGFEKLMSMICILLRSA

88. Hemphaa

ALFA A - CHAIN FROM HBA PHEASANT (IBID)
VLSAADKNNVKGIFTKIAGHIAEEYGAEALERMFITYPSTKTYFPHFDLSH
GSAQIKGHGKKVVAALIEAVNHIDDITGTLSKLSDLHAHKLRVDPVNEFKL

& LGQCFLVVVAIHHPSALTPEVHASLDKFLCAVGTVLTAKYR

e 89. Hemphad

ALFA D - CHAIN FROM CHICKXEN HBD(J.BIOCHEM..77(1975)1345-1347).
MLNAEDKKLIQOAWEKAASDQQEFGAEALVRMETAYPQTKTYFPHEDLSP
GSDQIRGHGKKVLGALSNAVKNVDNLSOAMSELSNLHAYNLRVDPVNFKL
L3QCIEVVLAVHMGKDYTPEVHAAFDKFLSAVSAVLAEKYR

90. Hemphb

BETA CHAIN FROM HBA PHEASANT
VHWSAEEKQLITGLWGKVNVADCGAEALARLLIVYPWTQRFFASFGNLSS
PTAILGNPMVRAHGKKVLTSFGDAVKNLDNIKNT#SQLSELHCDKLHVDP
ENFRLLGDILIIVLAAHESKDFTPECQAAWQKLVRVVAHALARKYH
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91. Horsehmo
behoglebin alpha&beta chains - horse
VLSAADKTNVKAAWSKVGGHAGEYGAEALERMFLGFPTTKTYFPHFDLSHGSAQVKAHGK

VHASLDKFLSSVSTVLTSKYRVOQLSGEEKAAVLALWDKVNEEEVGGEALGRLLVVYPWTQ
RFFDSFGDLSNPGAVMGN PKVKAHGKKVLHSFGEGVHHLDNLKGTFAALSELHCDKLHVDP
ENFRLLGNVLALVVARHFGKDFTPELQASYQKVVAGVANALAHKYH

CYTOCHROME C (47 sequences)

1. Cccarp

Cytochromes ¢ -~ Carp (2 strains)
GDVEKGKKVFVQKCAQCHTVZBGGKHKVGPNLWGLFGRKTGQAPGFSYTBABKSKGIVWE
ZZTLMEYLZPPKKYIPCTKMI FAGIKKKGERADLIAYLKSATS

2. Cech

Cytochrome ¢ - Chicken and turkey
GDIEFGKKIFVQKCSQCHTVEKGGKHKTGPNLHGLFGRKTGQAEGFSYTDANKNKGITWG
EDTLMEYLENPKKYIPGTKMIFAGIKKKSERVDLIAYLKDATSK

3. Cedesl

Cytochrome ¢ - Desert locust
GVPQGDVEKGKKIFVQORCAQCHTVEAGGKHKTGPNLHGLFGRKTGQAPGFSYTDANKSKG
ITWDENTLFIYLENPKKYIPGTKMVEAGLKKPEERADLIAYLKESTK

4. Ccdfsh

Cytochrome ¢ - Puget Sound dogfish
GDVEKGKKVEVQKCAQCHTVENGGKHKTGPNLSGLFGRKTGQAQGFSYTDANKSKGITWO
QETLRIYLENPKKYIPGTKMIFAGLKKKSERQDLIAYLKKTAAS

5. Cedog

Cytochrome ¢ - Dog, southern elephant seal, and Schreibers's long-
fingered bat
GDVEKGKKIFVQKCAQCHTVEKGGKHKTGPNLHGLFGRKTGQAPGFSYTODANKNKGITWG
EETLMEYLENPKKYIPGTKMIFAGIKKTGERADLIAYLKKATKE

6. Cedon

Cytochrome c - Donkey and common zebra {tentative seguences)
GDVEKGKKIFVQKCAQCHTVEKGGKHKTGPNLHGLFGRKTGQAPGEFSYTDANKNKGI TWK
EETLMEYLENPKKYIPGTKMIFAGIKKKTEREDLIAYLKKATNE

7. Ccefsh

Cytochrome ¢ - Common European starfish
GOVEKGKKIFVQRCAQCHTVEKAGKHKTGPNLNGI LGRKTGQAAGFSYTDANRNKGITRWK
NETLFEYLENPKKYIPGTKMVFAGLKKQKERQDLIAYLEAATK

8. Ceemu

Cytochrome ¢ - Emu
GDIEKGKKIFVQKCSQCHTVEKGGKHKTGPNLNGLFGRKTGQAEGFSYTDANKNKGITWG
EDTLMEYLENPKKYIPGTKMIFAGIKKKSERADLIAYLKDATSK

9. Ceff

Cytochrome c - Mediterranean fruit fly, fruit fly, horn fly; and
greenbottle fly
GVPAGDVEKGKKLFVQRCAQCHTVEAGGKHKVGPNLHGLIGRKTGQAAGFAYTDANKAKG
ITWNEDTLFEYLENPKKYIPGTKMI FAGLKKPNERGDLIAYLKSATK

190. Cefrog

Cytochrome ¢ - Bullfrog

GDVEKGKKI FVQKCAQCHTCEKGGKHKVGPNLYGLIGRKTGQAAGFSYTDANKNKGITWG
EDTILMEYLENPKKYIPGTKMIFAGIKKKGERQDLIAYLKSACSK

11, Cchbee

Cytochrome ¢ - Honeybee
GIPAGDPEKGKKIFVQKCAQCHTIESGGKHKVGPNLYGVYGRKTGQAPGYSYTDANKGKG
ITWNKETLFEYLENPKKYIPGTKMVFAGLKKPQERADLIAYIEQASK

12. Cchor
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Cytochrome ¢ - Horse

GDVEKGKKI FVQKCRQCHTVEKGGKHKTGPNLHGLFGRKTGQAPGEFTYTDANKNKGITWK
EETLMEYLENPKKYIPGTKMIFAGIKKKTEREDLIAYLKKATNE

13. Cchp

Cytochrome c ~ Hippopotamus
GDVEKGKKIFVQKCAQCHTVEKGGKHKTGPNLHGLFGRKTGQS PGFSYTDANKNKGITHG
EETLMEYLENPKKYIPGTKMIFAGIKKKGERADLIAYLKQATNE

14. Cchum

Cytochrome ¢ - Human
GDVEKGKKIFIMKCSQCHTVEKGGKHKTGPNLAGLFGRKTGOAPGYSYTARNKNKGIIWG
EDTLMEYLENPKRKYIPGTKMIFVGIKKKEERADLIAYLKKATNE

15. Cchworm

Cytochrome c¢ - Cynthia moth and tobacco hornworm
GVPAGNAENGKKIFVQRCAQCHTVEAGGKHKVGPNLHGFYGRKTGQAPGFSYSNANKAKG
ITWGDDTLFEYLENPKKYIPGTKMVFAGLKKANERADLIAYLKESTK

16. Cckang

Cytochrome ¢ - Eastern gray kangarco
GDVEKGKKIFVQKCAQCHTVEKGGKHKTGPNLNGIFGRKTGOAPGFTYTDANKNKGIIWG
EDTLMEYLENPKKYIPGTKMIFAGIKKKGERADLIAYLKKATNE

17. Celam

Cytochrome c¢ - Pacific lamprey
GDVEKGKKVEFVQKCSQCRTVEKAGKHKTGPNLSGLFGRKTGQAPGEFSY TDANKSKGI VN
QETLFVYLENPKKYIPGTKMIFAGIKKEGERKDLIAYLKKSTSE

18. Cclanug

" Cytochrome c - Thermomyces lanuginosus

AKGGSFEPGDASKGANLFKTRCAQCHSVEQGGANKIGPNLHGLFGRKTGSVEGYSYTDAN
KQAGITWNEDTLFEYLENPKKFI PGTKMAFGGLKKNKDRNDLITYLKEATK

19. Cems

Cytochronme c, testis-specific - Mouse
GDAEAGKKIFVOKCAQCHTVEKGGKHKTGPNLWGLFGRKTGQAPGFSYTDANKNKGIVWS
ZZTLMZYLZBPKKYIPGTKMIFAGIKKKSEREDLIKYLKQATSS

20. Cene

Cytochrome c - Neurospora crassa
GFSAGDSKKGANLFKTRCAQCHTLEEGGGNKIGPALHGLFGRKTGSVDGYAYTDANKQKG
ITWDENTLFEYLENPKKYIPGTKMAFGGLKKDKDRNDI ITFMKEATA

21. Ceos

Cytochrome ¢ ~ Ostrich
GDIEKGKKIFVQKCSQCHTVEKGGKHKTGPNLDGLFGRKTGQAEGEFSYTDANKNKGI TWG
EDTLMEYLENPKKYIPGTKMIFAGIKKKSERADLIAYLKDATSK

22. Cepig

Cytechrome ¢ - Pig, bovine, and sheep

GDVEKGEKKI FVQKCAQCHTVEKGGKHKTGPNLHGLFGRKTGQAPGFSYTDANKNKGITWG
EETLMEYLENPKKYIPGTKMIFAGIKKKGEREDLIAYLKKATNE

23, Ceping

Cytochrome ¢ - King penguin
GDIEKGKKIFVQKCSQCHTVEKGGKHKTGPNLHGIFGRKTGQAEGFSY TDANKNKGITWG
EDTLMEYLENPKKYIPGTKMIFAGIKKKSERADLIAYLKDATSK

24. Ceplpum

Cytochrome ¢ - Pumpkin
ASFDEAPPGNSKAGEKIFKTKCAQCHTVDKGAGHKQGPNLNGLFGRQSGTTPGYSYSAAN
KNRAVIWEEKTLYDYLLNPKKYIPGTKMVFPGLKKPQDRADLIAYLKEATA

25, Ceprawn

Cytochrome ¢ - Monsoon river-prawn

GDVEKGKKI FVQRCAQCHSAQANLKHKTGPNLNGLFGRQTGQASGYVYTDANKAKG ITWQ
ADTLDVYLENPKKYIPGTKMVEAGLKKANERADLIAYLKQATNL

26, Cerab

Cytochrome ¢ - Rabbit, mouse, rat, California gray whale, Arabian camel,

and gua
GDVEKGKKIFVQKCAQCHTVEKGGKHKTGPNLHGLFGRKTGQAVGFSY TDANKNKGITWG
EDTLMEYLENPKKYIPGTKMI FAGIKKXDERADLIAYLKKATNE
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27. Cerape

Cytochrome ¢ - Rape and cauliflower
ASFDEAPEGNSKAGEKIFKTKCAQCHTVDKGAGHKOGPNLNGLFGRQSGTTAGYSYSAAN
KNKAVEWEEKTLYDYLLNPKKY I PGTKMVFPGLKKPQDRADLIAYLKEATA

28. Cesna

Cytochrome ¢ - Brown garden snail
GZAZKGKKIFTQKCLQCHTVEAGGKHKTGPNLSGLFGRKQGOAPGFAY TDANKGKGITWK
NQTLFEYLENPKKYIPGTKMVFAGLKBZTERVHLIAYLZZATKK

29. Ccsnak

Cytochrome c¢ - Eastern diamondback rattlesnake
GDVEKGKKIFSMKCGTCHTVEEGGKHKTGPNLHGLFGRKTGQAVGYSYTAANKNKGI IWG
DDTLMEYLENPKKYIPGTKMVEFTGLKSKKERTDLIAYLKEATAK

30. Cespmon

Cytochrome c - Spider monkey
GDVFKGKRIFIMKCSQCHTVEKGGKHKTGPNLHGLFGRKTGQASGFTYTEANKNKGIIWG
EDTLMEYLENPKKYIPGTKMIFVGIKKKEERADLIAYLKKATNE

31. Cctun

Cytochrome ¢ -~ Skipjack tuna
GDVAKGKKTFVQKCAQCHTVENGGKHKVGPNLWGLFGRKTGQAEGYSYTDANKSKGIVWN
ENTLMEYLENPKKYIPGTKMIFAGIKKKGERQDLVAYLKSATS

32, Ceturt

Cytochrome ¢ - Snapping turtle
GDVEKGKKIFVQKCAQCHTVEKGGKHKTGPNLNGLIGRKTGQAEGFSYTEANKNKGITWG
EETLMEYLENPKKYIPGTKMIFAGIKKKAERADLIAYLKDATSK

33, Ceus

Cytochrome ¢ - Ustilago sphaerogena
GFEDGDAKKGARIFKTRCAQCHTLGAGEPNKVGPNLHGLEFGRKSGTVEGEFSYTDANKKAL
QVWEEETFLEYLENPKKYIPGTKMAFGGLKKEKDRNDLVTYLREETK

34, Ceworm

Cytochrome ¢ - Common brandling worm
GGIPAGDVEKGKTIFKQRCAQCHTVDKGGPHKTGPNLHGI FGRATGQARGFAYTDANKSK
GITWTKDTLYEYLENPKKYIPGTKMVFAGLKNEKQRANLIAYLEQETK

35. Ccyea

Cytochrome c - Yeast {(Issatchenkia orientalis)
PAPFEQGSAKKGATLFKTRC « "HTT ™ \GGPHKVGPNLHGIFSRHSGQAEGYSYTDANKR

AGVEWAEPTMSDYLENPKKY . ' ¢ "+ -%¢ LKKAKDRRNDLVTYMLEASK

36. Cecyeah

Cytochrome ¢ - Yeast (Hanrc..nula anomal i}
PAPFKKGSEKKGATLFKTRCLQOCH ~, EKGGPRKVGPN, - . iRy “EGYSYTDANIK
KAVEWSEQTMSDYLENPKKYIPGTKMAFGGLKKEKDRE:f:5 o'y ! wnn

37. Ccyeas

Cytochrome ¢ - Yeast {Schizosaccharomy s Lomise)
PYAPGDEKKGASLFKTRCAQCHTVEKGGANKVGPNLHGV Y GR: JGQAEGFSYTEANKDRG
ITWBRZ ZTLFAYLENPKKYIPGTKMAFAGEFKKPADRNNVI'T Y LKKATSE

38. Ccyeat

Cytochrome ¢ - Yeast (Torulaspora hansenii)
PAPYEKGSEKKGANLFKTRCLOQCHTVEEGGPHKVGPNLAGVVGRTSGQAQGESYTDANKK
KGVEWTEQDLSDYLENPKKY I PGTKMAFGGLKKAKDRNDLITY LVKATK

39. Cytcbov

Cyteochrome cl, heme protein - Bovine
SDLELHPPSYPWSHRGLLSSLDHTSIRRGFQVYKQVCSSCHSMDYVAYRHLVGVCYTEDE
AKALAEEVEVQDGPNEDGEMFMRPGKLSDYFPKPY PNPEAARAANNGALPPDLSYIVRAR
HGGEDYVFSLLTGYCEPPTGVSLREGLYFNPYFPGQAIGMAPPIYNEVLEFDDGTPATMS
QVAKDVCT FLRWAAE PEHDHRKRMGLKMLLMMGLLLPLVYAMKRHKWSVLKSRKLAYRPP
K

40. CytcdmS55s

Cytochrome <553 ~ Desulfovibrio vulgaris (strain Miyazaki)
ADGAALYKSCVGCHGADGSKOAMGVGHAVKGOKADELFKKLKGYADGSY GGEKKAVMTNL
VKRYSDEEMKAMADYMSKL
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41, Cytedv3

Cytochrome ¢3 - Desulfovibrio vulgaris (strain Miyazaki)
APKAPADGLKMDKTKQPVVFNHSTHKAVKCGDCHHPYVNGKENYQKCATAGCH
DNMDKKDKSAKGYYHAMHDKGTKFKSCVGCHLETAGADAAKKKELTGCKGSK
CHS

42, Cytchum

Cytochrome ¢ - Human
GDVEKGKKIFIMKCSCCHTVEKGGKHKTGPNLHGLFGRKTGQAPGYSYTAANKNKGIIWG
EDTLMEYLENPKKYIPGTKMIFVGIKKKEERADLIAYLKKATNE

43. Cytepig

Cytochrome ¢ - Pig, bovine, and sheep
GDVEKGKKIFVQKCAQCHTVEKGGKHKTGPNLHGLEFGRKTGQAPGFSYTDANKNKGITHWG
EETLMEYLENPKKYIPGTKMIFAGIKKKGEREDLIAYLKKATNE

44, Cyierim

Cytochrome c¢' - Rhodospirillum molischianum
QQSKPEDLLKLROGLMOTLKSQWVPIAGFAAGKADL2PADAAQRAENMAMVAKLAPIGWAK
GTEALPNGETKPEARFGSKSAEFLEGWKALATESTKLAAAAKAGPDALKAQAAATGKVCKA
CHEEFKQD

45. Cyterhr

Cytochrome ¢' - Rhodospirillum rubrum
ADPAAYVEYRKSVLSATSNYMKAIGITLKEDLAVPNQTADHAKAIASIMETLPARFPEGT
AGIAKTEAKARIWKDFEAFKVASKKSQDAALELASARETGDKARIGAKLOALGGTCKACH
KEFKAD .

46. Cytctunh

Cytochrome ¢ - Skipjack tuna
GDVAKGKKTFVQKCAQCHTVENGGKHKVGPNLWGLFGRKTGQAEGYSYTDANKSKGIVWN
ENTLMEYLENPKKYI PGTKMIFAGIKKKGERQI ™ WAYLKSATS

47, Cytcyea

Cytochrome cl, heme protein pre:rursor - Yeast (Saccharomyces
MESNLSKRWAQRTLSKSFYSTATGRASKSGKLTQKLVTAGVAAAGITASTLLYADSLTAE
AMTAAEHGLHAPAYAWSHNGPFETFDHAS IRRGYQVYREVCAACHSLDRVAWRTLVGVSH
TNEEVRNMAEEFEYDDEPDEQGNPKKRPGKLSDYIPGPYPNEQAARAANOGALPPDLSLI
VKARHGGCDYIFSLLTGYPDEPPAGVALPPGSNYNPYFPGGSIAMARVLFDDMVEYEDGT
PATTSOMAKDVTTFLNWCAEPEHDERKRLGLKTVITLSSLYLLSIWVKKFKWAGIKTRKE
VFNPPKPRK

FGF (38 sequences)

1. Athr3hum

Antithiombin~IIT precursor - Human
MYSNVIGTVTSGKRKVYLLSLLLIGFWDCVTCHGSPVDICTAKPRDIPMNPMCIYRSPEK
KATEDEGSEQKIPEATNRRVWELSKANSRFATTFYQHLADSKNDNDNIFLSPLSISTAFA
MTKLGACKDTLQOLMEVFKFDTISEKTSDQIRFFFAKLNCRLYRKANKSSKLVSANRLEG
DKSLTENETYQDISELVYGAKLQPLDFKENAEQSRAAINKWVSNKTEGRITDVI PSEAIN
ELTVLVLVNTIYFKGLWKSKFSPENTRKELFYKADGESCSASMMYQEGKFRYRRVAEGTQ
VLELPFKGDDITMVLILPKPEKSLAKVEKELTPEVLQEWLDELEEMMLVVHMPRFRIEDG
FSLKEQLQDMGLVDLFSPEKSKLPGIVAEGRDDLYVSDAFHKAFLEVNEEGSEAAASTAV
VIAGRSLNPNRVTFKANRPFLVFIREVPLNTIIFMGRVANPCVK

2. Bek

flg FGF receptor (EMBO,9,2685-2692)

cerevisiae)

MySWgrficlvVvtmATLs1ARPSfslvedtTLePEepptkyqisgpEvyvaaPGesLevRCL1kD
aavisWtkDGVhLgpnNRTv1iGEylqikgat PrDSGLYACtaSrtvdSeTwYFmVNVEDAISSgD
DeDDtdgakEdfvsensnnkrAPYWTnt EKMEKrLHAVPARRTVKEFrCPagGnPmPTmRWLKNGKEF
KgeHRIGGYKVRNghWS1IMeSVVPSDKGNYTCvVENEYGSINHTYhLDVVERSPHRPILQAGLPA
NastvvGgdVEFvCKVYSDaQPHIOQWi KHvEKNGSKyGPDgLPY 1 kvLKaAGVNTTDKELIEVLYiR
NVELFEDAGEYTCLAGNSIGISTHSAWLTVLpApgrekeitaSPAYLEIaIYCiGvFLIaCMVvtVI
LerMKnt TKKpDF s SOpAVHKLEKr I PLRRQVTVSAeSSsSMNSNtpLVRiIttRLSStadTPMLAG

- VSEYELPEDPKWEfPRDkLt LGKPLGEGCFGQVVMAEAvGiDKDKPkeavt VAVKMLKJDATEKDL

SDLvSEMEMMKMIGKHKNI INLLGACTQDGPLYVIVEYASKGNLREVLrARRPPGMEYsYdinrvP
EEOmt fKDLVSCtYQLARGMEYLASKCIHRDLAARNVLVTENNVMKIADFGLARDINNIDYYKKT
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TNGRLPVKWMAPEALFDRvYTHQSDVWSFGVLMWEI FTLGGSPYPGiPVEELFKLLKEGHRMDKPaN
CTNELYMMMRDCWHAVPSQRPTFKQLVEDLDRI1t LTt NeEYLDLSqPLeQYSPSyPDTRSSTCSSG
dDSVFSpdPmPYEPCLPqyphiNGsvKt

3. Fdgflahu

21205299A : platelet derived growth factor A

MRTLACLLLLGCGYLAHVLAEEAEI PREVIERLARSQIHSIRDLORLLEIDSVGSEDSLD
TSLRAHGVHATKHVPEKRPLPIRRKRSIEEAVPAVCKTRTVIYEIPRSQVDPTSANFLIW
PPCVEVKRCTGCCNTSSVKCQPSRVHHRSVKVAKVEYVRKKPKLKEVQVRLEEHLECACA
TTSLNPDYREEDTGRPRESGKKRKRKRLKPT

4. Fgf 3
Fatal Germ Factor 3
PALPEDGGSGAFPPGHFKDPKRLYCKNGGFFERIHPDGRVDGVREKS -
DPHIKLQLOAEERGVVSIKGVCANRYLAMKEDGRLLASKCVTDECFFE
FERLESNNYNTYRSRKYSSWYVALKRTGQYKLGPKTGPGOKAILFLP 3
MSAKSD ]
5. Fg97 ‘
fg£97-120

RLESNNYNTYRSRKYSSWYVALKR!]

6. Fgf9y7-12

FGFBSBOVIN:BASIC FIBROBLAST GROWTH FACTOR PRECURSOR

{BFGF) (PROSTATROPIN) .155

RLESNNYNTYRSRKYSSWYVALKRL] 1
7. FgfalOop 1
fgf analog, opposite order, 10 a.a.
DERKQQKRED

8. Fgfaliop

fgf analog, opposite order, 10 a.a.

LDERKQQKRED
5. Fgfal2op
fgf analog, opposite order, 12 a.a.
LDERKQQKREDI 3
10. Fgfal3op
fgf analog, opposite order, 13 a.a.
DLDERKQQKREDI
11, Fgfaidop

fgf analog but opposite order of 14 a.a.

MWYRPDLDERKQQK

12. Fgfal6op :
fgf analog but opposite order of 16 a.a. 4
MWYRPDLDERKQQKRE E
13. Fgfal8op
fgf analog but opposite order of 18 a.a.
MWYRPDLDERKQQKREDT

14. Fgfa20op

fgf analog but opposite order of a.a.

MWYRPDLDERKQQKREDIDP

15. Fgia23op _
fgf analog but opposite order of a.a.
MWYRPDLDERKQQKREDIDPRYW 3
16. Fgia9

fgf analog, opposite order, 10 a.a.

KQQKREDID

17. Fgfabov

FGFASBOVIN: ACIDIC FIBROBLAST GROWTH FACTOR (AFGF) {(PROSTATROPIN). 140 3
AR, 3
FNLPLGNYKKPKLLYCSNGGYFLRILPDGTVDGTKDRSDQHIQLOLCAESIGEVYIKSTE
TGQFLAMDTDGLLYGSQTPNEECLFLERLEENHYNTY ISKKHAEKHWFVGLKKNGRSKLG
PRTHFGOKAILFLPLEVSSD

18. Fgfahum

FGFASHUMAN: ACIDIC FIBROBLAST GROWTH FACTOR {AFGF) (HEPARIN-BINDING
GROWTH FACTO

LIS e

o
YA

A,

it L
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FNLPPGNYKKPKLLYCSNGGHFLRILPDGTVDGTRDRSDQHIQLQLSAESVGEVYIKSTE
TGQYLAMDTDGLLYGSQTPNEECLFLERLEENHYNTYISKKHAEKNWEVGLKKNGSCKRG
PRTHYGQKAILFLPLPVSSD

19. Fgfamop

fgf analog but opposite order of 18 a.a.

YRPDLDERKQQKREDIDP

20. Fgfana

analog fgf 0,4521,1,-2.5

CWYRPDIDERKQQKREDLDPRYWM

21. Fgfanal

analog fgf 0.4521,1,-2.5

CWYRPDIDERKQ

22. Fgfanai$s

CWYRPDIDERKQQKR

23. Fgfanalé

analog fgf 0.4521,1,-2.5 without Cl

PDIDERKQOKREDLDP

24. Fgfana20

analog fgf 0.4521,1,-2.5 without Cl

PDIDERKQQKREDLDPRYWM

25. Fgfana23

analog fgf 0.4521,1,-2.5 without C1

WYRPDIDERKQQKREDLDPRYWM

26. Fgfana2d4

analog fgf 0.4521,1,-2.5

CWYRPDIDERKQOKREDLDOPRYWM

27. Fglfanaop

fgf analog but opposite order of a.a.
MWYRPDLDERKQQOKREDIDPRYWC

28. Fgfanax

fgf analog £=0.4521,a=1, ph=-1.587

DERAQQHRGDLDPTYWTPDIDNDH

29, Fgfareth

21502231A : acidic fibroblast growth factor
MAEGETTTFTALTEKENLPLGNYKKPKLLYCSNGGYFLRILPDGTVDGTKDRSDOHIQLO
LCAESIGEVYIKSTETGOFLAMDTDGLLYGSQTPNEECLFLERLEENHYNTYISKKHAEK
HWEVGLKKNGRSKLGPRTHFGOKAILEFLPLPVSSD

30. Fgfbfrg

2150141337 : basic fibroblast growth factor
MAAGSITTLPTESEDGGNTPFPSPGSFKDPKRLYCKNGGFFLRINSDGRVDGSRDKSDSHI
KLQLOAVERGVVSIKGITANRY LAMKEDGRLTSLRCITDECFFFERLEANNYNTYRSRKY
SSWYVALKRTGQYKNGSSTGPGOKAILFLPMSAKA

31, Fgibhum

21212265A : fibroblast growth factor,basic
MAAGSITTLPALPEDGGSGAFPPGHFKDPKRLYCKNGGFFLRIHPDGRVDGVREKSDPHI
KLOLQAEERGVVSIKGVCANRYLAMKEDGRLLASKCVTDECFFFERLESNNYNTYRSRKY
TSWYVALKRTGQYKLGSKTGPGOKAILFLPMSAKS

32. Fgibrat

Z21409358A : basic fibroblast growth factor
MAAGSITSLPALPEDGGGAFPPGHFKDPKRLYCKNGGFFLRIHPDGRVDGVREKSDPHVK
LOLOAEERGVVSIKGVCANRYLAMKEDGRLLASKCVTEECFFFEKLESNNYNTYRSRKYS
SWYVALKRTGQYKLGSKTGPGOKAILFLPMSAKS

33, Fgides2

FGF DESIGNED SEQ BR 2.

RLESggYgfwRSRKYSSWYVALKR

34, Fgirec

FGF receptor {SCIENCE, 245, 57-60,7 july 1989)
METWRCLILWAVLVTATLSAARPAPTLPDOALPKANIEVESHSARPGDLLOLRCRLRDDV
QSINWVRDGVQLPENNRTRITGEEVEVRDRVPEDSGLYACMTNSPSGSETTYFSVNVSDA
LPSAEDDDDEDDSSSEEKEADNTKPNQAVAPYWTYPEKMEKKLRAVPAAKTVKFKCPSGG
TPNPTLRWLKNGKEFKPDHRIGGYKVRYATWSI IMDSVVESDKGNYTCIVENKYGSINHT
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YQOLDVVERSPHRPILQAGLPANKTVALGSNVEFVCKVYSDPQPHIQWLKHIEVNGSKIGP
DNLPYVQILKTAGVNTTDKEMEVLHLRNVSFEDAGEYTCLAGNSIGISHHSAWLTVLEAT
EQSPAMMTSPLYLEIIIYCTGAFLISCMVVTVIIYKMKSTTKKTDENSQLAVHKLAKSIP
LRROVTVSADSSSSMNSGVMLVRPSRLSSSGTPMLAGVSEYELPEDPRWELPRDRLILGK
PLGEGCFGOVVLAERIGLDKDKPNRVTKVAVKMLKSDATEKDLSDLISEMEMMKMIGKHK
NIINLLGACTODGPLYVIVEYASKGNLREYLQARRPPGMEYCYNPTRIPEEQLSFKDLVS
CAYQVARGMEYLASKKCIHRDLAARNVLVTEDNVMKIADFGLARDIHHIDY YKKTTNGRL
PVKWMAPEALFDRIYTHQSDVWSFGVLLWEIFTLGGSPYPGVPVEELFKLLKEGHRMDKP
SNCTNELYMMMRDCWHAVPSQRPTFKQLVEDLDRIVAMTSNQEYLDLSVPLDQYSPGEFPA
TRSSTCSSGEDSVFSHDPLPDEPCLPRCPPHSHGALKRH

35. Fgfrecl

FGF receptor WITH leading sequense (SCIENCE, 245, 57-60,7 july 1989)
BQSLSSSRSSGMFTWRCLILWAVLVTATLSAARPAPTLPDOALPKANIEVESHSAHPGDL
LOLRCRLRDDVQSINWVRDGVQLPENNRTRI TGEEVEVRDRVPEDSGLYACMTNSPSGSE
TTYFSVNVSDALPSAEDDDDEDDSSSEEKEADNTKPNQAVAPYWTYPEKMEKKLHAVPAR
KTVKFKCPSGGTPNPTLRWLKNGKEFKPDHRIGGYRKVRYATWSI IMDSVVPSDKGNYTCI
VENKYGSINHTYQLDVVERSPHRPILQAGLPANKTVALGSNVEFVCKVYSDPQPHIOWLK
HIEVNGSKIGPDNLPYVOILKTAGVNT TDKEMEVLHLRNVSFEDAGEYTCLAGNSIGISH
HSAWLTVLEATEQSPAMMTSPLYLEIIIYCTGAFLISCMVVTVIIYKMKSTTKKTDENSQ
LAVHKLAKSIPLRROQVTVSADSSSSMNSGVMLVRPSRLSSSGTPMLAGVSEYELPEDPRW
ELPRDRLILGKPLGEGCFGQOVVLAEAIGLDKDKPNRVTKVAVKMLKSDATEKDLSDLISE
MEMMKMIGKHKNI INLLGACTQDGPLYVIVEYASKGNLREYLOQARRPPGMEYCYNPTRIP
EEQLSFKDLVSCAYQVARGMEYLASKKCTHRDLAARNVLVTEDNVMKIADFGLARDIHHI
DYYKKTTNGRLPVKWMAPEALFDRIYTHQSDVWSFGVLLWEIFTLGGSPYPGVPVEELFK
LLKEGHRMDKPSNCTNELYMMMRDCWHAVPSQRPTFKQLVEDLDRIVAMTSNQEYLDLSV
PLDQYSPGFPATRSSTCSSGEDSVESHDPLPDEPCLPRCPPHSHGALKRH

36. Fgfirm16

fgf analog but opposite order of 16 a.a.

MWYRPDLDERKQQOKRE

37. Fgfrrm24

fgf analog but opposite order of a.a.

MWYRPDLDERKOQKREDIDPRYWC

38. Flg

flg FGF receptor (EMBO,S,2685-2692)
MWSWKCLLFWAVLVTATLCTARPSPTLPEQAQPWGAPVEVESFLVHPGDLLOLRCRLRDDVQSINWL
RDGVQLAESNRTRITGEEVEVODSVPADSGLYACVTSSPSGSDTTYFSVNVSDALPSSEDDDDDDDS
SSEEKETDNTKPNRMPVAPYWT SPEKMEKKLHAVPARKTVKFKCPSSGTPNPTLRWLKNGKEFKPDH
RIGGYKVRYATWSIIMDSVVPSDKGNYTCIVENEYGSINHTYQLDVVERSPHRPILOAGLPANKTVA
LGSNVEFMCKVYSDPOPHIQWLKHIEVNGSKIGPDNLPYVQILKTAGVNTTDKEMEVLHLRNVSFED
AGEYTCLAGNSIGLSHHSAWLTVLEALEERPAVMTSPLYLEIIIYCTGAFLISCMVGSVIVYKMKSG
TKKSDFHSQMAVHKLAKSI PLRRQVTVSADSSASMNSGVLLVRPSRLSSSGTPMLAGVSEYELPEDP
RWELPRDRLVLGKPLGEGCFGQVVLAEAIGLDKDKPNRVTKVAVKMLKSDATEKDLSDLISEMEMMK
MIGKHKNI INLLGACTQODGPLYVIVEYASKGNLREYLQARRPPGLEYCYNPSHNPEEQLSSKDLVSC
AYQVARGMEYLASKKCIHRDLAARNVLVTEDNVMKIADFGLARDIHHIDY YKKTTNGRLPVKWMAPE
ALFDRIYTHOSDVWSFGVLLWEIFTLGGSPYPGVPVEELFKLLKEGHRMDKPSNCTNELYMMMRDCHW
HAVPSQRPTFKQLVEDLDRIVALTSNQEYLDLSMPLDQYSPSFPDTRSSTCSSGEDSVESHEPLPEE
PCLPRHPAQLANGGLKRR

EGF (73 sequences)

1. Agegf20

egf agonist
LNPKWQRDDDDRCHWAPEINP
2. Agegf20s

egf agonist
LNPKYQRDDDDRSWAPEINP
3. Agegl20t

egf agonist
LNPKYQRDDDDRtWAPEINP
4. Agagf2l

E. Pirogova

233

BioElectronics Group, Depariment of Electrical and Computer Systems Engineering




egf agonist
LNPKWORDDDDRCWAPEINPH
5. Agegfils
egf agonist
LNPKWQRDDDDRsSWAPEINFPH
6. Agegf2lt
eqf agonist
LNPKWQRDDDDRtWAPEINPH
7. Agegf22
egf agonist
LNPKWORDDDPRCWAPEINPHY
8. Agegi23
egf agonist ‘

" LNPKWQRDDDDRCWAPEINPHYQ
9. Agegfl3s
egf agonist
LNPKYQRDDDDRSWAPEINPHYQ
10. Agegf23t
egf agonist
LNPKYQRDDDDREWAPEINPHYQ
11, Agegf24
egf agonist
LNPKWORDDDDRCWAPEINPHYOR
12. Agegf25
egf agonist
LNPKWORDDDDRCWAPEINPHYQRD
13. Agegf26
egf agonist
LNPKWQRDDDDRCWAPEINPHRYQRDD
14. Agegl27
egf agonist
LNPKYQRDDDDRCWAPEINPHYQRDDD
15. Agegf28
egf agonist
LNPKYQRDDDDRCWAPEINPHYQRDDDD
16. Agegf28s
egf agonist
LNPKYQRDDDDRsSWAPEYNPHYQRDDDD
17. Agegf28t
egf agonist
LNPKYQRDDDDRtWAPEINPHYQRDDDD
18. Agegf29
egf agonist _
LNPKYQRDDDDRCWAPEINPHYQRODDDR
19. Agegf30-
egf agonist
KPNIGPAWCRDDDDRMWKPNLG PKWMRDDD
20. Agegf300
egf agonist
LNPKYQRDDDDRCWAPEINPHYQRDDDDRC
21. Agegf302
egf agonist
NIEPAWCRDDDDRQYHPNIEPAWCRDDDDR
22. Agegf303
egf agonist
YHEITIEPAWCRDDDDRQYHENLEPAWCRDD
23, Agegf305
egf agonist
EILEHYQTRDDDRTQYHEIIEHAQTRDDDD
24, Agegf308
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egf agonist
PELIEHYQTDDDDRTQAHEILEHYQTRDDD
25. Agegfi0s
; egf agonist
e LNPKYQRDDDDRSWAPEINPHYQRDDDIRC
26. Agegf30t
egf agonist
LNPKYQRDDDDREWAPEINPHYQRDDDDRC
27. Anegf20
egf ant
CRDDDDRQYHPNIEPAWCRD
E 28. Anegf2i
5 egf ant
g CRDDDDRQYHPNIEPAWCRDD
29. Anegi22
3 egf ant
E CRDDDDRQYHPNIEF -
50. Anegf23
egf ant
CRDDDDRQYHPNIE: & ~* {1y
31. Anegf24
egf ant
CRDDDDRQYHPNIEPAW(: .. . JR
32. Anegf25
3 egf ant
4 CRDDDDRQYHPNIEPAWCRDDDDRQ
33. Anegf26
egf antagonist
CRDDDDRQYHPNIEPAWCRDDDDROW
34. Anegi27
E: egf antagonist
CRDDDDROQYHPNIEPAWCRDDDDRQWK
35. Anegf28
egf antagonist
CRDDDDRQYHPNIEPAWCRDDDDROQWKP
36. Anegf29
_ egf antagonist
EL CRDDDDRQYHPNIEPAWCRDDDDRQWKPN
E 37. Anegf300
egf antagonist
CRDDDDRQYKPNIEPAWCRDDDDRQWKPNL
38. Anegf301
egf antagonist
5 DDDRMWKPGLNPKWQRDDDDRCWAPVINPK
g 39. Anegf302
egf ant
DDRTOYHEILERKOTRDDDRTQYHEITEHK
40. Anegf30s
egf ant
DDRQYHENIEPAWCRDDDDRQYHPNIEPAW
41. Antegf20
egf ant
DDRTQAHEIIEHYQTRDDDR
42. Antegf2l
egf antagonist
DORTQAHEIIEHYQTRDDDRT

43, Antegf22
egf ant
.DDRTQAHEIIEHYQTRDDDRTQ
44, Antegf23
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egf ant
DDRTOQAHEIIEHYQTRDDDRTQA
45. Antegf24

egf ant
DDRTQAHEITIEHYQTRDDDRTQAH
46. Antegf25

egf ant
DDRTQAHEITEHYQTRDDDRTQAHE
47. Antegl26 §
egf antagonist 3
DORTQAHEIIEHYQTRDDDRTQAHEI

48. Antegf27

egf antagonist

DDRTQAHEIIEHYQTRDDDRTQAHREII

49. Antegf28

egf antagonist

DDRTQAHEIIEHYQTRDDDRTQAHEIIE

50. Antegf29

egf antagonist

DDRTQAHEITIEHRYQTRDDDRTQAHEIIEH

51. Antegf30

egf antagonist

DDRTOAHEIIERYQTRDDDRTQAHETIEHY

52, Egfbnd

Epidermal growth factor-binding protein type B - Mouse
VVGGFNCEKNSQPWQVAVYYQKEHICGGVLLDRNWVLTAARCYVDQYEVWLGKNKLFQEEPSAQHR
LVSKSFPHPGFNMSLLMLOTTPPGADFSNDLMLLRLSKPADITDVVKPIALPTKEPKPGSTCLASG
WGSITPTRWOKSDDLOCVEITLLPNENCAKVYLQKVTDVMLCAGEMGGGKDTCAGDSGGPLICDGI
LOGTTSNGPEPCGKPGVPAIYTNLIKFNSWIKDTMMKNA

53. Egibndp

Epidermal growth factor-binding protein type B precursor - Mouse
MWFLILFPALSLGGIDAAPPLOSRVVGGENCEKNSQPWQVAVYYQKEHIC
GGVLLDRNWVLTAAHCYVDQYEVWLGKNKLFQEEPSAQHRLVSKSFPHPG
FNMSLLMLOTTPPGADFSNDLMLLRLSKPADITDVVKPLIALPTKEPKPGS
TCLASGWGSITPTRWQKSDDLOQCVFITLLPNENCAKVYLOQKVTDVMLCAG
EMGGGKDTCAGDSGGPLICDGILOGTTSNGPEPCGKPGVPAIYTNLIKEN

SWIKDTMMKNA

54, Egfchrec

21408242A : epidermal growth factor receptor
MGVRSPLSASGPRGAAVLVLLLLGVALCSAVEEKKVCQGTNNKLTQLGHVEDBFTSLQRM
YNNCEVVLSNLEITYVEHNRDLTFLKTIQEVAGYVLIALNMVDVIPLENLQIIRGNVLYD
NSFALAVLSNYHMNKTQGLRELPMKRLSEILNGGVKISNNPKLCNMDTVLWNDIIDTSRK
PLTVLDFASNLSSCPKCHRPNCTEDHCWGAGEQNCOTLTKVICAQQCSGRCRGKVPSDCCH
NQCAAGCTGPRESDCLACRKFRDDATCKDTCPPLVLYNPTTYQMDVNPEGKYSEFGATCVR
ECPHNYVVTDHGSCVRSCNTDTYEVEENGVRKCKKCDGLCSKVCNGIGIGELKGILSINA
TNIDSFKNCTKINGDVSILPVAFLGDAFTKTLPLDPKKLDVFRTVKEISGFLLIQAWPDN
ATDLYAFENLEI IRGRTKQHGOYSLAVVNLKIQSLGLRSLKEISDGDIAIMKNKNLCYAD
TMNWRSLFATQSQKTKITIQONRNKNDCTADRHVCDPLCSDVGCWGPGPFHCFSCREFSRQK
ECVKQCNILOQGEPREFERDSKCLPCHSECLVONSTAYNTTCSGPGPDHCMKCAHFIDGPH
CVKACPAGVLGENDTLVWKYADANAVCQLCHPNCTRGCKGPGLEGCPNGSKTPSIAAGVV
GGLLCLVVVGLGIGLYLRRRHIVRKRTLRRLLQERELVEPLTP

55. Egfdrrec

21107191A : epidermal growth factor receptor
MNYDFDLFCAATARPPSRSRRVRRRLINVATFSLSLRITNYIVIGLDLIPCTLSYRLQII
RGRTLFSLSVEEEKYALFVTYSKMYTLEIPDLRDVLNGQVGFHNNYNLCHMRT IQWSEIV
SNGTDAYYNYDFTAPERECPKCHESCTHGCWGEGPKNCQKFSKLTCSPQCAGGRCYGPKP
RECCHLFCAGGCTGPTQKDCIACKNFFDEAVSKEECPPMRKYNPTTYVLETNPEGKYAYG
ATCVKECPGHLLRDNGACVRSCPQDKMDKGGECVPCNGPCPKTCPGVTVLHAGNIDSERN
CTVIDGNIRILDQTFSGFQDVYANYTMGPRYIPLDPERREVFSTVKEITGYLNIEGTHPQ
FRNLSYFRNLETIHGROLMESMFAALAIVKSSLYSLEMRNLKQISSGSVVIQHNRDLCYV
SNIRWPAIQKEPEQKVWVNENLRADLCGKF
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56. Egfffrec

Epidermal growth factor receptor - Fruit fly
MNYDEFDLEFCRATARPPSRSRRVRRRLINVATESLSLRITNYIVIGLDLIP
CTLSYRLOIIRGRTLFSLSVEEEKYALEVTYSKMYTLEIPDLRDVLNGOV
GFHNNYNLCHMRTIQWSEIVSNGTDAYYNYDFTAPERECPKCHESCTHGC
WGEGPKNCOKFSKLTCSPQCAGGRCYGPKPRECCHLFCAGGCTGPTQKDC
JACKNFFDEAVSKEECPPMRKYNPTTYVLETNPEGKYAYGATCVKECPGH
LLRDNGACVRSCPQDKMDKGGECVPCNGPCPKTCPGVTVLHAGNIDSFRN
CTVIDGNIRILDOTFSGFODVYANYTMGPRYIPLDPERREVFSTVKEITG
YLNIEGTHPOFRNLSYFRNLETTHGRQLMESMFAALAIVKSSLYSLEMRN
LKQISSGSVVIQHNRDLCYVSNIRWPAIQKEPEQKVWVNENLRADLCGKF
LTILISVOENIIMHIFAICREKWNHLLGSVQORGRLLGSWHGSVPYLQELQ
FOWHLHRRLWLYIQVSINSTQODKSNEHQLTDACYSPSVPTSLTIERARYA
I0SAGLAMELEQI TARSASMRHSKT LPAEGROQVPRWVEFLGVCASARAGIA
EPLAGRAVCRKCHPLCELCTNYGYHEQVCSKCTHYKRREQCETECPADHY
TDEEQRECFQRHPECNGCTGPGADDCKSCRNEFKLEFDANETGPYVNSTMFN
CTSKCPLEMRHVNYQYTAIGPYCAASPPRSSKITANLDVNMIFIITGAVL
VPTICILCVVTYICRQKQKAKKETVKMTMALSGREDSEPLRPSNIGANLC
KLRIVKDAELRKGGVLGMGAFGRVYKGVWVPEGENVKIPVAIKELLKSTG
BESSEEFLREAYIMASEEHVNLLKLLAVCMSSOMMLITQLMPLGCLLDYV
RNNRDKIGSKALLNWSTQIAKGMSYLEEKRLVHRDLAARNVLVRLLAGED
HDFPGLAKLLSSDSNEYKAAGGKMPIKWLALECIRNRVFTSKSDVWAFGVT
IWELLTFGQRPHENIPAKDIPDLIEVGLKLEQPEICSLDIYCTLLSCWHL
DAAMRPTFKQLTTVFAEFARDPGRYLAILGDKFTRLPAYTSQODEKDLIRK
LAPTTDGSEAIAKPDDYLQPKAALGPSHRTDCTDEMPKLNRYCKDPSNKN
SSTGDDERDSSAREVGVGNLRLDLPVDEDDYLMPTCQPGPNNNNNMNNPN
QNNMARVGVARGYMDLIGVPVSVONPEYLLNAQTLGVGESPIPTQTIGIP
VMGGPGTMEVKVPMPGSEPTSSDREYYNDTORSCSHASKPQHGDEGVGSS
RVGAIANEEGESCQVPLEAMRYAFAGCYLR

57. Egfgpig

EGF Ginuea Pig
QDAPGCPPSHDGYCLHGGVCMHIESLNTYACNCVIGYVGERCEHQDLDLWE

58, Egfhlrec

21006266A : epidermal growth factor receptor
PSGTAGAALLALLAALCPASRALEEKKVCOGT SNKLTOLGTFEDHELSLQRMENNCEY
VLGNLEITYVORNYDLSFLKTIOEVAGYVLIALNTVERIPLENLQI IRGNMYYENSYALA
VLSNYDANKTGLKELPMRNLQEI LHGAVRFSNNPALCNVESIQWRDIVSSDFLSNMSMDE
ONHLGSCQKCDPSCPNGSCWGAGEENCQKLTKI ICAQQCSGRCRGKSPSDCCHNQCARAGC
TGPRESDCLVCRKFRDEATCKDTCPPLMLYNPTTYQMDVNPEGKYSFGATCVKKCPRNYV
VTDHGSCVRACGADSYEMEEPGVRKCKKCEGPCRKVCNGIGIGEFKDSLSINATNIKHFK
NCTSISGDLHILPVAFRGDSFTHTPPLDPQELDILKTVKEITGFLLIQAWPENRTDLHAF
ENLEIIRGRTKQHGQFSLAVVSLNITSLGLRSLKEISDGDVI ISGNKNLCYANTINWKKL
PGTSGOKTKIISNRGENSCKATGOVCHALCSPEGCWGPEPRDCVSCRNVSRGRECVDKCK
LLEGEPREFVENSECIQCHPECLPQAMNITCTGRGPDNCIQCAHYIDGPHCVKTCPAGVM
GENNTLVWKYADAGHVCHLCHPNCTYGCTGPGLEGCPTNGPKIPSIATGMVGALLLLLVV
ALGIGLFMRRRHIVRKRTLRRLLQERELVEPLTPSGEAPNQALLRILKETEFKKIKVLGS
GAFGTVYKGLWIPEGEKVKIPVAIKELREATSPKANKEILDEAYVMASVDNPHVCRLLGE
CLTSTVQLITQLMPFGCLLDYVREHKDNIGSQYLLNWCVQIAKGMNYLEDRRLVHRDLAA
RNVLVKTPQHVKITDFGLAKLLGAEEKEYHAEGGKVPIKWMALESILHRIYTHQSDVWSY
GVIVWELMTFGSKPYDGIPASEISSILEKGERLPQPPICTIDVYMIMVKCWMIDADSRPK
FRELIIEFSKMARDPORYLVIQGDERMHLPSPTDSNEFYRALMDEERMDDVVDADEYLIPQ
QGFFSSPSTSRTPLLSSLSATSNNSTVACIDRNGLQSCPIKEDSFLORYSSDPTGALTED
SIDDTFLPVPEYINQSVPKRPAGSVONPVYHNQPLNPAPSRDPHYQDPHSTAVGNPEYLN
TVOPTCVNSTEFDSPAHWAQKGSHQISLDNPDYQQDFFPKEAKPNGIFKGSTAENAEYLRV
APQSSEFIGA

59. Egfh43ir

21011170A : epidermal growth factor recentor
STSRTPLLSSLSATSNNSTVACIDRNGLOSCPIKEDSFLQRYSSDPTGALTEDSIDODTFEL
PVPEYINQSVPKRPAGSVONPVYHNQPLNPAPSRDPHYQDPHSTAVGNPEYLNTVQPTCV
NSTFDSPAHWAQKGSHOISLDNPDYQQDFFPKEAKPNGIFKGSTAENAEYLRVAPQSSEFR
IGA

e T e
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€y, Egihprec

Z1301332A : epidermal growth factor precursor
MLLTLIILLPVVSKFSFVSLSAPQHWSCPEGT LAGNGNSTCVGPAPFLIFSHGNSIFRID
TEGTNYEQLVVDAGVSVIMDFHYNEKRIYWVDLERQLLORVFLNGSRQERVCNIEKNVSG
MAINWINEEVIWSNQQEGIITVTDMKGNNSHILLSALKYPANVAVDPVERFIFWSSEVAG
SLYRADLDGVGVKALLETSEKITAVSLDVLDKRLEWIQYNREGSNSLICSCDYDGGSVHI
SKHPTQHNLFAMSLEGDRIFYSTHKMKTIWIANKHTGKDMVRINLHSSEVPLGELKVVRP
LAQPKAEDDTWEPEQKLCKLRKGNCSSTVCGODLOSHLCMCAEGYALSRDRKYCEDVNEC
AFWNHGCTLGCKNTPGSYYCTCPVGFVLLPDGKRCHQLVSCPRNVSECSHDCVLTSEGPL
CFCPEGSVLERDGKTCSGCSSPDNGGCSOLCVPLSPVSWECDCEFPGYDLQLDEKSCAASG
POQPFLLFANSQDIRHMHFDGTDYGTLLSQOMGMVYALDHDPVENKIYFAHTALKWIERAN
MDGSQRERLIEEGVDVPEGLAVDWIGRREYWTDRGKSLIGRSDLNGKRSKIITKENISQP
RGIAVHPMAKRLFWTDTGINPRIESSSLOGLGRLVIASSDLIWPSGITIDFLTDKLYWCD
AKQSVIEMANLDGSKRRRLTONDVGHPFAVAVFEDYVWFSDWAMPSVMRVNKRTGKDRVR
LOGSMLKPSSLVVVHPLAKPGADPCLYQNGGCEHICKKRLGTAWCSCREGFMKASDGKTC
LALDGHQLLAGGEVDLKNQVTPLDILSKTRVSEDNI TESOQHMLVAEIMVSDODDCAPVGC
SMYARCISEGEDATCQCLKGFAGDGKLCSDIDECEMGVPVCPPASSKCINTEGGYVCRCS
EGYQOGDGIHCLDIDECQLGVHSCGENASCTNTEGGYTCMCAGRLSEPGLICPDSTPPPHL
REDDHHYSVRNSDSECPLSHDGYCLEDGVCMYIEALDKYACNCVVGY IGERCQYRDLKWW
ELRHAGHGQQQKVIVVAVCVVVLVMLLLLSLWGAHY YRTQKLLSKNPKNPYEESSRDVRS
RRPADTEDGMSSCPOPWEFVVIKEHODLKNGGOPVAGEDGOAADGSMOPTSWROEPQLCGM
GTEQGCWIPVSSDKGSCPQVMERSFHMPSYGTOTLEGGVEKPHSLLSANPLWQORALDPP
HOMELTQ

61. Egfhrec

21006306A : epidermal growth factor receptor
KKIKVLGSGAFGTVYKGLWI PEGEKVKIPVAIKELREATSPKANKEILDEAYVMASVDNP
HVCRLLGICLTSTVQLITQLMPEGCLLDYVREAKDNIGSQYLLNWCVOIAKGMNY LEDRR
LVHRDLAARNVLVKTPQHVKITDFGLAKLLGAEEKEYHAEGGKVPIKWMALESILHRIYT
HQSDVWSYGVTVWELMTEFGSKPYDGIPASEISSILEKGERLPQPPICTIDVYMIMVKCWM
IDADSRPKFREL

62. Egfhrec2

Z21007208A : epidermal growth factor receptor
RCAWRRAFSNNPALCNVESIQWRDIVSSDFLSNMSMDFONHLGSCKSVIQAVPMGACWGA
GEENCQOKLTKIICAQQCSGRSRGKSPSDCCHHQCAAGCTGPRESDCLVCRKFRDEATCKD
TCPPLMLYNPTTYQMDVNPEGKYSFGATCVKKCPRNYVVTDHRACVRACGADSYEMEEDA
VRECKKCEGPCRKVCNGIGIGEFKDSLSINATNIKHFKNCTSISGDLHILVAFRGDSFTH
TPPLDPQELDILKTVKEITGFLLIQAWPENRTDLHAFENLEI TIRGRTKQHGQFSLAVVSL
NITSLGLRSLKEISDGDVIISGNKNLCYANTINWKKLEGTSGQKTKIISNRGENSCKATQ
GSAMPCAPRGCWGRARDCVSCRNVSRGRECVDKCNLLEGEPREFVENSECIQCHPECLPQ
AMNITCTGRGPDNCIQCAHYIDGPHCVKTCPAGVMGENNTLVWKYADAGHVCHLCHPNCT
YGCTGPGLEGCPTNGPKIPSIATGMVGALLLLLVVALGIGLFIGRRRIVRKATLRRLLCE
RELVEPLTPSGEAPNQALLRILKETEFKKIKVLGSGAFGTVYKGLWIPEGEKVKIPVALK
ELREATSPKANKEILDEAYVMASVDNPHVCRLLGICLTSTVQLITQLMPSAGLLTDVREH
KDNIGSRYLLNWCVQIAKGMNYLEDRRLVHRDLAARNVLVKTPQHVKITDFGLAKLLGAE
EKEYHAEGGKVPIKWMALESILHRY® HOSDVHSYGVTVWELMTFGSKPYDGIPASEISS
ILEKGERLPQPPICTID

63. Egfhrec3

21201275A : epidermal growth factor receptor
MRPSGTAGAALLALLAALCPASRALEEKKVCQGTSNKLTQLGT FEDHFLSLQRMEFNNCEV
VLGNLEITYVORNYDLSFLKTIQEVAGYVLIALNTVERIPLENLQIIRGHMYYENSYALA
VLSNYDANKTGLKELPMRNLQEILHGAVRFSNNPALCNVESIQWRDIVSSDFLSNMSMDFE
ONHLGSCQKCDPSCPNGSCWGAGEENCQKLTKIICAQQCSGRCRGKSPSDCCHNQCAAGC
TGPRESDCLVCRKFRDEATCKDTCPPLMLYNPTTYOMDVNPEGKYSFGATCVKKCPRNYV
VTDHGSCVRACGADSYEMEEDGVRKCKKCEGPCRKVCNGIGIGEFKDSLSINATNIKHEK
NCTSISGDLEBILPVAFRGDSFTHTPPLDPQELDILKTVKEI TGFLLIQAWPENRTDLHAF
ENLEYTRGRTKQHGQFSLAVVSLNITSLGLRSLKEISDGDVIISGNKNLCYANTINWKKL
FGTSGQOKTKIISNRGENSCKATGQVCHALCSPEGCWGPEPRDCVSCRNVSRGRECVDKCN
LLEGEPREFVENSECIQCHPECLPOAMNITCTGRGPDNCIQCAHYIDGPHCVKTCPAGVM
GENNTLVWKYADAGHVCHLCHPNCTYGCTGPGLEGCPTNGSYIVSHFPRSFYKMSVH

64. Egfrfr
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211092694 : epidermal growth factor receptor
MRPSGTAGAALLALLAALCPASRALEEKK

65. Egthum

Epidermal growth factor - Human
NSDSECPLSHDGYCLHDGVCMYIEALDKYACNCVVGY IGERCQYRDLKWWELR

66. Ehgmous

EGF mouse
NSYPGCPSSYDGYCLNGGVCMHIESLDSYTCNCVIGYSGDRCQTRDLRWWELR

67. Egfapr

Z20907234A : epidermal growth factor precursor
MPWGRRPTWLLLAFLLVFLKISILSVTAWQTGNCOPGPLERSERSGTCAGPAPFLVESQG
KSISRIDPDGTNHQOQLVVDAGISADMDIHYKKERLYWVDVERQVLLRVFLNGTGLEKVCN
VERKVSGLAIDWIDDEVLWVDQONGVITVTDMTGKNSRVLLSSLKHPSNIAVDPIERLMF
WSSEVTGSLHRAHLKGVDVKTLLETGGI SVLTLDVLDKRLEFWVQDSGEGSHAYTHSCDYE
GGSVRLIRHQARHSLSSMAFFGDRIFYSVLKSKAIWIANKHTGKDTVRINLHPSFVTPGK
LMVVHPRAQPRTEDAAKDPDPELLKQRGRPCRFGLCERDPKSHSSACAEGYTLSRDRKYC
EDVNECATCNHGCTLGCENTPGSYHCTCPTGFVLLPDGKQCHELVSCPGNVSKCSHGCVL
TSDGPRCICPAGSVLGRDGKTCTGCSSPDNGGCSQICLPLRPGSWECDCFPGYDLOSDRK
SCAASGPQPLLLFANSQDIRHMHFDGTDYKVLLSRQMGMVFALDYDPVESKI YFAQTALK
WIERANMDGSQRERLITEGVDTLEGLALDWIGRRIYWTDSGKSVVGGSDLSGKHHARITIQ
ERISRPRGIAVHPRARRLFWTDVGMSPRIESASLQGSDRVLIASSNLLEPSGITIDYLTD
TLYRCDTKRSYIEMANLDGSKRRRLIQNDVGHPEFSLAVFEDHLWVSDWAIPSVIRVNKRT
GONRVRLOGSMLKPSSLYVVVHPLAKPGADPCLYRNGGCEHICQESLGTARCLCREGFVKA
WDGKMCLPQYYPILSGENADLSKEVTSLSNSTQAEVPDDDGTESSTLVAEIMVSGMNYED
DCGPGGCGSHARCVSDGETAECQCLKGFARDGNLCSDIDECVLARSDCPSTSSRCINTEG
GYVCRCSEGYEGDGISCFDIDECQRGAHNCAENAACTNTEGGYNCTCAGRPSSPGRSCPD
STAPSLLGEDGHHLDRNSYPGCPSSYDGYCLNGGVCMHIESLDSYTCNCVIGYSGDRCQT
RDLRWWELRHAGYGQKHDIMVVAVCMVSLVLLLLLGMWGTYYYRTRKQLSNPPKNPCDEP
SGSVSSSGPDSSSGAAVASCPQPWEVVLEKHQDPKNGSLPADGTNGAVVDAGLVSLPAAR
VSASDFMETEAPHRWNGNRAKLLDSTIK

68. Egfrat

EGF RAT epidermal growth factor
NSNTGCPPSYDGYCLNGGVCMYVESVDRYVCENCVIGYIGERCOHRDLR

69. Egfratpr

214143447 : epidermal growth factoer
WKRWLHEWVRNSNTGCPPSYDGYCLNGGVCMYVESVDRYVCNCVIGY IGERCQHRDLRWWN
WRHADYGQRHDITVVSVCVVALALLLLLGMWGTYYYRTRKQLSESSKKPSEESSSNVSSN
GPDSSGAGVSSGPQPWEVVLEEHQ

70. hleglr

EGFSSHUMAN: EPIDERMAL GROWTH FACTOR RECEPTOR (VERSION 2) {GENE NAME:
EGFR) 797 A
RCAWRRAFSNNPALCNVESIQWRDIVSSDFLSNMSMDFONHLGSCKSVIQAVPMGACWGA
GEENCQKLTKIICAQQCSGRSRGKSPSDCCHNQCAAGCTGPRESDCLVCRKFRDEATCKD
TCPPLMLYNPTTYOMDVNPEGKY SFGATCVKKCPRNYVVTDHRACVRACGADSYEMEEDA
] VRKCKKCEGPCRKVCNGIGIGEFKDSLSINATNIKHFKNCTSISGDLRILVAFRGDSETH
3 TPPLDPQELDILKTVKEITGFLLIOAWPENRTDLHAFENLEI IRGRTKQOHGQFSLAVVSL
; NITSLGLRSLKEISDGDVIISGNKNLCYANTINWKKLEFGTSGQKTKIISNRGENSCKATD
GSAMPCAPRGCWGRARDCVSCRNVSRGRECVDKCNLLEGEPREFVENSECIQCHPECLPQ
AMNITCTGRGPDNCIQCAHYIDGPHCVKTCPAGVMGENNTLVWKYADAGHVCHLCHPNCT
YGCTGPGLEGCPTNGPKIPSIATGMVGALLLLLVVALGIGLFIGRRHIVRKATLRRLLQE
RELVEPLTPSGEAPNQALLRILKETEFKKIKVLGSGAFGTVYKGLWIPEGEKVKIPVAIK
ELREATSPKANKEILDEAYVMASVDNPHVCRLLGICLTSTVQLITQLMPSAGLLTDVREH
KDNIGSRYLLNWCVQIAKGMNYLEDRRLVHRDLAARNVLVKTPQHVKITDFGLAKLLGAE
EKEYHAEGGKVP tKWMALESILHRIYTHQSDVWSYGVTVWELMTFGSKPYDGIPASEISS
ILEKGERLPOPPICTID

71. Megfl046

EGF mouse 10-46

YDGYCLNGGVCHMAIESLDSYTCNCVIGYSGDRCQTRD

72. Megf1746

H721003A : epidermal growth factor
GGVCMHIESLDSYTCNCVIGYSGDRCQTRD

- am
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73. Megf3446
H7210032 : epidermal growth factor

R A i i b

3 VIGYSGDRCQTRD

; MYOGLOBIN (65 sequences)
: 1. MYAQ

: Myoglobin - American alligator

MELSDOEWKHVLDIWTKVESKLPEHGHEVIIRLLOEHPETQERFEKFKHMKTADEMKSSE
KMKOHGNTVETALGNI LKOKGNHAEVLKPLAKSHALERKIPVKYLEFISEIIVKVIAEKY
PADFGADSOAAMRKALELFRNDMASKYKEFGYQG

2. MYBAO

Myoglobin - Olive baboon, red guenon, and hanuman langur (tentative
sSequences)
GLSDGEWQLVLNVWGKVEADIPSHGQEVLIRLFKGHPETLEKFDKFKHLKSEDEMKASED
LKKHGATVLTALGGI LKKKGHHEAEIKPLAQSHATKHKIPVKYLELISESIIQVLQSKHP
GDFGADAQGAMNKALELFRNDMAAKYKELGEFQG

3. MYBD

Myoglebin - Eurasian badger
GLSDGEWQLVLNVWGKVEADLAGHGQEVLIRLFKGRPETLEKFDKFKHLKSEDEMKGSED
LEKHGNTVLTALGGILKKKGHQEAELKPLAQSHATKHKIPVKYLEFISDATAQVLOSKHP
GNFAAEAQGAMKKALELFRNDIAAKYKELGEFQG

4. MYBO

Myoglobin -~ Bovine
GLSDGEWQAVLNAWGKVEADVAGHGQEVLIRLFTGHPETLEKFDKEKHLKTEAEMKASED
LEKKHGNTVLTALGGILKKKGHHEAEVKHLAESHANKHKVPIKYLEFISDATITIHVLEAKHP
SNFAADAQGAMSKALELFRNDAAEKYKVLGFHG

5. MYRTF

Myoglobin - Egyptian rousette

GLSDGEWQLVLNVWGKVEADI PGHGOEVLIRLFKGHPETLFKFDKFKHLKSEDEMKASED
LKKHGATVLTALGGILKKKGQHEAQLKPLAQOSHATKHKIPVKYLEFISEVIIQVLQSKHP
GDFGADAQGAMGKALELFRNDIAAKYKELGEFQG

6. MYCA

Myoglobin - Carp
HDAELVLKCWGGVEADFEGTGGEVLTRLFKQHPETQKLFPKFVGIASNELAGNAAVKAHG
ATVLKKLGELLKARGDHAAILKPLATTHANTHXKIALNNFRLITEVLVKVMAEKAGLDAGG
QSALRRVMDVVIGDIDTYYKEIGFAG

7. MYCH

Myoglobin (version 1) - Chicken
GLSDOEWQQVLTIWGKVEADIAGHGHEVLMRLFHDHPETLDRFDKFKGLKTEPDMKGSED
LKKHGOTVLTALGAQLKKKGHHEADLKPLAQTHATKHKIPVKYLEFISEVIIKVIAEKHA
ADFGADSQAAMKKALELFRDDMASKYKEFGFQG

8. MYCH2

Myoglobin (version 2) - Chicken (tentative seguence}
GLSDQEWQQVLTIWGKVEADIAGHGHEVLMRLFHDHPETLDRFDKFKGLKTPNEMKGSED
LKKHGATVLTQLGKI LKOKGOHESDLKPLAQTHATKHKI PVKYLEFI SEVIIKVIAEKHA
ADFGADSQARMKKALELFRNDMASKYKEFGEQG

9. MYCJ

Myoglobin - Common marmoset (tentative sequence)
GLSDGEWQLVLNVWGKVEADIPSHGQEVLISLFKGHPETLEKFDKFKHLKSEDEMKASER
LKKHGVTVLTALGGILKKKGHHEARELKPLAQSHATKHKI PVKYLEFISDAIVHVLQKKHP
GDFGADAQGAMKKALELFRNDMAAKYKELGFQG

10. MYCZ

Myoglobin - Chimpanzee (tentative sequence}
GLSDGEWQLVLNVWGKVEADI PGHGQEVLIRLFKGHPET LEKFDKFKHLKSEDEMKASED
LKKHGATVLTALGGI LKKKGHHEAEIKPLAQSHATKHKIPVKYLEFISECTIIQVLHSKHP
GDFGADAQGAMNKALELFRKDMASNYKELGFQG

11. MYDD

Myoglobin ~ Saddleback dolphin and bottle-nosed dolphin
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GLSDGEWQLVLNVWGKVEADLAGHGODVLIRLFKGHPETLEKFDKFKHLKTEADMKASED
LKKHGNTVLTALGATLKKKGHHDAELKPLAQSHATKHKIPIKYLEFISEATIIHVLHSRHP
AEFGADAQGAMNKALELFRKDIAAKYKELGFHG

12. MYDDAR

K Myoglobin -~ Amazon deolphin

; GLSDGEWQLVLNIWGKVEADLAGHGQDVLIRLFKGHPETLEKFDKFKHLKTEAEMKASED
LKKHGNTVLTALGGI LKKKGHHEAELKPLAQSHATKHKIPIKYLEFISEAT IHVLHSRHEP
GDFGADAQARMNKALELFRKDIAAKYKELGFHG

5 13. MYDDBS

g Myoglobin - Saddleback dolphin
GLSDGEWQLVLNVWGKVEADVAGHGODILIRLFKGHPETLEKFDKFKHLKTEADMKASED
LKKHGDTVLTALGAILKKKGHHDAELKPLAQSHATKHKIPIKYLEFISEALI THVLHSRHP
AQFGADAQGAMNKALELFRKDIAAKYKELGEHG

14. MYDE

Myoglobin - Red deerx
GLSDGEWQLVLNAWGKVEADVAGHGOEVLIRLFTGHPETLEKFDKFKHLKTEAEMKASED
LKKHGNTVLTALGGILKKKGHHEAEVKHLAESHANKHKIPVKYLEFISDAI IHVLHAKHP
SNFGADAQGAMSKALELFRNDMAAQYKVLGFQG

15. MYDG

Myoglobin - Dog, bat-eared fox, African hunting dog, and Cape fox
GLSDGEWQIVLNIWGKVETDLAGHGQEVLIRLFKNHPETLDKFDKFKHLKTEDEMKGSED
LKKHGNTVLTALGGILKKKGHHEAELKPLAQSHATKHKIPVKYLEFISDAI IQVLQSKHS
GDFHADTEAAMKRALELEFRNDIAAKYKELGEQG

16. MYELA

Myoglobin - African elephant
GLSDGEWELVLKTWGKVEADIPGHGEFVLVRLFTGHL PETLEKFDKFKHLKTEGEMKASED
LKKQGVTVLTALGGILKKKGHHEAEIQPLAQSHATKHKIPIKYLEFISDAITHVLQSKHP
AEFGADAQAAMKKALELFRNDIAAKYKELGEDG

17. MYELI

Myoglok_n - Indian elephant
GLSDGEWELVLKTWGKVEADIPGHGEFVLVRLFTGHPETLEKFDKFKHLKTEGEMKASED
LKKQGVTVLTALGGILKKKGHHEAEIQPLAQSHATKRKI PIKYLEFISDAIIHVLQSKHP
AEFGADAQGAMKKALELFRNDIAAKYKELGFQG

18. MYGC

Myoglobin - Grand galago
GLSDGEWOLVLKIWGKVEADLAGHGODVLIRLFTAHPET LEKFDKFENLKTADEMKASED
LKKBGVTVLTALGGI LKKKGQHEAREIKPLAQSHATKHKIPVKYLEFISEAIIHVLONKHS
GDFGTDVQGAMSKALELFRNDIARKYKELGFQG

19. M¥GI

Myoglobin -~ Agile gibbon {tentative sequence}
GLSDGEWQLVLNVWGKVEADI PSHGOEVLIRLFKGHPETLEKFDKFKHLKSEDEMKASED
LKKHGATVLTALGGILKKKGHHEAEIKPLAQSHATKHKIPVKYLEFISECIIQVLQSKHP
GDFGADAQGAMNKALELFRKDMASNYKELGFQG

20. MYGO

Myoglobin - Mountain gorilla (tentative sequence)
GLSDGEWQLVLNVWGKVEADI SGHGQEVLIRLFKGHPETLEKFDKFKHLKSEDEMKASED
LEKHGATVLTALGGILKKKGHHEAEIKPLAQSHATKHKIPVKYLEFISECIIQVLQSKHE
GDFGADAQGAMNKALELFRKDMASNYKELGFQG

21, MYHH

Myoglobin - Western European hedgehog

GLSDGEWQLVLNVWGKVEADI PGHGQEVLIRLFKDHPETLEKFDKFKHLKSEDEMKSSED
LKKHGTTVLTALGGILKKKGQHREAQLAPLAQSHANKHKIPVKYLEFISEAYIIQVLKSKHA
GDFGADAQGAMSKALELFRNDIAAKYKELGEQG

22. MYHO

Myoglobin ~ Horse and common zebra
GLSDGEWQQOVLNVWGKVEADIAGHGOEVLIRLFTGEPETLEKFDKFKHLKTEAEMKASED
LKKHGTVVLTALGGILKKKGHHEAELKPLAQSHATKHKIPIKYLEFISDAI IHVLHUSKHP
GNEFGADAQGAMTKALELFRNDIAARKYKELGFOG

23, MYHU

Myoglobin - Human
GLSDGEWQLVLNVWGKVEADIPGHGQEVLIRLFKGHPETLEKFDKFKHLKSEDEMKASED
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LKKHGATVLTALGGILKKKGHHEAETKPLAQSHATKHKIPVKYLEFISECTIIQVLOSKHP
GDFGADAQGAMNKALELFRKDMASNYKELGFQG

24. MYKGR

Myoglobin - Red kangaroo
GLSDGEWQLVLNIWGKVETDEGGHGKDVLIRLFKGHPETLEKFDKFKHLKSEDEMKASED
LXKHGITVLTALGNILKKKGHHEAELKPLAQSHATKHKIPVQFLEFISDAIIQVIQSKHA
GUEGADADAMMKKALELFRHDMAAKYKEFGFQG

5. MYES

Myvoglobiin - Casiragua
GLSDGEWQLVLNVWGKVEGDLSGHGQEVLIRLFKGHPETLEKFDKFKHLKAEDEMRASEE
LEKKHGTTVLTALGGILKKKG,, -AELAPLAQSHATKHKIPVKYLEFISEAIIQVLQOSKHP
GDFGADAQOGAMSKALELFRNDIARKYKELGFQG

26, MYLEM

Myoglobin - Weasel lemur
GLGREEWQLVLNVWGKVEADVGGHGOEVLIRLETGRZETLEKFDKFKHLKTADEMKASED
LKKRGTTVLTALGGILKKKGOREAELKPLAQSHATKHKIPIKYLEFISDAIVHVLHSKHP
AEFPGADROAMMKKALELFRNDIAAKYKELGEFQG

27, MYLP

Myoglcbin ~ Potto (tentative sequence)
GLSDGEWQSVLNVWGKVEADLAGHGOEILIRLFTAHPETLEKFDKFKNLKT PDEMKASED
LKKHGVTVLTALGGILKKKGHHEAEIKPLAQSHATKHKIPVKYLEFISEAL IHVLQSKHP
SLFGADAQGAMNKALELFRNDIAAKYKELGEQG

28. MYLR

Myogiobin - Slow loris {(tentative sequence)
GLSDGEWQSVLNVHWGKVEADLAGHGQEILIRLFTAHPETLEKFDKFKNLKT PDEMKASED
LKKHGVTVLTALGGILKKKGOHEAEIKPLAQSHATKHKIPVKYLEFISGAI IRVLQSKHP
GD¥GRADBAQGAMSKALELFRNDIAAKYKELGFQG

29, MYLZM

Myoglebin - Lace monitor
GLSDEEWKKVVDIWGKVEPDLPSHGQEVIIRMFONHPETQDRFAKFKNLKTLDEMKNSED
LKKHGTTVLTALGRILKQKGHHEAEIAPLAQTHANTHKIPIKYLEFICEVIVGVIAEKHS
ADFGADSQEAMRKALELFRNDMASRYKELGEQG

30, M©M4QC

Myoglobin - Brown capuchin (tentative segquence)
GLSDGEWQLVLNVWGKVEADIPSHGOEVLISLFKGHPETLEKFDKFKHLKSEDEMKASEE
LKKHGATVLTALGGILKKKGQHEAELKPLAQSHATKHKIPVKYLEFISDAIVHVLQKKHP
GDFGADAQGAMKKALELFRNDMAAKYKELGFQG

31. MYMQIM

Myoglobin - Crab-eating macaque (tentative sequence)
GLSDGEWQLVLNVWGKVEADIPSHGOEVLIRLFKGHPETLEKFDKFKHLKSEDEMKASEDL
KKHGVTVLTALGGILKKKGHHEAEIKPLAQSHATKHKIPVKYLELISESI IQVLQSKHPGD
FGADAQGAMNKALELFRNDMARKYKELGEFQG

32. MYMQON

Myoglobin - Night monkey
GLSDGEWQLVLNVWGKVEADVPSHGQEVLISLFKGHPETLEKFDKFKHLKSEDEMKASEE
LKKHGVTVLTALGGI LKKKGHHEAELKPLAQSHATKHKIPVKYLEFISDAIVHVLQKKHP
GDFGADAQGAMKKALELFRNDMAAKYKELGFQG

33. MYMQS

Myoglobin ~ Cemmon sguirrel monkey (tentative sequence)
GLSDGEWQLVLNIWGKVEADIPSHGQEVLISLFKGHPETLEKFDKFKHLKSEDEMKASEEL
KKHGTTVLTALGGI LKKKGOHEAELKPLAQSHATKHKI PVKYLELISDATIVHVLQKKHPGD
FGADAQGAMKKALELFRNDMAAKYKELGFQG

34. MYMOW

Myoglobin - Common woolly monkey (tentative seguence)
GLSDGEWQLVLNIWGKVEADIPSHGOEVLISLFKGHPETLEKFDKFKHLKSEDEMKASEE
LKKHGVTVLTALGGILKKKGQREAELKPLAQSHATKHKIPVKYLEFISDAIIHALQKKHP
GDFGADAQGAMKKALELFRNDMAAKYKELGFQG

35. MYMS

Myoglobin - Mouse
GLSDGEWQLVLNVWGKVEADLAGHGOEVLIGLFKTHPETLDKFDKFKNLKSEEDMKGSED
LKKAGCTVLTALGTILKKKGOQHARE IQPLAQSHATKHKIPVKYLEFISEITIEVKKKRIS
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GDFGADAQGAMSKALELFRNDIAAKYKELGFQG

36. MYOG

Myoglobin - Bornean orangutan {tentative sedquence)
GLSDGEWQLVLNVWGKVEADIPSHGQEVLIRLFKGHPETLEKFDKFKHLKSEDEMKASED
LKKHGATVLTALGGILKKKGHHEAEIKPLAQSHATKHKIPVKYLEFISESIIQVLQSKHP
GDFGADAQGAMNKALELFRKDMASNYKELGFQG

37. MYOI ‘

Myoglobin - Southern American pika
GLSDGEWQLVLNVWGKVEADLAGHGQEVLIRLFKNHPETLEKFDKFKNLKSEDEMKGSDD
LKKHGNTVLSALGGILKKKGQHEAELKPLAQSHATKHKIPVKYLEFISEAIIQVLOSKHP
GDFGADAQCGAMSKALELFRNDMAAKYKELGFQG

38. MYQOL

Myoglobin - Mole rat
GLSDGEWQLYVINVHWGKVEGDLAGHGQEVLIKLFKNHPETLEKFDKFKHLKSEDEMKGSED
LKKHGNTVLTALGGILKKKGQHAAETIQPLAQSHATKHKIPIKYLEFISEAIIQVLQSKHP
GDFGADAQGAMSKALELFRNDIAAKYKELGFQG

39. MYOP

Myoglobin - North American opossum

GLSDGEWQLVLNAWGKVEADI PGHGQEVLIRLFKGHPETLEKFDKFKHLKSEDEMKASED
LKKHGATVLTALGNILKKKGNHEAELKPLAQSHATKHKISVQFLEFISEATIQVIQSKHP
GDFGGDRAQARMGKALELFRNDMAAKYKELGFQG

40. MYOR

Myoglobin - Duckbill platypus
GLSDGEWQLVLKVWGKVEGDLPGHGQEVLIRLFKTHPETLEKFDKFKGLKTEDEMKASAD
LKKHGGTVLTALGNILKKKGOHEAELKPLAQSHATKHKISIKFLEYISEATITHVLOSKHS
ADFGADAQAAMGKALELFRNDMAAKYKEFGEFQG

41. MYQRPW

sperm whale myoglobin

VLEEGFH OLVLHVWAKVEADVAGHGQDILIRLEKSHPETLEKFDRFKHLKTEAEMKASED
LKKHGVTVLTALGAI LKKKGHHEAELKPLAQSHATKHKIPIKYLEFISEAIIHVLHSRHP
GDFGADRGAMNKALELFRKDIAARKYKELGYQG

42. MYOY

Myoglebin -~ Aardvark
GLSDAEWQGLVLNVWGKVEADIPGHGODVLIRLFKGHPETLEKFDRFKHLKTEDEMKASED
LKKHGTTVLTALGGI LKKKGQHEAEIQPLAQSHATKHKIPVKYLEFISEAIIQVIQSKHS
GDFGADAQGAMSKALELFRNDIARKYKELGEQG

43. MYPE

Mvoglobin - Harbor porpoise and Dall's porpoise
GLSEGEWQLVLNVWGKVEADLAGHGQDVLIRLFKGHPETLEKFDKFKHLKTEAEMKASED
LKKHGNTVLTALGGILKKKGHHDAELKPLAQSHATKHKIPIKYLEFISEATITHVLHSREP
AEFGADAQGAMNKALELFRKDIATKYKELGFHG

44, MYPG

Myoglobin - Pig
GLSDGEWQLVLNVWGKVEADVAGHGQEVLIRLFKGHPETLEKFDKFKHLKSEDEMKASED
LKKHGNTVLTALGGILKKKGHHEAELT PLAQSHATKHKIPVKYLEFISEAIIQVLQSKHP
GDFGADAQGAMSKALELFRNDMARKYKELGEFQG

45. MYPN

Mycglobin - Emperor penguin
GLNDQEWQOVLTMWGKVESDLAGHGRAVLMRLEKSHPETMDRFDKFRGLKTPDEMRGSED
MKKHGVTVLTLGQILKKKGHHEAELKPLSQTHATKHKVPVKYLEFISEAIMKVIAQKHAS
NEFGADAQEAMKKALELFRNDMASKYKEFGEQG

46. MYRB

Myoglobin - Rabbit
GLSDAEWQLVLNVWGKVEADLAGHGQEVLIRLFHTHPETLEKFDKFKHLKSEDEMKASED
LKKHGNTVLTALGAILKKKGHHEAEIKPLAQSHATKHKIPVKYLEFISEAIIHVLHSKHP
GDFGADAQAAMSKALELFRNDIAAQYKELGEQG

47. MYRKJ

Myoglobin - Port Jackson shark
TEWEHVNKVWAVVEPDIPAVGLAILLRLFKEHKETKDLFPKFKE I PVQQLGNNEDLRKHG
VIVLRALGNILKQKGKHSTNVKELADTHINKHKI PPKNFVLITNIAVKVLTEMYPSDMTG
PMOESFSKVEFTVICSDLETLYKEANFQG
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48. MYSH
Myoglobin - Sheep
GLSDGEWQLVLNAWGKVEADVAGHGOEVLIRLETGHPETLEKFDKFKHLKTEAEMKASED
LXKHGNTVLTALGGI LKKKGHHEAEVKHLAESHANKHKI PVKYLEFISDAI IHVLHAKHP
SNEFGADAQGAMSKALELFRNDMAAEYKVLGFQG

49, MYSLG

Myoglobin - Gray seal and harbor seal
GLSDGEWHLVLNVWGKVETDLAGHGQEVLIRLFKSHPETLEKFDKFKHLKSEDDMRRSED
LRKHGNTVLTALGGILKKKGHHEAELKPLAQSHATKHKI PIKYLEFISEAI IHVLHSKHP
AEFGADAQAAMKKALELFRNDIAAKYKELGFHG

50. MYTG

Myoglobin - Australian echidna
GLSDGEWQLVLKVAGKVETDITGHGODVLIRLFKTHPETLEKFDKFKHLKTEDEMKASAD
LKKHGGVVLTALGSILKKKGOHEAELKPLAQSHATKHKISIKFLEFISEAI IHVLQSKHS
ADFGADAQAAMGKALELFRNDMATKYKEFGFQG

51. MYTS

Myoglobin - Common tree shrew
GLSDGEWQLVLNVWGKVEADVAGHGOEVLIRLEFKGHPETLEKFDKFKHLKTEDEMKASED
LKKHGNTVLSALGGILKKKGQHEAEIKPLAQSHATKHKIPVKYLEFISEATIQVLQSKHP
GDPGADAQAAMSKALELFRNDIARKYKELGFQG

52. MYTTG

Myoglobin - Green seaturtle
GLSDDEWNHVLGIWAKVEPDLTAHGQEVIIRLFQLHPETQERFAKFKNLTTIDALKSSEE
VKKHGTTVLTALGRILKQKNNHEQELKPLAESHATKHKIPVKYLEFICEIIVKVIAEKHP
SDFGADSQAAMKKALELFRNDMASKYKEFGFLG

53. MYTTM

Myoglobin - Map turtle
GLSDDEWHHVLGIWAKVEPDLSARGOEVIIRLFQVHPETQERFAKFKNLKT IDELRSSEE
VEKKHGTTVLTALGRILKLKNNHEPELKPLAESHATKHKIPVKYLEFICEIIVKVIAEKHP
SDFGADSQAAMRKALEL FRNDMASKYKEFGFQG

54. MYTUY

Myoglobin - Yellowfin tuna
ADFDAVLKCWGPVEADYTTMGGLVLTRLFKEHPETOQKLFPKFAGIAQADIAGNAATISAHRG
ATVLKKLGELLKAKGSHAAILKPLANSHATKHKIPINNFKLISEVLVKVMHEKAGLDAGG
QTALRNVMGITIADLEANYKELGFSG

§5. MYVJ

Myoglobin - Viscacha
GLSDGERWQLVLNVWGKVEADLGGHGQEVLIRLFKGHPETLEKFDKFKHLKAEDEMRASED
LKKHGTTVLTALGGILKKRGQHARELAPLAQSHATKHKIPVKYLEFISEAI IQVLQSKHF
GDFGADAQARMSKALELERNDIAAKYKELGEQG

56, MYWHC

Myoglobin ~ California gray whale
VLSDAREWQLVLNIWAKVEADVAGHGODILIRLFKGHPETLEKFDKFKHLKTEAEMKASED
LKKHGNTVLTALGGILKKKGHHEAELKPLAQSHATKHKIPIKYLEFISDAIIHVLHSRHP
GDFGADAQAAMNKALELFRKDIAAKYKELGFQG '

57. MYWHF

Myoglobin =~ Finback whale

VLTDAEWHLVLNIWAKVEADVAGHGODILI SLFKGHPETLEKFDKFKHLKTEAEMKASED
LKKHGNTVLTALGGILKKKGHHEAELKPLAQSHATKHKIPIKYLEFISDAITHVLHSRHP
ADFGADAQAAMNKALELFRKDIARKYKELGFQG

58, MYWHH

Myoglobin - Humpback whale
VLSDAEWQLVLNIWAKVEADVAGHGODILIRLFKGHPETLEKFDKFKHLKTEAEMKASED
LKKHGNTVLTALGGILKKKGHHEAELKPLAQSHATKHKIPIKYLEFISDAIIHVLHSRHP
ADFGADAQAAMNKALELFRKDIARKYKELGFOG

59. MYWHK

Myoglobin =~ Minke whale
VLSDAEWHLVLNIWAKVEADVAGHGODILIRLFKGHPETLEKFDKFKHLKTEAEMKASED
LKKHGNTVLTALGGILKKKGHHEAELKPLAQSRATKHKIPIKYLEFISDAITHVLHSRHP
AEFGADAQAAMNKALELFRKDIAARKYKELGFQG
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60. MYWHL

Myoglobin -~ Killer whale

GLSDGEWQLVLNVWGKVEADLAGHGQODILIRLFKGHPETLEKFDKFKHLKTEADMKASED

LKKHGNTVLTALGAI LKKKGHHDAELKPLAQSHATKHKIPIKYLEFISEAIIHVLHESRHP

ALFGADAQGAMNKALELFRKDIAAKYKELGFHG

61. MYWHP

Myoglobin - Sperm whale and dwarf sperm whale

VLSEGEWQLVLHVWAKVEADVAGHGQDILIRLFKSHPETLEKFDRFKHLKTEAEMKASED

LKKHGVTVLTALGAI LKKKGHHEAELKPLAQSHATKHKIPIKYLEFISEAIIBVLHSRHP

GDFGADAQGAMNKALELFRKDIAAKYKELGYQG

62. MYWHT

3 Myoglobin - Pilot whale

¥ GLSDGEWDLVLNVWGKVEADLAGHGQDILIRLFKGHPETLEKFDKFKHLKTEADMKASED

E LKKHGNTVLTALGAI LKKKGHHEAELKPLAQSHATKHKIPIKYLEFISEAITHVLHSRHP
AEFGADARQGAMNKALELFRKDIAAKYKELGFHG

1 63. MYWHU

- Myoglobin - Hubbs' whale

GLSEAEWOLVLHVWAKVEADLSGHGQEILIRLFKGHPETLEKFDKFKHLKSEAEMKASED

LKKHGHTVLTALGGI LKKKGHHEAELKPLAQSHATKHKIPIKYLEFISDAIIHVLHSKHP

SDFGADAQGAMTKALELFRKDIAAKYKELGFHG

64. MYWHZ

Myoglobin - Goose-beaked whale

GLSEAEWQLVLHVWAKVEADLSGHGQEILIRLFKGRPETLEKFDKFKHLKSEAEMKASED

LKKHGHTVLTALGGT LKKKGHHEAELKPLAQSHATKHKIPIKYLEFISDATIHVLHSRHP

SDFGADAQAAMTKALELFRXDIAAKYKELGFHG

65. MYZC

Myoglobin - California sealion

GLSDGEWQLVLNIWGKVEADLVGHGQEVLIRLFKGHPETLEKFDKFKHLKSEDEMKRSED

LKKHGKTVLTALGGI LKKKGHHDAELKPLAQSHATKHKIPIKYLEFISEAI THVLQSKHP

GDFGADTHAAMKKALELFRNDIAAKYRELGFQG

TGF (3 sequences)

g TGF alpha human
VVSHFNDCPDSHTQFCFHGTCRFLVQEDKPACVCHSGYVGARCEHADLLA

2. TGFARAT
TGF alpha RAT
VVSHFNKCPDSHTQYCFHGTCRFLVQEDKPACVCHSGYVGVRCEHADLLA

3. TGFBPIG

TGFBSPIG : TRANSFORMING GROWTH FACTOR BETA PRECURSOR (TGEF-BETA} (TGF
TYPE 2). 3
MPPSGLRLLPLLLPLLWLLVLTPGRPAAGLSTCKTIDMELVKRKRIEAIRGQILSKLRLA
SPPSQGDVPPGPLPEAVLALYNSTRDRVAGESVEPEPEPEADYYAKEVTRVLMLESGNQI
YDKFKGTPHSLYMLENTSELREAVPEPVLLSRAELRLLRLKLKVEQHVELYQKYSNDSWR
YLSNRLLAPSDSPEWLSFDVTGVVROQWLTRREAIEGFRLSAHCSCDSKDNTLHVEINGFEN
SGRRGDLATIHGMNRPFLLLMATPLERAQHLHSSRHRRALDTNYCFSSTEKNCCVROLYI
DFRKDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYNQHNPGASAAPCCVPQA
LEPLPIVYYVGRKPKVEQLSNMIVRSCKCS

TNF (9 sequences) u

1. T™NF
TUMOR NECROSIS FACTOR (IBID)
VRSSSRTPSDKPVAHVVANPQAEGQLQWLNRRANALLANGVELRDNQLVV
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PSEGLYLIYSOVLFKGOGCPSTHVLLTHTISRIAVSYQTKVNLLSAIKSPCORETPEG
AEAKPWYEPIYLGGVFQLEKGDRLSAEINRPDYLDFAESGQVYFGAFAL

2. THFBROV

TNF BETA BOVINE
LRGIGLTPSAAQPAHOQLPTPFTRGTLKPARHLVGDPSTODSLRWRANTDRAFLRHGE
SLSNNSLLVPTSGLYFVYSQVVFSGRGCFPRATPTPLYLAREVQLFSPQYPEFRVPLLS
AQKSVCPGPOGPWVRSVYQGAVFLLTRGDQLSTHTDGISHLLLSPSSVEFGAFAL

3. TNFBMOUS

TNF BETA MOUSE
LSGVRFSAARTAHPLPOKHLTHGILKPAARHLVGYPSKONSLLWRASTDRAFLRHGESL
SNNSLLIPTSGLYFVYSQVVFSGESCSPRAIPTPIYLAHEVQLFSSQYPFHVPLLSAQ
KSVYPGLOGPWVRSMYQGAVELLSKGDOLSTHTDGISHLHFSPSSVFEFGAFAL

4. TNFBOV

TUMOR NECROSIS FACTOR BOVINE (SA PAPIRA)
LRSSSQASSNKPVAHVVADINSPGQLRWWDS YANALMANGVKLEDNQLVVPAEGLYLI
YSQVLFRGOGCPPPPVLTHTISRIAVSYQTKVNILSAIKSPCHRETPEWAEAKPWYEP
IYQGGVFQLEKGDRLSAEINLPDYLDYAESGOVYFGIIAL

5. TNFBHUM

limpho toxin (Nature, 312,(1984/5) 720
LPGVGLTPSAAQTARQHPKMHLAHSTLKPAAHLIGDPSKQNSLLWRANTDRAF
LQDGF

CYSTEINE PROTEASES (23 sequences)

1. ACTNCHNI1

Actinidin (EC 3.4.,22.14} - Yangtao
LPSYVDWRSAGAVVDIKSQGECGGCWAFSAIATVEGINKITSGSLISLSEQELIDCGRTQ
NTRGCDGGYITDGFQFIINDGGINTZENYPY TAQDGDCDVALQDOKYVTIDTYENVPYNN
EWALOTAVTYQPFVSVALDAAGDAFKQYASGIFTGPCGTAVDHAIVIVGYGTEGGVDYWIV
KNSWDTTWGEEGYMRILRNVGGAGTCGIATMPSYPVKYNN

2. ACTNKIW?

Actinidin -kiwi actinbpas
LPSYVDWR3AGAVVDIKSQGECGGCWAFSAIATVEGINKITSGSLISLSEQELIDCGRTQ
NTRGCDGGYITDGFQFIINDGGINTEENYPYTAQDGDCDVALODQKYVTIDTYENVPYNN
EWALOTAVTYQPVSVALDAAGDAFKQYASGIFTGPCGTAVDHAIVIVGYGTEGGVDYWIV
KNSWDTTWGEEGYMRILRNVGGAGTCGIATMPSYPVKY

3. CATHCOW2

2140592997 : cathepsin B
LPESFDAREQWPNCPTIKEIRDQGSCGSCWAEGAVEAISDRICIHSNGRVNVEVSAEDML
TCCGGECGDGCNGGEPSGAWNEFWTKKGLVSGGLYNSHVGCRPYSI PPCEHHVNGSRPPCT
GEGDTPKCNKTCEPGYSPSYKEDKHEFGCSSYSVANNEKEIMAEL YKNGPVEGAESVYSDE
LLYKSGVYQHVSGEIMGGHAIRILGWGVENGTPYWLVANSWNTDWGDNGFFKILRGQDHC
GIESEIVAGMPCT

4. CATHHEN]1

2131126438 : cathepsin L H
APRSVDWREKGYVTPVKDQGQCGSCWAFSTTGALEGQHFRKTGKLVSLSEQNLVDCSRPE
GNOGCNGGLMDQAFQYVQDNGGIDSEESYPYTAKODEDCRYKAEYNARNDTGEVDIPQGH
ERALMKAVASVGPVSVAIDAGHSSFQFYQSGIYYEPDCSSEDLDRGVLVVGYGEFEG

5. CATHHEN3

21312246A : cathepsin L
APRSVDWREKGYVTPVKDOGICGSCWAFNTTGALEGQHFFKTGKLVSLSEQNLVDCSRPE
GNQGCNGGLMDQAFQYVQDNGGIDSEESYPYTAKDDCRYKAEYNAAKDTGEVDIPQGHER
ALMKAVASVGPVSVAIDAGHSSFQOFYQSGIYYEPDCSSEDLDAGVLVVGYGFEGKKYWIV
KNSWGEKWGDKGYQYMAKDRKNHCGIATAASYPLV

6. CATHHM13

Cathepsin B (EC 3.4.22.1}) - Human
LPASFDAREQWPQCPTIKEIRDQGSCGECHWAFGAVEAISDRICIHTNVSVEVSAEDLLTC
CGSMCGDGCNGGY PAEAWNFWTRKGLVSGGLYESHVGCRPYSIPPCEHHVNGSRPPCTGE
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GDTPRKCSKICEPGYSPTYRODKHYGYDSYSVSNSEKDIMAEIYKNGPVEGAFSVYSDELL
YKSGVYQHVTGEMMGGHAIRILGWGVENGTPYWLVANSWNT DWGDNGFFKILRGQDHCGI
ESEVVAGIPRTD

7. CATHHM14 .

CATHSHUMAN: CATHEPSIN H PRECURSOR (EC 3.4.22.16). 335 AA.
YPPSVDWRKKGNFVSPVKNQGACGSCWTFSTTGALESAIAIATGKMLSLAEQQLVDCAQD
FNNYGCQOGGLPSQAFEYILYNKGIMGEDTY PYQGKDGYCKFQPGKAIGEFVKDVANITIYD
EEAMVEAVALYNPVSFAFEVTODFMMYRTGIYSSTSCHKTPDKVNHAVLAVGYGEKNGIP
YWIVKNSWGPQWGMNGYFLIERGKNMCGLAACASYPIPLYV

8. CATHHM2

21205366A : cathepsin B

VEVSAEDLLTCCGSMCGDGCNGGY PAEAWNFWTRKGLVSGGLYESHVGCRPYSIPPCEHH
VNGSRPPCTGEGDTPKCSKICEPGYSPTYKQODKHYGYNSYSVSNSEKDIMAEI YKNGPVE
GAFSVYSDFLLYKSGVYQHVTGEMMGGHAIRI LGWGVENGT PYWLVANSWNTDWGDNGFEFF
KILRGODHCGIESEVVAGIPRTDQYWEKI

9. CATHHM4

Z1306235A : cathepsin G
IGGRESRPHSRPYMAYLQIQSPAGQSRCGGFLVREDFVLTARHCWGSNINVTLGAHNIQR
RENTQOHRITARRATIRHPQYNQRTIQNDIMLLOLSRRVRRNRNVNPVALPRAQEGLRPGTL
CTVAGWGRVSMRRGTDTLREVOQLRVORDRQCLRIFGSYDPRROICVGDRRERKAAFKGDS
GGPLLCNNVAHGIVSYGKSSGVPPEVFTRVSSFLPWIRTTMRSFKLLDOMETPL

10. CATHHMS

21307261A : cathepsin D
GPIPEVLKNYMDAQYYGEIGIGTPPQCFTVVFDTGSSNLWVPSIHCKLLDIACWIHHKYN
SDKSSTYVKNGTSFDIHYGSGSLSGYLSQDTVSVPCQOSASSASALGGVKVERQVEGEATK
QPGITFIAAKFDGILGMAYPRISVNNVLPVEDNLMOQKLVDONIFSFYLSRDPDAQPGGE
LMLGGTDSKYYKGSLSYLNVTRKAYWOVHLDOQVEVASGLTLCKEGCEAIVDTGTSEMVGP
VDEVRELQKAIGAVPLIQGEYMIPCEKVSTLPAITLKLGGKGYKLSPEDYTLKVSQAGKT
LCLSGFMGMDI PPPSGPLWILGDVFIGRYYTVFDRDNNRVGFAEAARL

11. CATHHM6

214042792 : Cathepsin H
CPYPPSVDWRKRKGNEFVSPVKNQGACGSCWTEFSTTGALESAIAIATGKMLSLAEQQLVDCA
QDFNNHGCQGGLPSQAFEY ILYNKGIMGEDTYPYQGKDGYCKFQPGKAIGEVKDVANITI
YDEEAMVEAVALYNPVSFAFEVTQDEMMYRTGIYSSTSCHKTPDKVNHAVLAVGYGEKNG
IPYWIVKNSWGPEWGMNGYFLIERGKNMCGLAACASYPIP

12. CATHHM?

Z1404279B : cathepsin L
APRSVDWREKGYVTPVKNQGQCGSCWAFSATCGALPGOMFRKTGRLISLSEQNLVDCSGPQ
GNEGCNGGLMDYAFQYVQDNGGLDSEESYPYEATEESCKYNPKYSVAXDTGEFVDI PKQEK
ALMKAVATVGPISVAIDAGHESFLFYKEGIYFEPNCSSEDMDHGVLVVGYGFESTNNKYW
LVKNSWGEEWGMGGYVKMAKDRRNHCGIASAASYPTV

13. CATHMSE1

21211378B : cathepsin B
LPETFDAREQWSNCPTIGQIRDQGSCGSCWAFGAVEAISDRTCIHTNGRVNVEVSAEDLL
TCCGIQCGDGCNGGYPSGAWNFWTKKGLVSGGVYDSHIGCLPYTIPPCEHHVNGSRPPCT
GEGDTPRCNKSCEAGYSPSYKEDKHFGYTSYSVSNSVKEIMAEI YKNGPVEGAFTVESDF
LTYKSGVYKHEAGDMMGGHAIRI LVWGVENGVPYWLAANSWNLDWGDNGFFKILRGENHC
GIESEIVAGIPRTDQYWGRFE

14, CATHMSE2

21407219A : cathepsin L
MNLLLLLAVLCLGTALATPKFDQTFSAEWHOWKSTHRRLYGTNEEEWRRAIWEKNMRI IQ
LHNGEYSNGQHGFSMEMNAFGDMTNEEFRQVVNGYRHQKHKKGRLFQEPLMLKIPKSVDHW
REKGCVTPVKNQGQCGSCWAFSASGCLEGOMFLKTGKLISLSEQNLVDCSHAQGNQGCNG
GLMDFAFQYIKENGGLDSEESYPYEAKDGSCKYRAEFAVANDTGFVDIPQQEKALMKAVA
TVGPISVAMDASHPSLQOFYSSGIYYEPNCSSKNLDHGVLLVGYGYEGTDSNKNKYWLVKN
SWGSEWGMEGYIKIAKDRDNHCGLATAASYPVVN

15. CATHPIG1

210072437 : cathepsin D
GPIPEVLKNYMDAQYYGEIGIGTPPQCFTVVEDTGSSNLWVPSTHCKLLDIACWIHHKYN
SGKSSTYVKENGTTFAIHYGSGSLSGYLSQDTVSVESNVGGIKVERQTFGEATKQPGLTET
AAKFDGILGMAYPRISVNNVVPVFDNLMQOKLVDKDI FSEYLNRDPGAQPGGELMLGGID
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SKYYKGSLDYHNVTRKAYWQIHMNQVAVGSSLTLCKGGCEAIVDTGTSLIVGOPEEVREL
GKAIGAVPLIQGEYMIPCEKVPSLPDVTVTLGGKKYKLSSENYTLKVSQAGQTICLSGEM
GMDIPPPGGPLWILGDVFIGRYYTVFDRDLNRVGLAEAR

16. CATHRAT1

21313245A : cathepsin L
MTPLLLLAVLCLGTALATEKFDOTFNAQWHOWKSTHRRLYGTNEEEWRRAVWEKNMRMIQ
LHNGEYSNGKHGFTMEMNAFGDMTNEEFROIVNGYRHQKHKKGRLFQEPLMLQI PKTVDW
REKGCVTPVKNOGQCGSCWAFSASGCLEGOMFLKTGKLISLSEQNLVDCSHDQGNQGCNG
GLMDFAFQYIKENGGLDSEESYPYEAKDGSCKYRAEYAVANDTGFVDIPQQEKALMKPVA
TVGPISVAMDASHPSLQFYSSGIYYEPNCSSKDLDHGVLVVGYGYEGTDSNKDKYWLVKN
SWGKEWGMDGYIKTAKDRNNRCGLATAASYPIVN

17. CATHRAT2

21402240A : cathepsin H
YPSSMDWRKKGNVVSPVKNQGACGSCWTFSTTGALESAVAIASGKMMTLAEQQLVDCAQN
FNNHGCQGGLPSQAFEYILYNKGIMGEDSYPYIGKNGQCKFNPEKAVAFVKNVVNITLND
EAAMVEAVALYNPVSFAFEVTEDFMMYKSGVYSSNSCHKT PDKVNHAVLAVGYGEQNGLL
YWIVKNSWGSNWGNNGYFLIERGKNMCGLAACASYPIPQV

18. CATHRAT4

Cathepsin B (EC 3.4.22.1) - Rat
LPESFDAREQWSNCPTIAQIRDQGSCGSCWAFGAVEAMSDRICIHTNVNVEVSAEDLLTC
CGIQCGDGCNGGYPSGAGNFWTRKGLVSGGVYNSHIGCLPYTIPPCEHHVNGSRPPCTGE
GDTPKCNKMCEAGYSTSYKEDKHYGYTSYSVSDSEKEIMAEI YKNGPVEGAFTVFSDFLT
YKSGVYKHEAGDVMGGHAIRILGWGIENGVPYWLVANSWNVDWGDNGFFKILRGENHCGI
ESEIVAGIPRTQ

19. PAPAPAPI1

Papain - papaya omega
LPENYDWRKKGAVTPVRHQGSSGSCWAFSAVATVEGINKIRTGKLVELSEQELVDCERRS
HGCKGGYPPYALEYVAKNGIHLRSKYPYKAKQGTCRAKQVGGPIVKTSGVGRVQPNNEGN
LLNATAKQPVSYVVVESKGRPFULYKGGIFEGPCGTKVDHAVTAVGYGKSGGKGYILIKNS
WGTAWGEKGYIRIKRAPGNSPGVCGLYKSSYYPTKN

20. PAPAPAP2

Papain (EC 3.4.22.2) - Papaya
IPEYVDWRQKGAVTPVKNOGSCGSCHWAFSAVVTIEGIIKIRTGNLNQYSEQELLDCDRRS
YGCNGGYPWSALQLVAQYGIHYRNTPYYEGVQRYCRSREKGPYAAKTDGVRQVQPYNQGA
LLYSIANQPVSVVLQAAGKDFQLYRGGIFVGPCGNKVDHAVAAVGYNPGYILIKNSWGTG
WGENGYIRIKRGTGNSYGVCGLYTSSFYPVKN

21. PAPAPAP3

Papain - chymopapain jbc 1989
YPQSTIDWRAKGAVTPVKNQGACGSCWAFSTIATVEGINKIVTGNLLELSEQELVDCDKHS
YGCKGGYQTTSLQYVANNGVHTSKVYPYQAKQYKCRATDKPGPKVKITGYKRVPSNCETS
FLGALANQPLSVLVEAGGKPFQLYKSGVFDGPCGTKLDHAVTAVGYGTSDGKNYTITKNS
WGPNWGEKGYMRLKRQSGNSQGTCGVYKSSYYPEFKGEA

22. PAPAPAP4

Papain - ppiv febl 1989
LPESVDWRAKGAVTPVKHQGYCESCWAFSTVATVEGINKIKTGNLVELSEQELVDCDLQS
YGCNRGYQSTSLOYVAQNGIHLRAKYPY IAKQQTCRANQVGGPKVKTNGVGRVQSNNEGS
LLNATAHQOPVSVVVESAGRDFONYKGGIFEGSCGTKVDHAVTAVGYGKSGGKGYILIKNS
WGPGWGENGYIRIRRASGNSPGVCGVYRSSYYPIKN

23, PAPAPAPS

Papain - Papaya papainbpas
IPEYVDWROKGAVTPVKNQGSCGSCWAFSAVVTIEGIIKIRTGNLNQYSEQELLDCDRRS
YGCNGGYPWSALQLVAQYGIHYRNTYPYEGVQRYCRSREKGPYARKTDGVRQVQPYNQGA
LLYSIANQPVSVVLQAAGKDFQLYRGGIFVGPCGNKVDHAVAAVGYGPNYILIKNSWGTG
WGENGYIRIKRGTGNSYGVCGLYTSSFYPVKN

METALLO PROTEASES (17 sequences)

1. CARBBACI
DACASBACSU: PENICILLIN-BINDING PROTEIN 5 (D-ALANYL-D-ALANINE
CARBOXYPEPTIDASE) 3
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ASSGKILYSKNADKRLPIASMTKMMTEYLLLEAIDOGKVKWDOTYTPDDYVYEISQDNSL
SNVPLRKDGKYTVKELYQATAIYSANAAATAIAEIVAGSETKFVEKIYNAKAKELGLTDYK
FVNATGLENKDLHGHOPEGTSVNEESEVSAKDMAVLADHLITDYPEILETSSIAKTKERQ
GTDDEMDMPNWNFMLKGLVSEYKKATVDGLKTGSTDSAGSCFTGTAERNGMRVITVVLNA
KGNLHTGRFDETKKMFDYAFDNEFSMKEI YAEGDQVKGHKTISVDKGKEKEVGIVTNKAFS
LPVKNGEEKNYKAKVTLNKDNLTAPVKKGTKVGKLTAEY TGDEKDYGFLNSDLAGVDLVT
KENVEKANWEVLTMRSIGGFFAGIWGSIVDTVTGWE

2. CARBBARI

Serine carboxypeptidase (FC 3.4.16.1} - Barley
APQGAEVTGLPGFDGALPSKHYAGYV TVDEGHGRNLFYYVVESERDPGKDPVVLWLNGGP
GCSSFDGFVYEPGPFNFESGGSVKSLEXLHLNPYAWSKVSTMIYLDSPAGVGLSYSKNVS
g DYETGDLKTATDSRTFLLKWEFQLYPEFLSNPEFYIAGESYAGVYVPTLSHEVVKGIQGGAK
PTINFKGYMVGNGVCDTIFDGNALVPFAHGMGLISDEI YQQASTSCHGNYWNATDGKCDT
: AISKIESLISGLNIYDILEPCYHSRSGVPCMSDEVATAWLDNAAVRSATHAQSVSAIGPW
LLCTDKLYFVHDAGSMIAYHKNLTSOGYRAIIFSGDHDMXVPFTGSEAWTKSLGYGVVDS
WRPWITNGOVSGYTEGYEHGLTFATIKGAGHTVPEYKPOQEAFAFPYSRWLAGSKL

3. CARBCOWI]

f Carboxypeptidase E - Bovine

- RPQEDGISFEYHRYPELREALVSVWLQCAAVSRIYTVGRSFEGRELLVLELSDNPGVHEP
- GEPEFKYIGNMHGNEAVGRELLIFLAQYLCNEYQKGNETIVQLIHNTRIHIMPSLNPDGF
EKAASQLGELKDWEFVGRSNAQGIDLNRNFPDLDRIVYINEKEGGPNNHLLKNLKKIVDON
TKLAPETKAVIHWIMDIPFVLSANLHGGDLVANYPYDETRSGSAHEYSSCPDDDIFQSLA
RAYSSFNPPMSDPDRPPCRKNDDDSSFVEGTTNGAAWYSVPGGMODFNYLSSNCFEITVE
LSCEKFPPEETLKNYWEDNKNSLISYIQQIHRGVKGEFVRDLQGNPIANATLSVEGIDHDV
TSAKDGDYWRLLVPGNYKLTASAPGYLAIAKKVAVPYSPAVRVDFELESFSERKEEEKEE
LMEWWKMMSETLNF

4. CARBCOW2

Carboxypeptidase A (EC 3.4.17.1) ~ Bovine
ARSTNTFNYATYHTLDEIYDEMDLLVAEHPOLVSKLOQIGRSYEGRPIYVLKEFSTGGSNRP
AIWIDLGIHSREWITQATGVWFAKKFTENYGONPSFTAILDSMDIFLEIVTNPNGFAFTH
SENRLWRKTRSVTSSSLCVGVDANRNWDAGFGKAGASSSPCSETYHGKYANSEVEVKSIV
DFVKNHGNFKAFLSIHSYSQLLLYPYGYTV QSIPDKTELNQVAKSAVAALKSLYGTSYKY
GSIITTIYQASGGSIDWSYNQGIKYSFTFELRDTGRYGFLLPASQIIPTAQETWLGVLTI
MEHTVNN

5. CARBCOW3

Carboxypeptidase B (EC 3.4.17.2) - Bovine
TTGHSYEKYNNWETIEAWTEQVASENPDLISRSAIGTTFLGNTIYLLKVGKPGSNKPAVFE
MDCGFHAREWISPAFCOWEVREAVRTYGREIHMTEFLDKLDFYVLPVVNIDGYIYTWTTN
RMWRKTRSTRAGSSCTGTDLNRNFDAGWCSIGASNNPCSETYCGSAAESEKESKAVADFI
RNHLSSIKAYLTIHSYSOMMLYPYSYDYKLPKNNVELNTLAKGAVKKLASLHGTTYSYGP
GATTIYPASGGSDDWAYDQGIKYSFTFELRDKGRYGFVLPESQIQPTCEETMLAIKYVTS
YVLEHL

6. CARBCOW4

Procarboxypeptidase A complex component III - Bovine
DGEDAVPYSWSWQVSLQYEKDGAFHHTCGGSLIAPDWVVTAGHCISTSRTYQVVLGEYDR
SVLEGSEQVIPINAGDLEFVHPLWNSNCVACGNDIALVKLSRSAQLGDKVQLANLPPAGD:
LPNEAPCYISGWGRLYTGGPLPDKLOQALLPVVDYEHCSQWDWWGI TVKKTMVCAGGDTR
SGCREDSGGPLNCPAADGSWOVHGVTSFVSAFGCNTIKKPTVETRVSAFIDWIDET IASL
7. CARBCRY]1

Carboxypeptidase B {EC 3.4.17.2) - Crayfish
MDWTSYHDYDEINAWLDSLATDYPELASVEDVGLSYEGRTMKLLKLGKGGADKPIIFIDG
GIHAREWIAPSTVTYIVNEFVSNSATYDDILSNVNFYVMPTINPDGYAYTFTDDRLWRKT
RSETGSVLGCKGADPNRNWSFHWDEVGASDSPCSDIYAGPEPFSEVEMRNVRDQILEYAA
NIKVYLTFHSYSQLWMYPWGFTSDLPDDWQULDTLATNAVDALTAVHGTRYEIGSSTNTI
YAAAGGSDDWAKGEGGVKYAYTIELRDTGNYGFLLPENQIIPTGEETFEGVKVVANEVKD
TYS

8. CARBPOTI]

CARBOXYPEPTIDASE AALPHA (COX) (E.C.3.4.17.1} COMPLEX WITH POTATO
CARBOXYPEPTIDASARSTNTENYATYHTLDEI YDFMDLLVAQHPELVSKLQIGRSYEGR
PIYVLKFSTGGSNRPAIWIDLGIHSREWITQATGVWEFAKKFTENYGOQNPSFTATILDSMDIFL
EIVTNPNGFAFTHSENRLWRKTRSVTSSSLCVGVDANRNWDAGFGKAGASSSPCSETYHGKY
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ANSEVEVKS IVDFVKNHGNFKAFLSIHSYSQLLLYPYGYTTQSIPDKTELNQVAKSAVAA
LKSLYGTSYKYGSIITTIYQASGGSIDWSYNQGIKYSFTFELRDTGRYGFLLPASQIIPT
AQETWLGVLTIMEHTVNN

9, CARBPSD1

Folate hydrolase G2 (EC 3.4.-.-) precursor - Pseudomonas sp.
ALAQKRDNVLFQAATDEQPAVIKTLEKLVNIETGTGDAEGIAAAGNFLEAELRKNLGEFTVT
RSKSAGLVVGDNIVGKIKGRGGKNLLLMSHMDTVYLKGILAKAPFRVEGDKAYGPGIADD
KGGNAVILHTLKLLKEYGVRDYGTITVLFNTDEEKGSFGSRDLIQEEAKLADYVLSFEPT
SAGDEKLSLGTSGIAYVQVNITGKASHAGAAPELGVNALVEASDLVLRTMNIDDKAKNLR
FNWTIAKAGNVSNIIPASATLNADVRYARNEDFDAAMKTLEERAQQOKKLPEADVKVIVTR
GRPAFNAGEGGKKLVDKAVAYYKEAGGTLGVEERTGGGTDAAYAALSGKPVIESLGLPGF
GYHSDKAEYVDISAIPRRLYMAARLIMDLGAGK

10. CARBRATI

E1501328A : carboxypeptidase B
MLLLLALVSVALAHASEEHFDGNRVYRVSVHGEDHVNLIQELANTKEIDFWKPDSATQVK
PLTTVDFHVKAEDVADVENFLEENEVHYEVLISNVRNALESQFDSHTRASGHSYTKYNKW
ETIEAWIQQVATDNPDLVTQSVIGTTFEGRNMYVLKIGKTRPNKPAIFIDCGFHAREWIS
PAFCOWEVREAVRTYNQEIHMKQLLDELDFYVLPVVNIDGYVYTWTKDRMWRKTRSTMAG
SSCLGVRPNRNFNAGWCEVGASRSPCSETYCGPAPESEKETKALADFIRNNLSTIKAYLT
IHSYSOMMLYPYSYDYKLPENYEELNALVKGAAKELATLHGTKYTYGPGATTIYPARGGS
DDUSYDOGIKYSETFELRDTGFFGFLLPESQIRQTCEETMLAVKY IANYVREHLY

11. CARBRAT2

£1501328B : carboxypeptidase Al
ALSTDSFNYATYHTLDEIYEFMDLLVAEHPQLVSKIQIGNTFEGRPIHVLKFSTGGTNRP
AIWIDTGIHSREWVTQASGVWFAKKITKDYGQDPTFTAVLDNMDIFLEIVTNPDGFAYTH
KTNRMWRKTRSHTQGSLCVGVDPNRNWDAGEFGMAGASSNPCSETYRGKFPNSEVEVKSTIV
DFVTSHGNIKAFISIHSYSQLLLYPYGYTSEPAPDQAELDQLAKSAVTALTSLHGTKFKY
GSIIDTIYQASGSTIDWTYSQGIKYSFTFELRDTGLRGFLLPASQIIPTAEETWLALLTI
MDHTVKHPY

12, CARBSTP1

Muramoyl-pentapeptide carboxypeptidase (EC 3.4.17.8) - Streptomyces

griseus solv
NGCYTWSGTLSEGSSGEAVRQLQIRVAGYPGTGAQLAIDGQFGPATKAAVQRFQOSAYGLA
ADGIAGPTENKIYQLQDDDCTPVNETYAELNRCNSDWSGGKVSAATARANALVTMWKLOA
MRHAMGDKPI TVNGGFRSVTCNSNVGGASNSRHMYGHAADLGAGSQGFCALAQAARNHGE
TEILGPGYPGHNDHTHVAGGDGRFWSAPSCGI

13, CARBWHT1

Carboxypeptidase Y {EC 3.4.16.1) homolog -~ Wheat
MATTPRLASLLLLLALCARARGALRLPPDASFPGAQAERL IRALNLL PGRPRRGLGAGAE
DVAPGQLLERRVTLPGLPEGVGDLGHHAGY YRLPNTHDARMEYFFFESRGKKEDPVVIWL
TGGPGCSSELAVEYENGPEFT IANNMSLVWNKEGWDKISNI IFVDPATGTGFSYSSDDRDT
RHDEAGVSNDLYDFLQVFFKKHPEFVKNDFFITGESYAGHYIPAFASRVHQGNKKNEGTH
INLKGFAIGNGLTDPAIQYKAYTDYALDMNLIQKADY DRINKFIPPCEFAIKLCGTDGKA
SCMAAYMVCNSIFNSIMKLVGTKNYYDVRKECEGKLCYDFSNLEKFFGDKAVRQAIGVGD
IEFVSCSTSVYQAMLT DWMRNLEVGI PALLEDGINVLIYAGEYDLICNWLGNSRWVHSME
WSGQKDFAKTAESSFLVDDAQAGVLKSHGALSFLKVHNAGHMY PMDOPKAALEMLRRETQ
GKLKESVPEEEPATTEYAA

14. CARBYST3

E70003: CARBOXYPEPTIDASE Y EC 3.4.1l6.1
KIKDPKILGIDPNVTQYTGYLDVEDEDKHFFFWTFESRNDPAKDPVI LWLNGGPGCSSLT
GLFFELGPSSIGPDLKPIGNPYSWNSNATVIFLDQPVNVGFSYSGSSGVSNTVAAGKDVY
NFLELFFDXFPEYVNKGQDFHIAGESYAHGY IPVFAXEILSHKDRNFNLT SVLIGNGLTD
PLTQYNYYEPMACGEGGEPSVLPSEECSAMEDSLERCLGLIESCYDSQSVWSCVPATIYC
NNAQLAPYQRTGRNVYDIRKDCEGGNLCYPTLQDIDDELNQDYVKEAVGAEVDHYESCNE
DINRNFLEAGDWMKPYHTAVTOLLNQDLEPILVYAGDKDFINNTLGNKAWT DVLPWKYDEE
FASQKVRCWTASITDEVAGEVKSYKHFTYLRVENGGHMVPFDVPENALSMVNEWIHGDFES
L

15. THERBAC1

Neutral proteinase (EC 3.4.24.4) - Bacillus cereus
VTGTNKVGTGKGVLGDTKSLNT TLSGSSYYLQDNTRGATIFTYDAKNRST LPGTLWADAD
NVFNAAYDARAVDAHYYAGKTYDYYKATFNRNSINDAGAPLKSTVHYGSNYNNAFWNGSQ
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MVYGDGDGVTFTSLSGGIDVIGHELTHAVTENSSNLIYONESGALNEAISDIFGTLVEEY
DNRNPDWEIGEDIYTPGKAGDALRSMSDPTKYGDPDHYSKRYTGSSDNGGVHTNSGIINK
OAYLLANGGTHYGVTVTGIGKDKLGAIYYRANTQYFTQSTTFSQOARAGAVQAAADLYGAN
SAEVAAVKQSFSAVGVN

16. THERBAC2

Neutral proteinase (EC 3.4.24.4) - Bacillus sp.
ITGTSTVGVGRGVLGDOKNINTTYSTYYYLODNTRGDGIFT Y DAKYRTTLPGSLWADADN
QFFASYDAPAVDAHYYAGVTYDYYKNVHNRLSYDGNNAATRSSVHYSQGYNNAFWNGSEM
VYGDGDGQTFIPLSGGIDVVAHELTHAVTDYTAGLIYONESGAINEAISDIFGTLVEFYA
NKNPDWEIGEDVYTPGISGDSLRSMSDPAKYGDPDHYSKRYTGTQODNGGVHINSGIINKA
AYLISQGGTHYGVSVVGIGRDKLGKIFYRALTQYLTPTSNFSQLRAAAVQSATDLYGSTS
QEVASVKQOAFDAVGVK

17. THERBAC3

Neutral proteinase (EC 3.4.24.4) precursor - Bacillus stearothermophilus

VAGRSTVGVGRGVLGDOKYINTTYSSYYGYYYLODNTRGSGI FTYDGRNRTVLPGSLWTD
GDNQFTASYDAAAVDAHYYAGVVYDYYKNVHGRLSYDGSNAAIRSTVHYGRGYNNAFWNG
SQMVYGDGDGQTFLPFSGGIDVVGHELTHAVTDYTAGLVYQNESGAINEAMSDIFGTLVE
FYANRNPDWEIGEDIYTPGVAGDALRSMSDPAKYGDPDHYSKRYTGTQDNGGVHTNSGII
NKAAYLLSQGGVHYGVSVNGIGRDKMGKIFYRALVYYLTPTSNFSQLRAACVQAAADLYG
STSQEVNSVKOAFNAVGVY

SERINE PROTEASES (38 sequences)

1. ELASHM1

E1304249A : elastase I
MLRLLVVASLVLYGHSTQDFPETNARVVGGTEAQRNSWPSQISLQYRSGSSWAHTCGGTL
IRONWVMTAAHCVDRELTFRVVVGERNLNONDGTEQ . VGVQKIVVHPYWNT DDVAAGY DI
ALLRLGOSVTLNSYVOLGVLPRAGTILANNSPCYITGWGLTRTNGQLAQTLOQQAYLPTVD
YRILSSSSYWGSTVKNSMVCAGGDGVRSGCQGDSGGPLHCLVNGOYAVHGVTSFVSRLGC
NVTRKPTVFTRVSAYISWINNVIASN

2. ELASHM3

E1306262B : elastase IIB
MIRTLLLSTLVAGALSCGVSTYAPDMSRMLGGEEARPNSWPWQVSLQYSSNGQWYHTCGG
SLIANSWVLTAAHCISSSRIYRVMLGQHNLYVAESGSLAVSVSKIVVHKDWNSNQVSKGN
DIALLKLANPVSLTDKIQLACLPPAGT ILPNNY PCYVTGWGRLOTNGALPDDLKQGRLLV
VDYATCSSSGWWGSTVKTNMICAGGDGVICTCNGDSGGPLNCQASDGRWEVHGIGSLTSV
LGCNYYYKPSIFTRVSNYNDWINSVIANN

3. ELASHMS5

E1314212A : pancreatic elastase 2
MIRTLLLSTLVAGALSCGDPTYPPYVTRVVGGEEARPNSWPWQVSLQYSSNGKWYHTCGG
SLIANSWVLTAAHCISSSRTYRVGLGRHNLYVAESGSLAVSVSKIVVHKDWNSNQISKGN
DIALLKLANPVSLTDKIQLACLPPAGTILPNNY PCYVTGWGRLOTNGAVPDVLOQGRLLV
VDYATCSSSAWWGSSVKTSMICAGGDGVISSCNGDSGGPLNCQASDGRWOQVHGIVSEGSR
LGCNYYHKPSVFTRVSNYIDWINSVIANN

4, ELASHM?7

E1403370A : pancreatic elastase IIIA
E‘MLRLLSSLLLVAVASGY(:PPSSHSSSRVVHGE'.DAVPYSWPWQVSLQYEKSGSFYHTCGG
SLIAPDWVVTAGHCISRDLTYQVVLGEYNLAVKEGPEQVIPINSEELFVHPLWNRSCVAC
GNDIALIKLSRSAQLGDAVQLASLPPAGDILINKTPCYITGWGRLYTNGPLPDKLQQARL
PVVDYKHCSRWNWWGS TVKKTMVCAGGY IRSGCNGDSGGPLNCPTEDGGWOVHGVTSF VS
AFGCNFIWKPTVFTRVSAFIDWIEETIASH

5. ELASHMS

E1403370B : pancreatic elastase IIIB
MMLRLLSSLLLVAVASGYGPPSSRPSSRVVNGEDAVPYSWPWOVSLOQYEKSGSFYHTCGG
SLIAPDWVVTAGHCISSSRTYQVVLGEYDRAVKEGPEQVIPINSGDLEFVHPLWNRSCVAC
GNDIALIKLSRSAQLGDAVQLASLPPAGDILPNETPCYITGWGRLYTNGPLPDKLQEALL
PVVDYEHCSRWNWWGS SVKKTMVCAGGDIRSGCNGDSGGPLNCPTEDGGWOVHGVTSEVS
AFGCNTRRKPTVETRVSAFIDWIEETIASH

6. ELASMSE1
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E1301329A : elastase 11
MIRTLLLSALVAGALSCGYPTYEVEDDVSRVVGGQEAT PNTWPWQVSLQVLSSGRWRHENC
GGSLVANNWVLTAAHCLSNYQTYRVLLGAHSLSNPGAGSAAVQVSKLVVHQRWNSQNVGN
GYDIALIKLASPVTLSKNIQTACLPPAGTILPRNYVCYVTGWGLLOTNGNS PDTLROGRL
LVVDYATCSSASWWGSSVKS SMVCAGGDGVTSSCNGDSGGPLNCRASNGQWOVHGIVSFG
SSLGCNYPRKPSVFTRVSNYIDWINSVMARN

7. ELASPIG2

E1306262C : elastase TII
MIRALLLSTLVAGALSCGLPANLPQLPRVVGGEDARPNSWPWQVSLQYDSSGOWRKHTCGG
TLVDOSWVLTAAHCISSSRTYRVVLGRHSLSTNEPGSLAVKVSKLVVHODWNSNQLSNGN
DIALLKLASPVSLTDKIQLGCLPAAGTILPNNYVCYVTGWGRLOTNGASPDILQOGQLLV
VBYATCSKPGWWGSTVKTNMICAGGDGI ISSCNGDSGGPLNCQGANGOWOVHGIVSEGSS
LGCNYYHKPSVFTRVSNYIDWINSVIANN

8. ELASRAT2

Proelastase precursor {EC 3.4.21.11) I - Rat
VVGGAEARRNSWPSQOISLOYLSGGSWYHTCGGTLIRRNWVMTARHCVSSOMTFRVVVGDH
NLSONDGTEQYVSVOKIMVHPTWNSNNVAAGYDIALLRLAQSVTLNNYVQOLAVLPQEGTI
LANNNPCYITGWGRTRTNGQLSQTLQOAYLPSVDYSICSSSSYWGSTVKT TMVCAGGDGY
RSGCQGDSGGPLHCLVNGQYSVHGVTSFVSSMGCNVSKKPTVETRVSAY I SWMNNVIAYT
9. ELASRAT3

Proelastase precursor (EC 3.4.21.11) II - Rat
VVGGOEASPNSWPWOVSLOYLSSGKWHHTCGGSLVANNWVLTARHCISNSRTYRVLLGRH
SLSTSESGSLAVOVSKLVVHEKWNAQKLSNGNDIALVKLASPVALTSKIQTACLPPAGTI
LPNNYPCYVTGWGRLOTNGATPDVLOOGRLLVVDYATCSSASWHGSSVKTNMVCAGG DGV
TSSCNGDSGGPLNCQASNGQWOVHGIVSFGSTLGCNYPRKPSVETRVSNY IDWINSVIAK
N

10, KALIGP1

Z1309183A : kallikrein
VIGGQECARDSHPWQAAVYYYSDIKCGGVLVDPQWVLTARHCINDSNQVKLGRHNLFEDE
DTAQHFLVSQSVPHPDFYMSLLEPHNVLPNEDY SHDIMLLRLNQPAQITDSVQVMPLPTQ
EVOVGTTCRALGWGSIDPDPAHPVFPDELQCVGLEILPSKXNCDDAHIAYV1 . TMLCAGDL
AGGKDTCVGDSGEPLICDGVLOGLT SWGDSPCGVAHSPSLYTKVIEYREWIERTMADWP
11. KALIHM3

21404431A : urinary kallikrein

IVGGWECEQHSOPWOAALYHEFSTFQCGGI LVHROWVLTAAHCISDNYQLWLGRENLFDDE
NTAQFVHVSESFPHPGFNMSLLENHTRQAREDYSHDLMLLRLTEPADTITDAVKVVELPT
QEPEVGSTCLASGWGSIEPENFSFPDDLOCVDLKILPNDECEKARVQKVTDEMLCVAHLE
GGKDTCVGDSGGPLMCDGVLOGVTSWGYVPCGTPNKPSVAVRVLSYVKWIEDTIAENS
12. KALIMSE3

Z1205271A : kallikrein,glandular
MRFLILFLALSLGGIDAAPPVQSRIVGGFNCEKNSQPWOVAVYRFTKYQCGGILLNANWY
LTAAHCHNDKYQVWLGKNNELEDEPSAQHRLVSKAIPHPDr'NMSLLNEHTPQPEDDYSND
LMLLRLKKPADITDVVKPIDLPTEEPKLGSTCLASGWGS ITPVKYEYPDELOQCVNT.XLLP
NEDCAKAHIEKVTDDMLCAGDMDGGKDTCAGDSGGPLICDGVLOGITSWGPRPCGHY NVP
GIYTRVLNFNTWIRETMAEND

13, KALIMSE4

Z1208372A : kallikrein PMF2
MRFLILFLALSLGGIDAAPPLQSRVVGGFNCEKNSQPWOVAVYDNKERBICGGVLLEW AV
LTARHCYVDOYEVWLGKNKLFQEEPSAQHRLVSKSFPHPGFNMSLLTLKEIPPGADEFSND
LMLLRLSKPADITDAVKPITLPTKESKLGSTCLASGWGS ITPTKWQKPDDLOCVEFLKLL®
IKNCIENHNVKVTDVMLCAGEMSGGKNICKGDSGGPLICDSVLQGITSTGPIPCGKPGVP
AMYTNLIKFNSWIKDTMTKNS

14, KALIMSES

21313201RA : glandular kallikrein
MRELILFLTLSLGGIDAAPPVQSRILGGFKCEKNSQPWOVAVYYLDEYLCGGVLLDRNWV
LTAAHCYEDKYNIWLGKNKLFQDEPSAQHRLVSKSFPHPDFNMSLLOSVPTGADLSNDLM
LLRLSKPADITDVVKPIDLPTTEPKLGSTCLASGWGSINQLI YONPNDLQCVSIKLHPNE
VCVKAHILEKVTDVMI.CAGEMNGGKDTCKGGSGGPLICDGVLQGITSWGST PCGEPNAPAT
YTKLIKFTSWIKDTMAKNE

15, KALIMSE¢6
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Z1313201B : glandular kallikrein
MWFLILFLALSLGGIDAAPPLOSRVVGGENCKKNSQPWOVAVYYQKEHICGGVLLDRNWY
LTAAHCYVDQYEVWLGKNKLFQECPSAQHRLVSKSFPHPGFNMSLLMLOTIPPGADESND
LMLLRLSKPACITDVVKPIALPTKEPKPGSKCLASGWGSITPTRWOKPDDLQCVEFITLLP
NENCAKVYLQKVTOVMLCAGEMGGGKDTCRDODSGGPLICDGILQGTTSYGPVPCGKPGVE
AIYTNLIKFNSWIKDTMMKNA

i6. KALIMSE?7

21313201C : glewdular kallikrein
MRFLILFLALSLGGIDAAPPVHSRIVGGFKCEKNSQPWHVAVYRYNEYICGGVLLDANWY
LTAAHCYYEENKVSLGKNNLYEEEPSAQHRLVSKSFLHPGYNRSLHRNHIRHPEYDYSND
LMLLRLSKPADITODVVKPIALPTEEIXLGSTCLASGWGSTTPFKFONAKDLQCVNLKLLP
NEDCGKAHIEKVTLDVMLCAGETDGGKNTCKGDSGGPLICDGVLQGITSWGFTPCGEPKKP
GVYTKLIKFTSWIKDTMAKNL

17, KALIMSES

214023237 : glandular kallikreun
MWFLILFLALSLGGIDAAPPVOSRIFGGFNCEKNSOPVWQVAYYRFTKYQCGGVLLNANWY
LTARHCEYDKYQVWLGKNNFFEDEPSAQHRLVSKAIPHI OFNMSLLNERTPQPEDDYSND
LMLLRLKKPADI TDVVKPIDLPTEEPKLGSTCLASGWGSITPVIYEPADDLQCVNFKLLP
NEDCVKAHIEKVTDVMLCAGDMDGGKDTCMGDSGGPLICDGVLHGITSWGPSPCGKPNVP
GIYTKLIKFNSWIKDTIAKNA

18. KALIPIGI

Tissue kallikrein (EC 3.4.21.35}), pancreatic - Pig
IIGGRECEKNSHPWOVAIYHYSSFQCGGVLVNPKWVLTAZ AWCKNDNYEVGWLRHNLFENE
NTAQFFGVTADFPHPGEFNLSADGKDYSHDLMLLRLOSPAKITDAVKVLELPTQEPELGST
CEASGWGSI1EPGPDDFEFPDEIQCVOLTLLONTFCAHABPBKVTESMLCAGY LPGGKDTC
MGDSGGPLICNGMWQGITSWGHTPCGSANKPSIYTKLIFYLOWIBBTITENP

19. KALTRAT4

21110144C : kallikrein S3
MWFLILFLALSLGOIDAAPPGOSRVVGGYNCETNSQPWOVAVIGTTFCGGVLIDPSWVIT
AAHCYSKNYRVLLGRNNLYKDEPFAQRRLVSQSFQHPDYIPVFMRNATRQRAYDHNNDLM
LLELSKPADITGGVEVIDLPTEEPKVGSICLASGWGMTNPSEMKLSHDLQCVNIHLLSNE
KCIETYKNIETDVTLCAGEMDGGKDTCTGDSGGPLICDGVLOGLTSGGATPCAKPKTPAIL
YAKLIKFTSWIKKYMKENP

20. SUBTBAC1

E€71056A : subtilisin

AQSVPYGVSQIKAPALHSQGY TGSNVKVAVIDSGIDSSHPDLKVAGGASMVPSETPNEQD
DNSHGTHVAGTVAALNNSIGVLGVAPSSALYAVKVLGDAGSGQYSWIINGIEWAIANNMD
VINMSLGGPSGSAALKAAVDKAVASGYYVVARAGNEGSTGSSSTVGYPGKY PSVIAVGAV
DSSNQRASFSSVGPELDVMAPGVSIQSTLPGNKYGAYNGT SMASPHVAGAAALILSKHPN
WINTQVRSSLONTTTKLGDSFYYGKGLINVQAAAQ

2], SUBTBAC2

E721%44A : subtilisin
AQSVPYGISQIKAPALHSQGYTGSNVKVAVIDSGIDSSHPDLNVRGGASFVPSETPNYQD
GSSHGTHVAGTIAALNNSIGVLGVAPSSALYAVKVLDSTGSGOYSWIINGIEWAI SNNMD
VINMSLGGPSGSTALKTVVDKAVSSGIVVAAAAGNEGSSGSSSTVGYPAKYPST IAVGAV
NSSNQRASFSSAGSELDVMAPGVSIQSTLPGGTYGAYNGTSMATPHVAGAAALILSKHPT
WTNAQVRDRLESTATYLGDSFYYGKGLI WWQAAAQ

22. SUBTBAC3

20912207A : subtilisin DY

AQTVPYGIPLIKADKVQAQGYKGANVKVGI IDTGIAASHTDLKVVGGASFVSGESYNTDG
NGHGTHVAGTVAALDNTTGVLGVAPNVSLYAIKV T, NSSGSGTYSAIVSGIEWATQONGLDV
INMSLGGPSGSTALKQOAVDKAYASGIVVVAARAGNSGSSGSONTIGYPAKYDSVIAVGAVD
SNKNRASFSSVGAELEVMAPGV3VYSTYPSNTYTSLNSTSMASPHVAGARALILSKYPTL
SASQVRNRLSSTATNLGDSFYYGKGLINVEAAAQ

23, SUBTBACO

Subtilisin Carlsberg {EC 3.4.21.14) - Bacillus subtilis
AQTVPYGIPLIKADKVQAQGFKGANVKVAVLDTGIQASHPDLNVVGGASFVAGEAYNTDG
NGHGTHVAGTVAALDNTTGVLGVAPSVSLYAVKVLNSSGSGSYSGIVSGIEWAT TNGMDY
INMSLGGASGSTAMKQAVDNAYARGVVVY AR AGNSGNSGSTNTIGYPAKYDSVIAVGAVD
SNSNRASFSSVGAEBLEVMAPGAGVYSTYPTNTYATLNGTSMASPHVAGAAALILSKHPNL
SASQVRNRLESTRTYI.GSSFYYGKCGLINVEAAAQ
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24. TRPCRAY]

Trypsin (EC 3.4.21.4) I - Crayfish

IVGGTDAVLGEFPYQLSFQETFLGEFSFHEFCGASIYNENYATI TAGHCVYGDDYENPSGLOI

VAGELDMSVNEGSEQTITVSKIILHENFDYDLLDNDISLLKLSGSLTFNNNVAPIALPAQ

GHTATGNVIVTGWGTTSEGGNTPDVLOKVTVPLVSDAECRDDYGADEIFDSMICAGVPEG

GKDSCQGDSGGPLAASDTGSTYLAGIVSWGYGCARPGYPGVYTEVSYHVDWIKANAV

25. TRPDOG1

Trypsinogen (EC 3.4.21.4), cationic, precursor - Dog

IVGGYTCSRNSVPYQVSLNSGYHFCGGSLINSQWVVSAAHCYKSRIQVRLGEYNIAVSEG

GEQFINAAKIIRHPRYNANTIDNDIMLIKLSSPATLNSRVSAIALPKSCPAAGTQCLISG

WGNTQSIGONYPDVLQCLKAPILSDSVCRNAYPGQISSNMMCLGYMEGGKDSCOGDSGGR

VVONGELQGVVSWGARGCAQKGKPGVSPKVCKYVSWIQQTIAAN

26. TRPDOG2

Trypsinogen (EC 3.4.21.4}, anionic, precursor - Dog

IVGGYTCEENSVPYQVSLNAGYHFCGGSLISDQWVVSAAHCYKSRIQVRLGEYNIDVLEG

NEQFIUaKVIRHPNYNSWILDNDIMLIKLSSPAVLNARVATISLPRACRAPGTQCLISG

WGNTLL . sTNYPELLOCLDAPILTOAQCEASY PGQITENMICAGFLEGGKDSCQGDSGGP

VVCNGELQCIVSWGYGCAQKNKPGVYTKVCNEFVDWIQSTIAANS

27. TRPFISHI

Trypsinegen (EC 3.4.21.,4) - Spiny dogfish

IVGGYECPKHAAPWTVSLNVGYHFCCGSLIAPGWVVSARHCYQRRIQVRLGEHDISANEG

DETYIDSSMVIRHPNYSGYDLDNDIMLIKLSKPAALNRNVDLISLPTGCAYAGFMCLISG

WGNTMDGAVSGROQLOCLDAPVLSDAECKGAYPGMI TNNMMCVGYMEGGKDSCOGDSGGPY

VCNGMLQGIVSWGYGCAERDHPGVYTRVCHYVSWIHETIASY

28. TRPFISH2

E750677A : trypsin _

. g IVGGYECPKHAAPWTVSLNVGYHFCGGSLIAPGWVSAAHCYQRRIQVRLGEHDI SANEGD

3 ETYIDSMVIRHPNYSGYDLDNDIMLIKLSKPAALNRNVDLISLPTGCAYAGEMCLISGWG
NTMUGAVSGDQLQCLDAPVLSDAECKGAY PGMI TNNMMCVGYMEGGKDSCQGDSGGPVVC

NGMLOGIVSWGYGCAERDHPGVYTRVCRYVSWIHETIASY

29, TRPFLY1

Trypsinogen-lilike (EC 3.4.21.-) proenzyme precursor - Fruit fly

IVGGSATTISSFPWOISLORSGSHSCGGSIYSANI IVTARHCLQSVSASVLQVRAGSTYW

S5SGGYVAKVSSFKNHEGYNANTMVNDIAVIRLSSSLSFSSSIKAISLATYNPANGASAAY

SGWGTQSSGSSSIPSQLOYVNVNIVSQSQCASSTYGYGSQIRNTMICAAASGKDACQGDS

GGPLVSGGVLVGVVSWGYGCAYSNYPGVYADVAVLRSWVVSTANSI

30. TRPHM1

E1403437R : cell specific trypsin like protease

MRNSYRELASSLSVVVSLLLIPEDVCEKIIGGNEVTPHSRPYMVLLSLDRKTICAGALIA

KDWVLTAARHCNLNKRSQVILGAHSITREEPTKQIMLVKKEFPYPCYDPATREGDLKLLQL

- TEKAKINKYVTILHLPKKGDDVKPGTMCQVAGWGRTHNSASWSDTLREVNITIIDRKVCN

DRNHYNFNPVIGMNMVCAGS LRGGRDSCNGDSGSPLLCEGVFRGVTSFGLENKCGDPRGP

GVYILLSKKHLNWIIMTIKGAV

3%, TRPHORI1

Chymotrypsin II (EC 3.4.21.1) - Oriental hornet

IVGGTNAPRGKYPYQVSLRAPKHFCGGSISKRYVLTAAHCLVGKSEHQVTVGSVLLNKEE

AVYNAKELIVNKNYNSIRLINDIGLIRVSKDISFTGLVQPVKLPVSNTIKAGDPVVLTGHW

GRIYVNGPIPNNLQQITLSIVNQQTCKSKHWGLTDSQICTFTKRGEGACHGDSGGPLVAN

GVQIGIVSYGHPCAIGSPNVEFTRVYSFLDWIQKNQL

32. TRPHOR2 ]

Chymotrypsin II (EC 3.4.21.1) - European hornet

IVGGTDAPRGKYPYQVSLRAPKHFCGGSISKRYVLTAAHCLVGKSKHQVTVHAGSVLLNK 3

EEAVYNAEELIVNKNYNSIRLINDIGLIRVSX®L L 3YTQLVOPVKLPVSNTIKAGDPVVLT "

GWGRIYVNGPIPNNLQQITLSIVNQQTCKr'KHWGLTDSQICTFTKLGEGACDGDSGGPLV

ANGVQIGIVSYGHPCAVGSPNVFTRVYSFLDWIQKNQL

33. TRPMSE!1

Z1301329B : trypsin

MSALLILALVGAAVAFPVDDDDKIVGGYTCRESSVPYQVSLNAGYHFCGGSLINDQWVVS

AAHCYKYRIQVRLGEHNINVLEGNEQFVDSAKIIRHPNYNSWTLDNDIMLIKLASPVTLN

ARVASVPLPSSCRPAGTQCLISGWGNTLSNGVNNPDLLQCVDAPVLPQADCEASYPGDIT

NNMICVGFLEGGKDSCQGDSGGPVVCNGELQGIVSWGYGCAQPDAPGVYTKVCNYVDWIQ
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34. TRPPIGI]

Trypsinogen (EC 3.4.21.4) - Pig
IVGGYTCAANSIPYQVSLNSGSHFCGGSLINSQWVVSAARHCYKSRIQVRLGEHNIDVLEG
NEQFINAAKIITHPNFNGNTLDNDIMLIKLSSPATLNSRVATVSLPRSCAAAGTECLISG
WGNTKSSGSSYPSLLQCLKAPVLSDSSCKSSYPGQITGNMICVGFLEGGKDSCOGDSGGP
VVCNGOLQGIVSWGYGCAQKNKPGVY TKVCNYVNWIQQTIAAN

35. TRPRAT1 “

Trypsinogen I (EC 3.4.21.4) precursor - Rat

IV Y TCPEHSVPYQVSLNSGYHFCGGSLINDOWVVSARHCYKSRIQVRLGEHNINVLEG
DEQFINAAKIIKHPNYSSWTLNNDIMLIKLSSPVKLNARVAPVALPSACAPARGTQCLISGG
WGNTLSNGVNNPDLLQCVDAPVLSQADCEAAYPGEITSSMICVGFLEGGKDSCQGDSGGP
VVCNGQLOGIVSWGYGCALPDNPGVYTKVCNEVGWIQDTIAAN

36. TRPRAT2

Trypsincgen 1T (EC 3.4.21.4) precursor - Rat
IVGGYTCOENSVPYQVSLNSGYHFCGGSLINDQWVVSAAHCYKSRIQVRLGERNINVLEG
DEQFINAAKIIKHENFDRKTLNNDIMLIKLSSPVKLNARVATVALPSSCAPAGTQCLISG
WGNTLSSGVNEPDLLQCLDAPLLPQADCEASYPGKITDNMVCVGFLEGGKDSCQGDSGGP
VVCNGELQGIVSWGYGCALPDNPGVYTKVCNYVDWIQDTIAAN

37. TRPRAT3

Chymotrypsinogen B (EC 3.4.21.1) precursor - Rat

IVNGEDAI PGSWPWOVSLODKTGFHFCGGSLISEDWVVTARHCGVKTSDVVVAGEFDOGS
DEENIQVLKIAQVEFKNPKFNMETVRNDITLLKLAT PAQFSETVSAVCLPNVDDDEFPPGTY
CATTGWGKTKYNALKTPEKLOQARLPIVSEADCKKSWGSKITDVMTCAGASGVSSCMGDS
GGPLVCOKDGVWTLAGIVSWGSGVCSTS, PAVYSRVTALMPWVQQILEAN

38. TRPSTRPI

Trypsin (EC 3.4.21.4) - Streptomyces griseus
VVGGTRAAQGEFPFMVRLSMGCGGALYAQDIVLTAAHCVSGSGNNTSITATGGVVDLYOSA
VKVRSTKVLQAPGYNGTGKDWALIKLAQPINQPTLKIATTTAYNQGTFTVAGWGANREGG
SQORYLLKANVPFVSDAACRSAYGNELVANEEICAGY PDTGGVDTCQGDSGGPMEFRKDNA
DEWIQVGIVSWGYGCARPGYPGVYTEVSTFASAIASAARTL

ASPARTIC PROTEASES (47 sequences)

1. AID1

Protease (EC 3.4.} -~ Simian AIDS retrovirus SRV-1
SRKPTTTPSGKRTEGPAPGPETSLWGGQLCSSOQKOPISKLTRATPGSAGLDLSSTSHTV
LTPEMGPQALSTGIYGPLPPNTFGLILGRSSITIKGLOVYPGVIDNDYTGEIKIMAKAVY
NIVIVPOGNRIAQLILLPLIETDNKVOOPYRGQGSFGSSDIYWVQPITCOKPSLTLWLDD
KMETGLIDTGADVTIIKLEDWPPNWPITOTLTNLRGIGOSNNPKOSSKYLTWRDKENNSG
LIKPEVIPNLPVNLWGRDLLSOMKIMMCSPSDIVTAQMLAQGY SPGKGLGKNENGILHPI
PNOGQFDRKKGFGNF

2. AIDiO

sor protein - Human immunodeficiency virus (HIV-2, isolate ROD)

MEEDKRWIVVPTWRVPGRMEKWHSLVKYLKYKTKDLEKVCYVPHHEVGWAWWTCSRVIFP
LKGNSHLEIQAYWNLTPEKGWLSSYSVRITWYTEKFWTDVTPDCADVLIRSTYFPCFTAG
EVRRAIRGEKLLSCCNYPRAHRAQVPSLOFLALVVVQONDRPORDSTTRKQRRRDYRRGL
RLAKQDSRSHKORSSESPTPRTYFPGVAEVLEILA

3. AID11

nef protein - Human immunodeficiency virus I (HIV-1, isolate BR)

MGGKWSKMAGWSTVRERMRRAEPARERMRRAEPRAEPAADGVGAVSRDLEKHGATTSSNT
AATNADCAWLEAQEDEEVGFPVKPQVPLRPMTYKAAVDLSHELKEKGGLEGLIHSQQOROD
ILDLWVYHTQOGYFPDWONYTPGPGVRYPLTFGWCFKLVPVEPEKIEEANEGENNSLLHPM
SQHGMDDPEREVLOWRFDSRLAFHAMARELHPEYYKNC

4, AID12

nef protein - Human immunodeficiency virus {(isclate HIV-2ré6)
MGGRWSKSSIVGWPAIRERIRRTDPRRTDPAADGVGAASROLEKHGAI TSSNTRIVINADC
AWLERQEESEEVGFPVRPQVPLRPMTYKLAVDLSHFLKEKGGLEGLIWSKKROEILDLWV
YNTQGIFPDWONYTPGPGIRYPLTFGWCFELVPVDPREVEEATEGETNCLLHPVCQHGME
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5. AID13

nef protein - Human immunodeficiency virus {(LIV-2, isolats ROD)

MGASGSKKHSRPPRGLOQERLLRARAGACGGYWNESGGEYSRFQEGSDREQKSPSCEGRQY
QQOGDFMNTPWKDPAAEREKNLYRQQNMDDVDSDDDDQVRVEVTPKVPLRPMTHRLAI DMS
HLIKTRGGLEGMFYSERRHKILNIYLEKEEGIIADWQONYTHGPGVRY PMFFGWLWKLVPV
DVPQEGEDTETHCLVHPAQTSKFDDPHGETLVWEFDPLLAYSYEAFIRYPEEFGHKSGLP
EEEWKARLKARGIPFS

6. AID2

gag polyprotein - Human immunodeficiency virus (RiV-1, isolate CDC-451})

MGARASVLSGGELDRWEKTRLRPGGKKQYRLKHIVWASRKLERFAVNPGLLETSKGCRQI
LGQLOPSLOTGSEELRSLYNTVATLYCVHQRIEVRDTKEALDKIEEEQNKSKKKAQOAAR
DTGNSSQVSONYPIVONLOGOMVHOAISPRTLNAWVKVIEEKAFSPEVI PMFAALSEGAT
PODLNTMLUTVGGHRAAMOMLKET INEEAAEWDRLEPVHAGPIAPGOMREPRGEDIAGTT
STLOEQIGWMTNNPPTPVGEI YKRWI TLGLNKIVRMYSPISILDIRQGPKEPFRDYVDRE
YKTLRAEQASQEVENWMTETLLVONANPDCKTI LKALGPAATLEEMMTACQOGVGGPGHKA
RVLAEAMSQVTNSAT IMMORGNFRRGGKTVKCEFNCGKEGHIARNCKAPRKKGCWKCGREG
HOMKDCTERQANFLGKIWPSHKGRFGNFLOSRPEPTAPPEESFRFGDETTTPSQKQEPRD

KELYPLASLRSLFGNDPSSQ
7. AID3
gag polyprotein - iiuman immunodeficiency virus (HIV-2, isolate ROD)

MGARNSVLRGKKADELERIRLRPGGKKKYRLKHIVWAANKLDRFGLAESLLESKEGCQKT
LTVLDPMVPTGSENLKSLFNTVCViWCIHAEEKVKDTEGAKQIVRRHILVAETGTAEKMPS
TSRPTAPSSEKGGNYPVORVGGNYTHIFLSPRTLNAWVKLVEEKKFGAEVVPGFQALSEG
CTPYDINOMLNCVGDHOAAMOIIRET INEEAREWDVOHPIPGPLFAGQLREPRGSDIAGT
TSTVEEQIQWMFRPONPVPVGNIYRRWIQIGLOQKCVRMYNPTNILDIKOGPKEPFQSYVD
RFYKSLRAEQTDPAVKNWMTQOTLLVONANPDCKLVLKGLGMNPTLEEMLTACQOGVGGPGQ
KARLMAEALKEVIGPAPIPFAAAQORKAFKCWNCGKEGHSARQCRAPRRQGCWKCGKPGH
IMTNCPDROAGEFLGLGPWGKKPRNEPVAQVPQGLT PTAPPVD PAVDLLEKYMOQGKRORE
QRERPYKEVTEDLLHLEQGETPYREPPTEDLLHLNSLEGEDQ

3. AID4

pol polyprotein - duican immunodeficiency virus (HIV-2, isolate ROD)

TGREFRTGPLGKEAPQLPRGPSSAGAOTNSTPSGS35GRTGEIYAAREKTERAERETIQG
SODRGLTAPRAGGDTIQGATNRGLAAPQFSLWKREVVTAYIRGQPVEVLLDTGADDS IVAG
[ELGNNYSPKIVGGIGGFINTXEYKNVEIEVLNKKYRATIMTGDTPINIFGRNILTALGM
SLNLPVAKVEPIKIMLKPZKDGPKLROWPL: KEKIEALKEICEKMEKECQLEEAPPTNPY
NTPTFAIKKKDKNKWRMLIDFRELNKVTODEFTEIQLGI PHPAGLAKKRRITVLDVGDAYFE
SIPLHEDFRPYTAFTLPSVNNAEPGKRY IYKVLPOGWKGST AT FQHTMRQVLEPFRKANK
DVIIIQYMDDILIASDRTDI.EHDRVVLOLKELLNGLGFSTPDEKFQKDPPYHWMGYELWP
TIWKLOKIQLPOEEIWT VN DIQKLY/GVLNWARQLYPGIKTKHLCRLIRGKMTLTERVOWT
ELAEAELEENRIILSQEQEGHYYQEEXELEATVOKDOENQWTYKIHQEEKI LKVGKY iV
KNTHTNGIRLLAQVVQOKIGKEALVIWGRIFKFHLPVEREIWEQWWDNYWQVTWIPDWDEV
STPPLVRLAFNLVGDPIPCARTEYTDGSCNRQSKEGKAGYVTDRGKDKVKKLEQT TNQOA
ELEAFAMALTDSGPKVWNITYVDSQYVMGISASQPTESESKIVNQIIEEMIKKERTIYVAWVE
AHKGIGGNQEVDHLVSQGIRQVLFLEKIEPAQEEHEKYHSNVKELSIKFGI PHLVARQIV
NSCAQCQQKGEAIHGQOVNAELGTWOMDCTHLEGKIIIVAVHVASGETIEA; VIPDESGRQT
ALFLLKLASRWPITHLHTDNGANFTSQEVEKMVAWWIGIEQSFGVPYNPQUQGVVERMNHA
LKNQISRIREQANTIETIVLMAI HCMNFKRRGGIGDMTPSERLINMITTEQEIQFLQAKN
SKLKDFRVYFREGRDQLWKGPGELLWKGEGAVLVKVGTDIKIIPRRKAKI IRDYGGRQEM
DSGSHLEGAREDGEM?

9. AIDS

env polyprotein - Human immunodeficiency virus I {(HIV-1, isolate BR)

MRVKGIKKNYDQHLWRWGGMMLLGILMICSATDKLWVTVYYGVPVWKEANTTLFCASDAKA
YDTEINNVWATHAC/ PTDPNPQELVMGNVTENFNMWKNDMVEQMHEDI ISLWDQSLKPCV
KLTPLCLTLNCHDEFNATNATSNSGKMMEGGEMKNCSENITTSIRDKMQKEYALFYKLDIV
PIDNDKTNTRYRLISCNTSVITQACPKVTFEPIPIHYCAPACFAILKCNNKKI'NGTGPCT
NVSTVQC rHGIRPYVSTCLLLNGSLAEEEVVIRSENETNNVKTI IVQLNESVEINCTRPN
NNTRKRITMGPGRVYYTTGQIIGUIRRAHCNLSRSKWENT LKQIVTKLRVOFKNKTIVEN
RSSGGDPEIVMHSFNCGGLFFFCNTTQLENSTWYRENTTGNITEGNSPITLPCRI W ;I INM
WOEVGKAMYAPPIRGQIK ZCSSNITGLLLTRDGGNNNETTDTEI FRPGGGNMRDNWRSELY
KYKVVKIEPLGVAPTKAK ARVVOREKRAVGLGALFLGFLGAAGSTMGAASLTLTYQARLL
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LSGIVQQRNNLLMAIEAQOHMLELTVWGIKQLOARVLAVERYLKDOQLLGIWGCSGKLIC
TTAVPWNASWSNKSLSDIWDNMTWMEWEREIDNYTNLIYSLIEDSQIQQEKNEKELLELD
KWASLWNWENITNWLWYIKIFIMIVGGLIGLRIVFAVLSIVNRVROGYSPLSFQTRLPGR
RGPDRPEGIEEEGGERDRDRSSPLVDGFLALFWVDLRSLFLESYHRLRDLLLIVTRIVEL
LGRRGWEVLKYWWNLLQYWSQELKNSAVSLLNATAIAVGERTDRAIEVVQRAFRAILHIP
RRIRQGLERALQ

10. AID6

env polyprotein - Human immunodeficiency virus (HIV-1l, isolate CDC-451)

MAMRAKGIRKNCQHLWRWGTMLLGMLMICSARANLWVTVYYGVEVWKEATTTLFCASDAK
AYDTEAHNVWATHACVPTNPNPQEVVLENVTENFNMWKNNMVEOMHEDI ISLWDOSLKPC
VKLTPLCVTLNCTDLNTNNTTNTTELSIIVVWEQRGKGEMRNCSFNITTSIRDKVQREYA
LEYKLDVEPIDDNKNTTNNTKYRLINCNTSVITQACPKVSFEPIPIHYCTPTGFALLKCN
DKKFNGTGPCTNVSTVQCTHGIRPVVSTOLLLNGSLAEEEVVIRSENFTNNAKTIIVQLN
VSVEINCTRPNNHTRKRVTLGPGRVWYTTGEILGNIRQAHCNISRAQWNNTLQOIATTLR
EQFGNIT LAFNQSSGGDPEIVMHSFNCGGEFFYCNS TQLFNSAWNVTSNGTWSVTRKQKD
TGDITITLPCRIKQIINRWOVVGKAMYALPIKGLIRCSSNITGLLLTEDGGGENQTTEIFR
PGGGDMRDNWRSELYKYKVVKIEPLGVAPTKAKRRVVQREKRAVGMLGAMFLGFLGAAGS
TMGATSMALTVQARQLLSGIVQOONNLLRAIKAQOHLLYLTVWGIKQLOARILAVERYLK
DOOLLGFWGCSGKLICTTAVPUNASWSNKTLDQIWNNMTWMEWDREIDNYTHLIYTLIEE
SONQOERNQOELLOLDKWASLWTHSDITKWLWYIKI FIMIVGGLIGLRIVEAVLSIVNRY
ROGYSPLSFQTLLPNPRGPDRPEGTEEGGGERGREGSTRLVHGFLALVWDDLRSLCLESY
HRLRDLLLIVARIVELLGRRGWEVLKYWWNLLQYWSQELKNSAVSLVNVTAIAVAEGTDR
VIEVVORIYRAFLHIPRRIRQGFERALL '

11. AID7

env polyprotein precurscr - Human immunodeficiency virus (isolate HIV-

Zre6)
LLGILMICSAADNLWVTVYYGVPVWKEATTTLFCASDAKSYKTEAHNIWATHACVPTDPH
PQEIELENVTENFNMWRNNMVEQIHEDIISLWDQSLKPCVKLTPLCVTLNCT DESDEWMG
NVTGKNVTEDIRMKNCSFNITTVVRDKTKOQVHALEFYRLDIVPIDNDNSTNSTNYRLINCN
TSAITQOACPKVSFEPIPIHYCAPAGFAI LKCRDKRFNGTGPCTNVSTVQCTHGIRPVVST
QLLLNGSLAEEEIIIRSENLTNNAKIITIVQLNESVAINCTRPYKNTRQSTPIGLGQALYT
TRGRTKIIGQAHCNISKEDWNKTLORVAIKLGNLLNKTTIIFKPSSGGDAEITTHSENCG
GEFFYCNTSGLEFNSTWNINNSEGANSTESDNKLITLOCRIKQI INMWOGVGKAMYAPPIE
GQINCSSNITGLLLTRDGGTNNSSNETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTK
AKRRVVEREKRAIGLGAMFLGFLGAAGSTMGAASVTLTVOAROLMSGIVOQONNLLRAIE
AQQHLLOLTVWGIKQLOARI LAVERYLKDQQLLGIWGCSGKLICTTTVPWNSSWSNRSLN
DiWONMTWMEWEREIDNYTGLIYRLIEESQTQQEKNEQELLELDKWASLWNWEFNI TQWLW
YIKIFIMIVGGLIGLRIVEAVLSLVNRVROGYSPLSFOTLLPAPREPDRPEGIEEEGGER
GRDRSIRLVNGESALIWDDLRNLCLFSYHRLRDLILIAARRIVELLGRRGWEALKYLWNLYL
QYWSRELRNSASSLLDTIAIAVAEGTDRVIEIVRRTYRAVLNVPTRIRQGLERLLL

12. AIDS

env polyvprotein precursor - Human immunodeficiency virus (HIV-2,

ROD)
YCTQYVIVEYGVPTWKNATI PLEFCATRNRDTWGTI QCLPDNDDYQEI TLNVTEAFDAWNN
TYTEQAIEDVWHLFETS IKPCVKLTPLCVAMKCSSTESSTGNNTTSKSTSTTTTTPTDQE
QEISEDTPCARADNCSGLGEEETINCQFNMTGLERDKKKQYNETWYSKDVVCETNNSTNQ
TRCYMNHCNTSVITESCDKRYWDAIRFRYCAPPGYALLRCNDTNYSGFAPNCSKVVASTC
TRMMETQTSTWEGFNGTRAENRTY IYWHGRDNRTIISLNKYYNLSLHCKRPGNKIVEKQIM
LMSGHVEHSHYQPINKRPROAWCHEFKGKWKDAMQEVKETLAKHPRYRGTHDTRNISEFAND
GKGSDPEVAYMWTNCRGEFLYCNMTWELNWIENKTHRRYAPCHIKQI INTWHKVGRNVYL
PPREGELSCNSTVTSIIANIDWQNNNOTNITFSAEVAELYRLELGDYKLVEITPIGFAPT
KEKRYSSAHGRHTRGVFVLGFLGFLATAGSAMGAASLTVSAQSRTLLAGI VCQQQQOLLDV
VKRQOELLRLTVWGTKNLOARVTAIEKYLODOARLNSWGCAFROQVCHTTVPWVNDSLAPD
WONMTWOEWEKQVRYLEANLSKSLEQAQIQQEKNMY ELQKLNSWDI FGNWFDLTSWVKYI
QYGVLIIVAVIALRIVIYVVOMLSRLRKGYRPVFSSPPGYIQQIHIHKDRGQPANEETEE
DGGSNGGDRYWPWPIAYIHFLIRQLIRLLTRLYSICRDPLLSRSFLTLOLIYONLRDWLRL
RTAFLOYGCEWIQEAFQAARARATRET LAGACRGLWRVLERIGRGILAVPRRIRQGAEIRL
L

13. AID9

sOor protein - Human immunodeficiency virus {(isolate HIV-Zré)
MENRWQVMIVWQVDRMRIRTWKS LVKHHMYVSKKASRWEFYRHHYDSPHPKISSEVHIPLG
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EARLVVKTYWGLHTGERDWHLGQGVSIEWRKRRYSTQVDPGLADQLIHMYYFDCFSEAAT
RKAILGHIVSHRCEYQAGHSKVGSLOYLALTALIAPKKIKPPLPSVRKLTEDRWNKPQKT
KGHKGAIQ

14. CHYMCOWI1

E0510208A : chymosin B
GEVASVPLTNYLDSQYFGKIYLGTPPQEFTVLEFDTGSSDFWVPSIYCKSNACKNHQREDP
RKSSTFONLGKPLSIHYGTGSMOGILGYDTVTVENIVDIQQTVGLSTOQEPGDVEFTYAERD
GILGMAYPSLASEYSIPVFDNMMNRHLVAQDLEFSVYMDRDGQESMLTLGAIDPSYYTGSL
HWVPVTVQOYWQFTVDSVTISGVVVACEGGCQAILDTGTSKLVGPSSDILNIQQATIGATQ
NQYGEFDIDCDNLSYMPTVVFEINGKMYPLTPSAYTSQDOGFCTSGFQSENHSQOKWILGD
VEIREYYSVEFDRANNLVGLAKAIL

15. CHYMLAM1

lamb chymosin nar 1990
GEVASVPLTNYLDSOYFGKIYLGTPPQEFTVLEDTGSSDFWVPSIYCKSNACKNHCRFDP
RKSSTFQNLGKPLSIRYGTGSMQGILGYDTVTIVSNIVDIQOTVGLSTQEPGDVETYAEFD
GILGMAYPSLASEYSVPVFDNMMDRRLVAQDLESVYMDRSGOGSMLTLGAIDPSYYTGSL
HWVPVTLOKYWOQFTVDSVTISGAVVACEGGCQAILDTGTSKLVGPSSDILNIQQRIGATQ
NOYGEFDIDCDSLSSMPTVVEE INGKMY PLTPYAYTSQEEGFCTSGFQGENHSHOWILGD
VFIREYYSVFDRANNLVGLAKAIL

16. HTLV1

Protease (EC 3.4.21.) - T-cell ieukemia virus (HTLV-I)
HSTPKKLHRGGGLTSPPTLOQVFLNQDPASILPVIPLDPARRPVIKAQVDTQTSHPKTIE
ALLDTGADMTVLPIALFSSNTPLKNTSVLGAGGQTQDHFKLTSLPVLIRLPFRTTPIVLT
SCLVDTKNNWAIIGRDALQQCOGVLYLPEAKGPPVILPIQAPAVLGLEHLPRPPQISQFP
LNONASRPCNTWSGRPWROAISHNPTPGOEITQOYSQLKRPMEPGDSSTTCGPLTL

17. HTLV1¢

env polyprotein - T-cell leukemia virus (HTLV-II)
MGNVEFLLLESLTHFPLAQQSRCTLTIGISSYHSSPCSPTQPVCTWNLDLNSLTTDORLH
PPCPNLITYSGFHKTYSLYLFPEWIKKPNRQGLGYYSPSYNDPCSLOCPYLGCQAWTSAY
TGPVSSPSWKFHSDVNETQEVSQVSLRLHFSKCGSSMTLLVDAPGYDPLWEITSEPTQPP
PTSPPLVHDSDLEHVLTPSTSWITKILKFIQLTLOSTNYSCHMVCVDRSSLSSWHVLYTPN
ISIPOOTSSRTILFPSLALPAPPSQPFPWTHCYQPRLQAITTDNCNNSIILPPFSLAPVE
PPATRRRRAVPIAVWLVSALAAGTGIAGGVTGSLSLASSKSLLLEVDKDISHLTQAIVKN
HONILRVAQYAAQNRRGLDLLFWEQGGLCKAIQEQCCFINISNTHVSVLQERPPLEKRVI
TGWGLNWDLGLSQWAREALQTGITILALLLLVILFGPCILRQIQALPOQRLONRHNQYSLI
NEETML

18. HTLV11

nef protein - AIDS virus HTLV-III {(T-cell leukemia virus BH10)

MGGKWSKSSVVGWPAVRERMRRAE PARDGVGAASRDLEKHGAITSSNTAANNADCAWLEA
QEEEEVGFPVTPQOVPLRPMTYKAAVDLSHFLKEKGGLEGLIHSORRODILDLWIYHTQGY
FPDONYTPGPGIRYPLTFGWCYKLVPVEPEKLEEANKGENTSLLHPVSLHGMDDPEREVL
EWRFDSRLAFHHMARELHPEYFKNC

19. HTLV12

nef protein - AIDS wvirus HTLV-III (T-cell leukemia virus 12)
WKGFCYKMGGEKWSKSSVVGWPAVRERMRRAEPAADGVGAASRDLEKHGAITSSNTAANNA
ACAWLEAQEEEKVGFPVTPQVPLRPMTYKAAVDLSHFLKEKGGLEGLIHSQRRODILDLW
IYHTQGYFPDWONYTPGPGIRYPLTEFGWCYKLVPVEPEKLEEANKGENTSLLHPVSLHGM
DDPEREVLEWRFDSRLAFEHVARELHPEYFKNC

20, HTLV2

Protease (EC 3.4.21.) - T-cell leukemia virus I (HTLV-I, Caribbean

isolate)
KTPPKSAVLPVRESRPLESGLHSASSSPWAMPPMSRSNSLEARLPPPKAHYPRTRARGGC
PPIRSPRRHPTPKKLHRGGGLTSPPTLQQVLPNQDPTSILPVIPLDPARRPVIKAQIDTQ
TSHPKTIEALLDTGADMTVLPIALFSSNTPLKNTSVLGAGGQTQODHFKLTSLPVLIRLPF
RTTPIVLTSCLVDTKNNWAI IGRDALQQCQGVLYLPEAKRPPVILPIQAPAVILGLEHLPR
PPEISQFPLNONASRPCNTWSGRPWROAISNPTPGQEITQYSQLKKPMEPGDSSTTCGPL
TL

21. HTLV]}

gag polyprotein - T-cell leukemia virus I (HTLV-I, Caribbean
MGQIFSRSASPIPRPPRGLAAHHWLNFLOAAYRLEPGPSSYDFHQLKKFLKIALETPVWI
CPINYSLLASLLPKGYPGRVNEILHILIQTQAQIPSRPAPPPPSSSTHDPPDSDPQIPPP

isolate)
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YVEPTAPQVLPVMHPHGAPPNHRPWOMKDLOAIKQEVSQAAPGSPQFMOTIRLAVOQFDP
TAKDLQDLLQYLCSSLVASLHHQQLDSLISEAETRGITGYNPLAGPLRVQANNPQOQOGLR
REYQOLWLAAFAALPGSAKDPSWAS ILQGLEEPYHAFVERLNIALDNGLPEGT PKDPILR
SLAYSNANKECQKLLOARGHTNSPLGDMLRACQOAWT PKDKTKVLVVQPKKPPPNQPCFRC
GKAGHWSRDCTQPRPPPGPCPLCODPTHWKRDCPRLKPTIPEPEPEEDALLLDLPADIPH
PKNSIGGEV

22. HTL.V4

gag polyprotein - T-cell leukemia virus (HTLV-IT)
MGOIHGLSPTPIPXAPRGLSTHHWLNFLOAAYRLOPRPSDFDFQQLRRFLKLALKTPIWL
NPIDYSLLASLIPKGYPGRVVEIINILVKNQVSPSAPARPVPTPICPTTTPPPPPPPSPE
AHVPPPYVEPTTTQCFPILHPPGAPSAHRPWOMKDLOATKQOEVSSSALGSPQFMQTLRLA
VQOFDPTAKDLOPLLQYLCSSLVVSLHHQQLNTLI TEAETRGMTGYNPMAGPLRMOANNP
AQOGLRREYQNLWLAAFSTLPGNTRDPSWARILQGLEEPYCAFVERLNVALDNGLPEGTP
KEPILRSLAYSNANKECOKILQARGHTNSPLGEMLRTCQAWT PKDKTKVLVVQPRRPPPT
QPCFRCGKVGHWSRDCTQPRPPPGPCPLCQDPSHWKRDCPQLKPPQEEGEPLLLDLPSTS
GTTEEKNSLRGEI

23. HTLVS

gag polyprotein - AIDS virus HTLV-III (T-cell leukemia virus,
MGARASVLSGGELDRWEKIRLRPGGKKKYKLKHIVWASRELERFAVNPGLLETSEGCRQI
LGQLOPSLQTGSEELRSLYNTVATLYCVHQRIEIKDTKEALDKIEEEQNKSKKKAQOARA
DTGHSSQVSONYPIVONIQGOMVHQAISPRTLNAWVKVVEERKAFSPEVI PMFSALSEGAT
PODLNTMLNTVGGHQAAMOMLKETINEEAAEWDRVHPVHAGPIAPGQMREPRGSDIAGTT
STLOEQIGWMTNNPPIPVGEIYKRWIILGLNKIVRMYSPTSILDIRQGPKEPFRDYVDRE
YKTLRAEQASQEVKNWMTETLLVONANPDCKTILKALGPAATLEEMMTACQGVGGPGHKA
RVLAEAMSQVTNTATIMMORGNERNOQRKMVKCFNCGKEGHTARNCRAPRKKGCWKCGKEG
HOMKDCTERQANFLGKIWPSYKGRPGNFLOSRPEPTAPPFLOSRPEPTAPPEESTRSGVE
TTTPPOKQEPIDKELYPLTSLRSLFGNDPSSQ

24, HTLVé

pol polyprotein - T-cell leukemia virus I (HTLV-I, Caribbean
GKKAACNLANTGASCPWART PPKAPRNQPVPFKPERLOALOHLVRKALEAGHIEPYTGPG
NNPVFPVKKANGTWRFINDLRATNSLTIDLSSSSPGPPDLSSLPTTLAHRLOTIDLKDAFF
QIPLPKQFQPYFAFTVPQUUNYGPGTRYAWRVLPQGFKNSPTLFEMOLAHILOPIRQAFP
QCTILOYMDDILLASPSHADLOLLSEATMASLISHGLPVSENKTQQTPGTIKFLGOIISP
NELTYDAVPKVPIRSRWALPELQALLGEIQWVSKGTPTLRQPLHSLYCALORHTLPRDOQI
YLNPSQVOSLVOLROALSQNCRSRLVOTLPLLGAIMLTLTGTTTVVFQSKQOWPLVWLHA
PLPHTSQCPWGQLLASAVLLLDKY TLOSYGLLCQTIHHNT STOTFNQFIQTSDHESVPIL
LHHSHRFKNLGAQTGELWNTFLKTTAPLAPVKALMPVFTLSPVIINTAPCLFSOGSTSQA
AYILWDKHILSQRSFPLPPPHKSAQRAELLGLLHGLSSARSWRCLNIFLDSKYLYHYLRT
LALGTFQGRSSQAPFOALLPRLLSRKYVY LHHVRSHTNLPDPISRLNALTDALLITPVLQ
LSPADLHSFTHCGQTALTLOGATTTEASNI LRSCHACRKNNPOHOMPOGHIRRGLLPNHI
WOGDITHFKYKNTLYRLHVWVDTFSGATSATOKRKETSSEAISSLLOATAYLGKPSYINT
DNGPAY ISQDFLNMCTSLAIRHTTHVPYNPTSSGLVERSNGILKTLLYKYFTDKPDLPMD
NALSIALWTINHLNVLTNCHKTRWQLHHSPRLQPIPETHSLSNKQTHWYYFKLPGLNSRQ
WKGPQEALQEAAGAALIPVSASSAQWI PWRLLKRARCPRPVGGPADPKEKDHQHHG

25, HTLV7?

pol polyprotein - T-cell leukewia virus (HTLV-II)
HRSRPYGYTPDTRARAGKAPRHPDPRROWANDHPVOQTPPNPPTHILALPKVPRYPFLLPL
RHPQOMDHHWKGRPTTMPGASIPPRRPQPPPIAANSHSKHHRPRTPSPTSPSGPISFKPE
RLOALNDLVSKALEAGHIEPYSGPGNNPVFPVKKPNGKWRFIHDLRATNAITTTLTSPSP
GPPDLTSLPTALPHLOTIDLTDAFFQIPLPKQYQPYFAFTIPQPCNYGPGTRYAWTVLPQ
GFKNSPTLFEQQLAAVLNPMRKMFPTSTIVQYMDDILLASPTNEELQQLSQLTLQALTTH
GLPISQEKTQQTPGRIRFLGRVISPNHITYESTPTIPIKSQWTLTELQVILGEIQWVSKG
TPILRKHALQSLYSALHGYRDPRACITLTPOQLHALHAIQQALOHNCRGRLNPALPLLGLI
SLSTSGTTSVIFQPKONWPLAWLHTPHPPTSLCPWGHLLACTILTLDKYTLQHYGQLCQS
FHHNMSKQALCDFLRNSPHPSVGILIHHMGRFHNLGSQPSGPWKTLLHLPTLLQEPRLLR
PIFTLSPVVLDTAPCLFSDGSPOKAAYVLWDQTILOODITPLPSHETHSAQKGELLALIC
GLRAAKPWPSLNIFLDSKYLIKYLHSLAIGAFLGTSSHQTLOAALPPLLOGKTIYLHHVR
SHTNLPDPISTFNEYTDSLILAPLVPLTPQGLHGLTHCNQRALVSEFGATPREAKSLYVQTC
HTCQTINSQHHMPRGY IRRGLLPNHIWQGDVTHYKYKKYKYCLHVWVDTFSGAVSVSCKK
KETSCETPISAVLOAT SLLGKPLHINTDNGPAFLSQEFQEFCTSYRIKHSTHIPYNPTSSG
LVERTNGVIKNLLNKYLLDCPNLPLDNATHKALWTLNQLNVMNPSGXTRWQIHHSPPLPP

BH10)

isolate)
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IPEASTPPKPPPKWFYYKLPGLTNQRWKGPLQSLQEAAGAALLSIDGSPRWIPWRELKKA
ACPRPDASELAEHAATDHQRHG
26. HTLVS

env polyprotein precursor -~ AIDS virus HTLV-III (T-cell leukemia virus,

BH10)
TEKLWVTVYYGVPVWKEAT TTLFCASDAKAY DTEVHNVWATHACVPTDPNPQEVVLVNVT
ENFNMWKNDMVEQMHEDI ISLWDQSLKPCVKLTPLCVSLKCTDLKNDTNTNSSSGRMIME
KGEIKNCSFNISTSIRGKVQKEYAFFYKLDITIPIDNDTTSYTLTSCNTSVITQACPKVSFEF
EPIPIHYCAPAGFAILKCNNKTFNGTGPCTNVSTVQCTHGIRPVVSTQLLLNGSLAEEEV
VIRSANFTODNAKTIIVQLNQSVEINCTRPNNNTRKS IRIQRGPGRAFVTIGKIGNMRQAH
CNISRAKWNNTLKQIDSKLREQFGNNKTIIFKQSSGGDPEIVTHSFNCGGEFFYCNSTOQL
FNSTWFNSTWSTKGSNNTEGSDTITLPCRIKQI INMWOEVGKAMYAPPISGQIRCSSNIT
GLLLTRDGGNSNNESEIFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTKAKRRVVQREK
RAVGIGALFLGFLGAAGSTMGAASMTLTVQARQLLSGIVQQOONNLLRAIEAQQOHLLOLTV
WGIKQLQARILAVERYLKDQOLLGIWGCSGKLICTTAVPWNASWSNKSLEQ TWNNMTWME
WDREINNYTSLIHSLIEESQNCOEKNEQELLELDKWASLWNWENI TNWLWYLIKLFIMIVG
GLVGLRIVFAVLSVVNRVROGYSPLSFQTHLPIPRGPDRPEGIEEEGGERDRDRSIRLVN
GSLALIWDDLRSLCLFSYHRLRDLLLIVTRIVELLGRRGWEALKYWWNLLOYWSQELKNS
AVSLLNATAIAVAEGTDRVIEVVQGAYRAIRHIPRRIRQGLERILL

27. HTLV9

env polyprotein - T-cell leukemia virus I {HTLV-I, Caribbean
MGKFLATLILFFQFCPLILGDYSPSCCTLTVGVSSYHSKPCNPAQPVCSWTLDLLALSAD
QALOPPCPNLVSYSSYHATYSLYLFPHWIKKPNRNGGGYYSASYSDPCSLKCPYLGCQSW
TCPYTGAVSSPYWKFQQDVNFTQEVSHLNINLHFSKCGFSFSLLVDAPGYDPIWFLNTEP
SQLPPTAPPLLSHSNLDHILEPSI PWKSKLLTLVQLTLOSTNYTCIVCIDRASLSTWHVL
YSPNVSVPSPSSTPLLYPSLALPAPHLTLPENWTHCEFDPQIQAYVSSPCHNSLILPPFSL
SPVPTLGSRSRRAVPVAVWLVSALAMGAGYVAGRITGSMSLASGKSLLHEVDKDISQLTQA
IVKNHRNLLKIAQYAAQNRRGLDLLFWEQGGLCKALOQEQCCFLNITNSHVSILQERPPLE
NRVLTGWGLNWDLGLSQWAREALQTGITLVALLLLVILAGPCILRQLRHLPSRVRYPHYS
LINPESSL

28, PENJANI

Penicillopepsin (EC 3.4.23.6) - Penicillium janthinellum
AASGVATNTPTANDEEYITPVTIGGTTLNLNFDTGSADLWVFSTELPASQQSGHSVYNPS
ATGKELSGYTWSISYGDGSSASGNVETDSVTVGGVTAHGQAVOAAQQI SAQFQODTNNDG
LLGLAFSSINTVQPQSQTTFFDTVKSSLAQPLFAVALKHQQPGVYDFGFILSSKYTGSLT
YTGVDNSQGFWSFNVDSYTAGSQSGDGFSGIADTGTTLLLLBDSVVSQYYSQVSGAQQODS
NAGGYVFDCSTNLPDFSVSISGYTATVPGSLINYGPIGDGSTCLGGIQSNSGIGFSIFGD
IFLKSQYVVFDSDGPQLGFAPQA

29. PEPASPI

21211227A: aspergillopepsin A
SKGSAVTTPONNDEEYLTPVTVGKSTLHLDFDTGSADLWVEFSDELPSSERTGHNVYTPSS
SATKLSGYTWNISYGNGSSASGDVYRDTVTVGGVTNTKEAVQRASKISSEFZZVBGGZBS
GAZAYSSINTVQPKAQTTFFDTVKSQLNSPLFAVQLKHDAPGVYDEGYTIBBSKYTGSITY
TDADSSEGYWGEFNPNGYSIGDSSSSGFSAIADTGTTLILLDDEIVLNGSZVSGQANQEAD
GGYVFBCSTTPPDFTGXIGDYKAVGPKYINYAPSBTPSTCFGGIQSNSGLGLSILGDVEL
KSQYVVEDSOGPKLGFARQA

36. PEPENDI

21311269A: endothiapepsin
STGSATTTPIDSLDDAYITPVQIGTPAQTLNLDFDTGSSDLWVFSSETTASEVDGQTIYT
PSKSTTAKLLSGATWSISYGDGSSSSGDVYTDTVSVGGLTVTGQAVESAKKVSSSETEDS
TIDGLLGLAFSTLNTVSPTOOKTEFFDNAKASLDSPVFTADLGYHAPGTYNFGFIDTTAYT
GSITYTAVSTKQGFWEWTSTGYAVGSGTFKSTSIDGIADTGTTLLYLPATVVSAYWAQVS
GAKSSSSVGGYVFPCSATLPSFTFGVGSARIVIPGDY IDFGPISTGSSSCFGGIQSSAGI
GINIFGDVALKAAFVVENGATTPTLGFASK

31. PEPEND2

E70087:ACID PROTEINASE {(ENDOTHIAPEPSIN)
AGTTTTTTIDSLDDAYIVVIQLGTPAATLNLNFDTGSADLWVFAGGSSNNSGHNVYNSAA
SSASATLSTGKWSIAYAARGASASGLNRDGTVTVGGVTAHGQAVQAARAAFARQATNDGLL
GLAFSSINTVQGSONLFFVQGKSLAQTPLFSVYLAHQOGVYDFGLIDSSAYTGSLNYTGY
ASQGFWSFNVDSYTAGSGSTIGDVSSGIADTGTTVLYLPTSVVSAYYSQVSGATDSAAGG
LDITCDGLTAMPAGVGSTKASVPLSTAYGGRGNGSSGCLGGIQSAAGIGLLIFGDIFIKA

isclate)
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32. PEPHEN1

Pepsinogen A (EC 3.4.23.1) - Chicken
TATESYEPMTNYMDASYYGTISIGTPQODFSVIFDTGSSNLRVPSIYCKSSACSNHKRED
PSKSSTYVSTNETVYIAYGTGSMSGILGYDTVAVSSI DVONQIFGLSETEPGSFFYYCNFE
DGILGLAFPSISSSGATFVEDNMMSQHLVAQDLFSVYLSKDGETGSFVLFGGIDPNYTTK
GIYWVPLSAETYWQITMDRVTVGNKYVACFFTCQAIVDTGTSLLVMPQGAYNRI IKDLGV
SSDGEISCDDISKLPOVTFHINGHAFTLPASAYVLNEDGSCMLGFENMGTPTELGEQWIL
GDVFIREYYVIFDRANNKVGLSPLS

33. PEPHIZI

21402278A: hizopuspepsin 1
AGVGTVPMTDYGNDIEYYGQVTIGTPGKKFNLDFDTGSSDLWIASTLCTNCGSRQTKYDP
NOSSTYQADGRTWSISYGDGSSASGILAKDNVNLGGLLIKGQTIELAKREAASFASGPND
GLLGLGFDTITTVRGVKTPMDNLISQGLISRPIFGVYLGKAKNGGGGEYI FGGYDSTKEK
GSLTTVPIDNSRGWWGITVDRATVGTSTVASSFDGILDTGTTLLILPNNIAASVARBYGA
YDNGDGTYTISCDTSREFKPLVEFSINGASFQVSPDSLVFEEYQGQCIAGFGYGDFDFAIIG
DTFLKNNYVVFNQGVPEVQIAPVAE

34. PEPHM1

Pepsinogen A (EC 3.4.23.1) precursor - Human
VDEQPLENYLDMEYFGTIGIGTPAQDFTVVEFDTGSSNLWVPSVYCSSLACTNHNRFNPED
SSTYOSTSETVSITYGTGSMTGILGYDTVOVGGISDTNQIFGLSETEPGSFLYYAPFDGI
LGLAYPSISSSGATPVEDNIWNQGLVSODLESVYLSADDOSGSVVIFGGIDSSYYTGSLN
WVPVTVEGYWQITVDS ITMNGEATIACAEGCOQAIVDTGTSLLTGPTSPIANIQSDIGASEN
SDGDMVVSCSAISSLPDIVFTINGVOYPVPPSAYILOSEGSCISGFQGMNLPTESGELWI
LGDVFIRQYFTVFDRANNQVGLAPVA

35. PEPMONI

Pepsinogen A (EC 3.4.23.1) precursor - Rhesus macaque
IDEQPLENYLDVEYFGTIGIGTPAQDFTVIFDTGSSNLWVPSVYCSSLACTNHNLENPQD
SSTYQSTSGTLSITYGTGSMTGILGYDTVQVGGISDTNQIFGLSETEPGSFLYYAPFDGI
LGLAYPSISSSGATPVEDNIWDQGLVSQDLFSVYLSADDQSGSVVIFGGIDSSYYTGSLN
WVPVSVEGYWQISVDSITMNGEAIACAEGCQAIVDTGTSLLTGPTSPIANIQSDIGASEN
SDGEMVVSCSAISSLPDIVFTINGVQYPLPPSAYILOSOGSCTSGFOGMDVPTESGELWI
LGDVFIRQYFTVFDRANNQVGLAPVA

36. PEPMON3

Pepsinogen C (EC 3.4.23.3) - Japanese macaque
SVSYEPMAYMDAAYFGEISIGTPPONFLVLEDTGSSNLWVPSVYCQSQACTSHSRENPSE
SSTYSTNGQTFSLOYGSGSLTGFFGYDTLTVOSIQVPNQEFGLSENEPGTNFVYAQFDGI
MGLAYPTLSVDGATTAMOGMVOEGALTSPIFSVYLSDOQGSSGGAVVEGGVDSSLYTGQI
YWAPVTQELYWQIGIEEFLIGGQASGWCSEGCQAIVDTGTSLLTVPQQYMSALLQATGAQ
EDEYGQFLVNCNSIQNLPTLTFIINGVEFPLPPSSYILNNNGVCTVGVEPTYLSAQNSQP
LVYWILGDVFLRSYYSVYDLSNNRVGFATAR

37. PEPPIG2

E740190A: pepsin
IGDEPLENYLDTEYFGTIGIGTPAQDFTVIFDTGSSNLWVPSVYCSSLACSDHNQENPDD
SSTFEATSOELSITYGTGSMTGILGYDTVOVGGISDTNQIFGLSETEPGSFLYYAPFDGI
LGLAYPSISASGATPVFDNLWDQGLVSQDLFSVYLSSNDDSGSVVLLGGIDSSYYTGSLN
WVPVSVEGYWQITLDSITMDGETIACSGGCQAIVDTGTSLLTGPTSAIANIQSDIGASEN
SDGEMVISCSSIDSLPDIVFTINGVQYPLSPSAYILQDDDSCTSGFEGMDVPTSSGELWI
LGDVEFIRQYYTVEFDRANNKVGLAPVA

38. PEFPROA

yeast proteinase a jbc 1987
GGHDVPLTNYLNAQYYTDITLGTPPONFKVILDTGSSNLWVPSNECGSLACFLHSKYDHE
ASSSYKANGTEFAIQYGTGSLEGYISQDTLSIGDLTIPKQDFAEATSEPGLTFAFGKEDG
ILGLGYDTISVDKVVPPFYNAIQODLLDEKRFAFYLGDTSKTENGGEATFGGIDESKFKG
DITWLPVRRKAYWEVKFEGIGLGDEYAELESHGAAIDTGTSLITLPSGLAEMINAEIGAK
KGWTGQYTLDCNTRDNLPDLIFNFNGYNFTIGPYDYTLEVSGSCISAITPMDFPEPVGPL
AIVGDAFLRKYYSIYDLGNNAVGLAKAILKNNYVVENQGVPEVQIAPVAQ

39. PEPRAT3

PEPCSRAT: GASTRICSIN PRECURSOR (EC 3.4.23.3) (PEPSINOGEN C).
SVLYEPMAYMDASYFGEISIGTPPONFLVLFDTGSSNLWVSSVYCQSEACTTHARFNPSK
SSTYYTEGQTFSLOYGTGSLTGFFGYDTLTVQSIQVPNQEFGLSENEPGTNEFVYAQFDGI

392 AA.
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MGLAYPGLSSGGATTALQGMLGEGALSQPLFGVYLGSOQGSNGGQIVIFGGVDKNLYTGE 1
- ' TWVPVTQELYWQITIDDFLIGDQASGWCS SQGCQGIVDTGTSLLVMPAQYLSELLQOTIGA
‘f CEGEYGEYFVSCDSVSSLPTLSFVLNGVQFPLSPSSYIIQEDNFCMVGLESISLTSESGQ
_ﬁ PLYRILGODVFLRSYYAIFDMGNNKVGLATSV

40. PEPRHZ2

VS E70086: ACID PROTEINASE EC 3.4.23.9

3 GVGTVPMTDYGNDVEYYGQVTIGTPGKSFNLNFDTGSSNLWVGSVQCQASGCKGGRDKEN
E PSDGSTFKATGYDASIGYGDGSASGVLGYDTVOVGGIDVTGGPQIQLAQRLGGGGFPGDN
& DGLLGLGFDTLSITPQSSTNAFDQVSAQGKVIQPVFVVYLAASNISDGDFTMPGWIDNKY
-E' GGTLLNTNIDAGEGYWALNVTGATADSTYLGAIFQAILDTGTSLLILPDEAAVGNLVGFEFA
E: GAQDAALGGFVIACTSAGFKSIPWSIYSAIFEITTALGNAEDDSGCTSGIGASSLGEAIL
GDQFLKQQYVVFDRDNGIRLAPVA

41. RENHM1

RENISHUMAN: RENIN PRECURSOR, RENAL (EC 3.4.23.15) (GENE LAME: REN). 406
ARA.
LTLGNTTSSVILTNYMDTQYYGEIGIGTPPOQTFKVVEDTGSSNVWVPSSKCSRLYTACVY
HKLFDASDSSSYKHNGTELTLRYSTGTVSGFLSQDIITVGEITVTOMFGEVTEMPALPEM
LAEFDGVVGMGFIEQAIGRVTPIFDNIISQGVLKE VFSFYYNRDSENSQSLGGQIVLGG
SDPRQHYEGNFHYINLIKTGVWQIQMKGVSVGSSTLLCEDGCLALVDTGASYISGSTSSIE
KLMEALGAKKRLEFDYVVKCNEGPTLPDISFHLGGKEYTLTSADYVFPQESYSSKKLCTLAI
RAMDIPPPTGPTWALGATFIRKEYTEFDRRNNRIGFALAR

42. RENMSEI1

3 20809326A: renin
SSLTDLISPVVLTNYLNSQYYGEIGIGTPPQTFKVIFDTGSANLWVPSTKCSRLYLACGI -
HSLYESSDSSSYMENGDDFTIHYGSGRVKGFLSQDSVTVGGITVTQTFGEVTELPLIPFM
LAQFDGVLGMGFPAQAVGGVTPVFDHILSQGVLKEKVFSVY YNRGPHLLGGEVVLGGSDP
EHYQGDFHYVSLSKTDSWOITMKGVIVGSSTLLCEEGCEVVVDTGSSFISAPTSSLKLIM
QALGAKEKRLREYVVSCSQVPTLPDISFNLGGRAYTLSSTDYVLQYPNDKLCTVALHAMD
IPPPTGPVWVLGATFIRKFYTEFDRHNNRIGFALAR

43. RENMSE2

Gamma-renin (EC 3.4.23.15) precursor - Mouse
IVGGFKCEKNSQPWQVAVYYHKEH ICGGVLLDRNWVLTAAHCYVDECEVWLGKNQLFQEE
PSAQNRLVSKSFPHPGFNMTLLTFEKLPPGADEFSNDLMLLRLSKPADITDVVKPIDLPTK
EPKLDSTCLVSGWGSITPTKWQKPDDLOQCMFTKLLPNENCAKAY LLKVTDVMLCTIEMGE
iy DKGPCVGDSGGPLICDGVLOGTVSIGPDPCGIPGVSAIYTNLVKFNSWIKDTMMKNA

_,-.f 44. RENMSE3

3 RENISMOUSE: RENIN PRECURSOR, RENAL (EC 3.4.23.15) (GENE NAME: REN1). 402
AA.
PSLTNLTSPVVLTNYLNTQYYGEIGIGTPPOTFKVIFDTGSANLWVPSTKCSRLYLACGI
HSLYESSDSSSYMENGSDFTIHYGSGRVKGFLSQDSVTVGGITVTQTFGEVTELPLIPFM
LAKFDGVLGMGFPAQAVGGVTPVFDHILSQGVLKEEVFSVY YNRGSHLLGGEVVLGGSDP
QHYQGNFHYVSISKTDSWQITMKGVSVGSSTLLCEEGCAVVVDTGSSFISAPTSSLKLIM
QRLGAKEKRIEEYVVNCSQVPTLPDISFDLGGRAYTLSSTDYVLQYPRRRDKLCTLALHA
MDIPPPTGPVWVLGATFIRKFYTEFDRHNNRIGFALAR

45. RENRATI

Z1310378A: renin
KSSFTNVTSPVVLTINYLDTQYYGEIGIGTPSQTFKVIFDTGSANLWVPSTKCGPLYTACE
IHNLYDSSESSSYMENGTEFTIHYGSGKVKGFLSQDVVTVGGIIVTQTEFGEVTELPLIPE
MLAKFDGVLGMGFPAQAVDGVIPVFDHILSHEVLKEEVEFSVYYSRESHLLGGEVVLGGSD
POHYQGNFHYVSISKAGSWQITMKGVSVGPATLLCEEGCHMAVVDTGTSYISGPTSSLQLI
MOALGVKEKRANNYVVNCSQVPTLPDISFYLGGRTYTLSNMDYVOKNPEFRNDDLCILALQ
GLDIPPPTGPVWVLGATFIRKFYTEFDRHNNRIGFALAK

46, RENRHZ!

Aspartic proteinase {EC 3.4.23.6) - Rhizomucor pusillus
AEGDGSVDTPGLYDFDLEEYAIPVSIGTPGQDFYLLFDTGSSDTWVPHKGCONSEGCVGK
RFFDPSSSSTFKETDYNLNITYGTGGANGIYFRDSITVGGATVKQQTLAYVDNVSGPTAE
QSPDSELFLDGI FGAAYPDNTAMEAEYGDTYNTVHVNLYKQGLISSPVFSVYMNTNDGGG
OVVFGGVNNTLLGGDIQYTDVLKSRGGYFFWDAPVTGVKIDGSDAVSEFDGAQAFTIDTGT
NEFIAPSSFAEKVVKAALPDATESQQOGYTVPCSKYQDSKTTESLVLOKSGSSSDTIDVSY
PISKMLLPVDKSGETCMFIVLPDGGNQFIVGNLFLRFFVNVYDFGKNRIGFAPLASGYEN
D
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47. RENRHZ2
CARPSRHIMI: ASPARTATE PROTEASE PRECURSOR (EC 3.4.23.6} (MUCOR RENNIN) .
430 AA.

AAADGSVDTPGYYDFDLEEYAIPVSIGT PGODFLLLFDTGSSDTWVPHKGCTKSEGCVGS
REFDPSASSTEKATNYNLNITYGTGGANGLYFEDSIAIGDITVTKQILAYVDNVRGPTAE
CSPNADIFLDGLFGAAYPDNTAMEAEYGSTYNTVHVNLYKQGLISSPLESVYMNTNSGTG
EVVFGGVNNTLLGGDIAYTDVMSRYGGYYFWDAPVTGITVDGSAARVRFSRPQAFTIDTGT
NFFIMPSSAASKIVKAALPDATETQQGWVVPCASYQNSKSTISIVMQKSGSSSDTIEISY
PVSKMLLFPVDQSNETCMFIILPDGGNQY IVGNLFLRFEVNVYDFGNNRIGFAPLASAYEN

E

TRYPSIN/CHYMOTRYPSIN (15 sequences)
Full description is listed previously

TRPCRAY
TRPDOG1
TRPDOG2
TRPFISHI
TRPFISH2
TRPFLY1
TRPHM]I
TRPHORI
‘TRPHOR2
10. TRPMSEI1
11. TRPPIG!
12. TRPRATI
13. TRPRAT2
14. TRPRAT3
15. TRPSTRP1

R AR W=

AIDS RELATED PROTEINS (25 sequences)
Full description is listed previously

AID1
AID10
AID11
AlD12
AID13
AID2
AID3
AID4

. AID5

10. AID6
11, AID7
12. AIDS
13. AID9
14, HTLVI
15. HTLV10
16. HTLV11
17. HTLV12
18. HTLV2
19. HTLV3
20. HTLV4
21. HTLVS
22. HTLVé6
23. HTLV7 L
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24. HTLVS
25. HTLV9

PROTEASE INHIBITORS (26 sequences)

1. ANTIASP1

Proteinase inhibitor - Eggplant
QICTNNCAGRKGCSYFSEDGTFICKGESNPENPKACPRNCDGRIAYGICPLS

2. ANTIASP2

Proteinase inhibitor PTI - Potato
RICTNCCAGYKGCNYYSANGAFICEGESDPKNPNVCPRNCDTNIAYSKCLR

3. ANTIASP3

Proteinase inhibitor PCI-I - Potato
PICTNCCAGYKGCNYYSANGAFICEGQSDPKKPKACPLNCDPHIAYSKCPRS

4. ANTIASP4

Proteinase A inhibitor 3 - Yeast (Saccharomyces cerevisiae)
MNTDOQOKVSEIFOSSKEKLQGDAKVVSDAFKKMASODKDGKTTDADESEKHNYQEQYNKL
KGAGHKKE

5. ANTIMET]

Metalloproteinase inhibitor precursor - Human
CTCVPPHPQTAFCNSDLVIRAKFVGTPEVNQTTLYQRYEIKMTKMYKGFQALGDAADIRE
VYTPAMESVCGYFHRSHNRSEEFLIAGKLODGLLHITTCSFVAPWNSLSLAQRRGFTKTY
TVGCEECTVFPCLSIPCKLOSGTHCLWTDQLLOGSEKGFOSRHLACLPREPGLCTWQSLR
SQIA

6. ANTIMET?2

Metalloproteinase inhibitor - Streptomyces nigrescens
APSCPAGSLCTYSGTGLSGARTVIPASDMEKAGTDGVKLPASARSFANGTHFTLRYGPAR
RKVTCVREFPCYQYATVGKVAPGAQLRSLPSPGATVTVGQODLGD

7. ANTIP10

Venom basic protease inhibitor I - Westexrn sand viper
QDHPKFCYLPADPGRCKAHIPRFYYDSASNKCNKFIYGGCPGNANNFKTWDECRQTCGAS
A

8. ANTIP11

Veriom basic protease inhibitor III - Sand viper
RDRPKFCYLPADPGRCLAYMPRFYYNPASNKCEKFIYGGCRGNANNFKTWDECRHTCVAS
GIQPR

9. ANTIP12

Basic protease inhibitor - Red sea turtle
QGDKRDICRLPPEQGPCKGRIPRYFYNPASRMCESFI YGGCKGNKNNFKTKAECVRACRP
PERPGVCPKTSGPGICLHGCDSDSDCKEGQKCCEFDGCGYICLTVAPSGSP

10. ANTIP13

Protease inhibitor (PSTI type), submandibular - Dog
GPPPAIGRGVBCSBYKGKGSEIACPRLHZPICGTDHKTYSNZCMLCAFTLDKKFZVRKLQ
DTACDIECTEYSDMCTMDYRPLCGSDGKNYSNKCSFCNAVKKSRGTIFLAKHGEC

11. ANTIP1I4

Protease B inhibitors 2 and 1 - Yeast (Saccharomyces cerevisiae)
TKNFIVTLKKNT PDVEAKKFLDSVHHAGGSILHEFDIIKGYTIKVPDVLHLNKLKEKHND
VIENVEEDKEVHTN

R 12. ANTIPRO1

Serum basic protease inhibitor - Bovine

E TERPDFCLEPPYTGPCKAAMIRYFYNAKAGFCETFVYGGCRAKSNNFKSAEDCMRTCCSA
13. ANTIPRO2

Venom basic protease inhibitor I - Black mamba
QPLRKLCILHRNPGRCYQKIPAFYYNQKKKQCZGFTWSGCGENSNRFKTIEECRRTCIRK
14. ANTIPRO3

Venom basic protease inhibitor I homolog - Eastern green mamba
QPRRKLCILHRNPGRCYDKIPAFYYNQKKKQUERFDWSGCGGNSNRFKTIEECRRTCIG
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15. ANTIPRO4

Venom basic protease inhibitor K - Black mamba and eastern green mamba
AAKYCKLPLRIGPCKRKIPSFYYKWKAKQCLPIDY SGCGGRANRFKTIEECRRTCVG
16. ANTIPROS

Venom basic protease inhibitor B - Black mamba
RPYACELIVAAGPCMFFISAFYYSKGANKCYPFTYSGCRGNANRFKTIEECRRTCVV
17. ANTIPROG6

Venom basic protease inhibitor E - Black mamba
LOHRTFCKLPAEPGPCKAST PAFYYNWAAKKCQLFHYGGCKGNANRFSTIEKCRHACVG
18. ANTIPRO7 :

Venom basic protease inhibitor II - Ringhals
RPDFCELPAETGLCKAYIRSFHYNLAAQQCLOFIYGGCGGNANRFKTIDECRRTCVG

19. ANTIPROS

Venom basic protease inhibitor II - Cape cobra
RPRFCELPAETGLCXARIRSFHYNRAAQOCLEFIYGGCGGNANRFKTIDECHRTCVG
20. ANTIPRO9

Venom basic protease inhibitor II - Russell's viper
HDRPTFCNLAPESGRCRGHLRRIYYNLESNKCKVEFYGGCGGNANNFETRDECRETCGGK
21. ANTISERI1

Antileukoproteinase 1 - Human
SGKSFKAGVCPPKKSAQCLRYKKPECQSDWQCPGKKRCCPDTCGIKCLDPVDTPNPTRRK
PGKCPVTYGQCLMLNPPNFCEMDGQCKRDLKCCMGMCGKSCVSPVKA

22. ANTISER2

Acrosin inhibitor I (PSTI type) - Bovine
EIYFEPDFGFPPDCKVYTEACTREYNPICDSAAKTYSNECTFCNEKMNNDADIHFNHFGE
CEY

23. ANTISER3

Serine proteinase inhibitor 1 - Vaccinia virus
MDIFKELILKHTDENVLISPVSILSTLSILNHGAAGSTAEQLSKYIENMNENTPDDNNDM
DVDIPYCATLATANKIYGSDSIEFHASFLQKIKDDFQTVNENNANQTKELINEWVKTMTN
GKINSLLTSPLSINTRMTVVSAVHFKAMWKYPFSKHLTYTDKFYISKNIVTSVDMMVSTE
NNLOYVHINELFGGEFSIIDIPYEGNSSMVIILPDDIEGIYNIEKNITDEKFKKWCGMLST
KSIDLYMPKFKVEMTEPYNLVPILENLGLTNIFGYYADFSKMCNETITVEKFLRTTFIDV
NEEYTEASAVTGVEFMTNFSMVYRTKVYINHPFMYMIKDNTGRILEIGKYCYPQ

24. ANTISER4

Ovomucoid (PSTI-type protease inhibitor) 1 - Japanese quail
VEVDCSRFPNTTNEEGKDEVVCPDELRLICGTDGVTYNHECMLCFYNKEYGTNI SKEQDG
ECGETVPMDCSRYPNTTSEDGKVTILCTKDFSFVCGTDGVTYDNECMLCAHNVVOGTSVG
KKHDGECRKELAAVSVDCSEYPKPACPKDYRPVCGSDNKTYSNKCNEFCNAVVESNGTLTL
NHEGKC

25. ANTISER7

Ovomucoid (PSTI-type protease inhibitor) precursor - Chicken
MAMAGVFVLFSFVLCGFLPDAAFGAEVDCSRFPNATDKEGKDVLVCNKDLRPICGTDGVT
YTNDCLLCAYSIEFGTNISKEHDGECKETVPMNCSSYANTTSEDGKVMVLCNRAFNPVCG
TDGVTYDNECLLCAHKVEQGASVDKRHDGGCRKELAAVSVDCSEY PKPDCTAEDRPLCGS
DNKTYGNKCNFCNAVVESNGTLTLSHFGKC

26. ANTISERS :
Plasminostreptin (PSTI-type protease inhibitor)} - Strzaptomyces sp.
GLYAPSALVLTMGHGNSAATVNPERAVTLNCAPTASGTHPARLOQACAELRGAGGDYDALT
VRGDVACTKQFDPVVVTVDGVWQGKRVSYERTFANECVKNS YGMTVFTFLLNNSLLVPTS
CIYFVYSQVVFSGKAYSPKATSSPLYLAHEVQLFSSQYPFHVPLLSSQKMVYPGLQEPWL
HSMYHGARFQLTQGDQLSTHTDGI PRLVLSPSTVFFGAFAL

€. TNFHUM

tumor necrosis factor {Nature, 312 (1984/5) 720
VRSSSRTPSDKPVARVVANPQAEGOLOWLNRRANALLANGVELRDNQLVY
PSEGLYLIYSQVLFKGQGCPSTHVLLTHTISRIAVSYQTKVNLLSAIKSP
CORETPEGAEAKPWYEPIYLGGVFQLEKGDRLSAEINRPDYLDFAESGQV
YFGAFALD
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7. TNFM1
TNF misa r~152 (Nature, 320, 584, (1986))
LRSSSONSSDKPVAHVVANHOVEEQLEWLSQRANALLANGMDLKDNQLVV
PADGLYLVYSOVLFKGOGCPDYVLLTHTVSRFAISYOEKVNLLSAVKSPC
PKDTPEGAELKPWYEPYYLGGVFQLEKGDQLSALVNLPKYLDFAESGQVY

FgVIAL

B. TNFMIS

TNF misa r-152 (Nature, 320, 584, (1986))
LRSSSONSSDKFPVAHVVANHOVEEQLEWLSQORANALLANGMDLKDNQLVV
PADGLYLVYSQVLFKGOGCPDYVLLTHTVSRFAISYQOEKVNLLSAVKSPC
PKDTPEGAELKPWYEPY YLGGVFQLEKGDQLSAEVNLPKYLDFAESGOVY

FRVIAL

9. TNFRAB

TNE RABBIT

LRSASRALSDKPLAHVVANPQOVEGQLOWLSQORANALLANGM
KLTDNOLVVPADGLYLIYSOVLESGOGCRSYVLLTHTVSRFAVSYPNKVNLLSAIKSPC
HRETREEAEPMAWYEPI YLGGVFQLEKGDRLSTEVNQPEY LDLAESGQVYFGIIAL

PDG (4 sequences)

1. PDGFAHUM

21008276A : platelet derived growth factor A
MNRCWALFLSLCCYLRLVSAEGDPIPEELYEMLSDHSIRSFDDLQRLLHGDPGEEDGAEL
DLNMTRSHSGGELESLARGRRSLGSLTIAEPAMIAECKTRTEVFEISRRLIDRTNANFLVY
WPPCVEVQRCSGCCNNRNVQCRPTQVQLRPVOVRKIEIVRKKPI FKKATVTLEDHLACKC
ETVARARPVTRSPGGSQEQRAKTPUTRVTIRTVRVRRPPKGKHRKFKHTHDKTALKETLG
A

2, PDGFAXEN

21411343A : platelet derived growth factor A
MRIWAWILLLSVOCSYLSPSLGEEAEIPQELIERLAHSEIRSISDLORLLDIDSVGGGED
ASAANIRSQKHDFHHNRLVPEKRSVPSRRKRSVEEAVPAICKTRTVIYEIPRSQIDPTSA
NFLIWPPCVEVKRCTGCCNTSSVKCQPSRIHHRSVKVAKVEYVRKKPKLKEVLVRLEEHL
ECTCTANSNSDYREEETGFFTSPALVLTGRTRETGKKQKRKKLKPT

3. PDGFHUM

21007147A : platelet derived growth factor
LVSARQGDPIPEELYEMLSDHSIRSFDDLOQRLLHGDPGEEDGAELDLNMTRSHSGGELES
LARGRRSLGSLTIAEPAMIAECKTRTEVFEISRRLIDRTNANFLVWPPCVEVQRCSGCCHN
NRNVQCRPTQVQLRPVOVRKIEIVRKKPIFKKATVTLEDHLACKCETVAAARPVTRSPGG
SQEQRAKTPOTRVTIRTVRVRRPPKGKHRKFKHTHDKTALKETLGA

4. PDGFRECM '

Z1210315A : platelet derived growth factor receptor
MGLPGVIPALVLRGDLLLSVLWLLGPQTSRGLVITPPGPEFVLNISSTFVLTCSGSAPVM
WEQMSQVPWQEAAMNQDGTFSSVLTLTNVTGGDTGEYFCVYNNSLGPELSERKRIYIFVP
DPTMGFLPMDSEDLFIFVTDVTETTIPCRVITDPQLEVTLHEKKVDIPLHVPYDHQRGETG
TFEDKTYICKTTIGDREVDSDTYYVYSLOVSSINVSVNAVOTVVRQGESITIRCIVMGND
VVNFQWTYPRMKSGRLVEPVTDYLFGVPSRIGSILHIPTAELSDSGTYTCNVSVSVNDHG
DEKAINISVIENGYVRLLETLGDVEIAELHRSRTLRVVFEAYPMPSVLWLKDNRTLGDSG
AGELVLSTREMSETRYVSELILVRVKVSEAGYYTMRAFHEDDEVOLSFKLOVNVPVRVLE
LSESHPANGEQTIRCRGRGMPOPNVTWSTCRDLKRCPRKLSPTPLGNSSKEESQLETNVT
FWEEDQEYEVVSTLRLRHVDQPLSVRCMLONSMGGDSOEVTVVPHSLPFKVVVISAILAL
VVLTVISLIILIMLWOKKPRYEIRWKVIESVSSDGHEYIYVDPVOLPYDSTWELPRDQLY
LGRTLGSGAFGQVVEATAHGLSHSQATMKVAVKMLKSTARSSEKQALMSELKIMSHLGPH
LNVVNLLGACTKGGPIYIITEYCRYGDLVDYLHRNKHTFLORHSNKHCPPSAELYSNALP
VGFSLPSHLNLTGESDGGYMDMSKDESIDYVPMLOMKGDIKYADIESPSYMAPYDNYVES
APCRTYRATLINDSPVLSYTDLVGFSYQVANGMDFLASKNCVHRDLAARNVLICEGKLVK
ICDFGLARDIMRDSNYISKGSTYLPLKWMAPESIFNSLYTTLSDVWSFGILLWEIFTLGG
TPYPELPMNDQFYNAIKRGYRMAQPAHASDEIYEIMOKCHEEKFETRPPEFSQLVLLLERL
LGEGYKKKYQQVDEEFLRSDHPAILRSQARFPGIHSLRSPLDTSSVLYTAVQPNESDNDY
ITPLPDPKPDVADEGLPEGSPSLASSTLNEVNTSSTISCDSPLELQEEPQOAEPEAQLEQ
PQDSGEPGPLAEAEDSFL
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b

INTERLEUKIN (11 sequences)

1. IL1ABOV

21413325A : interleukin lzlpha
MAKVPDLFEDLKNCYSENEDYSSEIDHLSLNQKSFYDASYEFLREDOMNKFMSLDTSETS
KSKLSFKENVVMVAASGKILKKRRLSLNQFITDDDLEAIANNTEEEI IKPRSAHYSFQOSN
VKYNFMRVIHQECILNDALNQSI IRDMSGPYLTATTLNNLEEAVKFDMVAYVSEEDSQLP
VTLRISKTQLEVSAQNEDEPVLLKEMPETPKIIKDETNLLFFWEKHGSMDY FKSVAHPKL
FIATKQEKLVHMASGPPSITDFQILEK

2. 1IL1ABOVZ

21413343A : interleukin lalpha
MAKVPDLFEDLKNCYSENEDYSSEIDHLSLNQKSEYDASYEPLREDDMNKEFMSLDTSETS
KTSKLSFKENVVMVAASGKILKKRRLSLNQFITDDDLEAIANNTEEEI IKPRSARYSFQS
NVKYNFMRVIHQECILNDALNQSITRDMSGPYLTATTLNNLEEAVKFDMVAYVSEEDSQL
PVTLRISKTQLEFVSAQNEDEPVLLKEMPETPKI IKDETNLLFFWEKHGSMDYFKSVAHPK
LFIATKQEKLVHMASGPPSITDFQILEK

3. IL1AHUM

21107273A : interleukin lalpha
MAKVPDMEEDLKNCYSENEEDSSSIDHLSLNOQKSFYHVSYGPLHEGCMDQSVSLSISETS
KTSKLTFKESMVVVATNGKVLKKRRLSLSQSITDDDLEAIANDSEEEIIKPRSAPESFLS
NVKYNFMRIIKYEFILNDALNOSI1RANDQYLTAAALHNLDEAVKFDMGAYKSSKDDAKI
TVILRISKTQLYVTAQDEDQPVLLKEMPEIPKTITGSETNLLFFWETHGTKNYFTSVAHP
NLFIATKODYWVCLAGGPPSITDFQILENQA

4. IL1BBOV

Z1413325B : interleukin lbeta
MATVPEPINEMMAYYSDENELLFEADDPKOQMKSCIQHLDLGSMGDGNIQLQISHOFYNKS
FRQVVSVIVAMEKLRNSAYAHVFHDDDLRSILSFIFEEEPVIFETSSDEFLCDAPVQSIK
CKLQDREQKSLVLASPCVLKALHLLSQEMNREVVFCMSFVQGEERDNKI PVALGIKDKNL
YLSCVKKGDTPTLQLEEVDPKVYPKRNMEKRFVEYKTEIKNTVEFESVLYPNWYISTSQI
EERPVFLGHFRGGQDITDFRMETLSP

5. IL1BHUM

21107273B : interleukin lbeta
MAEVPELASEMMAYYSGNEDDLFFEADGPKQMKCSFQDLDLCPLDGGIQLRISDHRYSKG
FROAASVVVAMDKLRKMLVPCPQTFQENDLSTFFPFIFEEEPIFFDTWDNEAYVHDAPVR
SLNCTLRDSQQKSLVMSGPYELKALHLQGODMEQQVVFSMSEFVQGEESNDKI PVALGLKE
KNLYLSCVLKDDKPTLQLESVDPKNYPKKKMEKREVENKIEINNKLEFESAQFPNWYIST
SQAENMPVFLGGTKGGQDITDETMQFVSS

6. IL1BHUML

Z1304174B : interleukin 1 beta

MAKVPDMFEDLKNCYSENEEDSSS IDHLSLNQKSFYHVSYGPLHEGCMDQSVSLSISETS
KTSKLTFKESMVVVATNGKVLKKRRLSLSQSITDDDLEAIANDSEEEI IKPRSAPFSEFLS
NVKYNEFMRIIKYEFILNDALNQSI IRANDQYLTAAALKENLDEAVKFDMGAYKSSKDDAKI
TVILRISKTQLYVTAQDEDQPVLLKEMPEI PKTITGSETNLLFEFWETHGTKNYETSVAHP
NLFIATKODYWVCLAGGPPSITDFQILENQA

7. IL1BMUR

£1302275A : interleukin lbeta
MATVPELNCEMPPFUSDENDLEFEVDGPQKMKGCFQTFDLGCPDESIQLOISQOHINKSE
ROAVSLIVAVEKLWOLPVSFPWTFQDEDMSTFFSFIFEEEPILCDSWDDDDNLLVCDVPI
RQLHYRLRDEQQOKSLVLSDPYELKALHLNGONINQQOVIFSMSFVQGEPSNDKIPVALGLK
GKNLYLSCVMKDGTPTLQLESVDPKQY PKKKMEKREVENKIEVKSKVEFESAEFPNWYIS
TSQAEHKPVFLGNNSGQDIIDFTMESVSS

8. IL1HUMPR

211022787 : interleukin 1 precursor
MAEVPKLASEMMAYYSGNEDDLFFEADGPKOMKCSFQDLDLCPLDGGIQLRISDRHYSKG
FRQAASVVVAMDKLRKMLVPCPQTFQENDLSTFFPFIFEEEPIFFDTWDNEAYVHDAPVR
SLNCTLRDSQQKSLVMSGPYELKALHLQGODMEQQVVESMSEVQOGEESNDKIPVALGLKE
KNLYLSCVLKDDKPTLQLESVDPKNY PKKKMEKRFVFNKIEINNKLEFESAQFPNWYIST
SQAENMPVFPLGGTKGGODITDETMQEVSS

9. TILIMSREC

21410355A : interleukin 1 receptor
MENMKVLLGLICLMVPLLSLEIDVCTEYPNOIVLEFLSVNEIDIRKCPLTPNKMHGDTIIW
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YKNDSKTPISADRDSRIHQQONEHLWFVPAKVEDSGYYYCIVRNSTYCLKTKVTIVTVLEND
PGLCYSTOATFPQRLHIAGDGSLVCPYVSYFKDENNELPEVOWYKNCKPLLLDNVSFFGV
KDKLLVRNVAEEHRGDY ICRMSYTFRGKQYPVTRVIQFITIDENKRDRPVILSPRNETIE
ADPGSMIQLICNVTGOFSDLVYWKWNGSEIEWNDPFLAEDYQFVEHPSTKRKYTLITTLN
ISEVKSQFYRYPFICVVKNTNIFESAHVQLIYPVPDFKNYLIGGFIILTATIVCCVCIYK
VEKVDIVLWYRDSCSGFLPSKASDGKTYDAYILYPKTLGEGSFSDLDTFVEFKLLPEVLEG
QFGYKLFIYGRDDYVGEDTIEVTNENVKKSRRLIIILVRDMGGFSWLGQSSEEQIATYNA
LIQEGIKIVLLELEKIQDYEKMPDSIQFIKQKRGVICWSGDFQERPQSAKTREFWKNLRYQ
MPAQORRSPLSKHRLLTLDPVRDTKEKLPAATHLPLG

1. ILIMURPR

Z11013%6A : interleukin 1 precursor
MAKVPDLFEDLKNCYSENEDYSSAIDBRLSLNOKSFYDASYGSLHETCTDOEFVSL.RTSETS
KMSNFTFRESRVTVSATSSNGKILKKRRLSFSETFTEDDLQSITHDLEETIQPRSAPYTY
QSDLRYKLMKLVROKFVMNDSLNQTIYODVDKHYLSTTWLNDLOOEVKFDMYAYSSGGDD
SKYPVTLKISDSQLFVSAQGEDQPVLLKELPETPKLITGSETDLIFFWKSINSKNYFTSA
AYPELFIATKEQSRVHLARGLPSMTDFQIS

11. ILIRABPR

21110252B : interleukin 1} precursor
MAKVPDLFEDLKNCFSEREEYSSAIDHLSLNOKSFYDASYEPLHEDCMNKVVSLSTSETS
VSPNLTFQENVVAVTASGKILKKRRLSLNQPITDVDLETNVSDPEEGIIKPRSVEPYTFQR
NMRYKYLRIIKQEFTLNDALNQSLVRDTSDQYLRAAPLONLGDAVKFDMGVYMTSEDSIL
PVTLRISQTPLVSAQNEDEPVLLKEMPETPRIITDSESDILFFWETQOGNKNY FKSAANP
QLFIATKPEHLHMARGLPSMTDFQIS

VIRAL ONCOGENE (30 sequences)

1. ABLMUR

Kinase-related transforming protein {(abl) {(EC 2.7.1.-} - Abelson murine
leukemia
YITPVNSLEKHSWYHGPVSRNAAEYLLSSGINGSFLVRESESSPGORSISLRYEGRVYHY
RINTASDGKLYVSSESRFNTLAELVHHHSTVADGLITTLHYPAPKRNKPTIYGVSPNYDK
WEMERTDI TMKHKLGGGQYGEVYEGVWKKYSLTVAVKTLKEDTMEVEEFLKEAARVMKEIK
HPNLVOLLGVCTREPPFYIITEFMTYGNLLDYLRECNRQEVSAVVLLYMATQISSAMEYL
EKKNFIHRDLAARNCLVGENHLVKVADFGLSRLMTGDTYTAHAGAKFPIKWTAPESLAYN
KESIKSDVWAFGVLLWEIATYGMSPYPGIDLSQVYELLEKDYRMERPEGCPEKVYELMRA
CWOWNPSDRPSFAEIHQAFETMFOESSI SDEVEKELGKRGTRGGAGSMLQAPELPTKTERT
CRRAAEQKASPPSLTPKLLRROVTASPSSGLSHKKEATKGSASGMGTPATAEPAPPSNKV
GLSKASSEEMRVRRHKHSSESPGRDKGRLAKLKPAPPPPPACTGKAGKPAQSPSQEAGEA
GGPTKTKCTSLAMDAVNTDPTKAGPPGEGLRKPVPPSVPKPQSTAKPPGTPTSPVSTPST
APAPSPLAGDQQOPSSAAFIPLISTRVSLRKTRQPPERIASGTITKGVVLDSTEALCLALS
RNSEQMASHSAVLEAGKNLYTFCVSYVDSIQOMRNKFAFREAINKLESNLRELQICPATA
SSGPAATQDFSKLLSSVKEISDIVRR

2. SRCRAY

Kinase-related transforming protein (src) (EC 2.7.1.-) - Rous sarcoma
virus
MGSSKSKPKDPSQRRRSLEPPDSTHHGGFPASQTPNKTAAPDTHRTPSRSFGTVATEPKL
FGGFNTSDTVTSPQRAGALAGGVTTFVALYDYESWIETDLSFKKGERLQIVNNTEGNWWL
AHSLTTGOTGYIPSNYVAPSDSIQAEEWYFGKITRRESERLLLNPENPRGTFLVRESETT
KGRYCLSVSDEFDNAKGLNVKHYKIRKLDSGGFYITSRTQFSSLOQLVAYYSKHADGLCHR
LTNVCPTSKPOTOGLAKDAWEI PRESLRLEVKLGOGCFGEVWMGTRNGTTRVAIKTLKPG
TMSPEAFLQEAQVMKKLRHEKLVQLYAVVSEEPIYIVIEYMSKGSLLDFLKGEMGKYLRL
PQLVDMAAQIASGMAYVERMNYVHRDLRAANILVGENLVCKVADFGLARLIEDNEYTARQ
GAKFPIKWTAPERALYGRFTIKSDVWSFGILLTELTTKGRVEPYPGMGNGEVLDRVERGYR
MPCPPECPESLHDLMCQCWRRDPEERPTFEYLQAQLLPACVLEVAE

3. YESAV

Kinase-related transforming protein {yes) (EC 2.7.1.-) = Avian sarcoma
virus Y73
DKGPAMKYRTDNTPEPISSHVSRYGSDSSQATQSPAIKGSAVNEFNSHSMT PFGGPSGMTE
FGGASSSFSAVPSPYPSTLTGGGTVEFVALYDYEARTTDDLSFKKGERFQI INNTEGDUWWE
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ARSIATGKTGYIPSNYVAPADSIQAEEWYFGKMGRKDAERLLLNPGNQRGIFLVRESETT
KGAYSLSIRDWDEVRGDNVKHYKIRKLDNGGYYITTRAQFESLOQKLVKHYREHADGLCHK
LTTVCPTVKPQTQGLAKDAWEI PRESLRLEVKLGQGCFGEVWMGTWNGTTKVAIKTLKLG
TMMPEAFLOEAQIMKKLRHDKLVPLYAVVSEEPIYIVTEFMTKGSLLDFLKEGEGKFLKL
POLVDMAARQTADGMAYIERMNYITHRDLRAANI LVGDNLVCKIADFGLARLIEDNEYTARQ
GAKFPIKWTAPEAALYGRFTIKSDVWSFGILLTELVTKGRVPYPGMVNREVLEQVERGYR
MPCPQGCPESLHELMKLCWKKDPDERPTFEVIQqFLEDYFTAAEPSGY

4. ROSASRC

Kinase-related transforming protein {ros)} {EC 2.7.1.-) - Avian sarcoma

virus UR2
DTVTSPDITAIVAVIGAVVLGLTSLTIIILFGFVWNHQRWKSRKPASTGQRIVLVKEDKELA
QLRGMAETVGLANACYAVSTLPSQARIESLPAFPRDKLNLHKLLGSGAFGEVYEGTALDI
LADGSGESRVAVKTLKRGATDQEKSEFLKEAHLMSKFDHPHILKLLGVCLLNEPQYLILE
LMEGGDLLSYLRGARKQKFQSPLLTLTDLLDICLDICKGCVYLEKMRFIHRDLAARNCLY
SEKQYGSCSRVVKIGDFGLARDIYKNDYYRKRGEGLLPVRWMAPESLIDGVEFTNHSDVWA
FGVLVWETLTLGOQPYPGLSNIEVLHHVRSGGRLESPNNCPDDIRDLMTRCWAQDEPHNRP
TFFYIQHKLQEIRHSPLCFSYFLGDKESVAPLRIQTAFFQOPL

5. FPS

Kinase-related transforming protein (fps) (EC 2.7.1.-) -~ Fujinami

virus
ASGQLHRPOPQEHTSTSARAGTWRLTQASESRHRLPHCSARAPSHODHSAMGFGPELWCPK
GHTELLRLODSELRLLELMKKWMSQRAKSDREYAGMLHHMFSQLEKQEGLGHLRATDHSS
QIGESWWVLASQTETLSQTLRRHAEELAAGPLAKLSILIRDKQQLRKVFSEQWQOLSQEY
 AWTTQOEVEKLKAQYRSLVRDSTQAKRKYQEASKDKEREKAKEKYVRSLSKLYALHNQYV
LAVQAARALHHHHHYQRALPTLHESLYSLOQEMVLVLKEILGEYCSITSLVQEDVLATHQK
VAHAVEMIDPATEYSSFVQCHRYDSEVPPAVTFDESLLEEAENLEPGELQLNELTIESVQ
HSLTSIEEELLASRKAVSSKEQRVWELQVELRGEELALSPGERVALLGKRQGLREAQQOL
QGLVCAQAKLQAQRDMLANKLAELGSEEPPPALPLOEDRQSARSTDOERSGVTALKTIKN
HISGIFSPRFSLPPPVPLIPEVOKPLCOQOAWYHGAIPRSEVQELLKYSGDFLVRESQGKQ
EYVLSVLWDGQPRHFIIQAADNLYRLEDDGLPTIPLLIDHLLOSQRPITRKSGIVLTRAV
LKDKWVLNHEDVLLGERIGRGNFGEVFSGRLRADNTPVAVKSCRETLPPELKAKFLQEAR
ILKQCNHPNIVRLIGVCTQKQOPIYIVMELVOGGDFLSFLRSKGPRLKMKKLIKMMENARR
GMEYLESKHCIHRDLAARNCLVTEKNTLKISDFGMSRQEEDGVYASTGGMKQIPVKWTAP
EALNYGWYSSESDVWSFGILLWEAFSLGAVPYANLSNQQTREAIEQGVRLEPPEQCPEDV
YRLMOQRCWEYDPHRRPSFGAVHQDLIAIRKRHR

6. MILAVI

Kinase-related transforming protein (mht or mil} (EC 2.7.1.-)
retrovirus

PTMPVDSRITIEDAIRNHSESASPSASSGSPNNMS PTGWSQPKTPVPAQRERAPGTNTQEK
NKIRPRGQRDSSYYWEIEASEVLLSTRIGSGSFGTVYKGKWHGDVAVKILKVVDPTPEQF
OAFRNEVAVLRKTRHVNILLFMGYMTKDNLAIVTQWCEGSSLYKHLHVQETKFQMFQLID
IARQTAQGMDYLHAKNITHRDMKSNNIFLHGGLTVKIGDFGLATVKSRWSGSQQVEQPTG
SILWMAPEVIRMODSNPFSFOSDVYSYGIVLYELMTGELPYSHINMRDQIIFMVGRGYAS
PDLSKLYKNCPKAMKRLVADCLKKVREERPLFPQILSSIALLQHSLPKINRSASEPSLHR
ASHTEDINSCTLTSTRLPVE

7. ERBBAV

Kinase-related transforming protein (erbB} - Chicken and avian
erythroblastosis
MKCAHFIDGPHCVKACPAGVLGENDTLVWKYADANAVCQLCHPNCTRGCKGPGLEGCPNG
SKTPSIAAGVVGGLLCLVVVGLGIGLYLRRRHIVRKRTLRRLLOERELVEPLTPSGEAPN
QAHLRILKETEFKKVKVLGFGAFGTVYKGLWIPEGEKVTIPVAIKELREATSPKANKEIL
DEAYVMASVDNPHVCRLLGICLTSTVQLITQLMPYGCLLDYIREHRDNIGSQYLLNWCY(
IAKGMNYLEERHMVHRDLAARNVLVKTPOHVKITDFGLAKQLGADEKEYHAEGGKVPIKW
MALESILHRIYTHQSDVWSYGVTVWELMTFGSKPYDGIPASEISSVLEKGERLPQPPICT
IDVYMIMVKCWMSDADSRPKFRELIAEFSKMARDPPRYLVIQGDERMHLPSPTDSKFYRT
LMEEEDMECIVDADEYLVPHOGFEFNSPSTSRTPLLSSLSATSNNSATNCIDRNGGHPVRE
DGFLPAPEYVNQLMPKKPSTAMVONQIYNYISLTAISKLPIDSRYQNSHSTAVDNPEYLE
§. MOSMUR

Kinase-related transforming protein {mos) - Moloney murine sarcoma virus

MAHSTPCSQTSLAVPNHFSLVSHVTVPSEGVMPSPLSLCRYLPRELSPSVDSRSCSIPLY
APRKAGKLFLGTTPPRAPGLPRRLAWFSIDWEQVCLMHRLGSGGEFGSVYKATYHGVPVAIL
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KOVNKCTEDLRASQRSFWAELNIAGLRHDNIVRVVAASTRTPEDSNSLGTIIMEFGGNVT
LHOVIYDATRSPEPLSCRKOLSLGKCLKYSLDVVNGLLFLHSQSILHLDLKPANILISEQ
DVCKISDFGCSOKLQDLRGROASPPHIGGTY THOAPEILKGEIATPKADIYSFGITLWOM
TTREVPYSGEPQYVQYAVVAYNLRPSLAGAVFTASLTGKALONI IQSCWEARGLORPSAE
LLORDLKAFRGTLG

9. FES

Kinase-related transforming protein (fes) (EC 2.7.1.~) - Feline sarcoma

virus
ARRADGTMGFSSELCSPQGHGAEQQMQEAELRLLEGMRKWMAQRVKSDREYAGLLHHMSL
QDGGGRGTGPYSPISQSWAEITSQTEGLSRLLRQHAEDLNSGPLSKLGLLIRERQQLRKT
YSEQWOQLQQELTKTHNQDIEKLKSQYRALARDSAQARRKYQEASKDKDRDKAKLEQLGP
GEPPPVLLLQDDRHSTSSSEQEREGGRTPTLEILKSHISGIFRPKFSLPPPLOLVPEVQK
PLHEQLWYHGALPRAEVAELLTHSGDFLVRESQGKQEYVLSVLWDGOPREFIIQSADNLY
RPEGDGFASIPLLVDHLLRSQQPLTKKSGIVLNRAVPKDKWVLNHEDLVLGEQIGRGNEG
EVFSGRLRADNTLVAVKSCRETLPPDIKAKFLOEAKILKOYSHPNIVRLIGVCTQKOPIY
IVMELVQGGDFLTFLRTEGARLRMKT LLOMVGDARAAGMEY LESKCCIHRDLAARNCLVTE
KNVLKISDFGMSREAADGI YAASGGLRQVPVKWTAPEALNYGRYSSESDVWSEGILLWET
FSLGASPYPNLSNQQOTREFVEKGGRLPCPELCPDAVFRLMEQCWAYEPGQRPSFSATYQE
LOSIRKRHR

10. FPSAV

Kinase-related transforming protein {fps) (EC 2.7.1.-) - Avian

virus PRC
ASGQLHRPOPOEHTSTSAAAGTWRHTOQASESRHRLPHCSAAPSHODHSAMGEFGPELWCPK
GHSELLRLQDSELRLLELMKKWMSERAKSDREYAGMLHHMESQLGSEEPPPALPLQEDRQ
SVCSTDOERSGVTALETIKNHISGIFSPRESLPPEPVPLIPEVQKPLCQOAWYHRGAIPRSE
VOELLKCSGDFLVRESQGKQEYVLSVLWDGOPRHFIIQAADNLYRLEGDGFPTIPLLIDH
LLQSQQPITRKSGIVLTRAVLKDKWVLNHEDVLLGERIGRGNFGEVFSGRLRADNTPVAV
KSCRETLPPELKAKFLOQEARILKQYNHPNIVRLIGVCTQKQPIYIVMELVQGGDFLSFLR
SKGPHLKMKELIKMMENAAAGMEYLESKHCIHRDLARRNCLVTEKNTLKISDEFGMSRQEER
DGVYASTGGMKQIPVKWTAPEALNYGRYSSESDVWSFGILLWEAFSLGAVPYANLSNQQT
REAIEQGVRLEPPEQCPEDVYRLMORCWEYDPRRRPSFGAVHODLIAIRKRHR

11. FGR

Kinase-related transforming protein (fgr} (EC 2.7.1.-) - Feline sarcoma

virus (s
ARALCRPAVCRPRPLPPLPPTAMEEEVAALVIDNGSGMCKAGFAGDDAPRAVFPSIVGRPE
RHOGVMVGMGOKDSYVGDEAQSKRGILTLKYPIEHGIVTNWDDMEKIWHHT FYNELRVAP
EEHPVLLTEAPLNPKANREKMTQIMFETFNIPSNYVAPVDSIQAEEWYFGKIGRKDAERQ
LLSPGNARGAFLVRESETTKGAYSLSIRDWDEARGDHVKHYKIRKLDTGGY Y ITTRAQEN
SVOELVQHYVEVNDGLCHLLTAACTTMKPOTMGLAKDAWEISRSSITLQRRLGTGCFGDVY
WLGMWNGS TKVAVKTLKPGTMS PKASLEEAQIMKLLREDKLVQLYAVVPEEPIYIVTEFM
CHGSLLEFLKDQEGODLTLPOQLVDMARQVAEGMAYMERMDY IHRDLRAANI LVGERLVCK
IADFGLARLIEDNEYNPROQGAKEPIKWTAPEAALFGRETIKSDVWSFGILLTELISKGRY
PYPGMNNREVLEQVEHGYHMPCPPGCPASLYEAMEQTWRLDPEERPTEFEYLQSFLEDYFN
GPQON '

12. FMS

Kinase-related transforming protein {fms) (EC 2.7,1.-) - Feline sarcoma

virus (s

RMPSGPGHYGASAETPGPRPPLCPASSCCLPTEAMGPRALLVLLMATAWHAQGVEVIQPS
GPELVVEPGTTVTLRCVGNGSVEWDGPISPHWNLDLDPPSSILTTNNATFQNTGTYHCTE
PGNPRGGNATIHLYVKDPARPWKVLAQEVTVLEGODALLPCLLTDPALEAGVSLVRVRGR
PVLROTNYSFSPWHGFTIHKAKFIENHVYQCSARVDGRTVTSMGIWLKVQKDISGPATLT
LEPAELVRIQGEAARQIVCSASNIDVNFDVSLREGDTKLTISQQSDFHDNRYQKVLTLNLD
‘yvsFQDAGNYSCTATNAWGNHSASMVFRVVESAYSNLTSEQSLLQEVTVGEKVDLQVKVE
AYPGLESFNWTYLGPFSDYQDKLDEVTIKDTYRYTSTLSLPRLKRSESGRYSFLARNAGG
QNALTFELTLRYPPEVRVTMTLINGSDTLLCEASGYPOPSVTWVQCRSHTDRCDESAGLY
LEDSHSEVLSQVPFYEVIVHSLLAIGTLEERNRTYECRAFNSVGNSSOTFWPISIGAHTPL
PDELLFTPVLLTCMSIMALLLLLLLLLLYKYKQKPKYQVRWKIIESYEGNSYTFIDPTQL
PYNEKWEFPRNNLQFPGKTLGTGAFGKVVEATAFGLGKEDAVLKVAVKMLKSTAHADEKEA
LMSELKIMSHLGOHENIVNLLGACTHGGPVLVITEYCCYGDLLNFLRRQAEAMPGPSLSV
GQDPEAGAGYKNIHLEKKYVRRDSGFSSQGVDTYVEMRPVSTSSSNDSFSEEDLGKEDGR
PLELRDLLHEFSSQVAQGMAFLASKNCIHRDVAARNVLLTSGRVAKIGDFGLARDIMNDSN
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YIVKGNARLPVKWMAPESIFDCVYTVQSDVWSYGILLWEIFSLGLNPYPGILVNSKEFYKL
VKDGYQMAQPAFAPKNIYSIMOACWALEPTRRPTFQQICSLLOKQAQEDRRVPNYTNLPS
SSSSRLLRPWRGPPL

13. KIT

Kinase-related transforming protein (kit) - Feline sarcoma virus (strain

Hardy-2
EEINGNNYIDPTOLPYDHKWEFPRNRLSFGKTLGAGAFGKVVEATAYGLIKSDAAMTVAV
KMLKPSAHLTEREALMSELKVLSYLGNHMNIVNLLGACTVGGPTLVITEYCCYGDLLNFL
RRKRDSFICSKQEDHAEVALYKNLLQSKESSCNDSTNEYMDMKPGVSYVVPTKADKRRSA
RIGSYIERDVTPAIMEDGELALDLEDLLSFSYQVAKGMAFLASKNCIHRDLAARNILLTH
GRITKICDFGLARDIKNDSNYVVKGNARLPVKWMAFPESIFNCVYTFESDVWSYGIFLWEL
FSLGSSPYPGMPVDSKEYKMIKEGFRMLSPEHAPAEMYDIMKTCWDADPLKRPTFKQIVQ
LIEKQKNKNE

14. FOS

Transforming protein (fos) - FBJ murine osteosarcoma virus
MMEFSGFNADYEASSFRCSSASPAGDSLSEYYHSPADSEFSSMGSPVNTQDFCADLSVSSANE
IPTVTATSTSPDLOWLVQPTLVSSVAPSQTRAPHPYGLPTQSAGAYARAEMVKTVSGGRA
OSIGRRGKVEQLSPEEEEKRRIRRERNKMAAAKCRNRRRELTDTLQAET DQLEDKKSALQ
TEIANLLKEKEKLEFILAAHRPACKIPDDLGFPEEMSVASLDLTGGL.PEASTPESEEAFT
LPLLNDPEPKPSLEPVKSISNVELKAEPFODFLFPASSRPSGSETSRSVPNVDLSGSFEYA
ADWEPLHSNSLGMGPMVTELEPLCTPVVTCTPLLRLPELTHBEAGPVSSQORROGSRHPDVP
LPELVHYREEKHVFPQRFPST

15. MYBAY

Transforming protein (myb) - Avian myeloblastosis virus
MRRKVEQEGYPQESSKAGPPSATTGFOKSSHLMAFARNPPAGPLPGAGOAPLGSDYPYYH
IAEPONVPGQIPYPVALHINIINVPQPAARATIQRHYTDEDPEKEKRIKELELLLMSTENE
LEKGOQALPTONHTANY PGWRSTTVADNTRTSGDNAPVSCLGEHHHCT PSPPVDHGCLPEE
SASPARCMIVHQSNILDNVKNLLEFAETLOLIDSFLNTSSNHENLNLDNPALTSTPVCGH
KMSVTTPFHKDQTFTEY RKMHGGAY

16, MYCAV

Transforming protein (myc) - Avian myelocytomatosis virus MC29

ORAAAAMPLSASLPSKNYDYDYDSVQPYFYFEEEEENFYLARQORGSELQPPAPSEDIWK
KFELLPMPPLSPSRRSSLAAASCFPSTADQLEMVTELLGGDMVNQSFICDPDDESFVKSI
IIQDCMWSGFSARAKLEKVVSEKLATYQASROEGGPARASRPGPPPSGPPPPPAGPAASA
GLYLHDLGAARRDCIDPSVVFPYPLSERAPRAAPPGANPARLLGVDTPPTTSSDSEEEQE
EDEEIDVVTLAEANESESSTESSTEASEEHCKPHASPLVLKRCHVNIHQHNYAAPPSTKYV
EYPAAKRLKLDSGRVLKQISNNRKCSSPRTLDSEENDKRRTHNVLERQRRNELKLRFFAL
RPQIPEVANNEKAPKVVILKKATEYVLSLOSDEHKLIAEKEQLRRRREQLKHNLEQLRNS
RA

17. RASHM

Transforming protein (H-ras) - BALB murine sarcoma virus
MTEYKLVVVGAKGVGKSALTIOLIQNHEFVDEYDPTIEDSYRKQVVIDGETCLLDILDTAG
QEEYSAMRDQYMRTGEGFLCVFAINNTKSFEDIHQYREQIKRVKDSDDVPMVLVGNKCDL
AARTVESRQOAQDLARSYGIPYIKTSAKTROGVEDAFYTLVREIRQHKLRKLNPPDESGPG
CMSCKCVLS

18. RASKIM

Transforming protein 1 (K-ras} - Kirsten murine sarcoma virus

MTEYKLVVVGASGVGKSALTIQLIQNHFVDEYDPTIQDSYRKQOVVIDGETCLLDILDTTG
QEEYSAMRDOQYMRTGEGFLCVEAINNTKSFEDIHHYREQLKRVKDSEDVPMVLVGNKCDL
PSRTVDTKQAQELARSYGIPFIETSAKTRQRVEDAFYTLVREIRQYRLKKISKEEKTPGC
VKIKKCVIM

19. MYCPRO

Transforming protein (myc) -~ Feline leukemia provirus
AGREHLRLYRQLLLAGLRGAARRPTNLAQVKQVVQGIVENPQARAMPLNVSEFANRNYDLD
YPSVQPYFYCDEEENFYQQQOQQSELQPPAPSEDIWKKFELLPTPPLSPSRRSGLCSPSYV
AFASFSPRGDODGGGGSFSTADQLEMVTELLGGDMVNQSFICDPDDETFIKNI T IQDCMW
SGFSAARKLVSEKLASYQAARKDSGS PSPARGPGGCPTSSLYLQDLTAAASECIDPSVVE
PYPLNDSSSPKPCASPDSAAFSPSSDSLLSSAESSPRASPEPLALHEETPPTTSSDSEEE
QEEEEEIDVVSVEKRQPPAKRSESGSPSAGGHSKPPHSPLVLKRCHVPTHQHNYAAPPST
RKDYPAAKRAKLDSGRVLKQISNNREKCISPRESDTEENDKRRTHNVLERQRRNELKRSEF
ALRDQIPELENNEKAPKVVILKKATAYILSVQAGEQKLISEKDLLRKRREQLKHKLEQLR
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NSCA
20. RAFMSRC
Kinase-related transforming protein (raf) (EC 2.7.1.-) - Murine sarcoma
virus 36
EKNKIRPRGQRDSSYYWKMEASEVMLSTRIGSGSFGTVYKGKWHGDVAVKILKVVDPTPE
% QLOAFRNEVAVLRKTRHVNILLFMGYMTKDNLAIVTQWCEGSSLYKHLHVQETKFQMFQL
g IDIARQTAQGMDYLHAKNIIHRDMKSNNIFLHEGLTVKIGDFGLATVKSRWSGSQQVEQP
- TGSVLWMAPEVIRMQDDNPFSFQSDVYSYGIVLYELMAGELPYAHINNRDQIIFMVGRGY
E ASPDLSRLYKNCPKAIKRLVADCVKKVKEERPLFPQILSSIELLQHSLPKINRSAPEPSL
HRAAHTEDINACTLTTSPRLPVF
21. SIS
PDGF-related transforming protein (sis) ~ Simian sarcoma virus
MTLTWQGDPIPEELYKMLSGHSIRSFDDLOQRLLOGDSGKEDGAELDLNMTRSHSGGELES
g LARGKRSLGSLSVAEPAMIAECKTRTEVFEISRRLIDRTNANFLVWPPCVEVQORCSGCCN
5 NRNVOCRPTQVQLRPVQVRKIEIVRKKPIFKKATVTLEDHLACKCEIVARRRAVTRSPGT
; SQEQRAKTTQSRVTIRTVRVRRPPHKGKHRKCKHTHDKTALKETLGA
£ 22. ERBA
g Transforming protein {erbA) - Avian erythroblastosis virus
k. EDTRWLDGKHKRKSSQCLVKSSMSGYIPSCLDKDEQCVVCGDKATGYHYRCITCEGCKSF
o FRRTIQKNLHPTYSCTYDGCCVIDKITRNQCQLCRFKKCISVGEMAMDLVLDDSKRVAKRE
-} LIEENRERRRKEEMIKSLOHRPSPSAEEWELIHVVTEAHRSTNAQGSHWKORRKFLLEDI
GQSPMASMLDGDKVDLEAFSEFTKIITPAITRVVDFAKNLPMFSELPCEDQIILLKGCCM
3 EIMSLRAAVRYDPESETLTLSGEMAVKREQELKNGGLGVVSDATFDLGKSLSAFNLDDTEV
E ALLOAVLIMSSDRTGLICVDKIEKCQESYLLAFEHYINYRKHNIPHFWSKLLMKVADLRM
IGAYHASRFLHMKVECPTELPPRRCRALQILGSILPEV
23. REL
Transforming protein (rel) - Avian reticuloendotheliosis virus
MDFLTNLRFTEGISEPYIEIFEQPRORGTRFRYKCEGRSAGSIPGEHSTDNNKTFPSIQI
LNYFGKVKIRTTLVTKNEPYKPHPHDLVGKGCRDGYYEAEFGPERQVLSFONLGIQCVKK
KDLKESISLRISKKINPFNVPEEQLHNIDEYDLNVVRLCFQAFLPDEHGNYTLALPPLIS
NPIYDNRAPNTAELRICRVNKNCGSVKGGDEIFLLCDKVQKDDIEVRFVLGNWEAKGSES
QADVHRQVAIVEFRTPPFLGDITEPITVKMQOLRRPSDOAVSEPVDFRYLPDEEDPSGNKAK
RORSTLAWQKPIODCGSAVTERPKAAPI PTVNPEGKLKKEPNMFSPTLMLPGLGTLSSSQ
MYPACSOMPTQPAQLGPGKQDTLHSCWQQLYSPSPSASSLLSLHSHSSFTAEVPQPGAQG
SSSLPAYNPLNWPDEKNSSFYRNFGNTHGMGAALVSAAGMQSVSSSSIVQGTHQASATTA
SIMTMPRTPGEVPFLRQQVGYRS
24. NEU
NEUSRAT : NED ONCOGENE (P185) (EPIDWRMAL GROWTH FACTOR RECEPTOR-RELATED
1260 A
MIIMELAAWCRWGFLLALLPPGIAGTQVCTGTDMKLRLPASPETHLDMLRHLYQGCQVVQ
GNLELTYVPANASLSFLQDIQEVQGYMLTAHNQVKRVPLORLRIVRGTQLFEDKYALAVL
o DNRDPQDNVAASTPGRTPEGLRELQLRSLTEILKGGVLIRGNPQLCYQDMVLWKDVEFRKN
3 NQLAPVDIDTNRSRACPPCAPACKDNHCWGESPEDCOILTGTICTSGCARCKGRLPTDCC
HEQCAAGCTGPKHSDCLACLHFNHSGICELHCPALVTYNTDTFESMHNPEGRYTFGASCV
TTCPYNYLSTEVGSCTLVCPPNNQEVTAEDGTORCEKCSKPCARVCYGLGMEHLRGARATL
TSDNVQEFDGCKKIFGSLAFLPESFDGDPSSGIAPLRPEQLOVFETLEEITGYLY ISAWP
DSLRDLSVFQNLRIIRGRILHDGAYSLTLOGLGIHSLGLRSLRELGSGLALIHRNAHLCE
VHTVPWDQLFRNPRQALLHSGNRPEEDLCVSSGLVCNSLCAHGHCWGPGPTQCVNCSHEL
RGQECVEECRVWKGLPREYVSDKRCLPCHPECQPQNSSETCFGSEADQCAACAHYKDSSS
CVARCPSGVKPDLSYMPIWKYPDEEGICQPCPINCTHSCVDLDERGCPAEQRASPVTFII f
ATVEGVLLFLILVVVGILIKRRROKIRKYTMRRLLQETELVEPLTPSGAMPNQAQMAIL J
KETELRKVKVLGSGAFGTVYKGIWIPDGENVKIPVAIKVLRENTSPKANKEILDEAYVMA ]
GVGSPYVSRLLGICLTSTVQLVTQLMPYGCLLDHVREHRGRLGSQDLLNWCVQIAKGMSY
LEDVRLVHRDLAARNVLVKSPNHVKITDFGLARLLDIDETEYHADGGKVPIKWMALESIL
RRRFTHOSDVWSYGVTVWELMTFGAKPYDGIPAREIPDLLEKGERLPQPPICTIDVYMIM
VKCWMIDSECRPRFRELVSEFSRMARDPQRFVVIONEDLGPSSPMDSTEFYRSLLEDDDMG
DLVDBREEYLVPQOGFFSPDPTPGTGSTAHRRHRSSSTRSGGGELTLGLEPSEEGPPRSPL
APSEGAGSDVFDGDLAMGVTKGLOSLSPHDLSPLORYSEDPTLPLPPETDGYVAPLACSP
QPEYVNQSEVQPQPPLTPEGPLPPVRPAGATLERPKTLSPGKNGVVKDVFAFGGAVENPE
YLVPREGTASPPHPSPAFSPAFDNLY YWDONSSEQGPPPSNFEGTPTAENPEYLGLDVPV
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25. RASHAM
Transforming protein {H-ras) - Harvey murine sarcoma virus
MPABRARPANDEPMRDPVAPVRAPALPRPAPGAVAPASGGARAPGLAAPVEAMTEYKLVV
VGARGVGKSALTIQLIONHFVDEYDPTIEDSYRKQVVIDGETCLLDILDTTGOEEYSAMR
% DOYMRTGEGFLCVFAINNTKSFEDIHQYREQIKRVKDS DDVPMVLVGNKCDLAGRTVESR
QAQDLARSYGIPYIETSAKTROGVEDAFYTLVREIRQHKLRKLNPPDESGPGCMSCKCVL
g S ’

26, MYCHBI

Transforming protein (myc) - Avian myelocytomatosis virus HBI
QAARAMMPLSASLPSKNYDYDYDSVQPY FYFEEEEENFYLAAQORGSELQPPAPSEDIWK
KFELLPMPPLSPSRRSSLAAASCFPSTADQLEMVTELLGGDMVNOSFICDPDDESFVKSI
IIODCMWSGESAARKLEKVVSEKLATYOASRREGGPARASRPGPPPSGPPPPPAGPARSA
GLYLHDLGAAAADCIDPSVVFPYPLSERAPRAAPPGANPAALLGVDTPPTTSSDSEEEQE
EDEEIDVVTLAEANESESSTESSTEASEERCKPHHSPLYVLKRCOVNIHOENYARPPSTKV
EYPAAKRLKLDSGRVLKQISNNRKCSSPRTLDSEENDKRRTHNVLERQRRNELKLRFFAL
RDQIPEVANNEKAPKVGILKKATEYVLSIQSDEHRLIAEKEQLRRRREQLKHNLEQLKNS
RA

27. MOSHT

Kinase-related transforming protein (mes) (EC 2.7.1.-) - Moloney murine
sarcoma
MARSTPCSQTSLAVPTHFSLVSHVYTVPSEGVMPSPLSLCRYLPRELSPSVDSRSCSIPLV
APRKAGKLFLGTTPPRAPGLPRRLAWFSIDWEQVCLMHRLGSGGFGSVYKATYHGVPVAL
KQVNKCTKDLRASQRSFWAELNIARLRHDNIVRVVAASTRTPEDSNSLGTIIMEFGGNVT
LHQVIYGATRSPEPLSCREQLSLGKCLKYSLDVVNGLLFLHSQSILHLDLKPANILISEQ
DVCKISDFGCSQKLODLRCRQASPHHIGGTYTHOAPEI LKGEIATPKADIYSFGI TLWQM
TTREVPYSGEPQYVQYAVVAYNLRPSLAGAVFTASLTGKTLONI IQSCWEARALQRPGAE
LLORDLKAFRGALG

28. ERBBA

Kinase-related transforming protein (erbB} - Avian erythroblastosis virus
MKCAHFIDGPHCVKACPAGVLGENDTLVRKYADANAVCQLCHPNCTRGCKGPGLEGCPNG
SKTPSIAAGVVGGLLCLVVVGLGIGLYLRRRHIVRKRTLRRLLOERELVF PLTPSGEAPN
QAHLRILKETEFKKVKVLGSGAFGTIYKGLWIPEGEKVKIPVATIKELREATSPKANKEIL
DEAYVMASVDNPHVCRLLGICLTSTVQLITQLMPYGCLLDY IREHKDNIGSQYLLNWCVQ
IAKGMNYLEERRLVHRDLAARNVLVKTPOQHVKITODFGLAKLLGADEKEYHAEGGKVPIKW
MALESILHRIYTHQSDVWSYGVTVWELMT FGSKPYDGIPASEISSVLEKGERLPQPPICT
IDVYMIMVKCWMIDADSRPKFRELIAEFSKMARDPPRYLVIQGDERMHLPSPTDSKFYRT
LMEEEDMEDIVDADEYLVPHQGFENSPSTSRTPLLSSLSATSNNSATNCIDRNGQGHPVR
EDSFVQRYSSDPTGNFLEESIDDGFLPAPEYVNQLMPKKPSTAMVONQIYNFISLTAISK
LPMDSRYQNSHSTAVDNPEYLNTNQSPLAKTVFESSPYWIQSGNHQINLDNPDYQQDFLPE
TSCS

29. SRCROS

Kinase-related transforming protein (src) (EC 2.7.1.-} - Rous sarcoma
virus
MGSSKSKPKDPSORRHSLEPPDSTHHGGFPASQTPDETAAPDAHRNPSRSFGTVATEPKL
FRGENTSDTVTSPORAGALAGGVTTFVALYDYESHTETDLSFKKGERLQIVNNTEGDWWL
AHSLTTGQTGYIPSNYVAPSDSIQAEEWYFGKITRRESERLLLNPENPRGTEFLVRKSETA
KGAYCLSVSDEDNAKGPNVKHYKIYKLYSGGEFYITSRTQFGSLQQLVAYYSKHADGLCHR
LANVCPTSKPQTQGLAKDAWEI PRESLRLEAKLGQGCFGEVWMGTWNDTTRVAIKT LKPG
TMSPEAFLQEAQVMKKLRHEKLVOLYAVVSEEPIYIVIEYMSKGSLLDFLKGEMGKYLRL
PQLVDMAAQIASGMAYVERMNYVHRDLRAANILVGENLVCKVADFGLARLIEDNEYTARYQ
GAKFPIKWTAPEAALYGRFTIKSDVWSFGILLTELTTKGRVPYPGMVNREVLDQVERGYR
MPCPPECPESLHDLMCQCWRKDPEERPTFKYLQAQLLPACVLEVAE

30. FES2

Kinase-related transforming protein (fes) (EC 2.7.1.-} - Feline sarcoma
virus
HPREQVQLLAKKQVLOEALQALQVALCSOAKLOAQRELLOAKLEQLGPGEPPPVLLLQDD
RHSTSSSEQEREGGRTPTLEILKSHISGIFRPKFSLPPPLOLVPEVQKPLHEQLWYHGAL
PRAEVAELLTHSGDFLVRESQGKQEYVLSVLWDGOPRHFIIQSADNLYRPEGDGFASTPL
LVDHLLRSQQOPLTKKSGIVLNRAVPKDKWVLNHEDLVLGEQIGRGNFGEVFSGRLRADNT
LVAVKSCRETLPPDIKAKFLOEAKILKQYSHPNIVRLIGVCTQKQPIYIVMELVQGGDFEFL
TFLRTEGARLRMKTLLOQMVGDAAAGMEYLESKCCIHRDLAARNCLVTEKNVLKISDFGMS

s,
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REEADGVYAASGGLRLVPVKWTAPEALNYGRYSSESDVWSFGILLWETFSLGASPYPNLS
NOQTREFVEKGGRLPCPELCFDAVFRLMEQCWAYEPGQRPSFSAFYQELQSIRKRHR

PROTO-ONCOGENE (15 sequences)

1. RASKMOUS

Transforming protein (K-ras) - Mouse
MTEYKLVVVGAGGVGKSALTIQLIONHFVDEYDPTIEDSYRKOVVIDGETCLLDILDTAG
QEEYSAMRDOQYMRTGEGFLCVFAINNTKSFEDIHHYREQIKRVKDSEDVPMVLVGNKCDL
PSRTVDTKQAQELARSYGIPFIETSAKTRORVEDAFYTLVREIRQYRLKKISKEEKTRGC
VKIKKCVIMGVDDAFYTLVREIRKEKEKMSKDGKKKKKKSRTRCTVM

2. RASK2ZHUM

Transforming protein 2 (K-ras) - Human 3
MTEYKLVVVGAGGVGKSALTIQLIQNRFVDEYDPTIEDSYRKQVVIDGETCLLDILDTAG 4
QEEYSAMRDQYMRTGEGFLCVFAINNTKSFEDIHHYREQIKRVKDSEDVEMVLVGNKCDL :
PSRTVDTKQAQDLARSYGIPFIETSAKTROQGVDDAFYTLVRE IRKHKEKMSKDGKKKKKK
SKTKCVIM

3. RASKHUM

Transforming protein 1 (K-ras) - Human
MTEYKLVVVGAGGVGKSALTIQLIQNHFVDEYDPTIEDSYRKOVVIDGETCLLDILDTAG
QEEYSAMRDOYMRTGEGFLCVFAINNTKSFEDIHHYREQIKRVKDSEDVPMVLVGNKCDL
PSRTVDTKQAQDLARSYGIPFIETSAKTROQRVEDAFYTLVREIRQYRLKKISKEEKTPGC
VKIKKCIIM

4, SRCCH

Kinase-related transforming protein (src) (EC 2.7.1.-) -~ Chicken
MGSSKSKPKDPSQRRRSLEPPDSTHHGGFPASQTPNKTAAPDTHRTPSRSFGTVATEPKL
FGGFNTSDTVTSPORAGALAGGVTTEVALYDYESRTETDLSFKKGERLQIVNNTEGDWHL
AHSLTTGOTGYIPSNYVAPSDSIQAREWYFGKITRRESERLLLNPENPRGTFLVRESETT
KGAYCLSVSDFDNAKGLNVKHYKIRKLDSGGFYITSRTQFSSLOQLVAYYSKHADGLCHR
LTNVCPTSKPQTQGLAKDAWE 1 PRESLRLEVKLGOQGCFGEVWMGTWNGTTRVAIKTLKPG ;
NMSPEAFLOQEAQVMKKLRHEKLVQLYAVVSEEPIYIVTEYMSKGSLLDFLKGEMGKYLRL ?
POLVDMAAQIASGMAYVERMNYVHRDLRAANILVGENLVCKVADFGLARLIEDNEYTARQ !

4 GAKFPIKWTAPEAALYGRFTIKSDVWSFGILLTELTTKGRVPYPGMYNREVLDOVERGYR
-} MPCPPECPESLHDLMCOCWRRDPEERPTFEYLOAFLEDYFTSTEPQYQPGENL

“ 5. ERBBCH

Virus-induced, kinase-related transforming protein (gag-env-erbB)} -
Chicken
MEAVIKAFLTGYPGETSKKDSKKKPPATSKKDPEKTPLLPTRYVNYILIIGVLYLCEVTGG
PDHCMKCAHFILGPHCVKACPAGVLGENDT LVWKY ADANAVCQLCHPNCTRGCKGPGLEG

b i e

& CPNGSKTPSIAAGVVGGLLCLVVVGLGIGLYLRRRHIVRKRTLRRLLQERELVEPLTPSG
EAPNQAHLRILKETEFKKVKVLGSGAFGTVYKGLWIPEGEKVKIPVAIKELREATS PKAN
K KEILDEAYVMASVONPHVCRLLGICLTSTVQLITQLMPYGCLLDYIREHKDNIGSQYLLN :
_i WCVQIAKGMNYLEERRLVHRDLAARNVLVKTPQHVKITDFGLAKLLGADEKEYHAEGGKV :H
) PIKWMALESILHRIYTHQSDVWSYGVTVWELMTFGSKPYDGIPASEISSVLEKGERLPQP

E PICTIDVYMIMVKCWMIDADSRPKFRELIAEFSKMARDPPRYLVIQGDERMHLPSPTDSK :
FYRTLMEEEDMEDIVDADEYLVPHQGFFNSPSTSRTPLLSSLSATSNNSATNCIDRNGQG ;
HPVREDSFVQRYSSDPTGNFLEESIDDGFLPAPEYVNQLMPKKPSTAMVONQIYNNISLT
AISKLPMDSRYQNSHSTAVDNPEYLNTNQSPLAKTVFESSPYWIQSGNHQINLDNPDYQQ
_ DFLPNETKPNGLLKVPAAENPEYLRVAAPKSEYIEASA

5 6. MOSMS

Ty Kinase-related transforming protein (mos) - Mouse

Q? MWLVLRIKEEGKGTGIEGSNLPCSQTSLAVPTHFSLVSHVTVPSEGYVMPSPLSLCRYLPR :
ELSPSVDSRSCSIPLVAPRKAGKLFLGTTPPRAPGLPRRLAWFSIDWEQVCLMHRLGSGG :
PGSVYKATYHGVPVAIKQVNKCTKDLRASQRSFWAELNIARLRHDNIVRVVAASTRTPED '
SNSLGTIIMEFGGNVTLHQVIYGATRSPEPLSCREQLSLGKCLKYSLDVVNGLLFLHSQS
ILHLDLKPANILISEQDVCKISDFGCSOKLOQVLRCROASPHHIGGTYTHOQAPEILKGEIA
TPKADIYSFGITLWOMTTREVPYSGEPQYVQYAVVAYNLRPSLAGAVETASLTGKTLONI
- JSCWEARALQRPCAELLORDLKAFRGALG

T
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7. MOSHUM
Kinase-related transforming protein (mos) - Human
MPSPLALRPYLRSEFSPSVDARPCSSPSELPAKLLLGATLPRAPRLPRRLAWCSIDWEQV
CLLORLGAGGFGSVYKATYRGVPVAIKQVNKCTKNRLASRRSFWAELNVARLRHDNIVRV
VAASTRTPAGSNSLGTIIMEFGGNVTLHOVIYGAAGHPEGDAGEPHCRTGGQLSLGKCLK
YSLDVVNGLLFLHSQSIVHLDLKPANILISEQDVCKISDFGCSEKLEDLLCFQTPSYPLG
GTYTHRAPELLKGEGVTPKADIYSFAITLWQMTTKQAPYSGERQHILYAVVAYDLRPSLS
AAVFEDSLPGORLGDVIQRCWRPSAAQRPSARLLLVDLTSLKAELG

8. FMSHUM

Kinase-related transforming protein precursor (fms) (EC 2.7.1.-)-Human

MGPGVLLLLLVATAWRGQGIPVIEPSVPELVVKPGATVTLRCVGNGSVEWDGPASPHWTL
YSDGSSSILSTNNATFONTGTYRCTEPGDPLGGSAAIHLYVKDPARPWNVLAQEVYVEED
QDALLPCLLTDPVLEAGVSLVRVRGRPLMRHTNYSFSPWHGFTIHRAKFIQSQDYQCSAL
MGGRKVMSISIRLKVOKVIPGPPALTLVPAELVRIRGEAAQIVCSASSVDVNFDVFLOHRN
NTKLAI POQSDFHNNRYQKVLTLNLDQVDFQHAGNYSCVASNVOGKHSTSMFFRVVESAY
LNLSSEQNLIQEVTVGEGLNLKVMVEAY PGLOGFNWTYLGPFSDHQPEPKLANATTKDTY
RATFTLSLPRLKPSEAGRYSFLARNPGGWRALTFELTLRYPPEVSVIWTFINGSGTLLCA
BSGYPQPNVTWLOCSGHT DRCDEAQVLOVWDDPYPEVLSQEPFHKVTVQSLLTVETLEHN
QTYECRAHNSVGSGSWAFIPISAGAHTHPPDEFLFTPVVVACMSIMALLLLLLLLLLYKY
KOKPKYQVRWKIIESYEGNSYTFIDPTQLPYNEKWEFPRNNLQFGKTLGAGAFGKVVEAT
AFGLGKEDAVLKVAVKMLKSTAHADEKEALMSELKIMSHLGQHENIVNLLGACTRGGPVL
VITEYCCYGPLLNFLRRKAEAMLGPSLSPGQDPEGGVDYKNIHLEKKYVRRDSGFSSQGV
DTYVEMRPVSTSSNDSFSEQDLDKEDGRPLELRDLLHFSSOQVAQGMBRFLASKNCIHRDVA
ARNVLLTNGHVAKIGDFGLARDIMNDSNYIVKGNARLPVKWMAPESIFDCVYTVQSDVWS
YGILLWEIFSLGLNPYPGILVNSKFYKLVKDGYOMAQPAFAPKN L YSIMOACWALEPTHR
PTFQQICSFLOEQAQEDRRERDYTNLPSSSRSGGSGSSSSELEEESSSEHLTCCEQGDIA
QPLLOPNNYQEFC

9. FOSHUM

Transforming protein (fos)-Human
MMEFSGFNADYEASSSRCSSASPAGDSLSYYHSPADSFSSMGSPVNAQDECTDLAVSSANE
IPTVTAISTSPOLOQWLVQPALVSSVAPSQTRAPHPFGVPAPSAGAY SRAGVVKTMTGGRA
QSIGRRGKVEQLSPEEEEKRRIRRERNKMAAAKCRNRRRELTDTLQAETDOLEDEKSALQ
TEIANLLKEKEKLEFILAAHRPACKIPDDLGFPEEMSVASLDLTGGLPEVATPESEEAFT
LPLLNDPEPKPSVEPVKSISSMELKTEPFDDFLFPASSRPSGSETARSVPDMDLSGSFYA
ADWEPLHSGSLGMGPMATELEPLCTPVVTCTPSCTAYTSSFVFTYPEADSFPSCAARHRK
GSSSNEPSSDSLSSPTLLAL

10, MYCBUR

Transforming protein (myc), Burkitt lymphoma - Human
MPLNVTITNKNYDLDYDSVQPYFYCDEEENFYQQQQQSDLQPPAPSEDIWKKFELLLPNP
PLSPSRRSGLCSPSYVAVTPFSLRGDNDDGGGNFSTADQLEMVTELLGGDMVNQNFICDP
GDETFIKNIIIQDCMWSGFSAARKLVSEKVASYQAARKDSGSPNPARGHSVSSTSSLYLQ
DLSAAASECIDPSVVFPYPLNDSRSPKSCASQDSSAFSPSSDSLLSSTESAPQGSPEPLV
FHEETSPTTSSDSEEEQEDEEEIDVVSVEKRQAPGKRSESGSPSAGGHSKPPHSPLVLKR
CHVSTHQHNYAAPPSTRKDYPAAKRVKLDSVRVLRQISNNRKCTSPRSSDTEENVKRRTH
NVLERQRRNELKRSFFALRDQIPELENNEKAPKVVILKKATAYILSVQAEEQKLISEEDL
LRKRREQLKHKLEQLRNSCA

11. MYCCH

Transforming protein {(myc) - Chicken
MPLSASLPSKNYDYDYDSVQPYFYFEEEEENFYLARQQRGSELQPPAPSEDIWKKFELLP
TPPLSPSRRSSLAAASCFPSTADQLEMVTELLGGDMVNQSFICDPDDESFVKSIIIQDCM
WSGFSAAARKLEKVVSEKLATYQASRREGGPAARASRPGPPPSGPPPPPAGPAASAGLYLHD
LGRAAAADCIDPSVVFPYPLSERAPRARPPGANPAALLGVDTPPTTSSDSEEEQEEDEEID
VVTLAEANESESSTESSTEASEEHCKPHHSPLVLKRCHVNIHOHNYAAPPSTKVEY PAAK
RLKLDSGRVLKQISNNRKCSSPRTSDSEENDKRRTHNVLERQRRNELKLSEFALRDQIPE
VANNEKAPKVVILKKATEYVLSIQSDEHRLIAEKEQLRRRREQLKHKLEQLRNSRA

12, INT1HU

Transforming protein {(int-1l) - Human
MGLWALLPGWVSATLLLALAALPAALAANSSGRWWGIVNVASSTNLLTDSKSLQLVLEPS
LOLLSRKQRRLIRQNPGILHSVSGGLQSAVRECKWOFRNRRWNCPTAPGPHLEFGKIVNRG
CRETAFIFAITSAGVTHSVARSCSEGSIESCTCDYRRRGPGGPDWHWGGCSDNIDFGRLE
GREFVDSGEKGRDLRFLMNLENNEAGRTTVF SEMRQECKCHGMSGSCTVRTCWMRLPTLR
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AVGDVLRDRFDGASRVLYGNRGSNRASRAELLRLEPEDPAHKPPSPHDLVY FEKSPNFCT
YSGRLGTAGTAGRACNS3S PALDGCELLCCGRGHRTRTQRVTERCNCTEFHWCCHVSCRNC
THTRVLHECL

13. INTIMS

Transforming protein (int-1) - Mouse mammary tumor virus
MGLWALLPSWVSTTLLLALTALPAALAANS SGRWWGIVNIASSTNLLTDSKSLQLVLEPS
LOLLSRKQRRLIRQNPGILHSVSGGLQSAVRECKWQFRNRRWNCPTAPGPHLFGKIVNRG
CRETAFIFAITSAGVTHSVARSCSEGSIESCTCDYRRRGPGGPDWHWGGCSDNIDFGRLF
GREFVDSGEKGRDLRFLMNLHNNEAGRT TVFSEMRQECKCHGMSGSCTVRTCWMRLPTLR
AVGDVLRDREDGASRVLYGNRGSNRASRAELLRLEPEDPAHKPPSPHDLVYFEKSPNFCT
YSGRLGTAGTAGRACNSSSPALDGCELLCCGRGHRTRTQRVTERCNCTFHWCCHVSCRNC
THTRVLHECL

14. RASHIH

Transforming protein p2l1 (H-ras-1) - Human
MTEYKLVVVGAGGVGKSALTIQLIQNHFVDEYDPTIEDSYRKQVVIDGETCLLDILDTAG
QEEYSAMRDQYMRTGEGFLCVFAINNTKSFEDIHQYREQIKRVKDSDDVPMVLVGNKCDL
AARTVESRQAQDLARSYGIPYIETSAKTROGVEDAFYTLVREIRQHKLRKLNPPDESGPG
CMSCKCVLS

1S. HRAS

Harvey murine sarcoma virus oncogene
MTGYKLVVVGAGGVGKSAVTIQLIONHFVDEYDPTIEDSYRKQVVIDGET
SLLDILDTTGQTTYSAMRDOYMRTGEGFLCVFAINNTKSFEDIHQYREQI
KRVYDSDDVPMVLVGNKCDVAGRTVESRQADDLARSYGIPYIETSAKTRQ
GVEDAFYTLVREIRQH

ONCOGENE
(45 sequences including viral and non-viral oncogenes)

Description of all following sequences is listed above
ABLMUR
SRCRAV
YESAV
ROSASRC
FPS
MILAVI
ERBBAYV
MOSMUR
. FES

10. FPSAV
11. FGR

12. FMS

13, KIT

14. FOS

15. MYBAV
16. MYCAV
17. RASHM
18. RASKIM
19. MYCPRO
20. RAFMSRC
21, SIS

22. ERBA
23. REL

24, NEU

25. RASHAM
26. MYCHBI
27. MOSHT
28. ERBBA
29. SRCROS
30. FES2

el R o
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31, RASKMOUS
32. RASK2HUM
33. RASKHUM
34. SRCCH

35. ERBBCH
36. MOSMS

37. MOSHUM
38. FMSHUM
39, FOSHUM
40. MYCBUR
41. MYCCH

42, INT1HU

43. INTIMS

44, RASHIH
45. HRAS

P53 (13 sequences)

1. P53CDVIR

Z1209275A : antigen p53 pCD tumor
MTAMEESQSDISLELPLSQETFSGLWKLLPPEDILPSPHCMDDLLLPQDVEEFFEGPSEA
LRVSGAPAAQDPVTETPGPVAPAPATPWPLSSFVPSQKTYQGNYGFHLGFLQSGTAKSVM
CTYSPPLNKLFCOLAKTCPVOLWVSATPPAGSRVRAMAI YKKSQHMTEVVRRCPHHERCS
DGDGLAPPQRLIRVEGNLYPEYLEDRQTFRHSVVVPYEPPEAGSEYTTIHYKYMCNSSCM
GGMNRRPILTIITLEDSSGNLLGRDSFEVRVCACPGRDRRTEEENFRKKEVLCPELPPGS
AKRALPTCTSASPPOKKKPLDGEY FTLKIRGRKRFEMFREULNEALELKDAHATEESGDSR
AHSSYLKTKKGQSTSRHKKTMVKKVGPDSD

2. P53CH

Z21503247A : pS3 nuclear oncoprotein
MAEEMEPLLEPTEVFMDLWSMLPYSMQQLPLPEDHSNWQELSPLEPSDPFPPPPPPPLPL
AAAAPPPLNPPTPPRAAPSPVVPSTEDYGGDFDFRVGFVEAGTAKSVTICTYSPVLNKVYC
RLAKPCPVQVRVGVAPPPGSSLRAVAVYKKSEHVAEVVRRCPHHERCGGGTDGLAPAQHL
IRVEGNPQARYHDDETTKRHSVVVPYEPPEVGSDCTTVLYNFMCNSSCMGGMNRRPILTI
LTLEGPGGQLLGRRCFEVRVCACPGRDRKIEEENFRKRGGAGGVAKRAMSPPTEAPEPPK
KRVLNPDNEIFYLQVRGRRRYEMLKEINEALQLAEGGSAPRPSKGRRVKVEGPQPSCGKK
LLOKGSD

3. PS3IDEOHU

Z1103198A : protein pS53
KTYQGSYGFRLGFLHSGTAKSVTCTYSPALNKMFCQLAKTCPVQLWVDSTPPPGTRVRAM
AIYKQSQHMTEVVRRCPHHERCSDSDGLAPPQHLI RVEGNLRVEYLDDRNT FRHSVVVPY
EPPEVGSDCTTIHYNYMCNSSCMGGMNRRPILTIITLEDSSGNLLGRNSFEVRVCACPGR
DRRTEEENLRKKGEPHHELPPGSTKRALENNTSSS PQPKKKPLDGEYFTLQIRGRERFEM
FRELNEALELKDAQAGKEPGGSRAHSSHLKSKKGQSTSRHKKLMFKTEGPDSD

4. PS3HIHUM

21212347A : antigen p53-H-1, tumor
MEEPQSDPSVEPPLSQOETFSDLWKLLPENNVLSPLPSOAMDDLMLSPDDIEQWFTEDPGP
DEAPRMPEARPRVAPAPATPT PAAPAPAPSWPLSSSVPSOKTYRGSYGFRLGFLHSGTAK
SVTCTYSPALNKMFCQLAKTCRPVOLWVDSTPPPGTRVRAMAI YKQSOHMTEVVRRCPHHE
RCSDSDGLAPPQHLIRVEGNLRVEYLDDRNTFRHSVVVEPYEPPEVGSDCTTIHYMNYMCNS
SCMGGMNRRPILTIITLEDSSGNLLGRNSFEVRVCACPGRDRRTEEENLRKKGEPHHELP
PGSTKRALPNNTSSSPQPKKKPLDGEYFTLOQIRGRERFEMFRELNEALELKDAQAGKEPG
GSRAHSSHLKSKKGQSTSRHKKLMFKTEGPDSD

5. P53JHUM

CT53$HUMAN: CELLULAR TUMOR ANTIGEN P53 (PHOSPHOPROTEIN P53).
MEEPQSDPSVEPPLSQETFSDLWKLLPENNVLSPLPSQAMDDLMLSPDDIEQWFTEDPGP
DEAPRMPEAAPPVAPAPAAPTPAAPAPAPSWPLSSSVPSQKTYQGSYGFRLGFLBSGTAK
SVTCTYSPALNKMFCQLAKTCPVOLWYVDSTPPPGTRVRAMAI YKQSQHMTEVVRRCPHHE
RCSDSDGLAPPOHLIRVEGNLRVEYLDDRNTFRASVVVPYEPPEVGSDCTT IHYNYMCNS
SCMGGMNRRPILTIITLEDSSGNLLGRNSFEVHVCACPGRORRTEEENLRKKGEPHHELP
PGSTKRALPNNTSSSPQPKKKPLDGEYFTLQIRGRERFEMFRELNEALELKDAQAGKEPG

393 AA.
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GSRAHSSHLKSKKGQSTSRHKKLMEKTEGPDSD
6. PS3SHUMA43

Z1201270A : antigen p53, tumor
MEEPQSDPSVEPPLSQETFSDLWKLLPENNVLSPLPSQAMDDLMLS PDDIEQWSTEDPGP
DEAPRMPEAAPPVAPRPAAPT PARPAPAPSWPLSSSVPSOKTYQOGSYGFRLGFLHESGTAK
SVTCTYSPALNKMFCQLAKTCPVQLWVDSTPPPGTRVRAMAI YKQSQHMTEVVRRCPHHE
RCSDSDGLAPPQHLIRVEGNLRVEYLDDRNTFRHSVVVPYEPPEVGSDCTTIHYNYMCNS
SCMGGMNRRPILTIITLEDSSGNLLGRNSFEVHVCACPGRDRRTEEENLRKKGEPHHELF
PGSTKRALPNNTSSSPOPKKKPLDGEYFTLQIRGRERFEMFRELNEALELKDAQAGKEPG
GSRAHSSHLKSKKGQSTSRHKKLMFKTEGPDSD

7. PS3MSVIR

21209275B : antigen p53 M8 tumor
MTAMEESQSDISLELPLSQETFSGLWKLLPPEDILPSPHCMDDLLLPQDVEEFFEGPSEA
LRVSGAPAAQDPVTETPGPVAPAPATPWPLSSEVPSQKTYQGNYGFHLGFLQSGTAKSVM
CTYSPPLNKLFFQLAKTCPVQLWVSATPPAGSRVRAMAIYKKSQHMTEVVRRCPHHERCS
DGDGLAPPOHLIRVEGNLYPEYLEDRQTFRHSVVVPYEPPEAGSEYTTIHYKYMCNSSCM
GGMNRRPILTIITLEDSSGNLLGRDSFEVRVCACPGRDRRTEEENFRKKEVLCPELPPGS
AKRALPTCTSASPPQKKKPLDGEY FTLKIRGRKRFEMFRELNEALELKDAHATEESGDSR
AHSSLOPRAFQALIKEESPNC

8. PS3MOUSE

CT535MOUSE: CELLULAR TUMOR ANTIGEN P53. 390 AA.
MTAMEESQSDISLELPLSQETFSGLWKLLPPEDILPSPHCMODLLLPODVEEFFEGESEA
LRVSGAPARAQDPVTETPGPVAPAPATPWPLSSEFVPSQKTYQGNYGFHLGFLQSGTAKSVM
CTYSPPLNKLFCQLVKTCPVQLWVSATPPAGSRVRAMATIYKKSQHMTEVVRRCPHHERCS
DGDGLAPPQHLIRVEGNLYPEYLEDRQTFRHSVVVPYEPPEAGSEYTTIHYKYMCNSSCM
GGMNRRPILTIITLEDSSGNLLGRDSFEVRVCACPGRDRRTEEENFRKKEVLCPELPPGS

AKRALPTCTSASPPQKKKPLDGEYFTLKIRGRKRFEMFRELNEALELKDAHATEESGDSR -

AHSSYLKTKKGOSTSRHKKTMVKKVGPDSD

9, PS3MSLIV

Z21011200A : antigen p53,cellular tumor
MTAMEESQSDISLELPLSQETFSGLWKLLPPEDILPSPHCMDDLLLPQDVEEFFEGESEA
LRVSGAPARQDPVTETPGPVAPAPATPWPLSSFVPSQOKTYQGNYGFHLGFLOSGTAKSVM
CTYSPPLNKLFCQLVKTCPVQLWVSATPPAGSRVRAMAI YKKSQHMTEVVRRCPHHERCS
RDGDGLAPPQHLIRVEGNLYPEYLEDRQTEFRHSVVVPYEPPEAGSEYTTIHYKYMCNSSCM
GGMNRRPILTIITLEDSSGNLLGRDSFEVRVCACPGRDRRTEEENFRKKEVLCPELPPGS
AKRALPTCTSASPPQKKKPLDGEYFTLKIRGRKRFEMFRELNEALELKDAHATEESGDSR
AHSSYLKTKKGQSTSRHKKTMVKKVGPDSD

10. PSIMUR

Z21001197A : antigen p53,tumor
MTAMEESQSDISLELPLSQETFSGLWKLLPPEDILPSPHCMDDLLLPQDVEEFFEGPSER
LRVSGAPAAQDPVTETPGPVAPAPAT PHWPLSSFVPSQKTYQGNYGFHLGFLOSGTAKSVM
CTYSPPLNKLFCOQLAKTCPVQLWVSATPPAGSRVRAMAIRKKSQHMTGVVRRCPHHERCS
DGDGLAPPQRLIRVEGNLYPEYLEDRQTFRHSYVVPYEPPEAGSEY PTTIHYKYICNSSCM
GGMNRRPILTIITLEDSSGNLLGRDSFEVRVCACPGRDRRTEEENFRKKEVLCPELPPGS
AKRALPTCTSASPPQKKKPLDGEYFTLKIRGRKRFEMFRELNEALELKDAHATEESGDSR
AHSSYLKTKKGOSTSRHKKTMVKKVGPEDSD

11. PSBMURCA

21008277A : protein pb53
MTAMEESQSDISLELPLSQETFSGLWKLLPPEDILPSPHCMDDLLLPQDVEEFFEGPSEA
LRVSGAPAAQDPVTETPGPVAPAPAT PWPLSSFVPSQKTYQGNYGFHLGFLOSGTAKSVM
CTYSPPLNKLFCQLAKTCPVOLWVSATPPAGSRVRAMAI YKKSQHMTEVVRRCPHHERCS
DGDGLAPPOQHLIRVEGNLYPEYLEDRQTFRHSVVVPYEPPEAGSEYTTIHYKYMCNSSCM
GGMNRRPILTIITLEDSSGNLLGRDSFEVRVCACPGRDRRTEEENFRKKEVLCPELPPGS
AKRALPTCTSASPPQKKKPLDGEYFTLKIRGRKRFEMFRELNEALELKDARATEESGDSR
AHSSYLKTKKGOSTSRHKKTMVKKVGPDSD

12. PS3RAT

215032483 : p53 nuclear oncoprotein
MEDSQSDMSIELPLSQETFSCLWKLLPPDDILPTTATGSPNSMEDLFLPODVAELLEGPE
EALOQVSAPARQEPGTEAPAPVAPASATPWPLSSSVPSOKTYOGNYGFHLGFLQSGTAKSY
MCTYSISLNKLEFCOLAKTCPVOLWVTSTPPPGTRVRAMAIYKKSQHMTEVVRRCPHHERC
SDGDGLAPPQHLIRVEGNPYAEYLDDRQTFRHSVVVPYEPPEVGSDYTTIHYKYMCNSSC
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MGGMNRRPILTIITLEDSSGNLLGRDSFEVRVCACPGRDRRTEEENFRKKEEHCPELPPG
SAKRALPTSTSSSPOOKKKPLDGEYFTLKIRGRERFEMFRELNEALELKDARAAEESGDS
RAHSSYPKTKKGQSTSRHKKPMIKKVGPDSD

13. P53XL

Z1404409A : p53 related gene
MEPSSETGMLPPLSQETFELLWSLLPDPLOTVTCRLDNLSEFPDYPLAADMTVLQEGLMG
NAVPTVTSCAVPSTDDYAGKYGLQLDFOONGTAKSVTCTYSPELNKLFCOLAKTCPLLVR
VESPPPRGSILRATAVYKKSERVAEVVKRCPHHERSVEPGEDAAPPSELMRVEGNLQAYY
MEDVNSGRHSVCVPYEGPQVGTECTTVLYNYMCNSSCMGGMNRRPILTIITLETPQGLLL
GRRCFEVRVCACPGRDRRTEEDNYTKKRGLKPSGKRELAHPPSSEPPLPKKRLVVVDDDE
EIFTLRIKGRSRYEMIKKLNDALELQESLDQQKVTIKCRKCRDEIKPKKGKKLLVKDEQP
DSE

CYSTEINE PROTEASES (23 sequences)

1. ACTNCHNI

Actinidin (EC 3,4.22.14} - Yangtao
LPSYVDWRSAGAVVDIKSQGECGGCWAFSRIATVEGINKITSGSLISLSEQELIDCGRTQ
NTRGCDGGYITDGFQFIINDGGINTZENYPYTAQDGDCDVALQDOKYVTIDTYENVPYNN
EWALQTAVTYQPVSVALDAAGDAFKQYASGIFTGPCGTAVDHAIVIVGYGTEGGVDYWIV
KNSWDTTWGEEGYMRILRNVGGAGTCGIATMPSYPVKYNN

2. ACTNKIW2

Actinidin -kiwi actinSpas
LPSYVDWRSAGAVVDIKSQGECGGCWAFSAIATVEGINKITSGSLISLSEQELIDCGRTQ
NTRGCDGGYITDGFQFIINDGGINTEENYPYTAQDGDCDVALQDQKYVTIDTYENVPYNN
EWALQTAVTYQPVSVALDAAGDAFKQYASGIFTGPCGTAVDHAIVIVGYGTEGGVDYWIV
KNSWDTTWGEEGYMRILRNVGGAGTCGIATMPSYPVKY

3. CATHCOW?2

214092992 : cathepsin B
LPESFDAREQWPNCPTIKEIRDQGSCGSCWAFGAVEAISDRICIHSNGRVNVEVSAEDML
TCCGGECGDGCNGGEPSGAWNFWTKKGLVSGGLYNSHVGCRPYST PPCEHHVNGSRPPCT
GEGDTPKCNKTCEPGYSPSYKEDKHFGCSSYSVANNEKEIMAELYKNGPVEGAFSVYSDFE
LLYKSGVYQHVSGEIMGGHAIRILGWGVENGT PYWLVANSWNTDWGDNGFFKILRGQDHC
GIESEIVAGMPCT

4, CATHHEN1

213112642 : cathepsin L H
APRSVDWREKGYVTPVKDQGQCGSCWAFSTTGALEGOHFRKTGKLVSLSEQNLVDCSRPE
GNQGCNGGLMDQAFQYVQDNGGIDSEESYPY TAKDDEDCRYKAEYNAANDTGFVDI PQGR
ERALMKAVASVGPVSVAIDAGHSSEFQFYQSGIYYEPDCSSEDLDHGVLVVGYGFEG

5. CATHHEN3

2131224647 : cathepsin L
APRSVDWREKGYVTPVKDQGICGSCWAFNTTGALEGQH FFKTGKLYSLSEQNLVDCSRPE
GNQGCNGGLMDQAFQYVODNGGIDSEESYPYTAKDDCRYKAEYNAAKDTGFVDIPQGHER
ALMKAVASVGPVSVAIDAGHSSFQFYQSGIYYEPDCSSEDLBDHGVLYVGYGFEGKKYWIV
KNSWGEKWGDKGYQYMAKDRKNHCGIATRASYPLYV

6. CATHHM13

Cathepsin B (EC 3.4.22.1}) - Human
LPASFDAREQWPOCPTIKEIRDQGSCGSCWAFGAVEAISDRICIHTNVSVEVSAEDLLTC
CGSMCGDGCNGGY PAEAWNFWTRKGLVSGGLYESHVGCRPYSIPPCEHHVNGSRPPCTGE
GDTPKCSKICEPGYSPTYKQODKHYGYDSYSVSNSEKDIMAEI YKNGPVEGAFSVYSDFLL
YKSGVYQHVTGEMMGGHAIRILGWGVENGTPYWLVANSWNT DWGDNGFFKILRGODHCGI
ESEVVAGIPRTD

7. CATHHM 14

CATHS$SHUMAN: CATHEPSIN H PRECURSOR (EC 3.4.22.16}. 335 AA.
YPPSVDWRKKGNFVSPVKNQGACGSCWTEFSTTGALESAIATATGKMLSLAEQQLVDCAQD
FNNYGCQOGGLPSQAFEY ILYNKGIMGEDTYPYQGKDGYCKFQPGKAIGEVKDVANITIYD
EEAMVEAVALYNPVSFAFEVTQDFMMYRTGIYSSTSCHKTPDKVNHAVLAVGYGEKNGIP
YWIVKNSWGPQWGMNGY FLIERGKNMCGLAACASYPIPLV
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8. CATHHM2

21205366R : cathepsin B
VEVSAEDLLTCCGSMCGDGCNGGY PAEAWNFWTRKGLVSGGLYESHVGCRPYSIFPPCEHH
VNGSRPPCTGEGDTPKCSKICEPGYSPTYKQDKHYGYNSYSVSNSEKDIMAEIYKNGPVE
GAFSVYSDFLLYKSGVYQHVTGEMMGGHAI RILGWGVENGTPYWLVANSWNT DWGDNGEE
KILRGQDHCGIESEVVAGIPRTDQYWEKI

9, CATHHM4

Z1306235A : cathepsin G :
IGGRESRPHSRPYMAYLQIQSPAGQSRCGGFLVREDFVLTAARHCWGSNINVTLGAHNIQR
RENTQOHITARRAIRHEQYNQRTIQNDIMLLOLARRVRRNRNVNPVALPRAQEGLRPGTL
CTVAGWGRVSMRRGTDTLREVQLRVQRDRQCLRIFGSYDPRRQICVGDRRERKAAFKGDS
GGPLLCNNVAHGIVSYGKSSGVPPEVFTRVSSFLPWIRTTMRSFKLLDOMETPL

10. CATHHMS

21307261A : cathepsin D
GPIPEVLKNYMDAQYYGEIGIGTPPQCFTVVFDTGSSNLWVPSIHCKLLDIACWIHHKYN
SDKSSTYVKNGTSFDIHYGSGSLSGYLSQODTVSVPCQSASSASALGGVKVERQVEGEATK
QPGITFIAAKFDGILGMAYPRISVNNVLPVEDNLMOOKLVDONIFSFYLSRDPDAQPGGE
LMLGGTDSKYYKGSLSYLNVTRKAYWOVHLDOVEVASGLTLCKEGCEAI VDTG TSLMVGE
VDEVRELQKAIGAVPLIQGEYMIPCEKVSTLPAITLKLGGKGYKLSPEDYTLKVSQAGKT
LCLSGFMGMDIPPPSGPLWILGDVFIGRYYTVFDRDNNRVGFAEAARL

11. CATHHM6é

21404279A : Cathepsin H
CPYPPSVDWRKKGNFVSPVKNQGACGSCWTFSTTGALESATIAIATGKMLSLAEQQLVDCA
ODFNNHGCOGGLPSQAFEY ILYNKGIMGEDTY PYQGKDGYCKFOPGKAIGFVKDVANITI
YDEEAMVEAVALYNPVSFAFEVTQDFMMYRTGIYSSTSCHKT PDKVNHAVLAVGYGEKNG
IPYWIVKNSWGPEWGMNGYFLIERGKNMCGLAACASYPIP

12. CATHHM?

21404279B : cathepsin L
APRSVDWREKGYVTPVKNQGOCGSCHWAFSATGALPGOMFRKTGRLISLSEQNLVDCSGPQ
GNEGCNGGLMDYAFQYVQDNGGLDSEESYPYEATEESCKYNPKYSVAXDTGEVDIPKQEK
ALMKAVATVGPISVAIDAGHESFLFYKEGIYFEPNCSSEDMDHGVLVVGYGFESTNNKYW
LVKNSWGEEWGMGGYVKMAKDRRNHCGIASAASYPTV

13. CATHMSEL

Z1211378B : cathepsin B
LPETFDAREQWSNCPTIGQIRDOGSCGSCWAFGAVEAISDRTCIHTNGRVNVEVSAEDLL
TCCGIQCGDGCNGGYPSGAWNFWTKKGLVSGGVYDSHIGCLPYTI PPCEHHVNGSRPPCT
GEGDTPRCNKSCEAGYSPSYKEDKHFGYTSYSVSNSVKEIMAEI YKNGPVEGAFTVESDEF
LTYKSGVYKHEAGDMMGGHAIRILVAGVENGVEYWLAANSWNLDWGDNGFFKILRGENHC
GIESEIVAGIPRTDQYWGRF

14. CATHMSE2

21407219A : cathepsin L
MNLLLLLAVLCLGTALATPKFDQTFSAEWHOWKSTHRRLYGTNEEEWRRAIWEKNMRIIQ
LHNGEYSNGQHGFSMEMNAFGDMTNEEFRQVVNGYRHQKHKKGRLFQEPLMLKIPKSVDW
REKGCVTPVKNQGQCGSCWAFSASGCLEGQMFLKTGKLISLSEQNLVDCSHAQGNQGCNG
GLMDFAFQY IKENGGLDSEESYPYEAKDGSCKYRAEFAVANDTGFVDIPOQEKALMKAVA
TVGPISVAMDASHPSLQFYSSGIYYEPNCSSKNLDHGVLLVGYGYEGTDSNKNKYWLVKN
SWGSEWGMEGY IKIAKPDRDNHCGLATAASYPVVN

15, CATHPIGI

21007243A : cathepsin D
GPIPEVLKNYMDAQYYGEIGIGTPPQCFTVVEDTGSSNLWVPSIHCKLLDIACWIHHKYN
SGKSSTYVKNGTTFAIHYGSGSLSGYLSQDTVSVPSNVGGIKVERQTFGEATKQPGLTFI
AARKFDGILGMAYPRISVNNVVPVEDNLMQOKLVDKDIFSFYLNRDPGAQPGGELMLGGID
SKYYKGSLDYHNVTRKAYWQIHMNQVAVGSSLTLCKGGCEAIVDTGTSLIVGOPEEVREL
GKAIGAVPLIQGEYMIPCEKVPSLPDVTVTLGGKKYKLSSENYTLKVSQAGQTICLSGEM
GMDIPPPGGPLWILGDVFIGRYYTVFDRDLNRVGLAEAA

16. CATHRAT1

21313245A : cathepsin L

MTPLLLLAVLCLGTALATPKFDOT FNAQWHOWKSTHRRLYGTNEEEWRRAVIEKNMRMIQ
LHNGEYSNGKHGFTMEMNAFGDMTNEEFRQIVNGYRHQKHKKGRLEFQEPLMLQIPKTVDW
REKGCVTPVKNQGQCGSCWAFSASGCLEGOQMFLKTGKLISLSEQNLYDCSHDQGNQGCNG
GLMDFAFQYIKENGGLDSEESYPYEAKDGSCKYRAEYAVANDTGFVDIPQOEKALMKPVA
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TVGPISVAMDASHPSLOFYSSGIYYEPNCSSKDLDHGV . VUVGYGYEGTDSNKDKYWLVKN
SWGKEWGMDGY IKIAKDRNNHCGLATAASYPIVN

17. CATHRAT2

21402240A : cathepsin H
YPSESMDWRKKGNVVSPVKNOGACGSCWTFSTTGALESAVATASGKMMTLAEQQLVDCAON
FNNHGCOGGLPSCAFEY ILYNKGIMGEDSYPYIGKNGQCKFNPEKAVAFVKNVVNITLND
EARMVEAVALYNPVSFAFEVTEDFMMYKSGVYSSENSCHKTPDKVNHAVLAVGYGEQNGLL
YWIVKNSWGSNWGNNGY FLIERGKNMCGLARCASYPIPQV

18. CATHRAT4 “

Cathepsin B (EC 3.4.22.1) - Rat
LPESFDAREQWSNCPTIAQIRDQGSCGSCWAFGAVEAMSDRICIHTNVNVEVSAEDLLTC
CGIQCGDGCNGGYPSGAGNFWTRKGLVSGGVYNSHIGCLPYTIPPCEHHVNGSRPPCTGE
GDTPKCNKMCEAGYSTSYKEDKHYGYTSYSVSDSEKEIMAEIYKNGPVEGAFTVESDEFLT
YKSGVYKHEAGDVMGGHAIRILGWGIENGVPYWLVANSWNVDWGDNGFFKILRGENHCGI
ESEIVAGIPRTQ

19. PAPAPAPI

Papain - papaya omega
LPENYDWRKKGAVTPVRHQGSSGSCWAFSAVATVEGINKIRTGKLVELSEQELVDCERRS
HGCKGGYPPYALEYVAKNGIHLRSKYPYKAKQGTCRAKQVGGPIVKTSGVGRVQPNNEGN
LLNAIAKQPVSVVVESKGRPFQLYKGGI FEGPCGTKVDHAVTAVGYGKSGGKGYILIKNS
WGTAWGEKGYIRIKRAPGNSPGVCGLYKSSYYPTKN

20. PAPAPAP2

Papain (EC 3.4.22.2) - Papaya
IPEYVDWROQKGAVTPVKNQGSCGSCWAFSAVVTIEGI IKIRTGNLNQY SEQELLDCDRRS
YGCNGGYPWSALQLVAQYGIHYRNTPYYEGVQRYCRSREKGPYRAAKTDGVRQVQPYNQGA
LLYSIANQOPVSVVLOAAGKDFQLYRGGIFVGPCGNKVDHAVAAVGYNPGYILIKNSWGTG
WGENGY TRIKRGTGNSYGVCGLYTSSFYPVKN

21. PAPAPAP3

Papain - chymopapain jbec 1989
YPQSIDWRAKGAVTPVKNQGACGSCWAFSTIATVEGINKIVTGNLLELSEQELVDCDKHS
YGCKGGYQTTSLOYVANNGVHT SKVYPYQAKOYKCRATDKPGPKVKITGYKRVPSNCETS
FLGALANQPLSVLVEAGGKPFOLYKSGVFDGPCGTKLDHAVTAVGYGTSDGKNYIIIKNS
WGPNWGEKGYMRLKRQSGNSQGTCGVYKSSYYPFKGFEA

22. PAPAPAP4

Papain - ppiv febl 1989
LPESVDWRAKGAVTPVKHOGYCESCWAFSTVATVEGINKIKTGNLVELSEQELVDCDLQS
YGCNRGYQSTSLQYVAQNGIELRAKYPYIAKQQTCRANQVGGPKVKTNGVGRVQOSNNEGS
LLNAIAHQPVSVVVESAGRDFONYKGGIFEGSCGTKVDHAVTAVGYGKSGGKGYILIKNS
WGPGWGENGYIRIRRASGNSPGVCGVYRSSYYPIKN

23. PAPAPAPS

Papain - Papaya papainbpas
IPEYVDWRQKGAVTPVENQGSCGSCWAFSAVVTIEGIIKIRTGNLNQYSEQELLDCDRRS
YGCNGGYPWSALQLVAQYGIHYRNTYPYEGVQRYCRSREKGPYARKTDGVRQVQPYNQGA
LLYSIANQPVSVVLOARGKDFOLYRGGIFVGPCGNKVDHAVARVGYGPNYILIKNSWGTG
WGENGYIRIKRGTGNSYGVCGLYTSSFYPVKN

METALLO PROTEASES (17 sequences)

1. CARBBACI

DACASBACSU: PENICILLIN-~BINDING PROTEIN 5 (D-ALANYL-D-ALANINE
CARBOXYPEPTIDASE)} 3
ASSGKILYSKNADKRLPIASMTKMMTEYLLLEATDQGKVKWDQTYTPDDYVYEISQDNSL
SNVPLRKDGKYTVKELYQATAIYSANAARIATAEIVAGSETKFVEKMNAKAKELGLTDYK
FVNATGLENKDLHGHQPEGTSVNEESEVSAKDMAVLADHLITDYPEILETSSIAKTKFRO
GTDDEMDMPNWNFMLKGLVSEYKKATVDGLKTGSTDSAGSCFTGTAERNGMRVITVVLNA
KGNLHTGRFDETKKMFDYAFDNFSMKEI YAEGDQVKGHKTISVDKGKEKEVGIVTNKAFES
LPVKNGEEKNYKAKVTLNKDNLTAPVKKGTKVGKLTAEY TGDEKDYGFLNSDLAGVDLVT
KENVEKANWFVLTMRSIGGFFAGIWGSIVDTVTGWE
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2. CARBBAR1

Serine carboxypeptidase (EC 3.4.16.1) - Barley
APQGAEVTGLPGFDGALPSKHYAGYVTVDEGHGRNLEYYVVESERDPGKDPVVLWLNGGP
GCSSFDGFVYEPGPFNFESGGSVKSLPKLHLNPYAWSKVSTMIYLDSPAGVGLSYSKNVS
DYETGDLKTATDSHTFLLKWFQLYPEFLSNPEFYIAGESYAGVYVPTLSHEVVKGIQGGAK
PTINFKGTMVGNGVCDTIFDGNALVPFARGMGLISDEI YQQASTSCHGNYWNATDGKCDT
AISKIESLISGLNIYDILEPCYHSRSGVPCMSDEVATAWLDNABVRSAIHAQSVSAIGPW
LLCTDKLYFVHDAGSMIAYHKNLTSQGYRAIIFSGDHDMXVPEFTGSEAWTKSLGYGVVDS
WRPWITNGQVSGYTEGYEHGLTFATIKGAGHTVPEYKPQEAFAFYSRWLAGSKL

3. CARBCOW1

Carboxypeptidase E - Bovine
RPQEDGISFEYHRYPELREALVSVWLOCAARVSRIYTVGRSFEGRELLVLELSDNPGVHEP
GEPEFKYIGNMHGNEAVGRELLIFLAQYLCNEYQKGNETIVQLIHNTRIHIMPSLNFPDGF
EKAASQLGELKDWEVGRSNAQGIDLNRNFPDLDRIVY INEKEGGPNNHLLKNLKKIVDON
TKLAPETKAVIHWIMDI PEVLSANLHGGDLVANYPYDETRSGSAHEYSSCPDDDIFQSLA
RAYSSEFNPPMSDPDRPPCRKNDDDSSEVEGTTNGAAWY SVPGGMODFNYLSSNCFEITVE
LSCEKFPPEETLKNYWEDNKNSLISYIQQIHRGVKGFVRDLQGNPIANATLSVEGIDHDV
TSAKDGDYWRLLVPGNYKLTASAPGYLAIAKKVAVPYSPAVRVDFELESFSERKEEEKEE
: LMEWWKMMSETLNF

'l 4. CARBCOW2

. Carboxypeptidase A (EC 3.4.17.1}) ~ Bovine
ARSTNTFNYATYHTLDEIYDFMDLLVAEHPQLVSKLQIGRSYEGRPI YVLKFSTGGSNRP
AIWIDLGIHSREWITQATGVWEAKKEFTENYGONPSFTAILDSMDIFLEIVINPNGFAFTH
SENRLWRKTRSVTSSSLCVGVDANRNWDAGFGKAGASSSPCSETYHGKYANSEVEVKSIV
DEVENHGNFKAFLSITHSYSQLLLYPYGYTTQSIPDKTELNOVAKSAVAALKSLYGTSYKY
GSIITTIYQASGGSIDWSYNQGIKYSFTFELRDTGRYGFLLPASQIIPTAQETWLGVLTI
MEHTVNN

§. CARBCOW3

Carboxypeptidase B (EC 3.4.17.2) - Bovine
TTGHSYERKYNNWETIEAWTEQVASENPDLISRSAIGTTFLGNTI YLLKVGKPGSNKPAVE
MBCGFHAREWISPAFCOWFVREAVRTYGREIHMTEFLDKLDFYVLPVVNIDGYI YTWTTN
RMWRKTRSTRAGSSCTGTDLNRNFDAGWCSIGASNNPCSETYCGSARESEKESKAVADET
RNHLSSIKAYLTIHSYSCMMLYPYSYDYKLPKNNVELNTLAKGAVKKLASLHGTTYSYGP
GATTIYPASGGSDDWAYDQGIKYSFTFELRDKGRYGFVLPESQIQPTCEETMLAIKYVTS
YVLEHL

6. CARBCOW4

Procarboxypeptidase A complex component III - Bovine
DGEDAVPYSWSWQVSLOYEKDGAFHHTCGGSLIAPDWVVTAGHCISTSRTYQVVLGEYDR
SVLEGSEQVIPINAGDLFVHPLWNSNCVACGNDIALVKLSRSAQLGDKVQLANLPPAGDI

3
LPNEAPCYI SGWGRLYTGGPLPDKLOCALLPVVDYEHCSQWDWWGI TVKKTMVCAGGDTR |
SGCNGDSGGPLNCPARDGSWQVHGVTSEFVSAFGCNT IKKPTVFTRVSAFIDWIDETIASN
7. CARBCRY]

» Carboxypeptidase B (EC 3.4.17.2} - Crayfish
3 MDWTSYHDYDEINAWLDSLATDYPELASVEDVGLSYEGRTMKLLKLGKGGADKPIIFIDG )
GIHAREWIAPSTVTYIVNEFVSNSATYDDILSNVNEYVMPTINPDGYAYTFTDDRLWRKT %;
RSETGSVLGCKGADPNRNWSFHWDEVGASDSPCSDIYAGPEPFSEVEMRNVRDQILE VAR o
NIKVYLTFHSYSQLWMYPWGEFTSDLPDDWQDLDTLATNAVDALTAVHGTRYEIGSSTNTI
YAARGGSDDWAKGEGGVKYAYTIELRDTGNYGEFLLPENQIIPTGEETEFEGVKVVANFVKD
TYS 3
8. CARBPOTI "3
CARBOXYPEPTIDASE AALPHA {COX) (E.C.3.4.17.1} COMPLEX WITH POTATO
CARBOXYPEPTIDASE
ARSTNTFNYATYHTLDEIYDFMDLLVAQHPELVSKLOIGRSYEGRPIYVLKEFSTGGSNRP .
ATWIDLGIHSREWI TOATGVWFAKKFTENYGONPSFTAILDSMPIFLEIVTNPNGEAFTH ;
SENRLWRKTRSVTSSSLCVGVDANRNWDAGEFGKAGASSSPCSETYHGKYANSEVEVKSIV ;
DFVKNHGNFKAFLSIHSYSQLLLYPYGYTTQSI PDKTELNOQVAKSAVAALKSLYGTSYKY
GSIITTIYQASGGSIDWSYNQOGIKYSFTFELRDTGRYGFLLPASQIIPTAQETWLGVLTI
MEHTVNN
9. CARBPSD!1 Folate hydrolase G2 {EC 3.4.-.-) precursor - Pseudomonas sp.
ALAQKRDNVLFQAATDEQPAVIKTLEKLVNIETGTGDAEGIAAAGNFLEAELKNL
GFTVTRSKSAGLVVGDNIVGKIKGRGGKNLLIMSHMDTVYLKGILAKAPFRVEG
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DKAYGPGIADDKGGNAVILHTLKLLKEYGVRDYGTITVLFNTDEEKGSFGSRDLIQ
EEAKLADYVLSFEPTSAGDEKLSLGTSGIAYVQVNITGKASHAGAAPELGVNALVE
ASDLVLRTMNIDDKAKNLRFNWTIAKAGNVSNIIPASATLNADVRYARNEDFDAA
MKTLEERAQQKKLPEADVKVIVTRGRPAFNAGEGGKKLVDKAVAYYKEAGGTLG
VEERTGGGTDAAYAALSGKPVIESLGLPGFGYHSDKAEYVDISAI PRRLYMAARLIMDLGA
GK

10, CARBRAT1

E15013282 : carboxypeptidase B
MLLLLALVSVALAHASEEHFDGNRVYRVSVHGEDHVNLIQELANTKEI DFWKPDSATQOVK
PLTTVDFHVKAEDVADVENFLEENEVBYEVLISNVRNALESQEDSHTRASGHSYTKYNKW
ETIEAWIQQVATDNPDLVTQSVIGTTFEGRNMYVLKIGKTRPNKPRIFIDCGFHAREWIS
PAFCOWFVREAVRTYNQEIHMKQLLDELDFYVLPVVNIDGYVYTWTKDRMWRKTRSTMAG
SSCLGVRPNRNFNAGWCEVGASRSPCSETYCGPAPESEKETKALADFIRNNLSTIKAYLT
IHSYSOMMLYPYSYDYKLPENYEELNALVKGAAKELATLHGTKYTYGPGATT IYPAAGGS
DDWSYDOGIKYSFTFELRDTGFFGFLLPESQIROTCEETMLAVKY IANYVREHLY

11, CARBRAT2

E1501328B : carboxypeptidase Al
ALSTDSFNYATYHTLDEIYEFMDLLVAEHPQLYVSKIQIGNTFEGRPIHVLKEFSTGGTNRP
AITWIDTGIHSREWVTOASGVWFAKKITKDYGODPTFTAVLONMDIFLEIVTNPDGFAYTH
KTNRMWRKTRSHTOGSLCVGVDPNRNWDAGEFGMAGASSNPCSETYRGKEPNSEVEVKSIV
DEVTSHGNIKAFISIHSYSQLLLYPYGYTSEPAPDQAELDOLAKSAVTALTSLHGTKEKY
GSIIDTIYQASGSTIDWTYSOGIKYSFTFELRDTGLRGFLLPASQIIPTAEETWLALLTI
MDHTVKHPY

12. CARBSTP1

Muramoyl-pentapeptide carboxypeptidase (EC 3.4.17.8}) - Streptomyces

griseus solv

NGCYTWSGTLSEGSSGEAVRQLOIRVAGYPGTGAQLAI DGOFGPATKAAVQRFQSAYSELA
ADGIAGPTFNKIYQLODDDCTPVNFTYAELNRCNSDWSGGKVSAATARANALVTMWKLQA
MRHAMGDKPITVNGGFRSVTCNSNVGGASNSRHMYGHAADLGAGSQGFCALAQAARNHGE
TEILGPGYPGHNDHTHVAGGDGRFWSAPSCGI

13. CARBWHTI

Carboxypeptidase Y (EC 3.4.16.1) homolog - Wheat
MATTPRLASLLLLLALCARAAGALRLPPDASFPGAQAERLIRALNLLPGRPRRGLGAGAZ
DVAPGQLLERRVTLPGLPEGVGDLGHHAGYYRLPNTHDARMEY FFEFESRGKKEDPVVIWL
TGGPGCSSELAVFYENGPFT IANNMSLYWNKFGWDKISNIIEVDPATGTGFSYSSDDRDT
RHDEAGVSNDLYDFLOQVFFKKHPEFVKNDFEFITGESYAGHY IPAFASRVHQGNKKNEGTH
INLKGFAIGNGLTDPAIQYKAYTDYALDMNLIQKADYDRINKETP?CEFAIKLCGTDGKA
SCMAAYMVCNSIFEFNSIMKLVGTKNYYDVRKECEGKLCYDESN. AKFFGDKAVRQAIGVGD
JEFVSCSTSVYQAMLTDWMRNLEVGI PALLEDGINVLIYAGEYDLICNWLGNSRWVHSME
WSGQKDFAKTAESSFLVDDAQAGVLKSHGALSFLKVHNAGHMV PMDQPKAALEMLRRETQ
GKLKESVPEEEPATTFYAA

14. CARBYST3

E70003: CARBOXYPEPTIDASE Y EC 3.4.16.1
KIKDPKILGIDPNVTQYTGYLDVEDEDKHFFFWTFESRNDPAKDPVILWLNGGPGCSSLT
GLEFFELGPSSIGPDLKPIGNPYSWNSNATVIFLDOPVNVGFSYSGSSGVSNTVARGKDVY
NFLELFFDXFPEYVNKGQDFHIAGESYAHGY I PVFAXEILSHKDRNFNLTSVLIGNGLTD
PLTQYNYYEPMACGEGGEPSVLPSEECSAMEDSLERCLGLIESCYDSQSVWSCVPATIYC
NNAQLAPYQRTGRNVYDIRKDCEGGNLCYPTLQDIDDELNQDYVKEAVGAEVDHYESCNE
DINRNFLFAGDWMKPYHRTAVTDLLNODLPILVY AGDKDFINNTLGNKAWTDVLPWKYDEE
FASQKVRCWTASITDEVAGEVKSYKHFTYLRVENGGHMVPFDVPENALSMYVNEWIHGDES
L

15. THERBAC1

Neutral proteinase (EC 3.4.24.4) - Bacillus cereus
VIGTNKVGTGKGVLGDTKSLNTTLSGSSY YLODNTRGATIFTYDAKNRSTLEGTLWADAD
NVENAAYDAAAVDAHYYAGKTYDYYKATFNRNSINDAGAPLKSTVHYGSNYNNAFWNGSQ
MVYGDGDGVTFTSLSGGIDVIGHELTHAVTENSSNLIYONESGALNEAISDIFGTLVEFRFY
DNRNPDWEIGEDIYTPGKAGDALRSMSDPTKYGDPDHYSKRYTGSSDNGGVHTNSGI INK
QAYLLANGGTHYGVTVTGIGKDKLGAIYYRANTQYFTQSTTFSQARAGAVQAAADLYGAN
SAEVAAVKQSFSAVGVN

E. Pirogova

283

BioElectronics Group, Department of Electrical and Computer Systems Engineering




3310

16. THERBAC2

Neutral proteinase [EC 3.4.24.4) - Bacillus sp.
ITGTSTVGVGRGVLGPOKNINTTYSTYYYLODNTRGDGIFTYDAKYRTTLPGSLWADADN
OFFASYDAPAVDAHYYAGVTYDYYKNVHNRLSYDGNNAAIRSSVHYSQGYNNAFWNGSEM
VYGDGDGOTFIPLSGGIDVVARELTHAVTDYTAGLI YONESGAINEAISDIFGTLVEFYA
NKNPDWEIGEDVYTPGISGDSLRSMSDPAKYGDPDHYSKRYTGTQDNGGVHINSGI INKA
AYLISQGGTHYGVSVVGIGRDKLGKIFYRALTQYLTPTSNFSQLRAARAVQSATDLYGSTS
QEVASVKQAFDAVGVK

17. THERBAC3

Neutral proteinase (EC 3.4.24.4) precursor - Bacillus stearothermophilus

VAGASTVGVGRGVLGDQKYINTTYSSYYGYYYLODNTRGSGI FTYDGRNRTVLPGSLWTD
GDNQFTASYDAAAVDAHYYAGVVYDYYKNVHGRLSYDGSNAAIRSTVHYGRGYNNAFWNG
SOMVYGDGDGQTFLPFSGGIDVVGHELTHAVTDYTAGLVYQONESGAINEAMSDI FGTLVE
FYANRNPDWEIGEDIYTPGVAGDALRSMSDPAKYGDPDHYSKRYTGTQDNGGVHTNSGI I
NKAAYLLSQGGVHYGVSVNGIGRDKMGKIFYRALVYYLTPTSNFSQLRAACVQAARDLYG
STSQEVNSVKQAFNAVGVY

SERINE PROTEASES (38 sequences)

1. ELASHM1

E1304249A : elastase I
MLRLLVVASLVLYGHSTQDFPETNARVVGGTEAQRNSWPSQISLOYRSGSSWAHTCGGTL
IRQNWVMTAAHCVDRELTFRVVVGEHNLNOQNDGTEQYVGVOKIVVHPYWNTDDVAAGY DI
ALLRLGQSVTLNSYVQLGVLPRAGTILANNSPCY ITGWGLTRTNGQLAQTLQQAYLPTVD
YAILSSSSYWGSTVKNSMVCAGGDGVRSGCOGDSGGPLHCLVNGQYAVHGVTSEVSRLGC
NVTRKPTVETRVSAYISWINNVIASN

2. ELASHM3

E1306262B : elastase IIB
MIRTLLLSTLVAGALSCGVSTYAPDMSRMLGGEEARPNSWPHQVSLQYSSNGOWYHTCGG
SLIANSWVLTAAHCISSSRIYRVMLGOHNLYVAESGSLAVSVSKIVVHKDWNSNQYSKGN
DIALLKLANPVSLTDKIQLACLPPAGTILPNNYPCYVTGWGRLOTNGALPDDLKQGRLLV
VDYATCSSSGHWWGSTVKTNMICAGGDGVICTCNGDSGGPLNCQASDGRWEVHGIGSLTSV
LGCNYYYKPSIFTRVSNYNDWINSVIANN

3. ELAS. ~°S

E1314231 4 : r 5 .. -eatic elastase 2

MIRTLLLS .V COGDPTYPPYV™ R "GEEARPNSWPWQVSLQYSSNGKWYHTCGG
SLIANSWVLT«£E . SSSRTYRVGT -ti:i%i v ' TSGSLAVSVSKIVVHKDWNSNQISKGN
DIALLKLANP\ - JTDKIQLACLPE . Vi™wily: VVTGWGRLQTNGAVPDVLQQGRLLV
VDYATCSSSAWNGSSVETSMICAG: - V12004 . SGPLNCQASDGRWOVHGIVSEFGSR
LGCNYYHEKPSVETRVSNYIDWINS ;=%

4, ELASHM?

E14033702 : pancreatic eluste. > IIIA
MMLRLLSSLLLVAVASGYGPPSSHSS5nVVHGEDAVPYSWPWQVSLOYEKSGSFYHTCGG
SLIAPDWVVTAGHCISRNLTYQVVLGEYNLAVKEGPEQVIPINSEELFVHPLWNRSCVAC
GNDIALIKLSRSAQLGDAVQLASLPPAGDILPNKTPCYITGWGRLYTNGPLPDKLQQARL
PYVDYKHCSRWNWWGS TVKKTMVCAGGY IRSGCNGDSGGPLNCPTEDGGWQVHGVTSFEFVS
AFGCNFIWKPTVFTRVSAFIDWIEETIASH

5. ELASHMS

E1403370B : pancreatic elastase IIIB
MMLRLLSSLLLVAVASGYGPPSSRPSSRVVNGEDAVEPY SWPWOVSLOYEKSGSFYHTCGG
SLIAPDWVVTAGHCISSSRTYQVVLGEYDRAVKEGPEQVIPINSGDLFVRPLWNRSCVAC
GNDIALIKLSRSAQLGDAVOLASLPPAGDILPNETPCYITGWGRLYTNGPLPDKLQEALL
PVVDYEHCSRWNWWGSSVKKTMVCAGGDIRSGCNGDSGGPLNCPTEDGGWOQVHGVTSEVS
AFGCNTRRKPTVEFTRVSAFIDWIEETIASH

5. ELASMSEL1

E1301329A : elastase II
MIRTLLLSALVAGALSCGYPTYEVEDDVSRVVGGQEATPNTWPWOVSLOVLSSGRWRHNC
GGSLVANNWVLTAAHCLSNYQTYRVLLGAHSLSNPGAGSAAVQVSKLVVHORWNSQONVGN
GYDIALIKLASPVTLSKNIQTACLPPAGTILPRNYVCYVTGWGLLOTNGNSPDTLRQGRL
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LVVDYATCSSASWWGSSVKSSMVCAGGDGVTSSCNGDSGGPLNCRASNGOWOVHGIVSFG
SSLGCNYPRKPSVFTRVSNY IDWINSVMARN

7. ELASPIG2

E1306262C : elastase II
MIRALLLSTLVAGALSCGLPANLFQLPRVVGGEDARPNSWPWQVSIQYDSSGOWRHTCGG
TLVDQSWVLTAAHCISSSRT YRVVLGRHSLSTNEPGSLAVKVSKLVVHQDWNSNQLSNGN
DIALLKLASPVSLTDKIQLGCLPAAGTILFNNYVCYVTGWGRLOTNGASPDILQQGQLLV
VDYATCSKPGWWGSTVKTNMICAGGDGIISSCNGDSGGPLNCOGANGQWQVHGIVSFGSS
LGCNYYHKPSVFTRVSNYIDWINSVIANN ‘

8. ELASRAT2

Proelastase precursor (EC 3.4.21.11) I - Rat
VVGGAEARRNSWPSQISLOYLSGGESWYHTCGGTLYRRNWYMTAAHCVSSQMTFRVVVGDH
NLSONDGTEQYVSVOKIMVHPTWNSNNVAAGYDIALLRLAQSVTLNNYVOLAVLPQEGTI
LANNNPCYITGWGRTRTNGOLSQTLOOAYLPSVDYSICSSSSYWGSTVKTTMVCAGGDGY
RSGCOGDSGGPLHCLVNGQY SVHGVTSFVSSMGCNVSKKPTVETRVSAY ISWMNNVIAYT
9. ELASRAT3

Proelastase precursor (EC 3.4.21.11) II - Rat
VVGGQEASPNSWPWOVSLOQYLSSGKWHHTCGGSLVANNWVLTAAHCISNSRTYRVLLGRH
SLSTSESGSLAVQVSKLVVHEKWNAQKLSNGNDIALVKLASPVALTSKIQTACLPPAGTI
LPNNYPCYVTGWGRLOTNGATPDVLQQGRLLVVDYATCSSASWWGSSVKTNMVCAGGDGV
TSSCNGDSGGPLNCOASNGOWQVHGIVSFGSTLGCNYPRKPSVETRVSNY I DWINSVIAK
N

10. KALIGP1

213091838 : kallikrein
VIGGQECARDSHPWOAAVYYYSDIKCGGVLVDPQWVLTAAHCINDSNQVKLGRENLFEDE
DTAQRFLVSQSVPHPDFYMSLLEPHNVLPNEDY SHDLMLLRLNQPAQITDSVQVMPLPTQ
EVQVGTTCRALGWGSIDPDPAHPVFPDELQCVGLEILPSKNCDDAHIAYVTGTMLCAGDL
AGGKDTCVGDSGGPLICDGVLQGLTSWGDSPCGVARSPSLYTKVIEYREWIERTMADNP
11. KALIHM3

214044317 : urinary kalilikrein

IVGGWECEQHSQPWQAALYHF ST FOCGGILVHROWVLTAAHCI SDNYQLWLGRHNLFDDE
NTAQFVHVSESFPHPGFNMSLLENHTRQADEDYSHDLMLLRLTEPADTI TDAVKVVELPT
QEPEVGSTCLASGWGSIEPENFSFPDDLQCVDLKILPNDECEKAHVQKVTDEFMLCVGHLE
GGKDTCVGDSGGPLMCDGVLOGVTSWGYVPCGTPNKPSVAVRVLSYVKWIEDTIAENS
12. KALIMSE3

21205271A : kallikrein,glandular
MRFLILFLALSLGGIDAAPPVQSRIVGGFNCEKNSQPWQVAVYRFTKYQCGGILLNANWY
LTARHCHNDKYQVWLGKNNFLEDEPSAQHRLVSKAIPHPDENMSLLNEHT PQPEDDYSND
LMLLRLKKPADITDVVKPIDLPTEEPKLGSTCLASGWGSITPVKYEYPDELQCVNLKLLP
NEDCAKAHIEKVTDDMLCAGDMDGGKDTCAGDSGGPLICDGVLOGITSWGPRPCGKPNVP
GIYTRVLNFNTWIRETMAEND

13. KALIMSE4

212083723 : kallikrein PMF2
MRFLILFLALSLGGIDAAPPLOSRVVGGFNCEKNSQPWQVAVYDNKEHICGGVLLERNWV
LTARHCYVDQYEVWLGKNKLFQEEPSAQHRLVSKSFPHPGFNMSLLTLKEIPPGADESND

LMLLRLSKPADITDAVKPITLPTKESKLGSTCLASGWGSITPTKWQKPDDLQCVFLKLLP.

IKNCIENHNVEKVTDVMLCAGEMSGGEKNICKGDSGGPLICDSVLOGITSTGPIPCGKPGVP
AMYTNLIKFNSWIKDTMTKNS

14. KALIMSES

213132012 : glandular kallikrein
MRELILFLTLSLGGIDAAPPVQSRILGGFKCEKNSQPWOVAVYYLDEYLCGGVLLDRNWY
LTAAHCYEDKYNIWLGKNKLFODEPSAQHRLVSKSFPHPDFNMSLLOSVPTGADLSNDLM
LLRLSKPADITDVVKPIDLPTTEPKLGSTCLASGWGSINQLI YONPNDLQCVSIKLHPNE
VCVKAHILKVTDVMLCAGEMNGGKDTCKGGSGGPLICDGVLOGITSWGSTPCGEPNAPAL
YTKLIKFTSWIKDTMAKNP

15. KALIMSE®6

21313201B : glandular kallikrein
MWELILFLALSLGGIDAAPPLOSRVVGGFNCKKNSOPWOVAVYYOKEHICGGVLLDRNWY
LTAAHCYVDOYEVWLGKNKLEQEEPSAQHRLVSKSFPHPGENMSLLIMLQTI PPGADFSND
LMLLRLSKPADITDVVKPIALPTKEPKPGSKCLASGWGSITPTRWOKPDDLQCVEITLLP
NENCAKVYLQKVTDVMLCAGEMGGGKDTCRDDSGGPLICDGILQGTTS YGPVPCUGKPGVP
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AIYTNLIKFNSWRIKDTMMKNA
16. KALIMSE?
Z1313201C : glandular kallikrein
MRFLILFLALSLGGIDAAPPVHSRIVGGFKCEKNSQPWHVAVYRYNEYICGGVLLDANWVY
LTAARHCYYEENKVSLGKNNLYEEEPSAQHRLVSKSFLHPGYNRSLHRNHIRHPEYDYSND
LMLLRLSKPADITDVVKPIALPTEEPKLGSTCLASGWGSTTPFKFQNAKDLOCVNLKLLP
NEDCGKAHIEKVTDVMLCAGET DGGKDTCKGDSGGPLICDGVLOGITSWGFTPCGEPKKP
GVYTKLIKFTSWIKDTMAKNL'

17. KALIMSES

Z1402323A : glandular kallikrein
MWFLILFLALSLGGIDAAPPVQSRIFGGFNCEKNSQPWOVAVYRFTKYQCGGVLLNANWY
LTARHCHNDKYQVWLGKNNFFEDEPSAQHRLVSKAIPHPDFNMSLLNEHT PQPEDDYSND
LMLLRLKKPADITDVVKPIDLPTEEPKLGSTCLASGWGSITPVIYEPADDLOQCVNFKLLP
NEDCVKAHIEKVTDVMLCAGDMDGGKDTCMGDSGGPLICDGVLHGITSWGPSPCGKPNVE
GIYTKLIKFNSWIKDTTAKNA

18. KALIPIGI

Tissue kallikrein (EC 3.4.21.35), pancreatic - Pig

I IGGRECEKNSHPWOVAIYHYSSFICGGVLVNPKWVLTAAHCKNDNYEVGRLRANLFENE
NTAQFFGVTADFPHPGFNLSADGKDYSHDLMLLRLOQSPAKITDAVKVLELPTQEPELGST
CEASGWGSIEPGPDDFEFPDEIQCVOLTLLONTFCAHABPBKVTESMLCAGYLPGGKDTC
MGDSGGPLICNGMWQGITSWGHT PCGSANKPSIYTKLIFYLDWIBBTITENP

19. KALIRATY

211310144C : kallikrein S3
MWFLILFLALSLGQIDARPPGOSRVVGGYNCETNSQPWQVAVIGTTFCGGVLIDPSWVIT
AAHCYSKNYRVLLGRNNLVKDEPFAQRRLVSQSFQHPDY IPVFMRNHTRORAYDHNNDLM
LLHLSKPADITGGVKVIDLPTEEPKVGSICLASGWGMTNPSEMKLSHDLQCVNIHLLSNE
KCIETYKNIETDVTLCAGEMDGGKDTCTGDSGGPLICDGVLOGLTSGGAT PCAKPKTPAT
YAKLIKFTSWIKKVMKENP

20. SUBTBACI

E671056A : subtilisin
BQSVPYGVSQIKAPALHSQGYTGSNVKVAVIDSGIDSSHPDLKVAGGASMVPSETPL QD
DNSHGTHVAGTVAALNNSIGVLGVAPSSALYAVKVLGDAGSGQYSWIINGIEWAIANNMD
VINMSLGGPSGSAALKAAVDKAVASGVVVVARAGNEGSTGSSSTVGYPGKYPSVIAVGAVY
DSSNQRASFSEVGPELDVMAPGVSIQSTLPGNKYGAYNGTSMASPHVAGAAALILSKHPN
WINTQVRSSLONTTTKLGDSFYYGKGLINVQARRAQ

21. SUBTBAC2

E721944A : subtilisin
AOSVPYGISQIKAPALHSOGYTGSNVKVAVIDSGIDSSHPDLNVRGGASFVPSETPNYQD
GSSHGTHVAGTIAALNNSIGVLGVAPSSALYAVKVLDSTGSGOYSWIINGIEWATSNNMD
VINMSLGGPSGSTALKTVVDKAVSSGIVVAAAAGNEGSSGSSSTVGYPAKYPSTIAYGAV
NSSNQRASFSSAGSELDVMAPGVSIQSTLPGGTYGAYNGTSMATPHVAGAAALILSKHPT
WTNAQVRDRLESTATYLGDSFYYGKGLINVQAARQ

22. SUBTBAC3

209122074 : subtilisin DY
AQTVPYGIPLIKADKVQAQGYKGANVKVGIIDTGIAASHTDLKVVCGASEFVSGESYNTDG
NGHGTHVAGTVARLDONTTGVLGVAPNVSLYAIKVLNS S GSGTYSAIVSGLEWATQNGLDY
INMSLGGPSGSTALKQAVDKAYASGIVVVAAAGNSGSSGSONTIGYPAKYDSVIAVGAVD
SNKNRASFSSVGAELEVMAPGVSVYSTYPSNTYTSLNGTSMASPHVAGAAALILSKYPTL
SASQVRNRLSSTATNLGDSFYYGKGLINVEARAQ

23. SUBTBACS6

Subtilisin Carlsberg (EC 3.4.21.14) - Bacillus subtilis
AQTVPYGIPLIKADKVQAQGFKGANVKVAVLDTGIQASHPDLNVVGGASEFVAGEAYNTDG
NCGHGTHVAGTVAALDNTTGVLGVAPSVSLYAVKVLNSSGSGSYSGIVSGIEWATTNGMDV
INMSLGGASGSTAMKCAVDNAYARGVVVVARAGNSGNSGSTNT IGYPAKYDSVIAVGAVD
SNSNRASFSSVGAELEVMAPGAGVYSTYPTNTYATLNGT SMASPHVAGARALILSKHPNL
SASQVRNRLSSTATYLGSSFYYGKGLINVEARAQ

24. TRPCRAY1

Trypsin (EC 3.4.21.4) I - Crayfish
IVGGTDAVLGEFPYQLSFQET T LGFSFHFCGASIYNENYAI TAGHCVYGDDYENPSGLQT
VAGELDMSVYNEGSEQTITVSKIILHENEFDYDLLDNDISLLKLSGSLTEFNNNVAPIALPAQ
GHTATGNVIVTGWGTTSEGGNT PDVLQKVITVPLVSDAECRDDYGADEI FDSMICAGVPEG
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GKDSCQOGDSGGPLAASDTGSTYLAGIVSWGYGCARPGYPGVYTEVSYHVDWIKANAY

25 TRPDOGI

Trypsinogen (EC 3.4.21.4}, cationic, precursor - Dog
IVGGYTCSRNSVPYQVSLNSGYHFCGGSLINSQWYVSAAHCYKSRIQVRLGEYNIAVSEG
GEQFINAAKIIRHPRYNANTIDNDIMLIKLSSPATLNSRVSAIALPKSCPAAGTQCLISG
WGNTOSIGONYPDVLOCLKAPILSDSVCRNAY PGQI SSNMMCLGYMEGGKDSCQGDSGGP
VVCKRGELQGVVSNGAGCAQKGKPGVSPKVCKYVSWIQQTIAAN

26. TRPDOG2

Trypsinogen (EC 3.4.21.4}, anionic, precursor - Dog
IVGGYTCEENSVPYQVSLNAGYHFCGGSLISDOQWYVSAAHCYKSRIQVRLGEYNIDVLEG
NEQFINSAKVIRHPNYNSWILDNDIMLIKLSSPAVLNARVATISLPRACAAPGTQCLISG
WGNTLSSGTNYPELLQCLDAPILTQAQCEASYPGQITENMICAGFLEGGKDSCOGNSGGP
VVCNGELQGIVSWGYGCAQKNKPGVYTKVCNFVDWIQSTIAANS

27. TRPFISH1

Trypsinogen (EC 3.4.21.4) - Spiny dogfish
IVGGYECPKHAAPWTVSLNVGYHFCGGSLIAPGWVVSARHCYQRRIQVRLGEHDISANEG
DETYIDSSMVIRHPNYSGYDLDNDIMLIKLSKPAALNRNVDLISLPTGCAYAGEMCLISG
WGNTMDGAVSGDQLQCLDAPVLSDAECKGAY PGMI THNMMCVGYMEGGKDSCQGDSGGRV
VCHNGMLOGIVSWGYGCRERDHPGVYTRVCHYVSWIHETIASY

28. TRPFISH2

E750677A : trypsin
IVGGYECPKHAAPWTVSLNVGYHFCGGSLIAPGWVSARRCYQRRIQVRLGEHDISANEGD
ETYIDSMVIRHPNYSGYDLDNDIMLIKLSKPAALNRNVDLISLPTGCAYAGEMCLISGWG
NTMDGAVSGDOLOCLDAPVLSDAECKGAY PGMITNNMMCVGYMEGGKDSCQGDSGGPVVC
NGMLOGIVSWGYGCAERDHPGVYTRVCHYVSWIHETIASY

29. TRPFLYI1

Trypsinocgen-like (EC 3.4.21.-} proenzyme precursor - Fruit fly

IVGGSATTISSFPWQISLORSGSHSCGGSIYSANIIVTAARHCLQSVSASVLOVRAGSTYW
SSGGVVAKVSSFKNHEGYNANTMVNDIAVIRLSSSLSFSSSIKALSLATYNPANGASAAY
SGWGTQOSSGSSSIPSQLQYVNVNIVSQSQCASSTYGYGSQIRNTMICAAASGKDACQGDS
GGPLVSGGVLVGVVSWGYGCAYSNYPGVYADVAVLRSWVVSTANST

30. TRPHM!

E1403437A : cell specific trypsin like protease
MRNSYRFLASSLSVVVSLLLIPEDVCEKIIGGNEVTPHSRPYMVLLSLDRKT ICAGALIA
KDWVLTAAHCNLNKRSQVILGAHSITREEPTKQIMLVKKEFPYPCYDPATREGDLKLLOL
TEKAKINKYVTILHLPKKGDDVKPGTMCQVAGRGRTHNSASWSDTLREVNITIIDRKVCN
DRNHYNFNPVIGMNMVCAGSLRGGRDSCNGDSGSPLLCEGVFRGVTSFGLENKCGDPRGP
GVYILLSKKHLNWIIMTIKGAV

31. TRPHOR1

Chymotrypsin IX (EC 3.4.21.1) - Oriental hornet
IVGGTNAPRGKYPYQVSLRAFKHFCGGSISKRYVLTAAHCLVGKSEHQVTVGSVLLNKEE
AVYNAKELIVNKNYNSIRLINDIGLIRVSKDISFTQLVQFPVKLPVSNTIKAGDPVVLTGW
GRIYVNGPIPNNLQQITLSIVNQQTCKSKHWGLTDSQICTFTKRGEGACHGDSGGPLVAN
GVQIGIVSYGHPCAIGSPNVFTRVYSFLDWIQKNQL

32. TRPHOR2

Chymotrypsin II (EC 3.4.21,1} - European hornet
IVGGTDAPRGKYPYQVSLRAPKHFCGGSISKRYVLTAAHRCLVGKSKHOQVTVHAGSVLLNK
EEAVYNAEELIVNKNYNSIRLINDIGLIRVSKDISYTQLVQPVKLPVSNTIKAGDPVVLT
GWGRIYVNGPIPNNLQQITLSIVNQQTCKFKRWGLTDSQICTFTKLGEGACDGDSGGPLY
ANGVQIGIVSYGHPCAVGSPNVETRVYSFLDWIQKNQL

33. TRPMSE1

Z21301329B : trypsin
MSALLILALVGAAVAFPVDDDDKIVGGYTCRESSVPYQVSLNAGYHFCGGSLINDQWVVS
AAHCYKYRIQVRLGEHNINVLEGNEQFVDSAKITRHPNYNSWTLDNDIMLIKLASPVTLN
ARVASVPLPSSCAPAGTQCLISGWGNTLSNGVNNPDLLQCVDAPVLPQADCEASYPGDIT
NNMICVGFLEGGKDSCQGDSGGPVVCNGELQGIVSWGYGCAQPDAPGVYTKVCNYVDWIQ
NTIADN

34. TRPPIGI

Trypsinogen (EC 3.4.21.4) - Pig
IVGGYTCAANSIPYQVSLNSGSHFCGGSLINSQWVVSAARHCYKSRIQVRLGEHNIDVLEG
NEQFINAAKIITHPNENGNTLDNDIMLIKLSSPATLNSRVATVSLPRSCAAAGTECLISG

T L e e
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WGNTKSSGSSYPSLLOCLKAPVLSDSSCKSSYPGQITGNMICVGFLEGGKDSCOGDSGGP
VVCNGQLQGIVSWGYGCAQKNKPGVYTKVCNYVNWIQQTIAAN

35. TRPRAT1

Trypsinogen I (EC 3.4.21.4) precursor - Rat
IVGGYTCPEHSVPYQVSLNSGYHFCGGSLINDQWVVSAAHCYKSRIQVRLGEHNINVLEG
DEQFINAAKITKHPNYSSWTLNNDIMLIKLSSPVKLNARVAPVALPSACAPAGTQCLISG
WGNTLSNGVNNPDLLQCVDAPVLSQADCEAAY PGEI TSSMICVGFLEGGKDSCQGDSGGP
VVCNGQLOGIVSWGYGCALPDNPGVYTKVCNFVGWIQDT IAAN

36. TRPRAT2

Trypsinogen II (EC 3.4.21.4) precurscor - Rat
IVGGYTCQENSVPYQVSLNSGYHFCGGSLINDQWVVSAAHCYKSRIQVRLGEHNINVLEG
DEQFINAAKITRHPNFDRKTLNNDIMLIKLSSPVKLNARVATVALPSSCAPAGTQCLISG
WGNTLSSGVNEPDLLOCLDAPLLPOADCEASY PGKITDNMVCVGFLEGGKDSCQGDSGGP
VVCNGELQGIVSWGYGCALPDNPGVYTKVCNYVDWIQDTIAAN

37. TRPRAT3

Chymotrypsinegen B (EC 3.4.21.1) precursor - Rat

IVNGEDAIL PGSWPWOVSLODKTGFHFCGGSLI SEDWVVTAAHCGVKTSDVVVAGEEDQGS
DEENIQVLKIAQVFKNPKFNMFTVRNDITLLKLATPAQFSETVSAVCLPNVDDDFPPGTV
CATTGWGKTKYNALKTPEKLQOAALPIVSEADCKKSWGSKITDVMTCAGASGYSSCMGDS
GGPLVCQKDGVWTLAGIVSWGSGVCSTSTPAVYSRVTALMPWVQQILEAN

38. TRPSTRPI1

Trypsin (EC 3.4.21.4) - Streptomyces griseus
VVGGTRAAQGEFPFMVRLSMGCGGALYAQDIVLTARHCVSGEGNNTSITATGGVVDLOSA
VKVRSTKVLQAPGYNGTGKDWALIKLAQPINQPTLKIATTTAYNQGTFTVAGWGANREGG
SQQRYLLKANVPFVSDAACRSAYGNELVANEEICAGYPDTGGVDTCQGDSGGPMERKDNA
DEWIQVGIVSWGYGCARPGYPGVYTEVSTFASAIASAARTL

ASPARTIC PROTEASES (47 sequences)

1. AID1

Protease (EC 3.4.,) - Simian AIDS retrovirus SRV-1
SRKPTTTPSGKRTEGPAPGPETSLWGGOLCSSQOKQPISKLTRATPGSAGLDLSSTSHTV
LTPEMGPQALSTGIYGPLPPNTFGLILGRSSITIKGLOVYPGVIDNDYTGEIKIMAKAVN
NIVTVPQGNRIAQLILLPLIETDNKVOQPYRGQGSFGSSDIYWVQPITCQKPSLTLWLDD
KMETGLIDTGADVTIIKLEDWPPNWPITDTLTNLRGIGQSNNPKOSSKYLTWRDKENNSG
LIKPFVIPNLPVNLWGRDLLSQMKIMMCSPSDIVTAQMLAQGYSPGKGLGKNENGILHPI
PNQGQFDKKGFGNF

2. AID10

sor protein - Human immuncocdeficiency virus (HIV-2, isolate ROD)

MEEDKRWIVVPTWRVPGRMEKWHS LVKY LKYKTKDLEKVCYVPHHKVGWAWWTCSRVIEP
LKGNSHLEIQAYWNLTPEKGWLSSYSVRITWYTEKFWTDVTPDCADVLIHSTYFPCFTAG
EVRRAIRGEKLLSCCNYPRAHRAQVESLOFLALVVVQONDRPORDSTTRKQRRRDYRRGL
RLAKQDSRSHKQRSSESPTPRTYEFPGVAEVLEILA

3. AID11

nef protein - Human immunodeficiency virus I (HIV-1, isolate
MGGKWSKMAGWSTVRERMRRAEPARERMRRAEPRAEPAADGVGAVSRDLEKHGAITSSNT
AATNADCAWLEAQEDEEVGFPVKPQVPLRPMTYKAAVDLSHFLKEKGGLEGLIHSQQROD
ILDLWVYHTQGYFPDWONYTPGPGVRYPLTFGWCFKLVPVEPEKIEEANEGENNS LLHPM
SQHGMDDPEREVLOWRFDSRLAFHEMARELHPEYYKNC

4. AlID12

nef protein - Human immunodeficiency virus {(isolate HIV-2rb6)
MGGRWSKSSIVGWPAIRERIRRTDPRRTDPAADGVGARASRDLEKHGAITSSNTRDTNADC
AWLERAQEESEEVGFPVRPQVPLRPMTYKLAVDLSHFLKEKGGLEGLIWSKKRQEILDLWV
YNTOGIFPDHONYTPGPGIRY PLTFGWCFELVPVDPREVEEATEGETNCLLHPVCQHGME
DTEREVLKWRFNSRLAFEHKAREMHPEFYKDC

5. AID13

BR)

nef protein - Human immunodeficiency virus (HIV-2, isolate ROD)

MGASGSKKHSRPPRGLOERLLRARAGACGGYWNESGGEYSRFOEGSDREQKSPSCEGROY
QOGDFMNTPWKDPAAEREKNLYRQONMDDVDSDDDDOVRVSVTPKVPLRPMTHRLAIDMS
HLIKTRGGLEGMFYSERRHKILNIYLEKEEGIIADWONYTHGPGVRY PMFFGWLWKLVPV
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DVPQEGEDTETHCLVHPAQTSKFDDPHGETLVWEFDPLLAYSYEAFIRYPEEFGHKSGLP
EEEWKARLKARGIPFS

6. AID2

gag polyprotein - Human immunodeficiency wvirus (HIV-1, isolate CDC-451)
MGARASVLSGGELDRWEKIRLRPGGKKQYRLKHIVWASRKLERFAVNPGLLETSKGCRQT
LGOLQOPSLOTGSEELRSLYNTVATLYCVHQRIEVRDTKEALDKIEEEQNKSKKKAQQARA
DTGNSSQVSONYPIVONLOGOMVHQAISPRTLNAWVKVIEEKAFSPEVIPMFAALSEGAT
PQDLNTMLNTVGGHQAAMOMLKET INEEAAEWDRLHPVHAGPTAPGOMREPRGSDIAGTT
STLQEQIGWMTNNPPTPVGEIYKRWIILGLNKIVRMYSPISILDIRQGPKEPFRDYVDRF
YKTLRAEQASQEVKNWMTETLLVONANPDCKTILKALGPAATLEEMMTACQGVGGPGHKA
RVLAEAMSQOVTNSATIMMORGNFRROGKTVKCFNCGKEGHIARNCKAPRKKGCWKCGREG
HOMKDCTERQANFLGKIWPSHKGRPGNFLOSRPEPTAPPEESFRFGDETTTPSQKQEPRD
KELYPLASLRSLFGNDPSSQ

7. AID3

gag polyprotein - Human immunodeficiency wvirus (HIV-2, isolate ROD)
MGARNSVLRGKKADELERIRLRPGGKKKYRLKHIVWAANKLDRFGLAESLLESKEGCQKI
LTVLDPMVPTGSENLKSLFNTVCVIWCIHAEEKVKDTEGAKQIVRRHLVAETGTAEKMPS
TSRPTAPSSEKGGNYPVOHVGGNYTHIPLSPRTLNAWVKLVEEKKFGAREVVPGFOALSEG
CTPYDINQMLNCVGDHQAAMQIIREIINEEAREWDVQHPI PGPLPAGQLREPRGSDIAGT
TSTVEEQIQWMEFRPONPVPVGNIYRRWIQIGLOKCVRMYNPTNILDIKQGPKEPFQSYVD
RFYKSLRAEQTDPAVKNWMTQTLLVONANPDCKLVLKGLGMNPTLEEMLTACQGVGGPGQ
KARLMAEALKEVIGPAPIPFAARQQRKAFKCWNCGKEGHSARQCRAPRRQGCWKCGKPGH
IMTNCPDRQAGFLGLGPWGKKPRNFPVAQVPOGLTPTAPPVDPAVDLLEKYMOQOGKRQRE
QRERPYKEVTEDLLHLEQGETPYREPPTEDLLHLNSLFGKDQ

8. AID4

pol polyprotein - Human immunodeficiency virus (HIV-2, isolate ROD}
TGRFFRTCGPLGKEAPQLPRGPSSAGADTNSTPSGSSSGSTGEI YAAREKTERAERET 1QG
SDRGLTAPRAGGDTIQGATNRGLAAPQFSLWKRPVVTAYIEGOPVEVLLDTGADDSIVAG
IELGNNYSPKIVGGIGGFINTKEYKNVEIEVLNKKVRATIMTGDTPINIFGRNILTALGM
SLNLPVAKVEPIKIMLKPGKDGPKLROQWPLTKEKIEALKEICEKMEKEGQLEEAPPTNPY
NTPTEFAIKKKDKNKWRMLIDFRELNKVTODFTEIQLGI PHPAGLAKKRRITVLDVGDAYF
SIPLHEDFRPYTAFTLEPSVNNAEPGKRYIYKVLPQGWKGSPAI FQHTMRQVLEPFRKANK
DVIIIQYMDDILIASDRTDLEHDRVVLOLKELLNGLGFSTPDEKFQKDPPYHWMGYELWP
TKWKLOKIQLPOKEITWTVNDIQKLVGVLNWAAQLY PGIKTKHLCRLIRGKMTLTEEVQWT
ELAEAELEENRIILSQEQEGHYYQEEKELEATVQKDQENQWTYKIHQEEKILKVGKYAKV
KNTHTNGIRLLAQVVOKIGKEALVIWGRIPKFHLPVEREIWEQWWDNYWQVTWIPDWDEV
STPPLVRLAFNLVGDPIPGAETFYTDGSCNRQSKEGKAGYVTDRGKDKVKKLEQTTNQQA
ELEAFAMALTDSGPKVNIIVDSQYVMGISASQPTESESKIVNCQIIEEMIKKEAIYVAWVP
AHKGIGGNQEVDHLVSQGIRQVLFLEKIEPAQEEHEKYHSNVKELSHKEGI PNLVARQIV
NSCAQCQOKGEAIHGQVNAELGTWOMDCTHLEGKII IVAVHVASGFIEAEVI PQESGRQT
ALFLLKLASRWPITHLHTDNGANFTSQEVKMVAWWIGIEQSFGVPYNPOSQGVVEAMNHH
LKNQISRIREQANTIETIVLMAIHCMNFKRRGGIGDMTPSERLINMITTEQEIQFLQAKN
SKLKDFRVYFREGRDQLWKGPGELLWKGEGAVLVKVGTDIKII PRRKAKITIRDYGGRQEM
DSGSHLEGAREDGEMA

9. AIDS

env polyprotein -~ Human immunodeficiency wvirus I (HIV-1, isolate BR)
MRVKGIKKNYQHLWRWGGMMLLGILMICSATDKLWVTVYYGVPVWKEANTTLFCASDAKA
YDTEIRNVWATHACVPTDPNPOQELVMGNVTENENMWKNDMVEQMHEDI ISLWDQSLKPCY
KLTPLCLTLNCHDFNATNATSNSGKMMEGGEMKNCSFNITTSIRDKMQKEYALFYKLDIV
PIDNDKTNTRYRLISCNTSVITQACPKVTFEPIPIHYCAPAGFAILKCNNKKENGTGPCT
NVSTVQCTHGIRPVVSTQLLLNGSLAEEEVVIRSENFTNNVKTIIVQLNESVEINCTRPN
NNTRKRITMGPGRVYYTTGQIIGDIRRAHCNLSRSKWENTLKQIVTKLRVQFKNKTIVEN
RSSGGDPEIVMHSFNCGGEFFFCNTTQLFNSTWYRNTTGNITEGNSPITLPCRIKQI INM
WOEVGKEMYRPPIRGQIKCSSNITGLLLTRDGGHNNNETTDTEI FRPGGGNMRDNWRSELY
KYKVVKIEPLGVAPTKAKRRVVQREKRAVGLGALFLGFLGAAGSTMGRASLTLTVQARLL
LSGIVOQONNLIMAIEAQOHMLELTVWGIKQLOARVLAVERYLKDQQLLGIWGCSGKLIC
TTAVPWNASWSNKSLSDIWDNMTWMEWEREIDNYTNLI YSLIEDSQIQQEKNEKELLELD
KWASLWNWENI TNWLWYIKIFIMIVGGLIGLRIVFAVLSIVNRVROGYSPLSFQTRLPGR
- 3 RGPDRPEGIEEEGGERDRDRSSPLVDGFLALFWVDLRSLFLFSYHRLRDLLLIVTRIVEL
) LGRRGWEVLKYWWNLLQYWSQELKNSAVSLLNATAIAVGERTDRAIEVVQRAFRAILHIP
x RRIRQGLERALQ
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- 10. AID6
env polyprotein - Human immunodeficiency wvirus {(HIV-1, isolate CDC-451)
MAMRAKGIRKNCQHLWRWGTMLLGMLMICSARANLWVTVYYGVPVWKEATTTLFCASDAK
AYDTEARNVWATHACVPTNPNPOEVVLENVTENFNMWKNNMVEQMHEDI ISLWDQSLKPC
VKLTPLCVTLNCTDLNTNNTTNTTELSI IVVWEQRGKGEMRNCSFNITTSIRDKVQOREYA
LEYKLDVEPIDDNKNTTHNNTKYRLINCNTSVITQACPKVSFEPIPIHYCTPTGFALLKCN
DKKFNGTGPCTNVSTVQCTHGIRPVVSTQLLLNGSLAEEEVVIRSENFTNNAKTIIVQLN
VSVEINCTRPNNHTRKRVTLGPGRVWYTTGEILGNIRQAHCNI SRAQWNNTLOQIATTLR
EQFGNKTIAFNQSSGGDPEIVMHSFNCGGEFFYCNSTQLFNSAWNVTSNGTWSVTRKQKD
TGDIITLPCRIKQIINRWOVVGKAMYALPIKGLIRCSSNITGLLLTRDGGGENDTTEIFR
PGGGDMRDNWRSELYKYKVVKIEPLGVAPTKAKRRVVQREKRAVGMLGAMFLGFLGAAGS
TMGATSMALTVQARQLLSGIVQQONNLLRAI KAQQOHLLOLTVWGIKQLOARILAVERYLK
DQOLLGFAGCSGKLICTTAVPHNASWSNKTLDGIWNNMTWMEWDREIDNYTHLIYTLIEE
- SONQOEKNQOELLOLDKWASLWTWSDI TKWLWYIKIFIMIVGGLIGLRIVFAVLSIVNRY
& ROGYSPLSFQTLLPNPRGPDRPEGTEEGGGERGRDGSTRLVAGFLALVWDDLRSLCLESY

HRLRDLLLIVARIVELLGRRGWEVLK i, .I.; % " "SLKNSAVSLVNVTAIAVAEGTDR
; - VIEVVQRIYRAFLHIPRRIRCQGFEPR
4 11. AID7
1 & env polyprotein precurs.: - s o odeficiency virus (isolate HIV-
2re)
] LLGILMICSAADNLWVTVYYGVPI - .+ .. L™ 3DAKSYKTEAHNIWATHACVPTDEN
¥ POQEIELENVTENFNMWRNNMVEQI:. . "I 1 2 SLKPCVKLTPLCVTLNCTDESDEWMG
' NVITGKNVTEDIRMKNCSENITTVVRL,: T~ 7 LLEYRLDIVPIDNDNSTNSTNYRLINCH

TSAITQACPKVSFEPIPIHYCAPAGFA. ! " .RDKRFNGTGPCTNVSTVQCTHGIRPVVST
QLLLNGSLAEEEIIIRSENLTNNAKIIIVQLNESVAINCTRPYKNTRQSTPIGLGQALYT
TRGRTKIIGQAHCNISKEDWNKTLORVAIKLGNLLNKTTIIFKPSSGGDAEITTHSEFNCG
GEFFYCNTSGLFNSTWNINNSEGANSTESDNKLITLQCRIKQI INMROGVGKAMYAPPIE
GOINCSSNITGLLLTRDGGTNNSSNETFRPGGGDMRDNWRSELYKYKVVKIEPLGVAPTK
AKRRVVEREKRAIGLGAMFLGFLGAAGSTMGAASVTLTVQARQLMSGIVQQONNLLRAIE
AQOHLLQLTVWGIKQLOARILAVERYLKDQOLLGIWGCSGKLICTTTVPWNSSWSNRSLN
DIWQNMTWMEWEREIDNYTGLIYRLIEESQTOQEKNEQELLELDKWASLWNWENI TQWLW
YIKIFIMIVGGLIGLRIVFAVLSLVNRVRQGYSPLSFQTLLPAPREPDRPEGIEEEGGER
| GRDRSIRLVNGFSALIWDDLRNLCLFSYHRLRDLILIAARIVELLGRRGWEALKYLWNLL
;f- QYWSRELRNSASSLLDTYIAIAVAEGTDRVIEIVRRTYRAVLNVPTRIRQGLERLLL
12. AIDS
env polyprotein precursor - Human immunodeficiency virus (HIV-2, isolate
ROD)
YCTQYVTVFYGVPTWKNATIPLECATRNRDTWGTIQCLPDNDDYQEITLNVTEAFDAWNN
TVTEQAIEDVWELFETSIKPCVKLTPLCVAMKCSSTESSTGNNTTSKSTSTTTTTPTDQE
QEISEDTPCARADNCSGLGEEETINCQFNMTGLERDKKKQYNETWYSKDVVCETNNSTNQ
TOCYMNHCNTSVITESCDKHYWDAIRFRYCAPPGYALLRCNDTNYSGFAPNCSKVVASTC
TRMMETQTSTWFGEFNGTRAENRTYIYWHGRDNRTI ISLNKYYNLSLHCKRPGNKIVKQIM
LMSGHVFHSHYQPINKRPROAWCWFKGKWKDAMOEVKETLAKHPRYRGTNDTRNI SFAAP
GKGSDPEVAYMWTNCRGEFLYCNMTWELNWIENKTHRNYAPCHIKQI INTWHKVGRNVYL
PPREGELSCNSTVTSIIANIDWONNNQTNITFSAEVAELYRLELGDYKLVEITPIGFAPT
KEKRYSSAHGRHTRGVFVLGFLGFLATAGSAMGAASLTVSAQSRTLLAGIVQQOQQQLLDV
VKROQOELLRLTVWGTKNLQARVTAIEKYLODQARLNSWGCAFRQVCHTTVPWVNDSLAPD
WDNMTWQEWEKQVRYLEANISKSLEQAQIQQEKNMYELQKLNSWDI FGNWEFDLTSWVKYI
QYGVLIIVAVIALRIVIYVVOMLSRLRKGYRPVFSSPPGYIQQIHIHKDRGQPANEETEE
DGGSNGGDRYWPWPIAYIHFLIRQLIRLLTRLYSICRDLLSRSFLTLQLIYQNLRDWLRL
RTAFLQYGCEWIQEAFQARARATRETLAGACRGLWRVLERIGRGILAVPRRIRQGAEIAL
L
13. AID9
sor protein - Human immunodeficiency virus (isolate HIV-Zré)
MENRWQVMIVWQVDRMRIRTWKSLVKHEMYVSKKASRWFYRHHYDSPHPKISSEVHIPLG
EARLVVKTYWGLHTGERDWHLGQOGVSIEWRKRRYSTQVDPGLADQLIHMYYFDCFSEAAT
RKAILGHIVSHRCEYQAGHSKVGSLOYLALTALIAPKKIKPPLPSVRKLTEDRWNKPQKT
KGHKGAIQ
14. CHYMCOW1
E0510208A : chymosin B
GEVASVPLTNYLDSQYFGKIYLGTPPQEFTVLFDTGSSDFWVPS I YCKSNACKNHQRFDP

I - .o
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RKSSTFONLGKPLSIHYGTGSMOGILGYDTVTVSNIVDIQQTVGLSTQEPGDVFTYAEFD
GILGMAYPSLASEYSIPVFDNMMNRHLVAQDLFSVYMDRDGQESMLTLGAIDPSYYTGSL
HWVPVTVQOYWOFTVDSVTISGVVVACEGGCOAILDTGTSKLVGPSSDILNIOQAIGATO
NQYGEFDIDCDNLSYMPTVVFEINGKMYPLTPSAYTSQDQGFCTSGFQSENHSQKWILGD
VFIREYYSVFDRANNLVGLAKAIL

15. CHYMLAM1

lamb chymosin nar 1930
GEVASVPLTNYLDSQYFGKIYLGTPPQEFTVLFDTGSSDEWVPSI YCKSNACKNHQREDP
RKSSTFONLGKPLSIRYGTGSMQGILGYDTVTVSNIVDIQQTVGLSTQEPGDVFTYAEFD
GILGMAYPSLASEYSVPVFDNMMDRRLVAQDLFSVYMDRSGQGSMLTLGAIDPSYYTGSL
HWVPVTLOKYWQFTVDSVTISGAVVACEGGCCAILDTGTSKLVGPSSDILNIQQAIGATQ
NOQYGEFDIDCDSLSSMPTVVFEINGKMYPLTPYAYTSQEEGEFCTSGFQGENHSHOWILGD
VEIREYYSVEDRANNLVGLAKAI

16. HTLV1

Protease (EC 3.4.21.) =~ T-cell leukemia virus {(HTLV-I)
HSTPRKKLHRGGGLTSPPTLOOQVEFLNQDPASILPVI PLDPARRPVIKAQVDTQTSHPKTIE
ALLDTGADMTVLPIALFSSNTPLKNTSVLGAGGQTQODHFKLTSLPVLIRLPFRTTPIVLT
SCLVDTKNNWAIIGRDALQOCOGVLYLPEAKGPPVILPIQAPAVLGLEHLPRPPQISQFP
LNOQNASRPCNTWSGRPWRQAISNPTPGOEITQYSQLKRPMEPGDSSTTCGPLTL

17. HTLV10

env polyprotein - T-~cell leukemia virus (HTLV-1I)
MGNVFFLLLFSLTRFPLAQOSRCTLTIGISSYHSSPCSPTQPVCTWNLDLNSLTTDQRLH
PPCPNLITYSGFHKTYSLYLFPHWIKKPNROGLGYYSPSYNDPCSLOCPYLGCQAWTSAY
TGPVSSPSWKFHSDVNFTQEVSQVSLRLHFSKCGSSMTLLVDAPGYDPLWFITSEPTQPP
PTSPPLVHDSDLEHVLTPSTSWITKILKFIQLTLQSTNYSCMVCVDRSSLSSWHVLYTPN
ISIPQOTSSRTILFPSLALPAPPSOPFPWTHCYOPRLOATITTDNCNNSIILPPFSLAPVP
PPATRRRRAVPIAVWLVSALAAGTGIAGGVTGSLSLASSKSLLLEVDKDISHLTQAIVKN
HONILRVAQYAAQNRRGLDLLFWEQGGLCKAIQEQCCFLNISNTHVSVLQERPPLEKRVI
TGWGLNWDLGLSOWAREALQTGITILALLLLVILFGPCILROIQALPQRLONRHNQYSLI
NPETML

18. HTLV11

nef protein - AIDS virus HTLV-III {(T-cell leukemia virus BH10)}

MGGKWSKSSVVGWPAVRERMRRAEPAADGVGAASRDLEKRGAITSSNTAANNADCAWLEA
QEEEEVGFPVTPQVPLRPMTYKAAVDLSHELKEKGGLEGLIHSQRROQDILDLWIYHTQGY
FPDONYTPGPGIRYPLTFGWCYKLVPVEPEKLEEANKGENTSLLHPVSLHGMDDPEREVL
EWRFDSRLAFHHMARELHPEYFKNC

19, HTLV12

nef protein - AIDS virus BTLV-III (T-cell leukemia virus 12)
WKGFCYKMGGKWSKSSVVGWPAVRERMRRAEPAADGVGAASRDLEKHGAITSSNTAANNA
ACAWLEAQEEEKVGFPVTPOVPLRPMTYKAARVDLSHELKEKGGLEGLI HSQRRQDILDLW
IYHTQGYFPDWONYTPGPGIRYPLTFGWCYKLVPVEPEKLEEANKGENTSLLHPVSLHGM
DDPEREVLEWRFDSRLAFHHVARELHPEYEFKNC

20, HTLV2

Protease (EC 3.4.21.) - T-cell leukemia virus I (HTLV-1, Caribbean

isolate)}
KTPPKSAVLPVRESRPLESGLHSASSSPWAMPPMSRSNSLEARLPPPKAHYPRTRARGGC
PPIRSPRRHPTPKKLHRGGGLTSPPTLQOVLPNQDPTSILPVIPLDPARRPVIKAQIDTO
TSHPKTIEALLDTGADMTVLPIALFSSNTPLKNTSVLGAGGOTRDHFKLTSLPVLIRLPE
RTTPIVLTSCLVDTKNNWAI IGRDALQQCOGVLYLPEAKRPPVILPIQAPAVLGLEHLPR
PPEISQOFPLNONASRPCNTWSGRPWROAISNPTPGREITQYSOLKKPMEPGDSSTTCGEL
TL

21. HTLV3

gag polyprotein - T-cell leukemia virus I (HTLV-~I, Caribbean
MGOIFSRSASPIPRPPRGLAAHHWLNFLOAAYRLEPGPSSYDFHQLKKFLKIALETPVWI
CPINYSLLASLLPKGYPGRVNEILHILIQTQAQIPSRPAPPPPSSSTHDPPDSDPQIPPP
YVEPTAPQVLPVMHPHGAPPNHRPWOMKDLQATKQEVSQAARPGS PQFMOTIRLAVQQFDP
TAKDLQDLLOYLCSSLVASLHHQQLDSLISEAETRGITGYNPLAGPLRVQANNPOOOGLR
REYQOLWLARFARLPGSAKDPSWASILOGLEEPYHAFVERLNIALDNGLPEGTPKDPILR
SLAYSNANKECQKLLOARGHTNSPLGDMLRACQAWTPKDKTKVLVVQPKKPPPNQPCFRC
GKAGHWSRDCTQPRPPPGPCPLCODPTHWKRDCPRLKPTI PEPEPEEDALLLDLPADIPH
PKNSIGGEV

isolate)
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o

22. HTLV4

" gag polyprotein - T-cell leukemia virus (HTLV-II)

MGOIHGLSPTPIPKAPRGLSTHHWLNFLOARYRLOPRPSDEFDFOQLRRFLKLALKTPIWL
NPIDYSLLASLIPKGYPGRVVEIINILVKNQVSPSAPAAPVPTPICPTTTPPPPPPPSPE
AHVPPEYVEPTTTQCFPILHPPGAPSAHRPWOMKDLOATIKQEVSSSALGSPOFMOTLRLA
VQOFDPTAKDLODLLQYLCSSLVVSLHHOQLNTLITEAETRGMTGYNPMAGPLRMQANNP
AQOGLRREYONLWLAAFSTLPGNTRDPSWARILQGLEEPYCAFVERLNVALDNGLPEGTP
KEPILRSLAYSNANKECQKILQARGHTNSPLGEMLRTCQAWTPKDKTKVLVVQPRRPPPT
OPCFRCGKVGHWSRDCTOPRPPPGPCPLCQDPSHWKRDCPQLKPPQEEGEPLLLDLPSTS
GTTEEKNSLRGEI ‘

23. HTLVS

gag polyprotein - AIDS virus HTLV-ITI (T-cell leukemia virus, BH10)

MGARASVLSGGELDRWEKIRLRPGGKKKYKLKHIVWASRELERFAVNPGLLETSEGCRQI
LGOLQPSLOTGSEELRSLYNTVATLYCVHQRIEIKDTKEALDKIEEEQNKSKKKAQQAARA
DTGHSSQOVSONYPIVONIQGOMVHQAISPRTLNAWVKVVEEKAFSPEVIPMFSALSEGAT
PODLNTMLNTVGGHQAAMOMLKET INEEAREWDRVHPVHAGPIAPGOMREPRGSDIAGTT
STLOEQIGWMTNNPPIPVGEIYKRWIILGLNKIVRMYSPTSILDIRQGPKEPFRDYVDRF
YKTLRAEQASQEVKNWMTETLLVONANPDCKT I LKALGPAATLEEMMTACQGVGGPGHKA
RVLAEAMSQVTNTAT IMMQRGNFRNORKMVKCFNCGKEGHTARNCRAPRKKGCWKCGKEG
HOMKDCTERQANFLGKIWPSYKGRPGNFLQSRPEPTAPPFLOSRPEPTAPPEESFRSGVE
TTTPPQKQEPIDKELYPLTSLRSLFGNDPSSQ

24. HTLVé6

pel polyprotein - T-cell leukemia virus I (HTLV-I, Caribbean
GKKAACNLANTGASCPWART PPKAPRNQPVPFKPERLOALQHLVRKALEAGHIEPYTGPG
NNPVEFPVKKANGTWRFIHDLRATNSLTIDLSSSSPGPPDLSSLPTTLARLOTIDLKDAFF
QIPLPKQFQPYFAFTVPQOCNYGPGTRYAWRVLPQGFKNSPTLFEMOLAHILQPIRQAFP
QCTILQYMDDILLASPSHADLQLLSEATMASLISHGLPVSENKTQQTPGTIKFLGQIISP
NHLTYDAVPKVPIRSRWALPELQALLGEIQWVSKGTPTLROPLHSLYCALQRHTDPRDQI
YLNPSQVQSLVQLRQALSQONCRSRLVQTLPLLGAIMLTLTGTTTVVEFQSKQOWPLVWLHA
PLPHTSQCPWGQLLASAVLLLDKYTLOSYGLLCQTIHHNISTQTENQFIQTSDHPSVPIL
LHHSHRFKNLGAQTGELWNTFLKTTAPLAPVKALMPVFTLSPVIINTAPCLFSDGSTSQA
AYILWDKHILSQRSFPLPPPHKSAQRAELLGLLHGLSSARSWRCLNIFLDSKYLYHYLRT
LALGTFQOGRSSQAPFQALLPRLLSRKVVYLHHVRSHTNLPDPISRLNALTDALLITPVLQ
LSPADLHSFTHCGQTALTLQGATTTEASNILRSCHACRKNNPQHOMPOGHIRRGLLPNHI
WQGDITHFKYKNTLYRLHVWVDTFSGAISATQKRKETSSEAISSLLOAIAYLGKPSYINT
DNGPAYISQDFLNMCTSLAIRHTTHVPYNPTSSGLVERSNGILKTLLYKYFTDKPDLPMD
NALSIALWTINHLNVLTNCHKTRWQLHHSPRLOQPIPETHSLSNKQTHWYYFKLPGLNSRQ
WKGPQEALQEAAGAALIPVSASSAQWI PWRLLKRAACPRPVGGPADPKEKDHQHHG

25. HTLV7

pol polyprotein - T-cell leukemia virus (HTLV-II)
HRSRPYGYTPDTRARAGKAPRHPDPRROWANQHPVQTPPNPPTHILALPKVPRYPFLLPL
RHPQOMDHHWKGRPTTMPGASIPPRRPQPPPIAANSHSKHHRPRTPSPTSPSGPISFKPE
RLOALNDLVSKALEAGHIEPYSGPGNNPVFPVKKPNGKWRFIHDLRATNAITTTLTSPSP
GPPDLTSLPTALPHLOTIDLTDAFFQI PLPKQYQPYFAFTI PQPCNYGPGTRYAWTVLPQ
GFKNSPTLFEQQLAAVLNPMRKMFPTSTIVQYMDDILLASPTNEELQOLSQLTLQALTTH
GLPISQEKTQQTPGQIRFLGQVISPNHITYESTPTIPIKSQWTLTELQVILGEIQWVSKG
TPILRKHLQSLYSALHGYRDPRACITLTPQQLHALHATIQQALOHNCRGRLNPALPLLGLI
SLSTSGTTSVIFQPKONWPLAWLHTPHPPTSLCPWGHLLACTILTLDKYTLQHYGQLCQS
FHHNMSKQALCDFLRNSPHPSVGILIHHMGRFHNLGSQPSGPWKTLLHLPTLLQEPRLLR
PIFTLSPVVLDTAPCLFSDGSPQKAAYVLWDQTILOODITPLPSHETHSAQKGELLALIC
GLRARKPWPSLNIFLDSKYLIKYLHSLAIGAFLGTSSHQTLOAALPPLLQGKTIYLHHVR
SHTNLPDPISTFNEYTDSLILAPLVPLTPQGLHGLTHCNQRALVSFGATPREAKSLVQTC
HTCQTINSQHHMPRGYIRRGLLPNHIWQGDVTHYKYKKYKYCLEHVWVDTFSGAVSVSCKK
KETSCETISAVLOAISLLGKPLHINTDNGPAFLSQEFQEFCTSYRIKHSTHIPYNPTSSG
LVERTNGVIKNLLNKYLLDCPNLPLONAIEKALWTLNOLNVMNPSGKTRWQIHHSPPLPP
IPEASTPPKPPPKWFYYKLPGLTNQRWKGPLOSLOEAAGAARLLSIDGSPRWI PWREFLKKA
ACPRPDASELAEHAATDHQHHG

26. HTLVS

env polyprotein precursor - AIDS virus HTLV-III (T-cell leukemia virus,

BH10)

isolate)
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TEKLWVTVYYGVPVWHEATT TLFCASDAKAYDTEVHNVWATHACVPTDPNPQEVVLVNVT
ENFNMWKNDMVEQMHEDI ISLWDQSLKPCVKLTPLCVSLKCTDLKNDTNTNSSSGRMIME
KGEIKNCSFNISTSIRGKVOKEYAFFYKLDIIPIDNDTTSYTLTSCNTSVITQACPKVSE
EPIPIRYCAPAGFATLKCNNKTFNGTGPCTNVSTVQCTHGIRPVVSTQLLLNGSLAEEEV
VIRSANFTDNAKTIIVQLNOSVEINCTRPNNNTRKSIRIQRGPGRAFVTIGKIGNMROAH
CNISRAKWNNTLKQIDSKLREQFGNNKTIIFKQSSGGDPEIVTHSFNCGGEFFYCNSTOL
FNSTWFNSTWSTKGSNNTEGSDTITLPCRIKQIINMWQEVGKAMYAPPISGQIRCSSNIT
GLLLTRDGGNSNNESEI FRPGGGDMRONWRSELYKYKVVKIEPLGVAPTKAKRRVVQREK
RAVGIGALFLGFLGAAGSTMGAASMTLTVOARQLLSGIVQOONNLLRAIEAQOHLLOLTV
WGIKQLOARILAVERYLKDQQLLGIWGCSGKLICTTAVPWNASWSNKSLEQ IWNNMTWME
WDREINNYTSLIHSLIEESONQQEKNEQELLELDKWASLWNWENITNWLWY IKLFIMIVG
GLVGLRIVFAVLSVVNRVROGYSPLSFQTHLPIPRGPDRPEGIEEEGGERDRDRSIRLVN
GSLALIWDDLRSLCLFSYHRLRDLLLIVTRIVELLGRRGWEALKYWWNLLOYWSQELKNS
AVSLLNATATAVAEGTDRVIEVVQGAYRAIRHIPRRIRQGLERILL

27. HTLVY

env polyprotein - T-cell leukemia virus I (HTLV-I, Caribbean
MGKFLATLILFFQFCPLILGDYSPSCCTLTVGVSSYHSKPCNPAQPVCSWTLDLLALSAD
QALQPPCPNLVSYSSYHATYSLYLFPHWIKKPNRNGGGYYSASYSDPCSLKCPYLGCQSW
TCPYTGAVSSPYWKFQQDVNFTQEVSHLNINLHFSKCGFSFSLLVDAPGYDPIWFLNTER
SOLPPTAPPLLSHSNLDHRILEPSIPWKSKLLTLVQLTLQSTNYTCIVCIDRASLSTWHVL
YSPNVSVPSPSSTPLLYPSLALPAPHLTLPFNWTHCFDPQIQAIVSSPCHNSLILPPFSL
SPVPTLGSRSRRAVPVAVWLVSALAMGAGVAGRITGSMSLASGKSLLHEVDKDISQLTQA
IVKNHKNLLKIAQYAAQNRRGLDLLFWEQGGLCKALQEQCCFLNITNSHVSILOQERPPLE
NRVLTGWGLNWDLGLSOWAREALQTGITLVALLLLVILAGPCILRQLRHLPSRVRYPHYS
LINPESSL

28. PENJAN1

Penicillopepsin (EC 3.4.,23.6) - Peniciilium janthinellum
AASGVATNTPTANDEEYITPVTIGGTTLNLNFDTGSADLWVESTELPASQOSGHSVYNPS
ATGKRELSGYTWSISYGDGSSASGNVETDSVTVGGVTAHGQAVOAAQRISAQFQODTNNDG
LLGLArSSINTVQPOSOTTFFDTVKSSLAQPLEAVALKHOQPGVYDFGFIDSSKYTGSLT
YTGVDNSQGFWSFNVDSYTAGSQSGDGFSGIADTGTTLLLLBDSVVSQYYSQVSGAQODS
NAGGYVFDCSTNLPDFSVSISGYTATVPGSLINYGPSGDGSTCLGGIQSNSGIGFSIFGD
IFLKSQYVVFDSDGPOLGFAPQA

29. PEPASP!

21211227A: aspergillopepsin A
SKGSAVTTPONNDEEYLTPVTVGKSTLHLDFDTGSADLWVEFSDELPSSERTGHNVYTPSS
SATKLSGYTWNISYGNGSSASGDVYRDTVIVGGVTNTKEAVQAASKISSEFZZVBGGIBS
GAZAYSSINTVOPKAQTTEFFDTVKSQLNSPLEAVOLKHDAPGVYDFGYIBRBSKYTGSITY
TDADSSEGYWGFNPNGYSIGDSSSSGFSAIADTGTTLILLDDEIVLNGSZVSGQANQEAD
GGYVEFBCSTTPPDEFTGX IGDYKAVGPKY INYAPSBTPSTCFGGIQSNSGLGLSILGDVFEL
KSQYVVFDSQGPKLGFAAQA

30. PEPENDI1

Z1311269A: endothiapepsin
STGSATTTPIDSLDDAYITPVQIGTPAQTLNLDFDTGSSDLWVFSSETTASEVDGQTIYT
PSKSTTAKLLSGATWSISYGDGSSSSGDVYTDTVSVGGLTVTGQAVESAKKVSSSETEDS
TIDGLLGLAFSTLNTVSPTOOKTFEDNAKASLDSPVFTADLGYHAPGTYNFGFIDTTAYT
GSITYTAVSTKQGEFWEWTSTGYAVGSGTFKSTSIDGIADTGTTLLYLPATVVSAYWAQVS
GAKSSSSVGGYVFPCSATLPSFTFGVGSARIV™ DYIDFGPISTGSSSCEFGGIQSSAGI
GINIFGDVALKAAFVVENGATTPTLGFASK

31. PEPEND2

E70087:ACID PROTEINASE (ENDOTRIAPEPSIN)
AGTTTTTTIDSLDDAYIVVIQLGTPAATLNLNFDTGSADLWVEAGGSSNNSGHNVYNSAA
SSASATLSTGKWSIAYAARGASASGLNRDGTVTVGGVTAHGQAVQAARAAFARQATNDGLL
GLAFSSINTVOGSONLEFFVOGKSLAQT PLESVYLAHQOGVYDFGLIDSSAYTGSLNYTGY
ASQOGFWSFNVDSYTAGSGSTIGDVSSGIADTGTTVLYLPTSVVSAYYSQVSGATDSAAGG
LDITCDGLTAMPAGVGSTKASVPLSTAYGGOGNGSSGCLGGIQSAAGIGLLIFGDIFIKA
SYVVFDSNNPNLGFAPAA

32. PEPHENI1

Pepsinogen A (EC 3.4.23.1) - Chicken
TATESYEPMTNYMDASYYGTISIGTPQQDFSVIFDTGSSNLWVPSIYCKSSACSNHKRED
PSKSSTYVSTNETVYIAYGTGSMSGILGYDTVAVSSIDVONQIFGLSETEPGSFFYYCNF

isclate}

EJWmEmm

293

BioElectronics Group, Department of Electrical and Computer Systerns Engineering




DGILGLAFPSISSSGATPVFDNMMSQHLVAQDLFSVYLSKDGETGSFVLFGGIDPNYTTK
GIYWVPLSAETYWQITMDRVTVGNKYVACFFTCQAIVDTGTSLLVMPQGAYNRIIKDLGV
SSDGEISCDDISKLPDVTFHINGHAFTLPASAYVLNEDGSCMLGFENMGTPTELGEQWIL
GDVFIREYYVIFDRANNKVGLSPLS

33. PEPHIZI

21402278A: hizopuspepsin I
AGVGTVPMTDYGNDIEYYGOVTIGTPGKKFNLDEDTGSSDLWIASTLCTNCGSRQTKYDP
NOSSTYQADGRTHWSISYGDGSSASGILAKDNVNLGGLLIKGOTIELAKREAASFASGPND
GLLGLGFDTITTVRGVKTPMDNLISQGLISRPIFGVYLGKAKNGGGGEYIFGGYDSTKFK
GSLTTVPIDNSRGWWGITVDRATVGTSTVASSFDGILDTGTTLLILPNNIAASVARAYGA
YDNGDGTYTISCDTSRFKPLVFSINGASFQVSPDSLVFEEYQGQCIAGEGYGDFDFAIIG
DTFLKNNYVVENQGVPEVQIAPVAE

34. PEPHM1

Pepsinogen A (EC 3.4.23.1} precursor -~ Human
VDEQPLENYLDMEYFGTIGIGTPAQDFTVVEDTGSSNLWVPSVYCSSLACTNHNRENPED
SSTYQSTSETVSITYGTGSMTGILGYDTVQVGGISDTNQIFGLSETEPGSEFLYYAPFDGI
LGLAYPSISSSGATPVFDNIWNQGLVSQODLFSVYLSADDQSGSVVIFGGIDSSYYTGSLN
WVPVTVEGYWQITVDSITMNGEATACAEGCQAIVDTGTSLLTGPTSPIANIQSDIGASEN
SDGDMVVSCSAISSLPDIVFTINGVQYPVPPSAYILQSEGSCISGFQGMNLPTESGELWIE
LGDVFIRQYFTVFDRANNQVGLAPVA

35. PEPMONI1

Pepsinogen A {(EC 3,4.23.1) precursor - Rhesus macaque
IDEQPLENYLDVEYFGTIGIGTPAQDFTVIFDTGSSNLWVPSVYCSSLACTNHNLENPQD
SSTYQSTSGTLSITYGTGSMTGILGYDTVQVGGISDTNQIFGLSETEPGSFLYYAPFDGI
LGLAYPSISSSGATPVFDNIWDOGLVSQDLFSVYLSADDOSGSVVIFGGIDSSYYTGSLN
WVPVSVEGYWQISVDSITMNGEAIACAEGCQAIVDTGTSLLTGPTSPIANIQSDIGASEN
SDGEMVVSCSAISSLPDIVEFTINGVOYPLPPSAYILQSQGSCTSGFQGMDVPTESGELWE
LGBVFIRQYFTVFDRANNQVGLAPVA

36. PEPMON3

Pepsinogen C (EC 3.4.23.3) - Japanese macaque
SVSYEPMAYMDARYFGEISIGTPPONFLVLEDTGSSNLWVPSVYCQSQACTSHSRENPSE
SSTYSTNGQTFSLOYGSGSLTGFFGYDTLTVQSIQVPNQEFGLSENEPGTNEVYAQFDGI
MGLAYPTLSVDGAT TAMOGMVQEGALTSPIFSVYLSDQOGSSGGAVVFGGVDSSLYTGQI
YWAPVTQELYWQIGIEEFLIGGQASGHNCSEGCQAIVDTGTSLLTVPQQYMSALLQATGAQ
EDEYGQFLVNCNSIQONLPTLTFIINGVEFPLPPSSYILNNNGVCTVGVEPTYLSAQNSQP
LYVYWILGDVFLRSYYSVYDLSNNRVGEFATAA

37. PEPPIG2

E740120A: pepsin
IGDEPLENYLDTEYFGTIGIGTPAQDFTVIFDTGSSNLWVPSVYCSSLACSDHNQFNPDD
SSTFEATSQELSITYGTGSMTGILGYDTVQVGGISDTNQIFGLSETEPGSELYYAPFDGI
LGLAYPSISASGATPVFDNLWDQGLVSQDLESVYLSSNDDSGSVVLLGGIDSSYYTGSLN
WVPVSVEGYWQITLDSITMDGETIACSGGCQAIVDTGTSLLTCPTSAIANIQSDIGASEN
SDGEMVISCSSIDSLPDIVFTINGVQYPLSPSAYILQDDDSCTSGFEGMDVPTSSGELWI
LGDVFIRQYYTVFDRANNKVGLAPVA

38. PEPPROA

yeast proteinase a jbc 1987 .
GGHDVPLTNYLNAQYYTDITLGTPPQNEKVILDTGSSNLWVPSNECGSLACFLHSKYDHE
ASSSYKANGTEFAIQYGTGSLEGYISQDTLSIGDLTIPKQDFAEATSEPGLTFAFGKFDG
ILGLGYDTISVDKVVPPFYNAIQQDLLDEKRFAFYLGDTSKTENGGEATFGGIDESKFKG
DITWLPVRRKAYWEVKFEGIGLGDEYAELESHGAAIDTGTSLITLPSGLAEMINAEIGAK
KGWTGQYTLDCNTRDNLPDLIFNFNGYNFTIGPYDYTLEVSGSCISAITPMDFPEPVGPL
AIVGDAFLRKYYSIYDLGNNAVGLAKAILKNNYVVENQGVPEVQIAPVAQ

39. PEF'RAT3

PEPCSRAT: GASTRICSIN PRECURSOR (EC 3.4.23,3) (PEPSINOGEN C}.
SVLYEPMAYMDASYFGEISIGTPPONFLVLFDTGSSNLWVSSVYCQSEACTTHARFNPSK
SSTYYTEGQTFSLOYGTGSLTGFFGYDTLTVQSIQVEPNQEFGLSENEPGTNEVYAQEDGI
MGLAYPGLSSGGAT TALOGMLGEGALSQPLEGVYLGSQQGSNGGQIVFGGYDKNLYTGEI
TWVPVTOELYWOQITIDOFLIGDQASGWCSSQGCOGIVDTGTSLLVMPAQYLSELLOTIGA
QEGEYGEYFVSCDSVSSLPTLSFVLNGVQFPLSPSSYI IQEDNFCMVGLESISLTSESGQ
PLWILGDVFLRSYYATIFDMGNNKVGLATSY

392 AA.
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40. PEPRHZ2
3 E70086: ACID PROTEINASE EC 3.4.23.9
E f GVGTVPMTDYGNDVEYYGOVTIGT PGKSFNLNFDTGSSNLWVGSVQCQASGCKGGRDKFN
' PSDGSTFKATGYDASIGYGDGSASGVLGYDTVOVGGIDVTGGPQIQLAQRLGGGGFPGDN
» DELLGLGEDTLSITPQSSTNAFDQVSAQGKVIQPVEVVYLAASNISDGDFTMPGWIDNKY
_ - GGTLLNTNIDAGEGYWALNVTGATADSTYLGAIFQAILDTGTSLLILPDEARAVGNLVGFA
3 GAQDAALGGFVIACTSAGFKSIPWSIYSAIFEIITALGNAEDDSGCTSGIGASSLGEAIL
GDRFLKQQYVVFDRDRGIRLAPVA
41, RENHM]1
RENISHUMAN: RENIN PRECURSOR, RENAL (EC 3.4.23.15) (GENE NAME: REN}. 406
LA,
LTLGNTTSSVILTNYMDTQYYGEIGIGT PPQTFKVVEDTGSSNVRVPSSKCSRLY TACVY
HKLFDASDSSSYKHNGTELTLRYSTGTVSGFLSQDIITVGGITVTIOMFGEVTEMPALPFM
LAEEFDGVVGMGEIEQAIGRVTPIFDNIISQGVLKEDVESEFYYNRDSENSQSLGGQIVLGG
SDPOHYEGNFHYINLIKTGVWQIQOMKGVSYVGSSTLLCEDGCLALVDTGASYISGSTSSIE
3 % KLMEALGAKKRLEDYVVKCNEGPTLPDISFHLGGKEYTLTSADYVFOESYSSKKLCTLAT
b HAMDIPPPTGPTWALGATEFIRKFYTEFDRRNNRIGFALAR
" 5 42. RENMSE1
4 P Z0809326A: renin
SSLTDLISPVVLTNYLNSQYYGEIGIGTPPQTFKVIFDTGSANLWVPSTKCSRLYLACGI
HSLYESSDSSSYMENGDDETIHYGSGRVKGEFLSQDSVTVGGITVTQTEFGEVTELPLIPEM
LAQFDGVLGMGFPAQAVGGVTPVFDHILSOGVLKEKVFSVYYNRGPHLLGGEVVLGGSDE
EHYQOGDFHYVSLSKTDSWQITMKGVSVGSSTLLCEEGCEVVVDTGSSFISAPTSSLKLIM
QALGRAKEKRLHEYVVSCSQVPTLPDISFNLGGRAYTLSSTDYVLQYPNDKLCTVALHAMD
IPPPTGPVWVLGATFIRKFYTEFDRHNNRIGFALAR
43. RENMSE2
Gamma-renin (EC 3.4.23.1J) precursor - Mouse
IVGGEFKCEKNSOPWQVAVYYHKEHICGGVLLDRNWVLTAAHCYVDECEVWLGKNQLFQEE
PSAQNRLVSKSFPHPGFNMTLLTFEKLPPGADFSNDLMLLRLSKPADITDVVKPIDLPTK
EPKLDSTCLVSGWGSI TPTKWOKPDDLOCMFTKLLPNENCAKAYLLKVTDVMLCT IEMGE
DKGPCVGDSCGPLICDGVLOGTVSIGPDPCGIPGVSAIYTNLVKFNSWIKDTMMKNA
44, RENMSE3
RENISMOUSE: RENIN PRECURSOR, RENAL (EC 3.4.23.15) (GENE NAME: REN1). 402
Ab.
PSLTNLTSPVVLTNYLNTQYYGEIGIGTPPQTFKVIFDTGSANLWVPSTKCSRLYLACGI
HSLYESSDSSSYMENGSDETIHYGSGRVKGELSQDSVTIVGGITVTQTFGEVTELPLIFPFM
-y I.AKFOGVLGMGFPAQAVGGVTPVFDHILSOGVLKEEVESVYYNRGSHLLGGEVVLGGSDP
tj QHYQGNFHYVSISKTDSWOITMKGVSVGSSTLLCEEGCAVVVDTGSSFISAPTSSLKLIM
QALGAKEKRIEEYVVNCSQVPTLPDISFDLGGRAYTLSSTDYVLQYPNRRDKLCTLALHA
;3 MDIPPPTGPVWVLGATFIRKFYTEFDRHNNRIGFALAR
45. RENRAT1
: 3 Z1310378A: renin
KSSFEFTNVTSPYVVLTNYLDTQYYGELIGIGTFSOQOTIKVIFDTCSANLWYVPSTKCGPLYTACE
IHNLYDSSESSSYMENGTEFTIHYGSGKVKGEFLSODVVTVGGIIVIQTFGEVTELPLIPE
5 MLAKFDGVLGMGEFPAQAVDGVIPVEDHILSHEVLKEEVESVYYSRESHRLLGGEVVLGGSD
PQHYQGNFHYVSISKAGSWOITMKGVSVGPATLLCEEGCMAVVDTGTSYISGPTSSLOLI
'ﬁ MOAL.GVKEKRANNYVVNCSQVPTLPDISFYLGGRTYTLSNMDYVGKNPFRNDDLCILALQ
- GLDIPPPTGPVWVLGATFIRKFYTEFDRHNNRIGFALAR
46, RENRHZ1
Aspartic proteinase (EC 3.4.23.6) ~ Rhizomucor pusillus
AEGDGSVDTPGLYDFDLEEYRIPVSIGTPGQDFYLLFDTGSSDTWVPHKGCDNSEGCVGK
REFDPSSSSTFKETDYNLNITYGTGGANGIYFRDSITVGGATVKQQTLAYVDNVSGPTAE
QSPDSELFLDGIFGAAYPDNTAMEAEYGDTYNTVHVNLYKQGLISSPVESVYMNTNDGGG
QVVFGGVNNTLLGGDIQYTDVLKSRGGY FFWDAPVTGVKIDGSDAVSFDGAQAFTI DTGT
¢ NFFIAPSSFAEKVVKAALPDATESQOQOGYTVPCSKYODSKTTFSLVLQKSGSSSDTIDVSY
_E PISKMLLPVDKSGETCMEFIVLPDGGNQEIVGNLELRFEVNVYDEGKNRIGFAPLASGYEN
D
47. RENRHZ2
CARPSRHIMI: ASPARTATE PROTEASE PRECURSOR (EC 3.4.23.6} (MUCOR RENNIN).
430 AA.
AAADGSVDTPGYYDFDLEEYAIPVSIGTPGODFLLLFDTGSSDTWVPHKGCTKSEGCVGS
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E REFFDPSASSTFKATNYNLNITYGTGGANGLYFEDSIAIGDITVTKQILAYVDNVRGPTAE

_ OSPNADIFLDGLFGAAYPDNTAMEAEYGSTYNTVHVNLYKQGLISSPLFSVYMNTNSGTG

EVVEGGVNNTLLGGDIAYTDVMSRYGGYYFWDAPVTGITVDGSAAVRESRPQAFTIDTGT
NFFIMPSSARSKIVKAALPDATETQOGWVVPCASYONSKSTISIVMOKSGSSSDTIEISV
PVSKMLLPVDOSNETCMFIILPDGGNQY IVGNLFLRFEVNVYDFGNNRIGFAPLASAYEN
E

TRYPSIN/CHYMOTRYPSIN (15 sequencés)
Full description is listed previously

TRPCRAY
TRPDOG]!
TRPDOG2
TRPFISH!
TRPFISH?
TRPFLY]1
TRPHM1
TRPHORI
TRPHOR?2
10. TRPMSE!
11. TRPPIGI
12. TRPRATI
13. TRPRAT2
14. TRPRAT3
15. TRPSTRPI

WRNANE LN -

AIDS RELATED PROTEINS (25 sequences)
Full description is listed previously

AID1
AID10
Al 41
AlID12
AID13
AlID2
AID3
AlD4
AIDS

16. AID6
11. AID7
12. AID8
13. AID9
14. HTLVI
15. HTLV10
16. HTLV11
17. HTLV12
18. HTLV2
19. HTLV3
20. HTLV4
21. HTLVS
22. HTLV6
23, HTLV7
24, HTLVS
25. HTLVY

e S BB ol M
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PROTEASE INHIBITOES (15 sequences)

1. ANTIASPI

Proteinase inhibitor - Eggplant
QICTNNCAGRKGCSYFSEDGTFICKGESNPENPKACPRNCDGRIAYGITPLS

2., ANTIASP2

Proteinase inhibitor PTI - Potato
RICTNCCAGYKGCNYYSANGAFICEGESDPKNPNVCEFRNCII It AYSKCLYR

3. ANTIASP3

Proteinase inhibitor PCI-I -~ Potato
PICTNCCAGYKGCNYYSANGAFICEGQSLPKKPKACPLNCDPH I VO &Y

4. ANTIASP4 '

Proteinase A inhibitor 3 - Yeast (Sacch.romyces cerevisiae)
MNTDQOKVSEIFQSSKEKLOGDAKVVSDAFKKMASQODKDGKTTDADE SEXHNYQEQYNKL
KGAGHKKE

5. ANTIMETI1

Metalloproteinase inhibitor precursor ~ Human
CTCVPPHPQTAFCNSDLVIRAKFVGTPEVNQTTLYQRYEIHM MY KAEQALGDAADIRE
VYTPAMESVCGYFHRSHNRSEEFLIAGKLODGLLHITTCSEVALRHSTLILAQRRGEFTKTY
TVGCEECTVFPCLSIPCKLOSGTHCLWTDOLLOGSEKGFQSRHLACLPREPGLCTWQSLR
SQIA

6. ANTIMET2

Metalloproteinase inhibitor - Streptomyces nigrescens
APSCPAGSLCTYSGTGLSGARTVIPASDMEKAG /DGVKLPASARSFANGTHFTLRYGPAR
KVTCVRFPCYQYATVGKVAPGRAQLRSLPSPGATVTVGQDLGD

7. ANTIP10

Venom basic protease inhibitor I - Western sand viper
QDHPKFCYLPADPGRCKAMIPRFYYDSASNKCNKEI YGGCPGNANNEFKTWDECRQTCGAS
A

8. ANTIP11

Venom basic protease inhibitor III - Sand viper
RDRPKFCYLPADPGRCLAYMPRFYYNPASNKCEKF1 YGGCRGNANNFKTWDECRHTCVAS
GIQPR

9. ANTIP12

Basic protease inhibitor - Red sea turtle
QGDKRDICRLPPEQGPTKGRIPRYFYNPASEMIUESFIYGGCKGNKNNFKTKAECVRACRP
PERPGVCPKTSGPGICLHGCDSDSDCKEGQKCCFDGCGYICLTVAPSGIP

10. ANTIP13

Protease inhibitor (PSTI type), submandibuiszr - Dog
GPPPAIGRGVBCSBYKGKGSEIACPRLHZPICGTDHKTYSNZCMLCAFTLDKKFZVRKLQ
DTACDIECTEYSDMCTMDYRPLCGSDGKNY SHEIISFCNAVKKSRGTIFLAKHGEC

11. ANTIP14 _

Protease B inhibitors 2 and 1 - Y=zast (Saccharomyces cerevisiae)
TKNFIVTLKKNTPDVEAKKFLDSVHHAGGSILHEFDIIKGYTIKVPDVLHLNKLKEKHND
VIENVEEDKEVHTN

12. ANTIPROI

Serum basic protease inhibiteor - Bovine
TERPDFCLEPPYTGPCKAAMIRY FYNAKAGFCETFVYGGCRAKSNNFKSAEDCMRTCGGA
13. ANTIPRO2 '
Venom basic protease inhibitor I - Black mamba
QPLRKLCILHRNPGRCYQKIPAFYYNQKKKQCZGFTWSGCGGNSNRFKTIEECRRTCIRK
14. ANTIPRO3

Venom basic protease inhibitor I homolog - Eastern green mamba
QPRRKLCILHRNPGRCYDKIPAFYYNQKKKQCERFDWSGCGGNSNRFKTIEECRRTCIG
15. ANTIPRO4

Venom basic protease inhibitor X - Black mamba and eastern green mamba
AAKYCKLPLRIGPCKRKIPSFYYKWKAKQCLPFDYSGCGGNANRFKTIEECRRTCVG

16. ANTIPROS

Venom basic protease inhibitor B - Black mamba
RPYACELIVAAGPCMFFISAFYYSKGANKCYPFTYSGCRGNANRFKTIEECRRTCVV
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17. ANTIPROG

Venom basic protease inhibitor E - Black mamba
LOHRTFCKLPAEPGPCKASIPAFYYNWAAKKCQLFHYGGCKGNANREFSTIEKCRBACVG
18. ANTIPRO7

Venom basic protease inhibitor II - Ringhals
RPDFCELPAETGLCKAYIRSFHYNLAAQQCLOFIYGLCGGNANRFKTIDECRRTCVG

19. ANTIPROS

Venom basic protease inhibitor II -~ Caps cobra
RPRFCELPAETGLCKARIRSFHYNRAAQQCLEFIYGGCGGNANRFKTIDECHRTCVG

20. ANTIPRO9

Venom basic protease inhibitor II - Russell's viper
HDRPTFCNLAPESGRCRGHLRRIYYNLESNKCKVEFYGGCGGNANNFETRDECRETCGGK
21. ANTISERI]

Antileukoproteinase 1 - Human
SGKSFKAGVCPPKKSAQCLRYKKPECQOSDWQCPGKKRCCEDTCGIKCLDPVDTPNPTRRK
PGKCPVTYGQCLMLNPPNFCEMDGQCKRDLKCCMGMCGKSCVSPVKA

22. ANTISER2

Acrosin inhibitor I (PSTI type) -~ Bovine
EIYFEPDFGFPPDCKVYTEACTREYNPICDSAAKTYSNECTFCNEKMNNDADINFNHFGE
CEY

23. ANTISER3

Serine proteinase inhibitor 1 - Vaccinio virus
MDIFKELILKHTDENVLISPVSILSTLSILNHGAAGSTAEQLSKY IENMNENT PRDNNDM
DVDIPYCATLATANKIYGSDSIEFHASFLOKIKDDEQTVNFNNANQTKEL I NEWVKTMTN
GKINSLLTSPLSINTRMTVVSAVHFKAMWKYPFSKHLTYTDKFYISKNIVTIVDMMVSTE
NNLQYVHINELFGGFSIIDIPYEGNSSMVIILPDDIEGIYNIEKNITDEKFRKWCGMLST
KSIDLYMPKFKVEMTEPYNLVPILENLGITNIFGYYADFSKMCNET L v XF LHTTFIDV
NEEYTEASAVTGVEMTNESMVYRTKVYINHPFUYMIKDNTGRILFIGKYIYPQ

24. ANTISER4

Ovomucoid {PSTI-type protease inhibitor) 1 - Japanese quail
: VEVDCSRFPNTTNEEGKDEVVCPDELRLICGTDGVTYNHECMLCFYNKEYGTNISKEQDG
3 g ECGETVPMDCSRY PNTTSEDGKVTILCTKDFSEVOGTDGVTYDNECMLCAHAVVQGTSVG
3 1 KKHDGECRKELAAVSVDCSEYPKPACPKDYRPV{ GSDNKTYSNKCNFCNAVVESNGTLTL
i NHFGKC

25. ANTISER?

Ovomucoid ({PSTI-type pteri®ase inhibitor) precursor - Chicken
MAMAGVEVLESFVLCGFLPD T GR EDCSRFENATDREGKDVLVCNKDLRPICGTDGVT
YTNDCLLCAYSIEFGTNISKEH PGECKETVPMNCSSYANTTSEDGKVMYLCNRAFNPVCG
TDGVTYDNECLLCAHKVEQGASVLKRIDGGCRKELAAVSVDCSEY PKPDUTAEDRPLCGS
DNKTYGNKCNFCNAVVESNGTLTLSHFGKC

26. ANTISERS

Plasmincstreptin (PSTI-type Drotease inhibiter) - Streptomyces sp.
GLYAPSALVLTMGHGNSAATVNPERAVTLNCAPTASGTHPAALQACARELRGAGGDEFDALT
VRGDVACTKQFDPVVVTVDGVWQGKRVSY.IRTFANECVKNSYGMTVETF
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