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Learning Outcomes:

Define the four levels of protein structure, focusing on primary and secondary structure.

Describe the most common secondary structure types (a-helices, B-strands, B-turns), their geometry, and their hydrogen-bond
patterns.

Identify specialized secondary structures such as coiled coils, transmembrane helices, and B-barrels.

Explain how secondary structure is assigned from atomic coordinates (e.g., DSSP, STRIDE) and why assignments may differ.
Discuss how secondary structures contribute to function and evolutionary conservation.

Summarize how protein structures are compared and how secondary structure features guide structural alignment.

Outline major protein structure classification schemes (SCOP, CATH, FSSP) and how they group proteins by secondary structure
composition and topology.

Recognize the challenges in defining and comparing secondary structures in real proteins.

1. Introduction: The Hierarchy of Protein Architecture

Proteins are the workhorses of the cell, performing a vast array of essential biological and chemical functions, including:

Structural Support: Structural proteins provide mechanical strength and shape to cells, tissues, and organs. Examples include
in connective tissues like bones and cartilage, in muscles and the cytoskeleton, and in hair and

skin. These proteins form filaments such as microfilaments, intermediate filaments, and microtubules to maintain cell organization

and enable movement.

Enzymatic Catalysis: Enzymes, a class of proteins, accelerate biochemical reactions by binding substrates at active sites,

lowering activation energy without being consumed. They facilitate processes like and through precise

conformational changes.

Transport: Transport proteins carry molecules across membranes or through blood, such as for oxygen or channel

proteins for ions. They ensure selective permeability and efficient delivery in cellular and systemic processes.

Regulation: Regulatory proteins control cellular activities, including hormones like that signal metabolic changes and

transcription factors that modulate . They respond to stimuli, coordinating body systems and maintaining

homeostasis.

Understanding protein structure is therefore a cornerstone of bioinformatics. So far in the course, we have restricted our attention
to the sequences. In the rest of the course we study structure.
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main chain side chain

The differing chemical and physical properties of amino acids are due to their side chains

Protein structure is typically described at four hierarchical levels, each building upon the complexity of the last :

Primary Structure

The amino acid sequence, connected by peptide bonds. This sequence largely determines all higher levels of structure.

Secondary Structure

Local, recurring backbone conformations stabilized mainly by hydrogen bonds between backbone C=0 and N-H groups
. The main types are: a-helices, B-strands (which pair to form B-sheets), turns and loops
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3. Tertiary Structure
The complete 3D shape of a single polypeptide chain, formed by packing secondary structure elements into a stable fold.

Aspect Secondary Structure Tertiary Structure
Interactions Backbone H-bonds only Residue (side chain) bonds (H, ionic, disulfide)

Scale Local (segments of chain)  Global (entire chain)
Examples  Alpha helix, beta sheet Folded globular protein
Role Building blocks Functional 3D conformation

3. Quaternary Structure
The arrangement of multiple polypeptide chains (subunits) in a protein complex. Only ~10% of known proteins form complexes,
but quaternary structure is essential in many biological machines (hemoglobin, ion channels, ribosomes).

Experimental structure determination (X-ray crystallography, NMR, cryo-EM) remains slow relative to modern sequencing, so
bioinformatics methods for predicting and analyzing structure are crucial.
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Different levels of protein structure. Source: Press Books

2. Defining Protein Secondary Structures: The Basic Forms

Secondary structures are the local, regular conformations of the polypeptide backbone, stabilized by hydrogen bonds. The most
common types are alpha-helices and beta-strands, but other specialized forms also exist.

2.1 a-Helix

« Geometry: Right-handed spiral with 3.6 residues per turn.
» Hydrogen bonding: C=0 of residue i bonds with N-H of residue i+4.
« Typical length: ~10 residues (but can exceed 20).
- Amino acid preferences:
« Helix-favoring: Ala, Leu, Glu, Met

« Helix-breaking: Pro (cannot donate backbone H-bond), Gly (too flexible)
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2.2 B-Strands and 3-Sheets

« B-strand: An extended zig-zag backbone conformation.
« B-sheet: Two or more strands aligned side-by-side, stabilized by hydrogen bonds across strands.
- Strand arrangement:

« Antiparallel (stronger H-bond geometry)

« Parallel

« Typical length: ~5-10 residues.
- Residue preferences: Common B-strand formers include Val, lle, Tyr, Trp, Phe, Thr.

Structure of the Acinetobacter baumannii Response Regulator PmrA Receive

2.3 Turns and Loops

« Turns: Short directional changes (often 4 residues).

« Loops: Irregular segments that connect helices and strands; flexible, often on protein surfaces, and variable in sequence length.

« In sequence alignments, gaps commonly correspond to loop regions. Loops connect conserved structural elements and exhibit
higher mutation rates and indels during evolution, leading alignment algorithms to insert gaps there to maximize matches in stable
regions. They are irregular, and evolve faster and tolerate length variations more than rigid secondary structures like helices or
sheets.




2.4 Specialized Secondary Structures

Transmembrane a-helices: Long hydrophobic helices (~20 residues) spanning lipid bilayers.
B-barrels: Curved B-sheets forming cylindrical pores (e.g., porins).

Coiled Coils: Two or more a-helices wrapped around each other, stabilized by hydrophobic “heptad repeats.”

3. Experimental Determination and Computational Assignment

There are two primary methods for determining a protein's secondary structure: prediction from its amino acid sequence (which will be
covered in the next chapter) and inference from its experimentally determined tertiary (3D) structure, which is the focus of this section.
Inference is necessary because while the 3D coordinates define the structure, secondary structure elements like a-helices and -
sheets are idealized concepts that must be computationally assigned based on criteria like hydrogen bonding and backbone geometry.
Note that different assignment algorithms use slightly different geometric or energetic criteria for inferring secondary structure, so
results may differ slightly, particularly at the boundaries of structural elements.
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3.1 Backbone Geometry: ¢, v» and the Ramachandran Plot

The torsional (dihedral) angles between successive atoms in the protein backbone (the repeating N — Ca — C units) determine the
local geometry of the polypeptide chain. The or angle describes the rotation around a chemical bond.

Note that each peptide unit has a central carbon atom denoted Ca (alpha carbon), from which the side chain emanates. The backbone
consists of the repeating N — Ca — C sequence.

Each residue has two main rotatable backbone angles:

¢ (phi) — the angle of rotation around the N — Ca bond.
9 (psi) — the angle of rotation around the Ca — C bond.

(omega) — the angle of rotation around the C — N peptide bond. This angle is generally fixed near 180° (the conformation)
due to the partial double-bond character of the peptide bond, which imparts a significant energy barrier to rotation.

Only certain combinations of ¢/« angle pairs are sterically permissible, as most combinations would result in steric clashes (the
physical overlap of non-bonded atoms, which is energetically unfavorable). The allowed regions correspond to the stable, low-energy
conformations that form the basis of secondary structure.

Common allowed regions corresponding to major secondary structures:

a-helix: ¢ ~ —60°, ¢ ~ —40°. This region is compact and forms a regular, helical structure stabilized by C = O H — N hydrogen
bonds.

B-strand: ¢ ~ —135°, ¢ ~ +135°. This region is more extended and forms the basis of 5-sheets, which are stabilized by inter-
strand hydrogen bonds.

Left-handed helix: ¢ =~ +60°, v ~ +40°. This region is allowed but is generally unfavorable for L-amino acids (the standard
biological form) and is only rarely observed, typically in very short segments or for the single exception, glycine.
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The definition of the ¢ and v angles
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Ideal Ramachandran Plot (left) and a realistic one (right)
A Ramachandran plot (also called a ¢ — ¢ plot) is a two-dimensional graph that visualizes the possible combinations of ¢ and

angles. It is central both to structural validation (checking if an experimentally determined structure has angles in allowed regions,
ensuring its quality) and to understanding why the « and 8 conformations naturally arise from backbone flexibility.

3.2 Classic Secondary Structure Assignment Programs

Computational assignment is necessary to convert the raw atomic coordinates of a protein into defined secondary structure elements.
The classic methods rely on geometric and energetic rules:

DSSP (Dictionary of Protein Secondary Structure)

Most widely used and often considered the standard.

DSSP computes the hydrogen bond energy using an empirical electrostatic model between backbone C = O and N — H
groups. The energy is calculated based on the distance and angular relationship between the atoms.

It then assigns structure (such as a-helix, 5-sheet, turns, and bends) using a combination of the computed hydrogen-bond
energies and simple geometric rules (e.g., a minimum number of consecutive residues forming a characteristic hydrogen-bond
pattern). For example, an a-helix is defined by four consecutive C = O(z) H — N(i + 4) hydrogen bonds.

STRIDE (STRuctural IDEntification)
This method refines the assignment by combining hydrogen-bond criteria (similar to DSSP but with a more sophisticated
energy function) with ¢/ angle information.
It often provides results that are slightly more permissive for helices and strands compared to DSSP, which can lead to slightly
longer assigned elements.

DEFINE
An early method that focused on using interatomic distances to identify characteristic repeating patterns matching the geometry
of an ideal helix or sheet. It was less reliant on a strict hydrogen-bonding definition than DSSP.

Ca-based approaches (e.g., PALSSE)

These methods are specifically designed to use only the positions of the Ca atoms, ignoring the less reliably determined
side-chain and other backbone atom positions. This makes them particularly useful for low-resolution models or structures
determined by techniques like cryo-EM, where atomic precision may be lower.

Modern note:

While advanced machine-learning variants and new geometric approaches exist, the traditional geometric and hydrogen-bond
definitions established by programs like DSSP and STRIDE remain the accepted standard in major protein structure databases (PDB
pipelines) and for most applications in structural bioinformatics due to their consistency and physical basis.

3.3 Why Assignments Disagree

The fundamental reason for disagreement between different algorithms is that natural protein structures are not perfect, idealized
models. Helices are often bent, 5-strands are typically twisted or curved, and the boundaries between structured elements and
connecting loops are inherently fuzzy.

Typical agreement levels (measured as the percentage of residues assigned the same structure by two different methods):

a-helices: 70—-90% agreement, as they have a strong, locally defined hydrogen-bond pattern.



B-strands: 50-60% agreement, as they depend on long-range inter-strand hydrogen bonds, which can be less regular.
loops: Inherently variable, and there is often little agreement beyond classifying them as "coil" or "turn.”

Thus, secondary structure assignment is interpretive—it involves applying predefined rules to a complex natural structure—rather
than being an absolute, unambiguous property like the sequence itself.

4. Implications of Protein Secondary Structure for Bioinformatics

Understanding protein secondary structure is vital in bioinformatics for several reasons, extending beyond mere description to
predictive and comparative analysis:

Functional and Structural Insight: A protein's fold (or tertiary structure), which is the unique assembly of its secondary structure
elements, dictates its function. Knowing these basic elements (helices, strands, loops) provides essential clues to a protein's
overall 3D shape and, consequently, its biochemical activity, even if a complete, high-resolution 3D structure is not yet available.
Amino Acid Preferences: Different secondary structures

, leading to specific amino acid preferences. For example, alanine and leucine are strong a-helix-formers,
valine and isoleucine prefer -strands, while proline and glycine are often found in turns and loops because they introduce kinks
or high flexibility, respectively. This preference is a strong signal of evolutionary selection pressure.
Evolutionary Conservation: Secondary structures are generally more conserved during evolution than the primary sequence
(the amino acid sequence). For proteins that share the same overall fold,

, even if the connecting loops (which often show up as gaps in sequence alignments) vary in
length and sequence. This higher conservation makes secondary structure information highly valuable for finding remote
homologs—distantly related proteins that cannot be detected by sequence similarity alone.

Intermediate Step in 3D Prediction: Secondary structure prediction from sequence (discussed in the next chapter) is an
important and accurate intermediate step in predicting a protein's overall 3D tertiary structure. Knowing the location and type of
secondary structure elements provides a powerful set of constraints and building blocks for assembling the larger protein fold in
computational methods like threading or modeling.

Protein Classification: Correctly identifying the helps in the
classification of proteins, the separation of protein domains, and the identification of functional motifs. For established protein
folds, the specific order and spatial arrangement (topology) of the secondary structure elements can be a strong clue to the
protein's overall fold class and, thus, to its possible function and evolutionary history. Protein classification systems group proteins
into families, superfamilies, and fold classes in databases like SCOP and CATH, which is essential for systematic biological study.

5. Protein Structure Comparison: Beyond Sequence

Protein structure comparison is the structural analogue of sequence alignment. It involves mathematically comparing the 3D
coordinates of two or more protein structures. Because structures generally evolve much more slowly than the underlying amino
acid sequences, structural comparison is an immensely powerful tool for detecting remote homology that sequence-based methods
often miss.

Protein structure comparison is a core area of that involves analyzing two or more protein structures to identify
similarities, differences, and potential evolutionary relationships. When interpreting a newly determined protein structure, comparison
with established structures provides crucial insights into function, evolutionary origin, classification, and is a standard metric for
model quality when assessing computational predictions.

5.1 Why Structure Is More Conserved Than Sequence

Protein folds are highly conserved due to several fundamental constraints:

A limited number of stable folds exist (estimated to be a few thousand, with about 2,000 currently classified). This means that
sequence evolution is constrained to remain within these stable architectural boundaries.

Folds are constrained by biophysical factors such as sterics (preventing atomic overlap), efficient side-chain packing, and the
need for thermodynamic stability (a minimal free energy state).

Even large sequence changes (mutations, insertions, or deletions) can be tolerated while still preserving the same overall 3D
topology (the spatial connectivity of secondary structures).



Fold conservation and reuse

The number of possible protein folds is fundamentally small relative to the enormous space of possible sequences. This forces
natural selection to reuse successful, stable folds. Classic examples include the TIM barrel (3/a/g repeats forming a closed
barrel) and the Rossmann fold (a common motif found in nucleotide-binding proteins), which are reused across many functionally
and sequentially unrelated proteins. This demonstrates that the structure is preserved even when sequences diverge
dramatically.

Proteins can have similar structures with < 10% sequence identity (often termed "Twilight Zone" comparisons).
Sequence-based methods may significantly miss distant evolutionary relationships that structural methods can uncover.

Top view of a TIM Barrel. 10% of all enzymes include this fold.

5.2 Applications of Structural Comparison

Structural comparison plays a central and foundational role in multiple areas of computational and structural biology:

Remote homology detection: Finding distantly related proteins based on 3D similarity.

Proteins can retain a similar overall structure—meaning the same spatial arrangement of secondary structures—even when their
sequences have diverged to the point where alignment by sequence alone (e.g., using BLAST) becomes unreliable (often below
20 — 25% sequence identity). Structural comparison can thus reveal distant evolutionary relationships that would otherwise
remain undetected, significantly expanding our knowledge of protein families.

Evaluating predicted structures: Assessing computational models using metrics like RMSD or TM-score.

Improving multiple sequence alignments: Using the conserved structural core to guide the alignment of distant sequences.
Defining domain boundaries: Identifying the distinct, independently folding units within a larger polypeptide chain.

Protein Structure Classification

Identifying structural similarity is foundational for organizing the known structures into hierarchical systems.

Functional Annotation

Structural similarity can reveal conserved functional elements such as catalytic residues, binding pockets, or interaction motifs,
even in the complete absence of detectable sequence similarity.

Evaluation of Predicted Structures

Structural comparison metrics, particularly the Root Mean Square Deviation (RMSD) and the TM-score, are the standard tools
used to quantitatively assess the accuracy of computational structure prediction methods (e.g., homology models,

prediction, and Al-based tools like AlphaFold).

Improving sequence alignment

For distantly related proteins, a structure-based alignment (an alignment where residue correspondences are defined by their
spatial proximity in the superimposed structures) can reveal the true residue correspondences that sequence alignment alone
would misalign due to sequence divergence.

5.3 Methods for Structural Comparison

Methods for comparing protein structures analyze the geometric properties of the atoms or residues. They can be broadly grouped into
intermolecular (superposition-based) and intramolecular (internal distance-based) approaches.

5.3.1. Intermolecular Methods: Direct Superposition and RMSD



Intermolecular methods work by physically moving the two structures in 3D space (via rotation and translation) to maximize their
overlap, a process called superposition.

General Procedure

Define equivalent residues or atoms (most commonly the Ca atoms). This initial mapping often
, Which is a key limitation for remote homologs.

Translate one structure to a (e.g., aligning their centers of mass).

Rotate one structure relative to the other to minimize a distance-based score.

Compute structural similarity, almost always using the Root Mean Square Deviation (RMSD).

Root Mean Square Deviation (RMSD):
RMSD is the between the positions of a set of equivalent atoms in the superimposed structures.

1 &,
MSD = — § " D?
RMS N;

D;: The Euclidean distance between the i-th pair of corresponding atoms (typically Ca atoms) after the optimal superposition.
N: The total number of matched atom pairs used in the calculation. Lower RMSD indicates greater structural similarity.

Limitations:

RMSD is highly sensitive to outliers (e.g., a flexible loop or a single misaligned domain). A single large distance (D;) can
significantly inflate the score.

It requires predefined residue equivalences, often derived from a sequence alignment, making it less powerful for detecting
remote homology where sequence alignment is unreliable.

It is not ideal when the global topology differs or when proteins contain flexible, mobile domains, as the global superposition may
not represent the best local fit.

5.3.2. Intramolecular Methods: Distance Matrix Approaches

Intramolecular comparison methods avoid the need for explicit residue mapping or physical 3D superposition. Instead, they compare
internal distance patterns—the distances between every Ca atom and every other Ca atom in the same structure—which are highly
conserved across evolution.

DALI (Distance-matrix ALIgnment)

Constructs an N x N inter-residue distance matrix for each structure, where N is the number of residues.

Identifies structural similarity by aligning these distance patterns, essentially seeking structurally-corresponding sub-matrices.
A key advantage: it is insensitive to sequence order (topological permutations) because it aligns the distance rather
than the sequences directly.

Strengths of Intramolecular Methods:

Excellent for detecting remote homology because
Robust to insertions, deletions, and domain rearrangements (topological permutations) because they match patterns of local
geometry.

5.4. Structure Comparison in Functional Analysis

Structure can imply function, but only conditionally

Proteins sharing a fold may exhibit similar biochemical activity or be capable of similar mechanisms.
Conserved topology often corresponds to conserved active sites, substrate-binding pockets, or protein-interaction motifs.

But caution is needed: Functional assignment based solely on fold similarity can be misleading:



Same structure, different function:
Many successful folds (e.g., the TIM barrel) are
. The specific residues lining the active site, not the fold alone, determine the catalysis.
Different structure, same function:
Example: The SH2 and PTB (Phosphotyrosine Binding) domains both bind to phosphotyrosine motifs in other proteins but have
completely different folds and evolved independently—a classic case of convergent evolution.

SH2 Domain

Protein dynamics matter:

Static structures determined by X-ray crystallography or cryo-EM sometimes obscure the full range of motion required for function.
A dynamic, functional state may not be captured in the deposited structure.

5.5. Active Sites and Binding Pockets

A key strength of structural comparison is its ability to directly evaluate whether:

Catalytic residues occupy , even if the surrounding sequence is different.
Binding pockets (the shape and chemistry of the ligand-binding site) are conserved.
Geometric complementarity (the physical fit of a protein surface to another molecule) is preserved.

This is particularly valuable in enzymology, drug discovery (where binding pockets are the target), and understanding molecular
recognition.

Example: Cbl SH2 domain: A structural comparison of the Cbl amino-terminal region revealed an SH2-like domain, even though
traditional sequence-similarity searches (e.g., BLAST) had failed to detect this similarity. This structural insight immediately
suggested a , highlighting the power of structure comparison in uncovering functional relationships where
sequence homology is weak.

6. Protein Structure Classification: Organizing the Fold Universe

One of the most important applications of protein structure comparison is the development of systematic structural classification
systems. These systems establish a hierarchical relationship among all known protein structures, providing a comprehensive,
evolutionary, and organized view of the known structures, often referred to as the 'fold universe.' It is estimated that there may be only
a few thousand different folds in nature, with approximately 2,000 unique fold families currently classified from over 35,000 known
protein structures.

The two most popular and widely used hierarchical classification schemes are SCOP and CATH. FSSP is another major fold library
based on clustering.

6.1 SCOP / SCOPe

SCOP (Structural Classification of Proteins) is historically one of the most respected classification systems, known for being
manually curated by expert structural biologists, making its classifications highly interpretable and reliable.

The hierarchy organizes structures into four main levels:
Class: describes secondary structure content and organization, e.g., mainly a, mainly 8, «/3 (alternating «, 8), o + 3 (separate
a, B).

Fold: structures with the same major secondary structures in the same topological arrangement and connectivity.



Superfamily: structures that have a , often sharing a common functional core despite
lower sequence similarity.

Family: structures that share a clear, definite evolutionary homology, usually with high sequence identity or very strong
structural similarity.

is the actively maintained and updated computational extension of the original
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6.2 CATH

CATH (Class, Architecture, Topology, Homology) is another major hierarchical system that blends automated comparison with
manual refinement.

Its hierarchy is defined by four major levels:

C - Class (similar to SCOP, based on secondary structure composition, e.g., primarily «, primarily §).
A — Architecture (describes the overall spatial arrangement of the secondary structure elements (SSEs),
in the polypeptide chain, e.g., a g-barrel).
T — Topology (describes the specific connectivity, or fold, of the SSEs, e.g., the connectivity that defines a Rossmann fold).
H — Homologous superfamily (groups structures with clear evidence of common evolutionary origin).

CATH uses a variety of automatic comparison methods (such as the structural alignment program SSAP) along with substantial
manual curation to define its levels.
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7. Challenges in Secondary Structure Definition and Analysis

The computational assignment and general analysis of protein secondary structure are complicated by factors stemming from the non-
ideal nature of biological structures:

Distortions and Irregularities: Secondary structures in globular proteins are rarely perfect. Beta-strands, for instance, are almost
always curved or twisted, and alpha-helices can be significantly bent (especially near the termini or active sites) to accommodate
the overall fold. This distortion from their ideal, regular geometry makes their exact identification and boundary definition
challenging for automated programs.
Disagreement in Assignment: Because different automated methods for assigning secondary structure from 3D coordinates
(e.g., DSSP, STRIDE, DEFINE) use slightly different criteria (hydrogen bond cutoffs, ¢/ ranges, geometric tolerances), they do
not always produce identical results, particularly at the ends of structural elements (termini) or in regions of high irregularity. This
inherent ambiguity impacts the comparison and objective evaluation of protein models.
Context Dependence: The formation and stability of a specific secondary structure are strongly context-dependent. While alpha-
helices are influenced primarily by local, short-range interactions, *beta-strands are significantly influenced by nonlocal, long-
range interactions* (the distant S-strand they pair with). This means nonlocal effects in the polypeptide chain can influence the
structural choice of a residue.

Chameleon Sequences and Alternative Conformations: Certain short amino acid sequences, sometimes termed "chameleon
sequences," can adopt different secondary structures (e.g., an a-helix in one protein and a g-strand in another)

depending on their specific overall protein context. This can happen in different proteins, or in the same protein in different
conformational states.
Furthermore, certain regions of a polypeptide chain can take up alternative stable conformations under different conditions (e.g.,
the structural changes in prion proteins or viral hemagglutinin upon activation). These complexities make it difficult to define a
single, definitive secondary structure for a given sequence segment.



8. Active Learning Components for Enhanced Understanding

To solidify the conceptual understanding of protein secondary structure and structural bioinformatics, the following active learning
exercises are highly recommended:

Identify secondary structures in molecular visualization software (like PyMOL or Mol*). Manipulate the structures to inspect and
count the C = O H — N hydrogen bonds to see how they stabilize the a-helix (¢ — i + 4) and g-sheet structures.
Ramachandran plot exercises: For a given protein structure (PDB ID), view its Ramachandran plot. Locate the dense « or 3
regions and identify outliers (residues outside the generously allowed regions). Analyze which residues (often Glycine or Proline)
and which structural elements (e.g., kinks or turns) correspond to these outliers.

Use DSSP or STRIDE to computationally assign secondary structures to the same PDB structure, and then compare the
differences in the assignments, particularly at the termini of the helices and strands, to appreciate the interpretive nature of the
process.

TIM-barrel case study: Analyze several proteins known to have the TIM barrel fold (e.g., a triosephosphate isomerase and an
indole-3-glycerol phosphate synthase). Explore how one conserved fold supports widely diverse enzymatic functions by only
varying the chemistry of the active site loops.

SCOP and CATH classification of selected PDB IDs: Navigate the SCOP/SCOPe and CATH databases to see how two different
hierarchical systems classify the same protein, noting the differences between their 'Architecture’' (CATH) and 'Fold' (SCOP)
definitions.

Interpret structural alignment output: Analyze the output of structural alignment programs (like DALI or FATCAT). Interpret the
key metrics such as the RMSD, the TM-score (a topology-independent measure), and the DALI Z-score to determine if two
proteins are remotely homologous or merely share a random similarity.

Conclusion

Protein secondary structures are the fundamental, recurring architectural motifs that form the basis of a protein's overall three-
dimensional shape. Defined by specific hydrogen bonding patterns and residue preferences, these alpha-helices, beta-strands, and
turns are not static entities but exhibit variability and context dependence. Understanding how secondary structures are identified from
experimental 3D coordinates and how they are organized and classified within comprehensive databases like SCOP and CATH is
paramount in bioinformatics. This knowledge enables the detection of distant evolutionary relationships, provides crucial insights into
protein function, and forms an indispensable foundation for all higher-level protein structure analysis and modeling.



