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Unpaired H-bond Donors And Acceptors Are Found In The Hydrophobic Core Of A
Protein — a phenomenon that at first glance appears counterintuitive given
the fundamental principles of protein chemistry. Proteins, the workhorses of
biological systems, are intricately folded macromolecules whose three-
dimensional structures are determined by a delicate balance of various
interactions, including hydrogen bonds, hydrophobic effects, van der Waals
forces, and electrostatic interactions. Traditionally, the hydrophobic core
of a protein is considered to be a tightly packed, nonpolar environment that
minimizes unfavorable interactions with water. However, research has revealed
that even within these ostensibly hydrophobic regions, unpaired hydrogen bond
donors and acceptors can be present, influencing protein stability, folding
pathways, and function. Understanding these features offers valuable insights
into protein structure-function relationships and aids in the rational design
of drugs and engineered proteins.
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The Nature of the Hydrophobic Core in Proteins

Structural Composition

The core of a globular protein is predominantly composed of hydrophobic amino
acid residues such as leucine, isoleucine, valine, phenylalanine, and
methionine. These residues tend to cluster away from the aqueous environment,
driving the folding process through the hydrophobic effect. This effect
results from the thermodynamic preference of nonpolar groups to avoid contact
with water, leading to the formation of a compact, stable core that minimizes
the system's free energy.

Role in Protein Stability

The hydrophobic core acts as the structural backbone of a protein, providing
stability against denaturation and maintaining the integrity of the folded
conformation. Proper packing within the core reduces internal cavities and
voids, which could otherwise destabilize the structure. The tight packing
also influences the protein's dynamics, flexibility, and ability to undergo
conformational changes essential for function.
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Hydrogen Bonding in Proteins: Beyond Surface
Interactions

Hydrogen Bonds on the Surface vs. Core

Hydrogen bonds are directional interactions involving a hydrogen donor (such
as –OH or –NH groups) and an acceptor (such as carbonyl oxygen or nitrogen).
On protein surfaces, hydrogen bonds frequently form with water molecules,
stabilizing secondary structures like alpha-helices and beta-sheets and
mediating interactions with other biomolecules. However, within the
hydrophobic core, hydrogen bonds are less common due to the scarcity of polar
groups and the unfavorable energetics of exposing polar functionalities to a
nonpolar environment.

Presence of Unpaired H-bond Donors and Acceptors in
the Core

Despite the predominantly nonpolar nature of the core, unpaired hydrogen bond
donors and acceptors are often observed. These are polar groups that, due to
the specific geometry of the protein or the local environment, do not form
hydrogen bonds with other groups. Their presence can result from various
factors, including:

- Residues that are inherently polar but buried during folding.
- Structural motifs that accommodate unpaired polar groups.
- Evolutionary constraints preserving certain functional groups.

These unpaired groups can influence the local packing, create internal
strain, or participate in transient interactions that are critical during
folding or function.
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Implications of Unpaired H-bond Donors and
Acceptors in the Hydrophobic Core



Influence on Protein Folding and Stability

The presence of unpaired hydrogen bond donors and acceptors within the
hydrophobic core can have significant effects:

- Folding Pathways: They may act as nucleation points or folding
intermediates, guiding the folding process.
- Stability: Unpaired polar groups can destabilize the core if they induce
local strain or create voids. Conversely, they can be stabilized through
internal hydrogen bonds or by forming transient interactions.
- Internal Strain: The necessity to accommodate unpaired groups can induce
strain, potentially leading to dynamic regions or conformational flexibility.

Functional Significance

In some cases, unpaired H-bond donors and acceptors serve functional roles:

- Catalytic Sites: Certain enzymes utilize buried polar groups for catalytic
activity, which may be unpaired but positioned to participate in substrate
binding or transition state stabilization.
- Allosteric Regulation: Internal hydrogen bonds involving unpaired groups
can influence conformational changes essential for regulation.
- Binding Sites: Some proteins have internal cavities where unpaired polar
groups participate in ligand interactions or stabilize specific
conformations.
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Mechanisms by Which Proteins Accommodate
Unpaired Polar Groups in the Hydrophobic Core

Internal Hydrogen Bond Networks

Proteins can form intricate networks of internal hydrogen bonds that
stabilize unpaired donors or acceptors:

- Bridging Water Molecules: Occasionally, internal water molecules are
trapped within the core, mediating hydrogen bonds between otherwise unpaired
polar groups.
- Side Chain Rearrangements: Certain amino acid side chains can reorient to
form hydrogen bonds with unpaired groups, stabilizing their presence.
- Backbone Hydrogen Bonding: The backbone itself can participate in hydrogen
bonding, accommodating unpaired groups through secondary structure elements.



Structural Adaptations and Packing Strategies

Proteins may employ specific packing strategies to minimize the energetic
penalty of unpaired polar groups:

- Cavity Filling: Incorporation of small, polarizable residues or molecules
to fill voids around unpaired groups.
- Conformational Flexibility: Dynamic regions that can adapt conformations to
shield or stabilize unpaired groups.
- Evolutionary Optimization: Selection for amino acid sequences that balance
the presence of unpaired polar groups with overall stability.
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Methods to Detect and Study Unpaired H-bond
Donors and Acceptors in the Core

Experimental Techniques

- X-ray Crystallography: High-resolution structures can reveal the presence
of unpaired polar groups, especially when electron density indicates
unresolved or weakly bound water molecules.
- NMR Spectroscopy: Provides insights into the local environment of polar
groups, detecting chemical shifts indicative of unpaired donors or acceptors.
- Infrared (IR) and Raman Spectroscopy: Sensitive to hydrogen bonding
patterns, allowing inference of unpaired groups.

Computational Approaches

- Molecular Dynamics Simulations: Can model the behavior of polar groups
within the core over time, revealing transient interactions or the presence
of internal water molecules.
- Hydrogen Bond Analysis Tools: Software that identifies hydrogen bonds,
unpaired donors, and acceptors based on geometric criteria.
- Energy Calculations: Assess the stability contributions of unpaired groups
and predict their potential roles.
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