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The Nature of Noncovalent Interactions
The macromolecules that participate in the structural and
functional matrix of life are immense structures held together
by strong, covalent bonds.
The complex 3-D architecture of the macromolecules is
determined by noncovalent interactions.
Noncovalent interactions are critically important determinants
of biomolecular structure, stability, and function.
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The Nature of Noncovalent Interactions
Consider proteins:
•

Proteins are polymers of amino acids.

•

The amino acids are held together by strong covalent amide (peptide) bonds.

•

The 3-D structure, and hence function of proteins are determined by a large number
of noncovalent interactions.

The Nature of Noncovalent Interactions

The Nature of Noncovalent Interactions
Covalent and noncovalent bond energies.
Energies
typical of noncovalent bonds (0.5–20 kJ/mol;
red text)
are about one to two orders of magnitude
weaker than
energies of the covalent bonds commonly
found in
biochemical compounds (150–600 kJ/mol; blue
text).
The energies available from thermal motion,
ATP
hydrolysis, red light, and aerobic glucose
metabolism
are also shown as reference points

The Nature of Noncovalent Interactions

All noncovalent interactions are electrostatic in nature.
The simplest electrostatic interactions are those between a pair of
charged particles, called a salt bridge.
The attraction of the oppositely charged ions is governed by Coulomb’s
Law:
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The Nature of Noncovalent Interactions
Some molecules interact because they possess dipole moments.

The Nature of Noncovalent Interactions
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The Nature of Noncovalent Interactions

The hydrogen bond. The figure shows an idealized H
bond that might exist, for example, between an alcohol
(the donor) and a keto compound (the acceptor). The H-bond is
represented by a dotted line between the H and the acceptor
atom.

The Nature of Noncovalent Interactions

Hydrogen bonding in biological structure. This
example is a portion of a protein in an ahelical conformation.
The a-helix, a common structural element in
proteins, is maintained by N-H……O=C hydrogen
bonds between groups in the protein
chain.
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The Role of Water in Biological Processes

Water
 Water is the most abundant substance in living systems,
making up 70% or more of the weight of most organisms.
 The first living organisms doubtless arose in an aqueous
environment, and the course of evolution has been shaped by
the properties of the aqueous medium in which life began.

A skeletal model of the ice lattice.

 Hydrogen bonds between water molecules provide the
cohesive forces that make water a liquid at room temperature
and that favor the extreme ordering of molecules that is
typical of crystalline water (ice).
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The Role of Water in Biological Processes
Hydrogen-bond donors and acceptors in water.
The two nonbonded electron pairs on O act as
H-bond acceptors and the two O-H bonds act
as H-bond donors.
Each hydrogen atom of a water molecule shares an electron pair with the central oxygen atom.


The geometry of the molecule is dictated by the shapes of the outer electron orbitals of the oxygen atom, which
are similar to the sp3 bonding orbitals of carbon.



The oxygen nucleus attracts electrons more strongly than does the hydrogen nucleus; that is, oxygen is more
electronegative.



The result of this unequal electron sharing is two electric dipoles in the water molecule, one along each of the
H-O bonds; each hydrogen bears a partial positive charge (δ+) and the oxygen atom bears a partial negative
charge equal to the sum of the two partial positives (2δ-).

The angle between the two O-H bonds is 104.5;
thus, water has a net dipole moment.
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Water

The Role of Water in Biological Processes
Water serves as the universal intracellular and extracellular medium, thanks
primarily to two properties:

 Water is the most abundant substance in living systems,
making up 70% or more of the weight of most organisms.

• There is an electrostatic attraction between the oxygen atom of one water
molecule and the hydrogen of another, called a hydrogen bond so;
• ability to form hydrogen bonds

 The first living organisms doubtless arose in an aqueous
environment, and the course of evolution has been shaped by
the properties of the aqueous medium in which life began.

• polar character

 Hydrogen bonds between water molecules provide the
cohesive forces that make water a liquid at room temperature
and that favor the extreme ordering of molecules that is
typical of crystalline water (ice).

Substances that can take advantage of these properties so as to readily dissolve
in water are called hydrophilic, or “water loving.”
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 They readily form between an
electronegative atom (the hydrogen
acceptor, usually oxygen or nitrogen
with a lone pair of electrons) and a
hydrogen atom covalently bonded to
another electronegative atom (the
hydrogen donor) in the same or another
molecule.
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ICE
An unusual property of ice frozen at atmospheric pressure is that the solid is approximately 8.3%
less dense than liquid water.
The density of ice is 0.9167 g/cm3 at 0 C, whereas water has a density of 0.9998 g/cm³ at the
same temperature.
Liquid water is densest, essentially 1.00 g/cm³, at 4 °C and becomes less dense as the water
molecules begin to form the hexagonal crystals of ice as the freezing point is reached. This is due
to hydrogen bonding dominating the intermolecular forces, which results in a packing of
molecules less compact in the solid. Density of ice increases slightly with decreasing
temperature.

When water freezes, it increases in volume (about 9% for fresh
water
The result of this process is that ice (in its most common form)
floats on liquid water, which is an important feature in Earth.
It has been argued that without this property, natural bodies of
water would freeze, from the bottom up, resulting in a loss of
bottom-dependent animal and plant life in fresh and sea water.
Sufficiently thin ice sheets allow light to pass through while
protecting the underside from short-term weather extremes
such as wind chill. This creates a sheltered environment for
bacterial and algal colonies.

When water freezes, it increases in volume (about 9% for fresh water
The result of this process is that ice (in its most common form) floats on liquid water, which is an
important feature in Earth.
It has been argued that without this property, natural bodies of water would freeze, from the
bottom up, resulting in a loss of bottom-dependent animal and plant life in fresh and sea water.
Sufficiently thin ice sheets allow light to pass through while protecting the underside from shortterm weather extremes such as wind chill. This creates a sheltered environment for bacterial and
algal colonies.

The Role of Water in Biological Processes
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Water is an excellent solvent for ionic
compounds.
•

The interactions of the negative ends of the water dipoles with cations and the positive
ends with anions in aqueous solution cause the ions to become hydrated, that is,
surrounded by shells of water molecules called hydration shells.

•

The dissolution of ionic compounds like NaCl in water can be accounted for largely by
two factors.
o The formation of hydration shells is energetically favorable.
o The high dielectric constant of water screens and decreases the electrostatic force between
oppositely charged ions that would otherwise pull them back together.

The Role of Water in Biological Processes

The Role of Water in Biological Processes

Hydration of ions in solution. A salt crystal is shown dissolving
in water. As sodium and chloride ions leave the crystal, the
noncovalent interaction between these ions and the dipolar
water molecules produces a hydration shell around each ion.
The energy released in this interaction helps overcome the
charge–charge interactions stabilizing the crystal.

The Role of Water in Biological Processes

Nonpolar substances like hydrocarbons, are nonionic and cannot form hydrogen bonds, show only
limited solubility in water.
Such nonpolar molecules are called hydrophobic, or “water fearing.”

One unit of clathrate structure
surrounding a hydrophobic molecule
(yellow).

We can also call them lipophilic, or “fat loving.”
When hydrophobic molecules do dissolve, they are not surrounded by hydration shells, rather the
regular water lattice forms ice-like clathrate structures, or “cages,” about the nonpolar molecules.
This ordering of water molecules extends well beyond the cage, corresponds to a decrease in the
entropy, or randomness, of the mixture.

Oxygen atoms are shown in red.
Hydrogens are shown for one
pentagon of oxygens.
The ordered structure may extend
considerably further into the
surrounding water.

This hydrophobic effect plays a role in protein folding.
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The Role of Water in Biological Processes

An important class of molecules are those that
exhibit both hydrophilic and hydrophobic properties
simultaneously.
Such amphipathic substances include
oFatty acids
oLipids
oDetergents
The amphipathic molecules are characterized by a
polar “head” group coupled to a hydrophobic
“tail”—usually a hydrocarbon.

The Role of Water in Biological Processes
In aqueous solution,
amphipathic molecules
may form:
oMonolayers on the
surface
oMicelles
oBilayer vesicles

Ionic Equilibria
The Brønsted-Lowry definition of acids and bases is useful for the aqueous systems
encountered in biochemistry.
o acids are proton donors
o bases are proton acceptors
A strong acid dissociates almost completely into hydronium and a weak conjugate
base.
A strong base also ionizes entirely, releasing OH- ion, which is a
powerful proton acceptor.
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Ionic Equilibria

The Henderson–Hasselbalch equation
describes the change in pH during
titration of a weak acid or a weak base.

Ionic Equilibria
Buffered solutions are able to minimize the change in pH following addition of
acid or base because the conjugate acid (HA) and conjugate base (A-) of the
buffering compound are present in sufficient concentration to combine with the
added H+ or OH- and neutralize them.
Buffer solutions function because the pH of a weak acid–base solution is least
sensitive to added acid or base near the pKa, where the conjugate acid and
conjugate base of the buffer are both present in nearly equimolar
concentrations
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Ionic Equilibria

Organisms must maintain the pH inside cells and in most bodily fluids within
the narrow pH range of about 6.5 to 8.0.
oThe normal pH of human is 7.4.
The dihydrogen phosphate–hydrogen phosphate system, with a pKa of 6.86,
plays a major role in controlling intracellular pH because phosphate is
abundant in cells.
Blood contains dissolved CO2 as a waste product of metabolism, therefore the
carbonic acid–bicarbonate system provides considerable buffering capacity.

Ionic Equilibria

Ionic Equilibria

An ampholyte is a molecule with both
acidic and basic groups.
The isoelectric point, pI, is the pH
at which average charge, for all forms of
the molecule, is zero.
o At pH < pI, a molecule
will be positively charged.
o At pH > pI, the molecule will be
negatively charged
Titration curve for aspartic acid.
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Interactions Between Macroions in
Solution

Large polyelectrolytes such as nucleic acids and polyampholytes such as
proteins are classed together as macroions.

Large polyelectrolytes such as nucleic acids and polyampholytes such as
proteins are classed together as macroions.

Each macroion collects about it a counterion atmosphere enriched in
oppositely charged small ions.

Each macroion collects about it a counterion atmosphere enriched in
oppositely charged small ions.

This cloud of ions tends to screen the molecules from one another.

This cloud of ions tends to screen the molecules from one another.

Interactions Between Macroions in
Solution

Interactions Between Macroions in
Solution
Electrostatic interactions between
macroions.

a) Repulsion. DNA molecules, with many
negative charges, strongly repel one
another in solution.

b) Attraction. If DNA is mixed with a positively
charged protein, these molecules have a
strong
tendency to associate.
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