Weak Interactions in Aqueous Systems

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). Polar biomolecules dissolve readily in water because they can replace
water-water interactions with more energetically favorable water-solute interactions.

In contrast, nonpolar biomolecules interfere with water-water interactions but are unable to
form water-solute interactions— consequently, nonpolar molecules are poorly soluble in water.
In aqueous solutions, nonpolar molecules tend to cluster together.

Hydrogen bonds and ionic, hydrophobic (Greek, “water-fearing”), and van der Waals
interactions are individually weak, but collectively they have a very significant influence on the
three-dimensional structures of proteins, nucleic acids, polysaccharides, and membrane lipids.
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Hydrogen Bonding Gives Water Its Unusual Properties

Water has a higher melting point, boiling point, and heat of vaporization than most other
common solvents. These unusual properties are a consequence of attractions between adjacent
water molecules that give liquid water great internal cohesion.
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Water Forms Hydrogen Bonds with Polar Solutes

Hydrogen bonds are not unique to water. 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 (Fig. 2-3).

Water Interacts Electrostatically with Charged Solutes

Water is a polar solvent. It readily dissolves most biomolecules, which are generally charged
or polar compounds (Table 2-2); compounds that dissolve easily in water are hydrophilic
(Greek, “water-loving”). In contrast, nonpolar solvents such as chloroform and benzene are
poor solvents for polar biomolecules but easily dissolve those that are hydrophobic—nonpolar
molecules such as lipids and waxes.

Nonpolar Gases Are Poorly Soluble in Water

The molecules of the biologically important gases CO2, 02, and N2 are nonpolar. In O2 and
N2, electrons are shared equally by both atoms. In CO2, each C-O bond is polar, but the two
dipoles are oppositely directed and cancel each other. Some organisms have water-soluble
carrier proteins (hemoglobin and myoglobin, for example) that facilitate the transport of O2.



Nonpolar Compounds Force Energetically Unfavorable Changes in the Structure of
Water

When water is mixed with benzene or hexane, two phases form; neither liquid is soluble in the
other.

Amphipathic compounds contain regions that are polar (or charged) and regions that are
nonpolar (Table 2-2). When an amphipathic compound is mixed with water, the polar,
hydrophilic region interacts favorably with the solvent and tends to dissolve, but the nonpolar,
hydrophobic region tends to avoid contact with the water (Fig. 2—7a). The nonpolar regions of
the molecules cluster together to present the smallest hydrophobic area to the aqueous solvent,
and the polar regions are arranged to maximize their interaction with the solvent (Fig. 2—-7b).
These stable structures of amphipathic compounds in water, called micelles, may contain
hundreds or thousands of molecules. The forces that hold the nonpolar regions of the molecules
together are called hydrophobic interactions.

van der Waals Interactions Are Weak Interatomic Attractions

When two uncharged atoms are brought very close together, their surrounding electron clouds
influence each. other. Random variations in the positions of the electrons around one nucleus
may create a transient electric dipole, which induces a transient, opposite electric dipole in the
nearby atom. The two dipoles weakly attract each other, bringing the two nuclei closer. These
weak attractions are called van der Waals interactions.

Weak Interactions Are Crucial to Macromolecular Structure and Function

The noncovalent interactions we have described (hydrogen bonds and ionic, hydrophobic, and
van der Waals interactions) (Table 2-5) are much weaker than covalent bonds. Although these
four types of interactions are individually weak relative to covalent bonds, the cumulative effect
of many such interactions can be very significant.

lonization of Water,Weak Acids, and Weak Bases

Although many of the solvent properties of water can be explained in terms of the uncharged
H20 molecule, the small degree of ionization of water to hydrogen ions (H) and hydroxide ions
(OH) must also be taken into account.
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Weak Acids and Bases Have Characteristic Dissociation Constants

Hydrochloric, sulfuric, and nitric acids, commonly called strong acids, are completely ionized
in dilute aqueous solutions; the strong bases NaOH and KOH are also completely ionized. Of
more interest to biochemists is the behavior of weak acids and bases—those not completely
ionized when dissolved in water. These are common in biological systems and play important
roles in metabolism and its regulation.
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Buffering against pH Changes in Biological Systems

Almost every biological process is pH dependent; a small change in pH produces a large change
in the rate of the process.

Cells and organisms maintain a specific and constant cytosolic pH, keeping biomolecules in
their optimal ionic state, usually near pH 7. In multicellular organisms, the pH of extracellular
fluids is also tightly regulated. Constancy of pH is achieved primarily by biological buffers:
mixtures of weak acids and their conjugate bases.

Biological buffering is illustrated by the phosphate and carbonate buffering systems of humans.

Blood plasma is buffered in part by the bicarbonate system, consisting of carbonic acid
(H2CO3) as proton donor and bicarbonate (HCO3-) as proton acceptor.
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