[image: image1.jpg]NOTEBOOK contains
a miscellaneous
collection of items all
designed to aid your
study of biology.
Whether dealing with
creatures or concepts,
evolution or exams,
NOTEBOOK will help,
inform and remind
you of things that you
should find useful.

Of hydrogen
bondage

‘

It’s so beautiful, you see, so beautiful!” is
James Watson’s description of the DNA
double helix. Along the strands of the helix
are written the genetic instructions in a
four-letter language in which each ‘letter’
is an attached base. DNA is the molecule
of which genes are made, and it has been
called ‘the secret of life’. However, the real
secret of DNA is not the double helix but
the way in which the bases in opposite
strands are paired to hold the strands
together: adenine with thymine, guanine
with cytosine (see Figure 1). These pairs
can be written as A=T and C=G, where
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James Watson photographed in 1953 with the
model built to show the structure of DNA.

each dash represents a hydrogen bond.
Before cells divide, DNA is replicated —
the hydrogen bonds are broken, the strands
unwind and each acts as a template to
make a new complementary DNA strand.
When proteins are synthesised, the strands
unwind and one acts as a template to make
an RNA copy. In both these processes —
replication and transcription — synthesis
of a correct copy depends on correct base
pairing which in turn depends on hydrogen
bonds.

JUST A HINT OF CHARGE

The hydrogen bonds that hold the DNA
strands together occur between the large
purine bases (either A or G) and the smaller
pyrimidines (T or C). The resulting purine—
pyrimidine base pairs are of almost iden-
tical dimensions so that the two sugar—
phosphate backbones are the same distance
apart throughout the length of the double

helix. The hydrogen bonds are of two types
— three are

N\
N=H--0=
%

and two are

SN=H-oN
& N

(The dotted lines represent the hydrogen
bonds.) Both types work in the same way.
At one end of each bond there is H cova-
lently bound to N. A covalent bond is
formed by the sharing of electrons by two
atoms; each atom contributes one electron
to the bond. In most covalent bonds
the electrons are shared equally between
the two atoms, but atoms such as N and
O are able to attract more than their fair
share of the electrons. Thus the covalent
N—H bond contains two electrons which
are shared between the N and the H,
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Figure 1 Hydrogen bonding in DNA. The two strands of DNA are held together by hydrogen
bonds between complementary pairs of bases. The pairing of the larger purine bases with
the smaller pyrimidine bases leads to base pairs of almost identical dimensions, ensuring
that the two strands are a constant distance apart — like the supports in a ladder.
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[image: image2.jpg]but the electrons in the N—H bond are
more strongly attracted by the N than
by the H, making the N slightly negative
with respect to the H. Chemists use the
symbols 8- and 3+ to represent partial
charges:

At the other end of the bond there is either

V.
or N/
AN

o=

Both attract electrons from neighbouring
atoms to become slightly negative. In addi-
tion, both contain unshared electron pairs
(N, one pair; O, two pairs) which make
them even more negative.

OPPOSITES ATTRACT

Opposite charges attract — but they do
not have to be whole charges to do so. This
is the key to the hydrogen bond. The
slightly positive H is attracted to a nearby
slightly negative N or O to form a weak
hydrogen bond (represented by ===+):
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The hydrogen bond joins two atoms by
means of hydrogen — the H atom acts as
a ‘glue’ that holds the two atoms together.

BONDING IN WATER

Hydrogen bonds are also
important in water. Because
of its small molecular size,
water (H,O) should be a gas
— just like the similarly
sized H,S, NH and CO,.
(Although H,S and NHj3
both contain H attached to
an electron-attracting atom,
the attraction is weaker than
that of O in H,0, so they
do not readily form hydro-
gen bonds and are therefore
gases.) Water is a liquid
because its molecules are
held to each other by hydro-
gen bonds.

A water molecule, H,0,
has two H atoms attached
to one O atom, and the
molecule is bent. The elec-
trons in the O—H covalent
bonds are more strongly
attracted by O than by H so
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that the O is slightly negative while each
H is slightly positive:

&+ o8-
H—0
5+
\H

Therefore, each water molecule attracts
nearby water molecules — there is a
hydrogen bond which joins two
O atoms by means of H:

5+ 8- &+ &
H—0z---H—0, R
N N

THREE VITAL PROPERTIES

Three properties of hydrogen bonds make
them important for life, and water illus-
trates two of them. The first property is
their transience — liquid water consists
of a network of hydrogen-bonded water
molecules, but an individual hydrogen
bond lasts for no more than a trillionth
(10712) of a second. Water molecules are
constantly jostling about and forming
hydrogen bonds with new water molecules
— about 100 trillion times every second!

The second property is their direction-
ality — the three atoms involved in a
hydrogen bond lie in a straight line. In ice,
each water molecule is hydrogen-bonded
to four others (see Figure 2), but in order
for them to fit into the ice crystal structure
without distorting the hydrogen bonds,
water expands upon freezing. This is why
water pipes burst on freezing (and leak
after a thawing)!

Crystals of ice formed on
the underside of a sheet

of ice covering a

-«— Hydrogen bond

z [«<— Covalent bond

Figure 2 Hydrogen bonding in ice. Each
water molecule is linked by hydrogen bonds
to four others, each of the four being posi-
tioned%\its maximum distance from the
other three. Thus a three-dimensional lattice
of water molecules is formed. Only part of
the lattice is shown in this diagram.

A third property of hydrogen bonds is
illustrated by DNA. This is their specificity
— their formation requires the presence
of complementary groups.

BONDING IN PROTEINS

Hydrogen bonds also occur in proteins
— long amino acid chains containing
peptide links of the following
structure:

i
—C—N-
puddle. I
(o}

In the C=0 part, the O atom
is slightly negative, whereas in
the N—H part the H is slightly
positive. Hydrogen bonds of
the type

can form between neigh-
bouring peptide bonds (see
Figure 3).

The correct functioning of
all proteins depends upon their
shape, and hydrogen bonding
strongly influences the shapes
of proteins. In functional pro-
teins almost every peptide link
is hydrogen-bonded to another
peptide link or to some other

SEPTEMBER 1997

37




[image: image3.jpg]o-Helix formed
by twisting the
chain into a coil
held together by
hydrogen bonds
between peptide
links:
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The proteins in the seeds of this dandelion (Taraxacum
officinalis) remain stable for as long as it takes for the
seeds to reach the right spot to germinate because the
seeds are so dehydrated no water can disrupt the
hydrogen bonds.

B-Sheet formed by
regions of chain lining
up. Held together by
hydrogen bonds
between peptide links:
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forms hydrogen bonds
COOH with water: H
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Protein chain consists of amino
acids joined by peptide links:
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Figure 3 Hydrogen bonds in proteins. Hydrogen bonds are formed either between the C=0
and H-N groups of neighbouring peptide links, or between the side chains of amino acids.
The result is a distinctive shape for the protein molecule, which is essential for its correct

functioning.

group, and many of them are organ-
ised in structures such as the o-helix
and the B-sheet (see Figure 3). In
living cells proteins do not break their
internal hydrogen bonds and unfold
(denature) unless new hydrogen
bonds can be formed with water. But
even in water, proteins do not unfold
unless ‘persuaded’ by, for example,
heat or acid. In the absence of water,
hydrogen bonds do not break —
proteins are stable when dry. Thus
proteins in seeds and spores, where
they are in the presence of only small
amounts of water, can withstand high
temperatures, often above the boiling
point of water, without unfolding.
This stability is important in many
species of plants and microorganisms.

Compared with covalent bonds, indi-
vidual hydrogen bonds are weak —
about one-twentieth as strong as cova-
lent bonds. But in their hundreds (as
they occur in DNA and proteins) they
are strong — though they are still not
difficult to break. Even vigorous
shaking is enough to break them and
denature the protein — as happens
when egg white is beaten to make a
meringue. And if your hair becomes
‘frizzy’ on a humid day it is due to
the rearrangement of hydrogen bonds
in the hair protein, keratin. (See
BIOLOGICAL SCIENCES REVIEW, Vol. 9,
No. 3, pp. 36-38.)

FINDING ONE ANOTHER

Life depends on molecules recognising
and interacting with one another in
specific ways. Such interaction is most
efficient if the molecules involved
have complementary structures — as
do alock and its key. Thus an enzyme
recognises its substrate, a DNA strand
recognises its complementary strand,
a hormone recognises its receptor.
Interaction of biological molecules
begins with recognition between
complementary molecules, proceeds
to short-lived binding, and culminates
in activities characteristic of life.
Central to all this is hydrogen bond-
ing. Hydrogen bonds may not be the
secret of life — but they are certainly
very close to it! B

Bernard Brown
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