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The DNA molecule is fundamental to cell metabolism and cell division as
well as providing the basis for inherited characteristics. Nucleic acid,
initially called nuclein, was discovered by Friedrich Miescher in 1869, but it
was not until 1953 that Watson and Crick produced their model for the
double helical structure ofDNA and proposed the mechanism for DNA
replication. During the 1960s the genetic code was found to reside in the
sequence of nucleotides comprising the DNA molecule, a group of three
nucleotides coding for an amino acid. The rapid expansion of molecular
techniques in the past decade has led to a better understanding of human
genetic disease. The structure and function ofmany genes has been
elucidated, and determining the nucleotide sequence of an entire gene is
possible. The molecular pathology underlying various disorders is now
defined, and DNA analysis can be used for investigating affected families.

DNA structure
Genetic code (RNA)*

First Second base Third
base base

(5'end) U C A G (3'end)
U Phe Ser Tyr Cys U

Phe Ser Tyr Cys C
Leu Ser Stop Stop A
Leu Ser Stop Trp G

C Leu Pro His Arg U
Leu Pro His Arg C
Leu Pro GIn Arg A
Leu Pro Gin Arg G

A lie Thr Asn Ser U
lie Thr Asn Ser C
Ile Thr Lys Arg A
Met Thr Lys Arg G

G Val Ala Asp Gly U
Val Ala Asp Gly C
Val Ala Glu Gly A
Val Ala Glu Gly G

*Uracil (U) replaces thymine (T) in RNA.

A single strand ofDNA consists of a backbone ofdeoxyribose sugar units
linked by phosphate groups. The orientation of the phosphate groups
defines the 5' and 3' ends of the molecule. The purine bases adenine (A) and
guanine (G) and the pyrimidine bases cytosine (C) and thymine (T) are
attached to the deoxyribose units, and their sequence along the molecule
constitutes the genetic code. The coding unit, or codon, consists of three
nucleotide bases; for example, on the DNA sense strand the codon TTC
codes for phenylalanine and AGA for arginine; the triplet ATG codes for
methionine and also acts as a signal to start protein synthesis on messenger
RNA (mRNA); in addition, three triplets (TAA, TAG, and TGA) act as
termination signals. As the four bases give 64 possible codon combinations
and there are only 20 amino acids most amino acids are specified by at least
two codons and the code is said to be degenerate. The DNA code is
universal to all organisms with the exception ofmitochondrial DNA, which
has slightly different codons.

5'

In the nucleus DNA exists as a double stranded helix in which the order
3, of the bases on one strand is complementary to that on the other. The bases

are held together by hydrogen bonds, which allow the strands to separate
yOH and rejoin. Adenine is always paired with thymine and cytosine with
( guanine. This specific pairing is fundamental to DNA replication, during

which the two DNA strands separate and each acts as a template for the
synthesis of a new strand. The genetic code is therefore maintained during
cell division, and as each cell contains an existing and a newly synthesised
strand ofDNA the process is called semiconservative replication. A
damaged DNA strand may be repaired and reconstituted in a similar way.

DNA molecule comprising sugar and phosphate
backbone and paired nucleotides joined by
hydrogen bonds.

3'

5'
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Diagrammatic representation of packaging of
DNA into chromosome structure.

Part of fingerprinting autoradiograph
showing bands detected by minisatellite
DNA probe in blood samples from
monozygous twins (A and B) who have
identical bands and four unrelated
subjects (C-F) who have different bands.

Transcription and translation

Each human somatic cell contains 6x 0l base pairs of DNA, which is
equivalent to about 2m of linear DNA. Packaging of the DNA is achieved
by the double helix being coiled around histone proteins to form
nucleosomes and then condensed by further coiling into the chromosome
structure seen at metaphase. A single'cell does not express all of its genes,
and active genes are packaged into a more accessible chromatin
configuration, which allows them to be transcribed. Some genes are
expressed at low levels in all cells and are called housekeeping genes, others
are tissue specific and expressed only in certain tissues or cell types.

An estimated 50 000-100 000 pairs of functional genes exist in humans,
yet these constitute only a small proportion of total genomic DNA. More
than 90% of the genome consists ofnon-coding DNA, whose function is not
clearly defined. Much of this DNA has a unique sequence, but between
30% and 40% consists of repetitive sequences that may be dispersed
throughout the genome or arranged as regions of tandem repeats, known as
satellite DNA. In tandem repeats the number of times that the core
sequence is repeated varies among different people, and this gives rise to
hypervariable regions.

The enormous variation occurring in non-coding DNA among different
subjects is illustrated particularly well in certain hypervariable minisatellite
regions throughout the genome that share a short common core sequence in
their variable number of tandem repeats (VNTRs). These hypervariable
minisatellite regions are stably inherited and give a pattern ofDNA
fragments of various sizes on analysis that is unique to each person, forming
the basis of the DNA fingerprinting test.

Other DNA variations due to differences in nucleotide sequence that
occur close to genes of interest can be used to track genes through families
using DNA probes; this approach has revolutionised the predictive tests
available for mendelian disorders such as Duchenne muscular dystrophy
and cystic fibrosis.

The genetic code carried by DNA is translated into a protein product by
means ofRNA molecules. The structure ofmRNA is similar to that of
DNA, except that the sugar backbone is composed of ribose and uracil (U)
replaces thymine (T) as one of the bases. One strand of the DNA acts as a
template for mRNA synthesis, a process that occurs by pairing of specific
bases as it does in DNA synthesis. In experimental systems the reverse of
this reaction-the synthesis ofcomplementary DNA (cDNA) usingmRNA
as a template-is possible with the enzyme reverse transcriptase. This has
proved to be an immensely valuable procedure for investigating human
genetic disorders as it allows cDNA probes to be produced that correspond
exactly to the coding sequence of a human gene.

4

mRNA 5'.
C C A G C U C G G

G GUCGG) CC

Polypeptide chain

Process of transcription and translation.

Messenger RNA is translated into protein in the cytoplasm in association
with ribosomes and transfer RNAs (tRNAs). Each tRNA molecule binds a
specific amino acid and has three bases forming an anticodon triplet that

Translation allows it to bind to a complementary mRNA codon, starting with the
initiation signal AUG. Peptide bonds form between the amino acids as the
tRNAs are aligned on the ribosome until a stop codon on the mRNA is

U A C reached. Several ribosomes associate with each mRNA strand, forming
polysomes, thus permitting simultaneous production of several polypeptide
chains from one mRNA molecule. The active three dimensional
configuration of proteins such as insulin and the collagens is achieved by
post-translational modification. Alternative methods of processing and
splicing mRNA in certain circumstances permits the production of
different protein products from some genes. Gene rearrangement may also
occur; rearrangement of the immunoglobulin genes in lymphocytes, for
example, is responsible for the enormous structural diversity of antibodies.
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Gene structure and function

5 Exon 1 Exon 2

Untranslated Intron 1

Exon 3 3
Intron 2 Untranslat

-CAAT TATA I _ _ _ ,/t

GT AG GT AG

5'CAP

Excision of int
5'CAP Splicing of exo

AAAA Polyadenylatis

5'CAP _
AUG UGA

tiritiation termination

Mature mRNA

Polysome formatior
Protein synthesis

Processing messenger RNA.
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The fingerprinting autoradiograph was reproduced by

permission of Dr A Read, St Mary's Hospital, Manchest
The ABC of Child Abuse continues next week. The

14th article in this series will appear on 1 July.

The coding sequence of a gene is not continuous but is interrupted by
varying numbers and lengths of intervening non-coding sequences whose

ted function, if any, is not known. The coding sequences are called exons and
Gene the intervening sequences introns. The size and complexity ofhuman genes

varies, the largest so far identified is the dystrophin gene, which causes
Duchenne muscular dystrophy when it is defective and spans two million
base pairs with 14 000 bases of coding sequence distributed among at least

ecursor 60 exons.
RNA In addition to the introns, there are non-coding regions ofDNA at both 5'

and 3' ends of genes. There are also regulatory sequences that occur in and
around the gene that control its function. In the 5' flanking region two
conserved, or consensus, sequences known as the TATA box and the-CAT

trons box, are concerned with controlling mRNA transcription. Methylation of
ons cytosine nucleotides plays a part in regulating gene activity, and enhancer

sequences may also be involved, as well as more distant regulatory
elements.

Both coding and non-coding DNA sequences in a gene are initially
transcribed into mRNA. The sequences corresponding to the introns are
then cut out and the exons spliced together to produce mature mRNA.
Conserved sequences at the splicing sites enables their recognition in this
complex process. Other modifications include the addition of a cap

ni structure at the 5' end of the mRNA molecule and polyadenylation at the 3'
end.
A genetic mutation may have its effect at any stage in the process of

transcription or translation, producing mRNA that is unstable or that
cannot be translated into a functional polypeptide. Many different types of
mutation are recognised in human genetic disorders, including point
mutations, deletions, insertions, rearrangements, and duplications.
In different families with the same genetic condition the mutation causing
the disorder is not always the same; I) thalassaemia, for example, may be due
to any of these mutations.

Mutations have a wide range of effects. Point mutations, for example,
may cause amino acid substitution; disrupt a promotor sequence; alter an
initiator codon; generate a terminator codon; or change the codon at a
splicing site. Deletions may remove a substantial part of the gene or may

ticist alter the reading frame if the number of bases deleted is not a multiple of
three, and this has a catastrophic effect on protein synthesis. For example, a

kind deletion in the dystrophin gene that causes a frame shift results in
Duchenne muscular dystrophy, whereas one that does not change the
reading frame results in the milder Becker's muscular dystrophy.

MATERIA PARAMEDICA

A gift from the grave: macabre?

rhe old lady thought the world of me. "Had I not saved her grandson's
life?" A bright 18 year old, he had tuberculous meningitis. Some dicey
decision making was required, as no tubercle bacilli were found in the
cerebrospinal fluid. Antituberculous drugs had recently become available,
and he did well. If his grandmother looked up to me this was because I was
standing on the shoulders of the pharmacologists.

In due course the old lady approached me on her own behalf. She was a
cultivated lady and occupied her time translating English poetry into
German poetry-one of the most difficult of all translation procedures. For
vears she had been tortured by bizarre-that is, atypical-abdominal pain.
Full investigations elsewhere had drawn diagnostic blanks. My heart sank.
Every physician ofexperience will have met this syndrome. In bygone days
these ladies usually presented an abdomen crisscrossed with exploratory
laparotomy scars. Naturally, the routine investigations that were available
in those days drew blanks. It is easy to dismiss this syndrome as "neurotic"
because no organic cause has been found. These patients genuinely suffer.
Could it be due to a thalamic disorder? It is reminiscent of the intolerable
internal "itch" in the restless legs syndrome and akathisia. Io make
matters worse, her eyesight was failing. I too had failed her.
A few weeks later her relatives informed me that she had committed

suicide. One month thereafter the post delivered a package. Within was a
mid-nineteenth century carriage clock and a letter in the old lady's hand
thanking me for my efforts and kindness. It was not my custom to accept
gifts from patients. But this was, as it were, a gift from the grave. Just a bit
macabre?
And this brings me to the word "macabre." The Oxford English

Dictionary is surely wrong in suggesting a derivation from "Maccabee."
T he Larousse Etymologique does likewise, but hints at the Arabic consonants
"qbr." Surely it derives from the Arabic maqbara, grave, or minqabr, from
the grave. What better definition of macabre is there? Pedants for
pronunciation might like to know that, in transliterations from middle
eastern languages into European languages using the Roman alphabet, the
letter "q," not followed by a "u," indicates a modified "k" sound. But,
whereas in European languages "k" is uttered by closing the choanae, and
blocking the oral outlet by pressing the tongue against the back of the hard
palate, then releasing air by lowering the tongue, in middle eastern
languages the tongue is pressed against the soft palate before the breath is
expelled. Naturally, it sounds different, and is accordingly represented by
cq." Try it sometime, but preferably before a meal. -BERNARD 1
FREEDMAN
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