GENETIC CODE

Gene is a DNA segment composed of a set of nucleotides. Nucleotides sequence within a gene
controls amino acid sequence within a protein.

The genetic code is the set of rules by which the information encoded in genetic material (DNA
or RNA) is translated into proteins (amino acid sequences) in living cells.

The genetic code is a set of three nucleotides. Each nucleotide is named on the basis of one of
the four nitrogenous bases found in each of them. Nucleotide having nitrogenous bases
Adenine is assigned the “A” letter, and nucleotide containing Guanine base is assigned letter
“G”. Similarly Cytosine and Thymine containing nucleotides are assigned letter “C” and “T”
respectively. So A, G, C, and T are letters of Genetic code.

In 1961 Nirenberg and Matthaei “cracked” the first “word” of the genetic code (poly U)

In 1964 Nirenberg and Philip Leder discovered a way to determine the sequence of the letters
in each triplet word for amino acids.

In 1968 Nirenberg won the Nobel Prize in Physiology or Medicine for his work on the genetic
code. He shared the award with Har Gobind Khorana (University of Wisconsin), who mastered
the synthesis of nucleic acids, and Robert Holley (Cornell University), who discovered the
chemical structure of transfer-RNA. Collectively, the three were recognized “for their
interpretation of the genetic code and its function in protein synthesis."

The codons are the hereditary units that contain the information coding for one amino acid. It
consists of three nucleotides (a triplet). This information is first transcribed into messenger
RNA, which has a sequence of bases complementary to the DNA from which it is copied.
DNA and mRNA have only four different bases (A. G, C, Tin DNA and A, G, C, U in RNA)
whereas proteins contain 20 different amino acids. The code is read in groups of three bases,
each triplet representing one amino acid. Three is the minimum number of bases needed to
code for 20 amino acids.

The possible combination of four bases into a triplet is 4% = 64

If the genetic code consisted of doublets, the number of codons would be 42= 16, which would
be insufficient.

If groups of four bases were utilized, the possibilities would be many more than necessary (4*=
256).The organism uses its specific codon sequence in forming peculiar protein and hence these
codes regulate and control organism at the cellular level.

20 amino acids and their short forms are as given under-
Ala=Alanine Leu=Leucine

Asp=Aspartic acid
Glu=Glutamic acid
Iso=Isoleucine
Meth=Methionine
Ser=Serine
Tyr=Tyrosine
Arg=Arginine
Cys=Cysteine
Gly=Glycine

Phe=Phenylalanine
Thr=Threonine
Glu=Glutamine
Val=Valine
Asn=Asparagine
His=Histidine
Lys=Lysine
Pro=Proline
Trypto=Tryptophan
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PROPERTIES OF GENETIC CODE

1. The code is triplet.
It is made of triplets of nucleotides which are called codons.

2. The genetic code is degenerate

Most amino acids have more than one codon, for example in the case of arginine, leucine, and
serine amino acids each one of them has 6 different codons. In the case of leucine amino acid,
these codons are CUA, CUC, CUG, CUU, UUA, and UUG. Similarly, GGG, GGA, GGC and
GGU all code for glycine.

3. The genetic code is unambiguous

Each code has only one meaning, i.e. it codes only one amino acid. For example, AUG codes
only one amino acid which is methionine. It can never code any other amino acid. GUG codes
for Valine. But, in the absence of AUG, GUG can also code for valine.

4. The genetic code is universal
The same triplet in different species codes for the same amino acid, i.e. genetic code is universal
for all organisms from simple bacteria to complex organisms.

5. The code is non-overlapping
Two adjoining codons cannot share a base, i.e. the three bases of one codon are distinct from
the bases of adjacent codons.




6. The code is comma less

No punctuations are needed between two adjoining codons. After one amino acid is coded, the
second amino acid will be automatically coded by the next three letters and no letters are
wasted. There is no gap.

7. The genetic code has “start” and “stop’ signals
There is only one start codon (AUG, initiation codon) which starts the translation process, but
to stop this process three stop codons are present, i.e. UAA, UGA and UAG.

8. Polarity
Genetic code could be read only in 5’ to 3” direction on m-RNA.
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Group of three nucleotides coding for one amino acid, starting from Methionine
(Source: Cell and Molecular Biology, De Robertis)
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