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Cell Information: Instruction book of Life

* DNA, RNA, and Proteins
are examples of strings
written in either the
four-letter nucleotide of
DNA and RNA (ACG
T/U)

e or the twenty-letter
amino acid of proteins.
Each amino acid is
coded by 3 nucleotides
called codon. (Leu, Arg,
Met, etc.)
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The genetic code
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Code Features

All possible 64 triplets have a meaning.

The codes are not unique for a particular amino acid except
for met (AUG) and trp (UGG).

If an amino acid has multiple codes, its first two letters are the same.
The codes UAA, UAG and UGA denote ‘stop’ and do not represent any protein.

The code AUG appears at the beginning of every protein and it is therefore recognized as
an initiation code but also has the significance that all proteins are synthesized with a
methionine at the beginning (but later may be discarded within the cell). Methionine
may not be always an initiation code and may also appear in the middle of a protein.

The genetic code is not universal in the sense that it applies only to nuclear genes. The
mitochondrial genes use a slightly different code and also expressed differently using
different ribosome and tRNAs.



The Genetic Code

We have stated earlier: one gene, one protein. But, how a gene defines a
protein uniquely? It took several years since the discovery of double

helix by famous biologists (all Nobel Laureates: Severo Ochoa, Marshall
Nirenberg and Gobind Khorana, Crick and Brenner) to decipher what is
called the genetic code. The first observation was the order of nucleotides

in the gene directly determine the order of amino acid in the polypeptide
(protein).

<+— DNA sequence in gene

auclucuaacleeAuau «— mRNA

| C N G Y -« polypeptide sequence

The second important discovery was about the size of the code word.
Since DNA alphabet has 4 symbols (A,C,T,G) [ although U rather than T
appears in mRNA, the code is stated in terms of DNA alphabet], two
Symbols can code at most 42=16 polypeptide, so we need at least three
letters since there are 20 proteins. Three it is — from elementary computer
science principle — giving an excess number of 43=64 combinations! Nature
has used all 64 combinations incorporating redundancy and robustness!!

But, establishing this by biological experiments was an extremely
challenging task.



Reading Frame

The linearity of gene and protein was established by a simple
experiment. But, the experiment to proving the triplet nature of
the code took some detailed Biology work. First there are these
acridine dyes that can cause deletion or insertion of just one base
pair in a double stranded DNA. It was also discovered that there
are some proteins in which a segment of amino acids can be

changed without altering its function. This portion of the protein is
called tolerant regions.

Tolerant region (triplet changes allowed)
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Triplet Nature of Gene Coding

If regions of the gene corresponding to this tolerant region, is
changed one at time what effect will have? If the code is a triplet
and we delete or insert one bp in the gene, then all the amino
acids downstream will be changed yielding a non-functional
protein. If we delete or insert two bp in the gene, it will also have
the same effect. But if we insert or delete three bp, then the
correct reading frame in non-tolerant region will be restored and
the protein will be functional again. Crick and Brenner performed
an elegant experiment based on this principle and established
the triplet nature of gene coding. Nirenberg, Holley and Govind
Khorana actually later deciphered the genetic code table and

shared Nobel prize in 1968.



Reading frames
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Translation

* The process of going
from RNA to
polypeptide.

* Three base pairs of RNA
(called a codon)
correspond to one
amino acid based on a
fixed table.

* Always starts with
Methionine and ends
with a stop codon
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Translation, continued

Catalyzed by Ribosome

50S Ribosome
(23S+5S+34 Proteins)

Using two different sites,
the Ribosome continually
binds tRNA, joins the amino
acids together and moves to
the next location along the
MRNA

aa,+ tRNA
arriving

@ site of
Aminoglycoside
Binding

5 o=
30S Ribosome
(16S+ 21 Proteins)

Movement of
[ S S— the ribosome
Codon Codon

~10 codons/second, but
multiple translations can
occur simultaneously
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Protein Synthesis: Summary
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Simultaneous translation




Translation
(This description is from the book “Cell”)

The information in the sequence of a messenger RNA molecule is iead out
in groups of three nucleotides at a time; each triplet of nucleotides, or codon,
specifies (codes for) a single amino acid in a corresponding protein. Since there
e b4 (=4 » 4 x 4] possible codons, but only 20 amino acids, there are necessarily
marty cases in which several codons corespond to the same amino acd. The
code is read out by a special class of small KNA molecules, the transfer RNAs
(tRNAs). Each type of tRNA becomes attached at ong end to a specific amino
acid, and displays atits other end a specific sequence of thiee nuclzotides—an
anficorlon—that enables it to recognize, through base-pairing, a particular
codon or subset of codons inmRNA (Figume 1-9].
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For synthesis of protein, a succession of tRNA molecules charged with their
appropriate amino acids have to be brought together with an mRNA molecule
and matched up by base-pairing through their anticodons with each of its sue-
cessive codons. The amino acids then have to be linked together to extend the
erowing protein chain, and the thNAs, welieved of their burdens, bave to be
released. This whole complex of processes is cartied out by a giant multimolec-
ular machine, the ribosome, formed of two main chains of ENA, called riboso-
mal RNAs (rRNAs), and more than 50 different proteins. This evolutionarily
ancient molecular jugeernaut latches onto the end of an mENA molecule and
then trundles along it, capturing loaded tRNA molecules and stitching together
the amino acids they carry to form a new protein chain (Figure 1-10),
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hiceama miaves along an mANA malecule, capturing tRMA mokcules that
match the codans (0 the mRMA and using them to join aming adds into a
pratein chain, The mRMA speciies the sequence of aming acids, (B) The

STEP = l aT A bo=oime

STEP 1

STEF =




1.10 (B) The
three-dimenslonal structure of 2 bacterlal ribosome (pale green and ble),
masing along an mRMA molecule jorange beads), with threa tRMNA

molecules (yefow, green, and pink) at different stages In thelr process of
captura and release, The ribceome Iz a gint assembly of more than

50 Individual protein and RMA malecules. (B, courtasy of [oachim Frank,
Yanhong U, and Rajendra Agarwal.)
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DNA, RNA, and the Flow of Information

Replication

‘4< DNA can replicatej

cription Translation

RNA Protein

| |
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Information coded in the Information in RNA is passed
sequence of base pairs in DNA to proteins. It never passes
kis passed to molecules of RNA} k\fr{::m proteins to nucleic acids.
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