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TRANSLATIONAL ACTIVATION OF AMINO ACIDS 

Amino acid activation (also known as aminoacylation or tRNA charging) refers to the 

attachment of an amino acid to its Transfer RNA (tRNA). 

 Aminoacyl transferase binds Adenosine triphosphate (ATP) to amino acid, PP is released. 

 Aminoacyl TRNA synthetase binds AMP-amino acid to tRNA. The AMP is used in this step. 

During amino acid activation the amino acids (aa) are attached to their corresponding 

tRNA.[1] The coupling reactions are catalysed by a group of enzymes called aminoacyl-tRNA 

synthetases (named after the reaction product aminoacyl-tRNA or aa-tRNA). The coupling 

reaction proceeds in two steps: 

1. aa + ATP ⟶ aa-AMP + PP, (pyrophosphate) 

2. aa-AMP + tRNA ⟶ aa-tRNA + AMP 

The amino acid is coupled to the penultimate nucleotide at the 3’-end of the tRNA (the A in the 

sequence CCA) via an ester bond. The formation of the ester bond conserves a considerable part 

of the energy from the activation reaction. This stored energy provides the majority of the energy 

needed for peptide bond formation during translation. 

Each of the 20 amino acids are recognized by its specific aminoacyl-tRNA synthetase. The 

synthetases are usually composed of one to four protein subunits. The enzymes vary 

considerably in structure although they all perform the same type of reaction by binding ATP, 

one specific amino acid and its corresponding tRNA. 

The specificity of the amino acid activation is as critical for the translational accuracy as the 

correct matching of the codon with the anticodon. The reason is that the ribosome only sees the 

anticodon of the tRNA during translation. Thus, the ribosome will not be able to discriminate 

between tRNAs with the same anticodon but linked to different amino acids. 

Editing mechanisms occur when there is a misactivation of amino acids, where a amino acid is 

attached to the wrong tRNA molecule.[2] The aminoacyl-tRNA synthetases can hydrolyze the 

amino acid before it attaches to the wrong tRNA molecule (pre-transfer editing) or deacylate the 

mischarged tRNA after attachment (post-transfer editing). 

https://en.wikipedia.org/wiki/Amino_acid
https://en.wikipedia.org/wiki/Transfer_RNA
https://en.wikipedia.org/wiki/Aminoacyltransferases
https://en.wikipedia.org/wiki/Adenosine_triphosphate
https://en.wikipedia.org/wiki/Amino_acid_activation#cite_note-1
https://en.wikipedia.org/wiki/Amino_acid_activation#cite_note-2


 

The error frequency of the amino acid activation reaction is approximately 1 in 10,000 despite 

the small structural differences between some of the amino acids. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 



 

 Translation involves translating the sequence of a messenger RNA (mRNA) molecule to 

a sequence of amino acids during protein synthesis. 

 It is the process in which ribosomes in the cytoplasm or ER synthesize proteins after the 

process of transcription of DNA to RNA. 

 Ribosomes exist normally as separate subunits that are composed of protein and rRNA. 

 The subunits come together to form a ribosome when they bind to an mRNA, near its 5’ 

end. 

 On binding to an mRNA, the ribosome reads the nucleotide sequence from the 5’ to 3’ 

direction, synthesizing the corresponding protein from amino acids in an N-terminal 

(amino-terminal) to C-terminal (carboxyl terminal) direction. 

 Ribosomes are located in the cytosol, either freely floating or associated with the 

endoplasmic reticulum. 

 They serve to synthesize proteins. 

Each prokaryotic ribosome, shown schematically, has three binding sites for tRNAs. 

1. The aminoacyl-tRNA binding site (or A site) is where, during elongation, the incoming 

aminoacyl-tRNA binds. 

2. The peptidyl-tRNA binding site (or P site) is where the tRNA linked to the growing 

polypeptide chain is bound. 

3. The exit site (or E site) is a binding site for tRNA following its role in translation and 

prior to its release from the ribosome. 

All three sites (A, P and E) are formed by the rRNA molecules in the ribosome. 

Protein synthesis (or translation) takes place in three stages: 

1. Initiation 

2. Elongation and 

3. Termination. 

 During initiation, the mRNA–ribosome complex is formed and the first codon (always 

AUG) binds the first aminoacyltRNA (called initiator tRNA). 

 During the elongation phase, the other codons are read sequentially and the polypeptide 

grows by addition of amino acids to its C-terminal end. 

 This process continues until a termination codon (Stop codon), which does not have a 

corresponding aminoacyl-tRNA with which to base pair, is reached. 

https://microbenotes.com/rna-properties-structure-types-and-functions/
https://microbenotes.com/dna-structure-properties-types-and-functions/


 

 At this point, protein synthesis ceases (termination phase) and the finished polypeptide is 

released from the ribosome. 

 Synthesis of aminoacyl-tRNAs is crucially important for two reasons: 

1. Each amino acid must be covalently linked to a tRNA molecule in order to take part in 

protein synthesis, which depends upon the ‘adaptor’ function of tRNA to ensure that the 

correct amino acids are incorporated. 

2. The covalent bond that is formed between the amino acid and the tRNA is a high energy 

bond that enables the amino acid to react with the end of the growing polypeptide chain 

to form a new peptide bond. 

For this reason, the synthesis of aminoacyl-tRNA is also referred to as amino acid activation. 

 Each tRNA molecule has a cloverleaf secondary structure with the anticodon accessible 

at the end of the anticodon stem loop. 

 During synthesis of the aminoacyl-tRNA, the amino acid is covalently bound to the A 

residue of the CCA sequence at the 3’ end. 

 Each tRNA molecule carries only a single amino acid. 

 The attachment of an amino acid to a tRNA is catalyzed by an enzyme called aminoacyl-

tRNA synthetase. 

 A separate aminoacyl-tRNA synthetase exists for every amino acid, making 20 

synthetases in total. 

The synthesis reaction occurs in two steps. 

1. The first step is the reaction of an amino acid and ATP to form an aminoacyl-adenylate 

(also known as aminoacyl-AMP). 

2. In the second step, without leaving the enzyme, the aminoacyl group of aminoacyl-AMP 

is transferred to the 3’ end of the tRNA molecule to form aminoacyl-tRNA 

The overall reaction is: 

Amino acid + ATP + tRNA → aminoacyl-tRNA + AMP + PPi 

 The first codon translated in all mRNAs is the start codon or initiation codon, AUG 

which codes for methionine. 

 Two different tRNAs are used for the two types of AUG codon; tRNAf
Met is used for the 

initiation codon and is called the initiator tRNA whereas tRNAm Met is used for internal 

AUG codons. 



 

 In prokaryotes the first amino acid of a new protein is N-formylmethionine (abbreviated 

fMet). Hence the aminoacyl-tRNA used in initiation is fMet-tRNAf
Met. 

 A short sequence rich in purines (5’-AGGAGGU-3’), called the Shine–Dalgarno 

sequence, lies 5’ to the AUG initiation codon and is complementary to part of the 16S 

rRNA in the small ribosomal subunit. 

 Therefore this is the binding site for the 30S ribosomal subunit which then migrates in a 

3’ direction along the mRNA until it encounters the AUG initiation codon. 

 Initiation of protein synthesis requires proteins called initiation factors (IFs). 

 In prokaryotes, three initiation factors (IF-1, IF-2 and IF-3) are essential. 

 Because of the complexity of the process, the exact order of binding of IF-1, IF-2, IF-3, 

fMet-tRNAf is controversial. 

1. Initiation begins with the binding of IF-1 and IF-3 to the small (30S) ribosomal subunit. 

 Their role is to stop the 30S subunit binding to the 50S subunit in the absence of mRNA 

and fMet-tRNAf 
Met which would result in a nonfunctional ribosome. 

2. The small subunit then binds to the mRNA via the Shine–Dalgarno sequence and moves 

3’ along the mRNA until it locates the AUG initiation codon. 

3. The initiator tRNA charged with N-formylmethionine and in a complex with IF-2 and 

GTP (fMet-tRNAfMet/IF-2/GTP) now binds. 

4. IF-3 is released. 

5. The complex of mRNA, fMet-tRNAf Met, IF-1, IF-2 and the 30S ribosomal subunit is 

called the 30S initiation complex. 

6. The large (50S) ribosomal subunit now binds, with the release of IF-1 and IF-2 and 

hydrolysis of GTP, to form a 70S initiation complex. 

 

ELONGATION 

 

 At the start of the first round of elongation, the initiation codon (AUG) is positioned in 

the P site with fMet-tRNAf
Met bound to it via codon–anticodon base pairing. 

 The next codon in the mRNA is positioned in the A site. 

 Elongation of the polypeptide chain occurs in three steps called the elongation cycle, 

namely aminoacyl-tRNA binding, peptide bond formation and translocation: 



 

Aminoacyl-tRNA binding 

 The corresponding aminoacyl-tRNA for the second codon binds to the A site via codon–

anticodon interaction. 

 Binding of the aminoacyl-tRNA requires elongation factor EF-Tu and GTP which bind as 

an aminoacyl-tRNA/EF-Tu/GTP complex. 

 Following binding, the GTP is hydrolyzed and the EF-Tu is released, now bound to GDP. 

 Before the EF-Tu molecule can catalyze the binding of another charged tRNA to the 

ribosome, it must be regenerated by a process involving another elongation factor, EF-Ts. 

This regeneration is called the EF-Tu–EF-Ts exchange cycle. 

 First, EF-Ts binds to EF-Tu and displaces the GDP. Then GTP binds to the EF-Tu and 

displaces EF-Ts. The EF-Tu-GTP is now ready to take part in another round of 

elongation. 

Peptide bond formation 

 The second step, peptide bond formation, is catalyzed by peptidyl transferase. 

 In this reaction the carboxyl end of the amino acid bound to the tRNA in the P site is 

uncoupled from the tRNA and becomes joined by a peptide bond to the amino group of 

the amino acid linked to the tRNA in the A site. 

Translocation 

 In the third step, a complex of elongation factor EF-G (also called translocase) and GTP 

(i.e. EF-G/GTP) binds to the ribosome. 

 Three concerted movements now occur, collectively called translocation: 

1. the deacylated tRNA moves from the P site to the E site 

2. the dipeptidyl-tRNA in the A site moves to the P site, and 

3. the ribosome moves along the mRNA (5’ to 3’) by three nucleotides to place the next 

codon in the A site. 

 During the translocation events, GTP is hydrolyzed to GDP and inorganic phosphate, and 

EF-G is released ready to bind more GTP for another round of elongation. 

 After translocation, the A site is empty and ready to receive the next aminoacyltRNA. 

 The A site and the E site cannot be occupied simultaneously. Thus the deacylated tRNA 

is released from the E site before the next aminoacyl-tRNA binds to the A site to start a 

new round of elongation. 



 

 Elongation continues, adding one amino acid to the C-terminal end of the growing 

polypeptide for each codon that is read, with the peptidyl-tRNA moving back and forth 

from the P site to the A site as it grows. 

 

TERMINATION 

 

 Eventually, one of three termination codons (also called Stop codons) becomes 

positioned in the A site. These are UAG, UAA and UGA. 

 Unlike other codons, prokaryotic cells do not contain aminoacyl-tRNAs complementary 

to 

 Stop codons. Instead, one of two release factors (RF-1 and RF-2) binds instead. 

 RF-1 recognizes UAA and UAG whereas RF-2 recognizes UAA and UGA. A third 

release factor, RF-3, is also needed to assist RF-1 or RF-2 interaction with the ribosome. 

Thus either RF-1 + RF-3 or RF-2 + RF-3 bind depending on the exact termination codon 

in the A site. 

 RF-1 (or RF-2) binds at or near the A site whereas RF-3/GTP binds elsewhere on the 

ribosome. 

 The release factors cause the peptidyl transferase activity to transfer the polypeptide to a 

water molecule instead of to aminoacyl-tRNA, effectively cleaving the bond between the 

polypeptide and tRNA in the P site. 

The free polypeptide now leaves the ribosome, followed by the mRNA and free tRNA, and the 

ribosome dissociates into 30S and 50S subunits ready to start translation again. 

 

 

 

Aurintricarboocylic acid inhibits formation of the initiation complex by preventing the 

association of mRNA with the small ribosomal subunit. Inhibitors of initiation are readily 

distinguished from inhibitor’s blocking other stages of protein synthesis because of the delay 

effect that follows their administration, that is, protein synthesis continues for a short time after 



 

administration of the inhibitor, because peptide chains whose growth had already begun are 

unaffected and grow to completion. 

Edeine, a polypeptide isolated from Bacillus brevis, inhibits the binding of aminoacyl-tRNA and 

N-formylmet-tRNAM
f
et (in prokaryotes) to the small subunit. Fusidic acid is a steroidal 

antibiotic; in prokaryotes, it inhibits the binding of aminoacyl-tRNA to the ribosome, whereas in 

eukaryotes, it inhibits translocation by reacting with elongation factor. 

Puromycin was one of the first inhibitors of protein synthesis to have its specific effect 

determined. This antibiotic mimics aminoacyl-tRNA and binds to the free A site of ribosomes 

engaged in protein synthesis. Catalytic formation of a bond between the nascent polypeptide and 

puromycin is followed by the release of the peptidyl-puromycin from the ribosome, as no further 

elongation is possible. 

 

The specific effects of puromycin have been used to advantage for studies of nascent chain 

length, the kinetics of chain elongation, and the identification of the effects of other antibiotics. 

Tetracycline inhibits protein synthesis by blocking aminoacyl-tRNA binding to the small 

subunit. 

 INHIBITORS SPECIFIC FOR PROKARYOTES: 

Chloramphenicol (Chloromycetin) binds to the large subunit of prokaryotic ribosomes and 

interferes with the functioning of peptide synthetase, thereby inhibiting chain elongation. Colicin 

E3 inhibits protein synthesis in prokaryotes by interfering in some manner with the functioning 

of the small subunit. Erythromycin binds to ribosomes that are not engaged in protein synthesis, 

preventing their potential participation, but does not bind to ribosomes containing nascent chains 

(i.e., ribosomes that are part of a functioning polysome). Streptomycin was one of the earliest 

discovered antibiotics and was employed as an agent against bacterial infection for many years 

before its specific chemical actions were known. 

Streptomycin binds to protein S12 of the small ribosome subunit, causing release of N-

formylmet-tRNAM
f
et from initiation complexes (thereby preventing initiation of chain growth) 



 

and also causing misreading of the codons of mRNA by ribosomes already involved in chain 

elongation. 

3. Inhibitors Specific for Eukaryotes: 

Anisomycin is an antibiotic produced by Streptomyces that inhibits peptide bond formation when 

bound to the small ribosomal subunit. Cycloheximide binds to the large subunit, preventing the 

translocation of tRNA in the A site to the P site. Diphtheria toxin (produced by a strain of 

Corynebacterium diphtherial) inhibits protein synthesis through its action on EF-2 (translocase). 

EF-2 exists in cells in two forms— ribosome-bound and free. Diphtheria toxin acts enzy-

matically to alter free EF-2, rendering the factor inactive. Ribosome-bound EF-2 is not 

susceptible to inactivation by the toxin. 

Pactamydn (produced by a strain of Streptomyces) binds to free small subunits (not to small 

subunits already part of polysomes), where it prevents initiation by inhibiting binding of met-

tRNA j and formation of the initiation complex. The toxic effects of ricin (a protein present in 

the castor bean) have been known for nearly a century. 

Ricin consists of two polypeptide chains (linked by disulfide bridges), one of which acts as the 

inhibitor once incorporated into the cell. Ricin acts on the large subunit, preventing formation of 

the 80 S initiation complex. Like ricin, sodium fluoride acts as an inhibitor or initiation; NaF 

blocks addition of the large subunit to mRNA. 

Sparsomycin, another antibiotic produced by Strep- tomyces, inhibits the association of the 

amino acid moiety of aminoacyl-tRNA from binding to the large sub- unit and, in so doing, 

blocks peptide synthetase. THchodermin is the only chemical compound so far identified as a 

specific inhibitor of the termination stage of polypeptide synthesis. 

 INHIBITORS OF  PROTEIN SYNTHESIS 

 

Protein synthesis by mitochondrial and chloroplast ribosomes is also subject to inhibition by 

certain antibiotics and other chemicals. Shortly after the initial demonstration of organellar 

protein synthesis, it was found that chloramphenicol, a strong inhibitor of prokaryote protein 

synthesis, blocks synthesis in mitochondria and chloroplasts, whereas cycloheximide, which 



 

blocks eukaryote cytoplasmic ribosomal protein synthesis, is without effect on mitochondrial and 

chloroplast synthesis. 

These observations provided added credence for the notion that prokaryotic cells, mitochondria, 

and chloroplasts have a common evolutionary origin. It is now clear, however, that the picture is 

considerably more complex. For example, streptomycin, which inhibits prokaryotic protein 

synthesis, fails to inhibit mitochondrial protein synthesis in yeast cells. 

Other antibiotics inhibit mitochondrial protein synthesis but have no effect on prokaryotes. 

Erythromycin inhibits the synthesis of proteins in prokaryotes, yeast mitochondria, and 

chloroplasts but fails to block protein synthesis in mammaliam mitochondria. 

The latter observation suggests that the nature of mitochondrial protein synthesis varies among 

different groups of eukaryotes. In general, mitochondria from higher eukaryotes are more 

resistant to inhibitors of prokaryotic protein synthesis than are mitochondria from lower 

eukaryotes. In chloroplasts, protein synthesis is inhibited by the same agents that block this 

process in prokaryotic cells. 

The differential sensitivity of eukaryotic cytoplasmic and mitochondrial ribosomes to specific 

inhibitors provides a means for examining the sources of certain mitochondrial proteins. The 

synthesis of a mitochondrial protein in the presence of cycloheximide (a cytoplasmic inhibitor) 

indicates that the mitochondria are the source of the protein, whereas synthesis of the protein in 

the presence of chloramphenicol indicates that the mitochondrial protein is produced in the cyto-

plasm and then moves to the mitochondria. 

Experimentally, determinations of this sort are carried out by incubating cells in media 

containing both radioactively labeled amino acids and inhibitor. The synthesis of the 

mitochondrial protein is manifested by the appearance of radioactivity in the protein later 

isolated from the mitochondria. 

 

TYPES OF POST-TRANSLATIONAL MODIFICATION 



 

There are many typs of protein modification, which are  mostly catalyzed by enzymes that 

recognize specific target sequences in proteins. These modifications regulate protein folding by 

targeting specific subcellular compartments, interacting with ligands or other proteins, or by 

bringing about a change in their functional state including catalytic activity or signaling. The 

most common PTMs  are: 

Based on the addition of chemical groups 

 Phosphorylation 

 Acetylation 

 Hydroxylation 

 Methylation 

Based on the addition of complex groups 

 Glycosylation 

 AMPylation 

 Lipidation 

Based on the addition of polypeptides 

 Ubiquitination 

Based on the cleavage of proteins 

 Proteolysis 

Based on the amino acid modification 

 Deamidation 

Chemical groups 

Phosphorylation 

https://www.news-medical.net/health/What-is-Acetylation.aspx


 

Reversible phosphorylation of proteins involves addition of a phosphate group on serine, 

threonine, or tyrosine residues and is one of the important and extensively studied PTM in both 

prokaryotes and eukaryotes. 

Several enzymes or signaling proteins are switched ‘on’ or ‘off’ by phosphorylation or 

dephosphorylation. Phosphorylation is performed by enzymes called ‘kinases’, while 

dephosphorylation is performed by ‘phosphatases’. 

Addition of a phosphate group can convert a previously uncharged pocket of protein into a 

negatively charged and hydrophilic protein thereby inducing conformational changes in the 

protein. 

Phosphorylation has implications in several cellular processes, including cell cycle, growth, 

apoptosis and signal transduction pathways. One example is the activation of p53, a tumor 

suppressor protein. p53 is used in cancer therapeutics and is activated by phosphorylation of its 

N-terminal by several kinases. 

Acetylation 

Acetylation refers to addition of acetyl group in a protein. It is involved in several biological 

functions, including protein stability, location, synthesis; apoptosis; cancer; DNA stability. 

Acetylation and deacetylation of histone form a critical part of gene regulation. 

Acetylation of histones reduces the positive charge on histone, reducing its interaction with the 

negatively charged phosphate groups of DNA, making it less tightly wound to DNA and 

accessible to gene transcription. Acetylation of p53, a tumor suppressor gene, is crucial for its 

growth suppressing properties. 

 

 



 

 

HYDROXYLATION 

 

 

This process adds a hydroxyl group (-OH) to the proteins. It is catalyzed by enzymes termed as 

‘hydroxylases’ and aids in converting hydrophobic or lipophilic compounds into hydrophilic 

compounds. 

Methylation 

Methylation refers to addition of a methyl group to lysine or arginine residue of a protein. 

Arginine can be methylated once or twice, while lysine can be methylated once, twice, or thrice. 

Methylation is achieved by enzymes called methyltransferases. Methylation has been widely 

studied in histones wherein histone methylation can lead to gene activation or repression based 

on the residue that is methylated. 

Complex groups 

Glycosylation 

Glycosylation involves addition of an oligosaccharide termed ‘glycan’ to either a nitrogen atom 

(N-linked glycosylation) or an oxygen atom (O-linked glycosylation). N-linked glycosylation 

occurs in the amide nitrogen of asparagine, while the O-linked glycosylation occurs on the 

oxygen atom of serine or threonine. 

Carbohydrates present in the form of N-linked or O-linked oligosaccharides are present on the 

surface of cells and secrete proteins. They have critical roles in protein sorting, immune 

recognition, receptor binding, inflammation, and pathogenicity. For example, N-linked glycans 



 

on an immune cell can dictate how it migrates to specific sites. Similarly, it can also determine 

how a cell recognizes ‘self’ and ‘non-self’. 

AMPylation 

AMPylation refers to reversible addition of AMP to a protein. It involves formation of a 

phosphodiester bond between the hydroxyl group of the protein and the phosphate group of 

AMP. 

Lipidation 

The covalent binding of a lipid group to a protein is called lipidation. Lipidation can be further 

subdivided into prenylation, N-myristoylation, palmitoylation, and glycosylphosphatidylinositol 

(GPI)-anchor addition. 

Prenylation involves the addition of isoprenoid moiety to a cysteine residue of a substrate 

protein. It is critical in controlling the localization and activity of several proteins that have 

crucial functions in biological regulation. 

Myristoylation involves the addition of myristoyl group to a glycine residue by an amide bond. It 

has functions in membrane association and apoptosis. In palmitoylation, a palmitoyl group is 

added to a cysteine residue of a protein. 

In GPI-anchor addition, the carboxyl-terminal signal peptide of the protein is split and replaced 

by a GPI anchor. Recent research in human genetics has revealed that GPI anchors are important 

for human health. Any defects in the assembling, attachment or remodeling of GPI anchors lead 

to genetic diseases known as inherited GPI deficiency. 

Polypeptides 

Ubiquitination 



 

Ubiquitination involves addition of a protein found ubiquitously, termed ‘ubiquitin’, to the lysine 

residue of a substrate. Either a single ubiquitin molecule (monoubiquitination) or a chain of 

several ubiquitin molecules may be attached (polyubiquitination). 

Polyubiquitinated proteins are recognized by the 26S proteasome and are subsequently targeted 

for proteolysis or degradation. Monoubiquitinated proteins may influence cell tracking and 

endocytosis. 

Protein cleavage 

Proteolysis 

Proteolysis refers to breakdown of proteins into smaller polypeptides or amino acids. For 

example, removal of N-terminal methionine, a signal peptide, after translation leads to 

conversion of an inactive or non-functional protein to an active one. 

Amino acid modification 

Deamidation 

Deamidation is the removal or conversion of asparagine or glutamine residue to another 

functional group. Asparagine is converted to aspartic acid or isoaspartic acid, while glutamine is 

converted to glutamic acid or pyroglutamic acid. This modification can change the protein 

structure, stability, and function. 

Deoxyribonucleic acid DNA is the genetic material of the cell, carrying information in a coded 

form from cell to cell and from parent to progeny. When a gene is active or expressed, it is first 

copied (transcribed) into another nucleic acid, RNA, which, in turn, directs the synthesis of the 

ultimate gene product, the protein (translation). 

 

https://cdn.biologydiscussion.com/wp-content/uploads/2015/11/clip_image00216.jpg


 

Central dogma suggests the transfer of information from linear sequence of four letter alphabet 

of the polynucleotide chain into the twenty amino acid language of the polypeptide chain 

(protein). 

Process of protein synthesis is called translation. Translation of RNA into protein is 

unidirectional and irreversible. Proteins are polypeptide chains of 20 amino acids. The actual 

process of protein synthesis involves linking together of amino acids in a specific sequence of 

polypeptide chain. 

The genetic information exists in coded form called genetic code. Deciphering or cracking of 

genetic code was milestone discovery of biology. 

Deciphering or Cracking of Genetic Code: 

The most important feature of the genetic code is that it is a triplet codon. Three consecutive 

nucleotides of a single strand of DNA contain the information for coding a specific amino acid. 

It is known as a triplet codon. Translation takes place in such a way that these nucleotide triplets 

are read in a successive non-overlapping fashion. The information is first transcribed into 

messenger RNA, which has a sequence of bases complementary to DNA from which it is copied. 

DNA has four types of bases C, T, G, A while RNA has four complementary bases G, A, C, U. 

The four base language of DNA is translated into language of 20 amino acids. Deciphering or 

cracking of genetic code is the outcome of research of various scientists like Marshal Nirenberg, 

Steve Ochoa, Hargobind Khorana, Francis Crick, Mattaei and many others. 

They discovered that the order in which the nucleotides are arranged – mRNA would determine 

the sequence of amino acids in polypeptides. Nirenberg and Mattaei gave the first experimental 

proof for the triplet codon. They used artificial mRNA raide of only uracil nucleotides (Poly U) 

in a cell free system. It resulted in the synthesis of polypeptide chain made up of only one kind of 

amino acid, phenylalanine. It was concluded that codon for phenylalanine was uridylic acid basis 

(uracil), UUU. 

Similarly poly C(CCC) codon represented amino acid proline and poly A(AAA) codon 

represents am: no acid chain of lysine. 



 

Later Hargobind Khorana confirmed the genetic code to be triplet codon. Using synthetic mRNA 

have alternating polynucleotides in a cell free system, discovered the chain of alternating amino 

acid using alternating uracil (U) and guanine (G) triplets which showed the following results. 

 

Similarly, alternating ACA and CAC triplets produced a chain of following amino acids. 

 

This also confirmed that each codon is a triplet. The cell free protein-synthesizing system was an 

extract of E. coli without walls. It contained ribosomes, tRNA, tRNA synthetase enzymes, ATP 

and radioactive amino acids. Use of artificial trinucleotide templates resulted in determination of 

base composition of all genetic codons. 

Khorana Technique: 

H. G. Khorana and associates synthesized DNA of known sequences in vitro conditions. From 

this DNA, the mRNA is transcribed. These mRNA molecules, which have known sequences of 

nucleotides are then directed to synthesize polypeptides. 

These polypeptides are then sequentially degraded to know their amino acid sequences. The 

nucleotide sequence is then compared with amino acid sequence. This nucleotide sequence 

specifies codons of amino acids. This technique led to the determination of codons for all amino 

acids. 

DNA Genetic Codon is Triplet: 

If a genetic codon consisted of two consecutive bases, the number of codons would be 42 = 16. 

Since the number of amino acids is 20, this is insufficient. Therefore, three is the minimum 

number of bases needed to code for 20 amino acids 43 = 64. George Gamow in 1964 pointed out 

that the code would contain at least three consecutive bases. 

https://cdn.biologydiscussion.com/wp-content/uploads/2015/11/clip_image00416.jpg
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The length of the coding portion of a gene called reading frame depends upon the length of the 

message to be translated. For example, a sequence of 600 nucleotides will code for a polypeptide 

having a chain of 200 amino acids. Therefore, the length of mRNA depends upon the length of 

polypeptide it codes for. 

Codons provide key to the translation of genetic information dictating the synthesis of specific 

proteins. The protein synthesis machinery reads triplet codons sequentially from one triplet 

codon to the next. Genetic code sequences explain how protein sequence information is stored in 

nucleic acid and how the information is translated into proteins. 

https://cdn.biologydiscussion.com/wp-content/uploads/2015/11/clip_image00813.jpg


 

Universal Genetic Code:  

Properties of Genetic Codons: 

As the genetic codon is read on mRNA, it is described in terms of four kinds of bases A, G, C, U. 

The sequence of template strand of DNA is read in the direction of 5′ → 3′. 

ADVERTISEMENTS: 

1. Genetic codon is a triplet codon: 

The consecutive three nucleotides of the coding strand of DNA code for one amino acid. 

2. Redundancy of the code: 

Out of 64 codons, 61 codons represent amino acids, the remaining three are stop codons. As 

there are only 20 amino acid, coded by 61 codons, several codons specify the same amino acids. 

In this way the codons are synonyms. 

https://cdn.biologydiscussion.com/wp-content/uploads/2015/11/clip_image0109.jpg


 

This phenomenon is called redundancy of the code or degenerate code. Except for methionine 

and tryptophan all other codons are multiple codons. Each of the three amino acids — leucine, 

serine and arginine is represented by six different codons. 

Number of codons coding for different amino acids: 

 

Wobble Hypothesis: 

This was put forward by Francis Crick in 1965. According to this, hydrogen bonding between 

the codon of mRNA and anticodon of tRNA, there is a strict base pairing rule only for first two 

bases of the codon, while the base pairing involving the third base of codon appears to be less 

important. This is known as wobble hypothesis. 

The first two bases of each codon are primary determinants of specificity. The third base pairing 

is not very stable and wobbles. For example, CUU, CUG, CUC, CUA codons, which differ only 

at the third base represent the same amino acid leucine. The first two bases of the codon form 

strong base pairs with the corresponding bases of the anticodon but the third base forms weak 

hydrogen bond. 

At third position even unusual base pairing which does not conform to Watson and Crick base 

pairing rule can occur. Like adenine, cytosine and Uralic from A-I. C-I and U-I base pairs 

respectively at the third position, where I is inosine base. 

Several codons meant for the same amino acids are recognized by the same tRNA. In this way a 

minimum of 32 tRNAs are required to translate 61 codons. 

3. The codons are non-overlapping: 

The same base cannot be a part of the two consecutive codons. They lie adjacent to each other. 
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4. The codons are comma less: 

The three bases on DNA code for one amino acid and next three bases will code for next amino 

acid and so on. There is no gap or pause between the consecutive triplets. 

5. Start codons: 

The codons which initiate protein synthesis is called the start codon. The first amino acid of the 

polypeptide chain is always methionine coded by AUG codon. Therefore AUG is the start codon. 

Rarely the first amino acid is valine coded by GUG. In prokaryotes AUG codon codes for a 

modified amino acid, formyl methionine (f-Met). 

6. Stop codons: 

Protein synthesis stops before UAA codon, UAG codon and UGA codon. This indicates that 

these three codons are stop codons. They terminate the protein synthesis. The completed 

polypeptide chain is released. Release factors (RF) enter the ‘A’ site of the ribosome and trigger 

hydrolysis of the peptidyl-tRNA occupying the ‘P’ site resulting in the release of newly 

synthesized protein. 

Stop codons are also called non-sense codons. No tRNA can bind to these codons. UAG is called 

amber codon, UAA is called ochre codon and UGA is called opal codon. 

7. Genetic code is universal: 

A particular codon codes for the same amino acid in all organisms from prokaryotes to plants 

and animals including viruses. 

The universality of genetic code provides strong evidence that life on the earth started from a 

common ancestor. When living forms appeared on the earth, the genetic code was established. It 

has not changed since then, throughout the evolution of living forms and has been preserved 

throughout the biological evolution. 

8. Co-linearity: 

The sequence of codons on mRNA and the sequence of corresponding amino acids in 

polypeptide chain are co-linear. 



 

9. Translation of mRNA occurs in 5′ → 3′ direction. 

Codons on mRNA and anticodons n tRNA are written as follows: 

 

First base of the codon pairs with the third base of the anticodon. Codons are written in 5′ 3′ but 

anticodon sequence is written with a backward arrow. 

 

Effects of Mutation on Genetic Code: 

A mutation causes changes in DNA sequence and this change is reflected in the sequence of 

RNA and then corresponding protein. 

The main two types of mutation are: 

1. Point Mutations: 

These involve a single nucleotide. 

2. Mutations Involving Longer Segments of Gene: 

These include deletions of whole genes, translocations, transposable elements etc. 

There are following four types of point mutation: 

1. Silent Mutations: 
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Here, there is change of nucleotides but not of amino acids, because they affect the third base of 

the codon which is usually less important in coding. For example if CCA is changed to CCU, the 

amino acid coded will still remain the same i.e., proline. 

2. Mis-sense Mutations: 

These mutations change the meaning of codon, substituting one amino acid by another amino 

acid. For example, in human genetic disease sickle cell anemia, glutamic acid in the p-globin 

subunit of hemoglobin is replaced by valine. This changes the shape of the RBC. 

3. Non-sense Mutations: 

These arise when a codon for a codon is mutated into the termination codon which are UAG, 

UAA or UGA resulting in the termination of the polypeptide chain. This leads to the production 

of shorter (truncated) protein. For example, if U is replaced by G at position number 12th it will 

give 

 

4. Frame-shift Mutation: 

These arise from the insertions or deletions of individual nucleotides and cause the rest of the 

message downstream the mutation to be read differently, producing an incorrect protein from 

that point onwards. 
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5. Transition: 

It involves substitution of one purine by another purine and substitution of one pyrmidine by 

another pyrimidine, for example, cytosine changes to uracil by oxidative deamination. 

6. Transvertion: 

In this case pyrimidine is replaced by a purine or a purine is replaced by a pyrimidine. Here A-T 

pair becomes T-A or C-G pair. 

 

 The ribosome word is derived – ‘ribo’ from ribonucleic acid and ‘somes’ from the Greek 

word ‘soma’ which means ‘body’. 

 Ribosomes are tiny spheroidal dense particles (of 150 to 200 A0 diameters) that are 

primarily found in most prokaryotic and eukaryotic. 

 They are sites of protein synthesis. 

 They are structures containing approximately equal amounts of RNA and proteins and serve 

as a scaffold for the ordered interaction of the numerous molecules involved in protein 

synthesis. 

 The ribosomes occur in cells, both prokaryotic and eukaryotic cells. 

 In prokaryotic cells, the ribosomes often occur freely in the cytoplasm. 

 In eukaryotic cells, the ribosomes either occur freely in the cytoplasm or remain attached to 

the outer surface of the membrane of the endoplasmic reticulum. 

 The location of the ribosomes in a cell determines what kind of protein it makes. 

 If the ribosomes are floating freely throughout the cell, it will make proteins that will be 

utilized within the cell itself. 

 When ribosomes are attached to the endoplasmic reticulum, it is referred to as rough 

endoplasmic reticulum or rough ER. 

 Proteins made on the rough ER are used for usage inside the cell or outside the cell. 

 The number of ribosomes in a cell depends on the activity of the cell.  

 On average in a mammalian cell, there can be about 10 million ribosomes. 
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 A ribosome is made from complexes of RNAs and proteins and is, therefore, a 

ribonucleoprotein. 

 Around 37 to 62% of RNA is comprised of RNA and the rest is proteins. 

 Each ribosome is divided into two subunits: 

1. A smaller subunit which binds to a larger subunit and the mRNA pattern, and 

2. A larger subunit which binds to the tRNA, the amino acids, and the smaller subunit. 

 Prokaryotes have 70S ribosomes respectively subunits comprising the little subunit of 

30S and the bigger subunit of 50S. 

 Their small subunit has a 16S RNA subunit (consisting of 1540 nucleotides) bound to 21 

proteins. 

 The large subunit is composed of a 5S RNA subunit (120 nucleotides), a 23S RNA 

subunit (2900 nucleotides) and 31 proteins. 

 Eukaryotes have 80S ribosomes respectively comprising of little (40S) and substantial 

(60S) subunits. 

 The smaller 40S ribosomal subunit is prolate ellipsoid in shape and consists of one 

molecule of 18S ribosomal RNA (or rRNA) and 30 proteins (named as S1, S2, S3, and so 

on). 



 

 The larger 60S ribosomal subunit is round in shape and contains a channel through which 

growing polypeptide chain makes its exit. 

 It consists of three types of rRNA molecules, i.e., 28S rRNA, 5.8 rRNA and 5S rRNA, 

and 40 proteins (named as L1, L2, L3 and so on). 

 The differences between the ribosomes of bacterial and eukaryotic are used to create 

antibiotics that can destroy bacterial infection without harming human cells. 

 The ribosomes seen in the chloroplasts of mitochondria of eukaryotes are comprised of 

big and little subunits composed of proteins inside a 70S particle. 

 The ribosomes share a core structure that is similar to all ribosomes despite differences in 

its size.  

 The two subunits fit together and work as one to translate the mRNA into a polypeptide 

chain during protein synthesis. 

 Because they are formed from two subunits of non-equal size, they are slightly longer in 

the axis than in diameter. 

 During protein synthesis, when multiple ribosomes are attached to the same mRNA 

strand, this structure is known as polysome. 

 The existence of ribosomes is temporary, after the synthesis of polypeptide the two sub-

units separate and are reused or broken up. 

 The ribosome is a complex molecular machine, found within all living cells, that serves 

as the site of biological protein synthesis (translation). 

 Ribosomes link amino acids together in the order specified by messenger RNA (mRNA) 

molecules.  

 Ribosomes act as catalysts in two extremely important biological processes called 

peptidyl transfer and peptidyl hydrolysis. 

 Transfer RNAs or tRNAs are molecules that act as temporary carriers of amino acids, 

bringing the appropriate amino acids to the ribosome based on the messenger RNA 

(mRNA) nucleotide sequence. In this way, they act as the intermediaries between 

nucleotide and amino acid sequences. 

 tRNAs are ribonucleic acids and therefore capable of forming hydrogen bonds with 

mRNA. Additionally, they can also form ester linkages with amino acids, and therefore, 

can physically bring mRNA and amino acids together during the process of translation. 
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They pair with mRNA in a complementary and antiparallel manner, and each tRNA 

can base pair with a stretch of three nucleotides on mRNA. These sets of three 

nucleotides on the mRNA are called codons and the corresponding sequence on the 

tRNA is called the anticodon. Base pairing between the codon and anticodon brings 

specificity to the process of translation. On one end of the tRNA, an appropriate amino 

acid is attached to its 3’ hydroxyl group based on the anticodon and the ribosome 

catalyzes the formation of a peptide bond between this amino acid and the elongating 

polypeptide chain. 

 tRNA Structure and Function 

 Transfer RNAs are coded by a number of genes, and are usually short molecules, 

between 70-90 nucleotides (5 nm) in length. The two most important parts of a tRNA are 

its anticodon and the terminal 3’ hydroxyl group, which can form an ester linkage with an 

amino acid. However, there are other aspects to a tRNA’s structure such as the D-arm 

and T-arm, which contribute to its high level of specificity and efficiency. Only 1 in 

10,000 amino acids are incorrectly attached to a tRNA, which is a remarkable number 

given the chemical similarities between many amino acids. 

 Transfer RNAs have a sugar-phosphate backbone like all other cellular nucleic acids and 

the orientation of the ribose sugar gives rise to directionality in the molecule. One end of 

the RNA has a reactive phosphate group attached to the fifth carbon atom of ribose while 

the other end has a free hydroxyl group on the third carbon atom. This gives rise to the 5’ 

and 3’ ends of the RNA since all the other phosphate and hydroxyl groups are involved in 

phosphodiester bonds within the nucleic acid. 

 RNA-Nucleobases 

 The last three bases on the 3’ end of tRNA are always CCA – two cytosines followed by 

one adenine base. This stretch is part of the acceptor arm of the molecule, where an 

amino acid is covalently attached to the hydroxyl group on the ribose sugar of the 

terminal adenine nucleotide. The acceptor arm also contains parts of the 5’ end of the 

https://biologydictionary.net/base-pair/
https://biologydictionary.net/anticodon/
https://biologydictionary.net/hydroxyl-group/
https://biologydictionary.net/peptide-bond/
https://biologydictionary.net/molecule/
https://biologydictionary.net/phosphate-group/
https://biologydictionary.net/nucleic-acid/
https://biologydictionary.net/wp-content/uploads/2016/11/RNA-Nucleobases.png


 

tRNA, with a stretch of 7-9 nucleotides from opposite ends of the molecule base pairing 

with each other. 

 TRNA-Phe from yeast 

 The anticodon loop, which pairs with mRNA, determines which amino acid is attached to 

the acceptor stem. The anticodon loop is recognized by aminoacyl tRNA synthetase 

(AATS), the enzyme that chemically links a tRNA to an amino acid through a high-

energy bond. AATS ‘reads’ the anticodon and also recognizes the D-arm located 

downstream from the 5’ end of the tRNA. 

 The D-arm is made of a double-stranded stem region formed by internal base pairing as 

well as a loop structure of unpaired nucleotides. The D-arm is a highly variable region 

and plays an important role in stabilizing the RNA’s tertiary structure and also influences 

the kinetics and accuracy of translation at the ribosome. 

 The other structure that influences the role of tRNA in translation is the T-arm. Similar to 

the D-arm, it contains a stretch of nucleotides that base pair with each other and a loop 

that is single stranded. The paired region is called the ‘stem’ and mostly contains 5 base 

pairs. The loop contains modified bases and is also called the TΨC arm, to specify the 

presence thymidine, pseudouridine and cytidine residues (modified bases). tRNA 

molecules are unusual in containing a high number of modified bases as well as 

containing thymidine, usually seen only in DNA. The T-arm is involved in the interaction 

of tRNA with the ribosome. 

 Finally, a variable arm containing less than 20 nucleotides is situated between the 

anticodon loop and the T-arm. It plays a role in AATS recognition of tRNA, but could be 

absent in some species. 

 The secondary structure of tRNA containing the acceptor region, D- and T-arms and the 

anticodon loop is said to resemble a cloverleaf. After the RNA folds into its tertiary 
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structure, it is L-shaped, with the acceptor stem and T-arm forming an extended helix and 

the anticodon loop and D-arm similarly making another extended helix. These two 

helices align perpendicularly to each other in a way that brings the D-arm and T-arm into 

close proximity while the anticodon loop and the acceptor arm are positioned on opposite 

ends of the molecule.  

 In this image, the 3’ CCA region is in yellow, the acceptor arm is in purple, the variable 

loop in orange, the D-arm is in red, the T-arm in green and the anticodon loop is in blue. 

TYPES OF TRNA 

 A tRNA can be classified based on the amino acid it carries, giving rise to 20 different 

tRNAs. Alternatively, they can also be grouped based on their anticodon. There are 64 

possible codons arising from a combination of four nucleotides. Of these, 3 are stop 

codons that signal the end of translation. This gives rise to a situation where one amino 

acid is represented by multiple codons and the AATS, as well as the tRNAs have to 

accommodate this redundancy. However, very few species have exactly 61 tRNAs, which 

gives rise to the question of how every codon is recognized by a specific tRNA. In many 

species, the number far exceeds 61 and different tRNAs carrying the same anticodon 

could display varying efficiency in translation, adding a layer of regulation to the process 

of protein synthesis. 

 tRNAs interact with codons on the mRNA through their anticodon loop. Base pairing 

between the codon and anticodon ensures specificity during translation. However, the 

first base of the anticodon, that pairs with the ‘wobble’ or third position in a codon is 

often modified to allow the tRNA to hydrogen bond with three, instead of one base. Thus 

a single tRNA has the option of recognizing and base pairing with three codons, which 

code for the same amino acid. There are 20 AATS, one for each amino acid. This group 

of enzymes can recognize all the anticodons representing a particular amino acid and 

therefore act as the second arm of the machinery that handles genetic code redundancy. 

 Finally, these molecules can also be classified into three categories – those carrying 

canonical amino acids attached to the correct tRNA, those that are incorrectly attached, 
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and those carrying modified amino acids such as selenocysteine for non-canonical 

elongation. 

 Post-Transcriptional Modification of tRNA 

 There are nearly 500 genes coding for tRNAs in the human genome, and 

300 gene fragments associated with these RNA. These genes are transcribed by RNA 

polymerase III and the transcript undergoes extensive modification, especially in 

eukaryotes. Introns are spliced, the intron-exon boundary is acted on by endonucleases, 

the 5’ and 3’ ends of the RNA are processed and enzymes add the terminal CCA residues 

to the 3’ end of the tRNA. The CCA residues could become aminoacylated in the nucleus 

itself and this charged tRNA could then be exported from the nucleus. 

 Additionally, many bases on the tRNA are also modified, especially by methylation 

(addition of a methyl group) and deamidation (removal of an amide group). Particularly, 

the first base of the anticodon that pairs with the ‘wobble’ position on the codon is 

modified to allow unusual types of base pairing. Adenine can be modified to form 

inosine, which expands the pairing possibilities to include uracil, cytosine and adenine. 

Pseudouridine is another common modified base, derived from uridine residues through 

enzyme-mediated isomerization. It is said to play a role in the structural integrity of the 

tRNA molecule, being involved in stiffening the nearby sugar-phosphate backbone and 

also influencing base stacking of proximal regions. Lysidine is an unusual base formed 

when a lysine amino acid is attached to cytidine residue. Lysidine pairs specifically with 

adenosine, a property that is used by the isoleucine tRNA to ensure translation 

specificity. 

 AATS attach the appropriate amino acid to tRNA molecules based on their anticodon. 

These enzymes contain binding sites for the amino acid, tRNA as well as ATP 

and hydrolyze ATP to AMP and attach the amino acid to the ribose sugar of the last 

nucleotide on tRNA. The tRNA is now considered ‘charged’ and can participate in the 

protein synthesizing reactions on the ribosome. This reaction often occurs in 

the cytoplasm, though it has also been observed in the nucleus. 
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 The enzyme binds to many regions of the tRNA to ensure high specificity in the reaction 

and even proofreads its own reaction since many amino acids have similar structures. 

 Mature tRNA then binds specific export factors that export it from the nucleus, using the 

RanGTP system. The acceptor arm and T-arm play an important role in this process, and 

there is extensive interaction between the export factors and the RNA molecule, allowing 

only fully processed, complete tRNAs to move to the cytoplasm. 

 

TRNA INTERACTION WITH RIBOSOME 

 

 The ribosome contains three important regions – the P (peptidyl) site containing the 

growing polypeptide, the A (acceptor) site that receives a new charged tRNA and the E 

(exit) site through which a deacylated tRNA leaves the ribosome. These sites span both 

the subunits of the ribosome and are denoted as P/P or A/A sites with the first letter 

referring to the site on the smaller subunit. For instance, the P/P site binds to tRNA 

anchoring a polypeptide chain while the A/A site anchors an incoming charged tRNA. 

The peptidyl-tRNA on the P/P site transfers the growing polypeptide to the tRNA on the 

A/A site and undergoes deacylation. To continue the process of translation, the ribosome 

moves ahead by one codon, making the tRNA on the P/P site shift to a transient P/E 

configuration and then to the E/E site before leaving the ribosome. Similarly, the tRNA 

on the A/A site adopts a temporary A/P binding conformation before settling at the P/P 

site, ready for the next amino acid to continue translation. 

 

NONCODING DNA 

    

Only about 1 percent of DNA is made up of protein-coding genes; the other 99 percent is 

noncoding. Noncoding DNA does not provide instructions for making proteins. Scientists once 

thought noncoding DNA was “junk,” with no known purpose. However, it is becoming clear that 
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at least some of it is integral to the function of cells, particularly the control of gene activity. For 

example, noncoding DNA contains sequences that act as regulatory elements, determining when 

and where genes are turned on and off. Such elements provide sites for specialized proteins 

(called transcription factors) to attach (bind) and either activate or repress the process by which 

the information from genes is turned into proteins (transcription). Noncoding DNA contains 

many types of regulatory elements: 

 Promoters provide binding sites for the protein machinery that carries out transcription. 

Promoters are typically found just ahead of the gene on the DNA strand. 

 Enhancers provide binding sites for proteins that help activate transcription. Enhancers can be 

found on the DNA strand before or after the gene they control, sometimes far away. 

 Silencers provide binding sites for proteins that repress transcription. Like enhancers, silencers 

can be found before or after the gene they control and can be some distance away on the DNA 

strand. 

 Insulators provide binding sites for proteins that control transcription in a number of ways. Some 

prevent enhancers from aiding in transcription (enhancer-blocker insulators). Others prevent 

structural changes in the DNA that repress gene activity (barrier insulators). Some insulators can 

function as both an enhancer blocker and a barrier. 

Other regions of noncoding DNA provide instructions for the formation of certain kinds of RNA 

molecules. RNA is a chemical cousin of DNA. Examples of specialized RNA molecules 

produced from noncoding DNA include transfer RNAs  (tRNAs) and ribosomal RNAs

 (rRNAs), which help assemble protein building blocks (amino acids) into a chain that forms a 

protein; microRNAs (miRNAs), which are short lengths of RNA that block the process of 

protein production; and long noncoding RNAs (lncRNAs), which are longer lengths of RNA that 

have diverse roles in regulating gene activity. 

Some structural elements of chromosomes are also part of noncoding DNA. For example, 

repeated noncoding DNA sequences at the ends of chromosomes form telomeres . 
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Telomeres protect the ends of chromosomes from being degraded during the copying of genetic 

material. Repetitive noncoding DNA sequences also form satellite DNA, which is a part of other 

structural elements. Satellite DNA is the basis of the centromere, which is the constriction point 

of the X-shaped chromosome pair. Satellite DNA also forms heterochromatin, which is densely 

packed DNA that is important for controlling gene activity and maintaining the structure of 

chromosomes. 

Some noncoding DNA regions, called introns, are located within protein-coding genes but are 

removed before a protein is made. Regulatory elements, such as enhancers, can be located in 

introns. Other noncoding regions are found between genes and are known as intergenic regions. 

The identity of regulatory elements and other functional regions in noncoding DNA is not 

completely understood. Researchers are working to understand the location and role of these 

genetic components. 

CODING STRAND 

When referring to DNA transcription, the coding strand is the DNA strand whose base sequence 

corresponds to the base sequence of the RNA transcript produced (although 

with thymine replaced by uracil). It is this strand which contains codons, while the non-coding 

strand contains anticodons. During transcription, RNA Pol II binds to the non-coding strand, 

reads the anti-codons, and transcribes their sequence to synthesize an RNA transcript with 

complementary bases. 

By convention, the coding strand is the strand used when displaying a DNA sequence. It is 

presented in the 5' to 3' direction. 

Wherever a gene exists on a DNA molecule, one strand is the coding strand (or sense 

strand), and the other is the noncoding strand (also called the antisense strand, anticoding 

strand, template strand or transcribed strand). 

STRANDS IN TRANSCRIPTION BUBBLE 

During transcription, RNA polymerase unwinds a short section of the DNA double helix near the 

start of the gene (the transcription start site). This unwound section is known as the transcription 

bubble. The RNA polymerase, and with it the transcription bubble, travels along the noncoding 
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strand in the opposite, 3' to 5', direction, as well as polymerizing a newly synthesized strand in 5' 

to 3' or downstream direction. The DNA double helix is rewound by RNA polymerase at the rear 

of the transcription bubble.[1] Like how two adjacent zippers work, when pulled together, they 

unzip and rezip as they proceed in a particular direction. Various factors can cause double-

stranded DNA to break; thus, reorder genes or cause cell death.  

RNA-DNA HYBRID 

Where the helix is unwound, the coding strand consists of unpaired bases, while the template 

strand consists of an RNA:DNA composite, followed by a number of unpaired bases at the rear. 

This hybrid consists of the most recently added nucleotides of the RNA transcript, 

complementary base-paired to the template strand. The number of base-pairs in the hybrid is 

under investigation, but it has been suggested that the hybrid is formed from the last 10 

nucleotides added.  

SIGNAL PEPTIDE 

A signal peptide (sometimes referred to as signal sequence, targeting signal, localization 

signal, localization sequence, transit peptide, leader sequence or leader peptide) is a 

short peptide (usually 16-30 amino acids long) present at the N-terminus of the majority of 

newly synthesized proteins that are destined toward the secretory pathway These proteins include 

those that reside either inside certain organelles (the endoplasmic 

reticulum, Golgi or endosomes), secreted from the cell, or inserted into most cellular membranes. 

Although most type I membrane-bound proteins have signal peptides, the majority of type II and 

multi-spanning membrane-bound proteins are targeted to the secretory pathway by their 

first transmembrane domain, which biochemically resembles a signal sequence except that it is 

not cleaved. They are a kind of target peptide. 

 

Signal peptides function to prompt a cell to translocate the protein, usually to the cellular 

membrane. In prokaryotes, signal peptides direct the newly synthesized protein to the SecYEG 

protein-conducting channel, which is present in the plasma membrane. A homologous system 

exists in eukaryotes, where the signal peptide directs the newly synthesized protein to the Sec61 

channel, which shares structural and sequence homology with SecYEG, but is present in the 
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endoplasmic reticulum.[3] Both the SecYEG and Sec61 channels are commonly referred to as 

the translocon, and transit through this channel is known as translocation. While secreted 

proteins are threaded through the channel, transmembrane domains may diffuse across a lateral 

gate in the translocon to partition into the surrounding membrane. 

Signal peptide structure 

The core of the signal peptide contains a long stretch of hydrophobic amino acids (about 5–16 

residues long)[4] that has a tendency to form a single alpha-helix and is also referred to as the "h-

region". In addition, many signal peptides begin with a short positively charged stretch of amino 

acids, which may help to enforce proper topology of the polypeptide during translocation by 

what is known as the positive-inside rule.  Because of its close location to the N-terminus it is 

called the "n-region". At the end of the signal peptide there is typically a stretch of amino acids 

that is recognized and cleaved by signal peptidase and therefore named cleavage site. However 

this cleavage site is absent from transmembrane-domains that serve as signal peptides, which are 

sometimes referred to as signal anchor sequences. Signal peptidase may cleave either during or 

after completion of translocation to generate a free signal peptide and a mature protein. The free 

signal peptides are then digested by specific proteases. Moreover, different target locations are 

aimed by different types of signal peptides. For example, the structure of a target peptide aiming 

for the mitochondrial environment differs in terms of length and shows an alternating pattern of 

small positively charged and hydrophobic stretches. Nucleus aiming signal peptides can be found 

at both the N-terminus and the C-terminus of a protein and are in the majority of the cases 

retained in the mature protein. 

It is possible to determine the amino acid sequence of the N-terminal signal peptide by Edman 

degradation, a cyclic procedure that cleaves off the amino acids one at a time.  

Co-translational versus post-translational translocation 

In both prokaryotes and eukaryotes signal sequences may act co-translationally or post-

translationally. 

The co-translational pathway is initiated when the signal peptide emerges from the ribosome and 

is recognized by the signal-recognition particle (SRP). SRP then halts further translation 

(translational arrest only occurs in Eukaryotes) and directs the signal sequence-ribosome-mRNA 

https://en.wikipedia.org/wiki/Signal_peptide#cite_note-3
https://en.wikipedia.org/wiki/Translocon
https://en.wikipedia.org/wiki/Signal_peptide#cite_note-4
https://en.wikipedia.org/wiki/N-terminus
https://en.wikipedia.org/wiki/Signal_peptidase
https://en.wikipedia.org/wiki/Edman_degradation
https://en.wikipedia.org/wiki/Edman_degradation
https://en.wikipedia.org/wiki/Ribosome
https://en.wikipedia.org/wiki/Signal-recognition_particle


 

complex to the SRP receptor, which is present on the surface of either the plasma membrane (in 

prokaryotes) or the ER (in eukaryotes).[9] Once membrane-targeting is completed, the signal 

sequence is inserted into the translocon. Ribosomes are then physically docked onto the 

cytoplasmic face of the translocon and protein synthesis resumes.  

The post-translational pathway is initiated after protein synthesis is completed. In prokaryotes, 

the signal sequence of post-translational substrates is recognized by the SecB chaperone 

protein that transfers the protein to the SecA ATPase, which in turn pumps the protein through 

the translocon. Although post-translational translocation is known to occur in eukaryotes, it is 

poorly understood. It is however known that in yeast post-translational translocation requires the 

translocon and two additional membrane-bound proteins,   

Signal peptides determine secretion efficiency 

Signal peptides are extremely heterogeneous and many prokaryotic and eukaryotic signal 

peptides are functionally interchangeable even between different species however the efficiency 

of protein secretion is strongly determined by the signal peptide.  

Nucleotide level features 

In vertebrates, the region of the mRNA that codes for the signal peptide (i.e. the signal sequence 

coding region, or SSCR) can function as an RNA element with specific activities. SSCRs 

promote nuclear mRNA export and the proper localization to the surface of the endoplasmic 

reticulum. In addition SSCRs have specific sequence features: they have low adenine-content, 

are enriched in certain motifs, and tend to be present in the first exon at a frequency that is higher 

than expected.  

Signal peptide-less secretion 

Proteins without signal peptides can also be secreted by unconventional mechanisms. E.g. 

Interleukin, Galectin The process by which such secretory proteins gain access to the cell 

exterior is termed unconventional protein secretion (UPS). In plants, even 50% of secreted 

proteins can be UPS dependent  
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