
Transcription and Translation

The Relationship 
Between Genes and 
Proteins



History: linking genes and proteins
•1900’s Archibald Garrod 
 Inborn errors of metabolism: inherited human metabolic 

diseases 
Genes are the inherited factors

•Enzymes are the biological molecules that drive 
metabolic reactions

•Enzymes are proteins

•Question: 
•How do the inherited factors, the genes, control the structure and 
activity of enzymes (proteins)?



History: linking genes and proteins
•Beadle and Tatum (1941)
•Hypothesis: 
 If genes control structure and activity of metabolic enzymes, 

then mutations in genes should disrupt production of required 
nutrients, and that disruption should be heritable.

•Method:
 Isolated ~2,000 strains from single irradiate fungal spores 

(Neurospora) that grew on rich but not minimal medium. 
Found: defects in B1, B6 synthesis.

•Conclusion:
Genes control the ability to synthesize amino acids, purines 

and vitamins.



History: linking genes and proteins
The hypothesis that genes controlled the structure and function 
of proteins could not be proven until much later when scientists 
understood more about the nature of DNA and its role in the cell 
as the genetic material.

•1950s:  sickle-cell anemia
Glu to Val change in hemoglobin
Sequence of nucleotides in gene determines sequence of 
amino acids in protein
Single amino acid change can alter the function of the protein

•Tryptophan synthase gene in E. coli
Mutations resulted in single amino acid change
Order of mutations in gene same as order of affected amino 
acids



From gene to protein: Transcription

•Gene sequence (DNA) recopied or transcribed to 

RNA sequence

•Product of transcription is a messenger molecule that 

delivers the genetic instructions to the protein 

synthesis machinery: messenger RNA (mRNA)

This RNA molecule (messenger RNA, mRNA) 
transports the genetic information from the 
chromosome to the cellular machinery that synthesizes 
protein.



Transcription: evidence for mRNA
•Question: How do genes work?

Two theories:

Does each gene encode a different type of 
ribosome which in turn synthesizes a different 
protein 

OR

Are all ribosomes alike, receiving the genetic 
information to create each different protein via 
some kind of messenger molecule?



Answer is…
All ribosomes are the same!!



Transcription: overview

Transcription requires:

ribonucleoside 5´ triphosphates: 

ATP, GTP, CTP and UTP 

sugar is ribose (not deoxyribose)

DNA-dependent RNA polymerase-does not require a primer

Template (sense or coding) DNA strand-opposite strand is 

the “noncoding” strand

Animation

https://www.youtube.com/watch?v=8M198uHJd_8


Transcription: overview

Features of transcription:

•RNA polymerase catalyzes sugar-phosphate 

bond between 3´-OH of ribose and the 5´-PO4. 

•Order of bases in DNA template strand 

determines order of bases in transcript.

•Nucleotides are added to the 3´-OH of the 

growing chain.



Transcription: overview

In prokaryotes transcription and translation are 

coupled. Proteins are synthesized directly from the 

primary transcript as it is made.

• In eukaryotes transcription and translation are 

separated. Transcription occurs in the nucleus, 

and translation occurs in the cytoplasm on 

ribosomes.



Prokaryote vs Eukaryote



Transcription: RNA Polymerase

•DNA-dependent 

•Synthesizes RNA in 5´ to 3´ direction

•E. coli RNA polymerase consists of 5 subunits

•Eukaryotes have three RNA polymerases

RNA polymerase II is responsible for transcription of 

protein-coding genes



Stages of Transcription

1. Promoter Recognition

2. Chain Initiation

3. Chain Elongation

4. Chain Termination



Transcription: promoter recognition

1. Transcription factors bind to 
promoter sequences and 
recruit RNA polymerase.

2. DNA is bound first in a 
closed complex. 

3. RNA polymerase denatures 
a small segment of the DNA.

4. Site where the first base is 
incorporated into the 
transcription is numbered 
“+1” and is called the 
transcription start site.



Promoter recognition: promoter sequences

•Promoter sequences vary considerably.
•RNA polymerase binds to different promoters with 
different strengths

•Binding strength relates to the level of gene 
expression

•There are some common consensus sequences for 
promoters:
 Example: E. coli TATA box (found 10 bases 5´ to 

transcription start)
 Example: E. coli –35 sequence



Consensus Promoters



Promoter recognition: enhancers
• Eukaryotic genes may also have enhancers.

• Enhancers can be located at great distances from the 

gene they regulate, either 5´ or 3´ of the transcription 

start, in introns or even on the noncoding strand.



Promoter recognition: other players
•Many proteins can regulate gene expression by 
modulating the strength of interaction between 
the promoter and RNA polymerase.

•Some can activate transcription (upregulate gene 
expression).

•Some can inhibit (repressor) transcription by 
blocking polymerase activity.

•Some can act both as repressors and activators 
of transcription.



Chain initiation
1. RNA polymerase 

denatures the DNA.
2. First base is placed 

complementary to the +1 
site.

3. First 8 or 9 bases are 
linked. 

4. Transcription factors are 

released, and polymerase 

leaves the promoter 

region.



Chain elongation
• RNA polymerase moves along the template DNA strand.

• The new RNA molecule (primary transcript) forms a short 
RNA-DNA hybrid molecule with the DNA template.



Chain termination
• Most known about 
bacterial chain 
termination

• Termination is signaled 
by a sequence that can 
form a hairpin loop.

• Polymerase and the new 
RNA molecule are 
released upon formation 
of the loop.



mRNA  synthesis/processing

• Prokaryotes: mRNA

transcribed directly 

from DNA template 

and used immediately 

in protein synthesis

Eukaryotes: primary transcript must be processed to produce the 
mRNA

Noncoding sequences (introns) are removed
Coding sequences (exons) spliced together
5´-methylguanosine cap added
3´-polyadenosine (polyA) tail added



Central Dogma of Gene Expression
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