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Making Protein from DNA in E. coli
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The Organism

Main organism used in sywthetic biology

a

Alternates tnclude yeast

Easy to work with

a

a

reproduces fast

EasLng accepts and expresses new PNA

DNA
Cytoplasm

Cell Membrane

The E-Coli Bacterium
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What does it mean to express DNA?

DNA stores the information that encodes for
protelns

Proteins are the drivers of cells’ response to their
environment

Tvra wsariptiow
and
Translation
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DNA: Base of Life

Composed of three parts: sugar (deoxyribose), phosphate,
and a base

4 different bases: Adenine, Guanine, Cytosine, and
Thymine

Phosphate
2l The four bases. Gray beads

tndicate carbon, white beads
hydrogen, blue beans nitrogen,
A and red beads oxygewn.
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DNA Structure: Linear

4
5 Phosphate

Deoxy ribose
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Sugar and phosphate form the backbone

Together a sugar, a phosphate, and one of
the four amine bases make a nucleotide

A DNA sequence Ls a long, Linear chain of
nucleotides, read 5" to 3’ (see diagram)




DNA Structure: The Double Helix

5’!
Two DNA strands wind
together to make a double helix

The DNA strands run tn
ompositﬂ directlons

BAaSES pairs matceh to thelr
oompLemewtarg partners

O AtoT; qqtocC
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DNA to Protein: Transcription

First step to make protein from DNA
overall: Converts DNA to RNA (usuaLLg MRNA)

Three phases

) ’ ,.’"g% Coding strand e

O (nitLation A DN
A0 & DNA

rewmds 0 unwinds

O €Elongation €°\ 'f RNA Polymerase "“%(dﬁgg & \

%& =] 5\
Template }"

0 Termination strand

“ mRNA transcript
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Transcription |: Initiation

O RNApolymerase (I binds to promoter sequence of PNA
O Sigma, a transcription factor, assists binoding

Promoter sequences are usually -10 and -25 bases
upstream of transcription start site (called consensus
sequences)

RNA PoLg mwerase

= Stgwma factor Transcription start site

-35 CONSENSUS ~10 CONSENSUS
sequence sequence

Monday, January 21, 13



Transcription 2: Elongation

RNA polymerase 1t moves along ssPNA, called the
template strand

RNA polywmerase (L uses complementary base pair
matehing to synthesize new strand of MRNA

5/

3’
3’

TCCA

’ ’ 5’
Tvra wscnptww

start site RNA PoLg merase (I
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Transcription 3: Termination

O Tva wsoriptiow ends when termination sequence Ls
reached

O RNA polymerase dislodges from DNA and mMRNA

RNA PoLg mweerase 1

Termination Sequence

The mechaniswm of termination is a bit more complex, and may involve a protein called rho factor or bending of the RNA molecule, but for the purposes
of LGEM, just know that when RNA polywmerase transcribes the termination region, transeription is stopped.
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Translation: mRNA to Protein

O The next stage tn making protein is translation

O Tvanslation tnvolves conversion of MRNA tra wscripts to
prote'w»s

O This is done using Ribosomes and tRNA

Transfer RNA (tRNA)

Anticodon Y anti-codon Loop
Loop )
o =

(binas mANA)

amino-acld attachment site

g Attachment
mbosome S it e

!

each tRNA binds 1 speciﬁc amino actd
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The Ribosome

The ribosome ts made of rRNA (rtbosomal RNA)

Bacterial ribosomes are composed of two different parts,
called the 20s subunit (the Little one) and the 50s
subunitt (the big one)

The 50s subunit has three important sites.
: They are termed the A site, the P site, and the €
P A site. For the purposes of our diagram, the A
stte is on the right (in red), the P site is in the
middle, and the € site is on the Left (blue)

20s subunit

50s subunit
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Translation I: Initiation (Binding)

0 Ribosome binds to specific site on MRNA called
Ribosome Blnding Stite

O =30s subunit binds first, and the 50s binds second

5’ L_ =’

RLbosome
Blnding Site
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Translation |: Initiation (Start Codon)

O The ribosome moves along the MRNA 5 to 37 until Lt
reaches the start codon

The start codow is a sequence of three nucleotides, AUG
O Wis wracil, and takes the place of T in RNA

whew this occurs, a tRNA with the matching anticodon
binds the € site of the ribosome

‘: c
5’ =’

Ribosome
Blnding Site
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Translation lI: Elongation (Peptide Bond)

O Next, another tRNA carry Lng an amino acld comes Lnto the
A site

O This tRNA has an anticodon that matches the codow of the
MRNA

The rtbosomee catalyzes a reaction, forming a peptide bond
between the two amino actds

Peptide Bonal

5/
Ribosome
Blnding Site
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Translation ll: Elongation (Ejection)

O The 50s subuntt slides over 1 codown (three nucleotides),
moving the tRNA Ln the P site to the E site

This tRNA Ls then qjecteal, but the amino actd sta Yys, bound
to the peptiole chain

The 30s subunit slides over next, and elongation continues
whewn the next tRNA binds the next codon Lk the A site

:

Ribosome
Blnding Site

RLbosome
Blnding Site
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Translation llI: Termination

O Trawnslation Ls terminated whewn the ribosomee reads the
stop codon (UAA, UAG, or UGA)

nstead of tRNA, a protein called a release factor binds

whew the release factor binds, the ribosome is dissociateo
and the MRNA and protein are releaseol

Release w
Factor F;
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Review

DNA holds the tnformation cells use to make proteins

Transcription is the process of making an MRNA
template from PNA

Translation, using the ribosome, creates poLgpeptLoles
(proteins) from MRNA transcripts b Y matching tRNA
anticodons to mMRNA codons

tRNA Ls the real converter between DPNA/RNA Language
(nucleotides) and protein language (amino acids)



Important Terminology

DNA; Deoxyribonucleic Acid: Double helical storer of genetic
information

RNA; Ribonucleic Acld: ALl components are the same as PNA
(sugar, phosphate, base) EXCEPT sugar is ribose, not deoxy ritbose
and the base Thymine in DNA is replaced by Uracil in RNA;
RNA Ls also not usually found in double helical structure, but is
often single stranded and/or folded in wnusual ways

MRNA: Messanger RNA. A type of RNA that codes for amino
acids. mMRNA templates are single stranded, and contain a
ribosome binding site, start codown, ana stop codown.

tRNA: Transfer RNA. Converter between mRNA and amino
actds. Each tRNA has an anticodon that matches the a codown on
MRNA. Each tRNA also binds a specific amino actd, which
means the MRNA codon sequence can be directly translated to
an amino acio sequence.

Protein: Main building blocks of biology; proteins are composed
of strings of amino actds

Amino Actds: There are twenty different amino acids, which are
the building blocks used to make the billions of proteins

Peptide: Strings of amino acids linked by peptide bonds; NOTE:
while all proteins are PoLgpeptioles, not all peptides are proteins
Bnzywmes: Bnzywmes catalyze biological reactions (make them
faster). NOTE: Buzywmes are a type of protein. Not all proteins
are enzymes. Most enzywes end their name tn

“_ase”.

rRNA: ribosomal RNA. RNA that folds into the ribosome.

Monday, January 21, 13



