Bio 11

Replication, transcription, and
translation



History of the genetic
molecule

Is it protein?

Griffith and his mice
Avery’ s experiments
Hersey-Chase
Chargaff’ s rules
Watson and Crick
Meselson and Stahl



Watson and Crick with their
DNA model




Rosalind Franklin

X-ray image of DNA




Meselson and Stahl Experiment

Original DNA
double helix

DNA molecules
after one

round of
replication
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BASE SEQUENCE (DNA)
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H H H
Adenine (A) Guanine (G)
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Thymine (T) Cytosine (C)

Adenine (A) Guanine (G) Thymine (T) Cytosine (C)
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Space-filling model of DNA
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The 5' carbon on the
ribose sugar defines
the 5' strand end
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(h)Y Atomic model



rarerial (Uiu)
DNA molecule

Daughter
(new) strand

Daughter
DNA molecules
(double helices)



() DNA synthesis begins at a single origin
in the circular bacterial chromosome.

Strands of parent double helix

[When the replication forks meet,]

®}  parent DNA replication will be complete.

strands

=

DNA synthesis can begin at many Newly formed
origins in a eukaryotic chromosome. daughter strands

\J are red

e

Synthesis proceeds in both
directions from an origin of
replication.

(c) Replication
forks

Growth of forks




Eukaryotic Replication

repli'cation repli'cation
Parental strands

Origin of l

replication
l Parental strand l

Two daughter DNA molecules




Primase binds to
DNA and synthesizes
an RNA primer.

DNA template

o )

When the primer is
complete, DNA DNA

polymerase binds and p;)l ymerase Il
synthesizes new DNA,

RNA primer

RNA primer E New DNA

-<(Primase is released.)




Synthesis of the leading strand is
continuous.

The Iaggtmg strand is synthesized as Okazaki J
fragments.

[The replication fork
grows...

Most recentl
synthesized DNA —

Okazaki fragments
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[DNA polymerase Il elongates

the leading strand.
Leading strand }/
template ) [Helicase unwinds}
I\I ~ the double helix.
° §.d
) ' iy

Leading ' "

e A O B e

:‘g;s Parent DNA
Single-stranded DNA-binding

proteins make the templates
available to RNA primase and
DNA polymerase |11,

Lagging strand
template

1

DNA polymerase Il elongates ]

RNA primase
makes primer.

the lagging strand.




RNA primase forms an RNA primer—DNA strands will
form only from the 3" end of a primer,

| i RNA primase §/ RNA pnmer
&8“8&"8 RNo\ipnmcr pd\ 4 pn

© ™ & °
o
DNA poly{ncmsc " %,% Primase released. ]
DNA }memse I synthesizes the new
0 Okazﬁgl ra L, co’c’\?inuing until it
encounters the primer on the previous
Okazaki fragment.

o
DNA polymerase |

DNA polymerase
6’% I released. ]

DNA polymerase | steps in, hydrolyzes the RNA primer,
and replaces it with DNA,
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¥

: : o
. DNA merase
DNA ligase @%I = Po:r ]

N\
@ DNA ligase then catalyzes formation of the
pMsg':aodieslcf linkage that finally links the
two
9

zaki fragments.

_{ DNA ligase released. |







{7) DNA proofreading during replication

During DNA replication,
an incorrect base is added
to the growing chain,

(&) Mismatch repair

Dunng DNA u-plucahon
a base was mispaired.

(c) Excision repair
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The proofreading proteins DNA polymerase adds
immediately excise the the correct base and
incorrect base, replication proceeds.
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DNA polymerase adds

the correct bases.

Thc mismatch repair proteins
excise the mismatched base,
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A base in DNA is damaged

The excision repair proteins excise the
so that it is not functional, damaged base and some adjacent bases.

DNA polymerase adds L,,—-
the correct bases, j
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Transcription in Prokaryotes



Central Dogma

(@)

DNA e RNA g Protein
\ |

Information coded in the Information in RNA is
sequence of base pairs in DNA passed to proteins,
is passed to molecules of RNA,

(b)

e —
\ |

The reproductive cycle of Information in proteins
retroviruses adds a step: is never passed to
reverse transcription, nucleic acids.




Central Dogma

TRANSLATION
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Central Dogma

DNA

ey BGR

Information 1 TAnscription
mRNA 1 (RNA synthesis)

Information | ranslation

1 (protein synthesis)

~ Ribosome

Protein



Differences between RNA and
DNA

 DNA uses GATC
 RNA uses GAUC
 RNA is temporary copy of DNA

 Made by RNA polymerase

 RNA is single stranded, DNA is double
stranded.



Basic steps of transcription

RNA polymerase binds to
the promoter and stasts to
unwind the DNA strands.

RNA polymerase
Complementary strand
\

Termi ahon site

of DNA strand of DNA grand from 3" 10 5° and produces the

vinding “Template Um “d’ Ng | RNA polymerase reads the DNA template
RNA transcript from 5 to 3"
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Basic steps of transcription

Nucleotides are added at the
3" end of the growing RNA.

mwwamu\i\@v\wwu»\ww»\\w\\ ,\\.... ,

[thn RNA polymerase reaches the]

termination site, the RNA transeript
eleased from the template,

[ Termination | Termination st
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RNA nucleotides

Newly made RNA

N

(a) A close-up view of transcription

Template
strand of DNA
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RNA polymerase

V7978 DNA of gene

S\IJO//OUOOOO
Promoter DNA o
) Olnltlatlonl Terminator DNA

Riarics g PN ( ({r,/ f’“,‘ Py

(2 EIongation‘ Area shown in part (a) at left

(b) Transcription of a gene
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Concentration of
inducible enzyme in a cell

-

Lt

An inducer is added
to growth medium.
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0 10
Time after addition of inducer
(minutes)



Operons

« Half of the genes in E. coli are grouped
iInto operons.

* We will look at two- lac and trp

* Operons have a promoter, operator and
structural genes.



Operon

Regulation of The end product feeds back, inhibiting the activity
enzyme aclivity of enzyme 1 and quickly stopping the pathway.

/4
Precursor IEZII) A EEDITS) b EGITP) C EBTIPY 0 EBETIP End product
Genel Gene 2 Gene 3 Gene 4 Gene5
- J
Y

Regulation of

enzyme concentration

AN

[The end product blocks the transcription of all five genes. No enzymes areJ

produced, the enzyme concentration falls, and the pathway stops.




Catabolism of Lactose

RNA polymerase cannot bind,
so transcription is blocked.

_~Repressor bound
i\ }’,“/‘
Active repressor —~ @

to operator
- - - . \
In an E. coli growing in the absence of lactose, the repressor protein
coded for by gene i prevents transcription by binding to the operator.J

Lactose absent

DNA

o
No mRNA is produced, so
no enzyme is produced.

v




Lac operon

Three genes controlled by this operon,
transcription is polycistronic.

Repressor iIs made at a second site
regulated by another promoter.

When lactose is not present
transcription Is repressed.

Repressor will bind to operator blocking
RNA polymerase.



Lactose present

Lactose induces transcription by QO
binding to the repressor, which Inducer
cannot then bind to the operator. (lactose)
" Inducer bound
RNA polymerase binds to repressor

DNA

As long as the operator remains
free of repressor, RNA polymerase
that recognizes the promoter can
transcribe the operon.

Transcription
proceeds

DNA

mRNA transcript



Low Glucose

* Glucose is the preferred media, when
glucose is present lactose is repressed.

* In the presence of plenty of glucose
there is a lot of ATP. As ATP is
reduced in the cell the level of cAMP

Increases. This increases the level of
transcription.

* High glucose this inducer is absent.



Low glucose

CRP-cAMP
complex
(enhancer)

RNA polymerase binds
to the promoter complex.

Transcription
proceeds

,,- .................. DNA

When supplies of glucose are low, a receptor protein (CRP) and
cAMP form a complex that binds to the promoter and activates
it, allowing transcription of structural genes that encode
enzymes for catabolizing the alternative energy source,




High glucose
RNA polymerase
cannot bind.

A cell that contains ample glucose and does not require cnergyN
from other sources contains little cAMP and little CRP-cAMP;
in such a cell, the structural genes are not transcribed and the

catabolic enzymes are not formed.
- S

Structural genes are
not transcribed.




Trp operon

Trp operon has five genes.

trp is repressed by the repressor in conditions
were trp is in high concentration.

Trp does not bind well in low concentrations.
Turns the operator on.

Repressor also transcribed from another
place.



Operator- synthesis of tryptophan

Tryptophan absent

—
DNAI_— 5

! Regulatory gene r produces
¢ an inacltive repressor.
mRNA The repressor does not bind to the
l operator of the tryptophan operon.

) RNA polymerase can thus transcribe
Inactive the operon’s structural genes into

DT mRNAs that are translated into
enzymes of the tryptophan pathway.

RNA polymerase } — Transcription

Enzymes of the
tryptophan pathway




Tryptophan present

oNA|_ e |

r

¢ <

Corepressor
mRNA [ (tryptophan)
¢ Tryptophan binds
the repressor,
permilting it to
Inactive > Actwe bind the operator.
repressor ‘
Active repressor binds to
/ the operator. Transcription

is blocked.

DNA

Tryptophan blocks RNA polymerase
from transcribing the structural
genes and prevents synthesis of the
enzymes of the tryptophan pathway.

RNA
polymerase
cannot bind.




Eukaryotic
Transcription



Consensus sequences for
Prokaryotic _, RNA polymerase binding Transcription

RS start site
7 - y

-35 -10

TTGACA RN TATAAT

-35 region Pribnow box v :
Structural

DNA template N\ gefa
(coding) strand RNA
polymerase
Eukaryotic
promoter

-25
GGXCAATOT—TATAAA
CAAT box TATA box

DNA template
(coding) strand
(x=any base)



G, TIHDY, Bk DNA

The A barm rigtion
A the TATA ha ..

~ BNA polymerane 11




SN/ N /NS

RN /N TN NN NS N SO SN R NN N NN,

Enhancer Regulator Transcription RN/ Transonbed
protein factor  polymerase  region
binding binding binding e

. ' ,
.RNA
—~Activat Regulator —— 7 .
Pm:::nor pﬁﬁ:if\ ‘ O Q polymerase It
Voo |

DNA bending can bring an activator protein, bound to an
enhancer element far from the promoter in linear DNA, o
interact with the transcription-initiation complex.




" DNA
NN \\
Tr.ms.cnpmm

" DNA-RNA 2 |
” mn /

RNA pt\'gcessing

mRNA J\}

Translation

ananaa s RS




by RNA cleavage enzyme,
RNA primary transcript g }/ ‘
QE—'— 9

A “cap” of modlfte(l This symbol indicates that
GTP is added here, a large piece of RNA is

not shown. It may be

thousands of bases long.

Coding region of

[This sequence is recognized]
primary transcript

Processed primary RNA transcript

G cap :—’_mmg\m A

[RNA is cut here and ]

poly A “tail” is added.




Cleavage of

downstream . S
sequences and Adgnyllc acid A
polyadenylation residues

AAAAAA,

poly(A) tail
(100-250
residues long)






A small nuclear ribonucleoprotein particle (snRNP)
binds by base pairing between its RNA and the junction
between the exon and intron (5 splice junction).

A second particle binds near the other end of the
intron (3" junction). This base pairing targets the
rest of the spliceosome complex for intron removal.

R}bonucleoprotei{\s
snRNP.
RNA
RI\{A
O T VAV UANT UACIDIAICIAT  [AIG)

Exgn | T In(ron

5' Splice site

AN J
1 Exon 2
3" Splice site



Primary mRNA transcript

__mRNI‘

5' Exon

[ntron

snRNP.

.
¥ Fxon
@_ @

5 Solice site

A splicocsonse foems
because of Interactions
between snBNPS and
other peotoin,

The free )‘Oﬂquan
the envd of the justcut
exon reacts with the 5

Joining the two exom
EJ

eaved and
splicesd 2 the

Mature mRNA
5 Exon

Translation

Protein

¥ .<"‘I\'f “te

A cut is made between the
5 ewon and the intrun,

After the fst cut 21 the 5 endl. the intion
forms a closed loog, like a larkL This s
oo 1o avold any resctions on the §' end of
thes intron if it was allowed 1 somain free,




‘Tuuput
control

mRNA , |

T
mRNA
stability
controd

TPITTPTTTIITITRVITRIPIT
Inactive mRNA
.
control of
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I'ranscription

DNA-RNA '
WANANAY WAY
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V -
RNA processing
MmRNA v
Translation
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Translation



Central Dogma Again

*(—‘\

~— -

Gene 1 (4"

DNA molecule

cane 2 NGO

Gene 3
DNA strand
-
TRANS(i'\’IPTION
i | | Il Il |

TRANSLATION | Codon ' '

1 | | | |



Codons

DNA strand
I ABABABCECEGEGECEBARARARA
TRANSCRIPTION

!

RNA

TRANSLATION

!

Polypeptide

Amino acid



Second base of RNA codon

: UAU : UGU .
__ Phenylalanine Tyrosine Cysteine
(Phe) e UAC (Tyr) UGC (Cys)
Ser A A
L e (Ser) UA Stop UGA Stop
(Leu) = UAG Stop UGG Tryptophan (Trp)

CAU o CGU
__ Histidine

__ Leucine CAC: (i) sl . Arginine

(Leu) CAA . CGA (Arg)
L Glutamine

CAG_]| (Gin) CGG__

ARU |__ Asparagine AGU __ Serine

__ Isoleucine Asn Ser
(lle) __ Threonine AAC: ( ) AGC: (Ser)

(Thr) AAA  Lyeine AGA | Arginine

AUG  Met or start ol AAG_]| (Lys) AGG_| (Arg)

First base of RNA codon

IGUU_ GAU ™ | . GGU ™ |
|__ Aspartic

id (A
__ Valine __ Alanine GAC: geldihepll GGE __ Glycine

(Val) (Ala) GAA . GGA (Gly)
. Glutamic

GAG_| acid(Glu) GGG_]

© 2010 Pearson Education, Inc.

Third base of RNA codon



Amino acid attachment site

s Hydrogen bond

"

U
/

RNA polynucleotide
chain

‘) J Anticodon /

tRNA
tRNA polynucleotide (simplified
(rlbbon model) representation)
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Next amino acid
to be added to
polypeptide

tRNA binding sites
| Growing

[ | .
P site A site Polypeptice

Large Ribosome | tRNA
mRNA subunit / mRNA
bindiqg ~—Small
site
I subunit__ CoHONS
(a) A simplified diagram (b) The “players” of translation

of a ribosome
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.+ Cap

v

S
= Start of genetic

message



Met Large

ribosomal
subunit

A site

Initiator
tRNA

Start Small ribosomal
codon subunit
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(5" end | (5" end
/

Codon .
P site
Rnbosome Anticodon
recognition
sequenc
s Met is the abbre-
viation for the amino

acid methionine.

@ 1he small ribosomal subunit binds to its recognition © The large ribosomal subunit
sequence on mRNA, and the methionine-charged joins the initiation complex,
tRNA binds the AUG initiation codon, completing with methionine-charged tRNA
the initiation complex, now occupying the P site.




Amino acid
Polypeptide

P site
mRNA

Codons
@ Codon recognition

ELONGATION
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Amino acid
Polypeptide

P site
mRNA

ELONGATION

@ Peptide bond formation
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Amino acid
Polypeptide

P site
mRNA

Codons
@ Codon recognition

ELONGATION

New @) Peptide bond formation

peptide
bond

MmRNA

movement.- ’
’¢

€) Translocation



Amino acid
Polypeptide

P site
mRNA

Codons
@ Codon recognition

ELONGATION

New @) Peptide bond formation

peptide
bond

MmRNA
movement. -7
"

€) Translocation

© 2010 Pearson Education, Inc.



Small subunit
’

Release
factor

Release factor binds to M__ :
the complex when a stop B2 H0.2.5 Large subunit
codon is in the A site, Polypeptide
r & 'd ™
. Releasing the polypeptide The remaining
?;&2;%&%&%’;‘1?:'5& pfoductn:gfhe r'z*(l’eamactor com{)onents (MRNA,
e e; | at the A sitcp disconnects the polypeptide small ribosomal
posed < : from the tRNA in the P site, subunit, and large
freeing both the polypeptide ribosomal subunit)
_and the tRNA. ) | separate. )




nPolypeptide

Stop
codon

® Termination \

Anticodong
Ribosomal ¢odon |

subunits

v
© Elongation

f&gg | O Initiation
® Amino acid of translation
attachment
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(a)
Large subunit

Polypeptide

subunit chain



Protein synthesis begins
on ribosomes not
attached to endoplasmic
reticulum,

7

The signal sequence
of amino acids is present

|

=

Interior of rough

endoplasmic reticulum
Signal R :
recognition Receptor protein
part sle

\\‘ " mRNA
AS—
—

~ Ribosome
Cytosol

The signal recognition
particle binds to a
receptor protein in the
membrane of the ER.

-
The signal recog-nition
particle is released. The
signal sequence passes
through a channel in
the membrane.

\.

~

| Enzyme for removal of signal

®

b
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