Regulation of Gene Expression
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e Repressor active, operon off. The repressor protein binds
with the operator, preventing transcription from the operon.



Regulation of Gene Expression
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mRNA
Translation l Operon

Repressor inactive, operon on. The repressor is inactive and
transcription and translation proceed leading to the synthesis
of tryptophan.



Regulation of Gene Expression

Transcription

Operon
| —— mRNA

Translation

Allolactose

(inducer) \ 3 E
& Inactive | Transacetylase
repressor

protein Permease

p-Galactosidase

O Repressor inactive, operon on. When the inducer allolactose
binds to the repressor protein, the inactivated repressor can no
longer block transcription. The structural genes are transcribed,
ultimately resulting in the production of the enzymes needed for
lactose catabolism.

(a) An inducible operon



Regulation of Gene Expression

Repressor

mRNA
Active
repressor
protein

‘7 Tryptophan
(corepressor)

o Repressor active, operon off. When the corepressor
tryptophan binds to the repressor protein, the activated re-
pressor binds with the operator, preventing transcription

from the operon.

(b) A repressible operon



- Change in the genetic material

- Mutations may be neutral, beneficial, or harmful

- Mutagen: Agent that causes mutations

+  Spontaneous mutations: Occur in the absence of a mutagen



- Base substitution (point *Change in one base
mutation)
*  Missense mutation *Result in change in amino acid

DNA (coding strand)

DNA (coding strand)
JCNEER R CERRD
Frsofiofen | Aok daaaldealk

mRNA

mRNAi@EHHB@@@HB@W W:’;’

l (b) Missense mutation

Translation l

Amino acid sequence @ 0 @ @ Stop

{(a) Normal DNA molecule




«  Nonsense mutation * Results in a nonsense codon

DNA (coding strand)

HEAUEHEHEEEH
Transcription l mﬂuaﬁmmmﬁg@m!
| 6l o]l e 8 g o e | @ e HQ

Stop

mRNA

Translation l l (c) Nonsense mutation

Amino acid sequence Stop

{(a) Normal DNA molecule




Frameshift mutation *Insertion or deletion of one or more
nucleotide pairs

DNA (coding strand)

Transcription l
J@BHHB@@@HB@@HE
mRNA e

Translation l

Amino acid sequence @ 0 @ @ Stop

{(a) Normal DNA molecule

l (d) Frameshift mutation




 lonizing radiation (X rays and gamma rays) causes the formation of ions
that can react with nucleotides and the deoxyribose-phosphate
backbone.

» Nucleotide excision repairs mutations



Mutation

UV radiation causes
thymine dimers

Light-repair separates
thymine dimers

Ultraviolet light

Exposure to ultraviolet lighcauses

adjacent thymines to become cross-
linked, forming a thymine dimer and
disrupting their normal base pairing.

An enzyme cuts out and removes the
damaged DNA.

DNA polymerase fills the gap by
synthesizing new DNA, using the
intact strand as a template.

DNA ligase seals the remaining
gap by joining the old and new
DNA.



The Frequency of Mutation

- Spontaneous mutation rate = 1 in 10° replicated base pairs or 1 in
10° replicated genes

- Mutagens increase to 10-° or 103 per replicated gene



- Positive (direct) selection detects mutant cells because they grow or
appear different.

* Negative (indirect) selection detects mutant cells because they do not
grow.



Genetic Transfer and Recombination

- Vertical gene transfer *Occurs during reproduction,
between generations of cells

*Transfer of genes between cells of
» Horizontal gene transfer the same generation
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encapsulated nonencapsulated bacteria injected into and heat-killed
bacteria injected bacteria injected mouse encapsulated bacteria
into mouse into mouse injected into mouse
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6 Colonies of 9 A few colonies of Q No colonies were isolated 6 Colonies of encapsulated
encapsulated nonencapsulated bacteria from mouse bacteria were isolated
bacteria were were isolated from mouse; fromdead mouse
isolated from phagocytes destroyed
dead mouse nonencapsulated bacteria

(a) (b) (©) ()



Conjugation

Bacterial Sex pilus > e NG )
chromosome e
Recombination

\|/ \ Replication [ \ | \ | \/ )
and transfer ‘
of F factor

—— | —-

L ! {
; if i M ff )
F factor J\ \ } \ J\
- V4 “, V ' 4 %, g Xy 4 V4
2N o B g . > 4 W P - > 4 . >
— < > - e R g

Ve ® =

F* cell F~ cell F* cell F* cell

(a) When an F factor (a plasmid) is transferred from a domer (F*) to a recipient (F™), the F~ cell is
converted into an F* cell.



Conjugation

Recombination between

F factor and chromosome
:zceuar:hat B AEEHIC A Insertion of F factor
into chromosome results
:: > [ » |y 3
Integrated F factor —
) ! )
F* cell Hfr cell

(b) When an F factor becomes integrated into the chrommosome of an F* cell, it makes the cell a high
frequency of recombination (Hfr) cell.



Transduction

Phage protein coat
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Recombinant

o A phage infects the e Phage DNA and proteins
donor bacterial are made, and the
cell. bacterial chromosome is
broken down into pieces.
Bacterial
DNA
e Dono_r Rempu—:,-nt
Phage -\ bacterial bacterial
DNA & DNA DNA
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eOccasionaIIy during phage assembly, Recipient cell Recombinant cell
pieces of bacterial DNA are packaged GA phage carrying bacterial 6 Recombinant can occur,
in a phage capsid. Then the donor cell DNA infects a new host cell, producing a recombinant
lyses and releases phage particles the recipient cell. cell with a genotype
containing bacterial DNA. different from both the

donor and recipient cells.
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- Conjugative plasmid Carries genes for sex
pili and transfer of the
plasmid

 Dissimilation plasmids Encode enzymes for
catabolism of unusual
compounds

- R factors Encode antibiotic
resistance



Plasmids

cml

origin of transfer  tet

(b)
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Segments of DNA that can
move from one region of
DNA to another

Contain insertion
sequences for cutting and
resealing DNA
(transposase)

Complex transposons
carry other genes

Transposons

IS1
ACTTACTGAT ATCAGTAAGT
TGAATGACTA| Transposasegene |y \GTCATTCA
Inverted vrepeat lnvertedyrepeat

(a) Insertion sequence “IS1”

Tn5

l I Kanamycin resistance I I

IS1

(b) Complex transposon “Tn5”

1S1



Biotechnology and Recombinant DNA

- Biotechnology:

- The use of microorganisms, cells, or cell components to
make a product

* Foods, antibiotics, vitamins, enzymes
- Recombinant DNA Technology:

* Insertion or modification of genes to produce desired
proteins



Bacterium €) DNAis cleaved DNA containing

) = €) Vectorsuchasa :
o~ e by an enzyme gene of interest
plasmid is isolated into fragments
|~
— s €) Gene is inserted
Bacterial Plasmid Into plasmid
chromosome
Recombinant DNA Gene of /C>
(plasmid) interest
Plasmid is taken up by a
cell such as a bacterium
Recombinant [
bacterium \

) Cells with gene
of interest are cloned



Restriction Enzymes

« Cut specific sequences of DNA
- Destroy bacteriophage DNA in bacterial cells
- Cannot digest (host) DNA with methylated cytosines



Recognition sites

rd

— ',;\_..
DNA Cut Cut
0 Restriction enzyme cuts (magenta arrows) GAATTC GAATTC
double-stranded DNA at its particular
CTTAAG CTTAAG
recognition sites, shown in blue. Y Cut Y Cut
QATTC GAATTC
€) These cuts produce a DNA :Gh G':::__:_:_—‘_::] s
fragment with two sticky ends. CTTAA CTTAA
AATTC G TN
: Sticky end
G/ CTTAA

DNA from another source,
perhaps a plasmid, cut with

€ When two such fragments the same restriction enzyme
of Dh_lA_cut by the same AATTC GAATTC G
restriction enzyme come
together, they can join G CTTAAG CTTAA
by base pairing.

o The joined fragments will
usually form either a linear
molecule or a circular one,
as shown here for a plasmid.
Other combinations of
fragments can also
occur,

9 The enzyme DNA ligase is ,
used to unite the backbones |
of the two DNA fragments, ||| ,J‘,.
producing a molecule of :
recombinant DNA.

CrTAR®
Recombinant DNA



Vectors
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« Carry new DNA to desired cell
- Shuttle vectors can exist in several different species
»  Plasmids and viruses can be used as vectors



Hindlll
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55
Figure 9.3



DNA can be inserted into a cell by:

Transformation
Electroporation
Protoplast fusion
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