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Terminology

Genetics

Microbial genetics

Study of what genes are, how they
carry information, how information is
expressed, and how genes are
replicated

Segment of DNA that encodes a
functional product, usually a protein




Terminology

FEE
Genome
o All of the genetic material in a cell
Genomics
o Molecular study of genomes
Genotype
o Genetic make up of an organism (potential properties)
o Collection of genes
Phenotype

o Expression of the genes
o Collection of proteins
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Chromosome (E. colli)

* 4.6 million base pairs

* 1 meterlong

e 1000 times longer than
bacteria
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DN

0 Polymer of nucleotides:

adenine, thymine,
cytosine, guanine

1 Double helix associated
with proteins

0 "'Backbone" is
deoxyribose-phosphate

0 Strands held together
by hydrogen bonds
between AT and CG

0 Strands are antiparallel

3"End

5 End




Nucleic Acids
—

1 Consist of nucleotides.

o Nucleotides consist of a:
- Pentose
- Phosphate group
- Nitrogen-containing (purine or pyrimidine) base

Phosphate Sugar Adenine (A) Thymine (T) Sugar Phosphate

f \ ’ \ 4 A\

Adenine nucleotide Thymine nucleotide
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Flow of Genetic Information
—

Between cells of the Between generations of cells Within a cell

Paront coll

Replication

L y——

Recombinant cell
Cell divides

OO0

Daughter cells
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DNA replication

Parental
strand

Parental
sy g 40 strand
Key:
> Thymine
A { Adenine
Cytosine
ra ¢ Guanine
aw Deoxyribose sugar
~~ Phosphate
Hydrogen bond

L

W Replication

Daughter <
Parental Daughter ¢4.-.q4 Parental

strand  strand  {5jpg Strand



DNA replication

N
0 Two parent strands unwound

1 DNA polymerase
0 Replication fork

1 Semiconservative replication

o Each parent strand make complementary strand
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DNA replication
N

1 DNA is copied by DNA polymerase
o Inthe 5" — 3' direction
O Initiated by an RNA primer
O Leading strand synthesized continuously
o Lagging strand synthesized discontinuously
o Okazaki fragments

o RNA primers are removed and Okazaki fragments joined
by a DNA polymerase and DNA ligase
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DNA replication

Replication 4
@) Proteins stabilizethe  E) The leading strand is m 3\ A
unwound parental DNA. synthesized continuously : a ! >

( O )( O ) by DNA polymerase. s

DNA polymerase - :\g'*\ﬁ’\

€) Enzymes unwind the ——<
parental double Rt L i T
helix. o SRR T TR

AN W% Replication
Sy = A fork

SN RNA primer
R DNA polymerase 3

N polymerase TR
Ve, & Okazaki fra Ny
AN P (Y
\h‘\-?'? 3 \ = {\ DNA ligase @.%.%

A“.ﬁn \E" ¥ & SN 4 1 g‘.é’

j’ Parental DNA ‘l"/ 7 3 4 g

Y B polymerase S Sl A i \f\-,-fé.éﬁ"f%‘g
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) The lagging strand is ) DNA polymerase (©) DNA ligase joins
synthesized discontinuously. digests RNA primer the discontinuous
RNA polymerase synthesizes a and replaces it with DNA. fragments of the
short RNA primer, which is then lagging strand.

extended by DNA polymerase.

5 4V RNA
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Adding nucleotides to a DNA
B

New Template
Strand Strand

OH OH

000

Hydrolysis of the
phosphate bonds
provides the energy
for the reaction.

When a nucleoside
triphosphate bonds
to the sugar, it loses
two phosphates.

Microbial genetics




DNA replication

(@)
N\ [Fesication

s, (DO

s ,
:
2 k= datae FATAFAVAE
(’d; "—v_rJ“\M ‘/?/L.}
Ui ‘/.:,"""" L 7'-}
e, '{VMM L 5
2 <
3 Mg, ™ Y.Ts
5 Mg, AT

Bidirectional (a) !ﬂ}
Closed loop DNA SRS

Origin of replication

Replication fork

Parental strand
Daughter strand ./~

/| Replication fork 5

SN

/i

(b)
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Transcription

N
0 DNA is transcribed to make RNA (mRNA, tRNA,

and rRNA)

0 Transcription begins when RNA polymerase binds
to the promoter sequence

0 Transcription proceeds in the 5" — 3’ direction

0 Transcription stops when it reaches the
terminator sequence
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Transcription

RNA polymerase

- (O

Transcription

mRNA ~ ,* -
\

Protein %g?] RNA Polymerase bound to DNA
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e The site of synthesis moves

Transcription

A 4
Promoter
(gene begins)
Template
- strand
o RNA polymerase binds to the . — ANA polymerasa of DNA

promoter, and DNA unwinds
at the beginning of a gene. W

RNA is synthesized by
complementary base pairing

of free nucieotides with the
nuclectide bases on the m
template strand of DNA.

RNA!

nuclectides

e iy W/M
been transcribed rewinds,

//—A

e Terminator R
(gene ends) )

Transcription reaches the
terminator.

© RNA and RNA polymerase

hslicredonne. /\/\/\I\l\I\/\/\/\I\I\l\/\/\/\I\I\/\I\/\/\I\I\I\/\/\/\




Transcription

RNA e
polymerase  start stgp
~—site  gene site
e — S =——3"1DNA
3 =) \ - 5
-v;p_[omo_t_g(. \ terminator

RNA SYNTHESIS BEGINS | template strand

—3

\\_(l 5’
S sigma factor

5" ,growing RNA strand
’ v ‘A“ : v 31
TERMINATION AND
RELEASE OF POLYMERASE AN
AND COMPLETED y =
RNA CHAIN 3
5 v sigma
\/\) - factor
‘\( rebinds
B — b v 3’



Transcription

PROMOTER
(start signal)

—%5 -HO T1

g:—TAGTGTAef:t%G?%icA%TGATAGAAGCACTCTACT:%’-I’&J.K;T:‘?ECTCAATAGGTCCACG— :]DNA
——ATCACATAACTGTACTATCTTCGTGAGATGATATAAGAGTTATCCAGGTGC—

A
start ITRANSCRIPTION

— template strand %"te_. 3’ RNA
(stop signal) ﬁ}e

—CCCACAGCCGCCAGTTCCGOTGGCGGCATTITAACTTTCTTTAATGA— " IDNA
—GGGTGTCGGCGGTCAAGGCGACCGCCGTAAAATTGAAAGAAATTACT—D

TRANSCRIPTION tem\mate strand
3’ RNA

5'm

CCCACAGCCGCCAGUUCCGCUGGCGGCAVUUULU



Translation
B

o Process of protein synthesis from mRNA strand

o mRNA is translated in codons (3 nucleotides)

0 Translation of mMRNA begins at the start codon: AUG
0 Translation ends at a STOP codon: UAA, UAG, UGA
0 Sense codons (61)

o Nonsense codons (3) stop codons

o UAA, UAG, UGA
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Degeneracy of
code?

Translation

AUG Mevstart ACG

- ~

GUU GCU
GUC GCC

G >Val
- GuA GCA

v (o
uuu UCU |
Phe
uuc uce
>Ser
UUA UCA
Leu
uuG UcG_
cuu ccu |
cuc cce
>Leu >Pro
CUA CCA
CUG | CCG |
AUU | ACU )
~ AUC Slle  ACC
A >Thr
AUA | ACA

>Ala

GUG|  GCG

-

A G |

UAU uGuU u
Tyr Cys
UGC -

UAC Cc
UAA Stop UGA Stop A
UAG Stop UGG Trp G
CGU |
CGC

> A
CGA -

® » 0 ¢

o » O

CAU
His
CAC
CAA
Gin
CAG
AAU
Asn
AAC
AAA AGA
Lys
AAG
GAU
Asp
GAC
> Gly
GAA
Glu
GAG

o
(9]
>



Translation

mRNA

‘Translation

Protein

o Components needed to begin translation come togettier.



Translation

Ribosome

q

continues...

mRNA

On the assembled ribosome, a tRNA carrying the first amino acid is paired with the start codon on the mRNA.
A tRNA carrying the second amino acid approaches.



Translation

Peptide bond forms

P site

-

continues...

mRNA

e The place on the ribosome where the first tRNA sits is called the P site. In the A site next
to it, the second codon of the mRNA pairs with a tRNA carrying the second amino acid.



Translation

tRNA released

Peptide bond

—_—

continues...

o The first amino acid joins to the second by a peptide bond, and the first tRNA is released.



Translation

O
uhm
—_—
A U G continues...
Ribosome moves e ———— T— mRNA
along mRNA

e The ribosome moves along the mRNA until the second tRNA is in the P site, and the
process continues.



Translation

Growing polypeptide chain .

continues...

MmRNA

The ribosome continues to move along the mRNA, and new amino acids are added to the
polypeptide.



Translation

Polypeptide
released

mRNA
—

continues...

0 When the ribosome reaches a stop codon, the polypeptide is
released.



Translation

e Finally, the last tRNA is released, and the ribosome comes apart.
The released polypeptide forms a new protein.



Translation

DNA q
mRNA Ajw

Protein @

-#—— Direction of transcription RNA DNA
polymerase
&
7
i’} Polyribosome
Ribosome
), mRNA

Direction of translation



Polyribosome

mRNA  Ribosomes Polypeptides

i

t

Pt
Y,

>
Direction of transcription

(a)



RNA processing in prokaryotes
N

Promoter Gene 1 Gene 2 Gene 3 Terminator
3’ [ 5" Template
DNA strand
\ Transcription
Start Start Start
codon codon codon
AUG UAA AUG UAG AUG UAA
< 3’ mRNA
I N N\ [N

Ribosome Stop RBS Stop RBS Stop Untranslated

binding codon codon codon mRNA

site (RBS)

Translation

Polypeptide 1 Polypeptide 2 Polypeptide 3
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RNA processing in eukaryotes
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Regulation of Bacterial Gene Expression
N

0 Constitutive enzymes are expressed at a fixed rate
0 Other enzymes are expressed only as needed

o Repressible enzymes

o Inducible enzymes
m Beta galactosidase in E.coli

® Insulin

Microbial genetics




Regulation of Gene Expression

Glucose
g
= Lactose
®
°
Q
°
o
0
£
-
-
Time . o

(a) Growth on glucose or lactose alone

Microbial genetics

Number of cells (log)

All glucose
consumed

Glucose
used

Lactose used

Time

(b) Growth on glucose and lactose

combined




Operon

Operon Operon
Controlregion Slructuralgenes Controlregion Su'ucmralgenes
l " ' I H E D C B A'
Regulatory Promoter Operator Regulatory Promoter Operator
gene gene

Structure of the operon. The operon consists of the promoter (P), and operator (O) sites, and structural
genes which code for the protein. The operon is regulated by the product of the regulatory gene (/).
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Repression

Without repressor:

O/RNA polymerase

\

I Promoter Operator  Structural gene

Transcription begins
e

ith repressor:

~ RNA polymerase

{ Repressor
Structural gene

Repressor
Structural gene




Regulation of Gene Expression

RNA polymerase

Transcription l

Repressor [

mRNA Active
repressor
protein

Translation

a Repressor active, operon off. The repressor protein binds

with the operator, preventing transcription from the operon.



Regulation of Gene Expression

P o Z Y A

>
1 l Transcription
. Operon
S mRNA
l Translation

Allolactose
(inducer)

Inactive ‘ Transacetylase

repressor

p-Galactosidase

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

RNA polymerase

Transcription Transcription
Repressor [ [ I
mRNA
Operon
Translation l mRNA
Translation
Polypeptides
) comprising the
Inactive enzymes for
repressor tryptophan
protein synthesis

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



Regulation of Gene Expression

Repressor [
mRNA

Active

repressor
protein

‘-—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



Mutation
I

0 Change in the genetic material
0 Mutations may be neutral, beneficial, or harmful
0 Mutagen: Agent that causes mutations

0 Spontaneous mutations: Occur in the absence of a
mutagen
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Point mutation

€ During DNA replication,
a thymine is incorporated
opposite guanine by
mistake.

Daughter DNA

In the next round of replication,
adenine pairs with the new
thymine, yielding an AT pair

in place of the original GC pair.

Granddaughter DNA

€) When mRNA is transcribed from l l
the DNA containing this substitution,
a codon is produced that, during
translation, encodes a different

amino acid: tyrosine instead
of cysteine,
u G u u G u Uu G u
mRNA S ——— P —



Mutation

0 Base substitution (point  <Change in one base
mutation)

0 Missense mutation *Result in change in
amino acid

DNA (coding strand)

mRNA

Translation l l

Amino acid sequence ( Met

{a) Normal DNA molecule



Mutation

o Nonsense mutation * Results In a nonsense
codon

DNA (coding strand)

Transcription

!
ol daeokkenkh

l l (c) Nonsense mutation

mRNA

Translation l l

Amino acid sequence | Met { Lys | Phe

{a) Normal DNA molecule



Mutation

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

DNA (coding strand)

Transcription

mRNA

!
okl daenlkldenl

)

l l l (d) Frameshift mutation

Amino acid sequence | Mﬁt Y Phe ) | Stop

Translation l

{a) Normal DNA molecule



Mutation
I

Mutagens

0 Chemical mutagens

o A number of household and lab chemicals sodium azide

o Physical mutagens

o Radiation, UV light

Microbial genetics




Chemical mutagens

Nitrous acid as a mutagen

Normal daughter DNA

.....

”G O TGT 'AA Mutated granddaughter DNA
b = GCHGT
‘ / CGACAT cQ A
G @ TGTA = E'"
| . S Replication GGUGAT
G T EGEQAI -
Normal parent DNA Altered parent DNA e R —
A5 . e FoTh
CGLICAT =
A""‘d"’”m‘ﬂom\ GGE;@A T
Altered granddaughter DNA
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Nucleoside analogs

Normal nitrogenous base

Adenine nucleoside 2-Aminopurine nucleoside

(a) The 2-aminopurine is incorporated into DNA in place of adenine but can pair with cytosine, so
an AT pair becomes a CG pair.

o)
CH,OH o) CH,OH 0
O )J\
N/U\N— H
H H
HJ\/LO /R/L
OH H
CH,

Thymine nucleoside 5-Bromouracil nucleoside

(b) The 5-bromouracil is used as an anticancer drug because it is mistaken for thymine by cellular
enzymes but pairs with cytosine. In the next DNA replication, an AT pair becomes a GC pair.



Radiations
N

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

1 Breakage of covalent bonds in phosphate sugar
backbone of DNA

0 Covalent bonds between adjoining nitrogenous bases
caused by UV light (thymin dimer)

0 Nucleotide excision repairs mutations

Microbial genetics




Mutation

Ultraviolet light

o UV radiation causes
thymine dimers o PPl
€ Exposure to ultraviolet lighcauses
adjacent thymines to become cross-

- L | g ht- re p air Thymine dimer II:\ked, :‘ormln? a thymine dimerl alnd
. Ty disrupting their normal base pairing.
separates thymine OSSR

dimers

o Skin cancer by
accumulation of
TDs in the skin cells

@ 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
B

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

o Mutagens increase to 10~ or 1073 per replicated
gene
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ldentifying mutants

0 Bacteria have one copy of each gene so identifying
mutation is relatively easy

Selection:

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

o Pencillin resistant population

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

Microbial genetics




Replica Plating

Sterile velvet is
pressed on the
grown colonies
on the master

Velvet plate

surface
(sterilized)

Cells from each colony
are transferred from the
velvet to new plates

Master plate
with medium

containing
histidine
/" ;:::- = = -.\"‘\\ /f‘_—_:—-: . K
@ >
\ J u.\— .///;.
Plates are Petri plate with \____“ x---_'_'_’_f,/ \*--J_"_'_‘j_—— %~ Petriplate with
incubated medium containing = 3 = = medium lacking
histidine l histidine
Auxotrophic mutant -_ pZ e 2
~ //;/ \\

Growth on plates is compared.

A colony that grows on the medium
with histidine but could not grow on

the medium without histidine is an
auxotrophic (histidine-requiring mutant)




The Ames Test for Chemical Carcinogens

\. " — Rat liver
Experimentak\ ?ﬁ/ extract

Experimental plate
Sample - ———_ —
Suspected | ' : > g e J
iteen = _;__:_/ Incubation \‘Tj; __-:
Media lacking histidine
Cultures of Colonies of
histidine-dependent revertant
Salmonella bacteria
Control
(No Suspected
Mutagen Rat liver
Added) ﬂ; extract
s et -_\ /<_,_ += |
>
3 N j Incubation \._____.
N 4 = e g

Control plate



Genetic transfer and Recombination

e f s] h i
Chromosome A (NN NN D
Chromosome 8 ([T [ 1 [ 1 [ [ >

E F G H |

e f g H |
Crossing over i !

E F G h i

e f g H |

Recombinant — D [ T D

chromosomes




Genetic transfer and Recombination

0 DNA from one cell Donor DNA
aligns with DNA in the

recipient cell. Notice
that there is a nick in
the donor DNA.

Recipient
chromosome

9 DNA from the donor aligns with
complementary base pairs in
the recipient’s chromosome.
This can involve thousands of
base pairs.

f

e RecA protein
catalyzes the joining )
of the two strands.  F€CA protein

i

O The result is that the recipient’s ¢
chromosome contains new DNA.
Complementary base pairs
between the two strands will be
resolved by DNA polymerase and
ligase. The donor DNA will be
destroyed. The recipient may now
have one or more new genes.




Genetic Transfer and Recombination
N

0 Vertical gene transfer ~ Occurs during reproduction,
between generations of

cells
0 Horizontal gene Transfer of genes between
transfer cells of the same

generation
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Transformation

(O)—C(D)

| Recombination |

o Living 0 Living o Heat-killed encapsulated o Living nonencapsulated
encapsulated nonencapsulated bacteria injected into and heat-killed
bacteria injected bacteria injected mouse encapsulated bacteria
into mouse into mouse injected into mouse

)

Y )

0 Mouse remained healthy 9 Mouse remained healthy e Mouse ed

@®
@

l/g\l
//: .’. /" ’\ /‘ ‘\ /:' = { y
(e e W\ f ‘ | ‘0.‘0
\ ... : J | 2 16 . I |'\‘ ! i ® Z .;
i 4 K/ \__/ K_- .

6 Colonies of 0 A few colonies of 0 No colonies were isolated 0 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) (c) (d)



)O Heat-

~ treated
dead cells
of strain S

Enzymatic
cleavage

In vitro transformation of DNA

DNA fragments
'/ from strain S

J.Jj

/ Living strain R

2 _-Some cells take

| fg"ﬁ'?f up DNA from the

' environment and
. incorporate it into
l’ their chromosomes

Transformed cells
acquire ability to
synthesize capsules




Mechanim of transformation

Recipient cell

a

b

c

d
DNA fragments Chromosomal DNA
from donor cells

o Recipient cell takes
up donor DNA.

Donor DNA aligns
with complementary
bases.

o Recombination occurs
between donor DNA
and recipient DNA.

Degraded
unrecombined DNA

Genetically transformed cell



Mechanim of transformation

'u‘ﬂmm‘?%

dg.wnﬂm
o — Bactenal cell
2 f
KT "{"-L""' e
0 Donor DNA / ——— Chromosome

fragments bind
to protens on
cell surface

[

© Donor DNA

fragment 1s - Single-stranded
transported 3 donor DINA
o host

cell and

becomes

single

stranded

Successful D// \)\\\ Unsuccessful
“VEs

transformation transformation

o Degradation
Donor of donor

DNA fragment.

0 Single-stranded donor DINA
fragment 1s incorporated
nto host chromosome.




Transformation

N
1 Competant cells

o Naturally occuring

o Induced

m Calcium chloride
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Conjugation

(a) Sex pilus TEM T (b) Mating bridge m W
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Conjugation

Pressure/suction
alternately applied

F* (strain A) -——— F~ (strain B)

Plate on Medium passes back Plate on

minimal medium and forth across minimal medium
and incubate filter; cells do not and incubate

Microbial genetics




Bacterial Sex pilus
chromosome
F factor
F* cell F~ cell

Conjugation

Replication
and transfer
of F factor

—-

COO)—()

Recombination

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.
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Conjugation

Recombination between
F factor and chromosome
occurs at a specific site

on each Insertion of F factor

into chromosome results
. o

Integrated F factor

F* cell Hfr cell

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

Replication
and transfer
of part of the
chromosome

Hfr cell F~ cell

In the recipient,
recombination
occurs between the
Hfr chromosome
fragment and the
F~ chromosome

Hfr cell Recombinant
F~ cell

{c) When an Hfr donor passes a portion of its chromosome into an F™ recipient, a recombinant

F~ cell results.

Copyright © 2004 Pearson Education, Inc., publishing as Besgamin Cummings,
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Transduction

Phage proteln coat
chrorlnosome
O)—(~)—

Recombinant

A phage infects the 9 Phage DNA and proteins
donor bacterial are made, and the
cell. bacterial chromosome is
broken down into pieces.
Bacterial
DNA
Donor Recipient
Phage il bacterial bacterial
DNA DNA DNA
DN
Nl 2 Q) — (O
Occasionally during phage assembly, ReC|p|e_nt cell _ Recombinant cell
pieces of bacterial DNA are packaged A phage carrying bacterial 9 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

donorand recipient cells.



Plasmids
I

o Conjugative plasmid Carries genes for sex
pili and transfer of the
plasmid

o Dissimilation plasmids Encode enzymes for
catabolism of unusual
compounds

o R factors Encode antibiotic
resistance
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Plasmids

origin of replication mer

cml

3
JueuuwiaR?.

origin of transfer  tet
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Transposons
N

0 Segments of DNA that can move from one region
of DNA to another

0 Contain insertion sequences for cutting and
resealing DNA (transposase)

1 Complex transposons carry other genes
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Insertion sequence

IS1
4 N N
ACTTACTGAT ATCAGTAAGT
TGAATGACTA — TAGTCATTCA
N J N J
. WV
Inverted repeat Inverted repeat
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Complex transposons
S S

TnS
/ i \
Kanamycin resistance
N > J " " /]
IS1 IS1
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Insertion of transposons into plasmids

AT ATCAGTAAGT
= , —— o
TGAATGACTA TA

ST AT T

o Transposase cuts DNA, leaving sticky ends.

9 Sticky ends of transposon and target DNA anneal.

(c) Insertion of the transposon Tn5 into R100 plasmid.
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