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12.1 DNA Mutation and Classification
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DNA Mutations

Stable and heritable changes in sequence of
bases in DNA

Changes in sequence of bases in DNA

Stable and heritable



Mutation Source
» Spontaneous mutation B & =4

o Induced iEZEFZLE

Outside




Spontaneous mutations B4z

May result from errors in DNA replication
Transition and transversion mutations
insertion or deletion of nucleotides

May also result from the action of mobile
genetic elements such as transposons



DNA replication
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Base Pairing of DNA
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Tautomerization and Transition Mutation
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Insertion/Deletion by DNA Polymerase Slipping

5’ GG LY T T
37 GCAAAAACGT AC...

l Slippa;ge i(r;
Slippage in new strand
L, L leading to an insertion

C i I iR
3’ GCAAAAACGTAC...

|
D

5B T T T TYGGOCATG
37 GCAAAAACGTAC...




InsertlonlDeIetlon by DNA Polymerase Slipping

C QT TT
37 G CAAAAACGTAC.

Slippage in
parental strand

I Slippage in parental strand
v ecaaancacrtac. |eadingtoan deletion

D
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Induced Mutations &3
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Chemically Induced Mutations
Caused by agents that directly damage DNA

Base analogs FRiEZE(LI4

structurally similar to normal nitrogenous bases

mistakes occur when they are incorporated into growing

polynucleotide chain

DNA modifying agents

Mutagen change a base’s structure and alter its base paring

characteristics.

Intercalating agents

AN

Distort DNA to induce single nucleotide pair insertions and

deletions
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Mutations induced by methy-nltrosoguanldlne ItES
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Physically Induced mutations

Ultraviolet radiation

lonizing radiation, such as X-rays and
gamma rays



Thymine Dimer mduced by UV Radiation
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Thymine Dimer induced by UV Radiation
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DNA mutation in Protein Coding Gene




Silent Mutation: No change in amino acid sequence

Normal DNA sy T L L 3 T lamplate
AAAATACGTGCA DNA

strand
UUUUAUGCACGU

mRNA

Normal

; — Phe — Tyr — Ala — Arg —
polypeptide

|

"“TTRIII LI Mutated

AAGATACGTGCA template
DNA

UUCUAUGCACGU strand
Mutated

mRNA
— Phe — Tyr — Ala — Arg —



Missense Mutation: change in one amino acid(AA)
Normal DNA o I Template

AAAATACGTGCA DNA

strand
UUUUAUGCACGU
mRNA

Normal — Phe — Tyr — Ala — Arg —
polypeptide

"TTTTT T TR I T Hutated tempists

AAAATACCTGCA DNA strand

UUUUAUGGACGU
Mutated mRNA

— Phe — Tyr — Gly — Arg —



Nonsense Mutation: change to Stop Codon
Normal DNA o I Template

AAAATACGTGCA DNA

strand
UUUUAUGCACGU
mRNA
Nl — Phe — Tyr — Ala — Arg —
polypeptide
Mutated
AAAATTCGTGCA template
DNA strand
UUUUAAGCACGU
Mutated
mRNA

_oo SR _ :
€ copoN Polypeptide synthesis ceases



Frameshift insertion: major change in AAs
Normal DNA o I Template

AAAATACGTGCA DNA

strand
UUUUAUGCACGU
mRNA
Normal : — Phe — Tyr — Ala — Arg —
polypeptide
Insertion l
Mutated
AAAFATACGTGCA template
DNA strand
UUUAUAUGCACGU
Mutated
mRNA

—Phe— lle—Cys— Thr—



Frameshift deletion: major change in AAs
Normal DNA o I Template

AAAATACGTGCA DNA

strand
UUUUAUGCACGU
mRNA
Normal : — Phe — Tyr — Ala — Arg —
polypeptide
Deletion LT
TTTT TTITTIT — Mutated
AAAA ACGTGCA template
DNA strand
Uuuvu UGCACGU
Mutated
mRNA

— Phe — Leu — His — Val —



Mutations In Protein-coding Gene

Type of Mutation

Forward Mutations

None

Silent ,)'Lﬂj@_é’ 2

Missense 355 M 583L

Nonsense %}‘{g‘éﬁ

Change in DNA

None
Base substitution

Base substitution

Frameshift FZA53S2S  Insertion/deletion

Example
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b ~A-T-G7A-C-C1T-C-C~C-C-G A-A-AG-G-G-3'
- Thr - Ser - Pro - Lys - Gly -

5 -A-T-G-A-C-A~T-C-C~C-C-G-A-A-A G-G-G-T
- Thr - Ser - Pro - Lys - Gly

Bt ‘A'T'(J’A'C'(,‘T'(;'C‘C'C' ‘-'A-A-A (x-(J-(J-3’
- Thr - % @3 - Lys « Gly

SJA-'I-(rA-(J-(J F— C-L-C '(J"(I"I'A'A"‘(J'(J'(J"Z'
: Thr - Ser - Pro - Sl()P' |

i JA-"I -G*A-(J-Ca ['(/'C"(I'C'C‘G‘A’A*A'G'(J'G‘:S
lhr J Ser - Ala - (lu Arg




Effect caused by Mutation

$

» Mutations in protein-coding gene

* Mutations in noncoding RNA gene

» Mutations in transcription requlatory
region




Mutations in {RNA and rRNA genes

Protein synthesis is affected/disrupted

miRNA - (not shown)
inhibits translation

tRNA - adaptor
between amino
acids and mRNA
sequence

snRNA -

(not /”_7_

shown

splicing of s 50 \
MRNA o A/ Transcription

mRNA - contains
protein coding
sequence from




Mutations in Regulatory Sequences

lac operon mutants

many of these mutations map in the operator
site and produce altered operator
sequences not recognized by repressor

operon is turned on and constitutively

transcribed, causing 3-galactosidase
synthesized




Mutations in Regulatory Sequences

lac _ lac operon
regulatory r 7N ' )
gene Promoter (Operatbr

| | o -

lac repressor binds
to the operator and
inhibits transcription.

lac repressor (active)
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12.2 Detection and Isolation of Mutants
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1850s “Invisible factor”

1928 Bacteria transformation
1943 DNA is genetic material

1953 Double Helix Structure of DNA strand



In 1950s, most biologists thought:

Genes are Stable Units,
DNA is stable in nucleotide
order/sequence.
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Induced Mutations (iEZF)

Outside
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Increase mutation frequency
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Phenotype change cause by
DNA mutation

0 Morphological mutations

« Colony shape, size, and color
« Bacterial morphology, cell structure and
organelle

[0 Biochemical mutations

Bacterial biochemistry, catabolism and

anabolism » .
» Auxotrophic mutant = FHRfEELZS?

. Resistant mutant  F|ESET

ot

X



Cultured E.coli Colony in Agar Plate
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Bact dish Colony



Phenotype change cause by
DNA mutation

0 Morphological mutations

« Colony shape, size, and color
« Bacterial morphology, cell structure and
organelle

[0 Biochemical mutations

Bacterial biochemistry, catabolism and

anabolism
» Auxotrophic mutant = FHRfEELZS?

. Resistant mutant  F|ESET

ot

X



Auxotrophic Mutant

Wildtype ==mp Auxotrophic mutant
(B AR TR ) (5 FRuRFE R RAR R




Auxotrophic Mutant
2. LysAmiRE iR R e MR
Wildtype is capable to synthesize the
lysine, which is essential for growth.

Lys- is unable to synthesize lysine

Lys- is unable to grow on medium lacking
lysine.

Lys- grows only when exogenous lysine
is provided



How to isolate the mutant
bacteria “invisible” ?



Repllca Platln FHREZENE

Treatment of E.coli cells \
with a mutagen, such as Replica
nitroso guanidine e = block
.
) ’

- Master late
— (complete medium)
Inoculate a plate
containin (e} complete growth o ",‘>
medium and incubate. Both 3 . )
wild-type and mutant . ‘A
survivors for m | 4 R
colonies. < 2
& ~
0 ~a
~
~
. N
. .
v v
Replica plate Replica plate
(complete medium) (medium minus lysine)

+ Incubation +
All strains grow. No growth of
uuuuuuuuuuuuuuu

Cul uel yyyyy

Lederberg, Joshua; Lederberg, Esther (1952)."Replica plating and indirect selection of
bacterial mutants". Journal of Bacteriology 63(3): 399-406. PMID 14927572.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC169282
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC169282
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/14927572

Replica Plating: Copylng Bacteria Colony
$m%ma

Bacteria
Dish

Empty dish Duplicated disk



Directional screening to isolate
invisible mutant cell

Complete medium

Complete medium
mi Ine

Lys-auxotrophic Mutant




Randomly mutagenesis by
mutagen induced mutation

ﬂ

Directional selection

ﬂ

Isolate mutant cells
with targeting phenotype

/

Basic MicroLioIogy Ot}'er
research breeding application



Bruce Ames: Inventor of “The Ames Test”

Microbiologist US https://en.wikipedia.org/wiki/Bruce_Ames
1928---now https://en.wikipedia.org/wiki/Ames_test
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An Improved Bacterial Test System for the Detection
and Classification of Mutagens and Carcinogens
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ey Ames Test
Indicator organism is a mutant strain of Salmonella

typhimurium that has lost the ability to synthesize
histidine. B4V I K&/ ERER

This mutant is highly susceptible to back-mutation

« Mutation in histidine biosynthesis operon (histidine auxotrophs)
« Mutation make cell wall more permeable to test chemical
« Defective in the ability to repair DNA correctly

Reversion rate in presence of suspected
carcinogen > reversion rate in absence of
suspected carcinogen, then, agent is a mutagen,
and may be carcinogen.



Strain: Histidine il
auxotrophic His-

Salmonella
EHEEES RS

. Control Tested
Medium group chemical
with
minimal

histidine l l

Revertant
bacteria

His+ Spontaneous Revertants induced

revertants by the mutagen



Ames Test

Spontaneous Revertants induced
revertants by the mutagen

-

If: ®m< | Then: mutagen v
If: H= B Then: mutagen %

“A system for easily and cheaply testing the
mutagenicity of chemicals using microbiology ”
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Hair Dyes Are Mutagenic:

Identification of a Variety of Mutagenic Ingredients
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12.3 Bacterial DNA Repair
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DNA Repair and Bacteria Surviving

Bacteria cell

DNA Repair
—




DNA Repair in Bacteria

Proofreading
Mismatch Repair

Excision Repair
Direct Repair
Recombinational Repair



Base, Nucleoside, Nucleotide
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Proofreading: The First Line of Defense

"
1

=

.
2

N

o
3

N

o200 I i
T CT S Strand being synthesized
ATTCGAC
soee Y Template strand
IIIIJA
TAAGCT
“"ATTCGAC 5
‘ DNA polymerase:
60 0 S— 3’ to 5’ exonuclease
TAAGCT . .
ATTCGAC activity
A -1 1 5"

TAAGCTG
ATTCGAC

@ @ § § e 5’



Methl-Directed Mismatch Repair in E.coli
Methylated bases

—
in parental strand

MutH —

/ 3!
a0 0 0 g iEedl 0 0 0 00 00 01
Lt s ey L L L L L L L 55

: Newly
P made

strand

2 AN B B B B D o RBEEBEEREEEREERR B
uuuuu}/qf LLLLLBLLLLL S
Incorrect 3

base



Methl-Directed Mismatch Repair in E.coli

AMe CMe vvvvvvvvvv

7

MutH —+— Methylated bases
in parental strand

yyyyyyyyy

made
strand

11111111




Excision Repair

Corrects damage that cause distortion
in the double helix

* Nucleotide excision repair

« Base excision repair



Nucleotide Excision Repair In E. coli

Thymine dimer UvrC makes cuts on both

sides of the thymine dimer.

The UvrAB complex tracks along the
DNA in search of damaged DNA.

UvrD is a helicase that removes
the damaged region. UvrB and
UvrC are also released.

5% <Y
lAﬂer damage is detected, UvrA L -

is released and UvrC binds. U T N N T

DNA polymerase fills in the gap
and DNA ligase joins the fragments.

6 No thymine dimer
1 Hl"l'ﬂ'l"ﬂ'l"""""l‘!"‘“"ﬁ 1o

lUvrC makes cuts on both

sides of the thymine dimer. % I I e .

Thymine FIiRIZLE
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. CT C T
’ [,
— — endonuclease

: AP endonuclease recognizes a missing
nucleotide base and cleaves the DNA backbone on

the 5 side of the missing base. W -t)J E

DNA polymerase uses its 5-»= 3" exonuclease
activity to remove the damaged region

and then fills in the region with normal DNA.
DNA ligase seals the region.
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Direct Repair

Thymine dimer

ight
P otoreact'vatin




Recombinational Repair

‘Q:'ZZ‘\:\:wapped region 2
N

N
)4

Swapped region ¢ =
)/

£

\

The gap in strand A is filled in
by DNA polymerase and DNA
ligase, using strand B as a
template.

Thymine
dimer

By recombination, a region in

strand A is swapped for the %2
same region in strand C. but the thymine dimer remains,

it will be removed by another
repair system.
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12.4 Transposable Elements
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More and More Genomes Sequenced

Chromosome

| Cell during prophase




Transposon 4&EE<

 Jumping Gene
* Mobile genetic elements
* Transposable elements



McClintock, Maize, and “Jumping Gene”
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Barbara McClintock

Creighton, H. B., & McClintock, B. A correlation of cytological and genetical crossing-over
in Zea mays. Proceedings of the National Academy of Sciences 17, 492-497 (1931)
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Transposition 52k

The movement of a mobile genetic element
(Transposon) in the genome.



Transposable elements (Transposon)

transposon (jumping genes)

DNA
Segments of DNA that ::: i e ge,,e\\\
move about the genome ransposon G EERS
In a process called ——
transposition &R N

- . 0 iy @/

Can be integrated into @

different sites in the

Ch rOmOSOme \ transposon is cut out

\ and insert at new location
Uansposon

(3 B — N § R

disrupted gene




Classification of Transposable element

* Insertion Sequence
» Composite transposon

* Unit transposon



Insertion Sequences (IS)

The simplest transposable elements.

Short sequence of DNA around 750 to 1600 bp in
length.

Contain only the gene encoding the enzyme
transposase, and it is bounded at both ends by
inverted repeats(IR) in reversed orientation.

Transposase is required for transposition and
accurately recognizing the end of IS.



Insertion Sequences (IS)

Insertion sequence

|

T < —
Transposase IR| DR

gene

IR: inverted repeat
DR: direct repeat in the host DNA

Chromosome or
plasmid DNA



Classification of Transposable element

* Insertion Sequence

SoHEEF which contain genes other

_ than transposase for
* Unit transposon transposition

« Composite transposon} Transposable elements



Composite transposon

Compositeltransposon

Insertion ls;equence Insertion 'Isequence

DR IR Trans;;osase IR | Antibiotic- IR Transposase IR DR
gene resistance gene
gene

Additional gene

IR: inverted repeat
DR: direct repeat in the host DNA



Composite transposon

Unit transposon

DR IR Transposase
gene

Resolvase

gene

Additional gene

IR: inverted repeat

DR: direct repeat in the host DNA



Properties Of Selected Composite Transposon
The Properties of Selected Transposons

Transposon Length (bp) Terminal Repeat Length — Torminal Module  Genetic Markers

n} 4957 3 Ampicilln resistance
[n301 8,00 3 Mercury resistance
Tnl6f] 061 N Heat:stable enterotoxin
12901 11,000 N Arginine biosynthesi

Transposon: Tn



Transposition in two mechanism

— . OFiginal site

f

Target site

* Simple Transposition

+

Original site Target site

* Replicative Transposition

— — (== -
—_— L — + (=== ==




Simple Transposition

Transposase catalyze excision of
the transposon.

Cleavage of new target site and
ligation of cleaved transposon
into this site.

“Cut-and-Paste” transposition

........
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Replicative transposition

Enzymes required:

Transposase 5[k

Resolvase =

Original transposon remains at
parental DNA site in the genome.

Another copy is inserted into the
hew target site.
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* Simple Transposition

“‘Cut-and-paste”

* Replicative Transposition

"Copy, Paste, and Double”

—— = Original site

Original site

|

+

Target site




The Nobel Prize in
Physiology or Medicine
1983

Barbara McClintock



Question

Mutations caused by randomly Transposon insertion



Mutations caused by randomly Transposon insertion

Regulat?ry gene

lacl promoter  CAP site Operator Encodes [3-g

lac promoter



Question

Gene amplification by Composite Transposon insertion



Gene amplification by Composite Transposon insertion

Insertion sequence
|

> > T B Chromosome or
DR IR Transposase IR DR plasmid DNA

t gene t

(a)

Trans?oson
-
> ' L T 2 < * I *
DR IR Transposase IR | Antibiotic- IR IR DR

t gene t resistance t

gene

(b)
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12.5 DNA Transformation in Bacteria
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Genetic Variability Coming from....

DNA mutation
DNA Recombination



Genetic Variability Coming from....

Parents
generation

Vertighl ’

o ene transfer -
Individual g Individual
ransfer, | microbe microbe

gen

Progeny
generation




DNA Recombination

The process in which one or more DNA molecules are
rearranged or combined to generate a DNA molecule
with new nucleotide sequence (Recombinant).



Recombination at the Molecular Level

Homologous recombination m
Most common recombination events H ;
A reciprocal exchange between a pair of DNA molecule with similar
nucleotide sequence (long regions of sequence homology)

Occur anywhere on the chromosome

Site-specific recombination

Integration of viral genomes into
specific site of host chromosome

Transposition

Gene jumping inside the genome of microbe



Horizontal Gene Transfer (HGT) in bacteria and archae:

HGT differs from vertical gene transfer

Transfer of genes from one independent, mature
organism to another, often creating a stable

recombinant having characteristics of both donor
and recipient.

Genes can be transferred to the microbe
between the same or different species

Important in evolution of many microbe species



Three Mechanisms of HGT In Bacteria

Transformation
Conjugation

Transduction

3 L

=

%S



DNA Transformation in Bacteria



Question:

How the bacteria (S.pneumoniae)
take up the exogenous DNA?



Bacteria Transformation

Uptake of naked DNA by a bacteria competent
cell from the surroundings.

Competent cell: A cell that is able to take up DNA
and be transformed, which the DNA can be bound
to the cell and taken inside.

Natural transformation occurs in certain genera
microbes



DNA fragment

DNA plasmid

; %ﬂg 5 DNA fragments
M”MW“ 1%%%

Bacterial
chromosome

Integration by
nonreciprocal )
recombination Degradation

Stable transformation Unsuccessful transformation

% DNA plasmid

Bacterial
chromosome

Uptake

Stable transformation




Transformation in S.pneumoniae

Receptor—__ g 8¢” | ac+

., lac Lac-

. lac

\I J
(")
| J
] +
1. fact o

DNA fragment binds to a
cell surface receptor

An extracellular
endonuclease cuts the DNA
into small fragments



Transformation in S.pneumoniae

DA

lact '\

lac-

m

Iac+

One strand is degraded and
a single strand is
transported into the cell.

The DNA strand aligns itself
with a homologous region
on the recipient cell
chromosome



Transformation in S.pneumoniae

5 Heteroduplex

6

Transformed
cell

lac*

The DNA strand is
Incorporated in the
chromosome via HR

The heteroduplex DNA is
repaired in a way that
changes lac- strand to
create a lac+ gene.



Protein machinery for DNA transformation

N. gonorrhoeae
WEKER

PilQ aids in movement across
outer membrane.

Pilin complex (PilE) moves DNA
across periplasm and
peptidoglycan.

ComE is DNA binding protein.

N is the nuclease that degrades
one strand before DNA enters
the cytoplasm.

ComA forms transmembrane
channel for strand entering.



Bacteria Transformation

 Uptake of naked DNA by a bacteria competent
cell from the surroundings.

» Competent cell: A cell that is able to take up DNA
and be transformed, which the DNA can be bound
to the cell and taken inside.

- Natural transformation occurs in certain genera
microbes



Transformation in non-natural competent
cell, like E.coli

 Common used in recombinant DNA technology

* Atrtificial Competent Cell by certain treatment

» Exposure to Calcium Chloride (CaCl2)

 Electrical Shock / Electroporation



DNA Transformation by Electroporation

Normal

azzg?: A

A o /p A

j—{é ﬁf 1 MW% oReeRe |
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CaClz treatment for Competent Cell

O,
E= e §
CaCl treatment ta @ Add plasmld
permeabilize cell wall ...~  DNA and cold -
treatment

Transient
heat up
O
Transformed @

bacteria cell
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12.6 Bacteria Conjugation
HEIES



Three Mechanisms of HGT In Bacteria
Transformation
Conjugation

Transduction



Bacterial Conjugation iEIES



Joshua Lederberg & Edward Tatum 1946

6 mouths
1958

Edward Tatum Joshua Lederberg
1909---1975 1925---2008



Gene Transfer Occurs

Met: B ZER
Bio:&E¥IE
Thr: & ES
Leu: S Z\ B8
Thi: 5=

Strain A
Met-, Bio-,
Thr+, Leu+, Thi+
=

3o
:
S

|

Mixture of
A and B

c

met* bio* thr*
leu* thi * cells
grow into colonies

Strain B
Met+, Bio+,
Thr-, Leu-, Thi-

|




Observing by Joshua Lederberg & Edward
Tatum (1946) indicated that the genes
transferred between these two auxotrophic
mutant strains A and B,

But how? Two possible way:
* Cell-cell physical contact ?
» Substance secreted by cell?




Bernard Davis

American microbiologist,1916-1994




Gene Transfer Require Cell to Cell Contact

Cotton  Medium moved
f plug through filter
ddy  ¢§ using pressure
¥| or suction.

O Cell-cell physical

Strain A Strain B contact ?
A 0 Substance secreted
— py cell ? X
After incubation, cells y C€ll

plated onto minimal
medium.

0 growt Bernard Davis, 1950



F Pilus Mediated Cell-to-cell Conjugation

HEE e




Bacterial Conjugation

Depends on direct cell to
cell contact mediated by the J
F pilus #&=

Unidirectional DNA transfer
from donor to recipient cell

Pilus

The type of plasmid in

conjugation



Fertility Factor (F Factor) for Conjugation

HEEF R

F factor

Region of F factor with genes
needed for conjugation

Q S A PN N O 2 ON & O A\ O O L ORNE A O S & QO V8 >
o‘\«&"’ N G e Gl G GRS R N G \«%'3$ O @ QO OGO (@ @ ol g &P \l‘ K
Encodes Encode proteins that Encodes Encodes
pilin are components coupling relaxase

protein of a type IV protein

secretion system

* 100 kb in length;
 tra operon, >28 gene contained,;
* |S element for plasmid integration to host chromosome



Bacterial Fertility factor plasmid

F factor contains the genes encoding
proteins for building the sex pilus

F* cell attach to F- cell for DNA
transfer during bacterial conjugation

Insertion Sequences (IS) in F factor
assists in plasmid integration to host
genome



F Pilus Medlated CeII to- ceII Conjugatlon

$EE
Donor
Recipient Fo pilus

cell without
pilus




Three types of Bacterial Conjugation

 F*XF mating
 Hfr Conjugation

* F’ Conjugation



Bacterial Conjugation

 F*XF mating
 Hfr Conjugation

* F’ Conjugation



F factor

Bacterial chromosome

Relaxosome

Coupling factor = F factor one

Secretion system— strand separate

e

Relaxosome

£
' F factor one 4

strand transfers




4 Relaxosome

Coupling facte '

Secretion systen

l F* cell

6

5 F factor one
strand transfers__

F factor
replicates in

to recipient ce ( ¥y ’ . recipient cell




F* X F" mating
One copy of the F factor is transferred to the

recipient cell and does not integrate into the host

chromosome.

F factor plasmid is replicated by rolling circle

mechanism.

Donor cell chromosome DNA is not transferred.



F+ X F Conjugatiorl F+ + F+

Donor  Recipient Donor  Recipient




Bacterial Conjugation

 Hfr Conjugation



F factor Integration to Host Chromosome

F factor

F factor .

BaCterial I rem— : o . — ]
chromosome

Insertion Sequences (IS) in F

IS
Integration ‘1 Disintegration factor assists in plasmid
O

integration to host genome.

Integrated
F factor

A
Integrated =—mmm T
F factor Integrateﬁ F factor




F factor Integration to host Chromosome

F* cell Hfr cell

& Bacterial
chromosome

Integration of
F factor into
chromosome

t

Origin of — Origin of
transfer transfer
F factor : J

pro: FRERER lac: ZLAEES




New strand
synthesizedknd

transfer

Recombination between donor DNA
and recipient chromosome DNA

Hfr cell F cell Hfr cell F cell

Conjugation for
long time

pro:. Hﬁ% lac: #L*FE EE Blue: donor chromosome DNA, Red: F factor DNA, Purple: recipient chromosome



Hfr Conjugation

High-frequency recombination(Hfr) — donor’s
fertility plasmid has been integrated into the
donor bacterial chromosome.

When conjugation occurs, a portion of the
chromosome and a portion of the fertility plasmid
are transferred to the recipient cell.

Because the cell contact lasts for limited time, a
complete copy of the F factor is usually not
transferred.



F+

Integration to

chromosome
4 . .
- Conjugation -
Hfr X FF 22220 Hfr + F
Donor  Recipient Donor  Recipient

F': Recipient cell transferred with some plasmid
genes and some donor chromosomal genes



Bacterial Conjugation

» Hfr Conjugation

« F’ Conjugation &



F factor Disintegration from chromosome

Hfr cell F’ cell
A: a chromosome Excision error in A: genein
gene disintegration of F F factor
factor from
chromosome

Blue: chromosome DNA, Red: F factor DNA, Green: a chromosome gene



F’ Conjugation

Cell contact New strand F’ factor replication
synthesize and
transfer

Blue: chromosome DNA, Red: F factor DNA, Green: a chromosome gene



F’ Conjugation T£&
Integrated F factor leaves the host chromosome
incorrectly, forms F’ factor.

Part of original F factor is left in the host
chromosome.

Some genes from host chromosome moved along
with the disintegrated F factor, becoming part of the
F’ factor.

These genes can be transferred to the recipient cell
by F’ conjugation.



Disintegration
Hfr ke =

F, X F Conjugation) F, + F,




Bacterial Conjugation

 F*XF mating
 Hfr Conjugation

* F’ Conjugation
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12.7 Transduction in Bacteria
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Background

* 1946, Joshua Lederberg discovered the Bacterial
Conjugation in E.coli.

« 1950, Bernard David proved the conjugation requires
Cell-to-Cell contact in E.coli.

* 1951, Joshua Lederberg and Norton Zinder tested the
conjugation phenomenon in more bacteria, but found
something unexpected in Salmonella typhimurium.

mAEDIIRE



EARVIRE |

E.coli Salmonella typhimuriu

. Pressure/suction
[ Cotton Medium moved (— alternately applied
plug  through filter L \
g using pressure
S ¥ or suction.
' Strain LA-2 —— Strain LA-22
:: o (phe” trp™ met™ his~) | (phe trp™ met” his™)
LN
: 3 : )
Strain A s ( Strain B | \(/ |
% oy Plate on Medium passes back Plate on
%i of _ minimal medium and forth across minimal medium
- T Filter and incubate filter; cells do not and incubate
After incubation, cells i i
plated onto minimal
medium. o
\ oy
S—— No growth Growth of prototrophs
No growth (no prototrophs) (phe* trp” met” his®)

Unexpected



A new type of gene transfer mechanism
in Salmonella typhimurium

» Lederberg, J.; Lederberg, E. M.; Zinder, N. D.; Lively, E. R. (1951). "Recombination
analysis of bacterial heredity". Cold Spring Harbor symposia on quantitative biology 16:
413-443. PMID 14942753.

 Zinder, N. D.; Lederberg, J. (1952). "Genetic Exchange in Salmonella®. Journal of
bacteriology 64 (5): 679-699. PMC 169409. PMID 12999698.



Joshua Lederberg
Experiment
1951

Salmonella
typhimurium
BAEILTIEE

phe: KA RE
trp:

met : ERE
his : H=EL

v Pressure/suction
. alternately applied

> M

Strain LA-2 i Strain LA-22
(phe” trp” met™ his~) (phe trp™ met” his™)
Plate on Medium passes back Plate on
minimal medium and forth across minimal medium
and incubate filter; cells do not and incubate

'

No growth
(no prototrophs)

'

Bacteriophage P22

@ .Q ... JE?%

Growth of prototrophs
(phe” trp™ met™ his")



Transduction in Bacteria

Gene transfer using bacteria virus
(bacteriophage) as a carrier of DNA from a
donor cell to a recipient cell.



Bacteria Virus (Bacteriophage)

a

@& 1 Protein
(}N 4 coat
Sheath \ .

Cell wall




Circular Lysis Zones (Plaques)
where bacteria were killed by bacteriophage infection

sci.sdsu.edu



Virulent and Temperate Bacteriophage

B )

. Lytic Cycle
Virulent phage > ééi%
1 Toye=g - )
Bacteriophage 'Z?-"! HEITE{ZIK ) {}@ @}j %
Lo & Bacteriuem o ﬂ : O
@ R Prophage
Lysogenic Cycle Jgu’i"ﬂg

Bacterial DMA Temperate p
RAEEA >




Lytic and Lysogenic Cycles of Temperate Phage

Lysogenic cycle

Lytic cycle

Phage DNA Bacterial
- // chromospine
“emese | Phageyinjects j g _ Exposure to
Newbphgges ' ‘ its DNi} nto . P VP stress such as
can bind to cytoplasm. i . UV light triggers
bacterial = - excision from host
cells. ' chromosome.
Lytic cycle J Lysogenic cycle =
) \ /Phage DNA & 5 , §
A\ , / Cell lyses AN integrates il '
\ | (e and releases into host
the new phages. \ chromosome. /
Phage|ONA Prophage DNA
. directs the is copied when
: ' synthesis of A cell divides.
AN L f ‘ many new
\ phages. Prophage
-




Generalized and Specialized Transduction

Generalized transduction ZiB4HiES

Random DNA fragments of hydrolyzed host
chromosome are picked up by the bacteriophage during
assembly; any gene could be transferred to the
recipient via transduction in this way

Specialized transduction FBIR4EES

Specific part of the host genome is regularly
incorporated into the virus (Temperate phage) and
transmitted to the recipient.



Generalized transductlon

Virulent phage

\\\\\\\\\\\\\\\\\

\.‘\ "_‘ ..,\,,\ ool
Recipient cell Recipient cell

histeHARES, lys+IFES his-/lys- |msss)| his+/lys-




Generalized transduction

Occurs during lytic cycle of virulent phage
or some temperate phage.

During virus particle assembly, fragments
of host chromosome DNA mistakenly
packaged into phage-generating
transducing particle

Any part of bacterial genome DNA can be
transferred to recipient cell.



Prophage: Phage DNA integrated to host chromosome

Lytic cycle Lysogenic cycle




A Phage Integrates at Specific Site in E.coli Chromosome

A Phage . 1

7 att sites

E.coli ;
chromosome ga/* l

E.coli | i
- 1 0 ,
chromosomeg af* 3 ‘
bio+
Site-specific recombination takes place between a specific attachment site

on the circular A phage DNA and a specific region on the bacterial
chromosome between the gal and bio genes.




Prophage excision from host genome

+ Phage A dgal

) .
- gl g,




Specialized Transduction by a Temperate Phage

Progge " |
& Az ‘\f 4{ irus release

* Induction 3’“ Virus infection
ﬂl A/ ~ gﬁemplent cell

O
° O O

v Disintegration = :
o ( ¢ Phage ! Phage

error
Ini?lion plasmid
* ; w o( ) )

Red: prophage DNA, Blue: donor host chromosome



Host Gene Transfer via Specialized Transduction

1
2
Phage A dgal @

Recipient XA
E.coli ey gal-
chromosome Homologous a

l recombination
Recipient -
E.coli gal* gal+

chromosome



Specialized Transduction

Carried out only by temperate phages that
have established lysogeny.

Occurs when prophage is incorrectly
excised from host chromosome.

Only specific portion of bacterial genome is
transferred via transducing virus particle



Question?

What triggers the
disintegration of
prophage from host
chromosome?

Prophage

Lysogenized cell
o with prophage

h Induction
{:‘/‘ ' 2
S

A Rare-deintegration that
w v Includes some
\ 4 bacterial genes

gL )

\ Replication of defective
w \r virus DNA with incorporated
’ host genes

<
-~ ¢~ 0

I Assembly and release of
transducing phage particles



Virus particl
DNA

o— )
Induction (i § )
from Lysogenic to Lytic ® | o oew
By UV radiation

integra
to ho tDNA

Lyg zed

E@@l Normal cell growth

lv IDNA

Danger signal
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Three Mechanisms of HGT In Bacteria

DNA fragment

Plasmid donor Plasmid

Gene goes to
plasmid or to
chromosome.

bacterium

Resistance .
gene



