CHE.167 Genetics

Mutations TU
Intragenic (gene) mutations
Base substitutions
Transversions Pu < Py
Transitions Pu —> Pu or Py — Py

Insertions (small)

Deletions (small)

Effects: Change or loss of function of single genes,
Mutation types: silent, missense, nonsense, frameshift

Intergenic (chromosome) mutations

Deletions Insertions Inversions
Translocations Amplifications

Effects:: Change or loss of function of larger units

Ploidy mutations

Euploidy Aneuploidie
Haploidy Hypoploidy (e.g. Monosomy)
Polyploidy Hyperploidy (e.g. Trisomy

Effects: mostly pleiotropic or loss of function
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Nucleotide exchange causing mutations. Note: Mutations are very rare. An independent exchange of
two closely adjacent nucleotides is highly unlikely, almost excluded.

Rolf Knippers, Molekulare Genetik, Thieme
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Two kinds of nucleotide exchanges:
transitions and transversions
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AP sites and the ,A-rule”: preferred incorporation
of adenine nucleotides across from an empty site
in the template strand

Rolf Knippers, Molekulare Genetik, Thieme
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Frameshift Mutations Ty

4
. ACAAAAAGTCCATCACTTAACGCC

Wild type _ , . DNA
TCGTTTTTCAGGTAGTGAATTGCGG

ACAAAAAGUCCAUCACUUAACGCC mRNA

Thi - Lys - Ser - Pro - Ser . leu - Asn - Ala  Protein

[+

v
Addition ACAAAAAAGTCCATCACTTAACGCC
of an AT TGTTTTTRMICAGGTAGTGAATTCGCGG

pair

DNA

ACAAAAAAGUCCAUCACUUAACGCC mRNA
Thr - Llys - Lys - Ser - lle - Thr .Stop-Codon Protein

;
Deletion ACAAARG TCCATCACTTAACGCC
of an AT TCTTTHCAGGTAGTGCGAATTGCGG

DNA

pair ACAAAARGUCCAUCACUUAACGCC MRNA

Thr « Lys - Val - His + His - teu « Thr - Pro Protein
ol o

Deletion ACAA.,AAjGTCCATCALTT/\ACC'CCC ONA

of an AT TGTTHEITCAGGTAGTGAATTGGERIGG

pair and ACAARAGUCCAUCACUUAACCHBCC mRNA

addition

of.aGC Thr - Lys - Val . His - His - tew - Thr - Ala Protein

pair e T

Frameshift Mutations. Underlined sequences represent the correct reading frame.

Rolf Knippers, Molekulare Genetik, Thieme
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Mutations by Replication errors
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Unusual base pairs as
reason for false
incorporations at the
replication fork

Rolf Knippers, Molekulare Genetik, Thieme
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Rolf Knippers, Molekulare Genetik, Thieme

Spontaneous hydrolytic decomposition
reactions: depurination and deamination
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Spontaneous Mutations

E.coli — Mutation to Phage resistance PL; ;L
Question: is mutation occurring » 3;
spontaneously or only induced by l"':"' J
contact with phage? o
Luria-Delbruck Fluctuation Test & 2
bulk 61“00..“:6
L. oecooo
grown culture
0N I
. .

06066 66000 L.
LTS
culture separately sample repeatedly o’J“.oooo.oJ
- Cultivation for same number of generations
- Plate on medium and spray with phage Separately
- Count phage resistant colonies grown culture

https://www.google.at/search?q=Iluria+delbriick+fluctuation+test&source=Inms&tbm
=isch&sa=X&ved=0ahU
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uv
(A)
Crosslinks between
adjacent thymines
(thymine dimer)
(B)
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Figure 14.27 (A) Structural view of the formation of a
thymine dimer. Adjacent thymines in a DNA strand that have
been subjected to ultraviolet (UV) irradiation are joined by
formation of the bonds shown in red. Other types of bonds
between the thymine rings also are possible. Although not
drawn to scale, these bonds are considerably shorter than
the spacing between the planes of adjacent thymines, so
the double-stranded structure becomes distorted. The shape
of each thymine ring also changes. (B) The distortion of the
DNA helix caused by two thymines moving closer together
when joined in a dimer.

Radiation mutagenesis

X-ray: Chromosome breaks
Rearrangements

20

Observed percentage of X-linked lethals
=
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Figure 14.28 The relationship between the percentage of
X-linked recessive lethals in D. melanogaster and x-ray dose,
obtained from several experiments. The frequency of spon-
taneous X-linked lethal mutations is 0.15 percent per X chro-
mosome per generation.
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High energy irradiations
- Roentgen
- Alpha, Gamma, (Beta)
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DNA damages caused by ionizing radiation. a (at
the double helix) cross links by covalent linking of Chromosome breaks in irradiated cells
opposite bases; double strand break; single strand

break; destruction or modification of DNA bases. b

Some examples for bases damaged by radiation.

Rolf Knippers, Molekulare Genetik, Thieme
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Mutations can be induced by chemical

modification of a base. Chemical Mutagenesis
H
| c CYTOSINE ,'\l\
VA,V S el
Nitfus -~y Bisulfite
acid Nitrous acid
b, T | URACIL Hydroxylamine
/K, Y/ A’
VAR O
o)
Replication
\I\JP\IV/

Desammatlons: example: C2> G

Rolf Knippers, Molekulare Genetik, Thieme
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(A)

Thymine

(B) A-Bu base pair

Adenine

Chemical Mutagenesis

Base analogs

H/

Base Analogs - Shift of
tautomeric equilibrium

5-Bromouracil (keto form)

(C) G-Bu base pair

Guanine

5-Bromouracil (keto form) -5-Bromouracil (enol form)

Figure 14.23 Mispairing mutagenesis by 5-bromouracil. (A) Structures of thymine and 5-bromouracil. (B) A base
pair between adenine and the keto form of 5-bromouracil. (C) A base pair between guanine and the rare enol form
of 5-bromouracil. One of 5-bromouracil’'s hydrogen atoms changes position to create the keto form.
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Replication and
mispairing with G

Chemical Mutagenesis

Figure 7.20 One mechanism for mutagenesis by
5-bromouracil (Bu). An AT — GC transition is
produced by the incorporation of 5-bromouracil in
DNA replication, forming an A-Bu pair. In the
mutagenic round of replication, the Bu (in its rare
enol form) pairs with G. In the next round of
replication, the G pairs with C, completing the
transition mutation.

Replication and
standard pairing with A
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Chemical Mutagenesis

Intercalating agents

Intercalation causes
Frameshift mutations

Figure 7.25 Separation

: Proflavin
of two base pairs
caused by inter- Figure 7.24 The structure of proflavine, an
3 . . T acridine derivative. Other mutagenic acridines
calation of an acridine have additional atoms on the NH, group and on
molecule. the C of the central ring. Hydrogen atoms are

not shown.
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Alkyl-Sulfate

Alkylating agents

Dialkylsulfat
Beispiel:
Dimethylsulfat

Alkyl-Alkan-Sulfonat
Beispiele:
Methylmethansulfonat, MMS:
Ethylmethansulfonat, EMS

N-Nitroso-Verbindungen

/R
O=N—N
\

\ /
,C~N

Dialkylnitrosamine
Beispiel:
Dimethylnitrosamin

N-Nitrosoharnstoff-Derivate
Beispiel:
Methyl-Nitrosoharnstoff, MNN

N-Alkyl-N"-Nitro-N-Nitroso-
guanidin

Beispiel:
N-Methyl-N-Nitro-N-Nitroso-

I\
NH NO, guanidin (NNG)

Mutagenic chemicals: Some alkylating compounds.

Rolf Knippers, Molekulare Genetik, Thieme

Chemical Mutagenesis
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Alkylated nucleotides in the DNA. Dots: putative
attachment sites for methyl or ethyl groups;
arrows: trigger of direct mutations (by false

pairings).

0O
I a

CH3 i N\
CH, — CH, — CI

H, — CH, = ClI

Ethyl methanesulfonate Nitrogen mustard

Figure 14.25 The chemical structures of two highly mutagenic alky-
lating agents; the alkyl groups are shown in red.
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DNA polymerase,
probability of
-mismatch per .
base pair per =
replication = 107

Proofreading
function, probability
of not correcting

-mismatch = 1072

Postreplication
mismatch repair,
probability of not
correcting mlsmatch
=102

= //|\

Overall probablhty of 1ncorporat1ng a

- mismatched base that remains
‘uncorrected = 10°X 102X 103 _10—10
per base pair per rephcatlon

Figure 14.31 Summary of rates of error in DNA polymer-
ization, proofreading, and postreplication mismatch repair.
The initial rate of nucleotide misincorporation is 10-5 per
base pair per replication. The proofreading function of DNA
polymerase corrects 99 percent of these errors, and of those
that remain, postreplication mismatch repair corrects 99.9
percent. The overall rate of misincorporated nucleotides that
are not repaired is 107'° per base pair per replication.

DNA-Repair

Overview

The human genome has many repair genes

; Direct reversal of damage: 1 gene *
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Radiation Damage of DNA - UV

H 0 H 0 _ (0) H
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Abb. 8.23 Thymin-Dimer, der hdufigste DNA- Abb. 8.24 Das TC(6-4)-Produkt, ein Photopro-
Schaden nach UV-Bestrahlung. dukt nach UV-Bestrahlung von DNA.

Abb. 8.25 Ein Pyrimidin-Dimer in der DNA. Be-
nachbarte Thymin-Nucleotide sind Hot Spots der UV-
Mutagenese.

Photo-reactivation:
Enzyme activated by light =340-400 nm
Direct restoration of original base pairing




Repair by alkyltransferases

Methylation can distort the structure of DNA

Nature of mutation .
Guanine Methyl- guanme

NN:[\N Alkylatlon d&
" -

ovirtualtext www.€rgito.com

Consequences
Methyl group
distorts double
helix

Corrected
by dealkylation




Replication errors introduce mimatched base pairs

Nature of mutation

Adenine

/
Q\O Repllcatlon errors <

Cytosine
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Consequences

Purine pair
distorts duplex

o0
©:
Corrected by

removing A or G
in newly

synthesized strand

mflTU

Brown tab on A in
e GATC means that
PArOntsI DINA stranid m the A is methylated.
N G NNNNNNNNNGATCN
N ¢+ NNNNNNNNNCTAGN —
Daughter DNA strand g -‘_-h A in daughter
e = strand not yet
smatch in MutS protein methylated
daughter strand MutL protein
recosmres the | MPTTTTITIISTD
S T N6 NNNNNNNNNGATCN
mismatch and N v NNNNNNNNNCTAGN
recuis Mt | glh! SARRRRRRE . B
to the site.
lMutH protein
PR [ sinaes

TCN MutH protein, which
AG N,—| makes a nick at the
o 5' end of GATC.

Methylation status defines
mutated strand

Exonuclease
NGNNNN
o SRR
of the mismatch. \-lx'":an:unnuuu’u’n’x
DNA polymerase
holoenzyme
complex and
DNA ligase
DNA polymerase
holoenzyme conylex | ST
fills the gap, correcting NGNNNNNNNNNGATCN
the mismatch, and NCNNNNNNNNNCTAGN
DNA ligase seals the
remaming pick. lDam methylase

Dam methylase
NGNNNNNNNNNGATCN methylates A of
NCNNNNNNNNNCTAGN GATC in the

W daughter strand.

Figure 7.30 Mismatch repair consists of the excision of a segment of a DNA strand that contains a

base mismatch, followed by repair synthesis. In E. coli, cleavage takes place at the nearest methylated

GATC sequence in the unmethylated strand. An exonuclease removes successive nucleotides until

just past the mismatch, and the resulting gap is repaired. Either strand can be excised and corrected,

but in newly synthesized DNA, methylated bases in the template strand often direct the excision
mechanism to the newly synthesized strand that contains the incorrect nucleotide.

=22
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Nucleotide Mismatch Repair

MutSL binds mismatches on unmethylated DNA strands
MutS dimer binds to mismatch
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Methylation distinguishes the DNA strands
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Replication ‘

Replication error
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Replication slippage
generates a
single-strand loop

MutS binds
to the mismatch

MutL binds

Mismatch is removed ‘
by exonuclease,

v
helicase, \
v

DNA polymerase,
and ligase

The MutS/MutL system initiates repair of
mismatches produced by replication

slippage.
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Excision Repair

Incision

Nick Nick

Segment displaced by
DNA polymerase

Gapped DNA molecule
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Displaced DNA (degraded by enzymes)

E
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Nature of mutation Consequences
0 New DNA strand synthesized
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@virtualtext www,ergito.com Figure 7.33 Mechanism of excision repair of DNA

damage.
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Deformation of DNA

e : Q.. . o /

Ufi}-rA UvrB UvrA recognizes
' damage and

NIAININAINININSLNSL/ binds with UvrB
UvrC UvrB

UvrA released;
¥ s UvrC binds

UvrC UvrB

UvrC nicks DNA
on both sides

of damage
o~ UvrD unwinds
\IAASUYIDRIALAYAY/ region, releasing

damaged strand

The Uvr system operates in stages in which UvrAB recognizes damage, UvrBC
nicks the DNA, and UvrD unwinds the marked region.
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Removal of non-natural (modified) bases by glycosylases

Uracil is removed from DNA
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Glycosylases remove bases
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Uracil
/ N

CH2 ‘ Miss

ing base

A glycosylase removes a
base from DNA by cleaving
the bond to the deoxyribose.

Removal of bases by glycosylases

MutT hydrolyzes 8-oxo-dGTP

O MutT o
dGTP === JGTP —_— G

Hydrolysis

MutM removes G=0 that is paired with C
O MutM
C C C
Glycosylase  InsertG

Replication

MutY removes A that is paired with G=0
O MutY O
('§ —_— é —_—
o G-chosylasé;I Insert C

O M=0

Preferential removal of bases in
pairs that have oxidized guanine is
designed to minimize mutations.
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Strand break, removal of
nuceotides by exonuclease

(A) Original DNA duplex  (B) (C) / (D) (E) Repaired molecule

same as original
5) 5' 3

z ~, AT A augl .7 A5 2;

, AT @
e\” c .7’—>HO C aG ,
P T o

‘!!

-C ~> !
- D C % T e ’, T A
5 5' 3’ 5’ '
Spontancous Sugar removed by‘} Gap filled by ; Nncked strand closed
depnr’mationJ AP endonuclease | DNA polymerase by DNA ligase

Figure 7.32 Action of AP endonuclease. (A) Original DNA bose from the DNA strand. (D) DNA polymerase fills the gap
duplex. (B) Spontaneous hydrolysis of guanine results in loss using the continuous strand as a template. (E) The remaining
of the base. (C) AP endonuclease excises the empty deoxyri- nick is closed by DNA ligase, restoring the original sequence.




(A)

Damage

(8)

\\3
4
1
/2
Recombined
\Vemal DNA
3

(D)

Repair
synthesis.

Figure 7.34 Postreplication repair. (A) A
molecule with DNA damage in strand 4 is being
replicated. (B) By reinitiation of synthesis
beyond the damage, a gap is formed in strand 3.
(C) A segment of parental strand 1 is excised and
inserted in strand 3. (D) The gap in strand 1 is
next filled in by repair synthesis.

Post-replication repair Ty

Damage
Bases on one strand of DNA are damaged

IRILEERRRRRRNREREN

Replication generates a copy with gap
opposite damage and a normal copy

TR TRTRTRIRIN
IHRERERRRRRRRARARRY

Retrieval
Gap is repaired by retrieving
sequence from normal copy

I
IR

—)

Gap in normal copy is repaired l

An E. coli retrieval system uses a
normal strand of DNA to replace the
aan left in a newlv svnthesized strand
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REGULATORY CIRCUIT TARGET GENES

Répressed recA gene lexA gene Repressed target gene

INDUCTION OF RecA
RecA triggers LexA cleavage

|
9 ? ? q 1.,» foffww

Induced recA gene lexA gene Expressed target gene

The LexA protein represses many genes, including repair genes,

recA and lexA.
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Ames Test
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Senzo(a)pyrene Guanine-cytosine
base pair in DNA

40 60 80 100 120
Aflatoxin B, dose (ng)
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Figure 18-25 Ames test results showing the mutag
of aflatoxin B;, which is also a potent carcinogen. TA

TA1538, and TA1535 are strains of Salmonella bearing =
ent his auxotrophic mutations. The TA100 strain is hig®
sensitive to reversion through base-pair substitution. T5¢

TA1535 and TA1538 strains are sensitive to reversion

through frameshift mutation. The test results show that
toxin B, is a potent mutagen that causes base-pair subs
but not frameshifts. (From J. McCann and B. N. Ames.

vances in Modern Toxicology, Vol. 5. Edited by W. G. F

and M. A. Mehlman. Copyright by Hemisphere Publs

Corp., Washington, DC,)
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r@ 18-27 Summary of the procedure used for the Ames test. Fisst rat liver en-
are mobilized by imjecting the animals with Arochlor. (Enzymes from the liver
wsed because they carry out the metabolic processes of detoxifying and toxifying
chemicals.) The rat liver is then homogenized, and the supernatant of solubilized
enzymes (S9) is added to a suspension of auxotrophic bacteria in 2 solution of the
1al carcinogen (X). This mixture is plated on 2 medium containing no histidine,
reverrants of mutant strains 1 and 2 are looked for. A control experiment contain-
mo potential carcinogen is always run simultancously. The presence of revertants
tes that the chemical is 2 mutagen and possibly a carcinogen as well.

hig™ — his*
reversion test
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(+)-BP-7,8-Oxid
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9,10-epoxid
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Abb. 8.21 Aktivierung von Benz(a)pyren. BP,
Benz(a)pyren; MO, Monoxygenase: EH, Epoxidhy-
drolase. Die aktivierte Verbindung reagiert be-
vorzugt mit Guanin [nach 20].
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Genetic Recombination
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Figure 5-6 Interchromosomal recombination, which always
produces a recombinant frequency of 50 percent. This diagram
shows two chromosome pairs of a diploid organism with A ané
a on one pair and B and b on the other. Note that we could r
resent the haploid situation by removing the part marked P and

the testcross.
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_nkage |: Basic Eukaryotic Chromosome Mapping

Meiotic chromosomes

Parental
Meioses
with no Parental
gossover
Pe genes
Parental
. Parental
Weoses
with a 7 5
SOSSOVer ‘Recombinant

Parental

123

Figure 5-7 Intrachromosomal re-
combinants arise from meioses in
which nonsister chromatids cross over
between the genes under study.
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A recombination reaction has two possible outcomes

Dh_lA duplexes

Ty,

L

B

Second strands
Cross over
between duplexes
and nicks are sealed’ \
Second nicks Second nicks
made in same strand made in other strand
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reerrees: Ton
bdbdbddedodd Sebbdy
TIrrrrerrrrTrTYT  Nicks are Jyvey
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Genomes are not ‘

Reciprocal recombinant
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Branch sites can migrate
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| Recombination has alternative resolutions

1Nicks in other strands

e o

‘ Rotation shows structure
of Holliday junction

AN

Nicking controls outcome

Nicks in same

release splice strands
recombinants release patch
’}(conventional recombinants

'S

K

| Cvirtuatioxt wa.wergit()ocm

A double-strand break initiates recombinatio
Double-strand break made in recipient
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|

‘Break is enlarged to gap with 3' ends

|
|

'3' end migrates to other duplex

1

|

Synthesis from 3' end displaces one strand in gap

|

Displaced strand migrates to other duplex

|

DNA synthesis occurs from other 3' end

Eﬁ

Gap replaced by donor sequence

Reciprocal migration generates double crossover

|
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RecBCD unwinds DNA and cleaves at Chi

RecBCD binds a double-strand break

<

5'rrrrrm YT T TT™YT™T™™Y ”:d

RecBCD unwinds & degrades DNA as exonuclease
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Homologous Recombination in E.coli

RecBCD complex generates stand break at preferred
specific sites (chi).

rrTYYTYT™TY \ ) 3
= = L% R
Chl A‘)
o GEFGGTEC

RecBCD endonuclease cleaves single strand at chi

Al

RecD dissociates at chi sequence

«
frrnmf-‘_

RecBC continues as helicase

W

sartuattext www Bl'gltO oom

¥ RecA, supported by SSB
” binds to ssDNA and
Abb.7.15 Das Rec BCD-Protein schneidet kurz Is involved in initiation of

vor der Chi-Sequenz [nach 11].

strand exchange

RecA catalyzes strand exchange between duplex and single-stranded molecules
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RecA creates a recombination intermediate
— WAVAVAVA
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‘ Free strand initiates exchange
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Displaced strand
pairs with complement
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‘ Strand exchange is completed
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| RuvAB catalyzes branch migration |

RuvB hexamer binds
as ring around DNA

R A tetramer
ntacts all 4 strands

Branch
migration

@virtualtext www.€rgito.com

RuvC:

Nuclease cleaving
Holliday junction
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Gene transfer - parasexual mechanisms
with Micro-organisms

Transformation :
Transduction

Uptake of free DNA from environment _ _
Bacteriophage mediated gene transfer

Natural Competence — Induced Competence

Forced Transfer

Conjugation Mitotic/Somatic Cell Fusion
In vivo plasmid transfer Parasexual fusion

Direct cell-cell contact Induced Fusion
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Generalized Transduction
Prototype: Phage P1

Phage reproduces by autonomous
replication.

Random pieces of bacterial DNA
(generated due to degardation of
bacterial genome at late stages of
phage infection)are incorporated upon
phage assembly

Transduction

Speciallized Transduction
Prototype: Phage Lambda

Phage integrates into bacterial
genome at specific sites

Only sequences adjacent to the
Integration site can be
transduced
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Donor bacterium

a+

@

Transduced
bacterium

Phages carrying %‘ %
donor genes E "’gk

f i &
¥ a——\.\ f F\
‘.\h.-"'. &s‘..-""

Recipient
bacterium

Figure 10-29 The mechanism of generalized transduction. In reality, only a very small
minority of phage progeny (1 in 10,000) carries donor genes.
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Phage Lambda Life Cycle
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Lytischer Zyklus

b @

'

Phagenhdille $ B_akteriengenom
Phagengenom
’\./’9 Vermehrung
der Wirtszellen
mit Prophagen

Q / Phagengenom \‘

@ Wirtszelle

Verpackung des Phagen

Abb. 10.7. Zyklus des Bakteriophagen Lambda. Nach der
Infektion der Wirtszelle durch die Phagen-DNA wird diese
zunichst zirkularisiert. Im lytischen Zyklus (/inks) werden
an dieser DNA als Matrize nach dem Rolling-circle-Mecha-
nismus (Abb. 10.10) neue lincare Phagen-DNA-Molekiile
synthetisiert. Gleichzeitig werden die Hiillproteine herge-
stellt, so daB schlieBlich eine Verpackung der DNA in den
vorbereiteten Phagenkopf und ein Anfiigen des ebenfalls
vorbereiteten Phagenschwanzes erfolgen kann. Die Zelle
lysiert dann und entliBt infektiose neue Phagenpartikel.

Replikation des
Phagengenoms

Lysogener Zyklus

(O

Exzision
des Phagen

iy g @
genom
\\ Integration des Phagen
ins Wirtsgenom Vermehrung
der Wirtszellen
O O Q mit Prophagen
O D i o
Q 6 Prophage :

Im lysogenen Zyklus (rechts) erfolgt zunichst eine Integra-
tion des Lambda-Phagen als Prophage ins bakterielle
Genom. In dieser Form kann der Prophage tiber viele Zell-
generationen im Bakteriengenom verbleiben. ohne dall
seine Anwesenheit erkennbar wird oder Folgen fiir die
Wirtszelle hat. Erst bei ciner spontanen oder induzierten
Exzision des Prophagen kann es zu einer intrazelluldren
Vermehrung seines Genoms kommen und die Zelle miin-
det in den lytischen Zyklus ein. (Nach Watson et al. 1987)
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A phage

>Attachment site

R : E. coli

chromosome
bio

Integration enzymes

10-28 Campbell’s model for the integration of phage
E. coli chromosome. Reciprocal recombination occurs

s specific attachment site on the circular A DNA and a

segion on the bacterial chromosome between the gal

genes.

A integrated into E. coli chromosome

N A

E. coli chromosome
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5-CTCGTTCA

3'-GAGCAAGT

5 -TGAAGCCT

3 -ACTTCGGA

e

|

\
GC TTTTTTATAC TAA

CGAAAAAATATGATT
A

A

5 -TGAAGCCT

3'-ACTTCGGA
B

r—
-

-

'
GCTTTTT TATAC TAA

GTTGGCAT -3’

C GAAAAAATATG‘ATTCAAC CGTA-5'

CTTGAGCG - 3'

GAACTCGC-5

- -

GC TTTTTTATAC TAA

CGAAAAAATATGATT

GTTGGCAT -3
CAACCGTA -5

Abb. 10.9A,B. Sequenzspezifische Integration des Pha-
gen Lambda ins E. coli-Genom. Sequenzhomologien zwi-
schen den artP- und art B-Regionen von Lambda und E. coli
(oben) fithren zu der Integration der Phagen in einer Posi-
tion zwischen dem gal- und dem bio-Gen (unten). Die hori-

att P

att B

5-CTCGTTCAGCTTTTT TATACTAACTTGAGCG -3

3'-GAGCAAGTICGAAAAAATATGATTIGAACTCGC - 5'

zontalen Pfeile zeigen die invertierten Repeats an, die verti-
kalen kurzen Pfeile die Schnittstellen, an denen die art-
Regionen gedffnet werden. Die beiden Grenzbereiche
links und rechts vom Phagengenom, innerhalb deren die
Integration des Phagen erfolgt ist
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m.
W Normal cutiooping (i) Rare abnormal autidoping

Tansducton by intial lysate Figure 10-30 Specialized transducrion

mechanisms in phage A. (a) The production
of a lysogenic bacterium takes place by
crossing-over in a specialized region. (b) The
lysogenic bacterial culture can produce nor-
mal 4 or, rarcly, an abnormal particle, Adgal,
which 1s che transducing particle. (¢) Trans-
doction by the mixed lysate can produce gal*
transductants by the coincorporation of Adgal
and a 4 helper phage or, more rarely, by
crossovers flanking the gal gene. The purple
double squares are bacterial integration sites,
the red double squares are A integration sites,
and the pairs of purple and red squares are
hybrid integration sites, derived partly from
E. coli and partly from A.

M’
Trarsductants produced by recombination
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Conjugation

IS 3a

Tn 1000 (y-9)

IS 3b
IS 2

tra-
Gene

oriT

: oriV

inc
Abb.4.16 Physikalische Karte des F-Plasmids. Die
DNA besteht aus 100000 Basenpaaren. Das linke
Ende des IS 3-Elementes gilt als Beginn der Karte.
Nur ein kleiner Teil der ca. 60 Gene des F-Plasmids ist

angegeben. Weitere Beschreibungen im Text [nach
25].
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Bacterial Conjugation

Mating bacteria are initially
connected when donor F-pili
contact the recipient bacterium.

Source Lewin Xl



F- cells (female)
No F-plasmid present

F* cells (male)
F-plasmid present

Hfr cells
F-plasmid is integrated into
Bacterial chromosome

Partners interacting at conjugation
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DONOR RECIPIENT

Conjugative DNA Transfer

F-positive donors conjugate with F-negative recipients Rolli ng Circle Rep| ication
TraY/l nick DNA at oriT ‘

Figure 12.22 Transfer of DNA occurs when the F
factor is nicked at oriT and a single strand is led by the
5' end into the recipient. Only one unit length is
transferred. Complementary strands are synthesized
to the single strand remaining in the donor and to the
strand transferred into the recipient.

TraY/l multimer migrates
- around circle, unwinding DNA | - . -

| Complementary strands are synthesized ;
B s | <
SIS

p N> 1

Single strand enters recipient |
¥ Donor gap is closed ‘ Recipient circularizes

. W—— —

J



" Graz-

DONOR BACTERIUM

F PLASMID

oriT tra region

nicked at oriT

F factor is

v

RECIPIENT BACTERIUM

E. colichromosome =«
L]
‘e
Silrpparanninid
1 3——_—;
e
-
Ll
‘e
I o s an’e 3 i
TARALALLL.t 5" end leads single strand
. into recipient
‘. ps"E Ny "y

7 N| 7 N

...

//f

=\
* Donor DNA recombines®s
,'Wlth recipient genome s

A

Transfer of chromosomal DNA
occurs when an integrated F
plasmid is nicked at oriT.

Rolling circle replication
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Figure 12.20 Thetra
region of the F plasmid M

contains the genes
i ‘ded f.o r bacterial e a¥y1ay DNA nicking & unwinding Tral
conjugation. le

F

. a
e [
: : | Surface exclusion Channel?
Y -
[ ]

oriT traMJ YALEK BPVR C WU N trbCDE traF trbB traH G ST D 1V4
finP

o

c‘\ﬂlAnﬂ An mve s e——



a biIS3 l IS3 ¢ d

ori T tra-Gene

Scheme of integration of F-plasmid into bacterial (E.coli)
chromosome
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Interupted Transfer:
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o
1
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Streptomycin-resistente Zellen [%]
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10: © 20° 30 " 40 " 50 60

Inkubationszeit [min]

Abb. 4.21 Das Experiment der ,unterbroche-
nen Paarung”.
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origin
thi metBxyl mal trp gal tsxlac azi thr
Hfr |4 €——t—t .
origin
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trp
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Abb.4.22 Reihenfolge des Marker-Transfers bei
einigen verschiedenen Hfr-Stammen.
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Abb. 4.20 Konjugation. In unterschiedlichen Hfr-
Stammen ist das F-Plasmid (blau) an verschiedenen
Stellen des Hauptchromosoms eingebaut. Es wird
mit dem daranhangenden Strang des Haupt-
chromosoms in die Empfinger-Zelle tbertragen.
Dabei findet DNA-Synthese statt (gestrichelte Linie).
Daraus folgt: Bei der Konjugation kann die Reihen-
folge, in der die Gene (bertragen werden, ver-
schieden sein, abhangig von der Art des unter-
suchten Hfr-Stammes. Die DNA in der Empfanger-
Zelle ist nicht eingezeichnet.
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# Excision of F-Plasmid from Hfr Genomes :
Formation of Plasmids containing chromosomal fragments - F*

Typ-l-Exzision Typ-ll-Exzision

ZV Zy,
5’ ,;’ Abb. 4.19 Exzisionswege bei der Bildung von
C C Hfr- F’-Plasmiden.
Genome Beachte:
1. Bei der Typ-I-Exzision bleibt ein Teil des Plasmids
| im Hauptchromosom zurtick. Das entstandene
z Exzisionsprodukt kann als Plasmid in der Zelle re-
y plizieren, wenn es noch mindestens die plas-
b2
i Hauptchromosom zuriickgeblieben sind, hat das
Plasmid die Fahigkeit zum Konjugationstransfer
verloren. Der chromosomale DNA-Abschnitt im
! F’-Plasmid entspricht einer Folge von genetischen
Elementen, die urspringlich auf einer Seite des
z @ F integrierten Plasmids lagen.
Y 2. Das unterscheidet die Typ-lI- von der Typ-ll-Ex-
b a
X

midalen Replikationsfunktionen und den ori V
: : zision, bei der chromosomale DNA-Abschnitte
von beiden Seiten des integrierten F-Plasmids
ausgeschnitten werden. Bei der Typ-lI-Exzision

(s. Abb. 4.11) besitzt. Falls die tra-Gene im
bleiben keine plasmidalen Sequenzen im Haupt-
chromosom zuriick.



F Plasmid (I' P* O Z"Y" A")

lac-Gene |I DNA  Bakterienwand

ok ey

| 1
TR,

il o Moene
33T .

|
Chromosom (I P* O Z' Y' A")
Abb. 4.37 Merodiploide Zelle vom Typ I'|FT".
Das lac-Gen ist im Verhaltnis zu groR gezeichnet. Es
nimmt in Wirklichkeit nur den Platz von etwa 0,15%
des E.coli-Chromosoms ein. Das Wildtyp-lac I-Gen
des Plasmids produziert einen aktiven Repressor
(griine Kugeln), der sich frei in der Zelle befindet
und deshalb sowohl am chromosomalen lac-Opera-
tor als auch am plasmidalen lac-Operator angreifen

kann. Zur Bedeutung der genetischen Elemente P
und O siehe Text.
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Formation of ,,partial diploids*
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Abb. 10.18. Transformationsmechanismus bei Bakterien.
Oben: Vom Bakteriengenom (Kreis) werden Kompetenz-
faktoren (blaues Viereck) kodiert, die an membrangebun-
dene Rezeptoren binden (Raute) und dadurch weitere
Gene induzieren. Hierdurch werden membrangebundene
DNA-bindende Proteine und Nukleasen (Kreise) aktiviert,
die extrazellulire doppelstringige DNA binden und
abbauen. Unten: Ein Einzelstrang dieser DNA kann durch
DNA-bindendes Protein (Ellipsen) gegen Abbau geschiitzt
werden. Dieser DNA-Einzelstrang kann in die Bakterien-
zelle eindringen und mit dem bakteriellen Genom rekom-
binieren. (Nach Watson et al. 1987)
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Transformation

Uptake of DNA by cells

Natural Transformation

Competence:
Specific physiological conditions
Expression of DNA binding proteins

Transport: of DNA into cell:
specific active transport mechanisms
random events

Integration of DNA into genomic DNA by
recombinantion
or autonomous replication (plasmids)
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[ransformation

Forced DNA Transfer
mostly undefined mechanisms

Treatment of cells with ions (Ca++, Mg++, Li+, Rb+)
Generation of protoplasts & Fusogenic agents
Electroporation

Mechanical transfer = Gene gun
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Sexu Ination In fower eukaryotes

Heterokaryons

Karyon Fusion
Diploids )(XX)(
Mitotic Intramolecular Recombination )(XX)(

Segregation of chromosomes
Haploids

Cell Fusion of haploids

®
®




