
Lytic Bacteriophages7 FIND CHAP TOC

A

B

Figure 7.1



Lytic Bacteriophages7 FIND CHAP TOC

Phage
DNA

Replicating
phage DNA

Assembly of
late proteins
into heads
and tails

Packaging
of DNA
into heads

Late
mRNA

Late
proteins

Early mRNA

Early proteins

Synthesis of
early mRNA
and protein

5 10 15
Time (min) after infection

20 25 30

35

40

Replication
of DNA

Synthesis of
late mRNA
and protein

Lysis and
release
of phage

Packaging
of DNA
into heads

Injection
of DNA

Snyder/Champness
Molecular Genetics
of Bacteria
Figure 07.02
05/23/02
Use at 100%

Figure 7.2



Lytic Bacteriophages7 FIND CHAP TOC

Activation

DNA

Repression

Early
genes

Middle
genes

Late
genes

Snyder/Champness
Molecular Genetics
of Bacteria
Figure 07.03
05/23/02
Use at 100%

Figure 7.3



Lytic Bacteriophages7 FIND CHAP TOC

Antirestriction

0.3 0.4 0.5 0.6 1.1 1.2 1.3 2 3 4 5 6 8 9 10 11 12 13 14 15 16 17 18 19A B 0.7 1

Protein
kinase

RNA
polymerase

DNA
ligase

DNA
metabolism

Phage
assembly

Snyder/Champness
Molecular Genetics
of Bacteria
Figure 07.04
05/23/02
Use at 100%

Figure 7.4



Lytic Bacteriophages7 FIND CHAP TOC

T7 gene 1

DE3

E. coli RNA
polymerase

E. coli genome

lacO
lac promoter

lacO
T7 promoter

pET

lac
repressor

lac
repressor

lacI gene
T7 lysozyme

T7 RNA polymerase

T7 RNA
polymerase

INACTIVE

T7 lysozyme
gene

Host cellIPTG induction IPTG induction

lacI gene

Target gene

pLysS
or E

Snyder/Champness
Molecular Genetics
of Bacteria
Figure 07.05
05/23/02
Use at 100%

Figure 7.5



Lytic Bacteriophages7 FIND CHAP TOC

B T7 “display” phage particle

A

Wild-type
T7 DNA

1

Early genes

Create library

Express fusion
proteins

Cloned peptides
or protein ORFs

Capsid
protein

T7 RNA Pol

Cloning proteins to be ”displayed” C ”Panning”

Hexameric capsid
fusion subunits

10

Late structural genes

Polycloning sites

Target

Capsid

Bind

Repeat

T7 vector

Fusion proteins

10

10
Elute

Amplify

10

Box 7.3



Lytic Bacteriophages7 FIND CHAP TOC

Figure 7.6



Lytic Bacteriophages7 FIND CHAP TOC

p34

p37

p18

p23
p23*

Figure 7.7



Lytic Bacteriophages7 FIND CHAP TOC

Tσ70 consensus promoter

“–35 sequence”

TG

T4 middle-mode promoter

ACA

–31

C T T A

T A T A A T

T A T A A T

T4 late promoter T A T A A A T A

–

–––––––––––––––––––––– –

–17 bp

T T TG –13 bp

“–10 sequence”

–10

–

Figure 7.8



Lytic Bacteriophages7 FIND CHAP TOC

Replication
complex

Promoter

33

55

45
43

RNA

Pol

Figure 7.9



Lytic Bacteriophages7 FIND CHAP TOC

Outer
membrane (OM)

pVIII replaces pV
pVII, IX

Periplasm

Capsid proteins
in membrane
take up DNA

pV coats
ssDNA

Inner
membrane (IM)

OM

IM

Rolling-circle
replication

2

7

Phage enters
cell

Recipient
cell

F-pilus

6

Phage attaches
to new cell

5

1

Phage
exported
as pIII
releases
particle
from IM

4

V
V

V

pVIII

pVI
pIII

pIII and pVI dockDNADNA

3

OM

IM

OM

Secretin

IM

Figure 7.10



Lytic Bacteriophages7 FIND CHAP TOC

(–)

(+)Gene V
product

DNA packaged
into phage
particles

RNA

RNA
removed by
exonuclease

(+) strand RF DNA

(+)(–)

(–)

DNA replaces

Gene II
endonuclease

Nick in (+)
strand origin

Covalent linkage
to 5′ end

(–)(–)

(+)
(+)

Gene II
product

Progeny
(+) strand

Rolling-circle
replication

(–)
(–)

RF DNA
(+)

(+)

Pol III

II

II

II
II

3′

(+)

Figure 7.11



Lytic Bacteriophages7 FIND CHAP TOC

IV

IX

V

VIII

VI

I

III

VII

X
II

Plus
ori
Minus

M13mp18
7249 bp

p la
cZ

Polylinker cloning sites

atgaccatgattacgaattCGAGC TCGGTACCCGGGGATC CTCTAGAGT CGACCTG

Ecl136I
SacI

EcoRI
CAGGCATGCAAGCTTGGcact

Polylinker
cloning sites
6230–6288

lac
Z′

la
cI

KpnI
Acc65I

BamHI SalI
HincII
AccI

SphI

XmaI
SmaI XbaI PstI HindIII

Figure 7.12



Lytic Bacteriophages7 FIND CHAP TOC

1 Anneal oligonucleotide
with mismatch

2 Extend with DNA 
polymerase and ligate

Cloned insert

Vector

M13mp

M13 plaques

3 Transfect E. coli

4 Isolate RF DNA

Mutant Wild type

Mismatched
oligonucleotide

Figure 7.13



Lytic Bacteriophages7 FIND CHAP TOC

M13
(+)

U

U

U U

U1 Prepare ssDNA of
M13 vector propagated
in dut ung mutant E. coli

2 Anneal primer with
desired mismatch

U

U

U U

G T

U

U

U

U
U

G

U

3 Extend with DNA polymerase,
and then ligate

4 Transfect Ung+ E. coli

T

(–)

G

5 Isolate RF DNA

T

(–)

(–)

A T

(+)

Figure 7.14



Lytic Bacteriophages7 FIND CHAP TOC

A

5′
3′

3′
5′B

3′
5′

5′
3′

TR TRori

C

TR TR

3′

3′

D

3′
5′

5′
3′

TR TR

E

Figure 7.15



Lytic Bacteriophages7 FIND CHAP TOC

��������� ����������������������������������������������������������������������
��������������

��������������� ������� �������� ��������������������

��������������������������

���� ��������� ��� � ���������� �� �
���� � ������������� ����

���������� ������������ ��

���� �������������������� ���

���� ���� ����

���� ������� �

���������������� ������������� ������

���� ���������� �

��� ������� �

�����������������������������������

���� ���� �

���� ���� ��������������

���� � �������������

���������� ������������� ����������������������

���� ��� ���

���� ���� �

���� ������ �
������������������
� ��������������������������������������������������������������������������

Table 7.1



Lytic Bacteriophages7 FIND CHAP TOC

Stage 1:
specific
origins

Stage 2:
no specific
origins;
recombination
dependent

Figure 7.16



Lytic Bacteriophages7 FIND CHAP TOC

A B CD E F GH I X

Headful

Y Z A B CD E F GH I X Y Z A B CD E F GH I X Y Z A B CD E F GH I

Figure 7.17



Lytic Bacteriophages7 FIND CHAP TOC

G
C

A
T

G
C ×

A
T

A
T

G
C

A
T

G
C

G
C

A
T

G
C

GC
AT

G
C

A
T

A
T

A
T

Parental

G
C

GC
GC

Recombinant Recombinant

AT
GC

Parental

AT
AT

Figure 7.18



Lytic Bacteriophages7 FIND CHAP TOC

M N

+ –

M N

+m1

M N

– +

M N

+ –

M N

–

–

–+

M N

+m2

M N

+m1

M N

m2

Infect nonpermissive host

Phage

M

No phage

N N N

Figure 7.19



Lytic Bacteriophages7 FIND CHAP TOC

Figure 7.20



Lytic Bacteriophages7 FIND CHAP TOC

A

r3 r21

r12

r +

B

r3 r21

r +r12

Figure 7.21



Lytic Bacteriophages7 FIND CHAP TOC

rpB242

rPT1

rJ3

r1241

r1272

rA105

r638

r IIA r IIB
r +

Figure 7.22



Lytic Bacteriophages7 FIND CHAP TOC

B4 B3 B2 B1 A6d

B 
ci

st
ro

n

A
 c

is
tr

on

A6c

Figure 7.23



Lytic Bacteriophages7 FIND CHAP TOC

A Reversion

+

Reversion
r

B Suppression

r x

++

++

r mutant
recombinants

No r mutant
recombinants

Figure 7.24



Lytic Bacteriophages7 FIND CHAP TOC

G A G U C A U U A A G A G C A G U U G C C G U C A U G

G A G C

C(+)

U C A U U A A G A G C A G U U G C C G U C A UFC0

G A G C

A(–)

U C A U U A A G G C A G U U G C C G U C A U GFC0, FC7

G A G U

A(–)

C A U U A A G G C A G U U G C C G U C A U G –FC7

Figure 7.25



Lytic Bacteriophages7 FIND CHAP TOC

G A G U C A U U A A G A G C A G U U G C C G U C A U G

G A U C

G(–)

A U U A

Stop

A G A G C A G U U G C C C G U C A U G+1 frame

C(+)

A(+)

G A G A U C A U U A A G A G C A G U U G C G U C A U G–1 frame

C(–)

Figure 7.26



Lytic Bacteriophages7 FIND CHAP TOC

Region deleted
in r638

rIIA+ rIIB–

rIIA rIIB

Region deleted
in r1589

rIIA– rIIB+

rIIA''B Fusion
protein

A B

Figure 7.27



Lytic Bacteriophages7 FIND CHAP TOC

A

B

r1589

Phenotype

r II

r IIA+

gene product

r IIA
r IIB
Imperfect short repeats

r1589
r II

r1589 r1589
r II

r II

r1589

r638

r638

A

x

r +
r638

r IIA' 'B
gene product

r1589

r1589

r638

y yx

x

x

B A B

2 Recombination
between duplicated
x segments

1 Recombination
between duplicated
y segments

1

2

3

Figure 7.28



Lytic Bacteriophages7 FIND CHAP TOC

am1 am2 +

One crossover

Parental genomes

+ + ts3 

×
+++

A Wild-type recombinant genome

am1 + am2

Two crossovers

+ ts3 +

××
+++

B

Figure 7.29



Lytic Bacteriophages7 FIND CHAP TOC

Phage DNA

Donor strain
infected

Phage contains
trp+ bacterial DNA

Recipient strain infected

Recombinant recipient

Trp+

trp
+

trp+

Bacterial DNA

Trp–

Trp+

Figure 7.30



Lytic Bacteriophages7 FIND CHAP TOC

��������� �������������������������������
�����������������������������

�����

�������������� �� ���

��������������������������� ��� ��

������������������������� � �
����������

������������������� ����������� �����������
������� �������

���������������������� ����������� ������������
����������� �������������

�������������

��������������������� ��������� ��������������
��������� ��������

���������

�������������������������� � �
���������

�������������������� ��� ���
��������������������������

Table 7.2



Lytic Bacteriophages7 FIND CHAP TOC

Plate without arginine to
select Arg+ transductants

Recipient: Arg– Rifr

Donor: Arg+ Rifs

arg+ Rifs

argH5rif-8

Figure 7.31



Lytic Bacteriophages7 FIND CHAP TOC

or

metA15

metA15
argH5I

II argH5 rif-8

rif-8

Figure 7.32



Lytic Bacteriophages7 FIND CHAP TOC

��������� �����������������������������������
������������������

��������������������� �������������������

���� ���� ���� ��

���� ���� ���� ��

���� ���� ���� �

���� ���� ���� ��

Table 7.3


