RIEJ ROEDT Dy —22 5

CHEBHDIEE
U (9359)0) C G2 ACPr=") G Jr=)
UUU Szops=y (UCU UAU 200y ay | V00 9254 (o) BB
18] 8(8) (Phe) | UCC J UAC UGC C
U2 (Ser) »

A oS i, HCH AR Qeaerary | A

vug — 77 " uee UAG) UGG FUTRT7Y(Tr) | G

E B ch cr o | :
] O4 > (Leu) ~0U~ (Pro) PZIL¥Z> (Arg) 3
= CUA CCA CAA =D CGA Az
g CUG CCG CAG ¥ CGG G|B
1)) A AAU AGU D
e iy s ing 72)¢S5%>/(Asn) 1> (Ser) u &

AUC 4vO4Y (Ile) | ACC — AAC C
1 NN aciny D A== T ey AGA b

—/ M\ Ry U (Lys) ZILF¥=> (Arg)
AUG XF#=> (Met) | ACG AAG AGG G
GUU GCU GAU 725+ GGU U
GU GCC GAC (Asp) | gGC
x JXU > (Val) PS5=>2'{Als) g0 (Gly) C
GCA GAA -+ GGA A
JILEY =8 (Glu)
GUG GCG GAG GGG G

UAA—ZF—N—(EITR)EE

UAG—7UN—(BRIHE) L&

UGA—ZAN—ILZEE

SACVAREET VEVARE

Bernstein( R4 V4 : 371A)
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Photograph of phage 12
plagues on a lawn of E. coli
bacteria

RERAEaholabnt, T75-Dokk
NABEEZEROIENBHZICTEL

T2 r : rapid-lysis mutant

T2 r*:wild-type \

T2 3

Hﬁﬁgﬁtphage



Phage recombination in cells infected

with two different strains of phage 12

T2h: B ERT2NRE TER WV KIZEB/2
([CRRETEDIEER
T2 r : rapid-lysis ZZE2#
T2 hr T2 h*rt

Crossing over between two
different chromosomes

———

~ ~
N

i
\
/h \ h

AIBEBHEB2ROBAET |
j7 ’7"&"1’Ebﬁ§h_t_c
h*r*, hr, hr*, h*rreX
19454 ZEE K I7— VM Q Q %

CHOEGHIHEAEAOFER " h,_* ,,-,,




The life cycle of a lysogenic bacterial virus

The first step in the multiplication of a virus
is its attachment to a host cell; more than one
virus particle can simultaneously adsorb to a
single cell.

Psbtective coat \

Viral
Q
q %
g el
P’ ?

Release of new
host cell wall
The viral chromosomes

chromosome
virus particles
[ ‘1.5
are surrounded by newly

?ﬁ
by lysis of the
r
Py
synthesized protective coats.

Entrance of the

""\
viral chromoson\ /

into the host cell

Lytic cycle (usually takes
15-60 min ot 37 C)

Release of the viral chromosome.
This is generally rare,

may occur only once in 10,000
divisions of a lysogenic bacterium.

—

L
(ED) *
@iy T
g T
[(:vh-phcm.o,, J Lysogenic bacteria

usually divide
at the same rate
of the viral
chromosome

i3

l

as normal bacteria.

=)

Prophage

BIRIAET7—IND7—YTAT7—Y

NI7—=I DT ) L\t 4 X=48Kbp



Insertion of the
chromosome of phage

A Iinto E.coli
chromosome

Small section
of E. coli
chromosome

\

-

A chromosome

Specific point of
attachment
for phage A

/Viral gene
1 3
t
, ' - -

*M
= —
g
—
|
©

Prophage A



Insertion of Mu DNA

lac* gene

—— -

Insertion of Mu

I -

Mu DNA

MUlGBAT7—JEREN, BANEIBIERIGIVILTH
MuDARildI1T—3—HEEK



Transduction, the passive transfer of genetic material

from one bacterium to another by means of carrier
phage particles

O Infection of E. coli by ;@

Formation of a large
number of complete virus

particles and a small number
of defective phages carrying
a small fragment of the
bacterial chromosome

Adsorption of a lac*
transducing P1 particle
to a lac~ E. coli cell

)

Insertion of the lac* region
in the host chromosome

by crossing over

| J

P1 FIVAADYIY P177—20%5 ) Lty 41 X=93Kbp 2.2%9

8



L4

Specialized P,
transducing phage

Prophage integration

gal _ 6/0

Improper excision
of prophage

19

FIAREEA

Transducing )\ chromosome 9



Tlhe demonstration

of crossing over with Site of HllA mulation '

in the gene

TArIAG) T4rlIA &)

—_— ——

In a genetic cross between . . .

four types of progeny particles occur.

TArIAG) T4rllAG T4rIAQ MA@ T4 wild-type

i e 1 R
B B e

a ! |

| | |

|
L

® % i |

I . |
Parental genotypes Recombinant genotypes

10
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Deletion mutations with in the ril region of 14

rilA gene

rliB gene

PB28
1605
- |44
m— | 87
Al A2 A3 A4 Ab b 1 2




The ril region
consists of two
distinct genes that

No phage multiplication

Simultaneous infection of

can complement E. coli K12(A) with two phage

. particles each containing
eaCh Other d uri ng a separate rllA mutation.
simultaneous

infection

No phage multiplication

Simultaneous infection of
E. coli K12()\) with two phage
particles each containing
a different rlIB mutation.

$E*ﬁ'|‘ﬂi*ﬁf€ Normal phage multiplication
YA-+SUARTE T oo
VAMAY

The progeny consist of

a large majority of parental
T4rllA and T4rlIB mutants plus
a small fraction of wild-

and T4rllArlIB genotypes,
which arise by crossing over.

Simultaneous infection of
E. coli K12()) with two phage

particles—one an rllA,
the other an rlIB mutation.



The Genetic Systems Provided by E.
coli

Molecular Biology of the Gene




Fluctuation analysis of bacterial resistance to phage

(19434)
WEOLE ROV TOERSE: oo st
(I¥ILD EH',) (i?:?}rlf inoculated onto plates

covered with phage T1

Incubation 24 hrs

Colonies resistant to T1

© 15

| ! ! |



Velvet surface
(sterilized)

Replica plate
containing streptomycin

BEI—-N—-ORELAD—Y l D

Replica plating

All colonies
grow
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Sl

Treatment of E. coli cells with a
mutagen, such as nitrosoguanidine.

Isolation of mutant E. coli

cells with a specific growth
factor requirement T kil

containing the 20 amino acids, the various
purines and pyrimidines, all known vitamins,
etc. Many of the treated cells fail to multiply
because they are killed by the mutagen. The
remaining survivors multiply to form distinct

—-\colonies on the solid agar surface.

REMEREECEEES

WHZE
ZOEEMAKRDBE

Replica plating Arginine-
and incubation requiring
mutant

<«
=

K& ZKER (auxotroph), . i
JREE ¥k (prototroph) \_

Rich medium Minimal medium Minimal medium
(glucose and inorganic salts) and arginine

All survivors grow. Most survivors grow, but mutants Arginine-requiring

requiri rowth factors do not. mutants can grow.
1 9 14 E ngg 1 ?
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direct selection counterselection
U Bacterial culture

UV radiation

Penicillin

Minimal medium

)k
b S

Ampicillin-containing ]
swairient agor Mikmal digee Agar supplemented with 1 8

various growth factors

B /D I



pH-sensitive dyes to
Bacterial culture detect metabolic mutants

Mutant colonies

Brute force isolation

Mool motie | BEEEEL% . 15EGIO-—%
cells %‘QRDU_:/UITéo

Soft agar

physical selection



The use of growth factor requirments to demonstrate

sexuality in E. coli

thr= : threonine-requiring

leu— : leucine-requiring

TIS: sensitive to phage T1

lac— : unable to grow on lactose

met ~ : methionine-requiring
bio ~ : bidtin-requiring

TIR: resistant to phage T1

lac * : able to grow on lactose

No colonies
on minimal medium 2 ek on minimal medium

No colonies

ARITR XN
BHEAENE

BRI EREFIZ2O0% &
J. Lederberg & Tatum (1946)

A very small fraction of the cells are met*, bio*, thr* , and leu™ . They arise by genetic 2 0

recombination, as shown by examination of the lac and T1 markers. In addition to the
parent lac~ T1Sand lac* T1R genotypes, there are found lac™ T1®and lac* T1° cells.



The attachment of
a male E pilus to
the surface of a femail cell
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http://133.6.129.176/%7Ebunshi4/class/20bunshiiden/Pili-pnas_supplSM2.mp4

D5 LIE T = D73 ds

T1SS T4SS T3SS Chaperone/ T5SS T2SS
usher
'\
liﬁ"? % SipA Sec-dependent pathways

T-DNAOWE2 @) S&’E

eukaryotic cell i
membrane MEEEEH

FimH
FimG
FimF

extracellular

OIgAp OPuIA Space

CEeE j € € eeae . p 1 1 Sfeeeeeeew EECCECCCETETE reeeeeee
E : " - 4 4409006600004 t‘“t Gi‘tt&t.tacl‘!clo N - N

periplasm

BBIFIFIPPIPRD

SS90 DB PRI DR DR PD IR

IM

I L e R Yy 2 b Vecsceeceecens

ATP

cytoplasm

E. coli A. tumefaciens S. enterica E. coli N. gonorrhoeae K. oxytoca
a-hemolysin VirB/D4 SPI1 Type 1 pili IgA1 protease pullulanase Z 3



traT traD Hfr 3

Hfr : the positions where Hfr P3
insertion elements on F tra$ Hfr P804 Hfr AB313
recombine with the bacterial ol / HEr 8
chromosome "‘A
traF Hfr AB312

fraG
:_: z\m H /
traC \

"'GW\

traV
o ——— The genetic map of F
o factor of E. coli
fin : fertility inhibition _— (94 kb)

phi : phage inhibition

inc : incompatibility ﬁnP%

rep : replication o
fra : the transfer of the F factor to female cells /
ilz - immunity to lethal zygosis \,\_/ :

ori : origin of transer replication (inc, rep) " 24
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Hfr (high frequency of recombination) 26

F factor genes

d

—F- cell

F DNA / 4 F pilus
ﬂ
( Hfr cell

Bacterial chromosome

Movement of the bacterial
chromosome from an Hfr cell
into an F- cell

Integratiion of the F factor into
the main chromosome



Conjugation between E-and Hfr bacteria, as
shown in a classic diagram

F. Jacob & E.L. Wollman, Sexality and the Genetics of Bacteria, (1961)



The frequency fo donor Hfr marker genes
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Order of genes in conjugal transfer

In different Hfr strains

Hfr
Strain Order of Gene Transfer

Hayes O@Ieu—azi-ton-pro—lac—pur—gal-trp-his-gly-str—mal-xyl-mtl-ile-met—thi
Hfr 1 O-le@-thi-met-ile-mtl-xyl-mal-str—gly-his—trp-gal-pur—lac—pro—ton-azi
Hfr 2 O-pro-ton-azi-leu@thi-met-ile-mtl-xyl-mal-str-gly-his-trp—gal-pur—lac
Hfr 3 O-pur-lac-pro-ton-azi—leu@thi-met-ile-mH-xyl-mal-str—gly-his-trp-gal
Hfr 4 O-thi-met—ile-mtl-xyl-mal-str-gly—his-trp-gal-pur-lac—pro-ton-azi—leu@
Hfr 5 O-met-thi@leu-azi-ton-pro-lac-pur-gal-trp-his-gly-str-mal-xyl-mtl-ile
Hfr 6 O-ile-met-thi¢thr}leu-azi-ton-pro-lac-pur-gal-trp-his-gly-str-mal-xyl-mtl
Hfr 7 O-ton-azi-leu{thrythi-met-ile-mtl-xyl-mal-str-gly-his-trp-gal-pur-lac-pro
AB311 O-his-trp-gal-pur-lac-pro- ton-azi-leu@thi-met-ile—mH-xyl-mal-str—gly
AB312 O-str—mal-xyl-mtl-ile-met-thi@leu-azi-ton-pro-lac-pur—gal-trp-his-gly
AB313 O-mtl-xyl-mal-str-gly-his-trp—gal-pur-lac-pro—ton-azi-leu@thi-met-ile

SOURCE: From F. Jacob and E. L. Wollman, Sexuality and the Genetics of Bacteria (New
York: Academic Press, 1961). 2 9



Flagellar region Il

Complete genetic map of E. coli |

Flagellar region Il
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The genetic maps

argl ABC pyrA

D

metA —> C
purD,H B
thiA,8,C— ||| pyr8 m' / lev— A
-’ gt r | | proa,B

le '
C A T
I . :
H
s | E Vs
L ilv g l D
arol E
E aroA thiA
i pyrD glyB
ilvH, J, K 2an pyrC A
aroB— Escherichia coli purB | g Bacillus subtilis
cysG—7 ~mp{ € N . argC
wos”” ot |5 o+ e "
E
metA
A
C
B
G D
el | F
thyA pheA purF \—his-{ C F I_ thyA cysB E
argA tyrA metG | B E ser thyB
C pyrG T aroC H D H aroC metB
B & aroF oysA, K A E —trp ilvA,D
H purC f B glyA hisH
j fﬂA, K E J’ A
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