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Phe Genetic Systems Provided by F. colr
and Its Viruses

Molecular Biology of the Gene

1. Eluctuationi analysisiof‘bacterial resistance to phage

(1943%F)

Five separate

E. coli B cultures are
inoculated onfo plates
overed with phage T1
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Incubation 24 hrs.




Handle

Velvet surface
(steriized)

Replica Replica plate
plate containing streptomycin
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2. Replica plating,

Al colonies Only Strep®
grow colonies grow

3. Isolation of mutant H. colx

cellsiwithia'specificigrowth
factor requirement
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filled with a rich nutrient solid agar medium
containing the 20 amino acids, the various

purines and pyrimidines, all known vitamins,
etc. Many of the freated cells fail to multiply
because they are killed by the mutagen. The
remaining survivors multiply to form distinct

Treatment of E. colicells with @
mutagen, such as itrosoguanidine.
The treated cells are placed on a petri dish

REE KK (auxotroph) |
[RRE#k (prototroph)

Rich medium

(1 94 4E) All survivors grow.

_— \w\onies on the solid agar surface.
A—
Replica plating Arginine-
and incubation requiring
motant
Minimal medivm Minimal medium
(glucose and inorganic salts) and arginine
Most survivors grow, but mutants Arginine-requiring
requiring growth factors do not. mutants can grow.

4, Enriching mutants I =~

direct selection B
U

counterselection
f)'UV radiation

Bacterial culture.

Inoculation
and incubation

=
Plate out Minimal medium
and incubate
U
AmpR colonies
grow

5. Enriching mutants/ I

Bacterial culture

Mutant cells

Soft agar

Normal motile

pH-sensitive dyes to detect
metabolic mutants

1=~ Mutant colonies

Brute force isolation
ERAEFE- %, 1 FEDI

Ampicillin-containing physical selection cells O=——%&4Ax7Y k)
nutrient agar Minimal agar Agar supplemented with B,
Various growth factors
siihe use of growth factor requirments toidemonstrate Lo Hfr 3
. . . By tral  trai
sexuality i /7. col Hfr : the positions where Hir P3
insertion elements on F tra$ Hfr P804 Hfr AB313

thr=: threonine-requiring met~ : methionine-requiring recombine with the bacterial tral L / Hir 8

leu™: leucine-requiring bio~: biotin-requiring chromosome ilzA

TIS: sensitive to phage T1

TIR: resistant to phage T1

lac—: unable to grow on lactose loc* : able to grow on lactose

No colonies
on minimal medium

No colonies
on minimal medium
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J. Lederberg & Tatum (1946)

A very small fraction of the cells are met*, bio* , thr*, and lev* . They arise by genetic
bination, as shown by ination of the lac and T1 markers. In addition to the
parent lac~ T1Sand lac* T1% genotypes, there are found lac~ T1® and lac* T15 cells.

fin : fertility inhibition
phi : phage inhibition

tra)
traM

inc : incompatibility ﬁnP7

rep : replication

tra : the transfer of the F factor to female cells

ilz : immunity to lethal zygosis
ori : origin of transer replication

Hfr AB312

15. 4he geneticimap)of Hi
factor ot K. colr

(O4'kb)

phi

(inc, rep)




16. The attachment of‘a:
male ki pilus to the surface
of'a femaill cell

17. The transter of I'* DNA:
to an k" cell

1 3

ed (color) in the donor cell

“ompletion of DNA transfer and synthesis

Transfer of one strand o F ~ cell as F DNA
Cells separate

S
|
|
A

F factor nicked in one strand
DNA synthesis (color) in the recipient cell

onjugation

Bacterial
chromosome
F* ocell

180 Hifr'(highifrequency of‘recombination)

o

F factor genes
e d

F pilus

Hfr cell

Bacterial chromosome

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

e Integratiion of the F factor into

the main chromosome

2. Conjugation between F-and Hir bacteria, as
shown in a classic diagram

Begin

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

21. Thefrequency toidonor Hir'marker genes

100 The relative gene order = azi-T1-lac-gal
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Frequency of Hfr genetic characters among
recombinants (percent)

Time after mixing parent cultures (min)

1'1. Order’of genesimi conjugal transter miditferent Hir strains

Hfr
Strain Order of Gene Transfer

Hayes O@leu-azi—ton-pro—lac—pur-gal-frp-his-gly-slr—mal-xyf—mtf—ile-met-thi
Hfr 1 O-le@-thi-rrrct-ile-mtl-xyl-mal-sfr-gly-his-trp-gal-pur-lac—pro-ton-azi
Hfr 2 O-pro-ton-azi-leu@ly thi-met-ile-mti-xyl-mal-str-gly-his-trp-gal-pur-lac
Hfr 3 O-pur-lac—pro-ton-azi-Ieu@thf—met-i[e-mti-xyf—mal—str-gly-his-trp— al
Hfr 4 O-thi-met-ile-mt-xyl-mal-str-gly-his-trp-gal-pur-lac-pro-ton-azi-leu

Hfr 5 O-miet-thithp-leu-azi-ton-pro-lac-pur-gal-trp-his-gly-str-mal-xyl-mtl-ile
Hfr 6 O-ile-met-thithp}leu-azi-ton-pro-lac-pur-gal-trp-his-gly-str-mal-xyl-mt!
Hfr 7 O-ton-azi-leuhrythi-met-ile-mtl-xyl-mal-str-gly-his-trp-gal-pur-lac-pro
AB311 O-his-trp-gal-pur-lac-pro- tan-azr'-lcu@thi-met-ile-m!(-xyl-mal-sfr—gly
AB312 O—str—mal—xy!—mt!—ile—met—thi@leu»azi»ton«pro-lac-pur-gal-trp-his-gly
AB313 O-mtI-xyI-maJ-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).




22-1. Complete geneticmap) of 1. colr

Flagellar region II

Flagellar region III
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