4 Bacterial Conjugation

he initial cvidence for bacterial conjugation, the transfer of ge A
netic information by direct cell to cell contact, came from anele-
gant experiment performed by Joshua Lederberg and Edward L.
- Tatum in 1946. They mixed two auxotrophic strains, mcubated N
the culture for several hours in nutrient medium, and then plated
it on minimal medium. To reduce the chance that their lesults /|
- were due to simple reversion, they used double and (triple aux- |
Glz:ophs on the assumption that two or three | reversions would not
-~ often occur simultaneously. For example, one qtlam lequucd b1—
- ofin (B;o ). phenylalanine (Phe™ ) and cysteme (Cys_
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Figure 13. ﬂ’ / (lence for Bacterial Conjugation. Lederberg sm& .
Tatum’ s demonstmtmn of genetic recombination using triple
auxotrophs See text for details.

ciate and undcrgo recombination. o
Lederberg and Tatum did not directly prove that ph‘
ntact of the cells was necessary for gene transfer. Th1

dcncc was provided by Bernard Davis (1950), who comtluc
U tube consisting of two pieces of curved glass tubing ﬂl

at the base to form a U shape with a fritted glass filter bctwce
the halves. The filter allows the passage of media but not bacte

ria. The U tube was filled with nutrient medium and each Md‘

inoculated with a different auxotrophic strain of E. coli (f' igure

13.13). During incubation, the medium was pumpcd bETpk“and

forth through the filter to ensure medium exchangc bc ‘

ed ‘Lcdclberg and Tatum was polar That is, Iihem
(F") and ipient (F") strains, and gene transt
‘ und thatin F* X F~ matmgﬂm




moves 1o the recipient (fig )
copied to produce doub!c—st e “P A Bec:
mosome genes are rarely lran*siem, | hc, independent F fac-
tor, the recombination frequency is lo v. It is still not completely
clear how the plasmid moves betwu:n bacteria. The sex pilus or
F pilus joins the donor and recipient and may contract to draw

ause bacterial chro-

them together. The channel for DNA transfer could be either the

hollow F pilus or a special conjugation bridge formed upon con-
m. The ro g~

Although most research on plasmids and conjugation has
been done using E. coli and other gram-negative bacteria, self-

circle mechanism of DNA replication (p. 236)

transmissible plasmids are present in gram-positive bacterial gen-
era such as Bacillus, Streptococcus, Enterococcus, Staphylococ-
cus, and Streptomyces. Much less is known about these systems.

1t appears that fewer transfer genes are involved, possibly becanse

a sex pilus does not seem to be required for plasmid transfer. For

example, Enterococcus faecalis recipient cells release short pep-

tide chemical signals that activate transfer genes in donor cells
containing the proper plasmid. Donor and recipient cells directly
to one another through special plasmid-encoded proteins

U- .tpenmq.nt The U-tube experiment
ic recombmnnon by con_]ugahon ra:gmres direct
vee hactena See text for detmfs

Figure 1
used to show
physical contact be

quences present on both the plasmid and host chromesomes.

integrated, the F plasmid’s fra operen is still functional:

mid can direct the synthesis of pili, carry out rolling-cire

tion, and transfer genetic material to an F~ recipient cell. Su

donor is called an Hfr strain (for high frequency of recombin
because lt B)\hlblts a very high efﬁcnency of chromosamﬁt

cause only part of the F factor is transferred at the start (the initi
break is within the F plasmid), the F~ recipient does not '
F" unless the whole chromosome is transferred. Transfer
dardized at 100 minutes in E. coli, and the connectios

_breaks before this process is finished. Thus a cor

usually is not transferred, and the recipient remains
As mentioned earlier, when an Hir strain p

jugation, bacterial genes are frequently

ent. Gene transfer can be in either a ¢
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~ Hfr Conjugation

Because certain donor strains transfer bacterial genes with great ef-
ficiency and do not usually change recipient bacteria to donors, a
second type of conjugation must exist. The F factor is an episome
and can integrate into the bacterial chromosome at several different
locations by recombination between homologous insertion se-

chromosome enters the recipient cell, it
corporated into the F~ genome by rec

F’ Conjugation

Because the F plasmid is an episome, it can fmﬁa |
chromosome. Sometimes during this process the id ma
an error in excision and picks up a portion of the chromosoma
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cells

_ replicated by rolling-
circlamethod

Connection breaks,
F factor replicated ending transfer; fragment of
and transferred donor DNA incorporated




material to form an I plasmid (figure
to observe the inclusion of one or o 0
mids. The ¥’ cell retains all of its genes, al
arc on the plasmid. and still mates only with an
X F~ conjugation is virtually identical with 15 X
Once again. the plasmid is transferred. I\utmmlly bac
on the Lhromesame are not (ﬁgurc 113 l‘ib) Bdt t¢

baztena! mromosnme

mnto the reupiem Lhmmasomc to be expre ss{,di ‘T i o
| I i
comes F’ and is a partially diploid mnrwy‘g,mu 0

e lil ha
sets of the genes carried by the plasmid. In lhjs‘ way spcul't bac- ‘ .
terial genes may spread rapidly throughout a bac terial population. | .
Such transfer of bacterial genes is often called suxducuen - [2? -
F’ conjugzation is very important to the mic mbml geneticist.
A partial diploid’s behavior shows whether the allele carried by
an F’ plasmid is dominant or recessive to the chromosomal g gene.
The fﬁm@aﬁ of ¥’ plasmids also is useful in mapping the chro-
MOSOME Since ﬁi’%ﬁ genes are picked up by an F im,mr thLy must
= beileagiﬁxfr‘ : ‘

w wax |ld s.u)vmd

1. Whatis hziazriii c,ﬂﬁjﬁgalim and |
di “53&01! wnh |

3_Distinguish between F'_ Hir,
respect Lo their physical natu
2_Describe in some detail how
processes proceed. and distin
mechanism and the final resu
4. What is F' conjugation and why isiit s0
geneticist? How does the F phsmld d"
plasmid? What is sexduction?

13.5 DNA Transtormation |

The second way in which DNA
through transformation, disco
Transtormation is the uptake b
or {ragment from the medium ang
ecule into the recipient chi mmmm‘ ’
vl transformation the DNA ¢o
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Stable transformation
Transformation with a plasmid
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