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MICROBIAN GEETICS: REVESIBLE INTEGRATICN OF
THE F' SEX EISOME I ESCHRtICHIA COLI K 12

[Following is a translation of a report made by Francois
Cuzin and Francois Jacob, of the Microbian Genetics Sec-
tion of the Pasteur Institute, Paris, at the 1 July 1963
Meeting of the Academy of Sciences, Paris, transmitted
by Jacques Trefouel and aided by a grant from the Nation-
al Science Foundation of the United States of America and
of the French Fund for Development of Scientific and Tech-
nical Research as -well as by the Pasteur Institute, in the
French-language periodical Comptes Rendus de l'Academie
des Sciences (Reports of the Academy of Sciences), Vol
CCLVII, No 3, 1963, pages 795-797°]

Some clones, Hfr, were selected, either at high temperature or at
low temperature in the presence of acridine on the basis of mutated bac-
teria whose F' episome does not multiply at high temperature in the aut-
ononous state. The integration mechanisms of the episome and of the
chromosomal transfer by I strains may be deduced from the properties of
these strains.

The sex episome of Escherichia coli K 12, in the autonomous state.
confers on the bacterium that carries it---,) the capability of being
paired with a bacterium F- and of transferring episome F to it at high
frequency. The integration of the episome and of the chromosome creates
a new type of male bacterium (Hfr), which transfers an oriented group of
chronosomal genes at high frequency, but does z,ot transfer the autono-
mous episome F. (E. L. Wollman and F. Jacob, La sexualite des bacteries
(The Sexuality o -Bacteria Paris: Masson, 1959)., A third sexual type,
intermediary type (I, has been observed recently (F. Jacob and E. A.
Adelberg, Comotes rendus [Reports of the Acadaqlof Sciences], Vol CCKL3X,
1959, P 189; 3 A. Adelberg and S. N. Burns, J. Bact., Vol LXXIX, 1960,
p 321). The I bacteria transfer the episome by crossing the autonomous
state with the same efficacy as the e, bacteria. Like the Hfr bacteria,
on the other hand, but with a ten times lower frequency, they transfer
a characteristic chroosomal sequence. All these characteristics are



acquired simultaneously by the bacteria that receive the episome of an
I bacteria (modified episome F') by conjugation.

This modified episome carries a chromosomal segment (including,
eventually, genetic markers, for example the Lac genes) mhich enables
it to be integrated in a determined point of the chromosome (F. Jacob
and E. A. Adelberg, loc. cit, and E. A. delberg and S. N. Bums, loc.
cit.). This integration, probably reversible, may result in a transi-
tory Hfr state in a fraction of the I bacteria. We were able to study
directly the Hfr variants of I bacteria whose episome, as the result of
a mutation, does not multiply at a high temperature (F. Cuzin and F.
Jacob, XLevgnth Int. 29U. of Genetics, The Hague, 1963, in press).

The mutant episome (F -Lac ) is not reproduced at 4Z C.; it is
diluted during bacterial multiplication. It is regularly observed,
after cultivating a Lac'/F-Lac clone t 4t2 C., that a fraction (0 to

15%) of the bacteria perpetuate the Lac characteristic. Cne fraction
of these Uxermostable Lao variants are F- haploid recombinations; a-
nother fraction is composed of diploid bacteria for the Lao region, vhich
retain the F factor. This last class offers special properties:

1. These bacteria do not transfer the autonomous episome to r
bacteria at high frequency.

2. They carry a duplication ofthe Lac chromosomal segment; they
are obtained on~the bpSjs of a y'z /y strain, and they segregate hap-
lOid clones ya and y z at a low rate (less than 1%). They synthesjize
twice the quantity of P-galactosidase produced by a haploid strains At
the time of the crossings they transfer the y'+ and r27 segments in-

3. These bacteria transfer, with an ncreased frequency (2 to 10
times with relation to the I strain), a chromosomal sequence that, ac-
cording to the clones, is [See Nqot):

(a) 0 La(y#z) Pro T L ... (l Ade Lac(ry) F

or

(b) 0 La(yz*) Pro T L ... Gal de Lac(y z ) F.

([ote:] Lactose (Lao) fermentation genes - production of gal-

actoside-poreaSS (y). *Of p-galacto5.~ase (z),: sfermentation Of galactose
(Gal, ytrhesis of proline (Pro), threonine (T), lucwne (L), adenine
(Ade).)

The y%4' (or y z characterstic is the first marker transferred*
7his is clearly Sho by intUfltO of the crossing at various times
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(by mechanical agitation). The Lac recombinations produced in this way
are of F sex type. A high degree of connection is observed between Lac
and Pro, Finally, a fraction of the recombinations selected for the
subterminal marker Ade receives the y'z + genes (in the case where the
transferred sequence starts as y z ). It is possible to ascertain the
transfer of one or the other of sequences (a) and (b) by assuming that
the integration of the episome takes place by recombination with the
chromosome. According to whether the recombination takes place on one
side or the other of the Lac marker, we will obtain one or the other of
the two Hfr types.

4. The Integration of the episome is reversible. A culture of
an Hfr diploid at 420 C. is diluted and spread over plates that are then
left at 36 C. After growth of the colonies, the plates are replicated
in two specimens on an indicator medium (EMB lactose). The two replicas.
left for twenty hours at 30 C. and 42 C., respectively, are compared:
0.1% to 0.5% of the colonies are Lac- at 42 C., although they are Lao
at 30 C. These bacteria carry the episome in the autonomous state.

The integration of the F factor, therefore, enables its replica-
tion at high temperature under conditions in which it does not occur in
the autonomous state. Likewise, we have been able to verify that the
acridine compounds, that prevent the reproduction of the autonomous sex
factor (V. Hirota, Pec. Nat. Acad. Sc., Vol XLVI, 1960, p 57). are with-
out effect on the thermoresistant Hfr forms of the Ft mutants. Invers-
ely, in the presence of acridine, it US possible to select the two ther-

oresistant types of Lac+ bacteria (F" haploid recombinations and Hfr
diploids) from the Ft-Lac+ cltivated at 30° C.

The episomic mutants with thermosensitive replication, therefore,
enable us to selict the transitory Hfr forms that appear in the I bac-
teria. In F-Lac bacteria of the wild type, a similar selection is pos-
sible by means of the acridines. We were abl* to isolate, by using
F-Lac bacteria, clones that preserve the Lac characteristic after
groith in the presence of acridine. These bacteria display properties
sili to those of thermoresistant Hfr variants, 'out their stability
is less: a higher rate of reversion toward the autonomous form (sensi-
tive to acridine) is observed.

Therefore, the mechanism that ensures the transfer of the chrome-
somal genes in the I strains is similar in form to the one that gives
rise to the typical Hfr variants in the e bacteria. It is distinguish-
ed from it, nevertheless, because the point of integration is fixed, the
high frequency of integration, the frequent return to the autonomous
state. his process of reversible integration at high frequency reminds
us of the process observed by A. Richter by infecting a bacteriu car-
rying a chromosome modified by an F episome of the wild type (A. Rich-
ter, Q ... Re.. g ., Vol n, 1961., p 333).
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The characteristics of the Hfr clones studied suggest that the in-
tegration of the sex factor is the consequence of a genetic recombination
between episome and chromosome. This recombination permits the replica-
tion of the episome at high trperatures or in the presence of aorldine:
the iohannim determined genetically by F which regulates its autono.
mous ultiplication (F. Jacob, S. Brener and F. Cuzin, Cold § ri _ U=.
Smp. Quant. Biol., Vol XXVIf, 1963, (in press) does not seem to come
into plqa y longer. The episome and the chromoeome, then, forP a sing-
le replicatim unit (one single repica)
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