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Using the RP4::mini-Mu pULB113 plasmid, an RP4 derivative carrying a
deleted Mu prophage which allows the plasmid to pick up any chromosomal DNA
segment to form R' plasmids, we cloned all of the genes of Erwinia carotovora
involved in the catabolism of the hexuronates and in the transport of these
substrates. With the R' plasmids we isolated, we performed complementation
analysis and found that, in the Erwinia carotovora strain we used, the genes
involved in the catabolism of the hexuronates are clustered in four regions of the
chromosome. This genetic organization is compared with that of Escherichia coli
K-12.

Erwinia carotovora strains are phytopatho-
gens responsible for soft rot of many plant
species (7, 30). The pathogenicity of these entero-
bacteria seems to be intimately related to their
pectinolytic activity, a specific trait of the spe-
cies which allows them to degrade plant cell
walls (4, 6, 7). The pectin is degraded by a
battery of enzymes, most of which are secreted
by the bacteria. It is demethoxylated into poly-
galacturonic acid by methylesterase, which may
be degraded in two ways: (i) hydrolysis by
polygalacturonase of the a-1-4 glycosidic bonds
between the galacturonic residues provides satu-
rated oligomers which are subsequently hydro-
lyzed into galacturonate (GA); (ii) attack by
transeliminases generates unsaturated oligo-
mers, which are subsequently cleaved by oligo-
transeliminase to keto-deoxyuronic acid, which
is transformed into 2-keto-3-deoxygluconate
(KDG; Fig. 1) (14, 23, 24).
GA and KDG are degraded in Erwinia caroto-

vora by a pathway very similar to that in Esche-
richia coli, which has been well characterized (1,
21, 26; Fig. 2). In Erwinia carotovora, all en-
zymes of this pathway have been characterized
biochemically (14), but no genetic studies have
yet been reported. As a first approach to the
genetic study of pectinolysis, we tried to unravel
the genetic organization of the genes involved in
the hexuronate pathway in Erwinia carotovora.
We cloned these genes into the transferable
plasmid pULB113, a derivative of the broad-
host-range plasmid RP4 carrying a deleted Mu
prophage which allows the plasmid to pick up
any segment of chromosomal DNA by mini-Mu-
mediated transposition, to generate R' plasmids
(31; for a detailed discussion of the mechanisms
of transposition, see A. Toussaint and A. Resi-

bois, in J. A. Shapiro, ed., Mobile Genetic Ele-
ments, in press). This process works in all
bacteria where Mu can grow, including Erwinia
carotovora (Lejeune et al., submitted for publi-
cation). The mini-Mu carried by the RP4 can
mediate the transposition of random chromo-
somal segments onto the plasmid. In most in-
stances the R' plasmid carries a single chromo-
somal segment located at the site of insertion of
the mini-Mu and flanked by two mini-Mu copies
in the same orientation. As a consequence the
chromosomal segment can be lost either by
homologous reciprocal recombination between
the mini-Mu (in Rec+ bacteria) or by mini-Mu-
mediated deletion of part or all of the transposed
segment (in Rec+ and Rec- bacteria). Since the
transposed chromosomal segment can be long
(up to at least 100 kilobases [kb]), genes which
are clustered on the chromosome can be
cotransposed at high frequency. All of the re-
sults available so far suggest that, for a given
region of the chromosome, the frequency of
cotransposition of two markers is inversely re-
lated to their distance (9, 5).
We performed heterospecific matings be-

tween B374(pULB113), and E. coli recipients
mutated in the hexuronate genes and selected E.
coli transconjugants which acquired the corre-
sponding wild-type allele from the Erwinia sp.
donor. The linkage between the relevant Erwinia
sp. genes was examined and compared with the
organization of the equivalent E. coli genes.

MATERIALS AND METHODS

Bacterial strains and plasmids. Bacterial strains and
plasmids used in this work are listed in Table 1.
Media. Bacteria were grown in L broth (16) supple-

mented with 50 ,ug of thymine per ml when necessary
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FIG. 1. Degradation of pectin. Pectin may be degraded in two ways: (1) transelimination as described by
Preiss and Ashwell (23, 24); (2) hydrolysis as described by Kilgore and Starr (14). Abbreviations: PGTE,
polygalacturonate transeliminase; OGTE = oligouronide transeliminase; PGase = polygalacturonase.

and diluted in 10-2 M MgSO4. They were scored on L
medium (L broth + 1.2% Difco agar), A medium (10),
or M63 minimal medium (18) supplemented with 1.4%
Difco agar. Carbon sources were added at 0.2%;
amino acids, at 40 Fjg/ml; thymine, at 100 pg/ml;
streptomycin, at 200 ,ug/ml; spectinomycin, at 100
Fg/ml; trimethoprim, at 50 "/ml; kanamycin, at 20
,ug/ml; tetracycline, at 20 F±g/ml; and ampicillin, at 20
,ug/ml.

Chemicals. 2-Keto-3-deoxygluconic acid was kindly
provided by M.-A. Mandrand-Berthelot. Glucuronic
acid and galacturonic acid were purchased from Sigma
Chemical Co.

Nomenclature. The genetic symbols are those used
by Bachmann and Low (2). The following abbrevia-
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tions are used: GU, glucuronate; GA, galacturonate;
KDG, 2-keto-3-deoxygluconate; Gur+, Gar', and
Kdg+, ability to catabolize glucuronate, galacturon-
ate, and KDG respectively; Spc, spectinomycin; Str,
streptomycin; Tmp, trimethoprim; Kan, kanamycin;
Tet, tetracycline; Amp, ampicillin.
Matins. Overnight cultures, 0.2 ml each, of the

donor carrying pULB113 and the recipient were
spread together on A medium and incubated for 4 to 6
h at 33°C. Bacteria were collected from the growth
area, suspended in 1 ml of 10-2 M MgSO4, and spread
on appropriate selective media. The donor strain was
counterselected with streptomycin (200 ,ug/ml), spec-
tinomycin (100 ,ug/ml), or trimethoprim (50 ,g/ml).
The presence of the plasmid was checked by testing
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FIG. 2. Catabolism of GU and GA. Taken from Portalier et al. (21).
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TABLE 1. Bacterial strains and plasmid
Strain Description Source

Bacteria
Erwinia caro-
tovora
B374 Subsp. chrysanthemi (Lemattre, personal com-

munication)

Hfr P4X uxaAl metBI relAl spoT rpsE
met arg thyA uxaBI rpsL recA
his-i tolC uxaCI rpsL
his-i tolC uxacl rpsL thyA
A(exuR'-exuT-uxaC-uxaA) argG6 rpsL recA
A(exuR'-exuT-uxaC-uxaA) uxaB3 argG6 rpsL
uxuAl thr leu argH rpsL
A&(uxuA-uxuB) thr leu arg rpsL recA

kdgKI metB his-i argHI rpsL malAl lacY
gal-6 recA

kdgA3i4 metB argHI thiA rpsL malAI lacY gal-
6 recA

kdgR391 kdgT110 metB ilvD rpsL lac gal mal
mtl recA

kdgP3 kdgT4(Ts) exuT9 metB argG rpsL
exuT::Mu d (Apr lac) araDi39 AlacUi69 thi rpsL
uxaA::Mu d (Apr lac) araDi39 AlacU169 thi
rpsL

uxaB::Mu d (Apr lac) araDi39 AlacU169 thi
rpsL

Hfr metBI relAI spoT

Trar Ap Km Tc (Mu3A)b
tra+ bla+ (TEM-2) tnl tet+ aphA+ (Mu3A)d

Spontaneous Spcr mutant of RP1 (20)
KL16-99 x PB3 (19)
19
Tmpr, mutant of PB3
_a

N. Cotte-Pattata
25
J. Baudouy and R. Portalier, from
RM15 (25)

Lagardea

Lagardea

recA derivative of CT110 (22)

15
12
12

12

13

31C

a Strains received from the collection of the Laboratory of Microbiology, INSA, Lyon, France.
b Phenotype.
c pULB113 was derived from the RP4 plasmid described by Saunders and Grinsted (27), contrary to what was

mentioned by mistake in reference 31.
d Genotype.

for resistance to the three antibiotics kanamycin (20
F.g/ml), tetracycline (20 ,ug/ml), and ampicillin (20
,ug/ml).
Complementation tests. Three methods were used to

perform complementation tests.
(i) Spot tests. Transconjugants carrying an R' plas-

mid containing a hexuronate gene were suspended in a

drop of 102 M MgSO4 and spotted on a selective
medium where 0.1 ml of an overnight culture of the
recipient strain had been spread. The recipient was
mutated in the hexuronate gene to be tested for
complementation.

(ii) Titration after mating. Single drops of overnight
cultures of donors carrying R' plasmids and appropri-
ate recipients were incubated for 3 to 6 h at 33°C on A
medium and suspended in 1 ml of 10-2 M MgSO4.
Mating mixtures were titrated on L medium supple-
mented with kanamycin and the suitable antibiotic to
counterselect the donor, to measure the frequency of
transfer of the plasmid, and on minimal medium sup-
plemented with GU, GA, or KDG. The hexuronate

gene tested for complementation was assumed to be
present on the R' plasmid when about the same titer
was obtained on the two types of plates (i.e., 10 to
100%o of the frequency of transfer of the RP4 resist-
ance markers).

(iii) Test of Kanr transconjugants. Donor and recipi-
ent were mated on A medium as described in (ii). The
Kanr transconjugants were selected, and these Kanr
transconjugants were tested for their Gur, Gar, or Kdg
phenotype.

Plasmid extraction and restriction analysis. Plasmid
DNA was isolated from cleared sodium dodecyl sul-
fate lysates by density gradient centrifugation in a

CsCl-ethidium bromide gradient as described by Bet-
lach et al. (3). DNA was digested by endonuclease PstI
(prepared in this laboratory) according to Sharp et al.
(28). Restriction fragments were separated by electro-
phoresis (5 h, at 50 mA) on a horizontal slab gel
apparatus, using 40 mM Tris-acetate (pH 7.8)-S5 mM
NaAc-1 mM EDTA electrophoresis buffer containing
0.5 ,ug of ethidium bromide per ml. Gels were photo-

11

Escherichia
coli K-12
RP1 rpsE
1862
PB3
PB3 thy
1866
27
RJ27
RJ54

K146

A146

CT110 recA

PUT4
NT2
NH1

NA1

P4X

Plasmid
pULB113
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TABLE 2. Frequency at which R' plasmids carrying hexuronate genes are recovereda

Feunyof recovery Frequency of
Recipient Gns)slceofGrequency dg reversion to Gar'
strain used Gene(s) selected frGars (Ourj *g (Gur, Kdg) of the

recipient strain
PUT4 exuT 10-6, <2.0 x 10-9
NT2 exuT 2.0 x 10-7 <2.0 x 10-9
RP1 rpsE uxaA 10-5 4.3 X 10-7
1862 uxaB 3.6 x 10-6 <5.0 x 109
PB3 uxaC 1.6 x 10-5 <4.0 x 10-8
1866 exuT-uxaC 1.2 x 10-6 <3.6 x 10-9

exuT-uxaC-uxaA 1.2 x 10-6 <3.6 x 10-9
27 exuT-uxaC 8.7 x 10-7 <6.0 x 10-9

exuT-uxaC-uxaA-uxaB 7.1 x 10-7 <6.0 x 10-9
RJ27 uxuA 2.3 x 10-5 <4.0 x 10-9
RJ54 uxuA-uxuB 6.0 x 10-5 <lo-8
K146 kdgK 9.0 X 10-6 <1.3 x 10-8
A146 kdgA 1.9 x 10-5 1.8 x 10-8
CT110 recA kdgT 6.8 x 10-6 5.6 x 10-9

a Matings were performed on A medium plates for 6 h at 33°C as described in the text. The frequency of R'
plasmid recovery was calculated as number of Gur+ (Gar', Kdg+) transconjugants per number of recipient cells
which received plasmid pULB113. The frequency of transfer of plasmid pULB113 was 20 to 100%o per input
donor cell.

graphed under UV light. Restriction fragments were
measured on a Hewlett-Packard digitizer HP9874A.
Southern transfer of restriction fragments and DNA-

DNA hybridization. DNA transfer from agarose gels to
nitrocellulose filters was performed essentially as de-
scribed by Southern (29). 32P-nick translation of Mu
DNA was performed according to Maniatis et al. (17).
The hybridization was performed according to Den-
hardt (8).

RESULTS AND DISCUSSION
Isolation of R' plasmids carrying the hexuron-

ate genes of B374. B374, the Erwinia carotovora
subsp. chrysanthemi strain used in this work,
does not naturally grow on GU or KDG as a sole
carbon source. However, mutants able to use
those sugars occur spontaneously at a frequency
of 10-6, showing that all genes necessary for the
uptake and degradation of those substrates are
present in the strain. We chose to clone the
various genes of B374 involved in the metabo-
lism of hexuronates by performing heterospe-
cific matings between B374(pULB113) as donor
and E. coli recipients for two reasons: (i) E. coli
strains mutated in each of the different hexuron-
ate genes are available, allowing selection of R'
plasmids derived from Erwinia sp. that are able
to complement the E. coli defect; (ii) chromo-
somal recombination is very rare due to nonho-
mology, so that most of the E. coli transconju-
gants recovered are completnented for their
hexuronate defect as a result of acquiring an R'
plasmid. B374(pULB113) was mated with differ-
ent E. coli recipient strains mutated in one or
more hexuronate genes, and transconjugants
able to grow on GA, GU, or KDG were selected

on minimal media supplemented with the appro-
priate substrate, as described in Material and
Methods.
Gur+, Gar', or Kdg+ transconjugants were

recovered at frequencies ranging from 10-7 to
10-5 in all matings (Table 2). This is similar to
the frequencies of recovery of R' plasmids car-
rying other markers in E. coli(pULB113) x E.
coli matings (31).

Since we used E. coli mutants in each of the
hexuronate genes, this means that B374 pos-
sesses genes equivalent to all E. coli genes
involved in the metabolism of the hexuronates,
including those coding for tansport, and that all
of these genes can be expressed in E. coli. When
the Gur+ and Gar' transconjugants were grown
on nonselective medium, some lost the hexuron-
ate marker in both Rec+ and recA backgrounds.
(The frequencies at which the markers are lost
range from <1 to 20%.) This instability favors
the hypothesis that the Erwinia sp. genes are
located on the plasmid; this was confirmed by
further physical analysis of the transconjugants
(see below).

Genetic organization of the hexuronate genes in
B374. Transconjugants able to catabolize GU
were recovered at about the same frequency
whether B374(pULB113) was mated with a sin-
gle uxuA or A(uxuA-uxuB) E. coli recipient (Ta-
ble 2). Similarly, transconjugants able to catabo-
lize GA were recovered at the same frequency
whether single exuT, uxaA, uxaB, or uxaC E.
coli mutants or A(exuT-uxaC-uxaA)uxaB E. coli
was used as the recipient. This strongly suggests
that uxuA and uxuB, on the one hand, and exuT,
uxaA, uxaB, and uxaC, on the other hand, are

J. BACTERIOL.
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TABLE 3. Complementation tests with the R' plasmids selected for the presence of the different hexuronate
genes'

No. of R' No. of R'
Gene(s) plasmids'Classes of R' plasmids plasmids Method of
selected tested recovered found in testingb

each class

exuT 100 R' exuT-uxaC-uxaB-uxaA 91 i
R' exuT-uxaC 1 i, ii
R' exuT 8 i, ii

exuT-uxaC 100 R' exuT-uxaC-uxaB-uxaA 90
R' exuT-uxaC 10

uxaA 21 R' exuT-uxaC-uxaB-uxaA 20 i, ii for 5 candi-
R' uxaC-uxaB-uxaA 1 dates

i, ii

uxaB 20 R' exuT-uxaC-uxaB-uxaA 20

uxaC 20 R' exuT-uxaC-uxaB-uxaA 6
R' exuT-uxaC-uxaB 1 i, ii
R' uxaC-uxaB-uxaA 8 i, ii, and iii for
R' uxaC-uxaB 5 2 candidates

i, ii, iii

uxuA 100 R' uxuA-uxuB 67
R' uxuA-uxuB-kdgK 23 i

kdgK 20 R' uxuA-uxuB-kdgK 20 i-iii for 10 can-
didates

kdgA 20 R' kdgA 20 i, ii for 3 candi-
dates

kdgT 15 R' kdgT 15 i, ii, and iii for
6 candidates

a R' plasmids selected for their ability to complement one (or more) hexuronate genes were tested for their
ability to complement the other hexuronate genes. The different classes of plasmids found are shown in column
3. Only those genes found to be expressed by the plasmid are noted.

b i, Spot test; ii, titration after mating iii, test of Kanr transconjugants. The methods are described in the text.

linked in B374. To know more about the linkage
of the different genes cloned, several R' plas-
mids selected for their ability to complement one
hexuronate gene were transferred to E. coli
strains mutated in other hexuronate genes to test
for complementation. The results of this func-
tional analysis are presented in Table 3. They
suggest that in B374 the hexuronate genes are
clustered in four regiors of the chromosome. Of
100 R' plasmids selected for their ability to
complement uxuA, all complemented uxuB as
well and about one-third complemented kdgK.
When R' plasmids complementing kdgK were
selected, they all also complemented uxuA and
uxuB (20 of 20). The uxuA, uxuB, and kdgK
genes are thus clustered in B374. This is not the
case in E. coli, where the kdgK gene is separated
from uxuA-uxuB by -20 min on the chromo-
some (Fig. 3).
A second cluster was found which contains

the exuT, uxaA, uxaB, and uxaC genes. We

found six different classes of R' plasmids com-
plementing one or more genes in that region,
exuT-uxaC-uxaB-uxaA, exuT-uxaC-uxaB, exuT,
uxaC-uxaB, uxaC-uxaB-uxaA, and exuT-uxaC.
The proportion of these different classes varied
depending on the gene which had been selected
(see Table 3). When R' uxaC plasmids were
selected, only a minority (6 of 20) complemented
the whole exuT-uxa region. When R' uxaA, R'
uxaB, or R' exuT plasmids were selected, most
of them complemented exuT and all of the uxa
genes. The reason for this discrepancy is not yet
elucidated. The uxaB gene probably lies be-
tween uxaC and uxaA since we found one plas-
mid which complements exuT and uxaC but not
uxaB and uxaA and several plasmids which
complement exuT, uxaC, and uxaB but not
uxaA. That we never obtained an R' plasmid
which can complement uxaA but not uxaC and
uxaB strongly suggests that these three genes
belong to a single transcription unit proceeding
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FIG. 3. Comparison of the genetic c
the hexuronate genes in E. coli K-i.
carotovora. For E. coli K-12 the chrom(
of the genes is given according to Bachi

from uxaC towards uxaA. Since
plasmids complementing only exu

complementing uxaA, uxaB, and t

exuT, the exuT gene does not belc
scription unit with uxaC, uxaB, an(
coli, the exuT, uxaC, and uxaA ge
tered, with uxaC and uxaA belong
scription unit which is different
exuT; uxaB is not linked to these
(see Fig. 3).

R' plasmids selected for their at
plement kdgA mutants complemen
and none of the other R' plasmids
ment kdgA. In B374 the kdgA ger
seems to be unlinked to any othe
gene.
The fourth region contains the

which is not linked to any of the ot
ate genes.

Physical analysis of the R' plasn
plasmids representative of each of I
described in Table 3 were purified
with endonuclease PstI. Restricti
were separated by electrophoresi
agarose gel as described in Materia
ods. If the R' plasmids have indeed
by mini-Mu-mediated transposition
carry the transposed chromosoma
serted at the point of insertion of
prophage and flanked by two proj
same orientation. Consequently, s

enzyme cuts twice in the mini-M
restriction pattern of the R' plas
exhibit the six restriction fragments
tal RP4::mini-Mu plasmid, a dupli
internal mini-Mu fragment, and adc
corresponding to the transposed b;
(31). This is schematized in Fig. X

es in L.coli K12 tions patterns of the R' plasmids are shown in
Fig. 5. In most cases all parental plasmid frag-

min 98 ments are indeed still present. In some cases,
uxuB-uxuA however, one of the junction fragments between

the RP4 and the mini-Mu DNA (fragments C and
min 87 D, Fig. 4) suffered a deletion (Fig. 5a, slot 5; Fig.
kdgT 5c, slots 4, 7, and 8). The band corresponding to

the internal mini-Mu fragment is always at least
es in E.carotovors duplicated. A "Southern blotting-DNA hybrid-

ization" (29), using 32P-labeled Mu DNA as the
probe (Fig. 5b), confirms that (i) the three frag-

\-ux,uB)' ments of pULB113 which contain Mu DNA (C,
D, F) are conserved in the R' plasmids except
for fragment C in slot 5 which, as mentioned

kdgT above, has suffered a small deletion; (ii) in all of
the R' plasmids except one (slot 3) there are only

)rganization of two Mu-chromosomal DNA fusion fragments
2oand Erwinia and thus only two copies of the mini-Mu and
manne t calt(2)n most probably only one segment of transposedm chromosomal DNA. The R' kdgK plasmids, all

of which complement the uxuA and uxuB genes,
are longer than the plasmids which complement

we found R' uxuA and uxuB but not kdgK (See Fig. Sa). Five
T and others bands (noted by --) were shared by the three R'
wxaC but not kdgK plasmids analyzed but were absent from
ing to a tran- the R' uxuA-uxuB plasmids. These fragments
d uxaA. In E. represent about 23 kb of DNA. The two sets of
nes are clus- genes, kdgK and uxuA-uxuB, seem thus rather
ing to a tran- far from each other. A possible explanation for
from that of the fact that all of the R' kdgK plasmids carry
three genes the uxu genes involves the presence of a prefer-

ential site of insertion of the mini-Mu near uxuA-
bility to com- uxuB with the uxu genes between this insertion
it only kdgA, site and the kdgK gene. If that had been the
can comple- case, one of the mini-Mu bacterial DNA junction

ie, therefore, fragments should have been the same in the five
:r hexuronate R' plasmids carrying this region.

As shown in the autoradiograph in Fig. Sb,
kdgT gene, there is no common junction fragment in the five

ther hexuron- R' plasmids analyzed. Thus, there is no prefer-
ential site of insertion of the mini-Mu in that

nids. Two R' region. Since kdgK and uxuA-uxuB are separat-
the 10 classes ed by at least 23 kb, they probably do not belong
and digested to the same operon, although the existence of a
on fragments single transcription unit going from uxuA-uxuB
is on a 0.7% towards kdgK could have explained the 100lo
gls and Meth- linkage found between kdgK and uxuA-uxuB (5).
been formed One possible explanation for the observed dis-

i, they should crepancy in linkage would be that a function
I segment in- required for the expression of kdgK lies very
the mini-Mu near uxuA-uxuB.
phages in the Figure Sc shows the restriction patterns of the
,ince the PstI R' plasmids carrying the kdgT gene and the
lu DNA, the exuT-uxa region. The four genes exuT-uxaC-
smids should uxaB-uxaA of Erwinia sp. are present on a
of the paren- chromosomal DNA segment no longer than -7
ication of the kb (i.e., the size of the chromosomal DNA
litional bands carried by the shortest R' plasmid carrying that
acterial DNA region, slot 5). All but one of the R' plasmids
4. The diges- carrying the uxaC gene share two fragments of
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C

c I 2 3 4 5 6 7 8 9 10 11

FIG. 4. Physical structure of pULB113 and R' plasmid derived from pULB113 and formed by mini-Mu-
mediated transposition of bacterial DNA. Symbols: V = PstI sites. The six largest fragments of pULB113 are
noted A, B, C, D, E, F. F is the intemal PstI fragment of the mini-Mu. r = Mini-Mu; c = immunity end of the
mini-Mu; S = S end of the mini-Mu. = Bacterial DNA. The maps are drawn according to Van Gijsegem and
Toussaint (31).

2.3 and 1.3 kb. These two fragments must be
located between the exuT and the uxaB genes.
The only R' exuT-uxaC-uxaB plasmid which
does not present these two fragments has to be
further analyzed; it probably has suffered rear-

rangements. Strikingly, the size of the bacterial
DNA transposed in pULB113 depends on the
chromosomal region selected. Although the R'

uxuA-uxuB genes carry 70 to 80 kb, the R' exuT-
uxa genes usually carry only -10 kb.

Conclusion. From all these results we con-
clude that (i) B374 contains nine genes involved
in the transport and degradation ofGA and KDG
equivalent to the kdgK, uxuA, uxuB, exuT,
uxaA, uxaB, uxaC, kdgA, and kdgT genes of E.
coli; and (ii) these genes in B374 are organized in

VOL. 154, 1983
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a i;.0 .,§ i

r)

FIG. 5. Digestion with Pstl of the R' plasmids carrying kdgK, uxuA-uxuB, or kdgA genes of B374 (a). (1)
pULB113; (2, 3,4) R' uxuA-uxuB-kdgK; (5,6) R' uxuA-uxuB; (7, 8) R' kdgA. (b) Autoradiograph of the gel shown
in (a) after blotting and hybridization with a Mu 32P-labeled probe. (1) pULB113; (2, 3, 4) R' uxuA-uxuB-kdgK;
(5, 6) R' uxuA-uxuB; (7, 8) R' kdgA. (c) Digestion with PstI of the R' plasmids carrying kdgT or different
segments of the exuT-uxaC-uxaB-uxaA region of B374. (1) Size markers given by k DNA digested by HindIll; (2)
pULB113; (3, 4) R' kdgT; (5, 6) R' exuT-uxaC-uxaB-uxaC; (7, 8) R' exuT-uxaC-uxaB; (9, 10) R' uxaC-uxaB-
uxaA; (11, 12) R'uxaC-uxaB; (13) R' exuT-uxaC; (14, 15) R' exuT. The six largest fragments of pULB113 are
noted A to F as in the legend to Fig. 4.

a slightly different way as compared with E. coli.
They lie in four regions of the chromosome
instead of five. uxaB is srongly linked to uxaC
and uxaA in B374, whereas it is not in E. coli,
and kdgK is closer to uxuA-uxuB in B374 than it
is in E. coli (see Fig. 3). (iii) In the exuT-uxaC-
uxaB-uxaA cluster, there seem to be two tran-
scription units. One certainly covers exuT. The
second would proceed from uxaC to uxaA. The
localization of the four clusters on the B374
chromosome is presently in progress (F. Van
Gijsegem and N. Hugouvieux-Cotte-Pattat,
manuscript in preparation).
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