
JOURNAL OF BACTERIOLOGY, Sept. 1970, p. 830-832 Vol. 103, No. 3
Copyright 0 1970 American Society for Microbiology Printed in U.S.A.

Transduction and Genetic Homology Between
Pseudomonas Species putida and

aeruginosa
A. M. CHAKRABARTY AND I. C. GUNSALUS

Biochemistry Division, University of Illinois, Urbana, Illinois 61801

Received for publication 13 May 1970

Genetic crosses occur by transduction between the species Pseudomonas aeru-
ginosa and P. putida. The frequency relative to intraspecific transfer is reduced
and varies among markers, suggesting that these genomes contain discrete regions
of homology and nonhomology.

We have demonstrated marked similarities
in the chromosomes of the two Pseudomonas
species aeruginosa and putida in the region of
the genes for biosynthetic enzymes (1-3, C. F.
Gunsalus and I. C. Gunsalus, in preparation).
Kemp and Hegeman (5) showed for the central
catabolic sequences of ketoadipate oxidation
an indistinguishable gene organization and
regulation. Very distinct differences, however,
were observed for genes of the peripheral man-
delate to benzoate sequence (5). F. Queener
and Gunsalus (in preparation) studied the two-
protein component, anthranilate synthase. They
found equivalent activity of homologous and
hybrid complexes when measured in the amid-
transferase conversion of chorismate plus gluta-
mine to anthranilate.
In contrast, broad differences between the

species were suggested by earlier taxonomic
studies including analyses for the deoxyribo-
nucleic acid (DNA) base composition (6) and
nutritional characters (10). Strains of P. aerugi-
nosa were quite homogeneous, whereas diversity
was noted among the available P. putida strains,
even within several separate subgroups (10).
Recently completed studies of DNA-DNA hy-
bridization in pseudomonads by Palleroni and
Ballard (personal communication) again empha-
sized the macrohomology among P. aeroginosa
strains, diversity among P. putida strains, in-
cluding PRS1 and PpG1 (3), and a low and
variable degree of hybridization between P.
aeruginosa and several P. putida strains. The
latter is true especially under "stringent" condi-
tions, 15 C below the DNA melting temperature.
Detailed interpretation of the hybridization
must await the full data.

Current data do not reveal whether a low
degree of DNA hybridization reflects limited
homology between all segments of the two
chromosomes, i.e., low macrohomology, or
whether isolated regions are nearly identical in
base sequence, microhomology, whereas other
regions are totally different. To illuminate this
problem, we undertook interspecies transduction
on the hypothesis that regions of microhomology
should permit gene integration, possibly at
high frequency. The data reported here suggest
that distinct regions of the DNA forms of P.
putida and P. aeruginosa exhibit either very
high homology or virtually none at all.
The bacterial strains and mutants of P. aerugi-

nosa were from the collections of Holloway (4);
P. putida, except those strains prepared in our
laboratories by nitrosoguanidine treatment or
synthesized by genetic crosses were from the
collection of Stanier (10).
Three phages were used, the selection depend-

ing on the cell strain employed. For P. aeruginosa
crosses, the F116 phage of Holloway (5) was
employed; for P. putida pfl6h2 (2) and for the
interspecies transduction we employed pf2O, a
mutant prepared from Olsen's (7) PX4 phage by
ethyl methane sulfonate (EMS) treatment. For
the latter, we used the transduction conditions
of Olsen and Metcalf (8), for the others those
previously suggested for each phage. Cells for
all genetic experiments were grown overnight
(15 to 16 hr) in L broth (see 2) at 30 C for P.
putida and at 37 C for P. aeruginosa to yield
about 1010 cell/ml.
Data for two types of interspecies gene transfer

by transduction are presented. (i) Phage pf20 was
propagated in the wild-type P. aeruginosa or
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P. putida donor, and, as recipients, mutants of
both the homologous and the heterologous strain
were used. (ii) The phages pfl6h2 and F116,
respectively, were grown on P. putida and P.
aeruginosa, and, as recipients, mutants of the
homologous species were used. The comparison
was of donor strains containing homologous
genes versus those prepared by transduction
with genes from the opposite species in the first
set of interspecies crosses.
The inter- and intraspecies transduction fre-

quencies for mutations in genes for tryptophan,
D-mandelate, p-hydroxybenzoate, and benzoate
enzymes are shown in Table 1. All transduction
frequencies are lower with phage pf2O than with
phage pfl6h2 or Fl 16, due either to transduction
conditions or to phage size or properties. The
relevant comparisons are between loci and
between donors. The genes of two tryptophan
clusters trpABD and EF are transferred in both
directions between P. putida and P. aeruginosa
at frequencies at 10 to 20% of the intrastrain
rates. Thus, the earlier evidence of similar gross
chromosomal arrangement may be extended to
sufficient homology to permit genetic exchange.
These transductants are stable, indicating inte-
gration of heterologous gene segments into the
the chromosome. The parallel enzyme experiment
with the anthranilate synthase trpA gene products
gave further indications of homology in this
genetic region. Similarly, the genes specifying
benzoate and p-hydroxybenzoate enzymes are

transferred, though at reduced frequency. These
genes are, as previously stated, known to be
similarly arranged and induced in the two pseudo-
monas species (5). In contrast, attempts to
transfer from P. putida the mdlA gene, or the
whole mdJABCD gene cluster (2) to P. aerugi-
nosa, were unsuccessful. Wild-type PAT lacks
mdlA gene activity, whether by deletion or
mutation is unclear. The whole mdJABCD
gene cluster has been transferred from PRS1
to the mandelate-deleted strain PpGl where it
replicates independently of the bacterial chromo-
some (2). In P. aeruginosa, the mdJBCD genes
are scattered rather than clustered as in P.
putida (9). In view of the interspecies transfer
of the trp and aromatic pathway genes, we

attribute lack of transfer of the mdlA gene to
lack of a homologous region, possibly related to
the different organization of the chromosome.
An examination of the proteins of these two
sets of enzymes should give further clarification
as to relatedness and origin. Since most of the
interspecies transductants are stable, we pre-
sumed that the heterologous genes were inte-

TABLE 1. Intra- versus interspecies transduction by
phage pf2O

Donor"
Recipient parent Selected

genotypeb phenotype
PRS1 PAT

PRS1
trpD1032 Trp+ -100 10
F1061 Trp+ -100 20
mdlA10 D-Mdl+ -100 0
pobA1001 Pob+ -80 10
ben-1002 Ben+ -100 4

PAT
trpB2011 Trp+ 20 50
F2011 Trp+ 30 80
mdIA D-Mdl+ 0 Wt-

a Values indicate transductants per 1010 recip-
ients.
bPRS, P. putida A312 from Stanier (3); PAT,

P. aeruginosa strain (two) of Holloway-Gunsalus
collection PaG 12. The P. aeruginosa trpB and F
mutants are 408 and 464 of Holloway, respectively,
PaG 176 and 179.

TABLE 2. Transfer frequencies for homologous and
heterologous genes between P. putida and

P. aeruginosa

Donor genea
Recipient Selected
parent pheno- Phage

genotype type Homol- Heterologousb
ogous

PRS1 PRS1 PRS-ben-a+
pobA1001 Pob+ pf16h2 100 100
ben-1002 Ben+ pfl6h2 100 4

PAT PAT PAT trpF-p+
trpF2053 Trp+ F116 1000 300

a Values indicate transductants per 109 recip-
ients.

bDesignations: ben-a+ and trpF-p+ from crosses
shown in Table 1 with heterologous donor; a,
aeruginosa; p, putida in opposite recipient.

grated into the recipient genomes and could be
transferred to other recipients by a second trans-
duction.

Table 2 contains the results of several trans-
ductions with the interspecies hybrid regions
for intrastrain repair as compared to transduc-
tion by the homologous wild-type donor. Both
the ben and trpF genes are transferred in the
homologous and heterologous state by phages
pfl6h2 and F116. For example, a wild-type P.
putida PRS1 with homologous pobA, unlinked
to a ben-a+ locus from P. aeruginosa shows a
frequency of 10-7 for the pobA gene and a 25-
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to 50-fold reduction in transfer of the ben-a+
locus. In this case, an equivalent number of
minute colonies appear on benzoate plates after
48 hr, suggesting that the integration of the P.
aeruginosa ben gene fragment is delayed. In the
crosses in Table 2, the minute colony formation
occurred only when the selection was for the ben+
gene of heterologous origin. In contrast the
transduction frequencies among P. aeruginosa
PAT mutants using the trpF genetic region of
P. putida (trpF-p+) was reduced only three to
fivefold from those receiving the P. aeruginosa
trpF, suggesting enough microhomology between
the two species in this chromosomal region to
allow efficient pairing and integration. The de-
layed or small colony phenomenon was not
observed. This type of analysis is now being
extended to determine the genetic homology at a
number of other sites on the chromosomes of
P. aeruginosa and P. putida.
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