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SUMMARY .

We have isolated unusual hybrid bacteriophages by recombining the evolutionary
diverse bacteriophages Salmonella phage P22 and coliphages 080 or a mutator
phage Mu. Genetic analysis of 080immP22 hybrid genomes led us to isolate high
specialized transducing phages for argF and proAB genes of the E. coli chrom-
osome although the parental phage, 080, is a specialized transducing phage for
the E. coli trp operon.

Phage P22 can recombine with coli-mutator phage Mu. Genetic studies
.1] correlated with serological and host range analyses of MuimmP22 hybrids

revealed that crossovers occurred at the tail fiber genes within the invertible
G segment of Mu phage and the tail spike gene of P22 phage to form MuimmP22
hybrids. MuinmP22 hybrids infect hosts carrying the smooth host O-antigen
(Man-Rha-Gal)n repeating unit which is specific receptor for adsorption of P22
phage. However, anti-P22 serum is unable to neutralize the MuimmP22

' :hybrids. This is probably because the contribution of P22 spike peptide to the
hybrid tail fiber is to short to form P22 spike like structure and antigenicity.
Anti-serum prepared for the G(+) orientation of Mu phage neutralized the
MuimmP22 hybrid at about a 1/10 neutralization rate of MuG(+) phage. Thus

* we suggested that MuimmP22hybrid may carry the inverted (-) orientation of the
G segment of Mu phage.j In fact near the distal ends of both P22 tail spike and
Mu tail fiber there is an ccidental homology. Therefore, we concluded that
MuimmP22 hybrids carr* the (-) orientation of the G segment and the G(-)

-- sequence facilitates cros overs with the P22 spike gene to yeild the hybrid
tail fiber.
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:,.° FOREWORD

Though we initially planned for development of a gene cloning vector, we

have not established a recombinant DNA method for these hybrid phages

* during this period.
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PROGRESS

1 Intergeneric high transducing activity of 80immP22dis- hybrid type

.80immP22dis hybrid type carries all the late genes of coliphage 080

and most of the P22 early region including both the bipartite immunity

region (c and 1m). Such hybrids can grow in hosts lysogenic for 080immP22

and carry not only att region but also gene 9 or al of P22, because these

genes are situated between c and Tm regions of P22. Thus the prophage

of this hybrid type is inserted into the attP22 region adjacent to the proline

region of the E. coli-S. typhimurium recombinant WR4027 chromosome.

Induction of such a prophage creates a new hybrid type by losing the Im

region and the genes between the Im and att regions of P22 and acquiring

a bacterial chromosomal segment. Such new hybrids are now unable to grow

in 80immP22 lysogens, thus designated as 080immP22dis-. Since E. coli -

.S. typhimurium chromosome consists of S. typhimurium chromosomal

segment coding for at least synthesis of cell wall lipopolysaccharide and E. coli

segment(s) containing mal B ret , proAB and lac gene, 80immP22dis-

hybrids are likely to carry a coli chromosomal segment containing proline A, B

and adjacent genes. Because of the lack of sufficient auxotrophic mutants in

- E. coli-S. typhimurium recombinant species, E. coli K12 auxotrophic mutants

were used for transduction assays with 080immP22dis hybrid type. Transduction

frequencies are extremely high, more than 10% for these genes. Arginine F of

E. coli is a gene for ornitine carbamoyltransferase at 6min of E. coli map and

is efficiently transduced by 080immP22dis- hybrid type at a frequency of

about 21%. Proline A of E. coli K12 was also transduced by 80immP22dis-

at a high frequency ( about 12%) but this frequency is lower than that withA #arginine F. In addition methionine D was transduced with some of the

8
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80immP22dis- strains but not all the 80immP22dis hybrids strains,

whereas arginine F and proline A of E. coli K12 were transduced with

all the 80immP22dis- strains tested. These observations sugest the genetic order

attP22-argF-proA-metD is in counterclockwise orientation of the E coli

chromosome.

2 The structure of the P22 homologous segment in MuimmP22 hybrids

We reported previously that MuimmP22 hybrid carries the P22 early

regions including the c region and the regulatory genes of DNA synthesis

(12 and 18) Infection of WR4028 with MuimmP22 produces lysogens at a

high frequency. The resultant lysogens are inducible although strains

lysogenic for the parent MU phage are not inducible. These results suggest

4' that MuimmP22 hybrid carries the att and int region of P22 phage. Therefore

it became desirable to determine the left end of the P22 homology in MuimnimP22

hybrids.

Since WR4028 strain lysogenic for MuimmP22 is sensitive to P22

infection, superinfection of such a lysogen with P22c2ts12 induced the

prophage and also produced P22 recombinats. Computation of crossovers

between markers by scoring various P22 recombinant types suggests that

the left arm of P22 homology in MuimmP22 hybrid ends at or near the att

region of P22.

3. Serological and genetic evidence for formation mechanism of the new

tail fiber antigen of hybrids between coliphage and Salmonella phage P22

MuimmP22 hybrids form plaques on smooth derivatives such as WR4028

of E. coli S. typhimurium hybrids while Mu phage infects a rough

9o9



777

derivative WR4027. Moreover, anti-Mu serum neutralizes the plaque-

forming ability of MuimmP22 hybrid at a 10-fold reduced rate as

compared with that of Mu phage. Thus, we suspected that MuimmP22

hybrids carry the tail fiber coded in the inverted G(-) segment of Mu

phage. However, anti-Mu G(-) serum was prepared and also found to

neutralize MuimmP22hybrids at a 10-fold reduced rate. Since MuimmP22

infects smooth host WR4028, the distal end of MuimmP22 hybrid tail

fiber might have been derived from P22. In fact a small accidental

homology exists near the distal ends of both P22 tail spike and MuG(-)

tail fiber regions. Therefore, we suggested that genetic crossovers between

- Mu and P22 occur at the tail fiber region U- of the G segment with the
4".

inverted (-) orientation of Mu phage, resulting in the replacement of the

rest of the right hand end of Mu phages genome with a P22 segment.

Backcross frequencies of the P22 markers of MuirnP22 with P22

phage is explained by single crossovers toward the right end of the

hybrid genome, supporting the above theory.
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chromosome by improper excision during induction. Consequently we
isolated high specialized transducing phage forgaF and ProA although
the parental phage 080 is a specialized transducing phage for the tp
operon, because the 80OimmP22dis- phage carries the P22 prophage
attachment site.

P22 can recombine with coli-mutator phage Mu to yield MuimmP22 hybrids.
Genetic studies correlated with serological and host range analysis of
MuimmP22 hybrids revealed that crossovers occurred at the essential
genes within the invertible G segment of Mu phage and the tail spike gene
of P22 phage to form MuimmP22. Thus this hybrid phage carries
unusual tail fibers whose genetic region consists of a mixedly constructed
gene derived from these two unrelated phages. MuimmP22 hybrids

. infect hosts carrying the smooth 0-antigen (Man-Rha-Gal)n repeating
unit which is the specific receptor for adsorption of P22 phage. However,
anti-P22 serum is unable to neutralize the MuimmP22 hybrid. This is
probably due to conformational change of the P22 tail spike portion from
globular to fibrous structure because the hybrid tail fiber gene carries
a short P22 spike gene segment.
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SUMMARY

We have isolated unusual hybrid bacteriophages by recombining the evolutionary
diverse bacteriophages Salmonella phage P22 and coliphages 080 or a mutator
phage Mu. Genetic analysis of 80immP22 hybrid genomes led us to isolate high
specialized transducing phages for argF and proAB genes of the E. coli chrom-
osome although the parental phage, 080, is a specialized transducing phage for
the E. coli trp operon.

Phage P22 can recombine with coli-mutator phage Mu. Genetic studies
correlated with serological and host range analyses of MuimmP22 hybrids
revealed that crossovers occurred at the tail fiber genes within the invertible
G segment of Mu phage and the tail spike gene of P22 phage to form MuimmP22
hybrids. MuimmP22 hybrids infect hosts carrying the smooth host O-antigen
(Man-Rha-Gal)n repeating unit which is specific receptor for adsorption of P22
phage. However, anti-P22 serum is unable to neutralize the MuimmP22
hybrids. This is probably because the contribution of P22 spike peptide to the
hybrid tail fiber is to short to form P22 spike like structure and antigenicity.
Anti-serum prepared for the G(+) orientation of Mu phage neutralized the
MuimmP22 hybrid at about a 1/10 neutralization rate of MuG(+) phage. Thus
we suggested that MuimmP22hybrid may carry the inverted (-) orientation of the
G segment of Mu phage. In fact near the distal ends of both P22 tail spike and
Mu tail fiber there is an accidental homology. Therefore, we concluded that

-: MuimmP22 hybrids carry the (-) orientation of the G segment and the G(-)
sequence facilitates crossovers with the P22 spike gene to yeild the hybrid

-- tail fiber.
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SFOREWORD

Though we initially planned for development of a gene cloning vector, we

have not established a recombinant DNA method for these hybrid phages

during this period.
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- "PROGRESS

1. Intergeneric high transducing activity of 80immP22dis- hybrid type

080immP22dis hybrid type carries all the late genes of coliphage 080

and most of the P22 early region including both the bipartite immunity

* region (c and Im). Such hybrids can grow in hosts lysogenic for 080immP22

and carry not only att region but also gene 9 or al of P22, because these
S..

genes are situated between c and Im regions of P22. Thus the prophage

- of this hybrid type is inserted into the attP22 region adjacent to the proline

region of the E. coli-S. typhimurium recombinant WR4027 chromosome.

Induction of such a prophage creates a new hybrid type by losing the Im

region and the genes between the Im and att regions of P22 and acquiring

a bacterial chromosomal segment. Such new hybrids are now unable to grow

in 80immP22 lysogens, thus designated as 80immP22dis- Since E. coli-

S. typhimurium chromosome consists of S. typhirnurium chromosomal

segment coding for at least synthesis of cell wall lipopolysaccharide and E. coli

segment(s) containing mal B rep, proAB and lac gene, 80immP22dis-

hybrids are likely to carry a coli chromosomal segment containing proline A, B

and adjacent genes. Because of the lack of sufficient auxotrophic mutants in

• E. coli-S. typhimurium recombinant species, E. coli K12 auxotrophic mutants

were used for transduction assays with 80immP22dis hybrid type. Transduction

.. frequencies are extremely high, more than 10% for these genes. Arginine F of

E. coli is a gene for ornitine carbamoyltransferase at 6min of E. coli map and

-. is efficiently transduced by 80immP22dis" hybrid type at a frequency of

about 21%. Proline A of E. coli K12 was also transduced by 80immP22dis-

Fat a high frequency ( about 12%) but this frequency is lower than that with

arginine F. In addition methionine D was transduced with some of the

8



80immP22dis- strains but not all the 080immP22dis- hybrids strains,

whereas arginine F and proline A of E. coli K12 were transduced with

all the 80immP22dis- strains tested. These observations suggest the genetic order

attP22-argF-proA-metD is in counterclockwise orientation of the E coli

chromosome.

2 The structure of the P22 homologous segment in MuimmP22 hybrids

We reported previously that MuimmP22 hybrid carries the P22 early

regions including the c region and the regulatory genes of DNA synthesis

(12 and 18) . Infection of WR4028 with MuimmP22 produces lysogens at a

high frequency. The resultant lysogens are inducible although strains

lysogenic for the parent MU phage are not inducible. These results suggest

that MuimmP22 hybrid carries the att and int region of P22 phage. Therefore

it became desirable to determine the left end of the P22 homology in MuimmP22

hybrids.

Since WR4028 strain lysogenic for MuinmP22 is sensitive to P22

infection, superinfection of such a lysogen with P22c2ts12 induced the

prophage and also produced P22 recombinants. Computation of crossovers

between markers by scoring various P22 recombinant types suggests that

the left arm of P22 homology in MuimmP22 hybrid ends at or near the att

region of P22.

3. Serological and genetic evidence for formation mechanism of the new

tail fiber antigen of hybrids between coliphage and Salmonella phage P22

MuimmP22 hybrids form plaques on smooth derivatives such as WR4028

of E. coli S. typhimurium hybrids while Mu phage infects a rough

I9



"-* derivative WR4027. Moreover, anti-Mu serum neutralizes the plaque-

. forming ability of MuimmP22 hybrid at a 10-fold reduced rate as

compared with that of Mu phage. Thus, we suspected that MuimmP22

"A hybrids carry the tail fiber coded in the inverted G(-) segment of Mu

phage. However, anti-Mu G(-) serum was prepared and also found to

neutralize MuimmP22hybrids at a 10-fold reduced rate. Since MuimmP22

infects smooth host WR4028, the distal end of MuimmP22 hybrid tail

fiber might have been derived from P22. In fact a small accidental

homology exists near the distal ends of both P22 tail spike and 1VuG(-)

tail fiber regions. Therefore, we suggested that genetic crossovers between

Mu and P22 occur at the tail fiber region U- of the G segment with the

.1', inverted (-) orientation of Mu phage, resulting in the replacement of the

rest of the right hand end of Mu phages genome with a P22 segment.

Backcross frequencies of the P22 markers of MuimmP22 with P22

phage is explained by single crossovers toward the right end of the

hybrid genome, supporting the above theory.
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