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Specialized transducing lambda phages carrying the region III flagellar genes
(fla) of Escherichia coli K-12 were isolated by a new method. A strain carrying
both a cryptic A prophage near the his genes and a deletion of the attA gene was
used as a starting strain. The lysogen of AcI857pgal8-bio69 was isolated in
which the prophage was integrated within the A cryptic genes by means of
recombination with the residual A DNA. The strains with deletions starting
within the prophage and ending in these fla genes were selected from among the
‘heat-resistant survivors of the lysogen. They were then infected with heat-
inducible and lysis-defective A phages and, thus, specialized transducing phage
lines for hag and fla were obtained. High-frequency transfer lines of rare phages
carrying the fla genes were isolated by inducing a strain carrying a heat-
inducible A prophage near the his genes and selecting by transduction of a fla
deletion strain. Preliminary characterization of these transducing phages is also

reported.

Various specialized transducing phage lines
have been established and used by a number of
groups in order to study the in vitro mechanism
of gene expression. Such a phage line would be
also useful for the identification of the products
of the genes for flagellar formation, fla, most of
whose functions are still obscure (3, 4). The fla
genes in Escherichia coli K-12 were assigned to
three regions called regions I, II, and IIl by
Silverman and Simon (17). The region I fla
genes were mapped near the pyrC gene, those
of the region II were mapped in the region
between the aroD and uvrC genes, and those of
the region III were mapped in the region be-
tween the uvrC and his genes in the E. coli
chromosomal map.

In this paper, we report the isolation of A
specialized transducing phages carrying the re-
gion III flagellar genes of E. coli K-12, fla and
hag, controlling the formation of flagella and
flagellin, respectively. Genes to be transduced
by a specialized transducing phage should be
close to the integration site of the prophage.
Such a location can be established by transposi-
tion of either the gene or the prophage. We
devised the latter method to insert the attA
gene within a close vicinity of the genes in
question. To this end, a strain carrying the
att\ gene near the genes of interest was iso-
lated from the strain that contained both a

! Present address: Department of Biology, University of
California, San Diego, La Jolla, CA 92093.

deletion of att\ gene and a cryptic A prophage,
infected with AcI857pgal8-bio69 (6). Then, the
DNA length between the attA gene and these
genes was shortened by selection of heat-resist-
ant survivors carrying some prophage gene
deletions that extend into the host genes. We
think that this method will be applicable to
other genes as well, because \ lysogens with a
prophage integrated in a secondary attachment
site are easily isolated (14). We also report
Apfla isolation directly from a A lysogen that
has a A prophage near the his gene.

Independent isolations of flagellar transduc-
ing phages carrying similar regions of E. coli
have been carried out by others (15; H. Kondoh,
personal communication).

MATERIALS AND METHODS

Bacteria and bacteriophage strains. The origin
and genotype of the E. coli K-12 strains used are
listed in Table 1. Table 2 lists the bacteriophages
used. Stock lysates of the phage strains without
cI857 mutations were prepared by a plate method
(1). Lysates of \ strains carrying the cI857 allele
were prepared from appropriate lysogens by heat
induction at 42°C for 15 min followed by incubation
at 37°C for 1 h. The lysates were concentrated by the
method of Yamamoto et al. (20). Phages without
amber mutations were titered on strain W3350 and
those with amber mutations were titered on strain
Ymel. A Lysogens were identified by cross-streaking
with high-titer lysates (more than 10° PFU/ml) of
Avir and Ab2cl on tryptone (Difco) agar plates.
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Strains that were lysed by Avir but not by Ab2cI were
classified as \ lysogens.

Media and growth conditions. The standard rich
media used were L broth and L broth agar (LA) (8).
The L broth medium contained (per liter of water):
10 g of tryptone (Difco), 5 g of yeast extract (Difco)
and 5 g of NaCl. EMB agar, nutrient gelatin agar
(NGA), R agar, and R top agar were prepared as
described previously (7). Tryptone broth contained
(per liter of water): 10 g of tryptone (Difco) and 5 g of
NaCl. Tryptone agar and top agar, made from
tryptone broth and containing 1.2 and 0.3% agar,
respectively, were used for the preparation of A
phage. Cultures were grown with aeration at 30°C
unless otherwise specified.

Scoring and selection of fla. The flagellar charac-
ter was ordinarily identified by using NGA (5). Col-
onies on LA were picked with toothpicks, gridded on
NGA, and incubated for 6 h. Motile clones made
swarms and nonmotile ones did not.

Transductions. Pl-mediated transductions were
performed as described previously (8). A-Mediated
transductions were carried out as follows: recipient
cells were grown overnight in L broth containing
0.2% (wt/vol) maltose and 0.01 M MgSO,. They were
collected by centrifugation, resuspended in an equal
volume of a 0.01 M MgSO, solution, and incubated
for 1 h at 37°C for starvation. For transduction, a
0.1-ml portion of phage suspension and an equal
volume of bacterial suspension as above were mixed,
giving a multiplicity of infection (MOI) of 5. The
mixtures were incubated for 30 min for adsorption
and plated on NGA.

High-frequency transducing (HFT) lysates were
identified by a rapid screening test. Each well of
MicroTest II dishes (96 wells, Falcon Plastics) con-
tained 0.05 ml each of lysates (10 PFU/ml) and
recipient cells as above (2 x 10° cells/ml). The mix-
tures were plated on NGA after incubation for 30
min at room temperature. HFT lysates gave con-
fluent swarms on NGA after 9 h at 30°C.

RESULTS

Isolation of specialized transducing phage
lines carrying fla genes. In an initial step, we
thought that an E. coli K-12 strain, KS899 (9,
14, 19), which had a AcI857 prophage inte-
grated between the his genes and the region III
fla genes (17) in its chromosome, would be use-
ful for the isolation of the region III fla-trans-
ducing phages (Fig. 1). Accordingly, we at-
tempted to isolate Afla phages from the heat-
induced lysates of strain KS899 by the method
described for the isolation of Agal- or Abio-
transducing phages (2). However, the attempt
was unsuccessful, probably because the loca-
tion of the prophage was too distant from the
region III fla genes (9, 19). Therefore, we de-
vised a new method for isolating transducing
phages that carry parts of the fla and kag genes
from derivatives of strain KS899.

First, we isolated heat-resistant survivors of
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TaBLE 1. Bacterial strains used
. Source/refer-
Strain Relevant genotype ence
KS650 HfrH A(gal att\ chlA bio  #60-11 (14)
uvrB)® thi carrying \
genes (F L I J) near his
EJ757 AcI857pgal8-bio69 lysogen This study
of KS650
KS899 HfrH A(gal att\ chlA bio  Single lysogen
uvrB) thi (AcI857 near of #60 (14)
his)
EJ800 HfrH A(gal att\ chlA bio  Heat-resist-
uvrB) thi A(flaP Q R) ant clone
of KS899
Ymel F*mel, supE, supF H. Ikeda
Ymel(P2) P2 lysogen of Ymel This study
EJ710 F-leu trp his met ilvA argG Y. Komeda
thi thyA xyl mtl strA
nalA uvrC
EJ971 flaA of EJ710 Y. Komeda
EJ972 flaB of EJ710 Y. Komeda
EJ974 flaC of EJ710 Y. Komeda
EJ975 flaD of EJ710 Y. Komeda
EJ976 flakE of EJ710 Y. Komeda
EJ977 hag of EJ710 Y. Komeda
EJ980 flal of EJ710 Y. Komeda
EJ982 flaP of EJ710 Y. Komeda
EJ983 flaQ of EJ710 Y. Komeda
EJ984 flaR of EJ710 Y. Komeda
MS1861 F-his argE thyA galU thi (18)
strA flaN
MS1862 F-his argE thyA galU thi (18)
strA flaO
W3350 F-galT galK Y. Hirota

2 A denotes deletion.

TaBLE 2. Bacteriophages

Strain Comments and source
AcI857susS7 T. Icho
Aimm21int29 Shimada et al. (14)
Avir Shimada et al. (14)
P2 T. Yura
Plkc derivative Y. Komeda et al. (8)
AcI857pgal8-bio69 K. Shimada (6)
AcI857susA .B YS122 of K. Shimada
Ac*susF96 YS46 of K. Shimada
A\cI857susd YS18 of K. Shimada
Nimm434susN7 YS189 of K. Shimada
Mmm434susP3 YS192 of K. Shimada
Amm434sus@Q21 YS191 of K. Shimada
Mmm434susR.R YS193 of K. Shimada

strain KS899 that were derived from cells in
which most of the prophage genes had been
deleted. One of them carried A genes F through
J near the his genes and was designated strain
KS650 (Fig. 1 and 2; reference 14). Although
the deleted chromosomal region of strain KS650
was not determined, this strain makes swarms
on NGA (5) and should have a complete set of
fla genes for flagellar assembly and function.
To introduce the attA gene into the chromosome
of strain KS650, we inserted the AcI857pgal8-
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KS899
his

lambda genes

H KS650
i deletion

MP‘ intNclRA _ Jb2 PIY

J. ViroL.

Region [l fia genes
supD flaRQPAE OCBN hag flaD

|

|

EJB00

F1G6. 1. Genetic map of E. coli K-12 KS899 near fla. Only the relative sequence of the genes is shown. Thin
lines indicate DNA originated from \ phage. P -P' in \ genes indicates X phage attachment site. A- A’ indicates

a secondary attachment site of E. coli (14).

his Y supD _ HaROPAEOCBN hagflaD
“ Rec
Ems?
his L1 J el B.8 bio RA__ ) b2 P\ ouoD flaRQPAEOCBN

-

E)780

F1c. 2. Possible process of isolation of strain EJ780. The gap between wavy lines indicates an undefined

chromosomal deletion.

bio69 phage (6) genome into the cryptic A genes
by isolation of gal* lysogens on EMB galactose
plates. The AcI857pgal8-bio69 phage has a
deletion in the part of the A genome, (b2-int-
xis-red)*, and contains instead bacterial genes
(gal-att\-bio)*. When strain KS650 is lysogen-
ized with AcI857pgal8-bio69, the resulting ly-
sogens presumably carry the prophage inte-
grated within the cryptic A genes, because this
strain has been deprived of the normal A at-
tachment site and because there is a high de-
gree of homology between the \cI857pgalS8-
bio69 genes and the cryptic A genes carried by
the mutant. One of the lysogens thus obtained
was designated strain EJ757. A possible ge-
nome structure of the prophage carried by this
strain is depicted in Fig. 2.

The DNA length between the transposed
atth gene and fla genes in strain EJ757 was
accordingly shortened by introducing various
deletions as follows. Most cells of a AcI857 lyso-
genic culture are killed at high temperature
(40°C), because phage functions lethal to the
host are induced. The rare heat-resistant survi-
vors are often derived from cells in which the
phage genes specifying or controlling the lethal
functions have been deleted (12, 13). The dele-

tion may extend into adjacent bacterial genes
(13). An overnight culture of strain EJ757 was
incubated at 42°C for 15 min and was plated on
EMB galactose plates. The plates were incu-
bated at 40°C overnight. Galactose-fermenting
colonies were picked, and among them nonmo-
tile clones were selected by stabbing NGA.
Twenty-four such clones were isolated inde-
pendently and were designated strains EJ774
through EJ797 (Table 3). Their defective genes
were examined by complementation tests uti-
lizing a Plkc derivative prepared on various
region III fla mutants (17) as donors (Table 1).
The results are summarized in Table 3. Most of
the fla mutants (21 of 24) have deletion end
points between hag and flaD. None has the
deletions extending into flaD. The fact that we
could isolate fla deletion mutants clearly
shows that the AcI857pgal8-bio69 prophage is
located at the chromosomal site near the fla
genes (Fig. 2).

One of the mutants, strain EJ787, has a fla
mutation that is complemented by transduced
DNA of all the fla mutants used here. This
strain might be a fla point mutant that simul-
taneously had a fla mutation in region I or II
(17) and a deletion of the prophage gene. How-
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ever, this is unlikely for the following reason.
This strain did not show any reversion to fla*
after prolonged incubation on NGA for 3 days.
We selected mutants that had deletions of the
prophage gene and then examined them for fla
mutations. The spontaneous frequency of fla
mutations is usually 10~ per cell per genera-
tion, whereas we could isolate fla mutants at a
frequency of 1% of the heat-resistant survivors
that we examined. Since we could isolate an
HFT phage from this strain, as shown below, it
should have a deletion mutation near the fla
genes. Therefore, these two mutations might
occur as a single event, and strain EJ787 would
be a fla deletion mutant. A plausible explana-
tion for this result is that there is another
gene(s) controlling the Fla* phenotype, which
is located between the flaR and the prophage
genes. Otherwise, if strain EJ787 has a deletion
end point in the flaR gene, it could transcribe
the flaR cistron and make a partial product of
flaR, as suggested by the transcription se-
quence described by Silverman and Simon (18).
The partial flaR product could then be comple-
mented by the flaR product of EJ984 (flaR). We
need more flaR mutants to clarify this point.
All of the mutants could be lysogenized with
A\cI857susS7 phages at about the normal fre-
quency previously described (14). Therefore,
each of the strains EJ774 through EJ797 was
deduced to have an attA gene located close
enough to the region ITI fla genes so that trans-
ducing phages carrying these genes might be
isolated by the standard method (2; see Fig. 3).
We chose one of them, strain EJ780, and
prepared a lysate from its lysogen by heat in-
duction. When strain EJ977, a hag mutant,
was starved and infected with this lysate, hag*
transductants appeared at a frequency of 10~#
on NGA. Thirteen hag* and temperature-sensi-
tive transductants showing immunity to A
phage superinfection were picked and purified
by single-colony isolation. Each lysate prepared
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from these transductants by heat induction was
tested for ability to transduce the hag gene.
One of the lysates was found to demonstrate the
HFT character for the hag gene. When induced
in liquid cultures, the transductant gave titers
of 1 x 10° to 2 x 10 PFU/ml on a Ymel indica-
tor lawn and hag transducing titers of 1 x 107 to
1 x 10° per ml as assayed by swarm formation
of the hag mutant (EJ977). The transductant
clone that produced this HFT lysate for hag was
designated strain EJ977-11, and the transduc-
ing phage prepared from this strain was desig-
nated Afla#7-11.

In a similar way, the lysate from EJ787 was
used to infect a flaQ mutant, EJ983. fla@*
transductants appeared at a frequency of 10~°.
Fifty temperature-sensitive and immunity-plus
clones were picked and examined for ability to
yield HFT lysates. One lysate harbored this
character, and the phage was designated
Mla#14-41. The transductant from which the
lysate of Afla#I14-41 was obtained was desig-
nated strain EJ983-41.

Isolation of other fla specialized transduc-
ing phages. First, we isolated various fla dele-
tion strains from strain KS899 by the method
described by Kondoh and Ozeki (9). The culture
of strain KS899 grown overnight in L broth was
incubated at 42°C for 15 min and plated on LA.
The plates were incubated overnight at 40°C.
Heat-resistant surviving clones appeared at a
frequency of 10~¢/cell. Among them, we sought
nonmotile clones on NGA. One of the nonmotile
derivatives was found to have a deletion ex-
tending from flaR to flaP in the fla cluster and
was designated strain EJ800. This mutant
served as the starting strain in the following
experiments.

Lysates prepared from strain KS899 by heat
induction of L broth cultures yielded phage ti-
ters of only 10* PFU/ml. Several independently
prepared lysates were therefore concentrated,
and the resultant phage lysate (10’ PFU in the

TaBLE 3. Characterization of fla deletion strains®

Strain

Complementation®

g

o C

&
&
2

EJ774 through EJ779
EJ780
EJ781 through EJ786
EJ787
EJ788 through EJ791
EJ792
EJ793 through EJ797

[ I T S I I |
| T O B B )
[ I T S I I |
[ T S O I

P+
I
C
P+
P+
P+ | §
+H++++ 4|0
FAE |~

¢ Mapping was carried out by P1-mediated transduction. Standard fla mutants listed in Table 1 were used

as donors.

® +, Existence of complementation; —, no complementation.
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EJ780

his 4

gal B.Bbio {

{ hag flaD

Int J [lnt & Xis

lambda #7-11

F1c. 3. Possible origin of A\cI857susS7dfla#7-11 phage from strain EJ780.

total) was plated with a starved culture of the
recipient strain EJ800 on NGA. Twenty-two
motile transductants were obtained. Of these,
20 were temperature-sensitive for growth and
had immunity. However, none of the transduc-
tants yielded plaque-forming A phages upon
heat induction, suggesting that they carried
defective Afla prophages. The defective trans-
ducing phages derived from strain KS899 could
most likely have arisen by chromosomal dele-
tion followed by an abnormal excision, because
the DNA between the prophage A genome and
the fla genes is too large to be packed in a A
phage particle in a single event (Fig. 4). One of
the fla*, imm\ transductants thus obtained
was designated strain EJ734. This strain is
thought to carry part of the A genome, includ-
ing the cI857 gene, in the fla cluster (Fig. 4).
Therefore, we analyzed the remaining pro-
phage markers by spotting 10° to 107 particles of
a Asus mutant or a Asus* control on tryptone
broth agar plates containing about 107 cells
from an exponential-growth-phase culture of
strain EJ734. The presence of a given allele
resulted in confluent lysis at the location of the
phage spot. This strain had A gene P, Q, R, A,
B, F, or J, but did not have the A\ gene N. The
presumed chromosomal sequence of strain
EJ734 around the region III fla genes is shown
in Fig. 4.

In order to isolate fla phages from strain
EJ734, we introduced a Aimm21int29 phage
into this strain. The lysogens might possibly
carry the Aimm21int29 genes within the cryp-
tic A genes, because strain EJ734 had been
deprived of the attA gene. One of the
Aimm21int29 lysogens was purified. The pre-
sumed chromosomal sequence around the fla
genes is shown in Fig. 4 (I) and (I). The pro-

phage was induced with mitomycin C (0.5 ug/
ml) at 42°C. A class of transducing phage,
carrying bacterial DNA previously adjacent to
the right end point of an integrated prophage,
can be selected indirectly by ability to grow ona
phage P2 lysogen (10). This variant (called
Spi~) has lost phage genes from the left end of
the prophage map. From the known orientation
of the prophage genes in the chromosome of
strain KS899 (Fig. 4 and references 9 and 19), it
is conceivable that some of the phages showing
an Spi~ phenotype may possess the fla genes.
Therefore, the resultant lysate was plated on a
Ymel derivative lysogenized with P2 phage. Of
plaques appearing on the Ymel strain, clear
plaques were found with a frequency of 2 X
107. A Phages of these plaques were picked
with a metal loop and suspended in 2 ml of L
broth. Each suspension was tested for the abil-
ity to transduce the fla@ gene into strain EJ983
(flaQ). Two (\pfla#3 and Apfla#36) of the 40
Spi~ phages tested were able to transduce the
flaQ genes. These plaque-forming specialized
transducing phages were found to have A im-
munity, because these phages could make
plaques on the Aimm21 lysogen but not on the A
lysogen. A possible scheme for the derivation of
these phages is depicted in Fig. 4. We can pro-
pose two gene orders for the chromosomal se-
quence of strain EJ734 carrying the
Aimm21int29 prophage, as a result of the
Aimm21int29 integration by means of Rec-me-
diated recombination. Scheme (I) shows recom-
bination at a left-hand point of ¢/ and (IT) shows
recombination at a A gene located between N
and J genes, as in Fig. 4. Because we selected
Spi~ phages carrying the fla@ gene and they
had A immunity, scheme (I) is more likely.
Characterization of the specialized trans-
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ducing phages. The fla genes carried by
Apfla#3, \pfla#36, Afla#7-11, and Afla#14-41
were determined by transduction into various
fla mutants (Table 1) nonlysogenic or lysogenic
for A. Since trail formations are recognized as
criteria for complementation among fla genes
(15, 16), we used them for examination of the
fla genes carried by the HFT phages. And, if we
use a A lysogen as a recipient, the trails should
be formed only when the HFT phage has a
promoter of the fla genes. The results are sum-
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marized in Table 4. Apfla#3 formed trails on
nonlysogenic flaE, A, P, @, and flaR mutants,
and Apfla#36 formed trails on flaN,B,C, O, E,
A,P,Q, and flaR. Similarly, AMla#7-11 formed
trails on nonlysogenic flaD and hag mutants,
whereas \fla#14-41 formed trails on fla@ and
flaR mutants. When lysogenic recipients were
used, Apfla#3 formed trails on flaA, P, @, and
R; Apfla#36 formed trails on flaN through
flaR, and Afla#7-11 formed trails on flaD and
hag mutants. However, A #14-41 could not form

KS899 .
his A]ﬂn'_N:M b2 PV supD  flaBRQP AEOCBN
I deletion
excision
EJB00
his $ }faAEOCBN
J Rec
EJ734
his [ Jrane}——RA [ fia RQPAEOCEN
(1]

his imm21 RA Jb2PPintNcl RA J ] flaROPAEOCBN

Spi” phage

- flaRQOPAEOCBN

]

Spi” phage

FiG. 4. Possible origin of defective fla-transducing phages isolated from transductants of EJ800. (- -)

Undefined excision end points.

TABLE 4. Characterization of fla-transducing lambda phages °

Complementation®
Strain
flaR Q P A E 0 C B N hag D I
Apfla#3 @ ® 52 @ + - - - - - - -
Apfla#36 ® @ &b b 52 ® D & @ - - -
Adfla#7-11 - - - - - - - - - ® ® -
Adfla #1441 + + - - - - - - - - - -

¢ Mapping was carried out using fla mutants (Table 1) nonlysogenic or lysogenic for A as recipients on
NGA. Complementation was scored by trail formation (16).

b @, Complementation with lysogenic and nonlysogenic recipients; +, complementation with only nonly-

sogenic recipients; —, no complementation.
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trails on any of the strains tested.

To determine which parts of the phage genes
were replaced by bacterial DNA in Afla#7-11
and A #14-41 phages, the following experiments
were performed. The Afla#7-11 phage was used
to infect nonlysogenic strain EJ977 (hag) at an
MOI of 10~*. Two percent of the motile trans-
ductants retained A immunity but did not yield
plaques on a lawn of Ymel (supE, supF).
Hence, Mla#7-11 was a defective phage. It
carries cI857 and susS7 and therefore can be
designated as AcI857susS7dfla#7-11. We then
carried out a marker rescue experiment to
see which of the A\ genes remained intact in
this transducing phage line. A single
AcI8575usS7dfla#7-11 lysogen was first super-
infected with AsusA, AsusJ, or \imm434susN,
and then heat-induced. The resultant lysate
from such a culture was plated on W3350 (Su-)
and Ymel (Sut*) as indicator strains. With
AsusA and AsuseJ as superinfecting phages, the
progeny phages growing on strain W3350 were
observed at a frequency of 5% of the parental
phages growing on a permissive strain (Ymel).
However, when A\imm434susN was used as a
superinfecting phage, the progeny appeared at
a frequency of less than 107 of the parent grow-
ing on the latter strain. These results indicate
that AcI857dfla#7-11 harbors intact A and J
genes but no intact N gene. Similarly, Afla #14-
41 was also found to be defective in the N gene
and can be designated as AcI857susS7dfla#14-
41.

DISCUSSION

Transducing phages carrying the region III
flagellar genes fla and hag of E. coli K-12 have
been isolated. With these phages, it may be
possible to determine the polypeptides synthe-
sized by the individual fla genes by analyzing
the proteins directed by the phage DNA in vivo
(11, 16) or in vitro (22). Preliminary in vivo
experiments using the method described (16)
were carried out with Apfla #36 and A#7-11. So
far, we could identify the production of flagellin
(molecular weight, 54,000) from A#7-11 bacte-
riophage (Y. Komeda, unpublished data). Bio-
physical methods for locating genes (21) may
also be applicable to these fla genes. Analyses
using these methods will provide more precise
information on gene arrangement and interac-
tion. The results shown in Table 4 are inter-
preted as follows: flaE of Apfla#3 and fla@ or
flaR of Afla#14-41 do not have their own pro-
moters. Therefore, these genes are expressed
only by read-through from the A promoter. This
interpretation of the complementation analysis
with these specialized transducing phages con-
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forms with that of the transcription sequences
described by Silverman and Simon (18).

In principle, all the genes of interest could be
inserted into the A phage genome with lysogens
carrying a secondary A attachment site as re-
ported by Shimada et al. (14), followed by in-
duction of an extensive deletion in the chromo-
some and by introduction of a new attA gene by
infecting with AcI857pgal8-bio69 phage. If an
indispensable gene is deleted, a strain carrying
the gene in question on an F' element can be
used.

We also demonstrated that the abnormal ly-
sogen could produce transducing phages for the
genes almost 1 min apart from the location of
the prophage (9) on the E. coli map. These
phages may be produced by an abnormal exci-
sion after a deletion of the chromosomal DNA
between the prophage genes and the fla genes.
If strict selection of transductants is performed
by making use of a deletion strain as a recipi-
ent, we can obtain rare transducing phages.

Strains carrying the att\ gene adjacent to
the fla genes were constructed in this study.
These strains are of value for deletion mapping
of regions II and III fla genes of the E. coli
chromosome. If gal* survivors of a AcI857 lyso-
genic derivative are selected at 40°C, they prob-
ably retain the atf\ gene adjacent to their dele-
tion end points. By repeating this cycle, we
were able to isolate fla deletion strains that had
deletions extending into the region II fla genes.
This kind of strain will be useful in genetic
studies of other E. coli genes.

LITERATURE CITED

1. Adams, M. H. 1959. Bacteriophages. Interscience Pub-
lishers Inc., N.Y.

2. Campbell, A. 1962. Episomes, p. 101-145. In E. W.
Casapari and J. M. Thoday (ed.), Advances in ge-
netics, vol. 11. Academic Press Inc., New York.

3. Hilmen, M., M. Silverman, and M. Simon. 1974. The
regulation of flagellar formation and function. J. Su-
pramol. Struct. 2:360-371.

4. Iino, T. 1969. Genetics and chemistry of bacterial fla-
gella. Bacteriol. Rev. 33:454-475.

5. Iino, T., and M. Enomoto. 1971. Motility. Methods
Microbiol. 5A:145-165.

6. Ketner, G., and A. Campbell. 1974. A deletion mutation
placing the galactokinase gene of Escherichia coli
under control of the biotin promoter. Proc. Natl.
Acad. Sci. U.S.A. 71:2698-2702.

7. Komeda, Y., H. Suzuki, J. Ishidsu, and T. Iino. 1975.
The role of cAMP in flagellation of Salmonella typhi-
murium. Mol. Gen. Genet. 142:289-298.

8. Komeda, Y., T. Icho, and T. Iino. 1977. Effects of galU
mutation on flagellar formation in Escherichia coli.
J. Bacteriol. 129:908-915.

9. Kondoh, H., and H. Ozeki. 1976. Deletion and amber
mutants of fla loci in Escherichia coli K-12. Genetics
84:403-421.

10. Lindahl, G., G. Sironi, H. Bialy, and R. Calendar.
1970. Bacteriophage lambda; abortive infection of



VoL. 22, 1977

bacteria lysogenic for phage P2. Proc. Natl. Acad.
Sci. U.S.A. 66:587-594.

11. Murialdo, H., and L. Siminovitch. 1971. Identification
of gene specifying morphogenetic proteins, p. 711-
723. In A. O. Hershey (ed.), The bacteriophage
lambda. Cold Spring Harbor Laboratory, Cold Spring
Harbor, N.Y.

12. Neubauer, Z., and E. Calef. 1970. Immunity phase-shift
in defective lysogen: non-mutational hereditary
change of early regulation of A prophage. J. Mol. Biol.
51:1-13.

13. Shapiro, J. A., and S. L. Adhya. 1969. The galactose
operon of E. coli K-12. II. A deletion analysis of
operon structure and polarity. Genetics 62:249-264.

14. Shimada, K., R. A. Weisberg, and M. E. Gottesman.
1972. Prophage lambda at unusual chromosomal loca-
tions. J. Mol. Biol. 63:483-503.

15. Silverman, M., P. Matsumura, R. Draper, S. Edwards,
and M. 1. Simon. 1976. Expression of flagellar genes
carried by bacteriophage lambda. Nature (London)
261:248-250.

16. Silverman, M., P. Matsumura, and M. Simon. 1976.
The identification of the mot gene product with Esch-

ISOLATION OF fla-TRANSDUCING LAMBDA PHAGES

17.
18.

19.

20.

21.

661

erichia coli-lambda hybrids. Proc. Natl. Acad. Sci.
U.S.A. 73:3126-3130.

Silverman, M., and M. Simon. 1973. Genetic analysis of
flagellar mutants in Escherichia coli. J. Bacteriol.
113:105-113.

Silverman, M., and M. Simon. 1973. Genetic analysis of
bacteriophage Mu-induced flagellar mutants in Esch-
erichia coli. J. Bacteriol. 116:114-122.

Steege, D. A., and B. Low. 1975. Isolation and charac-
terization of lambda transducing bacteriophages for
the sul* (supD~) amber suppressor of Escherichia
coli. J. Bacteriol. 122:120-128.

Yamamoto, K. R., B. M. Alberts, R. Benzinger, L.
Lawhorne, and G. Treiber. 1970. Rapid bacterio-
phage sedimentation in the presence of polyethylene
glycol and its application to large-scale virus purifica-
tion. Virology 40:734-744.

Yamomeoto, M., L. Lindahl, and M. Nomura. 1976.
Synthesis of ribosomal RNA in E. coli; analysis using
deletion mutants of a A transducing phage carrying
ribosomal RNA genes. Cell 7:179-190.

. Zubay, G. 1973. In vitro synthesis of proteins in micro-

bial systems. Annu. Rev. Genet. 7:267-287.



