plate to allow the plaques corresponding
to positive signals to be picked. The
most reliable system we have used for
this alignment involves labeling the fil-
ters and plates during adsorption by
puncturing the filter at three points
around its circumference with a hypo-
dermic needle and injecting 0.1 to 0.2 ul
of India ink into the agar at each point.
The ink diffuses very little during the 2
days normally required for hybridization
and autoradiography, and it allows abso-
lute orientation of the filters, autoradio-
grams, and plates. From a plate with
more than 1000 plaques, we normally
pick about 20 plaques from the area of
each positive signal for rescreening and
plaque purification. Once pure clones are
obtained, the sizes and restriction
spectra of the inserted DNA’s can be
rapidly determined by the method of
Cameron et al. (16).

The large capacity and speed of this
method make practical, we believe, the
isolation of eukaryotic unique genes by
screening all the recombinants produced
through shotgun cloning the entire ge-
nome. This should make possible isola-
tion of a large number of genes for which
physical or genetic purification schemes
are not available.

W. DaviD BENTON*
RoNALD W. Davis
Department of Biochemistry,
Stanford University School of Medicine,
Stanford, California 94305
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Use of Phage Immunity in Molecular Cloning Experiments

Abstract. Immunity to phage superinfection is a useful selective marker in molecu-
lar cloning experiments. Plasmids which have unique sites for several different restric-
tion endonucleases and which specify immunity to bacteriophage \ are described.

Antibiotic resistance genes carried on
plasmids are useful as selective markers
in molecular cloning experiments (/). We
show here that phage A immunity may be
used as an alternative selective markeron
plasmids that are carried in Escherichia
coli. Plasmids bearing the ¢l (repressor)
gene of bacteriophage A direct the syn-
thesis of A repressor and render carrier
cells immune to superinfection by A (2).

In a model experiment, we have com-
pared selection for immunity or antibiotic
resistance, using a plasmid (pKB158) (2)
that carries both the A ¢l gene and a gene
specifying tetracycline resistance (fet).
Cells were transformed (3) with either no
DNA, 1 ug of pKB158 DNA, | ug of
pKB158 DNA digested with Eco RI, or 1
ngof pKB158 DNA digested with Eco RI
and subsequently treated with T4 polynu-
cleotide ligase. Transformants were se-
lected on either tryptone plates plus 20 ug
of tetracycline per milliliter or tryptone
plates seeded with 10° A\KH544, and 10°

SAL |

Fig. 1. Structure of Hino 11

pKB158. Map show-
ing the locations of
various restriction en-
donuclease cleavage
sites on pKB158. Also
shown are genes cl
and tet (as heavy
lines) and the Col E1
origin of replication
ori (by an arrow). On-
ly three of the more
than ten Hae II sites
are indicated. The ma-
terial contained in
pKB166 is indicated
by an arc inside the
map of pKBI158.
pKBI158 has four
Hind II sites, one of
which is also recog-
nized by Sal I and an-
other of which is also
recognized by Hpa I.

Hinp 1
Hpa 1

AKHS54hy, (2, 4). The results are given in
Table 1. Selection for A immunity yielded
about half as many transformants as did
selection for tetracycline resistance. A
small background of mucoid bacteria sur-
vived the selection for immunity even
when no DNA was present in the trans-
formation; however, all (36 of 36 tested)
of the nonmucoid A immune clones car-
ried pKB158, as judged by the fact that
they were tetracycline resistant. In sum-
mary, clones carrying plasmids which
bear the A ¢l gene are easily selected and
distinguishable from the small back-
ground of mucoid bacteria which survive
the selection procedure. A possible dis-
advantage of the use of phage immunity in
molecular cloning experiments is that se-
lection for immunity is not possible with
phage-resistant strains (such as x1776)
and is not easily maintained during
growth in liquid media with standard E.
coli strains.

We briefly describe two well-charac-

Bam |

Hinp 11

BoL I1
Eco RI

PKB166
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terized plasmids which carry the AcI gene
and which may be useful as cloning vec-
tors. Plasmid pKB158, used in'the experi-
ments described above, contains unique
cleavage sites for the restriction endonu-
cleases Eco RI, Bgl II, PstI, Bam I,
Sal I, and Hpa I (see Fig. 1). Hpa I cleav-
age of pKBI158 produces a flush-ended
linear molecule, which may be used to
clone flush-ended DNA fragments gener-
ated by a variety of restriction endonu-
cleases (5). Joining of flush-ended DNA
molecules to each other is mediated by
high concentrations of T4 polynucleotide
ligase (2).

We have prepared a smaller derivative
of pPKB158 which lacks the ref gene, in the
following manner: pKB158 was digested
with Bam I and Hpa I. The larger frag-
ment produced (see Fig. 1) contained the
Aclgene and the Col El origin of replica-
tion. This fragment was partially digested
with Hae II, diluted, and treated with T4
polynucleotide ligase. Cells were trans-
formed with this DNA and A immune
transformants were selected as described
above. About 5000 immune colonies were
washed from their plates with tryptone
broth, and a drop of this pool was used as
an inoculum for a culture from which
plasmid DNA was prepared. The plasmid
DNA was separated by polyacrylamide
gel electrophoresis and the smallest plas-
mid present on the gel was eluted and
used to transform cells; this plasmid was
named pKB166 (see Fig. 1).

Plasmid pKB166 contains only two
Hae Il fragments (2000 and 350 base pairs
long), including the one reported to con-
tain the Col E1 origin of replication (6). It
is one of the smallest plasmids described
to date, about 2400 base pairs long (1.6 X
108 daltons). Of those 2400 base pairs,
1100 are derived from the A immunity re-
gion (cI and adjacent sequences) and 1300
are derived from Col El. Since E. coli
strains stably maintain pKB166 and are
immune to colicin E1 when they harbor
pKB166, the 1300 base pairs of pKB166
which are derived from Col E1 [corre-
sponding to the region from 0.79 to 1.00
on the map in (6)] contain sufficient genet-
ic information to direct replication and to
express immunity to colicin E1.

pKB166 has unique recognition sites
for Eco RI, Bgl I1, and Hind III, and has
only two recognition sites each for Hae 11
and Hind II. DNA fragments generated
by Bam I or Mbo I as well as Bgl II may
be cloned in the Bgl II site in pKB166,
because all three endonucleases produce
identical sticky ends. DNA fragments
generated by Hae II may be cloned in
partially digested pKB166. DNA frag-
ments cloned in the Hind III or Hind II
sites in pKB166 will destroy cI or its pro-
moter and eliminate the expression of A
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Table 1. Selection of pKB158-bearing clones
by A immunity or by tetracycline resistance.
Cells (5to 6 X 107) from a transformed culture
were spread on selective plates (described in
the text) and incubated overnight at 37°C. The
number of colonies which grew are tabulated.

Selection for
DNA AImmu-  Tetracycline
nity resistance
None 6 0
pKB158 248 451
pKBI158 + Eco RI 9 1
pKB158 + Eco RI 28 51
+ T4 ligase

immunity. pKB166 is comparable with
the so-called mini Col E1 plasmids (7) in
that it is extremely small, can be ampli-
fied by treatment with chloramphenicol,
determines two selectable phenotypes
(immunity to phage A\ and to ¢olicin E1),
and has several restriction endonuclease
cleavage sites in which DNA fragments
may be cloned.

The polypeptides encoded by pKB166
are few and with the exception of A re-
pressor are small. This we infer from ex-
periments involving a plasmid (pKB266)
which is nearly identical to pKB166, dif-
fering principally in that pKB266 has lac
promoter fragments which transcribe cI
[compare pKB158 and pKB252in 2)]. A
minicell-producing strain, x1274 (8), was
transformed with pKB266 and minicells
were purified as described by Inselberg
(9). The minicells were labeled with
[**S]methionine and extracts of the la-
beled minicells were analyzed by poly-

acrylamide gel electrophoresis in the
presence of sodium dodecyl sulfate. The
principal (> 95 percent) **S-labeled poly-
peptide greater than 8000 daltons present
in such extracts was A repressor (molecu-
lar weight, 26,000).
KEITH BACKMAN
DiaNE HAWLEY
MICHAEL J. Ross
Biological Laboratories,
Harvard University,
Cambridge, Massachusetts 02138
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Hybridization in situ of SV40 Plaques: Detection of Recombinant

SV40 Virus Carrying Specific Sequences of Nonviral DNA

Abstract. The detection and recovery of SV40 genomes containing foreign DNA
sequences can be facilitated, and the risk of accidental dispersal reduced, by in situ

hybridization and radioautography.

Specific nucleic acid sequences con-
tained in the cells of bacterial colonies
can be detected without prior isolation of
the cell’s DN A by in situ hybridization of
radioactive nucleic acid probes (RNA or
DNA) to imprints of the bacterial colo-
nies immobilized on nitrocellulose disks
(7). Similarly, A phage plaques, formed
on lawns of sensitive bacteria, can be
screened for the presence of recombi-
nant phages carrying specific DNA seg-
ments (2). Beside facilitating detection
and isolation of bacterial or phage clones
carrying recombinant DNA molecules,
such methods decrease the risk of dis-
persion of these organisms by reducing
the scale and simplifying the number of

mechanical and chemical manipulations
generally used to identify organisms car-
rying specific recombinant DNA mole-
cules.

SV40 DNA has been used as a vector
for cloning and propagating foreign DNA
segments in animal cells (3=5). Where
the desired recombinants do not possess
a distinguishable phenotype, the re-
combinant virus genomes are detected
by hybridization of the viral DNA iso-
lated from cells infected with each of the
putative recombinant virus stocks (3-5).
But this procedure is cumbersome and
time-consuming; furthermore, because
the number of plaques that can be
screened is limited, the ability to detect
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