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ABSTRACT: Mu dI{Ap lac) bacteriophage can be

used to search for genes which are members

of a common regulatory network without having to know the functions of the genes in advance.

Aim was for obtaining the loci in the SOS netwo

rk as well as temperature inducible loci. For

this purpose, rec4441 allele was used. This allele encodes a thermosensitive rec4 gene product;
thus, the rec4441 allele can be activated upon temperature upshift without by external DNA

damage. Approximately 10,000 colonies were scree
expressed S-galactosidase higher level at 42°C th

ned, and then searched for the colonies which
an at 30°C . The strains identified fell into

two classes; (i) omes in which the increased expression was recd* lexA* -dependent, that is,
din(damage-inducible) genes which were due to the activation of rec4441 allele and (ii) ones
in which the increased expression was rec4* lexA*-independent and only temperature-inducible,

tin genes. Rough mapping position was obtained
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The past several years have secen an explosive
growth in our understanding of the molecular
strategics employed by cells in responding to
challenges to their genetic material. DNA damage
presents a very scrious challenge to a cell because
of the possibilities that it may give risc to
mutations or lead to death. Cells have evolved
a wide varicty of conceptually different strategics
to repair damaged DNA accurately (Walker, 1984
Paek er al. 1987).

In recent years it has become clear that
Escherichia  coli has  at  least  four different
regulatory networks of genes whose expression is
induced in response to treatments with DNA-
damaging agents: (1) SOS response. (ii) adaptive
response, (it} heat-shock response. (iv) oxidative
DNA  damage repair response (Demple and
Halbrook. 1983). These regulatory networks are
not actually totally exclusive of one another. For
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for these genes.

(damage-inducible) genes, fin(temperature-

example, Krueger and Walker (1984) observed that
at least some subset of heat shock proteins
(including GroEL and DnaK) were induced by
UV and nalidixic acid which were known to be
the SOS-inducing agents. Furthermore. this
induction of groEL and dnaK by UV and nalidixic
acid was found to be controlled by the fipR gene
product. a positively acting clement required tor
expression ol the heat shock genes (Neidhardt
and VanBogelen. 1981 Neidhardt er al. [983:
Pack and Walker, 1987 Yamamori and Yura,
1980). However. it is not clear at this point that
generation of an inducing signal for heat shock
involves any type ol DNA damage.

In an ecffort to dissociate the physiological
complexity of the SOS responses tfrom the issue
of their regulation. Kenyon and Walker (1980)
successfully used Mu dI(Ap lac) bacteriophage 10
identity din(damage-inducible) loci whose expres-
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Table 1. Escherichia coli strains and plasmids used in this study.

Strain/Plasmid Description Source/Reference
GW1000 recA411 suldl! lacU169 thr-1 Kenyon and Walker
leub his-4 argE ilv(ts) galk2? rpsL3] (1980)
K165 F' lac(am) trp{am) pho(am) Cooper and
malf(am) rpsL sup4® hipR(am) Ruettinger (1975)
MH71 malPQ::Tn5 T. Silhavy
GW4723 As K165, but malPQ::Tn5 Pl transduction
KI65XP1 (MH71)
GW4799 As GW4792, but hpR(am) Pl transduction
malPQ:: Tn5 GW4792 X P1 (GW4723)
MALI103 F Mu dI(Ap lac) Mu B. Wanner
A(proAB-lacy X111, rpsLi
HFr's Various origins and Laboratory
directions of transfer collection
pGW600 Tc', Mu C'. pBR322 replication origin C.J. Kenyon
pKPI12 Cnv, hipR*. pACYCl84 Pack and Walker

replication origin

{1986)

Tc¢ tetracyclin resistant, Cm”: chloramphenicol resistant

sion was increased by a variety of SOS-inducing
treatments. Thus. one is able to search for genes
which are members of a common regulatory
network without having to know the functions of
the genes in advance.

I decided to search for the additional loci in
the SOS network as well as temperature inducible
loci. For this purposc. | took advantage of the
recA441 allele (lormerly called rif-7). which leads
to constitutive expression of SOS genes at 42C
(Paek and Walker. 1986; Walker. 1984).

MATERIALS AND METHODS

Bacterial strains and plasmids

Bacterial strains used in this work are described
in Table 1. Derivatives containing the hipRI65
allele  were  constructed by Pl trans-
duction. using a linked malPQ::Tn5 for selection.
Pl transductions were performed basically as
described by Miller (1972). The presence of the
hpRI65 mutation was judged by the temperature
sensitivity at 42C (Cooper and Ruettinger. 1975).
Media and reagents

Bacteria were routinely grown on LB medium
at 30C. unless otherwise stated. Supplemented M9
/glucose minimal medium were used in the case
of labeling and f-galactosidase assay. Kanamycin
(Km) (25 pg/ml). ampicillin{Ap) (50 ug/ml). tetra-
cyclin (Te) (20 pg/ml) and chloramphenicol(Cm)
(25 ug/mi)y were used to select the strains, X-gal(5-
bromo-4-chloro-3-indol-g-D-galactoside) was used
to screen for f-galactosidase activity (Miller, 1972).
Mu dI(Ap lac) insertional mutagenesis

The insertional mutagenesis to generate the Jac
fusions was donc by using the Mu d/(Ap luc)
bacteriophage. This phage has two keyv features

which make it so useful; (i) Mu dI(Ap lac) carries
a gene coding for Ap® so that Ap® colonies can
be selected. (ii) Mu dI(Ap lac) can generate
operon fusions in a single step. It is a derivative
of bacteriophage Mu and was constructed by
Casadaban and Cohen (1979). To prepare Mu d/
(Ap lac) lysate, the strain MALI103 which is a Mu
dI{Ap luc) and Mu Cts double lysogen was used.
After preparing the lysate by temperature upshift.
the lysate was used within a week 1o avoid the
rapid decrease in the titer of the phage stock that
1s seen with time. The strain (GW1000. Sce Table
1) was infected with serial dilution of Mu 7
phage, pooled. stabilized by transtorming with a
plasmid overproducing the Mu repressor (pGW
600), plated on LB/ampicillin/X-gal plate. incu-
bated at 30T, replica plated at 30C and 42C on
the same plates and screened for the colonics
which showed bluer color at 42C than at 30C.
To discriminate  between din and #in strains.
exponentially  growing curtures at 30C  were
exposed 1o 15 Jym® UV and the fgalactosidase
assay was carried out.
Other methods

The Hir's with various origins and directions
of transfer were in the laboratory collection and
were used for the Hir quick mapping (Low. 1973)
of din and iin strains. The S-galactosidase assay
was carried out essentially as described by Miller
(1972) with a «light modification: Cells were
assayed  within three hours after their removal
from the curture. 40 o/ CHCL: were added 1o the
tube containing Z butfer. and the solution was
vortexed for 10 seconds and then kept at room
temperature for ten minutes. The solution was
warmed 1o 29C and 4 mg/m/ ONPG(o-nitro-
phenyl-g-D-galactoside) solution was  added to
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Table 2. Rough mapping data of din and iin strains by Hfr mapping

Strains Description Mapping position
GW4750 As GWI1000. but dinG::Mu dI(Ap lac) 2342
GW4760 As GWI1000, but dinH:Mu dI (Ap lac) 2342
GW4770 As GWI1000. but dinl:Mu di (Ap lac) 9'-12.5
GW4780 As GWI000. but dinJ:Mu di (Ap lac; 43'-60)
GW4792 As GWI1000, but tinl0/:Mu dI (Ap luc) 9'-13'
GW4793 As GWI000, but #inl02:Mu dI (Ap luc) 13-32
GW4794 As GWI1000, but tinl03:Mu dI (Ap lec) 22'-43'
GW4795 As GWI1000. but tinl04:Mu dI (Ap luc) 58'-61
start the reaction. 40 Tinlo1
< TS 40
RESULTS AND DISCUSSION b Tin1ot42
3 — .
Several Mu d/(Ap luc) generated chromosomal g 30 - ////
fusions in which f-galactosidase expression was 3 ;= TinlO1htpR /
induced by temperature upshift in an hpR'- = pKPI12.42
dependent fashion were isolated. o 20
These insertions were originally isolated during il P
a screen for the additional loci in the SOS © L
network as well as temperature- inducible loci. Z 1l 7 Tinl01hipR 42
[ took advantage of a reed441(tormerly termed rif- 5 Vbt
1) strain in this screen. This recd allele encodes

a thermosensitive reed gene product which can
be activated upon temperature upshift without any
external DNA damage. Thus SOS responses are
induced just upon temperature upshift (Walker.
1984). The Mu d7{Ap luc) bacteriophage was used
to generate random lac opceron fusions in this
strain,  approximately 10,000 colonies  were
screencd. and then colonies which expressed p-
galactosidase higher level at 42°C than at 30C were
searched for. The identified strains fell into two
classes: (1) ones in which the increased expression
was recd  lexd -dependent. that is. din (damage-
inducible) genes (Kenyon and  Walker,  1980)
which were due to the activation of rec4441 allele
and the (i) ones in which the increased
expression was reed ” levA " -independent and only
temperature-inducible. The  sccond  class  was
named as rn (temperature-inducible) tusions. Five
independent din genes were identified. One of
these Mu dI(Ap lac) insertion was at the dinD
locus (Kenyon and Walker. 1980). judging from
the mapping data and the induction kinetics of
B-galactosidase (data not shown). The approxi-
mate mapping data ol other din genes are on
Tuble 2. Also 8 independent tin genes were
identitied. These din and tin strains showed 3 fold
to 11 fold maximum induction after temperature
upshift from 30C to 42C. It took about 2 hours
to reach the maximum induction. Recently 1t was
discovered that polll was encoded by the dinA
gene (Bonner er ol 1990), which  ha'l been
identified previously as @ DNA damage-inducible
Mu di(Ap {uc)y gene fusion of unknown function
(Kenyon and Walker. 1980). So far all the other

S 1 1.5 2

Fig. 1. /nduction of P-galactosidase activty m tinl0]
(GWA4752). tnl0l hipR (GW47939), GW4739/
pKP2 strains before (30C) and after (42C)
temperature upshift. For the comenience, all
of 30C assays were designated as Tin101, 30.
The strains showed similar basal fevel. Sample
was teken up o 2 hour.

din or tin genes were not identitied. In the future
further intensive characterization of din and «in
genes may localize those as of alrcady known
function.

In 4 of the 8 #in strains. the induction of f-
galactosidase by temperature upshift was hpR -
dependent. That is, when the AtpR165 mutation
was introduced into these strains, the induc-
tion of f-galactosidase by a temperature upshift
10 42C was abolished. The introduction of the
AtpR " -containing plasmid (pKP12) (Table | and
also Pack and Walker. 1986) into these double
mutants {#in hipRI16S5) restored the S-galactosidase
induction. A typical induction is shown in Figure
. By this means 1t was clearly shown that this
induction cvent was fupR-dependent. These 4
hipR -dependent loci were roughly mapped by
Hir quick mapping (Table 2). Even though the
induction ol these genes were JupR -dependent,
I do not think that any of these genes identified
in this slcreen correspond to the known heat
shock genes that have been extensively studied.
Two classes of observations lead me 1o this
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conclusion; (i) The induction kinetics of these rin
genes were much slower than those of known heat
shock genes. That is, the maximum induction of
known heat shock genes reaches within 5 to 7
minutes and decreases sharply (Neidhardi er al.
1984). whereas that of tin genes takes about 2
hours. It is not surprising that the screening only
could give rise to the #n class. The screening
system could have biased for the genes which
showed such a prolonged response and which
were nonessential for cell survival at 42T. (ii) On
the autoradiogram of SDS-polyacrylamide gel of
“*S-methionine labeled total cell extract, 1 could
not detect any known heat shock protein which
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was missing in these mutants (data not shown).

The ApR gene has been shown to function as
a sigma factor for heat shock gene promoters
(Grossman ¢ al, 1984) and to work mainly at
the transcriptional level (Yamamori and Yura,
1980, 1982). The fin genes identified in this study
may represent a class of genes whose htpR " -
dependence differs from that of known heat shock
genes such as groEL, lon and dnaK. For example,
induction of the #n genes could require a
positively-acting transcription factor that is in-
duced in an ApR'-dependent fashion as part of
the heat shock response.

2

Mu dI{Ap lac)E o83l FE=AT F3biz FHUAES F4%) A9 7)5g vle] ok Wogle)
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