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ABSTRACT 

The product of the Escherichia coli lexA gene has been identi-

fied, and the regulation of lexA gene expression in vivo has been 

examined •. 

+ A series of specialized transducing phages carrying lexA and 

3 different amber lexA alleles was constructed by in vivo recombination 

between AlexA3 and host lexA alleles. These phages were characterized 

extensively to confirm that they carried the appropriate lexA allele. 

The lexA gene product was identified by comparison of the polypeptides 

encoded by AlexA3 and the amber lexA phages. A 24,000 dalton poly-

peptide, synthesized after infection of both amber-suppressor and non-

suppressor hosts by AlexA3 was not synthesized following amber lexA 

phage infection of non-suppressor hosts. Synthesis of this polypeptide 

following amber lexA phage infection was restored by the presence of an 

amber suppressor mutation in the host. On the basis of these data, 

the 24,000 dalton polypeptide was identified as the lexA gene product. 

Regulation of lexA gene expression in vivo was examined by 

hybridization experiments to measure lexA mRNA levels. The basla level 

of lexA mRNA in-wild type E. coli was found to be .006% of total mRNA. 

2 Treatment of the bacteria with 100 erglmm ultraviolet irradiation (UV) 

led to an eight-fold increase in le~ mRNA levels within 10 minutes, 

the lexA mRNA remained elevated until 70 minutes after irradiation, 

then slowly declined. By comparison, the level of recA mRNA increased 

from .05% to .51% of total mRNA within 10 minutes following UV 

irradiation, then declined. Both lexA and recA genes were induced by 

ix 
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nalidixic acid treatment; the induction was not as rapid as UV induction 

and different relative induction kinetics of the two genes were seen. 

The levels of lexA and recA mRNAS were measured in several 

mutant strains following UV-irradiation. 



INTRODUCTION 

Escherichia col~ exhibits a multifaceted response to treatments 

which damage DNA or inhibit DNA synthesis. A group of inducible func-

tions is expressed, includin:~ induced mutagenesis and DNA repair, 

prophage induction, inhibition of cell division and induction of recA 

protein synthesis. Their expression is regulated by the lexA and recA 

gene products; these two gene products exert opposite effects on the 

system. Basically, the system is non-inducible in cells either lacking 

recA protein function or containing more active lexA protein, while 

constitutive induction is seen in cells containing hyperactive recA 

protein, or cells which lack functional lexA protein. 

The ~ gene codes for a protein with a colecular weight of 

approximately 40,000 (McEntee, Hesse.and Epstein, 1976; Gudas and Mount, . 

1977; Little and Kleid, 1977; Emmerson and West, 1977). It is made in 

large amounts following inducing treatments; one of the most abundant 

proteins in the cell (Gudas and Pardee, 1975; Gudas, 1976). The 

amount of recA mRNA has been shown to increase after induction, 

indicating that the regulation of the ~ gene is transcriptional 

(McPartland, Green and Echols, 1980). 

The pattern of ~ protein synthesis in various ~ mutants 

indicates that the lexA product_is a negative regulator of ~ gene 

expression (Gudas,1976; Gudas and Mount, 1977). 1exA- mutations block 

inducible functions and, consequently, cause extreme sensitivity to 

1 
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DNA damaging agents such as ultraviolet irradiation (Mount, Low,and 

Edmiston, 1972). These mutations are dominant to wild type, indicating 

that the effects are due to alteration, rather than by inactivation of 

the 1exA product (Mount, Low, and Edmiston, 1972; Mount and Kosel, 1975). 

High level synthesis of recA protein (Gudas, 1976) or recAmRNA (McPart

land, Green, and Echols, 1980) cannot be induced in lexA- mutants. Two 

classes of mutations which suppress the UV sensitivity of lexA- mutants 

have been isolated (Mount, Walker, and Kosel, 1973; Mount, 1977). tsl

mutations map in or near the lexA gene, and are believed to cause pro

production of a thermo-sensitive lexA product. At high temperature, tsl

strains exhibit consitutive high level recA protein synthesis, as well 

as constitutive inhibition of cell division which causes their temperature 

sensitive phenotype (Mount, Walker, and Kosel, 1973; Gudas, 1976). ~ 

mutations inactivate the lexA product (Mount, 1977). ~ mutants 

synthesize high levels of recA protein constitutively, however, all 

inducible functions are not expressed constitutively in these strains 

(Mount, 1977; Gudas, 1976). This finding may be explained by some of 

the properties of the recA protein. 

The recA protein has been purified to apparent homogeneity, 

and found to possess a number of activities including high affinity 

binding to single-stranded DNA (ssDNA), DNA-dependent ATPase activity 

and highly specific proteolytic activity (Gudas and Pardee, 1975; 

Weinstock, McEntee, and Lehman, 1979; Ogawa et al., 1978; Roberts et al., 

1978; Roberts and Roberts, 1975; Roberts, Roberts, and Mount, 1977).-

This proteolytic activity is critical for expression of inducible 
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functions. Cells carrying mutations which inactivate the recA protein 

for all functions, or specifically for protease activity are deficient 

in expression of inducible functions (Clark and Margulies, 1965; Clark, 

1973; Gudas and Pardeej 1975; Howard-Flanders, Boyce, and Theriot, 1966; 

Craig and Roberts, 1980; Roberts et al., 1978; Radman, 1974). Roberts 

and his coworkers have:demonstrated that the induction of lambda prophage 

is due directly to the activity of the recA protease. The lambda 

repressor molecule is cleaved into two fragments by recA protein in a 

reaction requiring ATP (or the non-hybrolizable analogue y-S-ATP) and 

ss DNA (Roberts and Roberts, 1975; Roberts, Roberts,and Mount, 1977; 

Roberts et al., 1978; Roberts, Roberts, and Craig, 1978; Craig and 

Roberts, 1979). The identification of the lexA protein is reported in 

the first part of this dissertation. This work was done in collaboration 

with John Little and has been published (Little and Harper, 1979). The 

lexA protein was identified as a 24 Kd polypeptide. Work subsequent to 

the identification has shown that the lexA+ protein is cleaved by the 

recA protease in a reaction with the same requirements for ATP and 

ssDNA as the lambda repressor cleavage reaction (Little et al., 1980). 

The"requirement for ssDNA in these reactions suggests that the intra

cellular inducing signal may be generation of ssDNA. The most exten

sively characterized lexA mutation is the lexA3 allele. It has been 

been shown to code for an altered laxA protein (Little and Harper, 1979) 

which is a very poor substrate for the recA protease (Little et al., 

1980). 



The nucleotide sequence of the lexA gene has been determined 

(Markham, Little, and Mount, 1981). The difference between lexA+ 

and lexA3(Ind ) alleles was found to be a single base change near the 

center of the gene. 

4 

The amino acid sequence of the lexA protein, inferred from the 

nucleotide sequence shows a slightly lower molecular weight than the 

original estimate made on the basis of its migration in polyacrylamide

SDS gels (22.5 instead of 24 Kd), however, this degree of discrepancy 

is not unusual. The protein shares little overall amino acid sequence 

homology with A repressor. One common feature is the presence of an 

alanine-glycine bond near the middle of the sequence. The alanine

glycine bond in A repressor has been shown to be the site of recA 

protease cleavage and it is likely that lexA protein is also cleaved at 

this site. Markham, Little, and Mount (1981) found that the sequence 

of the lexA3(Ind-) gene was identical to that of lexA+, except for one 

base alteration which changes the protein sequence at the putative 

cleavage site from alanine-glycine to alanine-aspartic acid. This find

ing may explain the insensitivity of the lexA3 protein to proteolytic 

inactivation (Little et al., 1980), and the resulting non-inducible 

phenotype of LexA3 mutants. 

Genetic and biochemical data discussed above suggest that the 

sequence of events in the induction process are activation of the recA 

protease by an inducing signal (probably ssDNA) , cleavage of the lexA 

protein allowing high level expression of the recA gene and other 

inducible functions. When DNA damage is repaired and DNA synthesis 



resumes, the cells may return to the normal state by removal of the 

inducing. signal responsible for the activation of the recA protease. 

5 

In the absence of protease activity, functional lexA protein can 

accumulate and repress recA protein synthesis and other inducible func

tions which may be under lexA regulation. In this case, the rate of 

return to a normal state depends on the rate of lexA protein synthesis. 

It has been demonstrated that the lexA product functions as a 

negative regulator of its own synthesis. Three independent observation 

lead to this conclusion: 1) non-functional lexA products (i.e., amber 

fragments and spr mutant forms of the protein) are overproduced relative 

to function ones (Harper, M.S. Thesis, 1979); 2) expression of the lexA 

gene carried on a specialized transducing phage is prevented when the 

host contains high levels of functional lexA protein (Little and 

Harper, 1979); 3) the level of beta-galactosidase synthesized from a 

lacZ gene which has been fused to the lexA regulatory region (putting 

beta-galactosidase under lexA regulation) is reduced by the presence 

of a functional lexA gene in the same cell (Brent and Ptashne, 1980). 

lexA self-regulation has been shown to be direct and at the level of 

transcription (Little, Mount, and Yanish-Perron, 1981; Brent and 

Ptashne, 1981). Both groups found that purified lexA protein binds to 

and represses transcription from both lexA and recA regulatory-region 

DNA. These studies indicate that the lexA protein can be synthesized 

at a relatively high rate in the absence of functional lexA protein. 

Therefore, the concentration of lexA protein could rapidly reach a normal 

level after deactivation of the recA protease. 
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In addition to its function as a negative regulator of recA and 

lexA protein synthesis, it is now clear that the lexA protein is re

quired for normal regulation of cell division. This conclusion is 

based on the effects of the tsl and ~ mutations on cell division. 

Incubation of tsl mutants at high temperature results in filamentous 

growth (Mount, Walker, and Kosel, 1973). It has been demonstrated that 

tsl mediated filamentation is independent of recA function (Mount, 

Walker, and Kosel, 1973; McEntee, 1978; Brent and Ptashne, 1980). 

Based on the assumption that tsl is a lexAts mutation, this data 

indicates that inactivation of the lexA protein is sufficient to cause 

inh5.bition of cell division. This conclusion is supported by the 

effects uf ~?r mutations on cell division. All ~ mutations have been 

isolated in strains which carry an sfi mutation which specifically 

suppresses filamentous growth. Attempts to separate spr mutations from 

sfi have been unsuccessful, indicating that the ~ mutation alone 

may lead to filamentous death (Mount, 1977; D. Mount, personal 

communication). Brent and Ptashne (1980) report construction of a 

strain carrying an amber ~ mutation, and a temperature sensitive 

amber suppressor mutation. Incubation of this double mutant at high 

temperature results in lethal filamentation in the absence of an sfi 

mutation. This result provides conclusive evidence that the lexA 

protein is essential for normal cell division. 

In addition to regulation of cell division, the lexA gene 

appears to regulate the expression of a number of other~. coli genes, 

including the uvrA (Kenyon and Walker, 1980; Kenyon and Walker, 1981) 
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and uvrB (Fogliano and Schendel, 1981) genes, which code for enzymes 

essential for excision repair of DNA damage in!. coli. It seems likely 

that lexA regulation of these genes could account for the phenomenon of 

inducible DNA repair following DNA damage. Induced mutagenesis may be 

due to lexA regulation of the umuC gene which is essential for induction 

of mutation by UV-irratiation (Kato and Shinoura, 1977). 

The repressor function of the lexA protein appears to be the 

central feature in coordination of the pleiotropic response to DNA 

damage in E. coli. While it is clear that not all inducible functions 

result from lexA repressor inactivation (e. g. , A prophage induction), 

there is a growing body of evidence that most inducible functions 

result directly from inactivation of the lexA repressor. In this case 

recovery from induction must result from accumulation of lexA protein 

once recA protease activity diminishes following repair of DNA damage. 

The self-regulation of lexA gene expression provides a means by w~ich 

repressor protein can accumulate very rapidly during recovery, since 

lexA should be expressed at a high rate under these conditions. 

In order for this regulatory scheme to function, one must assume 

that the lexA protein represses all other target genes before it 

represses its own expression. The regulation of lexA gene expression 

in vivo, and its relationship to recA gene expression was examined in 

the hybridization experiments reported here. 



MATERIALS AND METHODS 

Bacterial and Phage Strains 

Bacterial strains used are listed in Table 1. 

DM1653 was constructed by mating DM1590 with the Hfr strain 

JG75 hi h f D M . d d f 54' h' + w c trans ers ~. at~ng was con ucte or m~nutes; ~ 

R str recombinants:were selected. The presence of the amber supressor 

mutation was confirmed by ability to support the growth of AcI Oamber 

phage. 

Alysogens used in this work were made by spotting the phase 

on a lawn of the host cells. Cells growing in the spot were streaked 

out for single colonies, and these were screened for resistance to 

lysis by AcI , and sensitivity to lysis by Avir. 

Transformation of cells with pMB9supU was done according to 

the methods of Cohen et al. (1973). Cells were made competent by 

incubation in 30 mM CaC12 for 20 minutes at O°C. Cells were mixed 

with plasmid DNA (diluted with 100 roM CaC12 to attain a final concen

tration of at least 30 roM CaC12), incubated at O°C for 1 hour., heated 

to 42°C for 2 minutes and chilled in ice water. This mixture was 

diluted 30 fold with L-broth incubated for 1 hour' at 37°C, then plated 

on nutrient agar containing 50 ~g per m1 ampicillin. Transformants 

were purified and tested for ability to support the growth of AcI 0-

amber phage. 

8 



Table 1. Bacterial strains 

Strain 

ABl157 

DM49 

DM511 

DM1590 

DM1621 

DM1631 

DM1653 

DM2000 

DM2001 

DM2002 

2210 

2211 

JG75 

JMl2 

Relevant Genotype 

+ + recA 1exA sup-37 
+ recA 1exA3sup-37 
+ recA 1exA3 ts1-1 sup-37 

recA441 1exA3 spr-51 sfiA sup+ 
+ as DM1590 but recA 

+ as DM511 but sup 

as DM1590 but supD 

1exA3 spr-54 recA441 sfiA11 sup+ 
+ 1exA3 spr-55 recA441 sfiA11 sup 

+ 1exA3 spr-56 recA441 sfia sup 

1exA3 recAOc 

+ c 1exA recAO 

Hfr supD 
+ 1exA recA441 

Source or Reference 

Bachmann (1972) 

Mount, Low, and Edmiston (1973) 

Mount, Low, and Edmiston (1973) 

D. Mount 

D. Mount 

D. Mount 

this work 

Pacelli, Edmiston and Mount (1979) 

this work 

this work 

Ginsburg et a1. (1982) 

Ginsburg et a1. (1982) 

J. Gross 

J. Gross 

\0 
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Media 

Bacteria used for phage experiments and UV survival experiments 

were grown in tryptone broth containing 8g Bacto-tryptone, 5 g NaCl 

and 200 ~g thiamine per liter. For UV·survival experiments, and growth 

of lysogens for phage induction this was supplemented with 10 roM 

MgS0
4

, 0.2% glucose and 0.2% casamino acids. For phage infections, 

bacteria were grown in tryptone broth supplemented with 0.2% maltose 

and 10 roM MgS0
4

• For labeling of proteins and RNA, bacteria were grown 

in M9 minimal medium. This was supplemented with 0.4% glucose, 50 

~g/ml of each required amino acid for labeling of cellular proteins; 

with 0.2% maltose, 0.2% "glycerol and 50 ~g/m1 of each required amino 

acid for labeling phage proteins in UV-irradiated cells, and with 1% 

glucose, 100 ~g/m1 each required amino acid except valine and 50 ~g/ml 

valine for labeling RNA. 

Bacteria were grown in Oxoid broth for m~ting experiments, and 

in L-broth containing 109 Bacto-tryptone, 10 g NaCl, and 5 g yeast 

extract per liter for DNA transformation. Tryptone broth solidified 

with 1% Difco agar in plates and 0.6% Difco-agar in soft overlays was 

used for all phage plating. This was supplemented with 0.15 ~gJml 

mitomycin C as indicated. UV survival experiments were plated on N

agar which contains 10 g Bacto-tryptone, 5 g NaCl, and 15 g Difco 

agar per liter. This was supplemented with 50 ~gJml ampicillin for 

growth of plasmid bearing strains. 
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Growth of Phage Stocks 

Plate stocks of AlexA transducing phages were used for initial 

characterization experiments. Each phage was grown on a host strain 

with the lexA allele corresponding to that of the phage. Bacteria were 
. 8 

grown to a cell density of approximately 2 x 10 cells per ml in tryp-

tone broth supplemented with 0.2% maltose and 10 mM MgS0
4

, Phage 

from a single plaque were suspended in 1 ml 10 mM Tris-HCl, pH 7.4, 

10 mM MgS04• 0.25 ml of phage suspension, 0.3 ml of bacteria and 0.5 ml 

of tryptone broth were mixed with each of four 3 ml tubes of soft-

overlay agar, and overlayed on a tryptone-agar plate. Plates were 

incubated 608 hours at 37°C, then overlay agar was scraped into a 

centrifuge tube, 0.2 ml CHCl
3 

was added and the tube was incubated at 

O°C for at least 1 hour. Agar was removed by centrifugation. Large 

stocks of phage were grown by induction of lysogens. Lysogens of each 

AlexA phage in a host strain with the corresponding lexA allele were 

made as described above. Lysogens were grown at 34°C in tryptone broth 

supplemented with 0.2% cas amino acids and 10 mM MgS04
• When cell 

density reached approximately 2 x 10
8 

cells per ml, cultures were 

incubated at 42°C for 15 minutes, then incubated at 37°C until the 

cells lysed--usually 1-3 hours. CHC13 (5 ml/liter of culture) was 

added, and debris was removed by centrifugation. NaCl was added to a 

final concentration of 0.5 M and polyethylene glycol was added to a 

final concentration of 10% (w/w). The culture was incubated with 

gentle stirring for 8-14 hours at 4°C, A floculant white precipitate 

containing the phage formed; this was collected by centrifugation and 
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suspended in 10 roM Tris-HCl, pH 7.4, 10 roM MgS0
4

, 0.1% gelatin (TMG). 

This suspension was treated with DNaseI for 20 minutes at room temper

ature, centrifuged to remove debris, and the supernatant was loaded on 

a cesium chloride step gradient (p = 1.3, 1.5, 1.7) and centrifuged 

for 60 minutes at 35,000 rpm in a Beckman Sw40 rotor at 20°C. The 

band of phage usually appeared in the middle of the p = 1.5. The band 

was withdrawn with a syringe (through the side of the tube) and dialyzed 

against several changes of 10 roM Tris HCl, 10 mM MgS0
4

• 

Isolation of lexA+ and Amber spr Phages 

John Little provided stocks of AlexA3cI857S7Ind- which had 

been grown on ABl157/pJL2l (to rescue the lexA+ allele); DM2000/pJL30 

(to l;'esaue the lexA3(Ind-)spr54(Def) allele); or DM2002/pJL32 (to 

rescue the lexA3(Ind-)spr56(Def) allele). Each stock was plated on its 

original host strain without the lexA plasmid on plates containing 0.15 

~g/m1 mitomycin C. Plates were incubated at 34°C overnight, and 

screened for turbid plaques. Turbid plaques result from lysogenization 

of some of the indicator cells. The A repressor made by the prophage 

in these cells makes them resistant to lytic infection by other phage 

and they grow in the center of the plaque. AlexA3cI857Ind- forms 

clear plaques on lexA+ or spr-(Def) indicator strains on plates with a 

low level of mitomycin C because AlexA3(Ind-) lysogens in the center of 

the plaque become phenotypically LexA3(Ind-) and as a result are 

extremely sensitive to mitomycin C. Phage which had rescued the lexA+ 

or ~(Def) allele of the host were expected to form turbid plaques on 
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+ the same hosts because the lexA and ~(Def) alleles do not confer 

mitomycin C sensitivity. Phage were purified from turbid plaques and 

and a plate stock of each was grown on a host with the appropriate 

lexA allele. Turbid plaque screens were initiated by, and stocks of 

some isolates were grown by John Little. All AlexA phages carry 

the cI857Ind- repressor mutation, lysogenize normally and form plaques 

without helper phage. Throughout the text they are identified only by 

+ +-their lexA genotype (i.e., AlexA rather than AP lexA cI857Ind ). 

tsl-l Complementation Test 

The ability of phages to complement the temperature sensitive 

cell division defect of tsl-l mutant strains was determined by a spot 

test as described by Little (1978). Phage titers were adjusted to 10
9 

plaque forming units (PFU) per ml. 30 ~1 of each were spotted on a 

lawn of each of two ts1-1 mutant strains; the non-suppressor strain 

DM1631(A+) and the abmer-suppressor strain DM1631 supE(A+). Plates 

were incubated at 42.5°C for 12 to 16 hours and scored for bacterial 

+s 
growth within the spots. Because the AlexA phages carry the cI857( ) 

temperature sensitive repressor mutation, strains lysogenic' for A+ 

were used to prevent induction at high temperature. 

spr51(Def) Complementation Test 

Mutant strains carrying the recA441(tif) mutation express 

inducible functions constitutively at 40-42°C (Caste11azzi, George, 

and Buttin, 1972; Kirby, Jacob, and Boldthwait, 1967). In cells con-

taining no functional 1exA protein (i.e. ~51(Def) or amber ~ 
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mutants), the recA44l mutation causes A prophage induction at all 

temperatures from 30-42°C (Mount, 1977). The ability of the lexA phages 

to supply lexA function to a spr5l(Def), recA44l double mutant was 

determined by a spot test. The AlexA phages carry the cI857 Ind-

mutation in the A repressor gene. The A repressor protein made by these 

phages is insensitive to clevage by recA protease (Roberts and Roberts, 

1975), but is inactivated by incubation at temperatures above 37°C. The 

spr complementation spot test was conducted by spotting each AlexA 

phage alone and in a mixed spot with A+ on the spr 5l(Def), recA44l 

double mutant strains DM1590 (non-suppressor) and DM1653 (amber suppressor). 

Plates were incubated for two hours at 30°C to allow lysogenization under 

control of the cI857(ts)Ind- phage repressor, then shifted to 37°C 

to inactivate this repressor. At 37°C lysogeny must be maintained by 

the A repressor. Since thenormal repressor is inactivated constitutively 

in a ~(Def)~ recA44l double mutant, only those lysogens which con-

tained functional lexA protein supplied by the AlexA phage survived. 

In all cases the spots of the AlexA alone, and spots of A alone were 

clear. The AlexA+/A mixed spot was turbid on both indicator strains, the 

amber ~ phage/A spots were clear on the non-suppressor indicator and 

turbid on the amber-suppressor indicator strain. 

35S-Methionine Labeling of Cellular Proteins 

DM162l and DM162l/pMB9supU were lysogenized with lexA3(Ind-), 

+ -AlexA, AlexA3(Ind )spr55(Def) as described above. Cells were grown to a 

density of approximately 5 x 107 cells/ml in M9 minimal medium supple-

mented with 0.4% glucose and 50 ~g/ml of each required amino acid. Each 



culture was divided into two aliquots, and 50 pg/ml of nalidixic acid 

was added to one of these. Incubation at 32°C was continued for 30 

minutes. Proteins were labeled with 5 pCi/ml 35S-methionine for 10 

15 

minutes, then unlabeled methionine was added to a final concentration of 

200 pg/ml and the samples were chilled. Cells were collected by cen~ri-

fugation, washed twice withM9 salts, suspended in cracking buffer (3% 

SDS, 0.0625 M Tris-HCl, pH 6.8, 1.4 M 2-mercaptoethanol and 0.025% 

bromphenyl"blue tracking dye) and heated to 100°C for 3 minutes. Aliquots 

of each sample were counted, and equal CPM of each sample were electro-

phoreses on an 11% polyacrylamide gel. 

35S-Methionine Labeling of Phage Proteins 
in UV-Irradiated Host Cells 

-- .... , 

Cultures of DM1590(AInd-) and DMl590/pMB9suPU(AInd-) were grown 

to a density of approximately 2 x 8108 cells per ml in M9 minimal medium 
I 

supplemented with 0.2% maltose, -0.2% glycerol and 50 pg/ml of each 

required amino acid. Growth was at 37°C. Cells were concentrated 10 fold 

by centrifugation, suspended in the same medium supplemented with 10 mM 

MgS0
4 

and irradiated with 18,000 erg/nm2 UV. Four aliquots of each were 

transferred to labeling flasks, placed at O°C and infected with 

AcI857(Ind-)S7,AlexA3(Ind-), Aspr55(Def) or no phage. Multiplicity of 

infection was approximately 10 phage per cell. After 10 minutes at O°C 

to allow phage adsorbtion, 3 volumes of warm medium were added and flasks 

were transferred to 37°C and incubated for 5 minutes. Proteins were 

labeled with 20 pCi per ml 35S-methionine for 10 minutes, then unlabeled 

methionine was added to a final concentration of 200 pg/ml and the flasks 



16 

were chilled. Cells were collected by centrifugation, washed 4 times 

with M-9-sa1ts, suspended in cracking buffer and heated to 100°C for 

3 minutes. Equal volumes of each sample were electrophoreses on a lS% 

polyacrylamide gel. 

SDS-Polyacry1amide Gel Electrophoresis 

SDS-po1yacry1amide gels were done largely as described by Laemmli 

and Favre (1973). After electrophoresis, the gel containing cellular 

proteins was dried and exposed to film. The gel of phage proteins was 

processed according to the methods of Bonner and Laskey (1974) for 

fluorography. 

Plasmid Preparation of pJL42 

ABllS7/pJL42 was provided by John Little. Plasmid preparation was 

done according to the methods of Bolivar et ale (1977) as modified by 

Jo~n Little (1978). Cells were grown at 73°C in M9 minimal medium 

supplemented with O.S% glucose, O.S% casamino acids and SO ~g/m1 ampi-

cil1in. 8 When the cell density reached approximately 1 x 10 cells per 

ml, cytidine was added to a final concentration of 0.1 mg/ml. The 

culture was incubated until the density reached about S x 108 cel1s/ml 

then ISO ~g/ml chloramphenicol was added and the culture was incubated 

8 - 16 hours. Cells were collected by centrifugation, washed with 

SO mM Tris-HC1, pH 8- S mM EDTA, pe1leted and frozen. The pellet was 

suspended in 0.01 the original volume of 2S% sucrose-SO mM Tris-HC1, 

pH 8. 0.002 volumes of lysozyme solution (O.S% in 0.2S M Tris-HCl, 

pH 8) were added and incubated S minutes at O°C. EDTA, pH 8, was added 
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to a final concentration of 1 roM. After 10 minutes at O°C, 0.016 of 

the original volume of Triton X solution (0.1% TritonX-lOO, 62.5 roM 

EDTA, 50 roM Tris-HCl, pH 8) was added and tubes were mixed by inverting. 

Lysates were incubated 15 minutes at O°C, then centrifuged for 75 minutes 

at 30,000 rpm in a Beckman type 30 rotor at 4°C. The pellet of bacterial 

DNA was removed with forceps and the supernatant was treated with RNase, 

phenol extracted and ethanol precipitated. DNA was collected by centri

fugation, suspended in 0.5 M NaCI-lOmM Tris-HCl, pH 8- lmM EDTA- 10% 

glycerol-0.02% bromphenol blue, and run on a BioGel A50m column. The 

plasmid DNA peak was pooled, ethanol precipitated, and DNA was dissolved 

in 10 mM Tris, pH 7.4. 

Purification of lexA Coding Strand 

pJL42 DNA was digested with EcoRI in 100 roM Tris-HCl, pH 7.2, 

5 roM MgC12, 2 roM 2- mercaptoethanol, 50 roM NaCl at 37°C. The RI ends 

were end-labeled according to the methods of Maximum and Gilbert (1980). 

5' terminal phosphates were removed by alkaline phosphatases digestion. 

The DNA was phenol extracted, ethanol precipitated, suspended and labeled 

with (y32p)_ATP by T4 polynucleotide kinase, according to the specific 

instructions for procedure U5b of Maxim and Gilbert (1980). Labeled DNA 

was ethanol precipitated 3 times, suspended in 10 mM Tris-HCl, pH 815, 

10 roM MgC12, 7 roM 2-mercaptoethanol and digested with HindIII. DNA 

was ethanol precipitated, the pellet was washed with 70% ethanol, dried, 

and suspended in 50 ~l of 30% DMSO, 1 roM EDTA, pH 8. One half of the 

sample was heated to 100°C for 2 minutes, then both samples were 
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electrophoresed at 275 volts on a 3% acrylamide, 0.05% Bis-acrylamide 

gel using Tris-Borate electrophoresis buffer. After 11 hours, the gel 

was stained with methylene blue and exposed to film. 

Large scale preparations of single-stranded lexA DNA were 

digested by EcoRI and HindIII as described above, and electrophoresis on 

3.5% polyacrylamide gels crosslinked with BAC (Hansen, 1976). Gels were 

stained with methylene blue, lexA coding strand band was excised and 

dissolved in 20 mM sodium phosphate buffer hH 6.8, 0.1% SDS with 

2-mercaptoethanol added as needed to completely dissolve the gel. The 

sample was loaded onto a hydroxyapatite column, rinsed extensively with 

20 roM sodium phosphate, 0.1% SDS, and the DNA was eluted with 0.48 M 

sodium phosphate, pH 6.8. DNA containing fractions were pooled and 

dizlyzed against 10 mM Tris-HC1, pH 8, lmM EDTA for 12 hours, then 

against 1 mM EDTA for 4 hours. DNA concentration was determined by OD260 

readings. Because the DNA was single stranded, and estimate that a 

reading of 1 OD260 unit = 40 ~g/ml was used to calculate concentrations. 

OD260:0D280 ratios fell between 2.05 and 2.2 for different preparations 

of single-stranded DNA. 

Preparation of Filters 

AprecA DNA extracted from phage grown and purified as described for 

the large scale AlexA phages, then banded in a cesium chloride gradient 

was a gift from Hershel Ginsberg. kI85787 b was purified from a am er 

lysogen of C600. Cell growth and induction were as described above, 

The 87 amber mutation prevents cell lysis in this host strain, therefore 

induced cells were concentrated and lysed with CHC1
3 

in a small volume 
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so polyethylene glycol precipitation was not neaessary. The phage was 

purified on a cesium chloride step gradient, then banded in a cesium 

chloride gradient for 24 hours. DNA was phenol extracted and ethanol 

precipitated. Nitrocellulose· filters were labeled using a soft pencil, 

and soaked in 6X SSC (lX SSC is 0.15 M sodium chloride, 0.015 M socium 

citrate) for at least 30 minutes. Two m1 of 1 roM EDTA, pH 8, were put 

into each of a group of thin walled glass tubes and the probe DNA was 

added. The tubes were incubated c:.t 97°C for 10 minutes to denature the 

DNA, then quickly chilled in an ice water bath. Three m1 of lOX SSC 

were added to each tube immediately before filtering through a nitro-

cellulose filter. The rate of filtration was carefully adjusted so 

that 5 m1 took between 1 and 2 minutes to pass through the filter. 

Rapid filtration is reported to result in inefficient binding of the 

DNA, while extremely slow filtration allows time for the DNA to renature 

(Bovre and Szyba1ski, 1971). Filters were washed with 10 m1 of cold 

6X SSC with slow filtration, then with 30 m1 with rapid filtration. 

Filters were then air dried, and baked for 2-4 hours at 80°C. 1 ~g per 

filter sslexA DNA and 15 ~g per filter AprecA DNA were sufficient to 

maintain conditions of DNA excess in hybridization experiments. Because 

the A DNA control was more important for 1exA than for recA mRNA 

calculations, 1 ~g/fi1ter of A DNA was used. 

RNA Labeling for Hybridization Experiments 

8 
Cells were grown to a density of about 1 x 10 cells per m1 in 

M9 minimal medium supplemented with 1% glucose, thiamine and required 
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amino acids- 50 ~g/ml of valine, 100 ~g/ml of others as required. Cells 

were j,ncubated at 37° unless otherwise indicated. For nalidixic acid 

induction experiments, one aliquot was withdrawn before addition of 

50 ~g/m1 of nalidixic acid, and other aliquots were withdrawn for 

labeling at the times indicated. For UV induction experiments one 

aliquot was withdrawn for the zero time point, then the rest of the 

cells were transferred to a Pyrex baking pan which had been warmed to 

the appropriate incubation temperature. The cells were irradiated with 

aUV dose of 100 erg/mm2, then transferred to a pre-warmed flask and 

incubation was continued. Aliquots were withdrawn and labeled at the 

times indicated. Time zero was considered to be the time at which UV 

irradiation began. 

3 Aliquots of cells were labeled with 25 uCi per ml of (5-6 H)-

uridine (NEN, specific activity 35-50 Ci/mmole) for one minute. 

Labeling was stopped by pouring the cells over an equal volume of M9 

salts-0.2M sodium azide, followed by agitation in an ice water bath. 

Cells were collected by centrifugation at 4°, washed once with cold M9 

salts, and suspended in 1 or 2 ml of 1 mM EDTA, 0.1 M NaCl, 20 mM 

sodium acetate, pH 5.5, 0.5% SDS. Cells were transferred to glass 

centrifuge tubes. Samples were heated in boiling water for three 

minutes, allowed to cool five minutes at room temperature. Tubes were 

placed at 60° and an equal volume of equilibrated phenol (preheated 

to 60°) was added. Samples were mixed by vortexing and incubated for 

five minutes at 60°C with agitation. Phases were separated by 

centrifugation at top speed in a Sorval GLC tabletop centrifuge, and 



the aqueous phage was removed to a clean tube. Phenol extraction 

was repeated two more times and the final aqueous phage was removed 

to a clean tube, 2.5 volumes of ethanol were added and the samples 

were placed at -20 0 for at least 12 hours. RNA was pelleted by 

centrifugation at 8000 rpm for 20 minutes at 20 in a 80rval 8S34 

rotor. RNA was dissolved in sodium acetate buffer (20 mM sodium 

acetate, pH 5.5, 0.1 M NaCl, 1 mM EDTA). Ethanol precipitation was 

repeated twice, with the time of incubation at -20 0 reduced to four 

hours and two hours in successive precipitations. Final RNA pellets 

were dried under a vacuum for 20 minutes and dissolved in 4XSSC. An 

aliqout of each sample was spotted onto a filter and TCA insoluble 

CPM determined. All solutions and glassware used in this procedure 

were autoclaved to inactivate nucleases. 

Hybridization Experiments 

Hybridization procedures were adapted from the methods of 

Denhardt (1966), Bovre and Szybalski (1971) and general methods of 

current blot hybridization techniques. The major problem faced was 

reducing background CPM to a level which would not obscure lexA mRNA 

hybridization, while maintaining a high enough salt concentration 
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to assure that the small lexA restriction fragment would be retained 

on the filter at 67 0 (Souther, 1975). A series of experiments was 

done to determine optimal conditions. The best results were obtained 

using Denhardt's solution (0.2% each bovine serum albumin, Ficoll-400, 

and polyvinylpyrrolidone-360) in 4XSSC, 0.1% SDS as the hybridization 



fluid. All solutions used in the 1.ybridizations (except BSA) ~l1ere 

autoclaved--BSA was filter sterilized and stored at -20°. 

Nitrocellulose filters with attached DNA were soaked briefly 

in H20, then put into 3 m1 of hybridization fluid in disposable glass 

scintellation vials. One filter of each lexA, recA and ADNA were put 

in each vial. Vials were capped and prehybridized for 3 hours at 67°. 

Prehybridization fluid was removed and filters were washed twice with 

1 m1 of hybridization fluid, taking care that filter remained wet at 

all times. 2 m1 of hybridization fluid were added to each vial, 

3H- RNA was added and vials were sealed with parafilm and capped. 

Vials were incubated for 20 hours at 67°. Hybridization was stopped 

by quickly chilling. vials in a salt-ice water bath (-SO). Filters 

were removed from vials and washed in cold 2X SSC--at least S ml 

per filter--for 10 minutes at 0° with vigorous shaking. This was 

followed by two 10 minute washed in room temperature 2X SSC, then 

filters were treated with SO g per m1 pancreatic RNase in 2X SSC 

for 30 minutes at room temperature to digest any RNA which was not in 

a DNA-RNA hybrid. This was followed by two S minute washes in 

1.S X SSC, then filters were placed in a clean beaker and incubated 

for 1-3 hours in IX Denhardt's solution, 1.SX SSC, 0.1% SDS with 

moderate agitation. This was followed by a series of S minute washes, 

two each in I.SX SSC, IX SSC, O.SX SSC, and 0.2X SEC. A 200 ~g 

sample of the final wash was counted in Aquesol, and washing was con

tinued if counts were detected. Filters were removed from the beaker, 

22 

sorted, dried, and counted. CPM bound to the A DNA filter were subtracted. 



from CPM bound to the lexA and recA filters which were hybridized in 

the same vial. These values were considered CPM hybridized to lexA 

and recA DNA. The hybridization level of mRNA was expressed as the 

percentage of total CPM (added to the vial) which hybridized to the 

probe DNA. To assure that conditions of DNA excess were met, 3 or 

4 vials were used for each time point, and it was determined that the 

CPM hybridized increased in proportion to increased input CPM. 

23 



RESULTS 

Isolation and Characterization of 
lexA+ and Amber ~ Phages' 

A family of specialized transducing phages carrying various lexA 

alleles was derived from AlexA3cI857Ind- by in vivo recombination 

between AlexA3(Ind-) and a particular host lexA allele. Stocks of 

AlexA3cI857Ind- were grown on a series of host strains carrying the lexA 

allele of interest on both the chromosome and a multicopy plasmid. These 

stocks were provided by ~ohn Little, who also carried out some of the 

work on the preliminary screen (Little and Harper, 1979). Progeny 

which had acquired the host lexA allele were isolated by a screen for 

phage which did not transduce lexA3(Ind-), followed by characteri-

zation to distinguish between phage which had rescued the host lexA 

allele and those which were no longer lexA3(Ind-) due to a new mutation 

or deletion. 

The screen was based on the extreme mitomycin C sensitivity of 

lexA3(Ind-) strains. Due to the dominance of the lexA3(Ind-) mutation, 

AlexA3 lysogens become phenotypically LexA3 and cannot survive in the 

presence of a low level of mitomycin C. This result's in the formation 

of clear plaques of AlexA3(Ind-) on a lexA+ or spr-(Def) indicator 

strain on plates containing 0.15 ~g/ml mitomycin C. Aclind- and 

transducing phage which do not carry lexA3(Ind-) form turbid plaques 

under the same plating conditions. 

24 
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Turbid plaque varients arose with a frequency of approximately 

10-3 in stocks of A1exA3(Ind-) which were grown on various 1exA+ or 

amber spr(Def) hosts. Phage isolated from turbid plaques were 

characterized with regard to the following properties: 

1. Plaque morphology on spr-51(Def) indicator strains in the 

presence of mitomycin C. 

2. Complementation of the ts1-1 temperature sensitive cell 

division defect. 

3. Complementation of spr-51(Def) mutants for inhibition of 

prophage induction in a recA441(tif) sfiA background. 

4. UV sensitivity of1ysogens of spr-51(Def) host strains. 

5. The relative rate of recA protein synthesis in the presence 

+ or absence of nalidixic acid in 1ysogens of recA spr-51(Def) 

host strains. 

Closely related pairs of amber suppressor and non-suppressor host strains 

were used for characterization of amber ~(Def) phages. Since the 

amber ~(Def) mutations were originally derived from 1exA3(Ind-) 

(Pacelli, Edmiston, and Mount, 1979), the amber ~(Def) phages were 

expected to behave like AlexA3(Ind-) in amber suppressor hosts and like 

AcI857Ind- in non-suppressor hosts. The results of plaque morphology 

experiments, shwon in Table 2, support this idea. While wild-type A 

+ and AlexA form turbid plaques, and A1exA3(Ind-) forms clear plaques on 

both suppressor and non-suppressor hosts, the amber ~(Def) phages form 

turbid plaques on the non-suppressor host and clear plaques on the amber 

suppressor host. Table 2 slso shows the results of tests for 



Table 2. Plaque morphology and compementation tests of AlexA transducing phages 

Test* Plaque morphology on Complementation Complementation 
mit C platesl of tsl-2 of spr-3 

sup+ + + 
Phage sup sup sup sup sup 

host host host host host host 

A turbid turbid 

AlexA+ turbid turbid + + + + 

AlexA3 clear clear + + + 

AlexA3spr54 turbid clear + 

AlexA3spr55 turbid clear + 

AlexA3spr56 turbid clear + 

1. Phage were plated on DM1590 or DM1653 on plates containing 0.15 pg/ml 
mitomycin C at 30°. 

+ 

+ 

+ 

+ 

2. Phage stocks were spotted on a thin lawn of either DM1656(A+) or DM163l(A+) 
followed by incubation at 42.5°. (+) indicates heavy growth in the spot, 
(-) indicates no growth. 

3. Phage stocks+were spotted on either DM1590 or DM1653 alone and in mixed 
spots with A Plates were incubated 2 hr. at 30°, then 4 - 8 hr. at 37°. 
(+) indicates bacterial growth within the mixed spot, (-) indicates a 
clear mixed spot. 

*See Materials and Methods for complete description of these tests. 
N 
0\ 
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complementation of recessive lexA alleles tsl-l and spr-5l(Def). As 

expected, the amber spr(Def) phages complement both tsl-l and spr-5l(Defj 

in the amber suppressor hosts, but not in the non-suppressor hosts. 

AlexA+ and AlexA3 complement both mutations regardless of the suppressor 

background and wild-type A complements neither. 

The spr-5l(Def) mutant DM162l, which lacks functional lexA 

protein was lysogenized with these phages, and the ability of the phages 

to provide functional lexA protein for regulation of recA protein 

synthesis was examine~ in theselysogens. It has previously been shown 

that recA protein is synthesized at a high rate without inducing treat-

ment in both spr-51(Def) and amber ~(Def) mutants, and that sup-

pression of the amber spr(Def) mutation restores recA protein synthesis 

to a low level (Gudas and Mount, 1977; Pacelli, Edmiston and Mount, 

1979). High level ·recA protein synthesis is not induced by nalidixic 

acid in the suppressed amber spr(Def) strain because the LexA3(Ind-) 

phenotype is restored (Pacelli, Edmiston, and Mount, 1979). 

Figure 1 shows the results of a nalidixic acid induction 

experiment with non-suppressor DM1621 and the amber suppressor strain 

DMl621/pMB9supU lysogensof the AlexA phages. The rate of recA protein 

synthesis is very low in AlexA3(Ind-) lysogens of both DM162l (lane A) 

and DMl62l/pMB9supU (lane I) with slight induction by nalidixic acid in 

both (lanes Band J). + AlexA 1ysogens of both suppressor and non-

suppressor strains synthesize low basal amounts of recA protein (lanes 

C and K) and significantly higher levels after nalidixic acid induction 

(lanes D and L)~ DMl62l lysogens of the amber spr(Def) phages 



Figure 1. 

A. 

B. 

c. 
D. 

E. 

F. 

G. 

H. 

I. 

J. 

K. 

L. 

M. 

N. 

o. 
P. 

DM1621 (i.1exA3) 

DMl621(i.1exA3) + Na1. 

DM1621 (AlexA+) 

DMl621(i.1exA+) + Na1. 

DMl621 (i.1exA3spr54) 

DMl621(i.1exA3spr54) + Na1. 

DMl621 (i.1exA3spr55) 

DMl621(i.1exA3spr55) + Na1. 

DMl621/pMB9supU(i.1exA3) 

DM1621/p~m9supU(AlexA3) + Nal. 
+ DM1621/pMB9supU(AlexA ) 
+ DMl621/pMB9supU(AlexA ) + Nal. 

DM1621/pMB9supU(A1exA3spr54) 

DMl621/pMB9supU(A1exA3spr54) + Na1. 

DM1621/pMB9supU(AlexA3spr55) 

DM1621/pMB9supU(A1exA3spr55) + Na1. 

Nalidixic acid induction of recA protein 
synthesis in DMl621 and DMl621/pMB9supU 
sysogenized with various AlexA transducing 
phages. 
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have high basal levels of recA protein synthesis (lanes E and G) with 

approximately two-fold induction by nalidixic acid (lanes F and H), 

while in DM162l/pMB9supU lysogens of these phages basal levels of recA 

protein are low (lanes M andO) and there is only slight induction by 

nalidixic acid (lanes Nand P). Slight induction of recA protein 

synthesis by nalidixic acid in a lexA3(Ind-) strain has been previously 

reported (Gudas and Pardee, 1976), therefore the induction seen in 

AlexA3(Ind-) and suppressed amber~r(Def) lysogens was expected. 

These results are consistent with the idea that the AlexA+ and amber 

~(Def) phages have acquired the lexA alleles of the host strains on 

which they were selected. 

The degree to which LexA3(Ind-) function is restored by sup-

pression of the amber ~(Def) mutations was determined by UV-survival 

experiments with AlexA3spr54 and AlexA3spr55 lysogens of non-suppressor 

and two different amber suppressor strains. The results of this 

experiment are shown in Figure 2. DM1621 lysogens of the amber ~ 

+ phages are UV resistant as are AlexA lysogens of DM162l and DM162l/ 

pMB9supU. AlexA3(Ind-) lysogens of both DM162l and DM162l/pmB9supU 

are extremely UV sensitive. The sensitivity of amber ~(Def) phage 

lysogens in the amber suppressor strains is intermediate, with sup-

pression by the plasmid carried supU slightly more efficient than the 

chromosomal supD. This result is expected since the efficiency of 

suppression and the amino acid inserted varies between different amber 

suppressors. 



+ + DM162l(UexA ) or DM162l/pMB9supU(UexA (A-A) 

DM162l(AlexA3) or DM162l/pMB4(supU) (AlexA3) (A-A) 

DM162l(AlexA3spr54) (e-e) 

DM162l(AlexA3spr55) (---) 

DM162lsupD(AlexA3spr54) (0-.-0) 

DM162lsupD(AlexA3spr55) (0-.-0) 

DM162l/pMB9supU(AlexA3spr54) (0-0) 

DM162l/pMB9supU(AlexA3spr55) (0-0) 

Figure 2. UV survival of lexA lysogens. 
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Figure 2. UV survival of lexA lysogens. 
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Identification of the 1exA Gene Product 

The 1exA gene product was identified by comparison of the 

proteins labeled after A1exA3(Ind-) and A1exA3spr55(Def) infection of 

heavily irradiated host cells. In these experiments, cells were 

irradiated with a large dose of ultraviolet light, which prevents host 

protein synthesis because the damaged DNA cannot serve as a template 

for transcription. Irradiated cells were infected with transducing 

phage and proteins synthesized after infection were radio1abe1ed. 

Cells lysogenic for AcIind- were used in these experiments because the 

Ind- repressor is not inactivated by UV induction. The repressor 

present in the cells prevents expression of most phage genes (those 

under P
L 

or PR control) on the superinfection transducing phage. Under 

these conditions, the proteins labeled should be products of the 

immunity region and of genes located within the bacterial DNA insert on 

the transducing phage. 

Because 1exA protein synthesis was found ·to be self-regulated 

(Little and Harper, 1979; Harper, Masters thesis, 1979) infection of 

host cells containing functional 1exA protein would have resulted in 

repression of the 1exA gene on the tranducing phage. DMl590, which 

lacks functional 1exA protein due to the mutation spr51(Def) was chosen 

as the host strain for these experiments. 

DM1590(AInd-) and DM1590/pMB9supU(AInd-) were used in the 

experiment shown in Figure 3. Cells were irradiated with a UV dose of 

18,000 erg/mm2 infected with no phage (lanes A and E); AcI857ind-57 



Phage coded proteins were labeled with 35S-Methionine 
after infection of heavily UV-irradiated host cells. 

Lanes A-D show products synthesized in the non-suppressor 
host DM1590(AInd-): 

A. uninfected 
B. infected with AcI857Ind-Sam7 
C. AlexA3 
D. AlexA3spr55 

Lanes E-H show products synthesized in the amber 
suppressor host DM1590/pMB9supU(AInd-): 

E. uninfected 
F. infected with AcI857Ind-Sam7) 
G. AlexA3 
H. AlexA3spr55 

Figure 3. Identification of lexA3 gene product. 
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(bnes B and F); AlexA3 (lanes C and G) or AlexA3spr55 (lanes D and 

H); and newly synthesized proteins were labeled with 35S-methionine. 

There was very little label incorporation into high molecular weight 
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polypeptides in the uninfected cells (lanes A and E), indicating that 

the heavy UV dose destroyed the coding capacity of the cellular DNA. 

The predominant labeled product in AcI857ind-S7 infected cells (lanes 

B and F) was A repressor. In addition to A repressor, a protein of 

approximately 25,000 MW was labeled after infection by A1exA3(Ind-) 

(lanes C and G). This protein is not synthesized after A1exA3spr55 

infection of the non-suppressor host (lane D), but it is synthesized 

after A1exA3spr55 infection of the amber suppressor host (lane H). 

The 25,000 dalton protein was identified as the product of the 

leY-A3(Ind-) gene because it is encoded by A1exA3(Ind-) and its synthesis 

in A1exA3spr55 infected cells is dependent upon the presence of an 

amber suppressor mutation. 

Hybridization Experiments to Determine 
the Levels of lexA and recA mRNA ---- ----

This series of experiments was done to study lexA gene ex-

pression and to extend previous studies of recA gene under reducing 

conditions in ABl157 and relevant mutant strains. Induction of recA _.---
protein and mRNA synthesis by UV, nalidixic acid and by high temperature 

incubation of certain mutant strains have been reported (Gudas and Pardee, 

1975; Gudas and Mount, 1977; Little and Henawa1t, 1977; MCPartland, 

Green and Echols, 1980). Similar induction of lexA gene expression 



was expected, since the lexA protein has been shown to repress 

both lexA and recA transcription in vitro (Little, Mount, and 

Yanish-Perron, 1981). lexA gene expression was studied by quanti-

tative hybridization experiments to determine lexA mRNA levels. RNA 

was pulse-labeled for one minute with 3H-uridine to label primarily 
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mRNA. Labeled RNA was hybridized to DNA immobilized on nitrocellulose 

filters for 20 hours at 67°C. A single-stranded DNA fragment con-

taining the lexA coding sequences was used as a probe for lexA mRNA. 

AprecA DNA was used as a probe for recA mRNA. A filter containing 

ADNA was included in each vialas a control for non-specific binding 

of RNA to nitrocellulose or DNA. CPM bound to the A DNA filter were 

subtracted from the CPM bound to the lexA and the recA filters. This 

value was considered CPM hybridized to the probe DNA. Experimental 

values are expressed as the percentage of the total input CPM which 

hybridize to the probe DNA. These values represent the amount of 

accumulated lexA and recA mRNA. Because the half-life of mRNA in 

E. coli is only about 2 minutes, the experimental values also reflect 

the rate of synthesis of lexA and recA mRNA. 

Purification of a Single Stranded 
lexA DNA Fragment 

A single stranded DNA fragment carrying the lexA coding sequences 

was purified for use as a probe for lexA mRNA in hybridization experi

ments. The source of this DNA was the lexA+ plasmid, pJL42, which was 

constructed by John Little. pJL42 carries the lexA+gene on the smaller 

of two EcorRI-HindIII restriction fragments (Markham, Little, and Mount, 



1981). The 1exA gene covers approximately 750 nuc1eotides, beginning 

about 140 muc1eotides from the EcoRI site and ending approximately 

250 nuc1eotides from the HindIII site (Markham, Little, and Mount, 
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1981). Rationale for identification of the 1exA coding strand is pre

sented in Figure 4. pJL42 was linearized with EcoRI, and the 5' ends 

were labeled as described.inMateria1s and Methods. The DNA was then 

digested with HindIII to yield two fragments, each labeled at the EcoRI 

end. The DNA was heat-denatured and e1ectro-phoreses on a 3% acry1amide, 

0.05% Bisacry1amide gel. The gel was stained with methylene blue to 

visualize both labeled and unlabeled bands, ,then exposed to film. A 

tracing of the autoradiogram and positions of the stained bands are 

shown in Figure 5. The two strands of the 1exA fragment separated 

very well, and only the faster migrating band was labeled. Since the 

1exA coding strand should have its 3' end at the EcoRI site and should 

not be labeled, the slower migrating band was identified as the 1exA 

coding strand (see Figure 4). 

Large scale preparations of sslexA DNA were done using a 3.5% 

polyacrylamide g~l crosslinked with 0.12 BAC. This cross1inker contains 

a disulfide bridge, and BAC crosslinked gels can be dissolved by a 

reducing agent such as B-mercaptoethano1 for easy, complete sample 

recovery (Hansen, 1976). DNA was separated from the polyacrylamide on 

a hydroyapatite column. 



Figure 4. Rationale for identification of the 1exA coding strand. 

A. The pBR322 'derivative, pJL42 , carries the entire 1exA 
gene on the smaller of two EcoRI-HindIII restriction 
fragments (Markham? Little, and Mount, 1981). Tran
scription of the gene initiates near the EcoRI site 
and procedes toward the HindIII site (Brent and 
Ptashne, 1980; Markham, Little, and Mount (1981). 

B. pJL42 was linearized with EcoRI, 5' terminal phos
phates were removed by alkaline phosphatese digest 
ion and replaced with 32p_phosphate using y_32p_ATP 
and T4 polynucleotide kinase as described in Materials 
and Methods. 

c. The product was cleaved with HindIII, yielding the 
pBR322 fragment and the 1exA fragment, each with 
one labeled 5' end. Since RNA is synthesized 5' 
to 3', the DNA template is copied in 3' and 5'. 
Transcription of. the 1exA gene in the EcoRI to 
HindIII direction indicates that the single strand 
with its 3' end at the EcoRI site, i.e., the un
labeled strand of the 1exA fragment is the 1exA 
coding strand. 
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Figure 5. Identification of the lexA coding strand. 

pJL42 , digested and end-labeled as described 
in Figure 4, was heat denatured and electro
phoresed on a 3% acrylamide, 0.05% Bis
acrylamide gel. A sample of nondenatured DNA 
was also run. The gel was stained with 
methylene blue to visualize all bands, then 
exposed to film. A tracing of the auto
radiogram is shown. Positions of the stained 
bands are indicated by arrows. 
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Induction of .~ rnRNA by UV 

and Nalidixic Acid in ABl157 

Both UV-irradiation and nalidixic acid treatment induce high 

levels of recA rnRNA in wild type!. coli (McPartland, Green, and 

Echols, 1980). The effect of these two inducing treatments on the 

level of lexA rnRNA was examined in experiments described here. The 

basal level of lexA mRNA in ABl157 is extremely low, comprising only 

about 0.006% of the total pulse-labeled RNA. Irradiation of ABll57 

with a low dose of UV results in approximately eight-fold induction 

of lexA rnRNA (Figure 6). This induction is quite rapid, beginning 

between 0 and 2 minutes, and complete by 10 minutes after irradiation. 

The level of recA mRNA is about 10 times higher than lexA mRNA, and 

it shows similar induction kinetics. The UV dose of 100 erg/mm2 

used in this experiment allows greater than 85% survival of ABl157. 
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The value for lexA and recA mRNA obtained here are slightly higher than 

those obtained when cells were irradiated with 600 erg/mm2 (data not 

shown), and recA mRNA values are comparable with those obtained by 

other workers using 600 erg/mm2 UV (McPartland, Green, and Echols, 1980). 

Nalidixic acid induction of lexA and recA rnRNA is much slower 

than UV induction (Figure 7). The lexA curve shows a lag of almost 

5 minutes before the level of lexA rnRNA increases, and induction is 

still not complete after 45 minutes. The final level of lexA mRNA 

is 0.061%, about 25% higher than the UV induced level. While the 

lag is ~ induction may be due to time required for drug uptake, 

the recA curve shows no significant lag. recA mRNA induction is more 



Figure 6. UV induction of lexA and recA mRNA synthesis. 

Exponentially growin2 ABl157 was UV-irradiated with 
a dose of 100 erg/mm. Incubation of the culture 
was continued, with aliquots withdrawn and pulse
labeled fo~ 1 minute with 25 ~Ci/ml 3H-uridine 
at the times indicated. Unirradiated cells were 
used for the 0 time point. Cells were lysed in 
SDS, then RNA was pheno! extracted at 60°C and 
ethanol precipitated. H-RNA was hybridized to 
lexA and recA DNA immobilized on nitrocellulose 
filters under conditions of DNA excess as 
described in Materials and Methods. Results are 
expressed as the percentage of total input cpm 
which hybridized to lexA or recA DNA. Numbers 
shown here are average of two experiments. 
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Figure 6. UV induction of lexA and recA mRNA synthesis. 
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Figure 7. Nalidixic acid induction of lexA and recA mRNA. 

Nalidixic acid (50 ~g/ml) was added to a culture 
of exponentially growing ABl157. Aliguots were 
withdrawn and labeled with 25 pCi/ml 3H- uridine 
for one minute at the indicated times after drug 
addition. An aliquot removed before addition of 
nalidixic acid was used for the zero time point. 
RNA extraction, hybridization and data calcula
tion were as described in the legend to Figure 6. 
Numbers shown here are the average of two experi
ments. 
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rapid than lexA induction, but is much slower than induction by UV-

irradiation. The nalidixic acid induced recA mRNA level of 0.6% is 

about 15% higher than that induced by UV, but the recA mRNA level 

drops back to 0.49% at 60 minutes. The slower induction and the dif-

ferent relative induction rates of lexA and recA mRNA suggest that 

the mechanism of nalidixic acid induction of lexA mRNA is different 

than that of UV induction. 

Levels of ~ and ~ mRNA During UV 

Induction and'.Recovery of ABl157 

When wild-type~. coli are irradiated with a low dose of UV, 

most of the cells survive. Under these conditions, the levels of lexA 

and recA gene expression should increase immediately following 

induction than return to their normal levels after a period of time. 

Little and Hanawalt (1977) have shown that the rate of recA protein 

synthesis begins to fall between 15 and 30 minutes after cells were 

2 irradiated with 100 erg/mm UV. In previous studies of recA mRNA 

levels (McPartland, Green, and Echols, 1980) very high UV doses were 

used, therefore no information about recA mRNA levels during recovery 

was obtained. 

In the experiments reported here, cells were irradiated with 

2 100 erg/mm. Cell survival was greater than 85% at this UV dose. 

Figure 8 shows the time course of induction and repression of lexA and 

recA nRNA synthesis in ABl157 following a low UV dose. The level of 

lexA mRNA rises rapidly to 0.046% at 10 minutes after irradiation, 

increases sharply between 60 and 90 minutes and finally reaches near 
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Figure 8. Levels of 1exA and recA mRNA during UV-induction and 
recovery of ABl157.----

ABl157 was UV-irradiated and 1exA and recA mRNA 
levels were determined as described in the legend 
to Figure 6. Portions of cultures were diluted 
into warm medium immediately after UV-irradiation 
to assure exponential growth of cells for the 60 
minute to 180 minute time points. Numbers shown 
are averages of nine experiments for 0, 10, and 
20 minute time points; seven experiments for the 
5 minute point; six experiments for the 30 and 
60 minute points; five experiments for the 15 and 
90 minute points; three elcperiments for the 120, 
150, 180, and 210 ~inute points and two experi
ments for the 40, 50, 70, 75, and 80 minute points. 
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basal levels at 180 minutes after induction. The level of recA mRNA 

reaches a peak of 0.52% between 10 and 20 minutes after irradiation, 

then rapidly declines between 30 and 80 minutes and reaches a basal 

level at 120 minutes after induction. These data show that lexA gene 

expression remains high for a full 30 minutes after repression of recA 

gene expression begins. Since both genes are repressed by lexA 

protein, this suggests that a higher concentration of lexA protein is 

required to repress the lexA gene. 

UV Induction of lexA and recA mRNA in DM420 and DM49 

The working model of lexA and recA gene regulation predicts con

stitutive high level expression of both genes in a cell containing non

functional lexA protein, such as the spr5l(Def) mutant DM1420. It 

was also expected that neither gene would be induced efficiently by 

UV in a lexA3(Ind-) mutant strain, because the lexA3(Ind-) protein is 

relatively insensitive to inactivation by recA protease cleavage (Little 

et al., 1980). The results shown in Figure 9 confirm these predictions. 

The basal level of lexA mRNA in the spr-5l(Def) mutant DM1420 

is about 85% of its fully UV-induced level in ABl157. Following UV

irradiation, lexA mRNA levels increase to slightly more than 0.05% and 

remain high until 60 minutes, then decrease (Figure 9). The recA 

mRNA level is about 80% of its fully induced level in ABl157. It 

increases almost 40% after UV-irradiation to a peak of 0.58% at 10 

minutes, slightly higher than the 0.52% maximum seen in UV induced 

ABl157, then gradually decreases. These data suggest that the spr-5l 

(Def) protein retains some repressor function in uninduced cells, and 

that the repressor is inactivated by UV-induction. 



Figure 9. UV induction of lexA and recA in DM1420 and DM49. 

The lexA mutants DM1420(spr51) and DM49(lexA3) 
wereUV-irradiated and the RNA extracted and 
hybridized as described in thelegend to Figure 
6. DM1420 lexA (e-e); recA (0_0); DM49 lexA 
(---); recA (D-D). Numbers shown are the average 
of two experiments. 



0.061 1n·6 

-0.5 0 
I 

0 -.. 0 

• I 

.0.04 0.4 ~ - « « u 
>C Q) 

.! 0.03 0.3 ~ 

:E :E 
Q. Q. 

~0.02 .2 ~ 
(U (U - -{1. 0 .... 
~ 0.01 0.1 0 

0 I ~ 

o 5 10 20 30 60 90 
Minutes After UV 

Figure 9. UV induction of lexA and recA in DMl420 and DM49. 

.p.. 

.p.. 



45 

The lower curves in Figure 9 show lexA and recA mRNA levels in 

the lexA3(Ind-) mutant DM49. This slight induction of both mRNA's 

following UV irradiation is consistent with the finding that the lexA3 

(Ind-) protein can be cleaved by the recA protease, although at a 

+ much lower rate than lexA protein (Little et al., 1980). 

UV Induction .. of the ~ Operator-Constitutive 

Mutants DM2210 and DM22ll 

The operator of a negatively regulated gene (or group of genes) 

is the DNA sequence at which a repressor molecule binds to reduce tran-

scription of the gene. An operator-constitutive mutation causes a 

change in the operator DNA which reduces its affinity for repressor 

binding. This leads to high level expression of the gene even in the 

presence of functional repressor protein (Jacob and Monod, 1961). 

recA operator constitutive mutants synthesize recA protein at 

a high rate even in the absence of inducting treatment (Ginsberg et a1., 

198]; Volkert, Margossian, ~nd Clark, 1981). Because binding of 

repressor to lexA operator DNA should not be altered in these mutants, 

normal regulation of lexA mRNA expression was expected. The mutant 

strains used in this experiment were isolated and characterized by 

c 
Hershel Ginsberg (Ginsberg, et al., 1982). Both DM2210 (recAO lexA3 

- c + (Ind » and DM22ll (recAO lexA ) have high basal levels of recA mRNA 

and normal levels of recA mRNA (Figure 10). The difference between 

the basal levels of recA mRNA in DM 2210 (0.31%) and DM22ll (0.45%) 

may indicate that the lexA3(Ind-) protein binds to the mutant operator 

DNA more efficiently than lexA+ protein. 
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Figure 10. UV induction of lexA and recA mRNA in DM2210 and DM2211. 

1exA and recA mRNA levels were determined in the recA 
operator constitutive mutants DM2210 and DM2211. 
DM2210 carries the recAOc mutation in a 1exA3 genetic 
background, while DM2211 is 1exA+. This experiment 
was conducted as described in the legend to Figure 6. 
DM2211 1exA (---); recA (D-D); DM2211 1exA (e-e); recA 
(0-0). Zero and twenty minute values ~average ~ 
three experiments; all others are average of two 
experiments. 
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lexA mRNA is UV inducible in DM22ll, with induction kinetics 

and maximum levels similar to those seen in UV induced AB1l57, however 

the level of lexA mRNA decreased between 45 and 60 minutes after 

induction. This may be due to faster repair of DNA damage since the 

cells have a lot of recA protein present, or it may be the result of 

more rapid accumulation of available lexA protein which would be 

titrated out by binding to the recA operator if it were normal. 

recA mRNA is somewhat hyper-inducible in DM22l1, with fully 

induced levels significantly higher than those seen in ABl157. This 

suggests that the operator-constitutive mutation ,may also have an up-

promoter effect. This level of recA mRNA induction was not seen in a 

different recA operator~constitutive mutant, MVl138 (Volker, Margossian, 

and Clark, 1981), after irradiation with the same UV dose (data not 

2 shown), or in DM2211 after irradiation with 600 erg/mm UV (data not 

shown) • 

recA mRNA is somewhat inducible in DM22l0, while there is only 

slight induction of lexA mRNA. 

Induction of lexA and recA mRNA by UV in DM5l1 
and by Incubation at 42°C in DM5ll and JMI2 

,DMS11 carries the temperature sensitive 1exA mutation tsl-1. 

This mutant was isolated as a UV resistant derivative of lexA3(Ind-), 

and is temperature sensitive due to inhibition of cell division at the 

non-permissive temperature (Mount and Walker). The filamentation of 

tsl-l mutants at high temperature is thought to be the result of 

inactivation of the lexA protein, which regulates the expression:-,of a 
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putative inhibitor of cell division. recA protein synthesis is induced 

at high temperature in DM511 (Gudas and Pardee), but ts1-1 mutants 

are poorly induced by UV, possibly because they still have the 

1exA3(Ind-) mutation (Mount, Walker and Kosel, 1973). 

The UV induction of 1exA and recA mRNA in DM511 is shown in 

Figure llA. This experiment was conducted at 37°C, and both RNA's are 

slightly elevated at this temperature (zero time point). UV induction 

of both lexA and recA mRNA is very slow, and neither one reaches the 

maximum level seen in UV induced ABl157. 

Induction of 1exA and recA mRNA in DM511 during incubation at 

42°C is shown in Figure 11B (circles). The basal levels of both recA 

and lexA mRNA in DM511 grown at 30°C (zero time point) are approximately 

the same as those in ABl157. The levels of both RNAs rose slowly 

after the cells were shifted to 42°C, but after 90 minutes induction 

was still not complete. 

Induction of 1exA and recA mRNA in the recA441(tif-1) mutant 

JMl2 is also shown in Figure llB (triangles). Basal levels of both 

1exA and recA mRNA are elevated in this mutant even at 30° (zero 

time point). Induction after the shift to 42°C was much more rapid 

than it was in DM5l1, however it is still not complete after 90 minutes 

at 42°C. ABl157 (squares), included as a control in this experiment, 

showed slight elevation of both RNAs after 60 minutes at 42°C. 



A. UV induction of lexA and recA mRNA in DM5ll. DM5ll 
carries the temperature sensitive lexA mutation tsl-l. 
This experiment was conducted as described in the legend 
to Figure 6. Numbers are average of two experiments. 

B. Induction of lexA and recA mRNA following temperature shift 
in DM5ll and JMl2. Cultures of DM5ll,JM12, and ABl157 
were grown at 30°C, shifted to 42°C and aliquots were with
drawn and labeled at the times indicated. RNA extraction 
and hybridization were done as described in the legend 
to Figure 6. DM5ll carries the tsl-l mutation in lexA. 
JM12 carries the recA44l allele (tif) which confers-a
temperature inducible phenotype. ABl157 was included 
as a control. DM5ll lexA (e-e), recA (0-0); JMlllexA 
(&-A), recA (~-~). Numbers are average of two experiments 
ABl157 lexA (---); recA (0-0). 
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DISCUSSION 

The first part of this work describes the i.solation and 

characterization of a family of lexA transducing phages, and their use 

in the identification of the lexA gene product. Characterization of the 

amber spr phages was critical, since identification of the lexA3 protein 

was based on the appearance of the 25,000 dalton band in the; proteins 

labeled after AlexA3spr55 infection of an amber suppressor host. 

Because the original amber ~ mutations were derived from the 

lexA3 allele, and the LexA3 phenotype was restored by suppression of 

the amber mutations (Pacelli, Edmiston, and Mount, 1979), characteri

zation experiments were designed to show that the amber ~ phages confer 

the LexA3 phenotype on recipient cells. 

The tsl-l and spr-5l complementation tests demonstrated that 

these phages transduce lexA function only to amber suppressor hosts 

(Table 2). The activity transduced by amber ~ phages in amber sup

pressor hosts was like that of the ~~~~ protein in three ways: 1) it 

makes recipi~nt cells extremely sensitive to low levels of mitomycin C, 

2) it represses constitutive recA protein synthesis in the spr-5l 

mutant DM1420 and makes recA protein synthesis non-inducible in these 

cells (Figure 1 and 3), it makes recipient cells significantly more 

sensitive to UV-irradiation than the same strain lysogenic for AlexA+ 

(Figure ?). 
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The results shown in Figure 3 were typical of numerous experiments 

showing that the 25,000 dalton protein encoded by A1exA3 was absent 

from the proteins labeled in a non-suppressor host and present in an 

amber suppressor. host following infection by A1exA3spr55. The same 

result was obtained in experiments using the supU mutation carried on 

pMB9 and with the suppressor mutation in E. coli YMC. The 25,000 

dalton band was not synthesized after infection of non-suppressor hosts 

with either A1exAspr54 or A1exA3spr56. 

Identification of the 1exA protein made it possible for other 

workers in this laboratory to biochemically test a number of properties 

of the 1exA protein which were postulated on the basis of genetic data. 

The model for SOS induction proposed by Gudas and Mound in 1977 suggests 

that the 1exA protein functions as a repressor of recA gene expression. 

They propose that the recA protease, activated by inducing treatment, 

cleaves the 1exA repressor thereby derepresing the recA gene and the other 

cellular genes. This derepression continues until the inducing signal is 

removed, at which time functional 1exA protein accumulates and represses 

the system. 

Little, Mount, and coworkers have confirmed many of the predict

ions made in this model. Little et a1. (1980) first demonstrated that 

labeled 1exA+ protein in extracts of 1exA overproducing strain was 

cleaved into two fragments by purified recA protease in a reaction similar 

to that of A repressor cleavage. This reaction was later carried out in 

vitro using purified 1exA+ protein as a substrate. The lexA3 protein 

was shown to be a poor substrate for the protease, providing a sound 



biochemical basis for the dominance of the non-inducible LexA3 pheno

type (Little, Mount, and Yanich-Perron, 1981). In the same work, the 

authors demonstrated that purified lexA protein binds to specific 

sequences in the recA and lexA operator DNA, protecting them from 
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DNAse digestion and repressing tran~cription from the recA and lexA 

promoters. They found that the length of the protected sequences in the 

lexA operator DNA is twice as long as that in the recA operator. The 

lexA protected sequence contains two copies of a 20 b~se pair sequence 

common to operator regions of genes which are regulated by lexA (Little, 

Mount, and Yanish-Perron, 1981). 

These results demonstrated that the lexA protein functions as a 

repressor of the recA gene, that the self-regulation of lexA protein 

synthesis (Little and Harper, 1979) is direct transcriptional regulation, 

and that induction of SOS functions may result directly as a consequence 

of the lexA repressor cleavage by the recA protease. 

The series of hybridization experiments presented in this 

dissertation represent the first direct quantitation of lexA gene 

expression in vivo. It was necessary to measure lexA mRNA accumulation, 

rather than lexA protein synthesis for this study because there is not 

enough lexA protein, even in induced cells, to form a band visible 

against the background of total E. coli proteins on a polyacrylamide 

gel. Since the lexA gene is regulated at the level of transcription 

determination of the lexA mRNA levels provides a.more direct measurement 

of gene expression than an analysis of lexA protein would provide. 
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The basal level of lexA mRNA was found to be 0.006% of the total 

pulse-labeled RNA. This value is nearly 10 times lower than the basal 

level of recA mRNA (McPartland, Green, and Echols, 1980; and this work). 

Because the level of lexA mRNA was extremely low, the JexA coding strartd 

of a restriction fragment was used as a probe, and conditions for pre

hybridization, hybridization and washing of filters were adapted from 

current blot-hybridization procedures to reduce the background of non

specific RNA binding. 

The maximum UV-induced level of lexA mRNA was 0.05% of the total, 

an eight-fold increase over the uninduced level. Induction of lexA 

mRNA was expected, since it was known that the lexA gene regulates its 

own expression (Little and Harper, 1979; Harper, Masters thesis, 1979) and 

that this self-regulation is direct and at the level of transcription in 

vitro (Little, Mount, and"Yanich-Perron, 1981). 

The number of copies of lexA mRNA in ABl157 uninduced and 20 

minutes after UV-irradiation were estimated to be 0.73 copies per cell 

and 6.3 copies per cell respectively. These calculations were based on 

total TCA insoluble CPM incorporated by a known number of cells, specific 

activity of RNA purified from the same cells, the percent of total CPM 

of that RNA hybridized to lexA DNA and the estimated molecular weight 

of lexA mRNA. These values are compatible with the value for lac 

repressor mRNA estimated to be about one copy per cell (Watson, 1976). 

The number of lac repressor molecules is reported to be 10 to 20 molecules 

per cell, or about 0.002% of the total protein (Beyreuther, 1978). 



54 

UV induction of 1exA mRNA follows kinetics similar to recA 

mRNA induction. Within two minutes after UV-irradiation, the levels of 

both mRNAs increase significantly. There appears to be a slight lag in 

1exA mRNA induction (see curve in Figure 6). This result is somewhat 

puzzling because the affinity of 1exA protein binding to recA operator 

DNA is reported to be about 10 times higher than its affinity for 1exA 

operator DNA (BrentandPtashne, 1981). Given this information, one would 

expect the level of 1exA mRNA to increase faster than recA mRNA imme

diately after induction. The experimental observation may be due to 

less efficient transcription of 1exA relative to recA, considering that 

the recA promoter is very strong and there is a high basal rate of recA 

transcription. In any case, induction of both genes is rapid, indicating 

that 1exA repressor protein is inactivated within two minutes after UV

irradiation. Similar kinetics have recently been obtained by John Little 

in experiments looking at 1exA protein (personal communication). Little 

labeled proteins in AB1157, then UV-irradiated and examined 1exA protein 

by immunoprecipitation using antibody to purified 1exA protein, followed 

by gel electrophoresis and autoradiography of the gel. He found that 

cleavage of the 1exA protein began within one minute after UV-irradiation. 

The induction of 1exA and recA mRNA by nalidixic acid was com

pared to their UV-induction. Nalidixic acid has been shown to be an 

effective inducer of recA protein synthesis in E. coli (Gudas and Pardee, 

1975). Work by McPartland and Echols (1980) and the experiments reported 

here show that it also induces recA mRNA quite well. In contrast to this, 

1exA mRNA was induced inefficiently by nalidixic acid (see Figure 7). 



The pattern of 1exA mRNA induction by UV and nalidixic is similar to 

that of A prophage which is efficiently induced by UV-irradiation and 

poorly induced by nalidixic acid. 
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Induction of A prophage results from inactivation of the A 

repressor which regulates the expression of genes encoding phage proteins 

required for lytic growth (Ptashne, 1972). Inactivation of A repressor 

is accomplished by recA protease cleavage in induced cells (Roberts and 

Roberts, 1975; Roberts, Roberts, and Mount, 1977; Roberts et a1., 197~). 

Since the 1exA repressor is inactivated by recA protease cleavage, the 

relatively poor induction of both A prophage and 1exA gene expression 

by nalidixic acid suggests that the recA protease is not activated 

efficiently by nalidixic acid treatment. In this case, the rapid 

induction of recA mRNA must be dueto some mechanism other than cleavage 

of 1exA protein. 

Nalidixic acid interferes with the function of DNA gyrase, an 

enzyme involved in maintaining the proper superhe1ica1 state of the DNA. 

Inhibition of DNA gyrase has been shown to result in inhibition of DNA 

synthesis (Gellert, 1978; Cozzere11i, 1978) and have a differential effect 

'on transcription from several phage and!. coli promoters (Smith, and 

Oishi, 1978). Thus it is possible that the early induction of recA mRNA 

following nalidixic acid treatment is due to a direct transcriptional 

effect on recA gene expression, or to alteration of the superhe1ica1 

density of recA operator DNA, leading to reduced affinity for the 

1exA repressor. Such an effect could account for the slight, but 

detectable, induction of recA protein synthesis by nalidixic acid in 

a 1exA3(Ind-) strain (Gudas, 1976; also Figure 1 in this dissertation). 
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Careful examination of the patterns of protein synthesis in 

treated and untreated cells, seen in Figure 1, clearly demonstrates that 

many of the changes induced by nalidixic acid are not mediated by 

lexA. 

More significant than the studies of lexA mRNA induction was the 

examination of lexA and recAmRNA during recovery from induction 

(presented in Figure 8). When wild type!. coli are treated with a low 

dose of UV, most of the cells survive, in fact, the changes which occur 

after DNA damage were originally termed the SOS response, because some 

of the new functions which are induced aid cell survival (for review 

see Witkin, 1976). 

A complete model for the coordinate regulation of this response by 

lexA and recA must address the problem of turning off the induced 

functions and returning to the normal state. The original model of Gudas 

and Mount (1977) proposed that DNA damage generates an inducing signal 

which activates the recA protease, leading to inactivation of the lexA 

repressor by cleavage. The model indicated that once DNA damage is 

repaired, the signal diminishes and the protease activity of recA 

protein is reduced, leading to accumulation of intact lexA protein. The 

discovery of lexA self-regulatiion provided a possible mechanism for 

rapid recovery once DNA damage is repaired, because lexA protein could 

be synthesized at a high rate during induction and recovery, allowing 

rapid accumulation after recA protease activity decreased, while low 

level synthesis would be maintained during normal growth (Little and 

Harper, 1979; Harper, M.S. thesis, 1979). A critical prediction made by 
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this extension of the Gudas and Mount model was that lexA protein would 

repress other inducible genes before its own ~ynthesis was repressed. 

This model is represented schematically in Figure 12. 

The results presented here clearly show that this is true for 

lexA and recA mRNA expression. ABl157 was irradiated with a UV dose of 

2 100 erg/mm. It was previously shown that the rate of recA protein 

synthesis decreases between 15 and 30 minutes after this UV dose (Little 

and Hanawalt, 1977.). In the experiments shown here cell survival was 

greater than 85%, cell division resumed between 10 and 20 minutes after 

UV (date not shown), recA repression occurred between 20 and 40 minutes, 

and lexA mRNA levels declined after 60 minutes. John Little has recently 

found that the rate of lexA protein synthesis remains quite high for up 

to 2 hours after very low doses of UV (personal communication). 

In addition to the earlier onset, the rate at which recA mRNA 

levels decline is somewhat more gradual than the rate at which lexA mRNA 

levels decline. This may be due to the effect of cooperative binding at 

the two sites in the lexA operator would produce an abrupt transition 

point for lexA repression and derepression. 

Although the shut-off of recA and lexA gene expression during 

recovery was not as rapid as originally anticipated, possibly due to 

recovery at different times by individual cells in thepopulation, the 

basic prediction of our extension of the Gudas and Mount model was 

confirmed by these results. 
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Figure 12. Model for regulation of SOS response. 
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