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Mutations in the lac P2 Promoter
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We used site-directed mutagenesis to generate mutations in the -10 region of the lac P2 promoter. The
mutations were crossed onto lambda bacteriopahage carrying the lac regulatory elements and an intact lacZ
gene, and the effects of the various mutations were determined in vivo and in vitro. Two of four mutations had
effects on the start point of the P2-directed transcript and had very little effect on lac expression. Another
mutation, which abolishes P2 promoter activity in vitro, also had very little effect on lac expression in vivo. We
suggest that the P2 promoter plays little or no role in the activation of the P1 promoter by catabolite activator
protein in complex with cyclic AMP.

this model were correct, mutations which abolish P2 activity
would decrease the extent of CAP-cAMP stimulation of lac.
The deletions described by Yu and Reznikoff (20) cannot test
this possibility, since either they affect the CAP-cAMP
binding site as well as the P2 site or they affect the spacing
between the CAP-cAMP binding site at P1.
We show here that point mutations which abolish or
change the in vitro properties of the P2 promoter, without
significantly altering the in vivo properties of the P1 promoter, have very little effect on CAP-cAMP-dependent or
-independent lac expression.
MATERUILS AND METHODS
Enzymes. Restriction and DNA modification enzymes
were purchased from Bethesda Research Laboratories, Inc.,
Gaithersburg, Md., New England BioLabs, Inc., Beverly,
Mass., P-L Biochemicals, Inc., Milwaukee, Wis., Boehringer-Mannheim Biochemicals, Indianapolis, Ind., or
Promega Biotec. DNA polymerase I Klenow fragment and
T4 DNA ligase were the gifts of B. Shutte, F. Pugh, and M.
Cox. Escherichia coli RNA polymerase was purified as
reported by Peterson and Reznikoff (13) and was the gift of
M. Peterson. Radionucleotides were purchased from
Amersham Corp., Arlington Heights; Ill.
Bacterial strains. Strain JM101 [F' traD36 lacIlqZmlS
proAB/A(lac-proAB) supE thul was used as the host for
M13mp8 and its derivatives. Lambda phage were grown on
the lac indicator strain XAC103 [F- ara A(lac-proAB) nalA
metB argF(Am) supE]. Lambda lac phages were lysogenized
in CSH26 [F- A(lac-proAB) thul or CSH26 Acya [F- A(lacproAB) thi cya] for p-galactosidase assays and Si nuclease

mapping experiments.
Oligonucleotide mutagenesis. Mutagenesis of M13mp8 derivatives was performed as described by Kunkle (4).
M13mp8 phage were grown on strain RZ1032 (F' lysA/dut
ung thi-l relA spoTI supE), and single-stranded phage were
isolated. Phage genomes grown on this strain contain
deoxyuridine in the place of deoxythymidine, which results
in very poor efficiency of transformation into wild-type cells.
The single-stranded DNA was isolated (see DNA sequencing) and used as the template for mutagenesis.
The oligonucleotides were obtained from the Biotechnology Center, Madison, Wis. The oligonucleotide used to
generate mutations at position -30 had the sequence
5'AGCATAAANTGTAAAG3' (where N is a mixture of A,
C, and T and corresponds to the -30 position in the lac
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Analyses of the regulatory sequences controlling lac
operon expression have revealed several mechanisms which
affect the level of transcription. One mechanism involves the
binding of lac repressor to the operator sequence to prevent
transcription from the lac promoter. Another mechanism
controlling lac expression is the activation of transcription
from the lac promoter by catabolite activator protein (CAP)
in complex with cyclic AMP (cAMP). The DNA sequences
which are known to be intimately involved in transcription
initiation and CAM-cAMP stimulation of the lac promoter
have been fairly well described by mutational analyses and
protection studies (2, 17, 18). While lac repressor is thought
to act by preventing RNA polymerase from interacting with
the promoter, it is unknown how CAP-cAMP stimulates the
transcription process. CAP-cAMP could interact with RNA
polymerase directly or through the DNA to effect transcription stimulation.
Malan and McClure (7) have proposed that overlapping
RNA polymerase-binding sites in the lac promoter region are
involved in CAP-cAMP stimulation of transcription. One of
these RNA polymerase-binding sites, P1 (5, 6, 13, 14),
directs the synthesis of the mRNA from which lac proteins
are translated in vivo. An overlapping RNA polymerasebinding site, P2, directs the synthesis of RNA in vitro but
does not appear to be active in directing RNA synthesis in
vivo (8, 14). The role that the P2 promoter plays in lac
expression in vivo is unknown. In vitro analyses suggest that
in the absence of CAP-cAMP, RNA polymerase binding at
the P2 site is very strong and thus may prevent accessibility
of the P1 promoter. CAP-cAMP prevents P2 binding and in
this way might facilitate RNA polymerase binding to the P1
promoter (7, 14). This model predicts that mutations which
abolish P2 activity without affecting P1 activity should cause
the P1 promoter to become CAP-cAMP independent. Deletion mutations of the P2 promoter region described by Yu
and Reznikoff (20) suggest that decreasing P2 activity does
not affect the CAP-cAMP-independent activity of the P1
promoter.
Alternatively, it has been suggested that the P2 binding
site might act in a positive manner, to facilitate the activity of
the P1 promoter by increasing the local concentration of
RNA polymerase near the productive or P1 promoter (20). If
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temperature.
JM101 cells were made competent and were transformed
with half of the ligation mixture. The transformed cells were
plated on a lawn of fresh JM101 cells in the presence of

5-bromo-4-chloro-3-indolyl-,-D-galactopyranoside (X-Gal;
40 ,g/ml) and isopropyl-i-D-thiogalactopyronoside (IPTG;
0.1 mM). All of the plaques produced were blue, indistinguishable from mp8 phage grown in the same manner.
DNA sequencing. All DNA sequencing was done on M13
single-stranded templates by the dideoxynucleoside triphosphate chain termination technique (16). M13 phage (101")
were precipitated from a supernatant with 3% polyethylene
glycol-0.5 M EDTA. The phage DNA was extracted with
phenol-chloroform (1:1) and then ether and was precipitated
with ethanol. The single-stranded phage DNA was suspended in 30 RI of sterile water, and 5 RI was used for each
set of sequencing reactions.
Recombinant k lysogen construction and I-galactosidase
assays. The mutations carried on M13mp8 were crossed onto
AplacS-T743 (cI857 Sam7). This X phage contains the lac
regulatory region plus the entire lacZ gene; however, a
mutation in the -10 region of the P1 promoter causes the
phage to form white plaques on media containing X-Gal (12).
JM101 was chronically infected with M13mp8 phage (or the
mutant derivatives; multiplicity of infection, 1). These cells
were also infected with XplacS-T743 (multiplicity of infection, 1). (The Sam7 mutation is not suppressed in this
background, soX phage will grow but will not lyse the cells.)
After incubation for 4 h at 37°C in LB medium containing
0.2% maltose, the cells were collected by centrifugation and
lysed with chloroform. The titer of the lysate was determined on the X host, XAC103. (M13 phage do not plate on
this host because it is F- and lacks the supE suppressor.) X
phage (103) from the mixed infection were plated on the A
indicator strain XAC103 in the presence of X-Gal and IPTG.
Approximately 100 blue patches were visible on a confluent
growth of Lac- phage. Blue plaques were purified by being
streaked several times.
CSH26 and CSH26A cya were lysogenized with the recombinant phage as described by Yu and Reznikoff (19).
Single lysogens were identified both by the Ter excision
assay (see reference 1) and by measurement of fgalactosidase activity on four isolated lysogens. (Multiple
lysogens had ,-galactosidase activities that were multiples of
the single-lysogen value.) P-Galactosidase assays were performed by the method of Miller (11) from lysogens grown in

M9 plus glucose. Values for P-galactosidase activity given in
Table 1 are averages of at least three separate experiments.
In vitro transcription. DNA templates used for in vitro
transcription were prepared by digesting M13 replicative
form (RF) DNA with PvuII and EcoRI and eluting a 176base-pair fragment from 5% polyacrylamide gel (9). In vitro
transcription assays were performed by using the buffer
described by Majors (6) with several modifications. The
buffer contained 30 mM Tris hydrochloride (pH 8.0) 3 mM
MgCl2, 100 mM KCI, 0.1 mM EDTA, 0.1 mM dithiothreitol,
0.5 mg of bovine serum albumin per ml, 10% glycerol, and
200 ,uM cAMP. Reaction mixtures were incubated at 37°C in
20-R1 volumes. Approximately 0.1 pmol of DNA fragment
was preincubated with or without CAP (0.4 pmol; gift of J.
Krakow) for 10 min. RNA polymerase was added (1.5 pmol),
and the mixture was incubated for an additional 10 min.
Heparin was then added to 40 ,ug/ml; ribonucleoside triphosphates were added 1 min later (200 ,uM GTP, ATP, and UTP;
5 ,uM CTP; and 10 ,uCi of [a-32P]CTP), and the reaction was
allowed to continue for 20 min. The reaction was stopped by
addition of 20 ,ul of stop solution (0.3 M sodium acetate, 5
mM EDTA, 0.1 jig of carrier RNA) and 100 ,ll of cold
ethanol. The precipitate was collected by centrifugation,
washed with 70% ethanol, and dissolved in formamide dyes.
The samples were boiled for 2 min, cooled, and electrophoresed through an 8% polyacrylamide-7 M urea sequencing

gel.
Exonuclease HI protection. Protection of the promoter
DNA from exonuclease III digestion was performed as
described by Peterson and Reznikoff (14). The probe for
these experiments was a 406-base-pair AvaI-EcoRI fragment
(isolated from M13mp8 RF DNA or its mutant derivatives) 5'
end labeled at the AvaI site. This was purified from a 5%
polyacrylamide gel. Reactions were carried out under the
same conditions as those for in vitro transcription reactions.
Between 0.1 and 0.5 pmol of DNA was incubated with 1.5
pmol of RNA polymerase for 10 min. Heparin was added,
and 1 min later, 25 U of exonuclease III was added. After 15
min, the reaction was terminated with 20 plI of stop solution
and 100 ,A of cold ethanol. Samples were prepared for
electrophoresis as described for transcription experiments
and electrophoresed through a 5% polyacrylamide-7 M urea

gel.
Si nuclease mapping. RNA was isolated from CSH26
containing prophage with either the wild-type lac regulatory
region or the various mutant derivatives. The RNA was
prepared as described by Peterson and Reznikoff (13). A
176-base-pair PvuII-EcoRI fragment 5' end labeled at the
EcoRI site was purified from M13mp8 RF DNA and used as
a probe. S1 nuclease mapping was performed as described
by Peterson and Reznikoff (13) with about 10,000 cpm of
end-labeled probe and 50 ,ug of RNA.
RESULTS
Oligonucleotide mutagenesis. We sought to generate mutations in the lac regulatory region which would affect the P2
RNA polymerase-binding site without affecting the P1 site.
While it is difficult to define which base pairs of the P1 site
are not required for its activity, we assumed that the most
important elements of the P1 and P2 promoters are those in
the conserved hexanucleotide sequences centered at positions -10 and -35. The portions of the proposed conserved
elements of the P2 promoter which do not overlap with
conserved elements of the P1 promoter or the CAP-cAMP
consensus sequence are at positions -29 and -30 relative to
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sequence). The oligonucleotide used to mutate position -29
had the sequence 5'AGCATAANGTGTAAAG3' (where N
is a mixture of G, C, and T and corresponds to the -29
position).
Before use in mutagenesis, the oligonucleotides were
purified on a 20% polyacrylamide sequencing gel (9) and had
a 5' P04 group added through the use of T4 polynucleotide
kinase. Between 0.2 and 0.5 ,ug of template was mixed with
a 10-fold molar excess of oligonucleotide in a buffer containing 50 mM NaCl, 10 mM Tris hydrochloride (pH 7.8), and 10
mM MgCl2. The mixture was drawn into a capillary tube, the
ends of the tube were sealed, and the tube was placed in a
boiling-water bath for 2 min. The tube was allowed to cool
for 2 h at room temperature. The sample was blown into a
1.5-ml Eppendorf tube, and deoxynucleoside triphosphates
were added to a final concentration of 200 ,M each. Klenow
fragment (2 U) was added, and the mixture was incubated at
room temperature for 1 h. ATP was then added to a final
concentration of 100 ,M along with 500 U of T4 DNA ligase.
This mixture was incubated for an additional 1 h at room
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the start point of lac transcription (Fig. 1). Mutations at
these positions were generated by oligonucleotide-directed
mutagenesis.
To maximize the number of mutagenic events, we used the
M13 mutagenesis procedure described by Kunkle (4; see
Materials and Methods), in which the template for mutagenesis is selected against in the wild-type host owing to uracil
residues in the DNA. The frequency of obtaining mutant
phages by this method was quite high. In one experiment
involving 7 phages screened by DNA sequencing, 4 were
the desired mutants; in another experiment, involving 12
phages, 5 were the desired mutants.
Four different point mutations in the lac promoter were
isolated and are shown in Fig. 1. To assay the effect of these
mutations on lac expression in vivo, the mutations were
crossed onto a lambda phage containing the lac regulatory
region and lacZ, X lysogens were constructed, and P-galactosidase activities were measured. Table 1 lists P-galactosidase levels in cya+ and Acya backgrounds. The mutants all
have slightly increased lac expression in the wild-type
background. In the absence of CAP-cAMP (in the Acya
background), the mutations cause a greater increase in
P-galactosidase activity. (To be certain that the X prophages
contain the mutations in the lac region, the mutations were
crossed back onto M13mp8. These recombinants were sequenced and contain the appropriate mutations [data not
shown].)
In vitro transcription. On the basis of models of promoter
sequence structure, the mutations discussed above would be
expected to affect the activity of the P2 promoter while
leaving the P1 promoter unaffected. Since the only assays for
activity of the P2 promoter are in vitro assays, we sought to
determine the P2 activity of these mutants by in vitro
TABLE 1. P-Galactosidase activity
,-Galactosidase activity (% of wild-type) in:
Strain
cya +
cyacya+/cyaCSH26(AplacS)
1,131 (100)
36 (100)
31
CSH26(Xp1ac5-29A)
1,539 (135)
63 (175)
24
CSH26(Xplac5-29C)
1,303 (115)
47 (130)
28
CSH26(XpIacS-30A)
1,658 (146)
109 (302)
15
CHS26(Xplac5-30T)
154 (427)
1,484 (131)
10

-E _d.

.......

P
I:

FIG. 2. In vitro transcription of wild-type and mutant lac promoter fragments. A 176-base-pair PvuII-EcoRI fragment (from
Ml3mp8 RF DNA o'r its mutant derivatives) was used as template

for in vitro transcription with E. coli RNA polymerase. Runoff
transcription was done in the presence and absence of the CAPcAMP complex, and the products were electrophoresed through an
8% polyacrylamide-7 M urea sequencing gel and autoradiographed.
Lane M contains pBR322 DNA digested and labeled at HpaII sites.
Lanes 1 to 5 show the products of transcription in the absence of
CAP-cAMP, and lanes 6 to 10 show those products generated when
the CAP-cAMP complex is prebound to the template. Lanes: 1 and
6, wild-type template; 2 and 7, -29A template; 3 and 8, -29C
template; 4 and 9, -30A template; 5 and 10, -30T template; 11,
products of runoff transcription from the IacUVS 203-base-pair
HaeIII fragment which generates a 67-base transcript. (The presence or absence of cAMP had no effect on the transcription pattern
[data not shown].)

transcription experiments. Figure 2 shows the products of
runoff transcription from wild-type and mutant lac promoters. The P1 and P2 transcripts were identified by size and by
the effect of CAP-cAMP addition to the transcription reaction mixture. CAP-cAMP is known to repress P2 activity and
stimulate P1 activity in vitro (7, 15). The wild-type template
(as well as the mutant templates) appears to generate multiple transcripts for both P1 and P2 promoters (Fig. 2, lanes 1
and 6).
The mutations had various effects on P2 activity by this
assay. Template derived from -29A produced P2 transcripts
which are slightly larger than the wild-type P2 transcripts; no
detectable P2 transcripts could be seen when template from
-29C was transcribed; template from -30A directed the
synthesis of transcripts which are the same sizes as those of
the wild type; and -30T directed the synthesis of transcripts
slightly smaller than wild-type P2 transcripts.
Exonuclease m protection. The results of the in vitro
transcription experiment suggest that the -29C mutation
abolishes P2 activity, at least by this assay. To rule out the
possibility that RNA polymerase still binds to the D)NA and
forms an open complex at the P2 position on the -29C
template, we measured binding by exonuclease III protection (Fig. 3). Peterson and Reznikoff (14) showed that RNA
polymerase protects the P1 promoter from exonuclease III
digestion up to position + 19 and the P2 promoter up to
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FIG. 1. DNA sequence of the lac regulatory region. The start
points for transcription from the lac promoters are shown; the +1
position corresponds to the start point of the transcript programmed
by the P1 promoter, and transcription from the P2 promoter initiates
at -22. Also shown are the mutations generated by oligonucleotide
mutagenesis at positions -29 and -30. The underlined bases
between -50 and -70 are those thought to be important in CAPcAMP binding. The -10 regions of the promoters are indicated by a
solid overline and underline (P1) and a dashed overline and underline (P2). The -35 regions are indicated by a solid overline (P1) and
a dashed overline (P2).
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regulatory region or the mutant regions. This RNA was
hybridized to an end-labeled DNA probe, and the hybrids
were digested with Si nuclease; the products are shown in
Fig. 4. Lanes 2, 3, 4, and 5 show that the Si-resistant
fragments generated, when RNA from the strains with
mutated lac regions is used, are the same size as when the
wild-type strain is used. While the quantity of RNA used in
each experiment was approximately the same, there seem to
be some differences in the amount of protected fragment. We
believe that this is due to a variability in recovery of the
products. Lane 6 shows that when RNA from a strain
carrying the same prophage, but which encodes a severe
down mutation in the lac promoter, is used, no protected
fragment of the same size appears.
DISCUSSION

position -5. In the absence of CAP-cAMP, RNA polymerase binds predominantly at the P2 site in the wild-type lac
regulatory region.
Figure 3, lane 1, shows the exonuclease III protection
pattern on the wild-type template. The prominent band is
approximately 350 bases long, which corresponds to a
decrease of the probe by 57 bases. This is about position -5
in the lac region and is probably the boundary of the P2
binding site. A less prominent band of about 370 bases is
seen also, and this most probably is the boundary of the P1
binding site. Lanes 2, 4, and 5 show that mutants -29A,
-30A, and -30T, respectively, have an exonuclease III
protection pattern which suggests that RNA polymerase is
able to bind in the region of the P2 binding site. Interestingly,
although several of these mutants seem to bind in the vicinity
of the P2 site, they appear to generate complexes with
slightly different downstream boundaries. Lane 2 shows that
RNA polymerase binds to -29A template at many sites; lane
4 shows that the binding of RNA polymerase to -30A
template is similar to its binding to wild-type template; and
lane 5 shows that binding of RNA polymerase to the -30T
template generates a protected fragment which is smaller
than the fragment corresponding to the P2 boundary. (These
alternative binding patterns and the start points of transcription from the mutant templates will be discussed below.)
Lane 3, however, shows that RNA polymera,se does not
appear to bind to the -29C template near the P2 site in this
assay, because the only protected fragment which is seen
corresponds to the P1 site. This is the same mutation which
seems to abolish P2 transcription activity in vitro (Fig. 2).
Sl mapping. All of the mutations discussed above either
alter the pattern of P2 transcription in vitro or abolish this
activity. These mutations, however, affect ,3-galactosidase
expression very little. We were curious to know whether the
start point for transcription of the in vivo 3-galactosidase
mRNA was altered by these mutations. The start point was
verified in vivo by Si mapping. RNA was purified from
strains carrying the X prophages with either the wild-type lac

The results of these studies of mutants in the lac regulatory region strongly support the idea that the P2 RNA
polymerase-binding site is not involved in CAP-cAMP stimulation of lac expression in vivo. Several of the mutations
modestly alter the P2 activity in vitro (-29A, -30A, and
-30T). One mutation (-29C) appears to abolish all P2
activity (in vitro transcription and binding reactions). Because the -29C mutation causes the greatest decrease in P2
activity, this mutation is the best test for the possible
involvement of the P2 promoter in CAP-cAMP stimulation
of lac expression. Lambda lysogens carrying this mutation,
however, have a slight increase (15% in cya+ and 30% in
cya-) in 3-galactosidase activity. This incrase may reflect a
slight effect of the P2 promoter on P1 activity. However,
because all of the mutations described here slightly enhance
M 1 2 3 4 5 6

FIG. 4. In vivo start point for wild-type and mutant lac transcripts. RNA was purified from cells containing X lysogens which
carry either the wild-type or the mutated lac promoter region. This
RNA was hybridized to a 176-base-pair AvaI-EcoRI fragment (from
M13mp8 RF DNA or its mutant derivatives) 5' end labeled at the
EcoRI site. The hybrids were digested with S1 nuclease, and the
products were run on an 8% polyacrylamide-7 M urea sequencing
gel. Lanes: M, pBR322 HpaII markers; 1, RNA from CSH26
(XplacS) (wild-type); 2, RNA from CSH26(Aplac5-29A); 3, RNA
from CSH26(XplacS-29C); 4, RNA from CSH26(XplacS-30A); 5,
RNA from CSH25(XIac5-30T); 6, RNA from CSH26

(XplacS-T743).
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FIG. 3. Exonuclease III protection of wild-type and mutant lac
promoter fragments. A 406-base-pair AvaI-EcoRI fragment (from
M13mp8 RF DNA or its mutant derivatives) was 5' end labeled at
the AvaI site, RNA polymerase was bound to the DNA, and the
DNA was digested with exonuclease III. Lanes: M, pBR322 HpaII
markers; 1, wild-type template; 2, -29A template; 3, -29C template; 4, -30A template; 5, -30T template.
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were incorrect in our assumption that the sequence at
positions -29 and -30 are critical to P2 promoter activity.
It is possible that we have not yet discovered the conditions which would allow expression from the P2 promoter in
vivo. If such conditions exist, the mutations described here
may be useful in studying such a phenomenon. Our results
strongly suggest that the P2 site is not involved in catabolite
activation of the lac operon by CAP-cAMP. Another possibility, as Meiklejohn and Gralla (10) suggest, is that the
function of the P2 promoter has been lost during the evolution of a CAP-cAMP activation system for lac operon
control.
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,3-galactosidase expression and have P2 promoter activity in
vitro, it is more likely that the increases seen with all of the
mutations described here (including -29C) are merely due to
increasing the activity of the P1 promoter directly.
The various mutations, however, had surprising effects on
the in vitro activities of the P2 promoter. A T residue at
position -7 (the furthest-downstream T of the conserved
-10 region) is thought to be the most conserved base among
E. coli promoter sequences (3). Mutations at position -29
described here are at this conserved position of the P2
promoter. This position relative to the P1 promoter is not
conserved. One would expect that changing this base to any
other would reduce P2 activity because this base is so highly
conserved among E. coli promoter sequences. Changing this
T to a C does reduce P2 activity, as expected. However,
changing this T residue to an A (-29A) does not affect P2 as
predicted. Rather, it appears to alter the family of start
points for P2 transcription (Fig. 2, lane 2). In addition to a
transcriptional start at -22, the -29A template generates
longer transcripts corresponding to positions -36 and -31.
The start point for transcription from the P2 promoter is also
altered when the C at position -30 is mutated to a T (Fig. 2,
lane 5). The -30T template generates transcripts which
correspond to positions -34 and -36. When the -30C
residue is mutated to the conserved residue A (canonical
sequence TATAAT), there is no apparent change in P2
activity either in quantity or in the family of start points (Fig.
2, lane 4). The wild-type template generates two major start
points corresponding to positions -22 (the P2 start point)
and -26.
Changes in the start points may be due to recognition of an
alternative promoter by RNA polymerase on these mutant
templates. The exonuclease III protection experiments were
designed to examine this model. RNA polymerase has an
altered binding pattern on mutant templates (Fig. 3). One
would expect that a mutant template which generates a
longer transcript (-29A) would cause the boundary of RNA
polymerase binding to be further upstream. Instead, the
binding pattern of RNA polymerase on the -29A template is
much more diffuse than on the wild-type template, as if the
enzyme could now make open complexes at many different
sites in the vicinity of the lacP2 region (Fig. 3, lane 2). The
-29C mutation, however, abolishes the interaction of the
enzyme near the P2 site, as expected (lane 3). On the -30T
template (lane 5), the majority of RNA polymerase molecules appear to interact with the DNA at a site which is
further upstream than the wild-type P2 site (or further away
from the +1 position). Intuitively, one would expect that
such an interaction would produce a longer transcript from
the new "P2" site. The majority of transcripts seen from this
template are actually smaller than the binding data would
suggest. This discrepancy is not understood.
One would expect that the altered binding of RNA polymerase on these mutated templates would be due to the
recognition of different -10 and -35 regions relative to the
wild-type template. We have examined the DNA sequence
of the mutated P2 promter regions but cannot locate new
-10 and -35 sequences which would be consistent with the
transcription and binding experiments. We cannot explain
this result, except to suggest that the P2 promoter is not
characteristic of productive E. coli promoters because one
cannot find conditions to verify its activity in vivo. The
mutations described here were designed to reduce or abolish
P2 promoter activity. We were surprised to find that with the
exception of -29C, our mutations had little effect on P2
activity in vitro. One interpretation of these results is that we
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