N

N

A cryptic promoter in the LEE1 regulatory region of
enterohaemorrhagic Escherichia coli: promoter
specificity in AT-rich gene regulatory regions
Md. Shahidul Islam, Mark J Pallen, Stephen J.W. Busby

» To cite this version:

Md. Shahidul Islam, Mark J Pallen, Stephen J.W. Busby. A cryptic promoter in the LEE1 regulatory
region of enterohaemorrhagic Escherichia coli: promoter specificity in AT-rich gene regulatory regions.
Biochemical Journal, 2011, 436 (3), pp.681-686. 10.1042/BJ20110260 . hal-00596272

HAL Id: hal-00596272
https://hal.science/hal-00596272

Submitted on 27 May 2011

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00596272
https://hal.archives-ouvertes.fr

Bl Biochemical Journal Immediate Publication. Published on 08 Apr 2011 as manuscript BJ20110260

Biochemical Journal (BJ2011/0260)
Revised version 24" March 2011

A cryptic promoter in the LEE1 regulatory region of
enterohaemorrhagic Escherichia coli: promoter specificity
in AT-rich gene regulatory regions

Md. Shahidul Islam, Mark J. Pallen and Stephen J.W. Busby*

School of Biosciences, University of Birmingham,
Edgbaston, Birmingham B15 2TT, UK

*To whom correspondence should be addressed, s.j.w.busby@bham.ac.uk
+44 (0)121 414 5439, no fax available

Keywords: bacterial promoters, transcription initiation, promoter discrimination, mutational
analysis, bacterial multi-subunit RNA polymerase

THIS IS NOT THE VERSION OF RECORD - see doi:10.1042/BJ20110260

Running title: Competing promoters in an E. coli regulatory region

Licenced copy. Copying is not permitted, except with prior permission and as allowed by law.
© 2011 The Authors Journal compilation © 2011 Portland Press Limited



Bl Biochemical Journal Immediate Publication. Published on 08 Apr 2011 as manuscript BJ20110260

THIS IS NOT THE VERSION OF RECORD - see doi:10.1042/BJ20110260

ABSTRACT

Transcription of the LEET operon in the locus of enterocyte effacement of enterohaemorrhagic
Escherichia coli is due to the P1 promoter. Mutational and biochemical analyses reveal the existence of
an overlapping promoter, designated P1A, which can drive transcript initiation 10 base pairs upstream
from the P1 promoter transcript start point. Because of the overlap between P1 and P1A, P1A activity is
unmasked only when the P1 promoter is inactivated by mutation. We report here that mutation of the P1
-10 element is less effective in unmasking P1A promoter activity than mutation of the P1 -35 element.
This suggests that the P1 promoter -35 element, which corresponds to the consensus, can sequester
RNA polymerase even when P1 is inactive and, thereby, prevent RNA polymerase from serving the P1A
promoter. We propose that such promoter elements may play a role in enforcing specificity in bacterial
regulatory regions that contain alternative possible promoters.

INTRODUCTION

Bacterial gene regulatory regions contain promoters that have evolved to set the level of expression of
downstream genes, and the different promoter elements that are recognised by the multi-subunit
bacterial RNA polymerase are now well understood. Exhaustive analyses of Escherichia coli promoters
have shown that the principal promoter elements are the -35 and =10 hexamer elements, and consensus
sequences of TTGACA and TATAAT respectively have been derived. Both elements are recognised
directly by determinants in the RNA polymerase ¢ subunit and mutations in either element can lead to
big reductions in promoter activity. The A at position 2 of the -10 element is especially important as it is
implicated in opening of the transcription ‘bubble’ as well as promoter recognition. Thus, to a first
approximation, the strength of any E. coli promoter will depend on the degree to which the base
sequences of the functional -10 and -35 elements correspond to the consensus (reviewed in [1]).

Computational analysis of E. coli sequences has revealed the existence of potential -10 and -35
elements at higher than expected frequencies in intergenic regulatory regions [2]. Whilst this is probably
a by-product of the evolution of gene regulatory regions, it raises the issue of the specificity of promoter
recognition by RNA polymerase, and the role played by cryptic promoter elements. This is especially
relevant for regulatory regions within horizontally-acquired pathogenicity islands that are generally
characterised by a high proportion of AT base pairs [3] and hence contain many potential -10 elements.

In this work, we have focussed on a short promoter fragment, taken from an AT-rich pathogenicity island,
the locus of enterocyte effacement (LEE) of enterohaemorrhagic E. coli (EHEC) serotype O157:H7.
Recall that EHEC serotype O157:H7 causes haemorrhagic colitis and haemolytic uremic syndrome in
humans, and the LEE is one of its key pathogenicity determinants [4]. This promoter fragment carries the
principal promoter, P1, responsible for the expression of one of the operons encoded by the LEE, LEET.
In a recent study, we used mutational analysis to identify the LEET P1 promoter -10 and -35 hexamer
elements [5]. Here we report the existence of a second promoter that overlaps LEE7 P1, whose activity
is unmasked when the LEE7 P1 promoter is inactivated by mutation. Surprisingly, we found that
mutations in the LEET P1 promoter -10 and -35 hexamer elements unmask this promoter to different
extents. Hence, even when the LEET P1 promoter is inactive due to a -10 element mutation, the activity
of the alternative promoter is very low due to sequestration of RNA polymerase by the LEE7T P1
promoter -35 element.

EXPERIMENTAL
Bacterial strains; plasmids, promoter fragments and primers

E. coli K-12 strain M182, which carries a deletion of the entire lactose operon [6], was used throughout
this work, and was grown on MacConkey lactose indicator plates. The LEE20-275 EcoRI-Hindlll
fragment, which was constructed in our previous work [5], contains 120 base pairs of the EHEC
0O157:H7 LEE1 operon regulatory region, including the LEE1 P1 promoter, and is illustrated in Figure 1A.
The vector plasmids used for cloning this fragment and derivatives with different mutations were
pRW224, a lac expression vector encoding resistance to tetracycline [5,7], and pSR, a colE71-based
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general cloning vector, encoding resistance to ampicillin [8]. Promoters that are cloned into pSR on
EcoRI-Hindlll fragments run into the bacteriophage A oop terminator downstream of the Hindlll site [9].
Mutations were introduced into the LEE20-275 fragments cloned in pRW224 by using error prone PCR
[10] with flanking primers D10520 (5-CCCTGCGGTGCCCCTCAAC-3') and D53463 (5'-
GGGGGATGTGCTGCAAGGCG -3"), or by using megaprimer PCR [11] as described by Chismon et al.
[12]. The different bases at the LEE1 P1 promoter in the LEE20-275 fragment are numbered 1-120, and
mutations are denoted by their position and the substituted base, as shown in Figure 1.

Promoter activity assays

E. coli M182 containing pRW224 carrying different mutated LEE20-275 fragments was inoculated from
single colonies on MacConkey lactose indicator plates into LB medium supplemented with 35 ug ml”
tetracycline. Cultures were grown aerobically with shaking at 37<C, harvested during exponential growth,
and B-galactosidase expression was measured by the Miller method [13]. Recorded activities are the
average of at least three independent experiments and are taken as a measure of the promoter activity
of the cloned LEE20-275 fragment.

In vitro experiments

The in vitro transcription experiments were performed as described by Browning et al. [9] using
Pstl-BamHI DNA fragments purified from caesium chloride preparations of pSR vector plasmid carrying
the starting or mutated LEE20-275 fragment. These fragments served as a template for multiple round in
vitro transcription assays in which 20 ng fragment was incubated in transcription buffer containing 40 mM
Tris pH 7.9, 10 mM MgCl,, 1 mM DTT, 100 mM KCI, 100 ug ml! bovine serum albumin, 200 MM GTP,
200 uM ATP, 200 uM CTP, 10 yM UTP and 5 uCi [0**P]-UTP. Reactions were started by adding holo E.
coli RNA polymerase, purchased from Epicenter (Madison). RNA products were analysed on a
denaturing 5.5% polyacrylamide gel and visualised using a Fuji phosphor screen and BioRad Molecular
Imager FX. Gels were calibrated with the pSR plasmid-encoded 108 base RNA-I transcript and Maxam-
Gilbert “G+A” sequencing reactions. Permanganate footprints were performed using the Pstl-BamHI
DNA fragments labelled at the BamHI end using [V*?P]-ATP and polynucleotide kinase. Experiments
were performed following the protocol of Savery et al. [14] using holo E. coli RNA polymerase from
Epicenter (Madison). Each reaction contained approximately 3 nM labelled DNA fragment in 20 mM
HEPES, pH 8.0, 5 mM MgCl,, 50 mM potassium glutamate, 1 mM DTT and 0.5 mg mlI” BSA and 50 nM
holo RNA polymerase as required. Products of footprinting reactions were analysed on denaturing 6%
polyacrylamide sequencing gels, calibrated with Maxam-Gilbert “G+A” sequencing reactions.

RESULTS AND DISCUSSION
Unexpected promoter activity due to the 64G and 98C substitutions in the LEE20-275 fragment

The LEE20-275 EcoRI-Hindill DNA fragment, illustrated in Figure 1A, covers the LEE1 P1 promoter. The
promoter activity of this fragment can be measured by using the pRW224 Jac expression vector plasmid,
and pRW224 carrying the LEE20-275 fragment confers a Lac” phenotype on the E. coli K-12 Alac strain,
M182. In recent work [5], error-prone PCR was exploited to generate a library of random mutations in
this fragment cloned in pRW224. We then used MacConkey indicator plates to screen the Lac
phenotype of colonies of M182 cells carrying the pRW224 library and selected for single base
substitutions that reduced promoter activity and gave Lac™ colonies. Strikingly, over 90% of the selected
base changes fell in two hexamer elements, TTGACA and TACACA, that were identified as the P1
promoter -35 and -10 hexamers respectively (Figure 1A). Assays with the different mutated LEE20-275
fragments cloned in pRW224 showed that single mutations in the P1 -10 element reduced measured /ac
expression to 3-6% of the level with the starting fragment, whilst mutations in the -35 element reduced
expression to 12-27% of the starting level [5].

In complementary experiments, site-directed mutagenesis was used to construct specific mutations in
the LEE20-275 fragment, including the 98C mutation at position 2 of the P1 -10 hexamer. Whilst
screening Lac® M182 colonies that carried pRW224 with the LEE20-275 98C mutant fragment, we
unexpectedly found a single Lac” colony. Sequence analysis showed that, in this colony, the LEE20-275
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fragment contained a second accidentally generated substitution, 64G, located 34 base pairs upstream
of the 98C base change (Figure 1B). Table 1 lists measurements of the promoter activity of this
fragment, together with controls. As expected, the 98C substitution reduces expression to 4% of the
starting level, whilst the measured promoter activity of the LEE20-275 fragment with both the 98C and
64G substitutions is 20-fold higher, which is nearly 80% of the starting level. Data in Table 1 also show
that, in isolation, the 64G mutation causes but a modest 14% increase in promoter activity.

Characterisation of the LEE71 P1A promoter

Since it is known that many E. coli promoters are completely inactivated by base changes at position 2 of
the -10 hexamer [15-17], the simplest explanation for the effect of the 64G mutation is that it unmasks a
cryptic promoter in the LEE20-275 fragment. To investigate this, transcripts formed, after labelled
nucleoside triphosphates were added to binary complexes of purified RNA polymerase and the
LEE20-275 fragment, were analysed. In this experiment, RNA polymerase runs to a downstream
transcription terminator, and the RNA transcripts are labelled by using [o*’P]-labelled UTP and analysed
by gel electrophoresis (Figure 2A). With the starting LEE20-275 fragment, the major transcript is ~102
bases, which corresponds to the LEE1 P1 transcript that starts at position 107A (Figure 1A). As
expected, this transcript is completely absent when the DNA fragment carries the 98C substitution.
However, with the LEE20-275 fragment carrying both the 98C and 64G substitutions, a new ~112 base
transcript is observed. This corresponds to a transcript starting at position 97T, suggesting that the 64G
substitution has unmasked a promoter (Figure 1B). To confirm this, we used potassium permanganate
footprinting to compare regions of DNA duplex unwinding in binary complexes of purified RNA
polymerase and the LEE20-275 fragment either without or with the 98C and 64G substitutions. Recall
that potassium permanganate modifies T residues in the single stranded ‘bubble’ produced after local
unwinding of promoter DNA around the transcription start at promoters [14]. Results in Figure 2B show
that, without the substitutions, there is extensive unwinding that starts just downstream of the P1
promoter -10 hexamer, and that this unwinding is suppressed by the 98C substitution. In contrast, with
the fragment carrying both the 98C and 64G substitutions, clear duplex opening is seen at positions 86,
88, 89 and 93, just upstream from the transcript start at 97T. This argues that 98C and 64G substitutions
cause RNA polymerase to recognise a new promoter (P1A), with a transcript start that is 10 base pairs
upstream from the P1 promoter start (Figure 1B).

In order to identify sequence elements essential for the P1A promoter, error prone PCR was used to
generate 3 independent preparations of the LEE20-275 fragment with the 98C and 64G substitutions.
They were cloned into pRW224, the mixture of resulting recombinant plasmids was transformed into E.
coli strain M182, and transformants were grown on MacConkey indicator plates. As expected, the
majority of colonies scored as Lac”, but, after screening over 15,000 transformants, we identified 4 Lac
colonies that each carried a supplementary base change. These were an A for C change at position 88
(88C), and A for G substitution at position 89 (89G), a T for C substitution at position 90 (90C), and the
insertion of a single T between positions 71 and 72 (Figure 1B). Table 2 shows measurements of the
promoter activity of each of the four mutant fragments. The data show that the 88C substitution reduces
promoter activity by over 20-fold, whilst the other three substitutions have smaller effects. These data,
together with the in vitro results in Figure 2, identify the hexamer, TAATGT, from position 87 to position
92 as the P1A -10 hexamer, upstream of the transcript start at position 97. Hence, the 88C mutation at
position 2 of the hexamer has the biggest effects on P1A activity and is within the region of duplex
unwinding following RNA. 'We tentatively assign TGGTTT from position 62 to position 67 as the P1A -35
hexamer (Figure 1B). Although this corresponds to the consensus TTGACA at only 2 out of 6 positions,
the concordant G at position 64 is the G that was created by the 64G substitution that unmasked the
P1A promoter. Thus, the high promoter activity of the LEE20-275 fragment carrying the 98C and 64G
substitutions is likely due to improvement of the -35 element from TGATTT to TGGTTT.

Activity of LEE1 P1A without the 64G substitution

The chance isolation of the 64G substitution in the LEE20-275 fragment, in combination with the 98C
substitution, led us to identify the P1A promoter. We wanted to understand whether P1A had been
generated by the 64G mutation, or whether it is a cryptic promoter, present in the starting LEE20-275
fragment, but silenced because of competition by the P1 promoter. To investigate this, we exploited the
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88C substitution at position 2 of the P1A promoter -10 hexamer element that inactivates P1A. Table 3
illustrates an experiment designed to quantify the activity of P1A in the LEE20-275 fragment and in
different mutated derivatives, by measuring the effect of the 88C substitution on B-galactosidase
expression after the fragments were cloned into pRW224.

Results in Table 3 show that the 88C substitution has very little effect on the measured promoter activity
of the starting LEE20-275 fragment. However, when the LEE20-275 fragment carries mutations in the P1
-10 element (98C), or in the P1 -35 element (76G), or in both elements of P1 (76G 98G), the 88C
substitution reduces expression by over 85%. The simplest explanation for these observations is that
P1A is a cryptic promoter that is silenced by competition from P1, but becomes active as P1 is
inactivated.

Surprisingly, the introduction of the 76G substitution in the P1 -35 element substantially increased the
activity of the LEE20-275 fragment carrying the 98G substitution in the P1°-10 element. This increased
expression is completely suppressed by the 88C substitution, and, hence, must be due to the P1A
promoter. From this, we conclude that, even though the P1 promoter is inactivated by the 98G
substitution, the activity of P1A remains low because RNA polymerase still makes abortive contacts with
the P1 consensus TTGACA -35 hexamer element. Hence, P1A activity increases as these interactions
are weakened, due to substitutions such as 76G. In a related experiment, one of the 7 consecutive T
residues immediately upstream of the P1 promoter -35 hexamer element (A71T) was deleted, in order to
change the length of the spacer between the P1A promoter -10 and -35 hexamer elements closer to the
optimal 17 base pairs [15]. Results in Table 3 show that the promoter activity of the resulting LEE20-275
fragment carrying the A71T change is reduced ~3-fold by the 88C substitution. Hence strengthening P1A
in the LEE20-275 fragment increases its contribution to measured promoter activity.

Conclusions

Many bacterial gene regulatory regions, especially those that are AT-rich, contain multiple promoters,
and it is generally assumed that they are a by-product of evolution. Here we have identified a cryptic
promoter, P1A, which overlaps the LEE1 P1.promoter of EHEC serotype O157:H7. Our results suggest
that the P1A -10 hexamer element lies between the P1 -10 and -35 hexamer elements, and the P1A -35
hexamer element lies upstream of the P1 -35 element (Figure 1). The P1A promoter was discovered
following the chance isolation of the 64G substitution that improves its -35 element. Our data argue that
the P1A promoter can function even without the 64G substitution and thus it is a true cryptic promoter.
The P1A promoter overlaps with P1 and hence the two promoters compete and are mutually exclusive.
In our conditions, with the starting LEE20-275 fragment, the P1 promoter clearly wins the competition.
However, as P1 is weakened, or P1A is strengthened, the scale tips towards P1A. Interestingly, when P1
is inactivated by a substitution at position 2 of its -10 hexamer, measured P1A activity remains low due
to the P1 -35 element, which corresponds exactly to the consensus. Thus the P1 promoter, even when
inactive, can retain the ability to sequester RNA polymerase, thereby blocking access to the P1A
promoter.

Potentially, clusters of potential promoter elements in regulatory regions can have many different
consequences. For example, they may, quite simply, give rise to multiple transcription starts and recent
high resolution analysis of the E. coli transcriptome has identified many cases of this [18]. This can lead
to complex patterns of regulation. Alternatively, these elements could be the remains of now defunct
regulatory systems, or be awaiting future adoption. Our finding that the P1 -35 element retains function
even when P1 is inactive, together with similar observations with the E. coli gal operon regulatory region
[19] underscores that residual promoter elements at non-functional promoters can affect the distribution
of RNA polymerase. At present, the role of the LEE71 P1A is unclear. However, we note that, although
consensus -35 hexamer elements are rare at E. coli promoters [20], the LEET P1 -35 element is
conserved in all of the pathogenic E. coli listed in the xBASE database that contain a locus of enterocyte
effacement [21], as well as in Citrobacter rodentium [22]. We speculate that the rationale for retaining
TTGACA as the LEE1 P1 -35 element is to focus RNA polymerase at P1 and to reduce the use of
neighbouring promoters such as P1A.
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Table 1. Mutational analysis of the LEE20-275 promoter fragment

Promoter fragments Promoter sequences from positions 62 to 102 B-galactosidase
activity
(Miller units + SD)

62 70 80 90 102

LEE20-275 (WT) 5'-'I.'GATTTTT'T'TGTTGACAT%TAATGATAA'I.'GTATTTTACAC;\-B' 5513 + 261
LEE20-275 98C 5-TGATTTTTTTGTTGACATTTAATGATAATGTATTTTCCACA-3' 23314 (4.2)
LEE20-275 64G 98C 5-TGGTTTTTTTGTTGACATTTAATGATAATGTATTTTCCACA-3' 4375 £ 133 (79.4)
LEE20-275 64G 5-TGGTTTTTTTGTTGACATTTAATGATAATGTATTTTACACA-3' 6276 + 20 (114)

The table shows measured B-galactosidase activities in cultures of E. coli strain M182 carrying pRW224
containing the LEE20-275 (WT) fragment and different derivatives. Cultures were grown aerobically at
37T in LB medium to an optical density of ~0.5 at 65 0 nm. Activities were measured in triplicate, giving
a mean and standard deviation (SD). Activities expressed as a percentage of activity with the starting
LEE20-275 fragment are shown in parentheses. The central part of the table shows the fragment base
sequence from position 62 to position 102, with the P1 promoter -10 and -35 hexamer elements grey
shaded. Base substitutions in the different fragments are underlined and highlighted in boldface type.
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Table 2. Identification of the functional elements of the P1A promoter

Promoter fragments Promoter sequences from positions 62 to 102 B-galactosidase

activity

(Miller units £ SD)

62 70 80 9 102

LEE20-275 64G 98C 5'-TGGTTTTTTTGTTGACAT'I.'TAAEATAATGTATTTTCCACA-3' 4375 + 133
LEE20-275 64G 98C 88C  5-TGGTTTTTTTGTTGACATTTAATGATCATGTATTTTCCACA-3' 190 + 45 (4.3)
LEE20-275 64G 98C 89G  5-TGGTTTTTTTGTTGACATTTAATGATAGTGTATTTTCCACA-3' 517 £ 28 (11.8)
LEE20-275 64G 98C 90C  5-TGGTTTTTTTGTTGACATTTAATGATAACGTATTTTCCACA-3' 263 + 15 (6.0)
LEE20-275 64G98C 5-TGGTTTTTTTTGTTGACATTTAATGATAACGTATTTICCACA-3' 939 + 8 (21.5)

InsT (71-72)

The table shows measured B-galactosidase activities in cultures of E. coli strain M182 carrying pRW224
containing the LEE20-275 64G 98C fragment and different mutations. Cultures were grown aerobically at
37T in LB medium to an optical density of ~0.5 at 65 0 nm. Activities were measured in triplicate, giving
a mean and standard deviation (SD). Activities expressed as a percentage of activity with the starting
LEE20-275 64G 98C fragment are shown in parentheses. The central part of the table shows the
fragment base sequence from position 62 to position 102, with the location of P1 promoter -10 and -35
hexamer elements grey shaded and predicted cryptic promoter -10 and -35 elements are underlined.
Base substitutions and insertion in the different fragments are highlighted in boldface type.
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Table 3. P1A promoter activity quantified by effects of the 88C substitution
Promoter fragments Promoter sequences from positions 62 to 102 B-galactosidase
activity (Miller
units = SD)
62 70 80 9 102
[ ] [ ) [ ] [ ]
LEE20-275 (WT) 5-TGATTTTTTTGTTGACATTTAATGATAATGTATTTTACACA-3' 5513 £ 261
LEE20-275 88C 5-TGATTTTTTTGTTGACATTTAATGATCATGTATTTTACACA-3' 4596 + 30
LEE20-275 98C 5-TGATTTTTTTGTTGACATTTAATGATAATGTATTTTCCACA-3' 2334
LEE20-275 98C 88C 5-TGATTTTTTTGTTGACATTTAATGATCATGTATTTICCACA-3' 10 £1
LEE20-275 76G 5-TGATTTTTTTGTTGGCATTTAATGATAATGTATTTTACACA-3' 1568 + 24
LEE20-275 76G 88C 5-TGATTTTTTTGTTGGCATTTAATGATCATGTATTTTACACA-3' 220 £13
LEE20-275 98G 5-TGATTTTTTTGTTGGCATTTAATGATAATGTATTTTGCACA-3' 202 + 15
LEE20-275 76G 98G 5-TGATTTTTTTGTTGGCATTTAATGATAATGTATTTTGCACA-3' 1289+3

LEE20-275 76G 98G 88C 5-TGATTTTTTTGTTGGCATTTAATGATCATGTATTTTGCACA-3' 11 £1

LEE20-275 A71 5-TGATTTTTT—GTTGGCATTTAATGATAATGTATTTTCCACA-3' 3107 +115
LEE20-275 A7188C 5-TGATTTTTT—GTTGGCATTTAATGATCATGTATTTTCCACA-3' 1103 £24

The table shows measured B-galactosidase activities in cultures of E. coli strain M182 carrying pRW224
containing the LEE20-275 fragment and different mutations. Cultures were grown aerobically at 37T in
LB medium to an optical density of ~0.5 at 650 nm. Activities were measured in triplicate, giving a mean
and standard deviation (SD). The central part of the table shows the fragment base sequence from
position 62 to position 102, with the P1 promoter -10 and -35 hexamer elements grey shaded and P1A
promoter -10 and -35 elements are underlined. Base substitutions in the different fragments are
highlighted in boldface type whereas the A71 deletion is shown by a dash. For each set of promoter
fragments, the effect of the 88C mutation gives an estimate of P1A activity.

THIS IS NOT THE VERSION OF RECORD - see doi:10.1042/BJ20110260
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FIGURE LEGENDS
Figure 1. Nucleotide sequence and map of the LEE20-275 LEE1 regulatory region fragment

A. The figure shows the base sequence of the LEE20-275 fragment, carrying the LEE7 P1 promoter,
flanked by upstream EcoRI and downstream Hindlll restriction sites. The sequence is numbered 1-120,
starting with the first base of the cloned LEE regulatory region. The P1 promoter -35 and -10 hexamer
elements are boxed and the transcript start site is indicated by a bent arrow. Mutaticns in the -35 and -10
promoter elements that cause reduction of P1 activity are indicated by vertical arrows.

B. The figure shows the base sequence of the LEE20-275 fragment. highlighting the sequence
determinants of the P1A promoter. The P1A promoter -35 and -10 elements are boxed and the transcript
start site is indicated by a bent arrow. The locations of the 88C, 89G, 90C and InsT (71-72) mutations
that reduce P1A activity are indicated, together with the 64G and A71T ‘up’ mutations.

Figure 2. In vitro run-off transcription and potassium permanganate footprinting analyses

A. The figure shows an autoradiogram of an analysis by gel electrophoresis of *?P-labelled RNA
transcripts made by RNA polymerase holoenzyme from DNA fragments carrying the starting LEE20-275
sequence (lanes 1-3), a derivative with the 98C mutation (lanes 4-6), or a derivative with the 64G and
98C mutations (lanes 7-9). The RNA polymerase concentration was: lanes 1, 4 and 7, no enzyme; lanes
2, 5 and 8, 200 nM; lanes 3, 6 and 9, 400 nM. The gel was calibrated with the pSR plasmid-encoded
108-base RNA-I transcript (lane 10) and Maxam-Gilbert sequence reactions (GA). The P1 and P1A
transcripts are indicated by asterisks, and the proposed corresponding initiation sites are shown by bent
arrows on the starting (WT) and mutant (64G 98C) sequences.

B. The figure shows an autoradiogram that identifies the potassium permanganate sensitive sites in
complexes of holo RNA polymerase with a‘DNA fragment carrying the starting LEE20-275 sequence
(WT), a derivative with the 98C mutation, or a derivative with the 64G and 98C mutations. Lanes 1, 3
and 5 show the results after control incubations without RNA polymerase, while lanes 2, 4 and 6 show
the analysis of samples with 50 nM RNA polymerase. The gel was calibrated using Maxam-Gilbert
sequence reactions (GA) and relevant positions are indicated. Asterisks identify residues that display
RNA polymerase-dependent reactivity to permanganate. Partial sequences of the WT and 64G 98C
fragments are shown on the left and right sites respectively, with reactive sites marked by asterisks.
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A: In vitro transcription assay
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B: In vitro permanganate footprinting
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