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43 26  Abstract

jg 27  Transcription activation by the Escherichia coli CRP at Class II promoters is dependent on direct

46 28  interactions between RNA polymerase and CRP, therefore the spatial proximity between both proteins
47 .. . o . .. .

48 29  plays a significant role in the ability of CRP to activate transcription. Using both in vivo and in vitro

49 30 techniques, here we demonstrate that the CRP K100 positive charge, adjacent to AR2, is required for
51 31  full promoter activity when CRP is optimally positioned. Accordingly, K100 mediated activation is

52 32 very position-dependent and our data confirm that the largest impact of the K100 status on

54 33 transcription activation occurs when the spacing between the CRP binding site and the A2 of the -10
34  element is 22 bp. From the results of this study and the progress in the understanding about open

57 35  complex DNA scrunching, we propose that CRP-dependent promoters should now be numbered by
59 36  the distance from the centre of the DNA site for CRP and the most highly conserved base at position 2

60 37  of'the -10 hexamer in bacterial promoters.
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Introduction

CRP (cAMP receptor protein or catabolite activator protein, CAP) is a global regulator in Escherichia
coli (E. coli) that controls the expression of a large number of genes in response to changes in cAMP
levels, which in turn are modulated by glucose. Different regions of CRP interact with RNA
polymerase (RNAP) depending on the specific class of CRP-dependent promoter . Activating region 1
(AR1) of CRP, composed of amino acid residues 156 to 164, interacts with specific surface
determinant, 287 of the C-terminal of the alpha subunit (alpha-CTD) of the RNAP in both Class I and
Class II promoters. The 265 determinant of alpha -CTD interacts with A-T-rich sequences in DNA,
particularly with the UP element, in CRP-dependent promoters. The interaction at Class II CRP-
dependent promoters also involves interaction between a second CRP region called AR2 (H19, H21,
E96, and K101) and the N-terminal domain (alpha -NTD) of the RNAP alpha-subunit {Formatting
Citation}. A third surface patch, known as AR3 of CRP (amino acid residues 52 to 55 and 58), has
been shown to be important in CRP-dependent Class II promoter activity (Busby and Ebright 1999;
Harman 2001). Recently, we demonstrated that the positive charge of lysine 100 (K100) promotes
CRP activity at Class Il promoters (Davis ef al. 2018). Thus, CRP K100 lost of possitive charge by
acetylation acts downregulating Class II promoter activation. In that work, we proposed that CRP
K100 acetylation required for full promoter activity could be a fine-tuning of gene expression
dynamics in stress response.

Furthermore, it is well known that for Class II promoters, the DNA target site for CRP is located
upstream of the DNA site for RNAP, centred at position -41.5 or at various distances upstream from
the transcription start point (from -39.5 to -46.5 bp), being the DNA target site for CRP overlapping
with the target site for RNAP. In consequence, there is considerable variation in the location of
binding sites of CRP at Class II promoters. We hypothesized that the effect of CRP K100 will depend
on the length of the spacer relative to the transcription start site (TSS) and therefore on the proximity
between CRP and the RNAP alpha-NTD. In this work, using semi-synthetic promoters containing
different lengths of the spacer relative to the TSS, as well as natural Class II promoters in the presence
of wild type (WT) or K100 mutants CRP, we evidence that the K100 impact on CRP activation is very

position-dependent.

Materials and methods

Bacterial strains, plasmids and promoter constructs

The bacterial strains, plasmids, promoter fragments and the primers used in this study are listed in
Table 1. Standard methods were employed for the isolation and manipulation of DNA fragments.
Different derivatives of pPDCRP encoding mutant crp genes, were made by site directed mutagenesis
and donated by A. J] Wolfe. The well-characterized CRP-dependent semi-synthetic CC(-41.5)

promoter (Gaston et al. 1990) was manipulated to construct a set of spacing mutants that have varying

2
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1

2

3 75  lengths between the CRP binding site and TSS: CC (-39.5), CC (-40.5), CC (-41.5) and CC (-42.5) by
g 76  inserting one or more cytosine residues between the -21 and -22 positions. All constructed promoters
g 77  include the synthetic consensus, 5’-TGTGATGTACATCACA-3’ where CRP strongly binds (Morita
8 78 et al 1988; Ebright, Ebright and Gunasekera 1989). For promoter activity assays, CC(-41.5),

? 0 79  derivatives and naturals promoters fragments were cloned into the lacZ expression vector, pPRWS50. To
11 80  generate templates for in vitro transcription assays and, as a source of DNA fragments for gel

g 81  retardation assays, EcoRI-HindIII promoter fragments were cloned into pSR as described previously
1;' 82  (Browning et al. 2004).

16 83

1; 84  Protein preparation

19 85  Purified RNA polymerase was purchased from New England Biolabs. The purification of WT and
2 86 K100 mutants of CRP was carried out by affinity chromatography on cAMP-agarose as described
22 87  previously (Ghosaini, Brown and Sturtevant 1988).

23

24 88

;2 89  P-Galactosidase assays

27 90  To assay the activity of semi-synthetic promoter fragments containing spacing mutants and natural
;g 91  promoters (listed in Table 1), they were cloned into the low-copy-number lac expression vector,

30 92  pRWS50, placing the lac genes. The resulting plasmids were transformed into E. coli M182 Acrp cells
32 93  carrying pDCRP derivatives encoding wild type or K100 mutants CRP and p-galactosidase levels
94  were determined as described previously (Beatty et al. 2003) using the Miller protocol (1972) (Miller
35 95  1972). In all cases, the doubly transformed cells were grown aerobically in Luria—Bertani (LB) broth
37 96  at 37 °C to measure (3-galactosidase. Control experiments indicated that semi-synthetics promoters

38 97  expression was completely dependent on CRP (14.15+0.88 Miller units). The empty pDU9 vector

40 98  serves as a negative control. Each value is the average of three independent experiments.
41

42 99

43 100  Electrophoretic mobility shift assays (EMSAs)

44

45 101 Electromobility shift assays were performed with each of the EcoRI-Hindlll fragments, end-labelled
46 102  with [y32P]-ATP, as described in (Lloyd, Busby and Savery 1998) with varying amounts of purified
48 103 WT CRP or mutants derivatives in the absence or presence of RNA polymerase (New England Biolabs).
104  EMSA reactions (10 ul) contained 0.5 nM of [*?P]-labeled fragments, 20mM Hepes (pH 8), 5 mM
51 105  MgCl,, 50 mM Potassium L-glutamate, 1| mM DTT, 25 pg/mL sonicated herring-sperm DNA, 0.5
53 106  mg/mL BSA, 200 nM AMPc and 5% glycerol. Mixtures of protein and DNA were incubated for 20 min
>4 107  at 37 °C. The gel running buffer was 0.25 x Tris/borate/EDTA and 200 pM AMPc containing 2%
56 108 glycerol, and samples were run on 6% acrylamide gels containing 7.5% glycerol and 0.25 x
109  Tris/borate/EDTA using the Protean II system (Bio-Rad). DNA was visualized using dried gels to
59 110  expose a phosphor storage screen and the data were analysed by densitometry. EMSA gel quantitative

3
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analysis was performed using Quantity One software v4.4 (Bio-Rad)to measure the different intensity
of each shifted band. Relative intensity quantification for the ternary complex band was calculated based
on the sum of the intensities of the two bands in each vertical lines (binary complex + ternary complex)
expressed in terms of percentages where the band intensity for binary complex in lane without RNAP
corresponds at 100% for each assay. For each lane, the program subtracts the background that is

automatically estimated using the average intensities.

In vitro transcription assays

All semi-synthetic promoter fragments and gatY promoter were cloned into pSR plasmid, placing each
promoter upstream of the A oop transcriptional terminator. /n vitro transcription assays were initiated
by incubating each pSR derivative with purified WT or mutants CRP and RNAP. In these
experiments, the 105-nucleotide RNA I transcript, encoded by pSR, served as an internal
transcriptional control.

In vitro transcription reactions (20 pl) were performed in a buffer containing 100 mM KCI, 40 mM
Tris-acetate (pH 7.9), 10 mM MgCl2, 1 mM dithiothreitol, 100 pg/mL of bovine serum albumin, 200
nM cAMP, 500 uM ATP, 500 uM CTP, 500 uM GTP, 5 uM UTP, and 5 puCi of [a-**P]JUTP (Perkin
Elmer). pSR plasmids containing promoter fragments DNA tested was added at a final concentration
of 10 nM. Reactions were initiated by the addition of RNA polymerase (New England Biolabs) to a
final concentration 50 nM and incubated at 37 °C for 20 min. Samples were analysed by denaturing
gel electrophoresis and quantified with Quantity One software v4.4 (Bio-Rad). The transcription level
was expressed as the ratio of intensities bands corresponding to the transcript promoter and RNA 1

transcript control

Insert Table 1

Results and discussion

First, to confirm if side chain of lys-100 adjacent to CRP AR?2, is critical on CRP activation, alanine
substitution of K100 was performed. Then, to evaluate the impact of the K100 positive charge,
substitution of lys-100 with glutamine and arginine was also carried out. The arginine residue would
mimic the electrostatic charge of a lysine residue (K100R) and the glutamine residue would mimic the
loss of positive charge (K100Q). In order to examine the effect of the spacer length on CRP activation
we generated a set of artificial promoters with various spacing lengths: CC (-39.5), CC (-40.5), CC (-
41.5) and CC (-42.5). Therefore, the lengths of the spacer between the CRP site and the adenine
residue (A) at position 2 (A2) of the -10 element of RNAP binding site were changed from 20 to 23 bp
(see Supplementary Figure S1). B-Galactosidase assays were used to analyze the expression of semi-

synthetic promoters-lacZ fusions.
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The results illustrated in Fig. 1A show that the expression profiles of semi-synthetic promoters moving
the CRP site were similar between the K100 mutants and WT CRP with the highest activity at the 41.5
length. However, these results display that when K100A or K100Q CRP were positioned at -41.5,
resulted in about 2-fold decrease in promoter activity. In contrast, the loss of the positive charge in 100
residue had little effect on promoter activity moving the CRP site to -42.5, -40.5 and -39.5 positions.
Furthermore, the decrease in the activity of K100Q CRP compared to K100R CRP at CC (-41.5)
seems to be the same as the defect with K100A CRP compared to WT CRP. These results suggested a
preferred position of WT CRP for class II promoters according to the following criterion: -41.5, -42.5,
-40.5 and -39.5 and further that the effect of the K100 positive charge of CRP on promoter activity
was also position-dependent.

In order to investigate the effect of the substitutions of K100 on the ternary complex formation, EMSA
assays were carry out employing purified WT or K100 mutants of CRP and *?P end-labelled semi-
synthetic promoter fragments and RNAP (see Supplementary Fig. S2). In all cases, when increasing
concentrations of RNAP, a supershifted complex was observed for all fragments except for the CC (-
39.5) promoter. EMSA gel quantitative analysis results are shown in supplementary Figure S2 B.
When the WT or K100R CRP were incubated with the CC (-41.5) promoter fragments and 150 nM
RNAP, a maximum in the formation of supershifted complex was reached (see Supplementary
Fig.S2B2). However, when K100Q mutant was employed, an 85% of the ternary complex was formed
and the single shifted band was still detected (see Supplementary Fig. S2B3). In the same way, the
K100Q mutant was also defective on the ternary complex formation using 75 nM RNAP. In contrast,
K100 substitution played little or no role in the formation of the ternary complex when both mutants
were positioned at - 42.5. Our results confirm that, when CRP was suboptimally positioned, it was
compromised in its ability to activate transcription, in accordance with previous results from Rossiter
et al 2015 (Rossiter et al. 2015), that showed that when CRP is bound at position -40.5, there was an
inefficient recruitment of the RNAP. In the same way, CRP-dependent promoter activity was strongly
affected by a 1 bp insertion between the CRP binding site and the -10 region of the promoter, in
accordance with previous results from Gaston et al1990 (Gaston et al. 1990). Nevertheless, apart from
this, our results suggested that a positive charge at position 100 would help in the ternary complex
formation when CRP was positioned at -41.5.

To analyse the contribution of K100 positive charge on transcription activation, in vitro transcription
assays were carried out. The results illustrated in supplementary Figure S3 confirm that when WT or
K100 mutants of CRP were positioned at -39.5 and at -40.5, transcripts were not observed. In contrast,
the results shown in Fig. 1B display that when CRP is positioned at -41.5, a K100-dependent transcript
was observed. The increasing WT or K100R CRP concentrations led to an increase in transcription
level, reaching a maximum transcription level at 150 nM, while the K100Q substitution always
reduced expression. However, when CRP was positioned at -42.5 (Fig. 1C), a lower level of

transcription was reached with either WT or K100 mutants CRP, resulting in a similar transcription
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profile between them. These results corroborate those shown in Fig 1 indicating that both the positive
charge of K100 and the CRP position at -41.5 were required for full CRP activation.

Insert Figure |

Taken together, the results demonstrate the full CRP activation and the positive charge of Lys-100
impact occurs with an “ideal spacing” between the CRP site and RNAP a-NTD, equivalent to 22 bp
between the DNA site for CRP and the A2 base of the -10 element. The CRP-binding site for most
natural Class II CRP dependent promoters is centred on -41.5 (34% of a total of 85 promoters,
although for almost 50% of these there is not any experimental evidence). However not all of them
have the same number of base pairs between the DNA site for CRP and the A2 base of the -10
element. Therefore, twenty fivesigma70 Class Il CRP-dependent promoters were selected from
Regulon DB (Boyle ef al. 2012) to evaluate their sequence and architecture. Validated CRP binding
sequence by strong evidence (binding of purified protein and site mutation experiments) was the
selection criteria for these promoters (Salgado ef al. 2013). The architecture of these promoters is
shown in Supplementary Table S1. Fig. 2 shows Class II CRP-dependent promoters distribution
according to the distance between the CRP binding site and the TSS (Fig. 2A) or even considering the
distance between the A2 of the -10 element and the CRP site as the ruler of spacing (Fig. 2B).
Surprisingly, most of the promoters are grouped in the “ideal spacing”.

Insert Figure 2

To assess the effect of lysine 100 of CRP on Class II natural promoters, we generated eight natural
promoter:lac fusions. The natural promoters were examined based on the distance between the centre
of the DNA binding site of CRP and the TSS: -40.5 for focA and gatY, -41.5 for malX and mg(B, -42.5
for fepA and -43.5 for dadA and nupG and also considering the distance between the CRP site and the
A2 of the -10 element: 22 bp for the focA, gatY, malX, mglB and dadA promoters and 23 bp for the
fepA and nupG promoters. The fucP promoter was also analysed but no clear dependence on CRP
activation was detected when comparing promoter activity with and without WT CRP (18.12 £ 0.58
and 18.67 £+ 0.49, respectively).

Insert Figure 3

The results depicted in Fig. 3 confirm that alanine substitution of K100 significantly reduced
expression from the focA, gatY, malX, mgiB and dadA promoters but not from the fep4 and nupG
promoters. These results suggested that the K100 influence was dependent on the bp spacing between
the CRP binding site and the A2 of the -10 element.

To evaluate K100 positive charge on natural Class II promoters activation, 3-galactosidase activity
assays were also performed using K100R or K100Q mutant CRP. However, differences in expression
between all mutant CRP proteins compared to the wild type protein reached statistical significance
only in case gatY promoter in wthe K100Q substitution reduced the expression of this promoter

Insert Figure 4.

6
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1

2

3 221  To deepen the analysis of the impact of bp spacing on transcription activation, -40.5 gatY promoter

4

5 222 was selected. Moreover, gatY promoter has the same spacing between the DNA site for CRP and the
g 223 A2 base of the-10 element as CC (-41.5) promoter with 22 bp, although it is conventionally classified
8 224 as -40.5 promoter, considering the distance to TSS (Fig. 4A). Then, to evaluate the RNAP-CRP-gatY
?O 225  ternary complex formation we also used EMSA assays employing purified wild-type and K100

11 226  mutants CRP, 3?P end-labelled gatY promoter fragment and RNAP (Fig. 4B and C). When increasing
13 227 the concentrations of RNAP a supershifted complex was observed. However, less ternary complex
14228  was detected using the K100Q mutant compared with WT and K100R mutant CRP. These results also
16 229  corroborate that the positive K100 charge favoured the ternary complex formation with gatY natural
230  promoter. Additionally, differences in the transcription level shown in Fig. 4D and E demonstrate that
19 231  the status of the K100 charge affected to gatY promoter activity. However, Glutamine substitution of
Y 232 K100 resulted in a decrease in the gatY promoter activity, whereas the positive charge of K100

22 233  increased transcriptional activation. Besides, WT and K100R mutant CRP showed the same level of
74 234  transcription. These results also confirm that “ideal” CRP binding site for gatY promoter was the same
25 235  as that for the -41.5 semi-synthetic promoter.

27 236 By convention, the CC(-n) numbering system classification of CRP-dependent promoters is based on
237  the distance between CRP binding site and TSS. However, recent findings show that TSS can vary due
30 238  to pre-initiation scrunching of the transcription ‘bubble’ that is driven by the core recognition element
35 239 (CRE), and also, in a few cases, by initiator NTP levels (Vvedenskaya et al. 2015; Fishburn, Galburt
33 240  and Hahn 2016; Winkelman and Gourse 2017; Yu et al. 2017). The data in Figure 2 emphasise the

35 241  importance of the positioning of the DNA site for CRP with respect to the -10 hexamer element, and
36 242 our experiments underscore that this is the crucial consideration. Thus CRP-dependent promoters

38 243  should now be numbered by the distance between the DNA site for CRP and the most highly

244  conserved base at position 2 of the -10 hexamer, because the principal role of CRP is to hold RNAP in
41 245  place so that formation of the transcription ‘bubble’, that initiates at the -10 hexamer element, can

43 246 occur (Harley and Reynols 1987; Helmann and DeHaseth 1999; Chen ez al. 2020).. Considering the
44 247  reversible modification of K100 by acetylation in response to dynamic metabolic state of the cells, the

46 248  result may help understand why 34% of natural Class II CRP dependent promoters are centred on -

47
48 249 415

49 250  Insert Figure 5
50

51 251  Furthermore, CRP might activate transcription in two ways: interacting directly with RNAP and acting
52 252  upon DNA to change its structure. The electrostatic interaction between both proteins decrease linearly
54 253  in strength with the increasing distance, destabilizing the transition state and impairing the optimal

> )54 transcription activation (Niu ef al. 1996). When CRP binds, the DNA is bent 90°, which likely

57 255  significantly affects protein-protein and protein-DNA interactions in promoter regions (Lee and

256  Borukhov 2016). Fig. 5 shows the crystal structure of CRP. In this structure, K101 (AR2) point down
60 257  the DNA, so even if the site rotates around the DNA (1 bp corresponds to 34° rotation angle), it points

7
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down the helix to interact with the alpha NTD. Likewise, K100 points off to the side and it is likely
that moving up and down the helix by 1 bp, leads to have a greater effect on its ability to interact with
the alpha NTD. Additionally, in a previous work we show that K101, the closest AR2 neighbour to
K100, was not required to promote Class II activity by K100 (Davis et al., 2018). This would explain
the results reported in this work, showing why K100 mediated activation was very position-dependent.
This proposition is also correlated this open complex formation model in which A2 is a first melted
nucleotide interacting with the aromatic pocket of sigma-factor.

This work unveils an additional transcription regulation by the positive charge of CRP K100 whose
impact depends on the optimal position of CRP. The K100 charge status, reversibly modified by
acetylation, would serve as a fine-tuning mechanism in response to the metabolic state of the cells.
This work contributes to increase our knowledge on the complex machinery within transcription

regulatory motifs in a model organism as E. coli.
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47 standard deviations from three separate experiments. B and C. Left panel: Autoradiography of gels used for
in vitro transcription: pSR plasmids containing semi-synthetic promoter fragments CC(-41.5) and CC(-42.5)
were incubated with WT and K100 mutants CRP in the presence of 50 nM RNAP. RNA I transcript, encoded
49 by the pSR vector, was used as an internal control. Right panel: Quantitative analysis for in vitro

50 transcription assays expressed as the ratio of intensities bands corresponding to the transcript promoter and
51 RNA I transcript control using promoter fragments CC(-41.5) and CC(-42.5). Each value derives from the
52 analysis of the images shown, but three independent experiments were carried out with standard deviation
53 of inter-assay less than 10%.
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Fig 4. A. gatY promoter sequence. The locations of the CRP binding sites are shaded in grey. The bp spacing
between the A2 base of the -10 element (in bold) and the CRP site is indicated (22 bp). The - 35 and -10
sequences are underlined and the TSS is indicated as +1. B. Ternary complex formation by electrophoretic
mobility shift assays: end-labelled gatY fragments were incubated with increasing concentrations of RNAP in
the presence of 100 nM purified WT CRP and K100R and K100Q mutants (lanes 14-16 show the RNAP
controls that confirm the non-interaction between RNAP and gatY fragment in the absence of CRP). C. EMSA
gel quantitative analysis for RNAP concentration dependence of ternary complex formation for WT CRP (m)
and K100R (m) and K100Q (m) mutants. Each value derives from the analysis of the gel image shown but
three independent experiments were carried out with standard deviation of inter-assay less than 10%. D.
Autoradiography of a gel used for in vitro transcription. pSR plasmids containing gatY promoter fragments
were incubated with purified WT or mutants CRP in the presence of 50 nM RNAP. RNA I transcript, encoded
by the pSR vector, was used as an internal control. E. Quantitative analysis for in vitro transcription assays
expressed as the ratio of intensities bands corresponding to the transcript promoter and RNA I transcript
control. Each value derives from the analysis of the image shown but three independent experiments were
carried out with standard deviation of inter-assay less than 10%.
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Figure legends.

Fig. 1. A. B-galactosidase activities in M182 Acrp cells containing pRW50 derivatives
encoding different semi-synthetic promoter:lacZ fusions and WT, K100A, K100R or
K100Q CRP. Data represent the means and standard deviations from three separate
experiments. B and C. Left panel: Autoradiography of gels used for in vitro transcription:
pSR plasmids containing semi-synthetic promoter fragments CC(-41.5) and CC(-42.5)
were incubated with WT and K100 mutants CRP in the presence of 50 nM RNAP. RNA
I transcript, encoded by the pSR vector, was used as an internal control. Right panel:
Quantitative analysis for in vitro transcription assays expressed as the ratio of intensities
bands corresponding to the transcript promoter and RNA I transcript control using
promoter fragments CC(-41.5) and CC(-42.5). Each value derives from the analysis of
the images shown, but three independent experiments were carried out with standard

deviation of inter-assay less than 10%.

Fig. 2. Class II CRP-dependent promoters distribution according the CC(-n) numbering
system classification (A) or bp spacing (B).

Fig. 3. Expression of promoter: lac fusions in cells expressing wild-type or mutant CRP.
The bar charts illustrate measured [B-galactosidase activities in M182 Acrp cells
containing pRWS50 derivatives encoding different promoter: lacZ fusions, as shown in
each panel, and pDCRP encoding wild-type or mutant CRP proteins as indicated. For
each promoter, the none control corresponds to cells carrying an empty pDU9 vector.
Statistical analysis by one-way ANOVA was carried out in order to evaluate differential
significance between the WT and K100 mutants CRP (p-value < 0.0001 (****), <0.001
(***), < 0.05(*).

Fig 4. A. gatY promoter sequence. The locations of the CRP binding sites are shaded in
grey. The bp spacing between the A2 base of the -10 element (in bold) and the CRP site
is indicated (22 bp). The - 35 and -10 sequences are underlined and the TSS is indicated
as +1. B. Ternary complex formation by electrophoretic mobility shift assays: end-
labelled gatY fragments were incubated with increasing concentrations of RNAP in the

presence of 100 nM purified WT CRP and K100R and K100Q mutants (lanes 14-16 show
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the RNAP controls that confirm the non-interaction between RNAP and gatY fragment in
the absence of CRP). C. EMSA gel quantitative analysis for RNAP concentration
dependence of ternary complex formation for WT CRP () and K100R (m) and K100Q
(m) mutants. Each value derives from the analysis of the gel image shown but three
independent experiments were carried out with standard deviation of inter-assay less than
10%. D. Autoradiography of a gel used for in vitro transcription. pSR plasmids containing
gatY promoter fragments were incubated with purified WT or mutants CRP in the
presence of 50 nM RNAP. RNA I transcript, encoded by the pSR vector, was used as an
internal control. E. Quantitative analysis for in vitro transcription assays expressed as the
ratio of intensities bands corresponding to the transcript promoter and RNA I transcript
control. Each value derives from the analysis of the image shown but three independent

experiments were carried out with standard deviation of inter-assay less than 10%.

Fig. 5. The crystal structure of CRP (pdb code 1CGP). Front image (A) and 90° rotated
image (B).
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Table 1. Strains, plasmids, promoter fragments and primers.
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Strain, promoter,
plasmid, or primer

Relevant characteristic

Source

Bacterial strains
E. coli M182 Acrp

Plasmids
pDCRP
pDU9

pDCRPK100R

pDCRPK100Q

pDCRPK100A

PRW50

pRW50/CC(-39.5)
pRW50/CC(-40.5)
PRW50/CC(-41.5)
PRW50/CC(-42.5)

pRW50/gatY
pRWS50/focA

pRWS50/malX

pRWS50/mgIB

pRW50/fepA
pRW50/dadA
pPRWS50/nupG
pRWS50/fucP
pSR

pSR/gatY
pSR/CC(-39.5)
pSR/CC(-40.5)
pSR/CC(-41.5)
pSR/CC(-42.5)

Promoter fragments

CC(-41.5)

CC(-40.5)

CC(-39.5)

CC(-42.5)

Acrp derivative of M182

pBR322 derivative encoding wild type crp
Derivative of pDCRP with crp gene deleted

pBR322 derivative encoding crp gene carrying the KR

100 substitution

pBR322 derivative encoding crp gene CRP carrying the

KQ 100 substitution

pBR322 derivative encoding crp gene CRP carrying the

KA 100 substitution

Broad host range low copy lac expression vector for

cloning EcoRI-HindIII promoter fragments
pRW50, CC(-39.5) semi-synthetic promoter
pRWS50, CC(-40.5) semi-synthetic promoter
pRWS50, CC(-41.5) semi-synthetic promoter
pRWS50, CC(-42.5) semi-synthetic promoter

pRWS50, gatY promoter

pRWS50, focA promoter
pPRWS50, malX promoter

pRW50, mglB promoter

pRWS50, fepA promoter
pRWS50, dadA promoter
pRWS50, nupG promoter
pRW50, ficP promoter

pBR322 derivative, vector for in vitro transcription

pSR, gatY promoter

pSR, CC(-39.5) semi-synthetic promoter
PSR, CC(-40.5)semi-synthetic promoter
PSR, CC(-41.5) semi-synthetic promoter
PSR, CC(-42.5) semi-synthetic promoter

E. coli melR promoter derivative with consensus DNA

site for CRP centred at -41.5

CC(-41.5) with 1 bp deleted between the DNA site for

CRP and -10 element

CC(-41.5) with 2 bp deleted between the DNA site for

CRP and -10 element

CC(-41.5) with 1 bp inserted between the DNA site for

CRP and -10 element
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(Busby, Kotlarz and
Buc 1983)

(West et al. 1993)
(Bell et al. 1990)

Donated by A.J. Wolfe

Donated by A. J. Wolfe

Donated by A. J. Wolfe

(Lodge et al. 1992)

Donated by S. Busby
Donated by S. Busby
(West et al. 1993)

Donated by S. Busby

(Hollands, Busby and
Lloyd 2007)

This study

(Hollands, Busby and
Lloyd 2007)

(Hollands, Busby and
Lloyd 2007)

This study

This study

This study

This study

(Kolb et al. 1995)
This study

This study

This study

(Savery et al. 1998)
This study

(Gaston et al. 1990)

(West et al. 1993)

(West et al. 1993)

(West et al. 1993)



Page 21 of 24

oNOYTULT D WN =

gatY

JepA
malX

nupG
focA

mglB

fucP
dadA

Primers
Seq. pSR (F)
pRW50-EcoRI (F)
pRWS50-HindIII (R)

FEMS Microbiology Letters

EcoRI-HindlIII fragment carrying gatY promoter
EcoRI-HindIII fragment carrying fepA promoter
EcoRI-HindIII fragment carrying malX promoter

EcoRI-HindIII fragment carrying nupG promoter
EcoRI-HindIII fragment carrying focA promoter
EcoRI-HindIII fragment carrying mg/B promoter

EcoRI-HindIII fragment carrying fucP promoter
EcoRI-HindIII fragment carrying dadA promoter

CAAAATGCCGCAAAAAAGGGAA
AAGTTTCCAACGCGAGCCATT
CAGGTCGTTGAACTGAGCCT

(Hollands, Busby and
Lloyd 2007)

This study

(Hollands, Busby and
Lloyd 2007)

This study
This study

(Hollands, Busby and
Lloyd 2007)

This study
This study

This study
This study
This study

F, refers to the forward primer and R to the reverse primer.
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Supplementary material

E -50 -40 -30 Il -10 1y

CC(-39.5) —+—GATCAGGTAAATGTGATGTACATCACATGGATCCCCTCACTCCTGCCATAATTCTGATA —+—
E j— 20 bp. e H

CC(-40.5) —I—GATCAGGTAAATGTGATGTACATCAGATGGATCCCCETCACTCCTGCCATAATTCTGATA—I—
E . . " b 21bp; ! . . H

CC(-41.5) —|—GATCAGGTAAATGTGATGTACATCAC.ATGGATCCCCETCACTCCTGCCA AATTCTGATA——

E . } K 22 by X ! . . H
CC(-42.5) ——GATCAGGTAAATGTGATGTACATCACATGGATCCCCCCCTCACTCCTGCCATAATTCTGATA —H—
T At 23 by 1 +53

Fig. S1. Semi-synthetic promoter fragments containing different lengths of the spacer relative to the TSS
designated +1. The bp spacing between the A2 of the -10 element (in bold) and the CRP site is indicated
(20, 21, 22 and 23 bp). The locations of the CRP binding sites are shaded in grey. The inserted cytosine
residues and the - 35 and -10 sequences are underlined. The relevant restriction sites are also shown,
EcoRl, E and Hindlll, H.
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Fig. S2. A. Ternary complex formation by electrophoretic mobility shift assays. End-labelled CC(-39.5), CC(-
40.5), CC(-41.5) and CC(-42.5) fragments were incubated with increasing concentrations of RNAP in the
presence of 100 nM WT (A1), K100R (A2) and K100Q (A3) mutants of CRP. B. EMSA gel quantitative
35 analysis from WT, K100R and K100Q mutants based on the CRP binding site: -40.5 bp (B1), -41.5 bp (B2)
36 and -42.5 bp (B3). Each value derives from the analysis of the gel images shown above, but three
37 independent experiments were carried out with standard deviation of inter-assay less than 10%.
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Fig. S3. Autoradiography of gels used for in vitro transcription. pSR plasmids containing semi-synthetic
promoter fragments, CC(-39.5), CC(-40.5) were incubated with WT and K100 mutants CRP in the presence
of 50 nM RNAP. RNAI transcript, encoded by the pSR vector, was used as an internal control.
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1 Table S1. Class Il CRP-dependent promoters with validated CRP binding sequence (Salgado et al. 2013).

2

3

: Distance bp

Z Promoter [CRP-+1]' spacing? Promoter sequence

7 deoCp2 -40.5 21 GATTTCCTTAATTGTGATGTGTATCGAAGTGTGTTGCGGAGTAGATGTTAGAATACTAACAAACTCGCAAGGTGAATTTTA
8 focAp1l -40.5 22 AGCCAGGCGAGATATGATCTATATCAATTTCTCATCTATAATGCTTTGTTAGTATCTCGTCGCCGACTTAATAAAGAGAGA
?O fucPp -40.5 21 CTAGCTAATAAGTGTGACCGCCGTCATATTACAGAGCGTTTTTTATTTGAAAATGAATCCATGAGTTCATTTCAGACAGGC
11 gatYp -40.5 22 ATTGTCGTTTTTGTGATCGTTATCTCGATATTTAAAAACAAATAATTTCATTATATTTTGAAATCGAAAACAAACGACAG
12 glpABCp -40.5 22 AATGTTCAAAATGACGCATGAAATCACGTTTCACTTTCGAATTATGAGCGAATATGCGCGAAATCAAACAATTCATGTTTT
13 mhpRpl -40.5 22 ACTCGGACAAAATGTCGTTGCGCGCACAGTACAGCGCAACTTATTTTGTTAAAAACATGTAAATGATTTTTTATTGTGCGC
12 nupGp -40.5 21 TTGCAATTATTTGCCACAGGTAACAAAAAACCAGTCCGCGAAGTTGATAGAATCCCATCATCTCGCACGGTCAAATGTGC
16 tsxp2 -40.5 21 AATGATAGAACTGTGAAACGAAACATATTTTTGTGAGCAATGATTTTTATAATAGGCTCCTCTGTATACGAAATATTTAG
17 galEpl -41.5 22 GATTCCACTAATTTATTCCATGTCACACTTTTCGCATCTTTGTTATGCTATGGTTATTTCATACCATAAGCCTAATGGAGC
18 glpTQp -41.5 22 ATTTAATAATGTGTGCGGCAATTCACATTTAATTTATGAATGTTTTCTTAACATCGCGGCAACTCAAGAAACGGCAGGTTC
;g malXp -41.5 22 TCGTTGCGTAATGTGATTTATGCCTCACTAAAATTTGATAAAACGTTTTATCTTCTCGCGCAATTTACTGAATCCAGATTG
21 melRp -41.5 22 AGGGTGAAAACCGTGCTCCCACTCGCAGTCATCCTCCCTCACTCCTGCCATAATTCTGATATTCCAGGAAAGAGAGCCATC
22 mglBp -41.5 22 CGCTTTCAATCTGTGAGTGATTTCACAGTATCTTAACAATGTGATAGCTATGATTGCACCGTTTTAACGTTGTAACCCGTA
23 rpoHp5 -41.5 22 GCATTGAACTTGTGGATAAAATCACGGTCTGATAAAACAGTGAATGATAACCTCGTTGCTCTTAAGCTCTGGCACAGTTG
;g udpP -41.5 22 ATTTGCGTCATGGTGATGAGTATCACGAAAAAATGTTAAACCCTTCGGTAAAGTGTCTTTTTGCTTCTTCTGACTAAACCG
26 ychHp -41.5 22 AGGGTTGTAATTGTGATCACGCCCGCACATAACCCACTGGGTGTTGTCTATACTTTACACATAAGGAAGAGGGGTATTCCC
27 araFp -42.5 22 AATTCTGCGATGTGATATTGCTCTCCTATGGAGAATTAATTTCTCGCTAAAACTATGTCAACACAGTCACTTATCTTTTAG
28 cddp -42.5 22 GCATAATTAATGAGATTCAGATCACATATAAAGCCACAACGGGTTCGTAAACTGTTATCCCATTACATGATTATGAGGCAA
gg cyaRp -42.5 22 TGGAAAATTCTTAGAAACCGATCACATACAGCTGCATTTATTAAGGTTATCATCCGTTTCGCTGAAAAACATAACCCATAA
31 ppiAp2 -42.5 23 CATTTTAAGAGGTGATTTTGATCACGGAATAAAAAGTGATCGTCAGGTTACATATATTTCAGATACGTAAAATTAGGTAAA
32 yhfAp -43.5 23 GCACGGTAATGTGACGTCCTTTGCATACATGCAGTACATCAATGTATTACTGTAGCATCCTGACTGTTTTAGCATAGCTTT
33 dadAp1l -43.5 22 TCAGGGAGATGTGAGCCAGCTCACCATAAAAAAGCCGCATGTTGAATAATATTTTCAACTGAGTTATCAAGATGTGATTAG
gg mallp -43.5 22 AAATTTTAGTGAGGCATAAATCACATTACGCAACGATAATAGCGGGTATAAGATAAATAAAAGGTAAAACGTTTTATCTGT
36 tdcAp -43.5 23 AAGTTAATTTGTGAGTGGTCGCACATATCCTGTTCATTTCATTTTGATACACTTCATGCCGTCAATGAGGTAATTAACGTA
37 cpdBp -43.5 23 TGCGCCAACTGTGATAGTGTCATCATTTTCAAAGCGTAAAATTGTGGCATTCTTCACTGTTCTATAAGTAAGACGTTTATT
38 1 Distance from the TSS (+1) to the central position of CRP site.

23 2 bp spacing between the CRP site (shaded in grey and in bold) and the A2 of the -10 hexamer (underlined), highlighted in light green shading.

41
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http://regulondb.ccg.unam.mx/operon?term=ECK120035061&organism=ECK12&format=jsp&type=operon
http://regulondb.ccg.unam.mx/operon?term=ECK120014708&organism=ECK12&format=jsp&type=operon
http://regulondb.ccg.unam.mx/operon?term=ECK120014519&organism=ECK12&format=jsp&type=operon
http://regulondb.ccg.unam.mx/operon?term=ECK120014594&organism=ECK12&format=jsp&type=operon
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http://regulondb.ccg.unam.mx/operon?term=ECK120014924&organism=ECK12&format=jsp&type=operon
http://regulondb.ccg.unam.mx/operon?term=ECK120014921&organism=ECK12&format=jsp&type=operon



