Structural insight into glucose repression of the mannitol operon.
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A. In the presence of glucose and mannitol B. In the presence of mannitol alone
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Supplementary Figure 1. A schematic view of the current model for glucose repression of
the mtl operon in E. coli.

In the presence of glucose, the phosphoryl group of phosphoenolpyruvate (PEP) is sequentially
transferred through EI, HPr and EII®® to glucose, and therefore HPr and EIIAS‘ are
predominantly dephosphorylated. Dephospho-HPr interacts with MtIR, a transcriptional
repressor of the mtl operon, to augment its repressor activity. In the absence of glucose,
however, phosphorylation of HPr increases. Since phosphorylation of HPr hinders the

formation of the HPr-MtIR complex, the m¢/ operon can be induced.
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Supplementary Figure 2. Close-up view of the binding interface between MtIR and HPr.
MtIR, HPr and electron density are shown in green (stick), yellow (stick) and blue (mesh),

respectively. The residues participating in the intermolecular interaction are labeled.
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Supplementary Figure 3. Measurement of the dissociation constant (Kp) between MtIR

variants and HPr.

Each purified MtIR variant was serially diluted and mixed with fluorescence-labeled HPr. The

reaction mixture was loaded into a standard treated capillary (NanoTemper Technologies) and

subsequently analyzed by microscale thermophoresis (MST) at 20% MST power and a light-

emitting diode (LED) intensity of 10%. Analysis of the interaction by thermophoresis was

performed with a laser on for 30 s. All experiments were repeated three times and representative

data are shown here. The Kp values and standard deviations were determined using MO

Affinity Analysis software version 2.2.7.



200

0 . J\\ J\\.
1.0 1.5 2.0

0.0 0.5

ecMtiR+ecHPr
—VvVvMtiIR+vVvHPr

A280 (mAU)
= I
o o

o0
o

25 3.0
Elution volume (ml)

B. Fraction #
(kD) I M 9 10 1M 12 13 14 15 16

20 - - ecMtIR 40ug
+

15 — ecHPr 80ug

10 | ™ — _ —

30 -

25 [——

20 | S— — — VVMtIR 85ug
+

15 — VVHPr 75pug

10 | —— e —

Supplementary Figure 4. Gel filtration chromatography of the MtIR-HPr complex of E.
coli and V. vulnificus.

Gel filtration chromatography was performed on a Superdex 75 increase 5/150 GL column (GE
Healthcare Life Sciences) equilibrated with the running buffer containing 20 mM Tris-HCI (pH
7.5), 50 mM NaCl, 2 mM B-mercaptoethanol and 5% glycerol at a flow rate of 0.2 ml/min
using an Agilent 1260 infinity Binary LC system. (A) A protein mixture containing E. coli
MtIR (40 pg) and E. coli HPr (80 pg) was prepared in 50 pl of the running buffer (blue line)
and one containing V. vulnificus MtIR (85 pg) and V. vulnificus HPr (75 pg) in 20 pl of the
running buffer (red line). Both mixtures were incubated for 10 min on ice and then injected
into the column, and their absorbance profiles at 280 nm are shown. It should be noted E. coli
HPr exhibits a significantly lower absorbance at 280 nm than V. vulnificus HPr, since the
former has no tryptophan, tyrosine or cysteine whereas the latter has a tyrosine residue. (B)
Fractions (120 pl each) from the gel filtration column were collected, and 10 pl of each fraction
was analyzed by 4-20% SDS-PAGE followed by staining with Coomassie brilliant blue R-250.
Lane M indicates the PageRuler™ Unstained Protein Ladder (Thermo Scientific), and the
molecular masses (in kDa) of some standards are presented on the left. “I” indicates an aliquot

of the injected mixture.
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Supplementary Figure 5. Amino acid sequence alignment of HPr among E. coli and Vibrio
species using ClustalX2.

Conserved residues are highlighted in black (100%) and gray (75%). The residues identified to
be involved in the interaction with MtIR in this study are indicated by red arrows and the five
residues tested for their involvement in the interaction with MtIR in a previous study' are

indicated by asterisks. ec, E. coli; vp, V. parahaemolyticus; vv, V. vulnificus; vc, V. cholerae.



VeRiales conservation
rate (%)
Tyr107 100
Glu108 100
Glu111 100
Leul12 99.7
Ala115 99.8
Leu116 90.7
Glu118 100
Glu119 98.1
Leu120 98.1
His122 95.8
Asp123 99.7
Tyr127 100
Glu133 99.2
lle134 95.8
Glu140 99.9

Supplementary Figure 6. The HPr-binding site is highly conserved in Enterobacteriaceae
MtIRs.

The conservation rate of each residue of MtIR was calculated by multiple sequence alignment.
Amino acid sequences of MtIRs from 1000 Enterobacteriaceae genomes were aligned and the
residue conservation rates are color-coded onto the surface of E. coli MtIR. The color bar

indicates the conservation rate.



Supplementary Figure 7. Three electrostatic interaction pairs in the binding interface of
MtIR and HPr are important for their binding affinity and specificity.

Three electrostatic interaction pairs are marked with asterisks in magenta (H15 of HPr with
E108 and E140 of MtIR), black (R17 of HPr with E111 of MtIR) and green (K27E of HPr with
E119 of MtIR). Surface electrostatic potential is generated as described in the legend to Figure

4, and represented as a transparent surface.
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Supplementary Figure 8. HPr recognition mechanisms of various HPr-binding proteins.

HPr-binding proteins are shown as surface presentations with YRB highlighting?. Hydrophobic

atoms, negatively charged atoms, and positively charged atoms are colored yellow, red, and

blue, respectively. HPr molecules (green) are at the same orientation and shown as ribbon

drawings. Phe48 and Hisl5 of HPr are in sticks and labeled. Four lysine and one arginine

residues on the basic surface of HPr are shown as sticks, and positively charged nitrogen atoms

in the residues are highlighted by dots. PDB accession codes for coordinates are 3EZE (EI),

4XW1J (Rsdl), 5YA1 (LstK), IGGR (EIIAY"®), 1VRC (EIIAM®™), 1J6T (EHAMY), and 2LRK

(EITACM),




Supplementary Table 1. Data collection and refinement statistics.

MtIR-Hpr

Data collection
Space group 1222
Cell dimensions

a, b, c(A) 97.4,122.3,147.5

a By (°) 90, 90, 90

Resolution (A) 30-3.5
Roym 0T Rierge (%0) 7.2 (73.0)°
1/ol 22.3(1.7)
Completeness (%) 99.8 (100)
Redundancy 6.4 (6.3)
Refinement
Resolution (A) 30-3.5
No. reflections 11374
Rwork / Riree 24.0/26.0
No. atoms

Protein 3908
B-factors

Protein 138.2
R.m.s deviations

Bond lengths (A) 0.002

Bond angles (°) 0.538
Ramachandran plot (%)

Favored 94.55

Allowed 5.45

*Highest resolution shell is shown in parenthesis.



Supplementary Table 2. Bacterial strains and plasmids used in this study.

Strains or plasmid
E. coli strains
MG1655

MG1655 mtIR(E108/1408S)

GI698

GI698Apts
ER2566

V. vulnificus strains
CMCP6

Plasmid
pRE1
pSP100
pET43.1a
pET-MtIR

pET-HisMtIR
pET-HisMtIR(E108S)
pET-HisMtIR(E140S)
pET-HisMtIR(L112A)
pET-HisMtIR(A115W)
pET-
HisMtIR(E108S/E140S)
pETDeut
pETDeut-vvHisMtIR

pRK415
pKD46

Genotype or phenotype

Wild-type E. coli K-12

MG1655 mtIR::mtIR (E108S/E140S)
F ) lacl? lacPL8 ampC::Pyy, cl
GI698 ptsHIcrr:: Km"

F- A thuA2 [lon] ompT lacZ::T7 gene 1 gal suld11
A(mcrC-mrr)114::1S10 R(mcr-73::miniTnl0-TetS)2
R(zgb-210::Tnl0)(TetS) endAl [dcm]

Clinical isolate

Expression vector under control of APy, promoter, Amp*
pRE1-based expression vector for HPr

Cloning vector; Amp"

E. coli mtIR ORF cloned between Ndel and Xhol sites
of pET43.1a

Hise tag added to the N-terminus of MtIR in pET-MtIR
Glul108 of MtIR in pET-HisMtIR was mutated to Ser
Glu140 of MtIR in pET-HisMtIR was mutated to Ser
Lys112 of MtIR in pET-HisMtIR was mutated to Ala
Alall5 of MtIR in pET-HisMtIR was mutated to Trp
Glu108 and Glu140 of MtIR in pET-HisMtIR were
mutated to Ser

Cloning vector; Amp"

V. vulnificus mtIR ORF cloned between Ndel and Xhol
sites of pETDeut

Broad host range vector, IncP ori, oriT of RK2; Tc"
Red recombinase expression plasmid under the control
of arabinose inducible promoter

Source or Reference

3

This study
4

5

New England Biolabs

7
8

Novagen
1

This study
This study
This study
This study
This study
This study

Novagen
This study

9
10
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