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Supplementary Figure 1: Size exclusion chromatography. Ni-NTA purified
LpxB mutants were run on 10/300 GL Superdex 200 columns (GE Healthcare).
The top 6 UV traces are from protein run on an “Increase” model column at
0.5 mL/min. The bottom 4 UV traces are from protein run on the standard
model column. Crystallizable LpxB appeared as a peak in fractions 7-8
(indicated by arrows). Large amounts of LpxB ended up in the void/soluble
aggregate fractions preceding fraction 7. The quality of various mutants
was judged by the peak heights of the aggregated and fraction 7-8 peaks.
LpxB6S has relatively little protein in the void peak compared to soluble
forms with fewer mutations. M207S preserves the behavior of LpxB6S while
M46S and M295S lead to more protein aggregation.






Supplementary Figure 2: LpxB forms an intertwined dimer. A. shows the
isolated UDP-bound LpxB monomer. B. shows the 2D depiction of the LpxB
dimer generated with Pro-origami’. The rainbow coloring of secondary
structural elements is similar to that in A, and the numbering of
secondary structural elements is sequential for each subunit (a and b).
Colored boxes indicate strands (arrows) in the same sheet and the final
helices (cylinders) that wrap around the bottom of the other subunit.
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Supplementary Figure 3: Activity of LpxB6S mutant. A. Products from
overnight (18.75 hr) reactions under standard conditions (left 3) or with
0.9 M NDSB 201 (right 3) were run on a Silica gel 60 HPTLC plate.
Charring shows product in the all lanes except the no enzyme control.
Lipid X is visible in all lanes, and UDP-DAG is visible in the left
LpxBR201A lane, the LpxB6S lane, and the negative control lane. These
results were replicated once. The intensity of the bands in A were
analyzed in ImageJ?: defined lanes were plotted as distance versus
intensity, and the area under the peak was determined. B. shows the
curves for the reactant bands, and C. shows the curves for the product
band. D. shows a graphical depiction of the areas under the peaks in B
and C.
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Supplementary Figure 4: Dimerization of R201A with F298AN316A and N316A.
A. Three hour reactions included wild-type LpxB, LpxBR201A, and LpxBFN
combined in shown ratios with LpxBR201A (constant total protein).
Consistent with the UDP-release assays, UDP-DAG bands are fainter and
product bands appear darker in 1:2 and 1:4 lanes than in the 100% LpxBFN
lane. The increase in activity of the 1:2 mixture relative to 100% LpxBFN
was replicated 4 times. TLC analysis of the 1:4 and 1:9 mixtures was not
repeated. B. Reactant band intensity was analyzed in ImageJ?: lanes were
plotted as distance versus intensity and the areas under the peaks were
determined. C. The same analysis of product bands. The irregular shape of
these bands gives poor peak resolution, making quantification more



difficult. D. When only the central, darkest potion of the product bands
is selected, peak resolution s improved. E. The quantification of the
peak areas. The decrease in lipid X and UDP-DAG intensities 1:2 and 1:4
mixtures support the increase iIn activity produced by combining LpxBFN
and LpxBR201A observed in UDP-release assays. As in the UDP-release
assays, activity appears to decrease with increasing percent LpxBR201A.
When the product band intensity is quantified with the smaller, central
selection, the wild-type and 1:2 mixture lanes show a corresponding
increase in product band intensity. However, when the full band was
selected, there was little difference between wild-type, LpxBFN, and the
1:2 mixture, and the 1:4 mixture even showed decreased product band
intensity. The 1:9 mixture shows weaker product band intensity iIn either
case. Regardless, these data support the conclusion from the UDP-release
assays that LpxBFN and LpxBR201A form a complementary dimer. F. One hour
reactions of LpxBR201A, LpxBN316A, and co-purified His-tagged LpxBR201A
with untagged LpxBN316A. While LpxBR201A did not produce a detectable
amount of product, LpxBN316A and the co-purified proteins show production
of lipid A disaccharide with corresponding depletion of reactants
indicating that LpxBR201A can pull down LpxBN316A. These results were
replicated five times. G. H. Analysis was performed as for the plate in
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Supplementary Figure 5: Analytical ultracentrifugation. Raw and fitted

analytical ultracentrifugation data are shown. LpxB6S (120 ulL) was
centrifuged at 5000, 7000, 9000, 12000, or 16000 rpm for 10 hours iIn a
ProteomeLab XL-A ultracentrifuge. Absorbance was measured at 280 nm.
Fitting of distance versus absorbance data is shown for the left wells.
Fitting with a solvent density of 1.0 g/mL and a protein partial volume
of 0.73 mL/g gave a protein mass of 71-79 kDa, most consistent with the
expected 84.5 kDa dimer.
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Supplementary Figure 6: MurG active site. A. B. The MurG active site from
PDB entry INLM® is provided for comparison to Figure 3. C. Stereo view of
LpxB UDP-binding pocket. The 2mFo-DFc map (blue mesh) is shown at 0.4317

e/A®* (0.99 rmsd), and the mFo-DFc map (cyan mesh for positive and yellow

mesh for negative) is shown at 0.45 e/A® (3.01 rmsd).
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Supplementary Figure 7: Structural alignment of LpxB (PDB: 5W8S), MurG
(PDB: 1FOK), and PimA (PDB: 2GEJ). Purple arrows and blue ovals show
the positions of R-sheets and o-helices in the LpxB sequence. Yellow
highlighting marks the disordered loops in LpxB and PimA, and green
highlighting marks the amphipathic helices involved In membrane
association?®. Magenta highlighting marks helices 14 and 15 in LpxB

which contain F298 and N316, respectively. Cyan highlighting marks the

final 3 helices in LpxB. Red lettering marks the locations of point

mutations made in

LpxB.
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Supplementary Figure 8: Liquid chromatography-mass spectrometry. LCMS of
LpxB6S gives a peak at an m/z of 42266.5, which corresponds well with the
calculated molecular mass of 42270.01 Da from the ProtParam server
<http://web.expasy.org/protparam/>. A second peak at 42385.7 (119.2 Da
larger) probably corresponds to a cyteinylated form of LpxB. Indeed,
electron density at C367 of the unbound LpxB7S structure suggests some
modification (data not shown). This is likely a result of oxidation
stress iIn the E. coli.
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Supplementary Figure 9: Mass spectra of LpxB reactants. UDP-DAG and Lipid
X were extracted from CcLpxl, wild-type and D225A respectively®. The
identity of the purified lipids was confirmed by their [M-H]  peaks, which
correspond well with the predicted exact masses of lipid X (711.43 Da)
and UDP-DAG (1017.46 Da). The mass spectra were collected in negative ion



mode with direct infusion of the diluted lipids and i1onization by
electrospray or atmospheric pressure chemical ionization.
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Supplementary Figure 10: Linear relationship between lipid amount and
band intensity. A. Different volumes [uL] of UDP-DAG (0.31 mM) and lipid
X (~0.31 mM) were run on an HPTLC Silica gel 60 plate. Once dry, the
plate was charred with 20% sulfuric acid in ethanol and a heat gun. This
plate was replicated once. B. Band intensities were analyzed in ImageJ?:
lanes were plotted as distance versus intensity and the areas under the
peaks were determined. C. Volumes run were plotted versus peak areas, and
the data were fitted by a line in MS Excel. Both reactants show
increasing band intensity with increasing lipid amount, and the
relationships are quite linear: R?> of 0.9802 for lipid X and 0.9383 for
UDP-DAG. D. Different volumes [uL] of UDP-DAG (0.31 mM) and lipid X (1.3
mM) were reacted to completion with 0.5 g/L wild-type LpxB in 0.1 M Tris-
HCI pH 8.0, 0.1% Triton X-100, and 1 mg/mL BSA at 30°C for 1 hr. TLC of
products was performed as in A. This plate was not repeated. E. Band
intensities of lipid A disaccharide prouct and remaining lipid X were
analyzed as in C. F. Volumes reacted were plotted versus the band
intensities, and the data were fitted by a line Iin MS Excel. Band
intensities iIncrease with increasing lipid amounts. The lipid A
disaccharide data are quite linear (R?> of 0.9613), and the lipid X data
are reasonably linear (R?> of 0.8831).

Supplementary Table 1: LpxB melting temperature.

V66SV68SL69S (VVL) 49.0
VVL-R201A 49.5
VVL-N316A 49.2
VVL-F298EN316A 48.5 = 0.
Melting was observed by SYPRO Orange fluorescence. T, values are the
temperatures at the inflection points of the melting curves plus or minus
the standard deviations (n= 4).
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Supplementary Table 2: Semi-quantitative comparison of LpxB activities by
TLC.

Time to Reaction Completion

wi ld-type 1 min<t<5 min
L72SL75S 10 min<t<30 min
L72SL76S 1 min<t<5 min
L75SL76S 1 min<t<5 min
V66SV68SL69S (VVL) 1 hr<t<2 hr
L72SL75SL76S (LLL) 5 hr<t< 6 hr

6S 18.75 hr*<t
N316A 30 min<t<l hr
F298EN316A 15.5 hri<t
R201A 18.75 hr<t
6SR201A No activity detected

Reactions were performed with 0.5 mg/mL LpxB, 0.11 mM UDP-DAG, ~0.13 mM
lipid X, 0.5 mg/mL BSA, 0.05-0.06% Triton X-100 and 0.1 M Tris-HCI pH 8
at 30°C. *LpxB6S showed no activity under standard conditions but was
active when 0.9 M NDSB 201 was added. fReactions with LpxBFN appeared
mostly complete by 4.5 hr, but were never observed to go to completion.
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