


TABLES

TABLE 1. L. major UDP-sugar pyrophosphorylase substrate specificity. Relative enzymatic
activities of purified LmjUSP were determined in the presence of different acceptor substrates. All
acceptor substrates were used in rate non-limiting concentrations (3 mM sugar-1-phosphates, 0.8 mM
UTP, 2 mM UDP-sugars and pyrophosphate). The highest activity obtained was set to 100%. Errors
are given as standard deviations from triplicate measurements.

TABLE 1
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TABLE 2. L. major UDP-sugar pyrophosphorylase kinetic parameters. Indicated substrate
parameters were determined in presence of rate non-limiting and constant co-substrate concentrations
(0.8 mM UTP, 2 mM Gal-1-P, 3 mM Glc-1-P, 2 mM pyrophosphate and 2 mM UDP-sugars), in order
to generate a pseudo first-order reaction type. The highest efficiency obtained was UTP set to 100%
for both directions (A+B). Errors are given as standard deviations from triplicate measurements.

TABLE 2

A forward reaction Efficiency

Substrate K, [uM] Vinax [Umolimin/mg] Keat [S-Y K cat / Ky [M-15-1] %]
Gal-1-P 860 * 34 10 % 3 219 % 3 259x10° *142x10° 12 % 07
Glc-1-P 1706 + 144 186 + B 191 + 6 1.14 x 10° +1.34 x 10° 5 + 06
UTP (Gal-1-P) 98 + 10 175 £ 7 201 * 8 2.09 x 10° +280x10° 100 +134
UTP (Glc-1-P) 16 + 18 181 = 11 209 *13 1.83 x 10° +390x10° 88 +187
B reverse reaction Efficiency

Substrate Ky [uM] Vinax [HmMolimin/mg] Keat [s-1] Kcat/ Ky [M-1s-1] (%]
UDP-Gal 148 += 8 134 =+ 2 154 * 2 1.07x10° *7.18x 10 51 £ 34
UDP-Glc 174 + 9 157 * 3 180 % 3 1.06 x10° % 7.18x10° 51 + 34
UDP-L-Ara, 373 % 48 63 * 3 72 + 4 1.98x10° + 3.60x10° 9 + 1.7
UDP-GalA 790 £193 1 % 1 13 % 1 1.67x10° % 561 x10° 1 £ 03
PPi (UDP-Gal) 307 £ 18 152 £ 3 174 % 4 580x10° + 4.51x10 28 + 22
PPi (UDP-Glc) 383 < i | 161 £ 2 185 * 2 492x10° *1.91x10° 24 % 09
PPi (UDP-L-Ara,) 1018 £ 112 7w x5 81 = 5 812x10° + 1.40x10° 4 % 07
PPi (UDP-GalA) 728 113 13 = 1 150 & 1 2.08x10° * 4.88x10° 1 * 0.2

TABLE 2. L. major UDP-sugar pyrophosphorylase kinetic parameters. Indicated substrate parameters were
determined in presence of rate non-limiting and constant co-substrate concentrations (0.8 mM UTP, 2 mM Gal-1-P,
3 mM Glc-1-P, 2 mM pyrophosphate and 2 mM UDP-sugars), in order to generate a pseudo first-order reaction type.
The highest efficiency obtained was UTP set to 100% for both directions (A+B). Errors are given as standard
deviations from triplicate measurements.
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FIGURE 1
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FIGURE 1. UDP-galactose synthesis in
Leishmania major. GK: Galactokinase (EC 2.7.1.6),
USP: UDP-sugar pyrophosphorylase (EC 2.7.7.64),
GALT: UDP-glucose:a-D-galactose-1-phosphate
uridylyltransferase (EC 2.7.7.12), GALE: UDP-
galactose 4-epimerase (EC 5.1.3.2), UGP: UDP-
glucose pyrophosphorylase (EC 2.7.7.9), PGM:
Phosphoglucomutase (EC 5.4.2.2), HK: Hexokinase
(EC 2.7.1.1). The GALT gene is absent from
Leishmania major genome suggesting the absence of
the Leloir pathway.
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FIGURE 2
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FIGURE 2. Relation of L. major UDP-sugar pyrophosphorylase with UDP-glucose pyrophosphorylases,
UDP-GalNAc pyrophosphorylases and UDP-glucose:a-D-galactose-1-phosphate uridylyltransferases. A.
Amino acid sequence alignment of L. major USP and UGP. Residues involved in UDP-glucose binding of UGP are
marked below for contact with the nucleotide (square), glucose (diamond), or phosphate (circle); the
pyrophosphorylase consensus sequence is boxed. B. Unrooted phylogenetic tree of selected sequences (EBI-
ClustalW2 multiple alignment). USP: UDP-sugar pyrophosphorylase (EC 2.7.7.64), UGP: UDP-glucose
pyrophosphorylase (EC 2.7.7.9), GALT: UDP-glucose:a-D-galactose-1-phosphate uridylyltransferase (EC 2.7.7.12),
UAP: UDP-GalNAc pyrophosphorylase (EC 2.7.7.23). At: Arabidopsis thaliana, Cm: Cucumis melo, Hs: Homo
sapiens, Lb: Leishmania braziliensis, Lm: Leishmania major, Mm: Mus musculus, Ot. Ostreococcus tauri, Pf:
Plasmodium falciparum, Sc: Saccharomyces cerevisae, Tb: Trypanosoma brucei, Tc: Trypanosoma cruzi. Non
characterized putative proteins are marked with an asterisk.
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FIGURE 3
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FIGURE 3. Purification and oligomerization status of recombinant L.major UDP-sugar
pyrophosphorylase. Purification of E. coli expressed L. major USP-His; was followed by SDS-PAGE with
Coomassie staining (A) and anti-His, Western-blotting (B), 1: bacterial lysate, 2: flow through of Ni-column, 3: desalted
eluate of Ni-column, 4: flow through of anion-exchange column, 5: desalted eluate of anion-exchange column.
Determination of quaternary organization was performed by size-exclusion chromatography (C). Protein standards
are indicated by arrows (a-e: 669, 200, 150, 66, 29 kDa) and the apparent molecular mass of LmjUSP-His, was
determined by standard curve (inset). LmjUSP-His, elutes at a retention volume of 14.65 mL (solid line),
corresponding to a protein of 69.7 kDa. The activity pattern (dotted line) confirms that the monomer is the active form.
Elution was traced by SDS-PAGE Coomassie staining (D) and anti-His, Western-blotting (E) of fractions.
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FIGURE 4
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FIGURE 4. STD NMR spectra of UDP-sugars complexed with L. major UDP-sugar pyrophosphorylase.
STD NMR spectra are shown for UDP-glucose (A), UDP-galactose (B), UDP-galacturonate (C), and UDP-L-
arabinopyranose (D). All spectra were recorded at 298 K, 600 MHz using deuterated TRIS buffer (50 mM, pH 7.8) and
MgCl, (10 mM)in D,O. The on-resonance frequency was set to 0.7 ppm and the off-resonance to 40 ppm. The residual
water signal was removed by applying a WATERGATE sequence. Epitope maps were constructed by calculating
relative STD NMR effects according to the formula A, = (I, x I.,.)/1, = ls./1, (see supporting information) using the H1,,
proton to 100% (bar chart). Each of the analysed UDP-sugars shows strong STD NMR signals.
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FIGURE 5
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FIGURE 5. Ordered bi-substrate mechanism of
L. major UDP-sugar pyrophosphorylase. STD NMR
spectrum for Gal-1-P does not present any signal
demonstrating absence of binding to L. major USP
(panel d). In presence of UTP, Gal-1-P binds to the
enzyme and UDP-Gal is formed as shown by relative
STD NMR signals for these compounds (panel e). 'H-
NMR spectra of Gal-1-P (panel a); UDP-Gal (panel b)
and a mixture of Gal-1-P and UTP showing conversion
into UDP-Gal (panel c) were acquired for reference.
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