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Thermodynamic evaluation of metabolite concentrations

The thermodynamic analysis of measured metabolite concentrations in the XR/XDH-
strain was performed using anNET version 1.1.06 [1]. anNET can evaluate the
feasibility of a reaction system constrained by flux directions and ranges of metabolite
concentrations. When the system is feasible anNET can calculate the maximum and
minimum values of feasible metabolite concentrations.

Calculation of flux distributions

We used the genome scale model iMM904 of S. cerevisiae [2] as the reaction network.
The reaction network was slightly modified to represent the recombinant XR/XDH-
strain: i) the reactions associated with the GRE3 gene were deleted except for the
NADPH-dependent xylose reductase reaction, ii) a NADH-dependent xylose
reductase reaction was added to the model and iii) the xylitol dehydrogenase reaction
was made reversible. The glukokinase reaction (GLUK) and the two irreversible
alcohol deydrogenase reactions (ALCD2if and ALCD2ir) were also deleted to avoid
loops in the flux variability analysis.

The COBRA Toolbox [3] was used to calculate a set of flux directions in the
XR/XDH-strain under two conditions. Data from anaerobic chemostat experiments at
dilution rate 0.06 h™ with 10 g/L glucose and 10 g/L xylose in the feed [4] was used
to simulate the fermentation of a mixed sugar solution. In the case where xylose was
the sole carbon source, data from anaerobic batch cultivation of a xylose-growing
strain [5] was used to calculate the flux distribution. In both conditions the oxygen
uptake rate was set to zero to simulate anaerobic conditions and the maximum uptake
rates of sterols, fatty acids, vitamins and trace elements were specified according to
Snitkin et al. [6]. The objective function was maximisation of biomass formation in
both cases. A flux variability analysis was performed to obtain a range of flux
directions for each reaction and to identify reactions which never held a flux.
Reactions with an absolute flux below 10°® were also regarded as zero and removed
from the reaction network. The reduced model consisted of 722 reactions and 590
metabolites.

Input data

To convert measured metabolite concentrations from micro moles per gram cell dry
weight (umol/g CDW) to moles per litre a factor of 1.5 pL cytosolic volume per mg
cell dry weight was used [7]. Two measured concentration ranges were not included
in the thermodynamic calculations: that of 1,3-bisphosphoglycerate (BPG) which was
associated with rather large errors (Fig. S5, Additional file 1) and that of glucose 1-
phosphate (G1P) since it only participates in one reaction that could be evaluated.
Hence, the concentrations of G1P and BPG were intentionally allowed to vary within
the default range (1x10-10 mM) in the evaluation. In this study we used the
extended set of Gibbs energies of formation supplied with the anNET toolbox for
several common biological compounds and complemented these with estimated data
for L-arginine, L-ornithine, N(omega)-(L-Arginino)succinate,

L-citrulline, acetoin and sedoheptulose-1,7-bisphosphate using the group contribution
method [8]. All the data used in the calculations are given as supplementary
information in Additional file 4.



Results

The feasibility was evaluated at each sampling point and the measured concentrations
of BPG were found to be infeasible in the first four sampling points while all but one
measured concentration of G1P fell within the calculated ranges (Table 1). In addition,
the measured concentration of glyceraldehyde 3-phosphate (GAP) was found to be
thermodynamically infeasible in all time points. The minimum measured
concentration of GAP was between 3 and 14 times higher than the maximum
calculated concentration (Table 1). Inconsistent concentrations of GAP have
previously been identified [1] but the magnitude of the currently obtained
concentrations (mM scale) is significantly higher than earlier reported (LM scale) [9-
12]. The discrepancy could be due to a combination of the extraction method applied
and limitations in the LC-MS/MS method, which yields broad and indistinct
chromatographic peaks of GAP with low intensities [13]. This led to inconsistent
normalization of GAP peak areas to the internal standard and poor calibration curves
for GAP, possibly due to degradation of this compound during the extraction
procedure. Apart from BPG, G1P and GAP, all other metabolites evaluated were
within the feasible ranges in all 11 time points.

Table 1. Feasibility of measured concentrations of GAP, BPG and G1P. Measured concentration
ranges of glyceraldehyde 3-phosphate (GAP), 1,3-bisphospho-D-glycerate (BPG) and glucose 1-
phosphate (G1P) based on the 95% confidence intervals compared with thermodynamically feasible
ranges calculated using the anNET toolbox.

Time GAP (mM) BPG (mM)? G1P (mM)?

(h) Measured Calculated Measured Calculated Measured Calculated
14.5 1.7-6.0 0.005-0.26 0.0017-0.043 0.098-5.5 0.13-0.18 1x107-0.18
16 3.0-9.9 0.007-0.25 0.0071-0.050 0.075-2.5 0.11-0.14 1x107-0.13
175 1.3-4.0 0.010-0.24 0.0077-0.027 0.065-1.7 0.087-0.12 1x107-0.095
18.5 1.0-4.6 0.013-0.23 0.0073-0.041 0.045-0.81 0.11-0.13 1x107°-0.076
19.5 2.4-6.4 0.014-0.18 0.013-0.036 0.023-0.29 0.026-0.079 1x107°-0.052
20.5 1.1-2.7 0.028-0.11 0.015-0.065 0.027-0.11 0.007-0.013 1x107-0.028
22 0.29-4.3 0.028-0.086 0.011-0.030 0.017-0.053 0.009-0.012 1x107°-0.016
235 1.0-2.0 0.042-0.083 0.011-0.021 0.020-0.038 0.008-0.012 1x107%-0.019
25 0.94-3.2 0.050-0.080 0.018-0.031 0.019-0.031 0.008-0.016 1x107°-0.022
26.5 0.96-3.8 0.057-0.078 0.015-0.026 0.022-0.030 0.008-0.014 1x107°-0.026
38.5 0.95-3.6 0.074-0.079 0.014-0.023 0.017-0.019 0.01-0.017 1x10-0.035
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