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Saccharolobus solfataricus is a thermoacidophilic archaeon exhibiting
remarkable metabolic flexibility, thriving optimally at 80 °C and pH 2-4. Its
metabolism relies on unique pathways and enzymes distinct from those of
bacteria and eukaryotes. Elucidating these pathways not only advances our
understanding of life under extreme conditions but also offers opportunities
for discovering novel thermostable enzymes. While central carbohydrate
metabolism in S. solfataricus has been extensively characterized for
hexoses such as D-glucose and D-galactose—revealing a modified,
branched Entner-Doudoroff (ED) pathway that bypasses phosphorylated
intermediates—the catabolism of other sugars like D-mannose and D-
fructose remains poorly understood. To fill these knowledge gaps, we
established a GC-MS-based stable isotope labeling approach enabling
time-resolved metabolic tracing in S. solfataricus. Labeling experiments
indicate that D-mannose is degraded via a pathway analogous to the
modified ED route but with unexpectedly high flux through mannose-6-
phosphate, fructose-6-phosphate, and trehalose. Similar flux patterns
observed in D-fructose experiments suggest a previously unrecognized,
shared degradation route for these hexoses within S. solfataricus
metabolism.
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