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Metabolic changes during dormant periods experienced by insects
and mammals offer clues to the critical control mechanisms related
to suppression of metabolic functions during organ transplantation.
The nutrient and waste cycles which occur during insect diapause
are quite similar to mammalian torpor-arousal cycles.

Surviving long periods without eating is a challenge which insects
confront during pupation. The flesh fly, Sarcophaga crassipalpis, is
a model known to cycle metabolic products effectively during this
dormant stage. It can survive the diverse changes in its
environment through hormonal regulation and metabolic
homeostasis. Intermediary metabolism and respiration is naturally
diminished within a hypoxic state of burning glucose via glycolysis
during this period, but its metabolism also periodically cycles to
enable aerobic respiration in order to engage mitochondria to
replenish the pupal nutrient stores and clear anaerobic byproducts.
13C-nuclear magnetic resonance (NMR) spectroscopy is chemically
selective, allowing direct assessment of how 13C is incorporated into
downstream metabolites. Positional 13C, spin-spin multiplets, and
[U-13C]alanine tracers measure changes occurring through multiple
pathways including anaplerotic and pyruvate oxidative fluxes,
pyruvate cycling, and trehalose synthesis during the metabolic
arousal stage (Figure 1). The outstanding sensitivity of the 13C HTS
probe at the AMRIS Facility allows acquisition from a single pupa,
enabling this study using multiple tracers in a time efficient manner.

Figure 1. (a) 13C NMR spectra of glutamate-C3, glutamine-C3, glutamate-
C4, and glutamine-C4 in pupae injected with [U-13C]alanine (b) Alanine
recycled through pyruvate kinase (PK) flux: C2D12 and C2D23 represent
[1,2-13C]alanine and [2,3-13C]alanine, whereas C2Q signals represent [U-
13C]alanine. (c) 13C NMR spectra of labeled trehalose C-1. S, singlet; D12, D23
and D45, doublet; Q, quartet.

The representative stacked spectra in each set are from metabolic stages of
pupae during the dormancy period: A) interbout of metabolic arousal (IBA),
B) early metabolic depression, and C) late metabolic depression.
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