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Developmental stage when organogenesis begins is unique because proliferation and cell differentiation
concomitantly are accelerated. This stage is conserved evolutionally and named as phylotypic stage. After
this stage, cell proliferation gradually decreases to establish the tissue quorum, and cell differentiation
dominates to generate mature tissues. To support the organogenesis, energy metabolism must be coordinated.

Phylotypic stage of Drosophila is the transition stage from embryo to larva, and acceleration of
glycolysis and pentose phosphate pathway has been reported. Phylotypic stage of mouse is the stage
accompanying neural tube closure and chorioallantoic branching (CB) to establish proper maternal-fetal
exchange of gases and nutrients. To understand the coordination of these developmental events with energy
metabolism, we examined metabolic state of mouse embryos during CB stage.

We conducted metabolic profiling of CB (E8.5-10.5) using capillary electrophoresis mass spectrometry
(CE-MS) and this profile suggested the remodeling of the glycolysis and enhancement of TCA cycle during
CB. Expression and activity of glycolytic enzyme PKF-1 and aldolase were reduced. Metabolite analysis
by ion chromatography connected to a Fourier transform orbitrap mass analyzer (IC-MS) and a *3C-glucose
tracing revealed developing embryos redirected glucose carbon flow into the pentose phosphate pathway
during CB. Imaging mass spectrometry demonstrated that the dorsal or posterior neural tube contains high
amount of lactate and citrate, suggesting enhancement of both glycolysis and TCA cycle in developing central
nervous system. Furthermore, we found that suppressing down-regulation of a heterochronic gene Lin28a
during CB disrupted the remodeling of glycolysis and resulted in perinatal lethality. Thus lin28a could act as
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a regulator of the metabolic changes observed during CB. Thus, our work demonstrates that developing
embryos rewire glucose metabolism following CB for normal development. Metabolic state to extracellular
environment may underlie the wvulnerability of embryos during CB to perturbation of the intrauterine

environment, including diabetes-induced hyperglycemia.
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