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Heavy Starch: Biosynthesis and Characterisation of
Deuterated Glucans

For the first time, starch biosynthesis in genetically modified yeast has been used to produce deuterated starch
by growing the yeast in deuterated media at the National Deuteration Facility (NDF) at ANSTO.

Current deuteration methods target the outer starch granule structure, or destroy the layered granular struc-
ture entirely. Our methods of deuteration targeted the entire structure of the granule, keeping the structure
in-tact. Successful deuteration of the whole starch granule allows for an entire suite of new starch SANS,
NMR, and digestion kinetics experiments to take place further elucidating the complex structure of starch
and its role in biochemical systems.

Themodified yeast strain used in this experimentwas grown on deuterated raffinose as themain carbon source,
which was metabolized into starch granules. This work includes the first report of raffinose deuteration,
performed at the NDF. The cells were lysed and the starch was collected, purified, and analyzed.

FTIR and SEM were used to confirm the starch-like identity of the granules, with the “fingerprint region”
of the FTIR spectrum matching those of commercial starches, and the SEM images matching those reported
by Pfister et al. Mass spectroscopy results on amyloglucosidase-digested samples revealed approximately 27%
average deuteration of the granules. Solid-state NMR also showed that deuteration was not distributed evenly
throughout the sample. SANS analysis showed approximately 30% average deuteration of the granules, and
revealed two main features at Q = 0.05 Å-1 and 0.4 05 Å-1, the first corresponding to a lamellar repeat size of
approximately 13 nm, and the latter indicting the likely presence of B-type packing in the crystalline regions
of the granules.
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