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At the Australian National Deuteration Facility (NDF), our research efforts have been focused towards providing our scientific collaborators with a

range of molecules with different levels of deuteration. We are supporting various groups that are using deuterated sterols and lipids to provide contrast with

other components of biological systems in order to better understand structure and function. We produce these deuterated molecules via chemical synthesis and

biological pathways. One the most common and important sterols in humans is cholesterol, so most work is done on creating deuterated cholesterol.

Cholesterol is an essential and abundant component of mammalian cells making up ~30% of the composition of cell membranes and acting as a

biosynthetic precursor to a number of other important steroids found within mammalian systems. This sterol is synthesised in the endoplasmic reticulum

or can be obtained directly from foods of animal origin and is responsible for a range of functions. It is required for building and maintaining cell

membranes and also regulates their fluidity by interacting with the phospholipid bilayer.
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Deuteration refers to the exchange of some, or all, of the hydrogen atoms (H) in a molecule

with the stable isotope deuterium (D). Synthesising deuterated molecules is mainly realized by

two types, the chemical deuteration and the biodeuteration.

Future Outlook: Squalene

Squalene (2,6,10,15,19,23-hexamethyltetracosa-2,6,10,14,18,22-hexane; C30H50) is a

biosynthesized triterpene hydrocarbon and a precursor for all steroids in animals and plants. It

is currently used as an important ingredient in the cosmetic industry because of its

effectiveness as a singlet oxygen (1O2) quencher. Squalene is also used in the

pharmaceutical and medical industry because it increases cellular and non-specific immune

functions, decreases serum cholesterol levels, protects against gamma rays, and suppresses

tumour proliferation.3

 The advantage of biodeuteration is the reduced time for synthesis. Consumption of

resources is also significantly lower due to fewer processing steps.

 The yeast can be further modified to produce other sterols, for example

campesterol*, which is normally isolated from plant extracts. Using the same

technique as described above, we have biosynthesised campesterol as well as a

highly deuterated campesterol-d47, ~90% D.

Biosynthesis of deuterated cholesterol

 An engineered common yeast strain 

(Saccharomyces cerevisiae RH6829*) utilised to 

produce pure deuterated cholesterol .

 Complementing NDF chemical synthesis of tail-

deuterated cholesterol.

 1L bioreactor growth yields around 100 mg pure 

material.

 Deuteration level can be varied through alteration of 

culture medium solvent and carbon substrate.

 Cholesterol-d40 is being used in studies of cell 

membrane structure and function, as well as a tracer 

in cell metabolism studies.

Chemical synthesis of deuterated lipids and sterols

Oleic acid-d33

is a versatile and valuable building block 

for many biologically important molecules

Cholesterol-d18 – tail deuterated

Cholesterol-d45

(av. 80-90% D)

 The chemical synthesis of deuterated cholesterol is used

for partial deuteration.

 a modified strategy adapted from literature involved a

key Wittig reaction between a deuterated sterol, [D4]

pregnenolone (A), and a deuterated aliphatic

phosphonium salt (B).2

1.

The product alkene was acylated, chemo- and

stereoselectively reduced, and hydrolysed to

produce highly deuterated cholesterol.
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Figure 1: An example of the Parr reactor used in 

the NDF laboratories. This infrastructure is key 

to producing chemically deuterated molecules.

Figure 2. An example of the bioreactor collection 

found at the NDF laboratories. This infrastructure 

is key to producing highly deuterated molecules

 We are currently investigating the microbial synthesis of squalene from yeast, or naturally-

occurring Thraustochitrids which are single-celled eukaryotes of the Kingdom Straminopila.

 Successful adaptation to growth in deuterated medium in bioreactors will provide sufficient 

crude material for the separation and purification of squalene, as well as Docosahexaenoic 

acid (DHA) and other fatty acids and sterols.

 Provision of these deuterated molecules will allow diverse areas of investigation, from 

pharmaceuticals and health products to cellular metabolism and transport and even for the 

development of new battery technologies!
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Figure 3. a) Campesterol structure; b), c) GC/MS of crude 

extract from yeast; d) Mass spectrum of campesterol-d47

a) 

b) 

c) 

d) 

http://neutron.ansto.gov.au/

