
HOW DOES DEUTERATION OF THE PHOSPHOLIPID AFFECT ITS 
MONOLAYERS PROPERTIES? 

Edvinas Navakauskas1, Simona Strazdaitė1 
 

1Center of Physical Sciences and Technology, Department of Organic Chemistry, Saulėtekis ave. 3, LT-10257 Vilnius 
Edvinas.Navakauskas@ftmc.lt  

 
The fragility of living cells and the particular complexity of their membranes make in situ spectroscopic 

investigation of the cell’s membrane rarely feasible. To circumvent this problem, biomimetic membranes, limited to a few 
elements, are frequently used. Furthermore, to avoid overlapping of the vibrational bands in multi-compound systems, 
often one of the components must be isotopically labelled. In practice, an isotope labelling of membrane-forming 
phospholipids, where distinct lipid moieties can be deuterated, is the most commonly utilized (Fig. 1). 

Although lipid deuteration has been employed in numerous spectroscopic studies, it is still unclear how it affects the 
model system. Thus, to evaluate the properties of different deuteration lipid monolayers, we used the Langmuir-Blodgett 
layer formation technique combined with vibrational sum frequency generation (VSFG) spectrometry, which enabled the 
characterization of the monolayer structure at the molecular level (Fig. 2). 

 
In our study, we have shown that deuteration of both the alkyl chain and the choline group affects the properties of 

the monolayers. Deuteration of the choline group changes the orientation of the lipid’s headgroup, resulting in a more 
water open, but Ca+ ions blocking structure. Moreover, it affects the packing of the alkyl chains under tight lipid packing 
conditions (³ 30 mNm-1). These results were obtained by probing and analyzing vibrations of the alkyl chains and the 
phosphate group (Figure 3 and 4). Meanwhile, deuteration of the alkyl chains results in a more disordered alkyl chains at 
higher surface pressures (30 mNm-1) compared to monolayers with non-deuterated alkyl chains. 

 

 

Fig. 3 The ratio of the symmetric CH3ss/CH2ss and 
antisymmetric CD3as/CD2as resonances for lipids with 
different deuterations as a function of the surface 
pressure. 

Fig. 4 VSFG spectra of lipid monolayers with non-
deuterated (left) and deuterated (right) choline group in 
the phosphate group vibrational region. 
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Fig. 2 The concept of VSFG measurement and the experimental design. 
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Fig. 1 The structure of 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) in its non-deuterated form (left; DPPC-d0) 
and in one of the deuterated forms, where majority of hydrogen atoms are replaced with deuterium (right; DPPC-d75). 
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