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Report: 
Sphingomyelins (SM) are a group of phospholipids based on a sphingosine backbone with a hydrocarbon 
chain attached via an amide linkage. They play a highly important role in the plasma membrane of many 
mammalian cells and while being structurally similar to phosphatidylcholine (PC) head group 
glycerophospholipids e.g. dipalmitoylphosphatidylcholine (DPPC), SM shows some key differences. The 
most important of these are: 1) the interfacial region contains an amide linkage in place of one of the ester 
linkage found in glycerol based lipids 2) while phosphatidylcholines can only act as hydrogen bond 
acceptors, the amide of sphingomyelin allows it to both accept and donate hydrogen bonds 3) it has two long, 
often mismatched hydrocarbon chains, 4) it has a high gel-to-fluid transition temperature (chain melting 
temperature, Tm), typically around 37°C. Sphingomyelin concentrations typically reach 15% of the total 
phospholipid content in the outer leaflet of mammalian cell plasma membranes, however this can rise above 
50% in the myelin sheath which surrounds nerves. As well as forming part of the membrane structural 
matrix, sphingomyelin and its metabolic products have also been proposed as important signalling molecules 
in programmed cell death and cellular apoptosis. There is also evidence that SM is linked to other biomedical 
processes including ageing and neural development and raised concentrations have been found in the brain 
tissue of Alzheimer’s patients. 
During this experiment, we investigated the pressure-temperature phase behaviour and kinetics of phase 
transitions in three different sphingomyelin natural extracts from egg yolk (EYSM), bovine brain (BBSM) 
and milk (MSM). 
The equilibrium phase behaviour of each extract was studied from 5 – 65 °C and 0 – 3000 bar. The most 
striking result from this section of the experiment was the existance of a rippled gel phase in both EYSM and 
BBSM. At atmospheric pressure, the diffraction pattern from this ripple phase is poorly resolved, however, 
the use of high pressure has allowed us to resolve the diffraction pattern and extensively index it by inducing 
a barotropic transition at high temperature, see figure 1 below. In both extracts, the ripple of the gel phase 
can be flattened out by applying increased pressure to form a flat lamellar gel. Interestingly, adding 
cholesterol to the rippled gel phase at atmospheric pressure was also found to cause an ‘un-rippling’ to form 
a flat lamellar gel. While MSM also showed a lamellar gel phase, this was not rippled in its gel phase; 
however the SAXS data suggest that this is a tilted gel which undergoes an un-tilting prior to melting with 
increasing temperature or decreasing pressure. 
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Figure 1. (a) SAXS diffraction patterns of BBSM at 15C, 1bar (top), 15C 3kbar (middle) and 50C 2kbar (bottom).  The ripple 

diffraction pattern is resolved at high temperature and high pressure. (b) Resolved ripple gel diffraction pattern with peak indexing 
– note the peak marked ? originates from a co-existing flat lamellar gel 

 
While a ripple gel phase has previously been reported in BBSM (Meyer, 1999), this was determined by 
freeze fracture microscopy and we believe that this is the first X-ray diffraction evidence for a ripple gel 
phase in any natural sphingomyelin extract. Additionally, this is the first time that the ripple period for the 
gel phase has been determined with sufficient accuracy to determine the gradual un-rippling mechanism for 
the ripple – flat gel transition as shown in figure 2 below. 
 
 

 
Figure 2. Diagram showing the gradual loss of the ripple to form a flat lamellar phase via a “stretching out” mechanism induced by 

increasing pressure or addition of cholesterol. 
 
The second section of the experiment was an investigation of the kinetics of phase transitions between gel 
and fluid lamellar phases in the BBSM and MSM sphingomyelin extracts mentioned previously. We gathered 
a huge amount of data for this section so only a very brief summary is given here. 
The kinetics of the lamellar transitions are dependent upon temperature, jump amplitude and the direction of 
the transition. The further beyond the phase boundary the jump ends, the faster the transition occurs however, 
the starting point of the jump does not affect the rate of the transition. 
The fluid-gel transition proceeds more quickly at low temperatures however, the gel-fluid transition occurs 
more rapidly at high temperature. 
In BBSM, there were clearly two separate processes involved during the fluid to gel transition, firstly the 
fluid chains freeze to form a flat gel then the gel ripples, this mechanism is echoed in reverse for the gel to 
fluid transition. 
Again in the gel to fluid transition in MSM is actually made up to two separate transitions, a tilted gel - flat 
gel transition and the main melting transition to a fluid lamellar phase. 
 
 
This data forms the basis of two manuscripts that are currently in preparation. 


