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Epalinges. In many respects the shell 
of cells has remained a terra incognita 
for biological research despite the fact 
that biologists have been studying 
cells since the invention of the mi-
croscope. For the main part, however, 
their interest has focused on proteins 
and the hereditary substance DNA, 
firstly because life takes place there, 
secondly because this is where the in-
formation, the genome, sits.

But there is also another, third rea-
son, why DNA and proteins have stood 
– and continue to stand – in the fore-
ground: they are comparatively easy to 

examine. Lipids however, which are the 
components of the plasma membrane, 
are difficult to access experimentally. 
Their chemical structure – consisting of 
two hydrophobic fatty acid tails and a 
hydrophilic head – gives them high de-
grees of freedom. Furthermore, they do 
not crystallize as proteins and DNA do. 
Nonetheless, the vital importance of lip-
ids stems from the fact that life would 
not be possible without them because 
lipids do the job of outlining a cell by 
separating it from its environment. 
They achieve this separation by form-
ing a double membrane, a so-called bi-
layer, which is not rigid like a wall, but 

behaves rather like a two-dimensional 
liquid, similar to an oil film on water.

A thousand different types
«A single type of lipid would suffice 

to build a bilayer», explains Gisou van 
der Goot, «but neurons, for example, 
exhibit up to 1000 different lipids. 
Alas, we have no idea what the major-
ity of them actually do». This is about 
to change. Engineer and biophysicist 
van der Goot is professor at the Global 
Health Institute at EPF Lausanne and 
she leads LipidX, one of SystemsX.ch’s 
research, development and technol-
ogy projects. In all, 14 research groups 
from six Swiss and one foreign univer-
sity are looking to eliminate the blank 
spaces on the shells of cells.

Lipids have the unfair reputation of 
being nothing more than bricks in a 
wall, indispensable, but uninteresting. 
What has been clear for a long time 
already is that they actually constitute 
extremely intelligent «walls». Lipids 
not only separate the inside of the 
cell from the outside and divide cells 
into compartments. Certain lipids also 
structure the bilayer with so-called mi-
crodomains, thereby allowing different 
reactions to run off at different places 
and at different times in the same cell. 
Other lipids escort proteins to their 
workplace in the plasma membrane, 
where again different lipids help these 
membrane proteins to do their job.

Resistence against anoxia
Furthermore, as new research shows, 

lipids also perform physiological tasks 
of the utmost importance. In a recent 
article in «Science» Howard Riezman 
and Jean Claude Martinou, both pro-
fessors at the University of Geneva, 
demonstrate that lipids play an impor-
tant role in the resistance of animals 
to oxygen depletion (anoxia). It turns 
out that it is the length of some lipids 
called ceramides that is decisive for 
the protection against anoxia.

Riezman and Martinou owe this new 
knowledge to lipidomics. Analogous 
to genomics and proteomics that cata-

A cell contains up to 1000 different lipids. Nevertheless, 
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logue genes and proteins in a system-
atic way, the aim of researchers work-
ing on lipidomics is to characterize all 
lipids that our cells contain and pro-
duce.

A map of the cell
The still young and developing tech-

nology needed for this task is at the 
center of LipidX. «We want to draw a 
map of the cell that shows which lipids 
occur where and what they do», says 
Gisou van der Goot, outlining one of 
the principal purposes of LipidX. In a 
set of model organisms, such as yeast, 
fruit fly, worm, but also in vertebrate 
animal cells, LipidX researchers will 
systematically be investigating the 400 
genes that govern the lipid metabo-
lism. Using yeast, the first step of this 
investigation is to create mutants with 

only one of these genes missing, and 
then to look for a change in the lipid 
composition and determine the conse-
quences.

This entails a lot of exacting, ardu-
ous work, some of which can fortu-
nately be done, at least in part, by 

robots in the shape of high-through-
put-mass-spectrometry equipment. 
«Without SystemsX.ch we couldn’t af-
ford this mass-spectrometer.», van der 
Goot says, as she looks forward to the 
new paths that LipidX will enable re-
searchers to embark on.

Introducing the most famous Lipid: Cholesterol

The best known and at the 
same time most disputed li-

pid in the general public is 
cholesterol. It increases the 
stability of the cell membra-
nes and, together with pro-
teins, participates in the 
signal transduction. The 
human body contains about 
140 g of cholesterol, two of 
which are replaced by the 
body every day. Daily food 
intake contributes roughly a 
tenth of the replaced quan-
tity.

Contrary to a widespread 
belief, there is no good 
or bad cholesterol. Nor is 
it fat, as is also widely as-

sumed: it is simply vital to 
life. There is a recurring 
debate as to whether an in-
creased cholesterol level in 
the blood actually increas-
es the danger of cardiac in-
farcts, and, concomitantly, 
whether the frequent pre-
scription of anti-lipidemic 
drugs really extends life. 
The cholesterol level is 
increased by so-called li-
poproteins of low density 
(LDL), which transport 
cholesterol from the liver 
to the organ tissues. There-
fore, LDL cholesterol-com-

plexes are called «bad cho-
lesterol», while the «good»  
HDL cholesterol-complexes 
(high density lipoproteins) 
are responsible for lower-
ing cholesterol levels.

Also controversial is 
whether the cholesterol 
level in the brain is linked 
to Alzheimer disease. In-
creased cholesterol levels 
are suspected to promote 
the development of the so-
called plaques in the brains 
of Alzheimer patients. Here, 
too, conclusive evidence is 
still outstanding.� thm
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