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8What, in detail, are the fundamental
chemical reactions that generate
petroleum? Quite simply, we don’t

know. Such information is essential in devel-
oping predictive models for locating and
exploiting deposits of oil and natural gas, but
has remained elusive due to the complexity of
the sedimentary systems in which petroleum
forms. In his paper on page 164 of this issue1,
Lewan takes a large step in the right direction
— he presents a new hypothesis, based on
laboratory experiments, that gives organi-
cally derived sulphur species a pivotal role in
regulating the rate of petroleum generation.

Lewan proposes that sulphur radicals 
initiate the breaking of C–C bonds within
kerogen (insoluble sedimentary organic
matter) to produce the many hydrocarbon
fragments that constitute oil, the sulphur
radicals being derived from the thermal
decomposition of kerogen itself. This view
compares with the conventional wisdom
that holds that the decomposition of kerogen

to form oil is strictly a thermally driven,
kinetic process, dominated by the strength of
molecular bonding2,3. Thus, in the past, the
inherent weakness of C–S and S–S bonds has
been seen as being responsible for the faster
generation of petroleum from kerogens that
are enriched in sulphur. 

In contrast, Lewan suggests that although
structural weaknesses are responsible for the
generation of sulphur radicals, it is the activi-
ty of these radicals, once formed, that facili-
tates cleavage of C–C bonds during petro-
leum generation, not the formation process
itself. If this idea holds up, it is highly signifi-
cant — the implication is that more rapid
petroleum generation from sulphur-rich
kerogen stems from the immediate geochem-
ical environment, and not from a structural
characteristic of the kerogen macromolecule.

In support of his hypothesis, Lewan pro-
vides compelling evidence from laboratory
experiments in which 1-phenyldodecane, a
model compound intended to represent

kerogen, was heated in the presence of vary-
ing concentrations of sulphur radicals. The
results show a strong positive correlation
between the rate of 1-phenyldodecane
cracking and the abundance of sulphur 
radicals. Lewan concludes that because sul-
phur-rich kerogen can release more sulphur
radicals during maturation, initiation of
cracking reactions involving C–C bonds is
enhanced and petroleum generation occurs
at lower thermal stress. An important 
feature of Lewan’s experiments is that they
were conducted in a closed system, allowing
secondary reactions to take place between
initial reactants and products.

Those who employ relatively simple 
models of petroleum occurrence, which con-
sider only irreversible reactions, time and
temperature2,3, may be disturbed by the idea
that the geochemical environment surround-
ing organic compounds influences chemical
reactions. Many of these models rely on kinet-
ic data obtained from open-system pyrolysis,
where organic matter is heated under dry
conditions at ambient pressure in a stream of
inert carrier gas. Rapid removal of reaction
products minimizes secondary reactions. As
Lewan emphasizes, these experiments do 
not replicate the geochemical environment
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The homily that the human body is more
than the sum of its parts becomes all too
apparent when you have to assemble its
components from scratch. The liver, for
instance, is a highly structured organ, and
its function is not reproduced by a culture
of hepatocytes (liver cells) alone. Liver-like
function (producing enzymes, filtering
out toxins and so on) is retained when
hepatocytes are instead co-cultured with
tissue-forming fibroblast cells — but a
random co-culture is still a poor
substitute for real liver tissue. At a meeting
last month*, Mehmet Toner (Harvard
Med. School) explained how a marriage of
cell biology with microfabrication can do
better.

The artificial liver — a device for
supporting liver-failure patients awaiting a
transplant — is not a new idea. The
Minnesota-based Regenerex company, for

example, already produces a machine in
which hepatocytes sustained in hollow
fibres by a perfusion of nutrients do their
job on the patient’s blood. But such devices
are prone to cell leakage, cell death and
inefficiency.

A synthetic liver-like tissue is a more
attractive option. Unfortunately,
fibroblasts and hepatocytes cultured
together do not automatically adopt the
arrangement found in the liver; and
because the two then communicate poorly,
the hepatocytes are inefficient. So Toner
and colleagues have used patterned
substrates to grow the two cell types 
in more controlled geometric
relationships.

They use the standard
photolithographic techniques of
microelectronic technology to imprint the
surface of a borosilicate wafer with
patterned films of collagen, which
promotes cell adhesion. When hepatocytes

are cultured on the surface, they adhere
only to the collagen-coated regions, and
the rest of the culture can be washed away
(as shown in these images of stained
hepatocytes). Fibroblasts can then be
introduced to the regions of bare surface,
producing an intimate mixture of the two
cell types in a periodic pattern.

In this way, an arbitrary ratio of cell
types can be prepared on the substrate, so
adjusting the ratio to its physiological value
is straightforward. Patches of hepatocytes
perform best (as measured by their level of
albumin or urea secretion) when they are
small, because they can only communicate
well with the surrounding fibroblast cells
up to a certain distance from the interface
— a fact revealed by stains selective to
albumin or urea production. So the best
choice of pattern element size, shape and
number density can be deduced and
engineered to order in this artificial tissue.
Philip Ball

*Fall Meeting of the Materials Research Society, Boston, 

1–5 December 1997.
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cytes were thought to be able to operate in the
absence of oxygen. But this has now been
called into question2. 

Many of the haemocytes are loosely
attached to tissue surfaces8 and, in C. ethlius,
oxygen deficiency leads to a 60 per cent 
rise in the number in circulation to nearly 12
million per millilitre of haemolymph. Locke
studied the structure of one type of haemo-
cyte — the granulocyte. In a normal, well-
oxygenated environment, granulocytes have
irregular outlines, with processes (filopodia)
on their surface. Their Golgi complexes are
well developed and their secretory vesicles
contain tubular structures. Under conditions
of oxygen starvation, however, they become
rounded and lose their filopodia, their Golgi
complexes become smaller, and few (if any)
tubular structures are seen in their vesicles2.
Although there are always granulocytes
trapped temporarily in the branches of the
tracheal tufts, these become more abundant
under oxygen starvation (Fig. 3a). Moreover,
the granulocytes in the tufts have the 
characteristics of those in a well-oxygenated
environment (Fig. 3b). This is a strong 
indication that the granulocytes are, indeed,
coming to the tracheal tufts for oxygen2.

But the story does not finish here. The 
tracheal branch that gives rise to the tufts also
passes backwards into a semi-isolated com-
partment at the rear end of the animal. Here,
again, it becomes thin-walled, giving rise to
tracheoles that end freely in the haemolymph
and often run back along the sides of the 
tracheae to form knots. This compartment is
called the tokus, and it acts as a ‘lung’ for the
haemocytes. Haemolymph that has passed
over the tufts periodically enters the tokus

through openings alongside the tracheae.
The granulocytes (and the other haemo-
cytes) become associated with the free tra-
cheal branches and tracheoles, but in a closer
and longer-lasting fashion than in the tufts.
The surface of the haemocyte that touches a
tracheole becomes flattened to form a large
contact area (Fig. 3c), increasing oxygenation
of the haemocyte. Because the tokus is close
to the heart, the aerated haemolymph can
enter it immediately for recirculation2.

Locke’s work is particularly exciting
because it is not just a one-off phenomenon
— indeed, the tufts and the tokus lung 
tracheae are found in caterpillars from all 13
families of lepidopterans that have been
studied so far2. And Locke has clearly shown
that, “although as a rule insect tracheae go to
tissues .... haemocytes go to tracheae”2.
Peter J. Mill is in the School of Biology, University of
Leeds, Leeds LS2 9JT, UK.
e-mail: p.j.mill@leeds.ac.uk
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Daedalus

Speed learning
The geomagnetic field is said to influence
psychiatric hospital admissions — though
whether it acts on the patients or the
diagnostic skill of the admissions staff is
not clear. And numerous permanent-
magnet health gadgets are sold to those
neurotics still at large. How can they work?

Daedalus reckons they stir the fluid
axoplasm in the nerves. When a nerve fires,
the axoplasm ions move radially. A
magnetic field would deflect positive ions
in one direction and negative ones in the
other, stirring the fluid. And last week
Daedalus decided that axoplasmic stirring
greatly aids neural adjustment and
learning. It speeds the delivery of material
needed to update the information held by a
synapse. 

This makes excellent evolutionary
sense. Even in the weak geomagnetic field,
the more often a nerve fires, the faster its
axoplasm will be stirred. The more it has to
learn, the more its learning will be
encouraged. Magnetic health gadgets may
well help the nerves to adapt to local
trouble, reducing pain or weakness.

So Daedalus is improving their design.
His new resonant magnetic stimulator has
a field reversing at 400 Hz. It thus reverses
once during the typical firing-time of a
brain nerve. This will stir the nerve
powerfully: ions displaced during their
outward movement will be displaced even
further during their return flow. The axial
flow of the axoplasm will be far more
vigorous, speeding the nerve’s adaptation. 

The big use of the tuned stimulator,
however, will not be in pain relief, but in
education. Our vastly extended childish
learning period is no longer adequate.
Education fills our entire childhood, and
much of young adulthood as well. It is, of
course, largely a protection racket,
designed to deny young people jobs they
could learn perfectly well without the
pointless paper ‘qualifications’ it forces
them to waste years acquiring.

But with Daedalus’s 400-Hz magnetic
hat, they could outwit the system. They
wouldn’t think any faster; but their brains
would be updated twice as fast. They would
learn at twice the rate, and finish their
education by the age of 10 or so, before
puberty steps in. They would no longer
turn into truculent teenagers, sexually
mature adults resentful at their continued
dependency; they could find work, marry,
and become useful citizens, as they did in
pre-technological society. And the malign
youth culture which now exploits their
plight would wither mercifully away.
David Jones

Figure 2 The tracheal system in the last three
segments of a live caterpillar. Respiration in
insects occurs by gaseous diffusion along the
lumen of tracheal tubes that branch repeatedly.
Blood cells lack their own permanent tracheae,
but alight intermittently on a pair of specialized,
thin-walled tufts that act like lungs.
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Figure 3 The branched tufts of tracheae and
tracheoles that provide blood cells (haemocytes)
with oxygen in caterpillars of the butterfly
Calpodes ethlius. a, The number of haemocytes
(red) in a tuft increases when a caterpillar is
subjected to oxygen starvation. 
b, Oxygen-starved granulocytes (a type of
haemocyte; blue) entering a tuft resume the
characteristics of those in a well-oxygenated
environment (red). c, In the tokus — a 
‘lung’-like compartment — the haemocytes
become closely apposed to the thin-walled
tracheae and tracheoles.


	Artificial tissues
	Note


