MATERIALS/CONDENSED MATTER

These micro x-ray fluorescence maps of ostrich, brachylophosaurus, and tyrannosaurus rex vessel

tissues (locations of analysis identified by white numerical labels) illustrate the intimate association

of iron with each vessel tissue.

Researchers studying organic
material from dinosaur bones
have been able to show that the
organic material in the samples
contained original soft tissue
material from Mesozoic dino-
saurs. The x-ray techniques at
the ALS were key to showing a
possible mechanism for this
unexpected preservation—iron
nanoparticles associated with
dinosaur blood vessels were
identified 09at the ALS.
Researchers hypothesized that
the iron had come from dino-
saurs’ blood and muscle cells
during decay, and were able to
identify iron-facilitated reactions
that contribute to preservation.
If these reactions occur in other
organisms that end in the fossil
record, similar preservation may
allow the identification of molec-
ular evolutionary relationships,
rates and direction of evolu-
tionary change, and eventually

the characterization of other traits
that have, until now, remained
beyond scientists' grasp.

Back in 2005, researchers
observed soft, flexible, trans-
parent vessels, fibrous matrix,
osteocytes, and intravascular
material in the demineralized
bones of a Tyrannosaurus rex.
These soft tissue components
bound antibodies specific for
proteins commonly found asso-
ciated with the same compo-
nents in surviving remains,
and yielded acid
sequences consistent with
proteins from similar materials

amino

recovered from existing bones.
This was unexpected, because
conventional wisdom states
that no
should persist across geological

internal organics
time, and it has always been
assumed no original organic
material remains associated
with dinosaur fossils.

In light of the data sup-
porting an original source for
these materials, and despite
long standing assumptions,
researchers sought a mecha-
nism to explain preservation of
these materials. They reasoned
that such a mechanism should
be naturally occurring in the
immediate environment (i.e.
bone) and should increase resis-
tance to degradation and micro-
bial attack, sufficient to stabilize
these materials before complete
degradation could occur.

In other studies, soft tissues
and cells recovered from dino-
saur bone elements were
frequently associated with iron
at levels higher than the
surrounding sediments, so
researchers hypothesized that
iron-mediated reactions (i.e.,
Fenton-type reactions) played a
central role in stabilizing these

tissues more rapidly than they
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could degrade. Iron is abun-
dant in living cells and tissues,
stabilized in the form of heme
functional units (as in hemo-
globin, myoglobin, or cyto-
chromes), or in the carrier
molecule ferritin.

Researchers used transmis-
sion electron microscopy, elec-
tron energy loss spectroscopy,
micro xray diffraction, and Fe
micro x-ray absorption near-edge
structure capabilities at the ALS
to characterize the iron associ-
ated with fossil tissues, which
occurred primarily as the
mineral goethite. They then
employed experiments to show
that iron, derived from hemo-
globin lysate, associated with
vessels obtained from surviving
ostrich bone, and that incubating
bone-derived ostrich blood
vessels greatly stabilized these
otherwise labile materials
against microbial attack and
degradation. Synchrotron micro-
probe techniques were used to
compare the iron observed in
existing  hemoglobin-soaked
ostrich vessels with iron associ-
ated with dinosaur vessels, and
showed similar, but not iden-
tical, iron moieties. The chem-
ical speciation of iron in the
ostrich tissue was a combination
of oxyhaemoglobin and a disor-
dered Fe oxyhydroxide that was
referred to as a 'biogenic-like
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oxide, whereas the dinosaur
tissues were found to consist of a
combination of crystalline
goethite and biogenic iron
oxyhydroxide. The researchers
hypothesize that these represent
points on a continuum of
biogenic iron to the geological
mineral goethite. This mineral
is found encapsulated in molec-
ular ‘cages’ in living systems.

Understanding where living
and extinct organisms fit on the
‘tree of life’ has been limited to
those traits persisting in fossil-
ized hard parts, but identifying
iron-facilitated reactions that
contribute to preservation will
provide a better understanding
of the relationships of all organ-
isms, living or extinct, on our
planet, and perhaps allow the
identification of factors contrib-
uting to survival, or extinction.

Positing a naturally occur-
ring mechanism for stabilization
of soft tissues has implications
beyond paleontology. If iron-
mediated reactions are part of a
continuum from those that facil-
itate life processes (e.g. cellular
respiration, oxygen transport) to
fully mineralized, it may be
possible to propose a molecular
pathway for reactions causing
diseases in humans, and once
such a pathway is identified, it
may be possible to propose ways
to interrupt this process.
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