Finite ages from the Mesozoic era

Is bone collagen an open system ?
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THE COLLAGEN CONTROVERSY LC-MS/MS
Detections of original organics in fossils continue to grow.* Once Protein analysis by liquid chromatography-
thought of as soft parts preserved as mere impressions, new tandem mass spectrometry (LC-MS/MS)
techniques reveal original biomaterials including whole tissues that is a standard of bone collagen identification
persist in ancient and fossil samples of various taxa, including in ancient samples. We used LC-MS/MS
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Fig. 2. Peaks in the range m/z 949 to 951 characteristic of collagen were found
in both samples. Edmontosaurus in green (top). Modern turkey in red (bottom).

Edmontosaurus powder was treated® to perform a pre-screening check for
collagen presence. HCI was used to dissolve the mineral fraction. The aliquot
was centrifuged and drained, leaving any collagen behind. This was dried and
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This study uses four parallel techniques to investigate the Dr Krzysztof Pawlak: ATR-FTIR

possibility of collagen preservation in fossil bone samples.

Technigues included LC-MS/MS, ATR-FTIR second-harmonic
generation (SHG) imaging, and accelerator mass spectrometry wavenumber (cm’™)

Fig. 3. FTIR spectrum of treated Edmontosaurus powder. Carbonyl (C=0)
stretching (associated with collagen) is found between ~1630 and 1650
cm™. PO, is normally between ~1010 and 1030 cm™. Although still visible, it is
diminished compared with untreated C=0/PO, ratios.
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SHG to three Mesozoic samples. ImageJ was
used for image processing. GDFMO04.001 Hadrosaurid  Cretaceous C -22.7 5.59  UGAMS 01937
Figure 4. SHG imaging (red) shows collagen fibre remnants GDFMO04.001 Hadrosaurid ~ Cretaceous C -18.4  5.72  GX-32678 f
and autofluorescence (green) shows organic ring structures.
A) Collagen remnants in medieval H. sapiens rib GDFMO04.001 Hadrosaurid Cretaceous C -16  6.17  (GX-32739
NP73_34_81. B) Collagenous osteons in Mammuthus CM00094 Diplodocus Jurassic B -15.88 3.52 UGAMS 20478
primegenius femur YG130.2 C) Reflectance plus SHG of longus
Roman Era Sus scrofa jaw XA102-2001-98 D) Collagen
traces in pits and on surface of Ice Age Megatherium ¥6130.2 Mammuthus Ice age ¢ 1.04 UGAMS 35891
EHRC90002. E) SHG, autofluorescence and reflectance primigenius
overlay, and F) SHG and reflectance overlay of hadrosaur
femur GDFMO04.001 show collagen in bone recesses. Table 1. 10 AMS results for five ancient and fossil bone samples corresponding to SHG data in Figure 4 show measurable pMC in all eras.

AMS CONCLUSIONS

Bone collagen extracts are typically Pt e rbon 9 Evidence for collagen presence in dinosaur bone is provided by (a) LC-MS/MS on
used for AMS radiocarbon dating, | ... . trypsin digests of bone samples (b) ATR-FTIR after treatment with HCI (c) SHG
but “C/*C ratios can also be taken | - ‘ imaging of collagen fibres. Further confirmation is provided by measurable pMC
from the mineral (bloapatite) | ... . after AMS on the collagen fraction. This raises the question as to whether bone
fraction. Commercial labs were |, .7 a collagen is an open system and if so, to what extent. A literature search revealed
used to test for independent| o . previously published 4C in carboniferous material including fossils from
collagen extraction from bone o) Mesozoic and earlier, showing that although unexpected, the data presented here
samples including those imaged In| @ have precedent. The 14C dates obtained from AMS on the collagen fraction agree
Figure 4. Table 1 summarizes the | o o with those obtained from the apatite fraction and this is difficult to reconcile with
AMS results. Al samples had| ..o sl | )L the hypothesis of a secondary (more recent) source for the collagen. Three options
“C/°C  ratios  greater than| o i | present themselves as possible explanations:
Instrument  background  blanks. | ... R (i) The biomaterial is not primary collagen.
Research  focused on ISOtOPIC | .. @ -’ | o o o (ii) Collagen decays at a rate orders of magnitude slower than artificial decay
signatures of primary organics and | _cems - G i studies show #
not carbon ages. Thus, AMS results i = et distnger (iii) The collagen detected is primary but buried orders of magnitude later than
from bioapatite fractions were also | between Medieial. Roman and Ice Age but not betueen prevailing age assignments for these Mesozoic fossils.
obtained for bones with too little O e azote H1C resulls arranged according 14C dates on the apatite fraction to the same values is evidence contra (i). More
collagen for RC dating. research is needed to address (ii) and (iii).
One of three Mesozoic samples yielded collagen for carbon dating. The
mammoth YG 130.2 pMC was closer to Mesozoic than other ice age
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