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HOW CLEAN IS ULTRAFILTRATION CLEANING OF BONE COLLAGEN?

Matthias C Hiils!  Pieter M Grootes * Marie-Josée Nadeau

Leibniz Laboratory for Radiometric Dating and Isotope Research, Christian Albrecht University, Kiel, Germany.

ABSTRACT. As part of our bone dating development, we have tested the ultrafiltration of bone gelatin using 2 different fil-
ters—Vivaspin 20™ (VS20), a polyethersulfone, and Vivaspin 15R™ (VSI5R), a cellulose, both with a 30,000 molecular
weight cutoff—and bone collagen from dated samples ranging in age from 1.5 to >50 kyr BP. A direct accelerator mass
spectrometry (AMS) measurement yielded radiocarbon concentrations of ~0.5 pMC (~42 kyr) for the polyethersulfone,
~14.4-17.5 pMC (~15.6~-14 kyr) for the cellulose, and ~107.4 pMC for the glycerin. The filters were cleaned before use sim-
ilar to the Oxford protocol (Bronk Ramsey et al. 2004), and a series of freeze-dried archaeological bone gelatin samples and
a modern pig-skin gelatin were passed through VS20 and VSI5R filters (Vivascience™). We recovered both the eluent
(<30-kD fraction) and the liquid that stayed above the filter (>30 kD) in order to obtain a carbon mass and isotope balance.
While the >30-kD collagen fraction that is usually selected for AMS analysis does not appear to be significantly contami-
nated, measurements show significant age differences between the eluent <30 kD and the unfiltered bone collagen, indicat-
ing that, despite cleaning, both glycerin and filter still give off contaminants in the eluent. Ultrafiltration with young collagen
from pig skin generally confirms these results for the <30-kD fraction but also shows the possibility of small contaminations
in the >30-kD fraction. Until a contamination with filter carbon of the >30-kD collagen fraction can be excluded, we would
recommend caution in the use of ultrafiltration for cleaning bone collagen with VS20 or VSI5R ultrafilters.

INTRODUCTION

Collagen is generally used for the radiocarbon dating of bones. The routine bone pretreatment in the
Leibniz laboratory (Grootes et al. 2004; see Figure 1) includes the removal of the mineral phase of
the bone with 1% HCI followed by a gentle base-acid extraction to remove humic acids, which could
contain significant amounts of foreign carbon, from the organic bone residue. Finally, the collagen,
with a molecular weight (M) around 300,000 is dissolved as gelatin (M 100,000), filtered through a
pre-cleaned 0.45-um pore-size silver filter to remove non-soluble contaminants (Longin 1970), and
freeze-dried. Dissolving the bone collagen is not a totally selective process (van Klinken and Mook
1990 and citations therein). The gelatin solution may contain not only endogenous collagen material
but also various amounts of exogeneous proteins and hot-water-soluble organic compounds (e.g.
humics, altered collagen parts). A final cleaning step using the high molecular weight of gelatin to
remove contaminants with M <30,000 by ultrafiltration is therefore used by some laboratories.

Ultrafiltration to remove low molecular weight contaminants from the gelatin solution was initially
tested with positive results by Brown et al. (1988). Recent experiences at Oxford indicate, however,
the filters may not only remove contaminants but also release organic material into the solution and
thus act as a source of contamination (Bronk Ramsey et al. 2004). Filter membranes and filters are
made of organic material that could contribute particles and/or dissolved carbon to both the filtrate
and the supernatant. Filters come coated with glycerin to keep them flexible and will contribute this
glycerin to the sample solution, especially to the filtrate.

As a preparation for adding ultrafiltration to our routine bone sample preparation, we tested the
effect of 2 different types of filters and different filter cleaning procedures with a series of freeze-
dried bone gelatin fractions obtained from bones dated from 1645 to 54,000 “C yr BP, and with
modern gelatin produced from pig skin (MBP Medical Biomaterial Products GmbH, Schwerin,
Germany).
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Figure 1 Schematic overview of collagen extraction, ultrafilter cleaning, and samples taken to assess the
removal of glycerin.
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METHODS AND MATERIAL
Collagen Extraction

At the Leibniz laboratory, extraction of bone collagen starts with a demineralization of the bone in
HCI, which is controlled by pH measurements (see Figure 1). A gentle (at room temperature for
1 hr) base extraction with 1% NaOH, followed by HCI, will remove humic acids. The organic resi-
due is then heated at pH 3 in ultrapure water to 85 °C, gelatinizing and dissolving the collagen pro-
teins. The dissolved gelatin is filtered over a 0.45-pm pore-size Ag filter to remove non-dissolved
organic material, which could contain significant amounts of non-contemporaneous organic mate-
rial. The dissolved gelatin is then freeze-dried and ready for combustion (Longin 1970; Grootes et
al. 2004).

Ultrafiltration: Filter Cleaning
Two filter types with a 30,000 molecular weight cutoff (MWCO) were tested:

1. Vivaspin 20™ 30,000 MWCO (Vivascience™) (polyethersulfone, VS20).
2. Vivaspin 15R™ 30,000 MWCO (Vivascience™) (regenerated cellulose, VS15R).

Both filter types come coated with glycerin to keep the filters flexible. Since early 2005, the glycerin
contains young carbon, whereas before 2005 the glycerin contained a fossil carbon signal (Brock et
al. 2007), documenting changes in the production. Because glycerin is soluble in water, the ultrafil-
ters to be used were cleaned by centrifugation and ultrasonication in a large volume of ultrapure
water, closely similar to the Oxford protocol (Bronk Ramsey et al. 2004) (Figure 1). The cleaning
steps are the following:

* Step 1: Centrifugation of filters with ultrapure water at 3000 rpm until all water has gone
through the filters.

e Step 2: Centrifugation of filters with ultrapure water at 3000 rpm, then soaking of filters in a
large volume of ultrapure water in an ultrasonic bath for 1 hr, followed by a third centrifugation
with ultrapure water.

* Step 3: Centrifugation with ultrapure water at 3000 rpm until all water has gone through the fil-
ters (2x).

Samples of the filtrate (<30 kD) and the supernatant (>30 kD) were taken after the successive clean-
ing steps 1-3, freeze-dried, and analyzed for their carbon content. For 3 samples, we also deter-
mined the “C concentration.

For our ultrafiltration experiments, the dissolved gelatin solution was pipetted into an ultrafilter
(either VS20 or VS15R) and centrifuged at ~3000 rpm until 1-1.5 mL of the molecular weight
>30,000 (>30 kilo Dalton [kD]) gelatin fraction remains. The ultrafiltered gelatin solutions (>30 kD
and <30 kD) are freeze-dried and ready for combustion to CO,. For our tests, we have measured the
14C concentration of both >30-kD and <30-kD ultrafiltered fractions (UF-coll.)

RESULTS

The removal of glycerin by the cleaning steps 1-3 above is documented by measurements of the car-
bon and “C content of the ultrapure water after cleaning (Table 1). For both filters, the carbon con-
tent in the wash water (both <30 kD and >30 kD) decreased below 5 ug already after cleaning step 2.
A young carbon source for the contamination is confirmed by accelerator mass spectrometry (AMS)
measurements on aliquots of water from step 1 cleaning (~106—108 pMC, see Table 1) and by direct
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measurements on glycerin used for the coating, a sample that was kindly provided by Vivascience
(107.32 £ 0.35 pMC). The complete 3-step cleaning should thus be sufficient for the ultrafiltration
of samples with more than 5 mg collagen, giving <0.1% contamination, well within the statistical
uncertainty of the AMS measurements (usually >0.2%).

Table 1 Carbon and “C in cleaning water.2

VS20 VSI5SR
>30 kD <30kD >30kD  <30kD
Cleaning step C(mg) pMC C(mg) pMC C(mg) C(mg)
1 0.08 0.01 0.35
0.03
0.96 108.30 +£0.38 | 14.1 108.08 + 0.33
0.34 11.01 106.94 + 0.32
2 <0.005 <0.005 <0.005 0.01
<0.005 0.01 0.01 0.01
0.01
3 <0.005
<0.05

aGlycerin '“C is 107 + 0.35 pMC.

Another source of contamination may be the filter membrane itself. Cleaned filter membranes of
VS20 show 1“C concentrations of 0.3-0.5 pMC (Table 2), close to the pure and untreated membrane
material (“glycerin-free”), suggesting an almost complete removal of the glycerin. Interestingly, fil-
ter membrane material cleaned with methanol and water gave an even lower “C concentration.
Whether this cleaning step affects the filter properties needs to be assessed. The “C measurements
for VS15R filter material show higher concentrations around 11-18 pMC (Table 2) and large vari-
ability without an apparent connection to cleaning or origin (pure vs. removed from filter). This
large variability may result from changes in the production of the filters with varying “C concentra-
tion of the regenerated cellulose used for the filter, as has been seen for the glycerin.

Table 2 '“C content of filter membranes before and after cleaning.

VS20 VS15R
Description Corrected pMC?  Corrected pMC?
Pure membranes 0.54 £0.09 14.36 = 0.11
— 17.48 £0.15
Pure membranes cleaned with methanol and H,O 0.33+0.07 18.49 +0.12
0.26 £ 0.09 18.80 £ 0.1
Membranes removed from filter containers 0.13+0.04 155+0.1
cleaned with methanol (3x) and water in US 0.13+0.04 1590 £0.15
After cleaning step 3 0.49 = 0.06 5.72 £0.09
0.50 £ 0.05 11.10 £ 0.11
0.31£0.04 17.69 £0.14
0.34 +0.04 —

apMC corrected for 8'*C and background.
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To test the effect of ultrafiltration on the “C concentration and age measured for a collagen sample,
we re-dissolved and filtered the freeze-dried gelatin of a set of 7 collagen samples with ages mea-
sured in our laboratory from 1645 to 54,000 *C yr BP and determined the apparent age of the frac-
tions >30 kD and <30 kD (Table 3). To distinguish between a real cleaning of the gelatin and filter
contamination, we repeated the filtration on several of the >30-kD fractions (Table 3, Figure 2).

Table 3 Results of the ultrafiltration of bone collagen. Given are the C concentrations in pMC of
unfiltered collagen (modified Longin method, L-coll.), #C concentration of ultrafiltered collagen
fractions (UF-coll.), and modeled !“C concentration.?

1st ultrafiltration 2nd ultrafiltration
UF-coll.  UF-coll. 11 UE, UE-coll. II UE, UF-coll.
Sample L-coll ¥C  L-coll age >30kD <30kD Mod. UFC >30 kD <30kD
ID  Filter (pMC) (BP) 14C (PMC) MC (pMC)  MC (pMC) MC (pMC)  C (pMC)
54,010 + 3940/ 0.34 £0.05 3.07+0.07 1.37 0.27 £0.08 2.61 £0.26
A V820 0122005 7 363 028005 134006 0.64 0.16+005 0.82%0.1

48,650 + 2380/ 0.28 £0.05 1.83+0.07 0.93 — —

B VS20 023006 jgq 044005 201007 107 — —

44,160+ 1400/ 032+006 064005 059  — —

C VSISR 041007 "jjqq 038+0.06 081006 0.71 — —

D VS20 1821+0.14 1368060 17.66+0.13 1854029 17.84  — —
E VS20 3367+0.16 8745+35 33.03+0.17 3235+0.17 32.89  33.1920.16 33.10+0.18

VS20 5179024 52.14+021 5182  — —

F vsisR S214%016 5230£25 505 019 52142019 5221  — —
G VS0 o iei026 164545 8114026 76532023 8035 8130£023 77.15+0.28

80.50+0.29 78.18 £0.23 79.72 81.41+0.24 77.04 £0.38
aMod. UFC “C (pMC) = Wt%,30kD X pMC>30kD + Wt% .30kp X PMC30kD-

In general, the “C concentration of the filtered >30-kD fraction—the preferred collagen fraction—
is close to that of the unfiltered collagen. The filtrate <30 kD contains significantly more #C for the
3 old samples and significantly less for the younger test samples E at 33.6 pMC and G at 81 pMC.
We filtered the >30-kD fractions A, E, and G a second time in order to discriminate between a real
cleaning of a contaminated collagen fraction and contamination introduced by the filtration as the
cause of the observed concentration differences between the >30-kD and <30-kD fractions. The
results for A and G indicate a contamination of the <30-kD fraction by filter material of intermediate
14C concentration as the A filtrate again contains significantly more 14C and the G filtrate less 4C
than the >30-kD fraction before and after filtering, while for E there are no significant differences.
The “C content of the >30-kD fraction after 2 filtrations shows no statistically significant difference
D (D/( /olz + 022) <2) with that after 1 filtration or, for one A and one G duplicate, gets closer to
that of the original material. This suggests the >30-kD fraction is not significantly contaminated by
the ultrafiltration.

For the samples B, E, F, and G, we also measured the “C concentration of the non-soluble residue
left on the 0.45-um silver filter after the gelatin filtration. The residues B, F, and G showed no sta-
tistically significant differences in 14C content with the gelatin fraction. This indicates these samples
were not contaminated and supports the conclusion that the differences after ultrafiltration must be
attributed to contamination by the filter. The residue E contained significantly more 4C, indicating
a young contamination of the sample. The lower “C concentration of the >30-kD collagen fraction
may thus show a real cleaning of the sample by ultrafiltration. The filter contamination of the <30-
kD fraction precludes the use of this fraction to verify the purity of the collagen fraction >30 kD.

https://doi.org/10.1017/50033822200042119 Published online by Cambridge University Press


https://doi.org/10.1017/S0033822200042119

M C Hiils et al.

198

‘(0 1¥ JuswaInseaw) eare LeiS e Yim sjdures yoes Joj paduaIajal st uade|
-[09 9U0q PAISI[LUN Y} JO UONBIUIIUOD Dy, Y, "UONORL (P-0€< Y1 Jo uonenyy pareadal 1o1Je pue UoNEN[EN|N 131Je U3SEI[00 3U0q JO SIUSWAINSEIW D), Y JO SINSY ¢ 21n31g

0Z SA USISA 0T SA 0T SA 0Z SA U SISA 0T SA 0T SA
0 Jjdueg J sjdwreg J sjdweg q Jjdureg q ddureg , D djdureg g dordueg v djduieg
/4 /4 vis// wll nv/, /
W |||||| P 7 UL —m T
-5 ———TLL P 9'IS
IIIIII P viE ———F VLl T~
|||||| ﬁe.um =Tl — -~
== IWII ———T8L P 8°IS
||||| T 8 ——— T 8L
—=—F————-r——T6L (43 = H\ T €€ 8f ==E=s=me
—gl=== Ttt T8l —=====- % =
TTs
|||||| A%’ P8l —— ===
9°€e 98l —-—y—-————-—
p'Ts
8'€e 88 - ——————= - ———=- = e S = 60
9T 143 6 ——=———=r= = =mco== Ssooisiseieieis I

@1 0€ > ‘uonenypuzy Y
a1 0€ <‘uonenypuz [
@ioe> V
aioc< |

L0°0 F 107 o
L0°0 7 €8°1
90°0 F pE'l o
sz oF197<
L0'0oF Lo s

https://doi.org/10.1017/50033822200042119 Published online by Cambridge University Press


https://doi.org/10.1017/S0033822200042119

How Clean is Ultrafiltration Cleaning of Bone Collagen? 199

As a further check on contamination by the filtering process, we reconstructed the 1“C composition
of the starting material from the measured mass and “C content of the 2 filter fractions by a mass
balance calculation (Table 3, column 7, “Mod. UFC”). In ideal circumstances, this mass balanced-
calculated “C concentration of the collagen should be similar to the 4C concentration of the
unfiltered collagen. One of the C samples, the D sample, and the F samples do not show statistically
significant 1“C differences. Otherwise, older samples are shifted towards higher “C concentrations
(= younger), while younger samples are shifted towards smaller “C concentrations (= older), which
indicates a contribution of intermediate “C content to the measured material. :

The disadvantage of old collagen for contamination tests is its unknown age and, in most cases, its
limited availability. Since the filter 14C concentrations are ~0.5 pMC for VS20 and ~14-15 pMC for
VS15R, we used modern collagen produced in large quantities for pharmaceutical products from pig
skin (MBP Medical Biomaterial Products) for additional ultrafiltration tests to investigate a possible
addition of old filter carbon. First results of the ultrafiltration of 10 mg, 30 mg, and 80 mg collagen
with the VS20 filter are shown in Figure 3. These results clearly indicate a contamination in the <30-
kD fraction, which had a larger effect on the smaller-sized filtration fractions. Assuming a similar
14C concentration for the collagen <30 kD of all ultrafiltration fractions, the calculated amount of
carbon from the filters is about 0.05 mg.
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Figure 3 1“C concentrations of 10 mg, 30 mg, and 80 mg of modern collagen after ultrafiltration with VS20 filters. The
14C concentration of the unfiltered collagen is shown as the gray area (measurement +1 G).
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CONCLUSION

The 3-step filter cleaning protocol may give an almost complete removal of glycerin as indicated by
carbon measurements on aliquots of the used ultrapure water after the final cleaning steps.

Beside the glycerin with young carbon, both filter types VS20 and VS15R contain fossil carbon (14C
concentration: VS20 ~0.5 pMC; VS15R ~11-18 pMC), a potential source for contamination during
ultrafiltration. The high variability in 14C of VS15R filter membranes may indicate changes in pro-
duction as noted for the glycerin, which emphasize the need of control measurements before using
a new batch of filters. The higher and variable “C content of the VS15R membrane makes it less
desirable for ultrafiltration of old bone collagen.

The ultrafiltration of 7 freeze-dried collagen samples of varying ages revealed a statistically signif-
icant contamination with filter carbon of intermediate !“C content in the <30-kD fraction. No signif-
icant contamination was seen in the seven >30-kD fractions.

Ultrafiltration of modern collagen also indicates a contamination of the <30-kD fraction by 0.05 mg
carbon of intermediate “C content from the VS20 filters. The >30-kD fraction may contain small
amounts of young carbon, possibly from glycerin left on the filters. Recent results (to be published
in a future paper) indicate that this contribution of foreign carbon may be significant. In the mean-
time, we recommend caution in the use of ultrafiltration of bone collagen and prior testing of any fil-
ter type used.
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