
A method for the preparation of a stable form of
calcium phosphate (hydroxyapatite) is described.
Elution of the proteins to be separated is achieved
by an increase in the concentration of the eluent
(phosphate buffer). Low-molecular-weight materi-
al shows little or no adsorption to hydroxyapatite.
[The SCl~indicates that this paper has been cited
in over 1,170 publications since 1956.)
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In 1954 ~sten levin, a friend of mine and one of
the authors of the above paper, began with me our
studies toward a Swedish fII. lic. exam at the Insti-
tute of Biochemistry, Uppsala University. Our
tutor was Arne Tiselius, who at that time was de-
veloping calcium phosphate. CaHPO
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(brushite), as an adsorbent for protein chromatog-
raphy

1
(in 1948 he received the Nobel Prizefor his

fundamental work on electrophoresis and chroma-
tography).

One of the first research tasks Tiselius gave me
was to find out how the adsorption of proteins to
brushite was affected by temperature. For that
purpose a glass tube packed with brushite was im-
mersed in a water bath of 4O~C. The column was
washed with 0.005 M sodium phosphate, pH 6.9,
and the approach to equilibrium was monitored by
pH measurements. To my surprise the pH of theef-
fluent was around 5 and remained there for days. I
also observed that the appearance of the adsor-
bent at the top of the column was slightly different.
from that in the rest of the column. Tiselius asked
a colleague to make an X-ray analysis of the top
layer, which appeared to consist of hydroxyapa.
tite. The brushite had thus been converted to
hydroxyapatite according to the following for.
mula:
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The transformation of brushite tO hydroxyapa-
tite also occurs below 40~C, although at a lower
rate. Therefore, we decided to use.the stable hy-
droxyapatite as adsorbent instead of the unstable
brushite introduced previously by!Tiselius.’ The
above experiment and formula indicated that
brushite can easily be converted to hydroxyapatite
at elevated temperatures upon removal of the
phosphoric acid formed. The m~thodfor the
preparation of hydroxyapatite de~cribed in the
cited paper thus involved boiling oi a suspension
of brushite at a high pH.

Most methods for the separation of biopolymers
(such as proteins and nucleic acids) are based on
differences in their charge or size. In hydroxyapa.
tite chromatography, however, other parameters
are of more importance, particularly the number
of available carboxylic and phospl~oricgroups in
the biopolymers to be separated.~
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This unique

separation mechanism often gives separations that
are not possible to achieve with more convention-
al methods, such as molecular.sieve chromatog-
raphy (gel filtration) and ion-exchange chromatog-
raphy. I believe that this is the main reason hy.
droxyapatite has been so popular for the purifica.
tion of both proteins and nucleic acids. Another
reason may be that hydroxyapatite differs from
ion exchangers in the respect that ions other than
phosphate ions have little influence;on the adsorp-
tion of proteins.
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The adsorption is even strong in
the presence of sodium dodecyl sulfate and high
concentrations of sodium chloride, which may be
of importance in the design of an experiment.~I
am surprised that the property of this adsorbent to
permit the separation of low-molecular-weight
substances from macromolecules, is not well
known, although this can be utilized, for instance,
for the removal of proteins prior to high-pressure
liquid chromatography (HPLC) anal~’sesof drugs in
human serum.

The paper’s title refers to the separation of pro-
teins. Hydroxyapatite is, however, also a useful ad.
sorbent for the fractionation of nuclei acids.
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One can expect hydroxyapatite to be widely
used also in the future for the separation.ol bio-
polymers, particularly since it has recently be-
come commercially available as an HPI.C adsor-
bent.
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