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Abstract

Human factor X has been purified to homogeneity by hydrophobic interaction chromatography on phenyl-sepharose. The
coagulation protein did not interact with the resin in the presence of 2–3 M NaCl whereas contaminants were retained. This
single purification step, in conjunction with classical purification strategies, is a powerful tool in generating high purity factor
X and is based on resins which are readily available.  2001 Elsevier Science B.V. All rights reserved.
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1. Introduction apatite was initially used for the purification of the
human isoform [4], which was later substituted by

Factor X is a critical enzyme in the blood coagula- diethyl aminoethyl (DEAE) chromatography where
tion cascade [1]. It is a glycoprotein with an approxi- the bovine factor X was purified to homogeneity in
mate molecular mass of 75 kDa consisting of two the inactive [5] as well as the active [6] form. Most
subunits of 50 and 25 kDa, which are linked by a promising results were obtained by using affinity-
disulphide bridge. Activation occurs by a single resins like antibody columns [7,8] or binding to
cleavage by the factor VIIa–tissue factor complex immobilised heparin [9]. Other solid supports em-
liberating a 52 amino acid peptide from the heavy ployed in factor X purification strategies were Ciba-
chain of factor X, generating factor Xa [2]. This cron Blue resins [10,11] or sulphated dextran, where
polypeptide then forms a one-to-one complex with the protein of interest was not retained but con-
factor Va in the presence of calcium ions and taminants were. Hydrophobic interaction chromatog-
phospholipid [3], which in turn converts prothrombin raphy was also described as an alternative method,
to thrombin leading to clot formation. where in contrast to the work described here, im-

Purification of the vitamin K-dependent factor X mobilised phenylalanine retained factor X and other
was extensively described in the past. Hydroxy- macromolecules [12]. These traditional factor X

purification schemes suffer from low yields, low
capacity, lengthy dialysis steps, heterogeneity of the*Corresponding author. Tel.: 144-131-650-5890; fax: 144-
final product, and contamination by autoproteolytic131-667-0164.

E-mail address: hhusi@srv0.bio.ed.ac.uk (H. Husi). activated factor Xa. Furthermore another obstacle is,
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that some methods which are suitable for the purifi- 50 mM Tris, pH 7.2, containing 3.0 M NaCl. Elution
cation of factor X from one species, do not seem to was achieved by applying a linear gradient over 70
work for other species. ml from 3.0 to 0 M NaCl. The flow-rate was 1

The work presented here focuses on the purifica- ml /min and the fraction size was 10 ml during the
tion of human factor X using a novel strategy which whole run.
does not include any inhibitors during the separation
process and at the same time prevents autoproteolytic 2.5. Identification of factor X
activation.

Factor X was monitored by its appearance on
SDS–PAGE gels where the protein migrates either as

2. Materials and methods a single band at 75 kDa under non-reducing con-
ditions or in the presence of reducing agents as a

2.1. Materials double band at 50 and 25 kDa.

Heparin-sepharose and phenyl-sepharose HP were 2.6. Gel electrophoresis
obtained from AmershamPharmacia Biotech, Amer-
sham, UK. Human prothrombin concentrate (PC, Samples were analysed by SDS–PAGE [13] and
trade name DEFIX) was obtained as a lyophilised gels were stained with Coomassie brilliant blue R-
and aliquoted product intended for clinical use from 250. Approximate molecular mass determinations
the Scottish Blood Transfusion Service, Edinburgh, were estimated from SDS–PAGE.
UK. PC consists of |80% prothrombin and 20% all
other blood proteins. All other chemicals and re- 2.7. Measurement of protein concentration
agents were of the highest grade available.

Protein concentrations were determined using a
2.2. Protein purification dye-binding assay and bovine serum albumin as a

standard [14].
All purification steps were performed at 48C using

FPLC or Gradifrac systems and XK 26/20 columns 2.8. Concentration, salt removal and storage of
(AmershamPharmacia Biotech, Amersham, UK). proteins
Starting material (prothrombin concentrate) contain-
ing 120 mg of total protein per vial was reconstituted Protein solutions were concentrated by using
in cold distilled water and processed without delay. Amicon ultrafiltration cells with YM10 membranes

or Amicon Centricon 10 centrifuge units. Desalting
2.3. Heparin-sepharose chromatography of samples was done by dialysis against 20 mM Tris,

pH 7.5, at 48C and final protein pools were stored at
A 1.2-g PC sample was applied to a 30-ml heparin 2208C.

column at 1 ml /min and the column was washed
with 20 mM citrate buffer pH 7.5 until a stable
baseline was reached. Elution of bound protein was 3. Results and discussion
done by applying a linear gradient of four column
volumes from 0 to 1.0 M NaCl in citrate buffer. The Vitamin K-dependent proteins from plasma sam-
fraction size was 7 ml throughout the whole run. ples are now being produced using chromatographic

fractionation and purification methods [15]. The
2.4. Hydrophobic interaction chromatography prothrombin concentrate (PC) we used for our

purposes was additionally purified by DEAE ion-
Heparin-sepharose bound proteins (|150 mg total exchange chromatography prior to dispensation into

protein) were made up to 3.0 M NaCl and were vials. This additional chromatography step is of
applied to a 50-ml phenyl-sepharose HP column in limited benefit for the sub-fractionation of blood
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clotting factors since factor X and other coagulation the major peak of factor X in this way (fraction 8).
proteins are known not to separate on DEAE-sepha- Factor IX, which is present in the initial pooled
rose if they are of human origin [16], in contrast to material, eluted from the column very late (fraction
bovine material where separation can be achieved 18). Phenyl-sepharose chromatographic runs in the
readily [5,17]. presence of 4.0 M NaCl resulted in complete binding

Enrichment of both factor IX and X according to of all proteins present in the starting material to the
published results [18] was used as the first frac- resin, and a reasonable separation could not be
tionation step involving heparin-sepharose (Fig. 1). obtained (result not shown). Partition of the con-
The main bulk of protein, which consists mainly of taminating 150-kDa protein and factor X was readily
prothrombin, does not interact with the resin (Fig. 1, achieved by addition of NaCl to a final concentration
inset, fraction 5). Factor X elutes slightly before of 1.0–3.0 M to the sample and equilibration of the
factor IX (fractions 35 and 38, respectively). column material in 2.0–3.0 M NaCl. Optimal con-
Another protein of |150 kDa is also co-eluting with ditions were elucidated as described in the Materials
both proteins. Its nature is currently unknown, and methods section. Final yields were |10 mg of
though it was described that anticoagulants like high-purity factor X from an initial 1.2 g starting
antithrombin-III tend to form tight complexes with material. The purified factor X sample can be stored
vitamin K-dependent proteins in the presence of as a lyophilised solid at 48C and has been shown to
heparin [19], thereby co-eluting from immobilised be stable for at least 6 months. It was used to
heparin-resins. NaCl was added to the pool consist- specifically cleave recombinant proteins with factor
ing of factor X to 3M and loaded onto a phenyl- X cleavage sites (data not shown).
sepharose HP column as shown in Fig. 2. Factor X The purification scheme described in this report
was found in the flow-through fractions as seen by has yielded electrophoretically homogeneous human
SDS–PAGE analysis depicted in the inset of Fig. 2 blood clotting factor X which is free of other vitamin
(fraction 6). The contaminant 150-kDa protein shows K-dependent clotting factors (Fig. 3) by a relatively
a slight retardation in elution and was separated from simple and rapid method. The advantage is that only

Fig. 1. Heparin-sepharose chromatography of human prothrombin concentrate (PC). The absorbance at 280 nm (solid line) was monitored
throughout the whole run and is indicated to the left. The salt concentration (dashed line) is depicted on the right. The solid bar indicates the
elution point of factor X (FX) as visualised by SDS–PAGE analysis. A 10-ml amount of each of selected samples was analysed on a
reducing 12% SDS–PAGE (inset). Lane numbers correspond to sample numbers of the run. PC depicts 60 mg of the starting material.
Molecular weight markers in kDa are indicated on the left hand side of the gel. The migration points of the heavy chain of factor X (FXh)
and the light chain of factor X (FXl) are marked on the right.
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Fig. 2. Isolation and separation of human factor X. Protein pools which were eluted from a heparin-sepharose column were applied to
phenyl-sepharose HP chromatography as described in the text. The absorbance at 280 nm was monitored during the whole run (solid line)
and the scale is indicated on the left. The salt gradient is depicted as a dashed line and is shown on the right of the panel. The elution point
of factor X is indicated as a solid bar in the chromatogram. The inset shows a reducing 12% SDS–PAGE analysis of selected samples. The
numbering of the lanes corresponds to sample numbers. Molecular weight markers in kDa are indicated on the left of the gel. The migration
points of the heavy chain (FXh) and the light chain of factor X (FXl) are indicated on the right.

resins are used which are readily available, well
characterised and cost-efficient. The strategy using
hydrophobic interaction chromatography for the puri-
fication of human factor X is a good alternative to
other methodologies and could lead to products
which might be used clinically.

4. Nomenclature

DEAE Diethyl aminoethyl
PAGE Polyacrylamide gel electrophoresis
PC Prothrombin concentrate
SDS Sodium dodecyl sulphate

Acknowledgements

We would like to thank Dr R. Mcintosh from the
Fig. 3. A 15% SDS–PAGE analysis of human factor X. A 5-mg

Scottish Blood Transfusion Service for helpful dis-sample of purified factor X was subjected under reducing (lane 1)
cussions and the generous supply of human serumand non-reducing (lane 2) conditions to gel analysis. Molecular

weight markers are indicated on the left. samples.



H. Husi, M.D. Walkinshaw / J. Chromatogr. B 755 (2001) 367 –371 371

[10] N. Hashimoto, T. Morita, S. Iwanaga, J. Biochem. 97 (1985)References
1347.

[11] L. Vician, G.H. Tishkoff, Biochim. Biophys. Acta 434
[1] R.M. Scarborough, J. Enzyme Inhib. 14 (1998) 15. (1976) 199.
[2] R.G. DiScipio, M.A. Hermodson, E.W. Davie, Biochemistry [12] R.C. Friedberg, S.V. Pizzo, Prep. Biochem. 18 (1988) 303.

16 (1977) 5253. [13] M. Laemmli, Nature 227 (1970) 680.
[3] P.B. Tracy, M.E. Nesheim, K.G. Mann, J. Biol. Chem. 256 [14] M. Bradford, Anal. Biochem. 72 (1976) 248.

(1981) 743. [15] T. Burnouf, J. Chromatogr. B Biomed. Sci. Appl. 664 (1995)
[4] D.L. Aronson, A.J. Mustafa, J.F. Mushinski, Biochim. 3.

Biophys. Acta 188 (1969) 25. [16] R. Goldstein, E.B. Zonderman, Fed. Proc. 26 (1967) 706.
[5] S.P. Bajaj, K.G. Mann, J. Biol. Chem. 248 (1973) 7729. [17] M.P. Esnouf, W.J. Williams, Biochem. J. 84 (1962) 62.
[6] R.D. Radcliffe, P.G. Barton, J. Biol. Chem. 247 (1972) 7735. [18] T. Burnouf, C. Michalski, M. Goudemand, J.J. Huart, Vox
[7] S.B. Yan, J. Mol. Recognit. 9 (1996) 211. Sang. 57 (1989) 225.
[8] R. Jenny, W. Church, B. Odegaard, R. Litwiller, K. Mann, [19] W.H. Seegers, E. Novoa, T.J. Andary, H.I. Hassouna,

Prep. Biochem. 16 (1986) 227. Thromb. Res. 11 (1977) 809.
[9] D. Jasic, F. Bal, H. Schwinn, J. Chromatogr. 632 (1993) 1.


