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ABSTRACT

We have explored immobilized metal affinity Chromatography as a
means of resolving a-fetoprotein from its homologous albumin, a problem
perennially encountered in the purification of an a-fetoprotein or its
detection.

Human a-fetoprotein and human serum albumin were chromato-
graphed on immobilized iminodiacetic acid charged with either Co2*,
Ni2*, Cu2*, or Zn2+. Neither human a-fetoprotein nor human serum
albumin displayed any affinity for Co2*and Zn2*. However, both proteins
were bound to Cu2* and were partially resolved by affinity elution with
imidazole. By contrast, human a-fetoprotein and human serum albumin
were completely resolved on immobilized Ni2*. Similar results were
obtained using bovine a-fetoprotein and bovine serum albumin.

The resolution of an a-fetoprotein from serum albumin should aid the
purification of a-fetoprotein from a biological fluid containing overwhelm
ing quantities of albumin, for example, serum. Importantly, the separation
of human a-fetoprotein from human serum albumin may improve and
help maintain the accuracy of immunoassays for a-fetoprotein, making
the Chromatography on immobilized Ni2* a valuable diagnostic tool.

INTRODUCTION

It has been recognized for some time that an increase of
AFP4 in adult serum may signal an underlying pathological
condition (1-5). Therefore, monitoring of AFP levels has a
diagnostic value (6, 7). However, the selectivity of immunolog-
ical detection methods for AFP may be impaired by the presence
of "deformed" serum albumin in clinical samples (8). The facile

separation of AFP from albumin would be of great value in
clinical diagnosis.

Human AFP and human serum albumin display considerable
homology in their primary structures and similarity in their
conformations and physicochemical properties (9, 10). Conse
quently, their separation presents a major obstacle and a chal
lenge in the design of purification schemes (9, 11-13).

We now report that AFP may be readily separated from
serum albumin by IMAC, a purification method hitherto unex-
ploited for this purpose. The underlying physicochemical prin
ciples of IMAC have been discussed in considerable detail
elsewhere (14, IS).

The separation of AFP from serum albumin by IMAC may
aid the clinical diagnosis of AFP and its purification as well.

MATERIALS AND METHODS

Materials. Human a-fetoprotein and bovine a-fetoprotein were gen
erous gifts of Dr. S. Nishi and Dr. E. Ruoslahti. Human serum albumin
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(A 8763, Lot 83F-9315) and bovine serum albumin (A 0281, Lot 63F-
9350) were purchased from Sigma. Chelating Sepharose 6B was ob
tained from Pharmacia.

Preparation of IDA-Metal2* Columns. Chelating Sepharose 6B was

washed with water, degassed, and equilibrated with 0.1 M sodium
acetate (l M sodium chloride), pH 4.0. The gel was poured into a
Chromatographie column (1 x 6.4 cm), with a bed volume ~5 ml, and
charged by equilibration with 10 volumes of a solution containing 5
mg/ml of metal salt (metal2*) in 0.1 M sodium acetate (l M NaCI), pH
4.0. Excess of metal2* was washed out of the column with metal-free
buffer (pH 4.0). In the case of Co2*, the column charging and washing

was performed at pH 6.0 rather than at pH 4.0 as done with other
metals (Ni2*, Cu2*, and Zn2*). Finally, an IDA-Ni2* column was equil

ibrated with 0.02 M sodium phosphate (l M NaCI), pH 6.8.
Chromatographie Procedures. Chromatography on IDA-Co2* and

IDA-Zn2* (pH stepwise elution) was performed as follows. A sample

of AFP or albumin, 10 mg, in 5 ml of column equilibrating buffer (0.02
Msodium phosphate-1 M NaCI, pH 6.8) was applied to a column (IDA-
Co2* or IDA-Zn2*) before washing with an additional 20 ml of buffer

(pH 6.8). The column was then washed, in succession, with 25 ml of
0.1 M sodium acetate (l M NaCI), pH 5.9, and 25 ml of 0.1 M sodium
acetate (l M NaCI), pH 3.8.

Chromatography on IDA-Ni2* (pH gradient elution) was performed

as follows. A protein sample, 5 to 10 mg, in 5 ml of equilibrating buffer
(0.02 M sodium phosphate-1 M NaCI, pH 6.8) was applied on an IDA-
Ni2* column, and the column was washed with 20 ml of buffer (pH

6.8). A falling pH gradient was then developed by mixing 25 ml of 0.02
M phosphate (l M NaCI), pH 6.8, with 25 ml of 0.02 M phosphate (1
M NaCI), pH 5.7. After pH gradient development of the column, the
final wash was performed with 0.02 M sodium phosphate (l M NaCI)
adjusted to pH 5.3 (25 ml).

Chromatography on IDA-Cu2* (imidazole elution) was performed as
follows. An IDA-Cu2* column, equilibrated with 0.02 M sodium phos

phate (l M NaCI), pH 6.8, was charged with 50 ml of 10 HIMimidazole
in the same buffer; next, the IDA-Cu2* (imidazole) column was equili

brated with 50 ml of 1 IHMimidazole solution in phosphate (l M NaCI)
buffer, pH 6.8. The column was now ready for the sample application.
A protein sample, 5 to 10 mg, in 5 ml of 1 HIMimidazole solution was
applied on an IDA-Cu2* (imidazole) column, and the column was rinsed

with 20 ml of 1 mM imidazole solution in 0.02 M sodium phosphate (1
M NaCI), pH 6.8. A linear concentration gradient of imidazole was
then developed by mixing 25 ml of 1 mM imidazole (0.02 M sodium
phosphate-1 M NaCI, pH 6.8) and 25 ml of 10 mM imidazole (0.02 M
sodium phosphate-1 MNaCI, pH 6.8). Finally, an IDA-Cu2* (imidazole)

column was developed with the 10 mM imidazole solution (0.02 M
sodium phosphate-1 M NaCI, pH 6.8).

All IDA-Metal2* columns were developed at room temperature. The
flow rates were maintained at - I ml per 4 min by means of a peristaltic
pump. Fractions, 1 ml, were collected, and their protein content was
measured by spectrophotometry at a 2X0 nm wavelength.

RESULTS

Neither human AFP nor HSA interacted with IDA-Co2* and
IDA-Zn2* columns when applied at near neutral pH. The same
was the case with bovine a-fetoprotein and bovine serum albu
min (not illustrated).

The affinity of a-fetoproteins for IDA-Ni2* was very weak

(Fig. 1). They were not retained on the column at neutral pH.
The transient binding of human AFP is somewhat stronger
than that of bovine AFP. By contrast, both HSA and BSA were
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Fig. 1. Chromatographie separation of a-fetoproteins from homologous serum
albumins on IDA-Ni2*. O, human AFP; A. bovine AFP; D, HSA; Ã”.BSA. Elution
by a falling pH gradient. All details in "Materials and Methods."
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Fig. 2. Chromatography of human a-fetoprotein and human serum albumin
on IDA-Cu2*. O, human AFP; O, HSA. Affinity elution with imidazole
( ). All details in "Materials and Methods."

retained on IDA-Ni2+ and could be subsequently recovered by
lowering the pH of the eluent. Thus, both a-fetoproteins can
be readily separated from their respective serum albumins.

Fig. 2 illustrates the chromatography of human AFP and
HSA on IDA-Cu2+. Both proteins were retained on an IDA-
( 'if'' column equilibrated with imidazole (l IHM):upon washing

with the imidazole concentration gradient, human AFP is
eluted earlier than HSA, although the complete resolution of
both proteins has not been accomplished. The sequence of
elution of AFP and HSA is the same as that from IDA-Ni2+

(Fig. 1).
Bovine AFP and BSA bound on IDA-Cu2+ and could be

recovered upon an increase in the concentration of imidazole
on the column (Fractions 48 to 55). Again, bovine AFP was
displaced from the column somewhat earlier than BSA (not
illustrated).

DISCUSSION

Since its introduction by Porath et al. (14), the IMAC has
been exploited with considerable success for the purification of
various proteins (16). Importantly, the IMA event can be under
stood in terms of coordination of a limited number of amino
acid side chains which can serve as electron donors (14, 17). In
view of the structural relatedness of human a-fetoprotein and
human serum albumin (9, 10), it was of particular interest to
evaluate their behavior on immobilized metal ions (IDA
metal2*).

Human serum albumin and bovine serum albumin had been

shown previously not to bind to immobilized IDA-Co2+ and
IDA-Zn2+ (Footnote 5). That lack of binding has been ration

alized on the grounds that the presence of two histidines adja
cent in space constitutes a minimum requirement for the reten
tion of a protein on IDA-Co2+ and IDA-Zn2"1"(17). The presence

of a cluster of three histidines, -His 245-Val 246-His 247-
Glu 248-His 249-, assigned to an a-helical configuration in
human a-fetoprotein (10), would meet this requirement. How
ever, binding to either gel requires that both histidines. His 245
and His 249, are (a) exposed to the solvent, (b) unprotonated,
and (c) fully accessible to IDA-metal2* (no steric hindrance).

Apparently, in view of our findings, one or more of those caveats
are not met. Perhaps, an affinity of the AFP molecule for IDA-
Co2+/IDA-Zn2"f could be observed under partially denaturing

conditions (urea, guanidine-HCI) and/or with an AFP lacking
carbohydrate moiety (not so distant in a-helix: Asn 232).

The chromatography of human AFP and HSA (Fig. 1) indi
cates a weaker affinity of AFP for chelated nickel (IDA-Ni2+)

by comparison to that of HSA. This finding is congruent with
the observations on the association of free metal ions, Cu2* and
Ni2+, with human AFP and HSA. It had been shown earlier
that Cu2+ and Ni2+ ions bind to serum albumin with 1:1 stoi-
chiometry (18.19). The binding of Cu2* to human a-fetoprotein

occurs also with the same ratio, mol of metal per mol of protein,
but the binding of Ni2"1",0.62 mol of metal per mol of protein,

is distinctly less (20).
At present one can only speculate about the potential causes

of a weaker binding of AFP. vis-Ã -visHSA. to IDA-Ni2+. It has
been proposed that His 3 constitutes a part of a 0-turn in AFP,
whereas it has an a-helical assignment in HSA (10). The
contribution of His3 toward coordination to IDA-Ni2"1"may be

sufficiently different (pKa value, steric accessibility) in the case
of AFP and HSA, respectively, to explain our Chromatographie
data. However, one cannot disregard the contribution of some
other histidines towards the overall affinity of AFP and HSA
for IDA-Ni2+.

Finally, it should be observed that the facile separation of a-
fetoproteins (human and bovine) from their homologous albu
mins on IDA-Ni2+ columns may be of use in the amelioration

of their present purification procedures; the same may hold
true for other a-fetoproteins of interest. Plausibly, the separa
tion of usually small amounts of an a-fetoprotein from over
whelmingly large amounts of albumin may improve the quan-
titation of an AFP by immunoassays. In the case of human
AFP this could be of value in the diagnosis of pathological
conditions.

ACKNOWLEDGMENTS

We are grateful to Dr. T. William Hutchens for his critical reading
of the manuscript and many helpful suggestions.

REFERENCES

1. Abelev. G. I. Production of embryonal serum a-globulin by hepatomas: review
of experimental and clinical data. Cancer Res.. 28: 1344-1350. 1968.

2. Ruoslahti. I ., and Seppia. M. a-Fetoprotein in cancer and fetal development.
Adv. Cancer Res.. 29: 275-346. 1979.

3. Merkatz, I. R.. Nitowsky. H. M.. Macri, J. N., and Johnson. W. E. An
association between low maternal serum alpha-fetoprotein (AFP) and fetal
chromosome abnormalities. Am. J. Obstet. Gynecol.. 148:886-894. 1984.

4. Cuckle, H. S., Wald. N. J., and Lindenbaum. R. H. Maternal serum alpha-
fetoprotein measurement: a screening test for Down's syndrome. Lancet. I:
926-929. 1984.

5. Buamah. P. K.. Skillen. A. W.. Harrison. J.. and Davison. V. Amniotic fluid

" L. Andersson. E. Sulkowski. and J. Porath. Immobilized metal affinity

chromatography of serum albumins, submitted for publication.

3625

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/14/3624/2428073/cr0470143624.pdf by guest on 19 M

ay 2023



SEPARATION OF AFP FROM ALBUMIN

acetylcholinesterase activity and alpha-fetoprotein in chromosomal anoma
lies and neural tube defects. Clin. Chem., .il: 614-615, 1985.

6. Lange, P. H., Mclntire, K. R., Waldmann, T. A., Hakala, T. R., and Fraley,
E. E. Serum alpha fetoprotein and human chorÃonicgonadotropin in the
diagnosis and management of nonseminomatous germ-cell testicular cancer.
N. Engl. J. Med., 295:1237-1240, 1976.

7. Ruoslahti, E., Dotila, M.. and Engvall, E. Radioimmunoassay of alphafeto-
protein with polyclonal and monoclonal antibodies. Methods Enzymol., 84:
3-19, 1982.

8. Bellet, D. H., Wands, J. R.. Isselbacher, K. J., and Bohuon, C. Serum ,.-
fetoprotein levels in human disease: perspective from a highly specific mono
clonal radioimmunoassay. Proc. Nati. Acad. Sci. USA, 81:3869-3873,1984.

9. Aoyagi, V.. Ikenaka, T., and Ichida, F. Comparative chemical structures of
human a-fetoproteins from fetal serum and from ascites fluid of a patient
with hepatoma. Cancer Res., 37: 3663-3667, 1977.

10. Morinaga, T., Sakai, M., Wegmann, T. G., and Tamaoki, T. Primary
structures of human a-fetoprotein and its mRNA. Proc. Nati. Acad. Sci.
USA, Â«0:4604-4608, 1983.

11. Parmelee, D. C., Evenson, M. A., and Deutsch, H. F. The presence of fatty
acids in human a-fetoprotein. J. Biol. Chem., 253: 2114-2119, 1978.

12. Nishi, S., Katsuno, V, and Hirai, H. Purification of human alpha-fetoprotein
by immunosorbent under mild conditions. In: W. H. Fishman and S. Sell

(eds.), Onco-Dev. Gene Expression (Pap. Conf.), pp. 679-683. New York:
Academic Press, Inc., 1976.

13. Birkenmeier, G., Usbeck, E., SarÃ²,L., and Kopperschlager, G. Triazine dye
binding of human a-fetoprotein and albumin. J. Chromatogr., 265: 27-35,
1983.

14. Porath, J., Carlsson, J., Olsson, I., and Belfrage, G. Metal chelate chroma-
tography, a new approach to protein fractionation. Nature (Lond.), 258:598-
599, 1975.

15. Porath, J., and Olin, B. Immobilized metal ion affinity adsorption and
immobilized metal ion affinity chromatography of biomaterials. Serum pro
tein affinities for gel-immobilized iron and nickel ions. Biochemistry, 22:
1621-1630, 1983.

16. LÃ¶nnerdal,B., and Kleen, C. L. Metal chelate affinity chromatography of
proteins. J. Appi. Biochem., 4: 203-208, 1982.

17. Sulkowski, E. Purification of proteins by IMAC. Trends Biotechnol., 3:1-7,
1985.

18. Kolthoff, I. M., and Willeford, B. R., Jr. The interaction of coppcr(II) with
bovine serum albumin. J. Am. Chem. Soc., .VÂ«:5673-5678, 1958.

19. Peters, T., Jr., and Blumenstock, F. A. Copper-binding properties of bovine
serum albumin and its amino-terminal peptide fragment. J. Biol. Chem., 242:
1574-1578,1967.

20. Aoyagi, Y., Ikenaka, T., and Ichida, F. Copper(Il)-binding ability of human
a-fetoprotein. Cancer Res., 38: 3483-3486, 1978.

3626

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/14/3624/2428073/cr0470143624.pdf by guest on 19 M

ay 2023


