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Fractionation of human serum albumin isoforms with chromatofocusing

G CANDIANO*#* G M GHIGGERI, G DELFINO and C QUEIROLO

Department of Internal Medicine and Haemodialysis Service, Hospital of Lavagna, Genoa
(Italy)

(First received June 24th, 1985, revised manuscript received October 16th, 1985)

Chromatofocusing 1s a relatively new techmque for protemn separation in
which a pH gradient 1s developed within the column by making use of the
buffer capacity of the exchanger [1, 2]. This article describes the application
of this technique 1n the fractionation of albumin

EXPERIMENTAL

Reagents

Polybuffer exchanger PBE 94, polybuffers 96 and 74 and columns were ob-
tained from Pharmacia (Uppsala, Sweden) All other chemicals were of
analytical grade

Albumin purtfication

Serum albumin was purified from normal subjects with pseudo-ligand chro-
matography on Affi Gel Blue [3] (Bio-Rad, Richmond, CA, US A.) and
analysed by immunoelectrophoresis according to Grabar and Wilhams [4]

Chromatofocusing

Chromatofocusing was carried out in 20 X 0 90r40X 0 9cm I D columns
according to the manufacturer’s instruction manual [5] The polybuffer
exchanger was PBE equilbrated with various buffers (Tris—hydrochloric acid,
Tris—acetate, Tris—formiate). A mixture of PBE 96 and PBE 74 (25-75—40.60)
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was used for eluting albumin isoforms. The flow-rate was kept constant at
10 ml/h The absorbance of the eluted protein was measured at 280 nm, and
recovery was determined using the Coomassie G 250 dye-binding assay [6], the
pH gradient was determined at room temperature using an IL 269 pH meter
(Instrumentation Lab., Milan, Italy) In all cases, 2 mg of albumin of the purest
grade at immunoelectrophoresis were applied to the column

Isoelectric  focusing and sodium dodecyl sulphate—polyacrylamide gel
electrophoresis (SDS—PAGE)

Ultra-thin 1soelectric focusing (240 ym) was carried out in polyacrylamide
gels cast on silanized glass plates [7].

SDS—PAGE was performed according to Weber and Osborn [8] and proteins
were stained with the photochemical silver method [9]

RESULTS

The albumin fractionating power of PBE 94 1s strictly dependent on the type
of counter-anton used Fig 1 a—d shows that. (a) when Cl ™ 1s used 1n both the
equilibrating buffer (Trns—hydrochloric acid, pH 8) and in the PBE mixture,
albumin remains almost completely bound to the exchanger in spite of the
formation of a pH gradient from 8 to 4, the protein emerges from the column
with two peaks (the first accounting for ca. 45% of starting matenal and the
other for 50%) when a gradient of sodium chloride from 0 to 1 M 1s appled,
(b) the trend 1s competely reversed if COO~ 18 used instead of Cl™ in both
buffers (Tris—acetate and PBE), albumin elutes now with three peaks, the mamn
of which accounts for ca 80% of the total, (c) when both Cl1~ and COO ™ are
used alternatively in one of the two buffers, a mixed pattern 1s obtained with
three peaks (50% of starting materal) eluting at their pf/ values, while two
others are retamed on the column and emerge with the sodium chlorde
gradient, (d) finally, albumin 1s fractionated m four isoforms if the lone
gradient of 0—1 M sodium chloride 1s used as eluent instead of the PBE

mixtures.
That the peaks emerging from the column are indeed albumin 1s shown In
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Fig 1 Chromatofocusing of human serum albumin on a 20X 0 9cm I D column, working
at room temperature with a constant flow-rate of 10 ml/h Conditions of chromatography
were (a) equihbrating buffer Tris—hydrochloric acid (pH 8), eluting buffer PBE 96- PBE
74 (25 73) with hydrochloric amd, (b) equibibrating buffer Trs- acetate (pH 8), eluting
buffer PBE 96—PBE 74 (25 75) with ethanol, (¢) equilibrating buffer as m a, eluting
buffer as mm b, (d) equihbrating buffer Tris—hydrochloric acid (pH 8), eluting buffer
a 0—1 M gradient of sodium chloride In all cases, the recovery of protemn determined
with Coomassie G-250 after dialysis of albumin was ca 100% of the starting maternal



Fig 2 SDS~PAGE of albumin fractions emerging from the PBE with a 0-1 M sodmum
chloride gradient (expermment of Fig 1 a—d) All fractions were dialysed agamnst water m
Thomas membranes (cut-off, 10 000 Dalton)

Fig 2, which 1s an SDS—PAGE pattern of peaks emerging with sodium chlonde
mn different experiments Furthermore, the same results were obtamned when re-
chromatographing the dialysed peaks.

As a further probe to evaluate the influence of Cl™ on the mteraction
between albumin and PBE exchanger, we have performed two experiments in
which the amount of equilibrating buffer and the exposure time were varled
from a munimum of 20 ml (Trns—hydrochlroic acid, pH 8) for 1 h to a
maximum of 300 m! for 10 h Indeed, this mampulation produced a change in
the amount of protein tightly bound to resin, which was greater by a factor of
5--6 1n the second experiment (large volume, long period) compared with the
first one carried out for a short exposure pertod and with a low volume of
buffer

Smece one possible explanation for the behaviour of albumin 1n chromato-
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Fig 3 Chromatofocusing of human serum albumin ona 20 X 0 9cm ID column In all
cases, the protein was efuted with a mixture of PBE 96 and PBE 74 (25 75) contaming
ethanol In experiment a, the equilibrating buffer was 0 005 M Trns~ hydrochloric acid
(pH 8),1n b, 1t was 0 1 M Tris—hydrochloric acid (pH 8)

focusing is the hydrophobic mteraction of the protemn with the resmn n the
presence of Cl7, we have repeated the experiment shown in Fig 1c, varying the
molanty of the equilibrating buffer (Tris—hydrochloric acid, pH 8) from 0 005
to 0.1 M In the first case, we observed that the pH gradient through the
column developed much faster than when using the high-molarity buffer (20
vs. 100 ml) (Fig 3); however, in no case was there change of the two fractions
retained on the column and eluted with sodium chloride

Fmally, we wondered whether a vanation of column height or polybuffer
dilution would have any influence on albumin separation At least for the
amount of albumin used by us (2 mg), no variations of chromatograms were
obtamned either by increasing the column height from 20 to 40 cm or by
varying the dilution of polybuffer from 1 5to 1 10 (not shown),a 1 7 dilution
was therefore chosen as a standard condition
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DISCUSSION

These findings demonstrate that the fractionation of albumin by means of
chromatofocusing 1s dependent on the type of counter-anion used when
employing COO -, albumin 1s fractionated 1n three 1soforms eluting at their pJ
values between 4.6 and 4 9, 1n the case of Cl1, only a neglhgible part of the protemn
emerges from the column at 1ts pI value while the major part 1s retained by the
resm and elutes with sodium chlonde. Furthermore, this behaviour 1s not
mnfluenced to any significative extent by the molarity of interacting buffers nor
by the heght of the column. Finally, when Cl~ 1s used as counter-anion, the
binding properties of PBE exchangers are correlated with the exposure time
and with the amount of equilibrating buffer On this basis, 1t seems reasonable
to conclude that, apart from the electrostatic forces, other mnteractions (mainly
hydrophobic) drive the chromatofocusing behaviour of albumin From this
pomnt of view, this protemn represents a particular case, in that 1t 15 widely
microheterogeneous with respect to 1ts conformation [10], sulphydryl group
content and fatty acid binding, but not with respect to the isoelectric
properties, which vary for normal albumin in a narrow pl range (4 5—4 8) We
conclude that chromatofocusing has unexpected characteristics, which offer
some advantages for fractionation of albumin, compared to 1soelectric focusing,
this technique does not present the side-effects induced by ampholyte binding
to the protemn It therefore seems conceiwvable that chromatofocusing may be
applied, after adequate standardization, in the molecular characterization of
albumin, taking particular care in evaluating the equilibrium existing between
1soforms with different pf values

This topic 1s currently under investigation
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