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ABSTRACT

A rapid, simple and convenient method is described for the isclation, on a pilot scale, of pure and functional human transferrin from
an unexploited by-product of chromatographic fractionation of plasma. In a single chromatographic step on DEAE-Spherodex, 97%
pure transferrin was obtained in 75% vield. A virus inactivation treatment was included in the preparative process in nrder to guarantee
the safety of the final product, which could be used in culture media.

INTRODUCTION

Human plasma transferrin is a monomeric gly-
coprotein of 678 amino acids, with a relative mo-
lecular mass of ca. 80 000 [1]. Tt can bind strongly
to one or two ferric ions per molecule [2]. Some
experiments have shown that transferrin could
act in vitro as a growth factor, in addition to its
role in iron transport, and it has been described
as an essential component in defined culture
media [3-6].

With the increasing need to eliminate fetal bo-
vine serum in biotechnological industries, it is im-
portant to assess the utility and supply of serum-
free media components. For several reasons, it
seems preferable to use, in serum-free culture
media, components of a human origin rather
than components of an animal origin. Moreover,
human transferrin used in culture media seems to
be more effective than bovine transferrin [7].

Several methods for the separation of transfer-
rin from human serum have been published [8—
15], the majority of which involve several steps

and laborious techniques, whose vields are often
low. Furthermore, they are often impractical for
large-scale work. Moreover, plasma or serum are
not convenient sources for low-cost preparations
of pure transferrin.

Some papers have been published [16-18] con-
cerning the purification of transferrin, using by-
products of plasma fractionation as starting ma-
terials. These low cost malerials are certainly the
most suitable sources for a large-scale purifica-
tion of transferrin,

We have developed [19,20] a chromatographic
technique for the purification of human albumin
employing the Spherosil-Spherodex process. In
its first chromatographic step on DEAE-Sphero-
dex, the process gives rise to a by-product that
contains essentially transferrin and immunoglo-
bulin G (IgG). This paper describes the purifica-
tion, on a pilot scale, of transferrin by an ion-
exchange single step using as source material this
by-product, which can be virally inactivated be-
fore the chromatographic step.
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TFig. 1. Cellulesc acctate electrophoretic analysis of the slarting material D1 fraction (A) and of the transferrin [raction isolated by
ion-exchange chromatography on DEAE-Spherodex (B). The migration zones of albumin, x,- + «,-globulins, §-globulins and y-globu-

lins are labelled 1. 2, 3 und 4, respectively.

EXPERIMENTAL

Starting material

Starting material was a fraction obtained from
the albumin purification chromatographic
process [19,20]. Briefly, Cohn supernatant I1 +
1T was dialysed against 0.01 M phosphate buffer
(pH 5.2] and injected into a DEAE-Spherodex
{Sepracor-1BF, Villeneuve la Garenne, France)
column equilibrated in the same buffer. The
breakthrough peak, labelled D1, which was not
adsorbed on the ion exchanger, constituted the
starting material for transferrin purification.

This fraction contained mainly pj-globulins
(70-80% of total proteins) as judged by cellulose
acetate electrophoresis (Fig. 1A). Study of sever-
al D] samples obtained from different industrial
fractionations of Cohn supernatant 11 + 111 has
shown that these fractions are very variable in
composition (Table 1). D1 fractions were ob-
tained as a diluted protein solution containing
1-1.5 g of protein per litre.

Purification

The D1 fraction was adjusted to pH 6.4 and
1.8 mS/cm by direct addition of concentrated so-
lutions of NaOH and sodium phosphate. Then,
the solution was ready to be injected into a
DEAE-Spherodex column equilibrated in a 0.015
M phosphate buffer (pH 6.4). The breakthrough

peak (immunoglobulin-rich fraction) was dis-
carded. Transferrin was eluted by a 0.01 Af phos-
phate, 0.055 M NaCl bufter (pH 5.6). The col-
umn was regencrated by three successive wash-
ings, with 1 Af NaCl, 0.1 M HCI and 60% etha-
nol.5 M acetic acid. All the experiments carried
out to determine the final optimal conditions of
chromatography were performed on a 100-ml
DEAE-Spherodex column.

On the pilot scale, a 95 ¢cm x 14 ¢m 1L.D. col-
umn was used. Starting material was injected at
i8 I/h (117 cm/h). The peak containing transfer-

TABLE 1

PROTEIN COMPOSITION OT° INDUSTRIAL Dl FRAC-
TIONS

Fractions were obtained by DEAE-Spherodex fractionation of
Cohn supernatant 1T + TIT, according to the method described in
refs. 19 and 20. Dara were obtained by cellulose acetate ¢lectro-
phoresis.

Dl y-Globulins  p-Globulins o~ + o,  Albumin
samples (%) (%) Globulins  {%)
(%)

1 10.7 811 3.4 4.8

2 14.7 69.0 15.0 1.3

3 8.5 74.0 6.7 0.6

4 9.4 72.0 35 153

5 211 75.0 39 0
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rin was collected, dialysed against ultrafiltered
water and freeze-dried.

Prior to chromatography, the starting material
was virus-inactivated by treatment either with
0.3% (v/v) tri(n-butyl)phosphate (TNBP) and
1% (v/v) Tween 80 at 24°C for 6 h, or with 0.3%
TNBP and 0.2% {w/v) sodium cholate at 30°C
for 6 h, according to Edwards et al. [21].

Analytical methods

Protein assays were performed according to
Bradford [22] using bovine serum albumin as
standard. 1gG and IgA assays were carried out by
the method of Mangini ef al. [23].

Cellulose acetate electrophoresis was carried
out on a Helena apparatus (Saint Leu la Forét,

{280 nm)

0.D.

ak
0- >
Time

Fig. 2. Chromatogram obtained during the purificalion of hu-
man transferrin {from industrial D1 fractions. DM fractions equil-
ibrated to pH 6.4 and 1.8 mS/cm with NaOH and sodium phos-
phate were injected (A) into a DEAE-Spherodex column equili-
brated in the same buffer, Transferrin was cluted by a buffer
containing 0.01 M sodium phosphate and 0.055 M NaCl (pH
5.6) (B). The column was regenerated by three washings: | M
NaCl (), 0.1 M HCl (D), and 60% ethanol--0.5 M acetic acid
(E).
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France). After migration, the absorbance of the
revealed bands was read with a densitometer Pro-
fil 1-2 (Sebia, Issy les Moulineaux, France).

Purity was checked by immunoelectrophoresis
[24] using horse antthuman whole serum and spe-
cific rabbit anti-IgG, anti-IgA, anti-IgM, anti-al-
bumin and anti-transferrin antisera.

Fast protein liquid chromatography (FPLC)
was carried out with the Pharmacia system using
a Mono Q HR5/5 column. For this purpose a 20
mM triethanolamine buffer (pH 7.7) and a gra-
dient from 0 to 1 M NaClin the same buffer were
used, respectively. [soelectrofocusing and sodium
dodecyl sulphate polyacrylamide gel electropho-
resis (SDS-PAGE) were carried out with the
Pharmacia Phast System using Phast Gels IEF
3-9 and Phast Gel Gradient 8-25 respectively,
following the manufacturer’s instructions. Prep-
arations of transferrin were compared with stan-
dard transferrins (Sigma, St. Louis, MO, USA).

The iron saturation coefficient was measured
using the Bio Méricux Fer-kit (Bio-Méneux,
Marcy I'Etoile, France). Iron saturation of trans-
ferrin was done according to Mazurier and Spik
[25].

TNBP, Tween 80 and sodium cholate were as-
sayed as described by Horowitz et al. [26].

RESULTS

Transferrin purification

Preliminary experiments allowed us to deter-
mine the most favourable conditions for the
chromatographic purification of transferrin con-
tained in D1 fractions. Under the conditions pre-
viously mentioned (pH 6.4 and 1.8 mS/cm in con-
ductivity), most of the IgG were found in a
breakthrough peak. Transferrin was contained in
the peak eluted by the 0.01 M NaH,PQ,, 0.055
M NaCl buffer (pH 5.6). The peak eluted by 1 A1
NaCl was composed of x- and f-globulins and
albumin, The protein content of the two last
washes was not determined. A typical chromato-
gram obtained during the transferrin purification
is shown in Fig. 2.

Owing to the variability of the protein compo-
sition of D1 fractions, a study of the binding ca-
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Fig. 3. Study of the hinding capacity of the DEAE-Spheredex
exchanger (5 ml). (@) f-globulins in the breakthrough peak; (%)
f-globulins in the transferrin-containing peak.

pacity of the ion exchanger used had been made,
using a small 5-ml column. Fig. 3 shows that 11
mg of p-globulins could be fixed on 1 ml of
DEAE-Spheredex without contamination of the
breakthrough peak with f-globulins, The work-
ing capacity will be 6.6 mg of S-globulins per ml
of gel, i.e. 60% of the optimal capacity, a normal
value for use on a large scale.

In order to check the reproducibility of this
process, five purifications were carried out on the
laboratory scale, and the transferrin solutions
were tested for their purity and physicochemical
properties. The homogeneity of transferrin solu-
tions (concentrated to 60 g/l} was evaluated by
cellulose acetate electrophoresis. One single sym-
metrical peak with a § mobility was obtained
(Fig. 1B). FPLC analysis showed one symmetri-
cal peak eluted at 0.23 M NaClin 20 mM trietha-
nolamine buffer {(pH 7.7) like the standard trans-
ferrin. Immunoelectrophoresis analysis revealed
that the main constituent of the solution was
transferrin (Fig. 4). Even at a4 concentration as
high as 60 g/1, only two contaminants were iden-
tified as IgG and 1gA. Data obtained after specif-
ic assays of IgG and IgA showed that transferrin
was 98% pure, which is in agreement with the
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Fig. 4. Immunoclectrophoretic analysis of the transferrin frac-
tion 1solated by ion-exchange chromatography on DEAE-Sphe-
rodex: wells 1, standard human serum; wells 2, isolated transfer-
rin (60 g/

homogeneity found by cellulose acetate electro-
phoresis,

SDS-PAGE gave a relative molecular mass of
80 300, a value in agrecment with those in the

A B cC D

Fig. 5. Analysis by isoelectrofocusing of the transferrin fraction
isolated by ion-exchange chromatoegraphy on DEAE-Spherodex
in a pH 3-9 gel gradient, Lane A, standard iron-free transferrin
from Sigma; lane B, transferrin isolaled by DEAE-Spherodex
chromatography; lane C, iran-saturated transferrin from Sigma;
lane D, pf calibration proteins.
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literature. Moreover, isoelectrofocusing showed
one major band with a p/ of 5.85, corresponding
to the value obtained for the standard apotrans-
ferrin (Fig. 5). .

The iron saturation coefficient was measured
at different stages of the purification. 1If it was
37% in the starting plasma and Cohn superna-
tant II + 1II, it decreased to 10% in dialysed
supernatant II + TIT and in D, fractions. The
iron-saturation coeflicient of final pure transfer-
rin obtained by this process was 10%. In order to
determine if transferrin kept its capacity for iron
fixation, a titration curve was made. The calcula-
tion, taking into account a 10% initial iron sat-
uration, showed that transferrin could bind 1.79
iron atoms per molecule.

Virus inactivation

Dy, starting fractions were subjected to sol-
vent—detergent (SD) treatment as indicated in
Experimental in order to inactivate viruses po-
tentially present in the solutions. After the inacti-
vation step, D fractions were injected into the
DEAE-Spherodex cotumn. The presence of SD
did not affect the chromatographic steps and did
not alter the gquality and yield of the transferrin
obtained. The bulk of SD was found in the
breakthrough peak containing IgG. Small
amounts of SD were present in the transferrin

TABLE 11

ASSAYS OF SOLVENT AND DETERGENTS IN THE
TRANSFERRIN SOLUTION, AFTER VIRUS INACTIVA-
TION AND CHROMATOGRAPHIC PURIFICATION ON
DEAE-SPHERODEX COLUMN

Values are pg of solvent or detergent per mg of transferrin.

Preparation TNBP Tween 80 Sodium cholate
number B
AT B* Al B? A B®
1 3 - 113 a
2 8 - 8 9
3 - 0.5 62 11
4 - 11 165 8

? Before dialysis and (reeze-drying.
" After dialysis and freeze-drying.
* Undetectable.
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TABLE Il
PURIFICATION OF TRANSFERRIN ON A PILOT SCALE

Industrial D1 fractions were obtained from the first step of chro-
matographic purification of albumin. Detailed chromatographic
parameters are given in Experimental.

Prcparation No.

L 2
DI fracrions
Volume (1) 66.0 54.3
Protein concentration (g/1) 1.08 0.95
$-Globuling (%)* 75 65
Transferrin-vontaining peak
Volume (1) 370 34,2
Protein concentration (g/l) 0.98 0.79
Quantity of transferrin (g) 36.3 27.0
Purity (%)° 97 97

Yicld (%) 68 80

? Evaluated by ccllulose acetate electrophoresis.
* Determined after specific assays of 1gG and IgA contaminants.

fraction, but after dialysis and freeze-drying this
contamination had largely disappeared (Table
11).

Scaling up

A scaling up of the method (150 times) was
carried out using a DEAE-Spherodex column (95
cm x 14 cm 1.D.} at a pilot plant. Data obtained
for two purification cycles (Table ITI) show that
the D, fractions were very dilute solutions (ca. 1
g protein per 1) and contained a high proportion
of f-globulins, mainly transferrin. Transferrin
was generally recovered in a volume smaller than
the volume of the starting solution with an aver-
age yield of 75% and with 97% purity. There is
no detectable change of the biological and phys-
icochemical properties of the transferrin ob-
tained on this larger scale, e.g. the transferrin
quality is the same as that of the product ob-
tained on the laboratory scale.

DISCUSSION

Transferrin is a standard additive to cell cul-
ture media. For several reasons, human transfer-
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rin is preferable to transferrin of animal origin.
First, human transferrin is more effective than
bovine transterrin in hybridoma cultures [7]. Sec-
ondly, proteins present in the cell culture medium
must be removed from the cell culture end-prod-
uct. For use in humans it is preferable that poten-
tial contaminant proteins of the final product be
of human origin. Moreover, transferrin prepared
from animal plasma could potentially contain
unknown toxic contaminants: e.g. the problem of
bovine spongiform encephalopathy cannot be ig-
nored.

Human plasma is fractionated on the industri-
al scale according to a method developed by
Cohn. The main products prepared by this meth-
od are albumin and immunoglobulins. Many by-
products remain unexploited. Transferrin has
been isolated from the Cohn fraction 1V [16,17],
which is a very complex mixture containing alco-
hol and lipid particles. Moreover, some problems
are raised by the solubilization of this precipitat-
ed fraction. Recently, chromatographic methods
have been used for plasma fractionation which
also give rise to a large amount of by-products.

The subfraction D1 of the Spherodex-Sphero-
sil process for human albumin chromatographic
purification is a very interesting source material
for purified human transferrin. At this stage,
50% of the plasma transferrin is recovered and
this protein represents the majority of the pro-
teins found in this fraction. The main advantage
of this D1 fraction is that it is recovered in the
form of a solution that can be directly passed
through the column aller ils equilibration in
terms of conductivity and pH. As we have seen
above, D1 fractions are variable in their compo-
sition, This variability takes place in the Cohn
supernatant IT 4+ T11 {data not shown) and is not
due to the chromatographic preparation of DI.
In a single chromatographic step, a pure and
functional fransferrin - with physicochemical
properties in a good agreement with the values
given in the literature is obtained. Large amounts
(ca. 30 g per cycle) of transferrin could be ob-
tained on a pilot scale of a purity similar to that
obtained at the laboratory scale.

Pure transferrin obtained according to this
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method is ¢a. 10% saturated with iron. Whercas
in source material the iron saturation coefticient
was 37%. This decrease could be explained be-
cause the starting material was dialysed against a
phosphate buffer at pH 5.2. It is known that the
prescnce of phosphate ions at acid pH could de-
crease the tron saturation coefficient [25]. We
have shown that purified transferrin keeps its ca-
pacity to fix about two iron atoms per molecule,
i.e. the protein is not denaturated during the
chromatographic treatment.

Biological substances may become contami-
nated with viruses, and the Commission of the
European Communities has established rules for
virus inactivation of biological products [27]. The
efficiency of solvent—detergent mixtures has been
demonstrated by several studies carried oul at the
New York Blood Center [21,26]. An exta step of
virus inactivation was included in the preparative
process in order to guarantee the safety of the
final product. When the TNBP—detergent mix-
ture was used for this purpose, the solvent and
detergent were found in very low amounts in the
purified transferrin in a freeze-dried torm. The
transferrin concentration used in the cell culture
experiments was 50 pg/ml, a concentration gener-
ally used in culture media. Under these condi-
tions the culture medium contained ca. 0.03 ug/
ml TNBP, and either 0.3 ug/ml Tween 80 or 0.5
ug/ml sodium cholate. These concentrations of
solvent and detergent are far below the cytotoxic
levels {data to be published).
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