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A B S T R A C T  

A simple method for the chromatographic separation of the different molecular forlns of  human 
transferrin according to their rcspective iron contents is described. The appropriate conditions were devel- 

oped with a Mono-S cation-exchange column. 

I N T R O D U C T I O N  

Transferrin, a protein found in the blood of all vertebrate species, has a rela- 
tive molecular mass in the range of 75 000-80 000 depending on the species, but 
appears to be composed of a single polypeptide chain in all cases. Transferrin has 
two iron binding sites. As iron is bound to these sites, bicarbonate is bound to an 
anion-binding site close to each of the iron binding sites [1,2]. These sites, how- 
ever, are not equivalent with respect to iron binding: site A, which is located at the 
C-terminal side of transferrin (domain CD2) has a higher binding affinity for iron 
than site B, which is located at the N-terminal side of the protein (domain ND2). 

Transferrin that contains iron (not iron-saturated) has been separated into two 
components by electrophoresis [3] and three compounds by isoelectric focusing 
[4 6]. Makey and Seal [7] and Leibman and Aisen [8] reported the separation of 
four molecular forms of  transferrin by electrophoresis in polyacrylamide gel con- 
taining 6 M urea. These separations appear to be based directly on the amount of 
iron bound by transferrin, i.e., iron-free, A-site iron-bound, B-site iron-bound or 
iron-saturated [9]. Iron influences the isoelectric point of the transferrin. By iso- 
electric focusing, diferric transferrin from human serum can be separated into 
different isoelectric point forms. Those forms have different carbohydrate parts, 
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especially different amounts of N-acetylneuraminic acid, also denoted sialic acid 
[10-13]. 

The aim of the present study was to develop a new direct method for the 
separation of the different molecular forms of transferrin using high-performance 
liquid chromatography (HPLC). 

EXPERIMENTAL 

Materials 
The materials were purchased from the following suppliers: Mono-S H R  5/5 

ion-exchange HPLC column from Pharmacia Fine Chemicals (Uppsala, Swe- 
den); TSK G 2000 gel filtration column from LKB-Productor (Bromma, Swe- 
den); acrylamide and bisacrylamide from Wako (Osaka, Japan); urea from Naka- 
lai Tesque (Kyoto, Japan). Water for HPLC analysis was twice distilled in glass. 

Purification of human transferrin 
Human transferrin was purified from pooled plasma using preparative po- 

lyacrylamide gel electrophoresis [6] and gel permeation on a TSK G 2000 HPLC 
chromatographic column. 

Preparation of apotramferrin 
Human transferrin, isolated from the above method, was used to prepare 

apotransferrin by sequential dialysis of 50 mg of transferrin disolved in 5 ml of 
water against 200 ml of each of the following solutions at 4°C: 0.1 M sodium 
citrate-0.1 M sodium acetate, pH 4.5 (four times); deionized water (twice); 0.1 M 
NaC104 (three times); deionized water (four times) [14]. 

Preparation of d(/'erric and monoferric transferrin 
Transferrin, purified by the above method, was dissolved in a small volume of 

0.02 M sodium citrate buffer (pH 5.1). After 1 h, the solution was dialysed against 
0.02 M NaHCO3 for 24 h. After dialysis, NaHCO3 was added to the transferrin 
solution to a final concentration of 0.6 M. A solution of 0.25% FeC13 in 0.1-0.5 
M HC1 was added to a twenty-fold excess in volume of 0.02 M sodium citrate 
buffer, and then slowly mixed with the transferrin solution. The high concentra- 
tion of NaHCO3 neutralized the added HC1, and the final pH was always between 
7 and 8 [15]. As shown by Bates et al. [16], the iron-transferrin complex forms 
very rapidly in a 1:20 (v/v) iron-citrate buffer solution in the presence of excess 
bicarbonate. Unbound iron was removed after 1 h by dialysis against two chang- 
es of  0.02 M NaHCO3. 

Transferrin with various degrees of iron-saturation was obtained by the addi- 
tion of an appropriate amount of FeC13 to apotransferrin in 0.02 M NaHCO3. 
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Fig. I. (A) SDS-PAGE of purified transferrin. Lane 1, molecular mass markers; lane 2, purified transferrin. 
(B) Electrophoresis of human transferrin in a 6 M urea Tris borate-EDTA buffer (pH 8.4) system: Tf, 
approximately 60% iron saturation transferrin (unfractionated Tf); 2Fe-Tf, after HPLC diferric transfer- 
rin; Fe-Tf, after HPLC monoferric transferrin (A-site, B-site transferrin): Apo-Tf, after HPLC apotrans- 
ferrin. 

apotransferrin, prepared as described in Experimental. In both cases, a single 
transferrin peak was detected when the sodium chloride concentration reached 40 
and 200 mM. The results clearly demonstrated that diferric and monoferric trans- 
ferrins and apotransferrin were eluted at 40, 90 and 200 m M  sodium chloride in 
the acetate buffer (pH 5.4). 

To determine whether the three distinct peaks (Fig. 2) separated on the 
Mono-S column represented transferrin with different types of iron binding, the 
individual fractions were characterized by 6 M urea-polyacrylamide gel electro- 
phoresis (Fig. 1). Unfractionated transferrin could be resolved into four bands, in 
agreement with results of previous reports [3,7]. Analysis of the three individual 
HPLC-separated transferrin peaks revealed four bands, corresponding in mobil- 
ity to four bands of pure transferrins with various degrees of iron content. In 
previous studies, transferrin could not be separated into monoferric transferrin 
from pure transferrin in native conditions. 

The HPLC method used here allows the separation of monoferric transferrin 
under non-denaturing conditions from a mixture of transferrins with various 
degrees of iron content. A-site and B-site transferrins of the two monoferric 
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P'ig. 2. Ion-exchange chromatographic separation of transferrin on a Mono-S HR 5/5 column (5 cm x 0.5 

cm I.D., 10/tin) using a stepwise concentration gradient program of sodium chloride (40, 90 and 200 raM) 

in 0.02 M acelate buffer (pH 5.4). Flow-rate, 0.5 ml/min; detection wavelenght, 280 nm. Amount of sample 
applied: (a) 2.2 mg; (b) 1.2 mg; (c) 0.8 mg. Peaks: 2Fe-Tf - diferric transferrin; Fc-Tf - monoferric 

transferrin; Apo-Tf = apotransferrin. (a) Approximately 60% iron saturation transferrin: (b) diferric 
transferrin: (c) apotransferrin. 
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transferrin species were not distinguished under our experimental conditions. An 
analytical Mono-Q HR anion column did not separate individual transferrins. 

The data presented in this paper indicate that the automated HPLC system 
with a Mono-S cation-exchange column can be suitably adapted for the detection 
and recovery of transferrins with different types of iron binding. 
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