
NOTES 

Ph&sphacelIuIase chromatqraphy of human hemoglobins 

Phosphate compounds are known to bind to a number of proteins including 
hemoglobins. H~XSMAX and co-workers demonstrated a differential binding of inor- 
ganic phosphates to two adult chicken hemoglobins 1. More recently, it has been found 
that Hb A, Hb S, and Hb F have different binding affinities for 2.3~diphosphoglyceric 
acid2-4. 

Since differences in affinities of hemoglobins for phosphate compounds esist, 
it seemed highly probable that phosphocellulose could be used for resolving various 
components of human hemoglobins. This paper, therefore, presents results of studies 
in which phosphocellulose was used both as an ion-exchange resin and as a stationary 
phosphate phase for column chromatography of human hemoglobins. Phosphocellu- 
lose chromatography separates the major hemoglobins into three subcomponents 
and separates Hb A, from Hb C. 

MaAwiuJs. Batches of phosphocellulose from several sources were tried, the 
most satisfactory being Celles-P, control No. B-1040, obtained from the Bio-Rad Co., 
Richmond, Calif. This particular lot was made several years ago and is no longer 
available.. Lots bearing control Nos, 5170, 7414, and goso were tried but gave broad 
bands with poor separation. The same resin with control No. gISg, made recently, 
is satisfactory but is not a good as the B-1040 batch. To use this technique will 
require sewching for a good batch of resin. 

The elution gradient was made with a varigrad of two chambers with mixing 
in the first chamber by a magnetic stirrer. All buffer solutions were made from 
Tris citrate and contained IOO mgfl of KCN. The buffer solution used to equilibrate 
the resin and as a starting buffer was 0.005 M in Tris and was adjusted to pH 6.7 
with saturated citric acid just before adding the last few milliliters of water in diluting 
tb, volume. The terminal buffer was at a pH of S.z and 0.01 AM in Tris. At pH 6.7, 
Tris is about g7 oA ionized and at S.z it is only 50 y. ionized. Thus, the concentration 
of ionized Tris which could compete with cationic hemoglobins for phosphate sites 
is almost the same in both the starting and the final buffer. Column chromatography 
was carried out on r@nicolumns (2 x ISO mm) as previously described5. 

The hemolysates studied contained Hb A, Hbs A and S, Hubs S and C, Hbs A 
and C, Hb C from patients with C-thalassemia, cord blood hemoglobin, and Hb A and 
/J chain Hb I. Some of the hemolysates were preserved at -46” before use ; other 
samples were examined fresh. 

Procedure. As recommended by the manufacturer, the phosphocellulose was 
prepared by equilibrating the dry resin with a large escess of buffer. The resin was 
allowed to settle for rg min and the “fines” removed. This procedure was repeated. 
The, resin was then mixed with a small volume of buffer and poured into columns as 
previously describeds. The columns were equilibrated with buffer for at least 30 min 
before the hemolysates were applied. 

..a. . . . . 

The gradient was made by a two-chambered varigrad containing x5.0 ml for 
each column to be run. The gradient stream was split three ways to produce identical 
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Xi&. 6:. Ehosphoccllulose chromatography of a preserved hcmolysatc from the patient w-ho gave 
tkie ~.sampliGn! Fig. J. For numbering system see Fig. r. 
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lTi@ 23: .l?Nospliocellulose chromatography of a hemolysate containing Hbs _A and I. For numbering 
s-ystcm 1 see ,Rig. 1: 
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with CMC chromatography, starch gel electrophoresis and polyacrylamide gel electro- 
phoresis. With pl~ospl~ocellulose chromatography there seem. to be multiple (two to 
three) fast-moving fetal hemoglobins in cord blood samples, whereas by other methods, 
there seems to be a single fast-moving Hb 17. 

In summary, phosphocellulose chromatography separates hemoglobins into 
patterns which indicate much more heterogeneity than found by other chromato- 
graphic techniques. The identity and significance of many of these components is 
yet to be established. Also, phosphocellulose chromatography is one of the few 
techniques capable of separating Hb A, and Hb C. 
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