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CHROM. 5609
Phosphocellulose chromatography of human hemoglobins

Phosphate compounds are known to bind to a number of proteins including
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ganic phosphates to two adult chicken hemoglobins!. 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 exist,
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.

Experimental

Materials. Batches of phosphocellulose from several sources were tried, the
most satisfactory being Cellex-P, control No. B-104o obtained from the Bio-Rad Co.,
Richmond, Calif. This particular lot was made several vears ago and is no longer
available. Lots bearing control Nos. 5170, 7414, and 9gos50 were tried but gave broad
bands with poor separation. The same resin with control No. 9185, made recently,
is satisfactory but is not as good as the B-1040 batch. To use this technique will
require searching 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 100 mg/l 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
to. volume. The terminal buffer was at a pH of 8.2 and o.01 M in Tris. At pH 6.7,
Tris is about 97 % ionized and at 8.2 it is only 50 % 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 minicolumns (2 X 150 mm) as previously described®.

The hemolysates studied contained Hb A, Hbs A and S, Hbs S and C, Hbs A
and C, Hb C from patients with C-thalassemia, cord blood hemoglobin, and Hb A and
B 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 excess of buffer. The resin was
allowed to settle for 15 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 described3. The columns were equilibrated with buffer for at least 30 mm
before the hemolysates were applied.

The gradient was made by a two-chambered varigrad containing 130 ml for
each column to be run. The gradient stream was split three ways to produce identical
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igradiients wihiidh weeare tmamsfomed] iy @ penistaltic pump to) eacl of three columns
wat @ How watte «df wbout o® mi)ih. Plospliocellnibse: dbess nott lawe: the' capacity of
DEAE-cdlidlose @and only o5 mg off Bl couldl be: applied! to) each: phosphocellulose
«cdlummn. Nest «of tthe cesins comsidlaned] tho e unsatisfactony had! less: capacity and: al-
imeost tihe length «f the wollumm wiens nequuinedl o Holdl tlie: same: amount of iemoglobin.
Asaconseguendae, [poor sgpunitions wittth wems- widiz: bandb: werne: obtained!.. The column
effiluent waes maonttored by dldtamiming itts atbsonbance: att intervals. off T min with
flow-through uwetttes im @ Gillfond] Niodiell 2v00 spectnopliotometern:. Tle- effluent was
wsudlly «cdlledted] iin firadtionu] wolluness off 44 mil. Fractions: tliat contained! each of
tthe sgparated hemogldbins weare powlldl andl quantiitated] as: thie product of the volume
and tthe dbsotbance. The sgpunatied comyponentss wene: also: quantitated! by integration
«of tihe :area mnder the curse off albxonthanue us. ime:.

Residlts caondl (iisouession

The mesults «ff gihogplhincdlidbse dinomatognaplix- ave: presented! in: Figs. 1-8.
Uinfortunatdly;, mett @l dimomuttogmunys Hhvwed] tlie: same- high quality oft separation.
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THig. 1. Phesphecdliutose dhiromottipaeapiye off in Hemulisate containing: Hiy: A\ ThHe components arc
muniberetl iin ortter f dhttion. The idlomtgicatiom ssasteam is anbBitmanwee in that individual numbers

.are :assigned tto pedks wihen ift seonuell disimat)ibe toy disansss thie: component: as- a: whole. See text
tffor (tletail.
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An explanation of this inconsistency probably can Ibe ffound iin :an iingpedtion off tile
buffer gradients. The differences iin :gradient jprobdbly \were wausetl thy wartidhility
in the speed of the magnetic stirring |bars, resiilting iin (differences iin tthe pressurs
in the bottom of the mixing chamber.
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Fig. 3. Phosphocellulose chromatography of a hemolysate containing [Hbs Wanth C. [¥ror munilethizg
syvstem see Fig. 1.
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Fig. 4- Phosphocellulose chromatography of a' hemolysate containing  Hbs:S:ant(C.1Fonmumileering
system see Fig. 1.
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Fig. 5. Phosphocellulose chromatography of a'freshihemolysate!from: aypersonywith EHb(Gtthclioss-
semia. For numbering system see Fig. 1.
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Hig:.6.. PHosphocellulose chromatography of a preserved hemolysate from the patient who gave
the sampleé in Fig. 5. For numbering system see Fig. 1.
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Hig:. 7:. Phosphocellulose chromatography of a cord blood hemolysate. For numbering system

see-Rig. 1.
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Howewer, after studly of mamy clhromatograms,, the: presence of three subcom-
ponents of eadh major hemoglobim fractiom becomes ewident (IFig. 2, fraction 2;
Fig. 4, Iractiom 2z; Fig. 8, fractiom 2). Using: a gentle gradient, these three major
subcomponents are mepeattedly amd comsistemttly presemt.. Additional miner subcom-
pomentts are found inmegulkarly. Althowglh accurate quantitatiom of the subcomponents
is imypessible, the wecond swbcompomemtt of each triad comtains: the largest quantity
of lhemaglobim or at lheast occupies the elotiom peals. The presence of the third sub-
component is mome gemerallly olbwioms tham the: fivst (Fig.. @, fraction 25 Fig. 3, fractions
2 amd 3; Fig. 3, fractiom 3; Fig. 7, fractiom 3)).

Qme possible sounce of hetemogemeity could be -the ditferences in mobility of
cyammethemaoglobin amd oxsyibemoglolbim, since these: compounds: may have different
affimities for phosplhate. Homwewer, cdimmatograpiy of osylhemoglobimn, 75 %. oxyhemo-
globim plus 259 cyammetihemogiobim, amd 25 %, osyhemoglobin plus 75 %. cyan-
methemaglolbim failled tho sthome amy clhromatograpiiic differemces.

Im addition to the hetemogemeity motted albowe, sewerall minor hemoglobin com-
ponents, comespondimz to the so-called electroplioretically fast-moving minor
lhemaglobims, elmtte hefore tthe major pealks come off the collumm (¢.g. Fig. ¢, fraction 1;
Fig. 2z, firaction 1; Fig. 3, fractioms 1 amd 4). These mimor hemoglobins cannot be
related to Spedific compomemtts separated by other methods: without mere data.
Howewer, it its imttemestimg to motte tihat am aged, frozem hemolysate from a patient
wiith Hib C-tihalassemita (Fig. ©, pealk 4) has imcreased mimot lhemoglobin components
compared to @ fredh samplle from the same patiemtt (Fig.. 5, peals 4)).. These components
probably correspond to fractions fomd by Hrissua ¢f @ % using DEAE-Sephadex
and Amberlite TRC 50 dimomatography im aging: sppecimens off hemoglobin.

Ome importamt dharacteristic of phosphocellnlose chromatography is: its ability
tho separate Hb A, firom Hb C (Fig. 3, fractiom 3; Fig.. 5, fractiom 3).. Unfortunately
there is some difficulty im completely separatimg Hib A, from a fast-moving minor
component of Hb C so that quamtitatiom is difficalt. Im the patient witlh Hb C-
tihalassemia, Hb A, was found to be 4.2 %, (Fig. 5) while: im a patient with homozygous
Hb C (mot <owm im graph formm) Hib A, amounted to 2.7 %. Another patient with
Hbs A plus C, had @ Hib A, lewvell of 3.6%, (Fig. 3). Note that inm a hemolysate from
a mormxall adult the Hib A, was 3.9 9.

Daozy axp Hersvas® have reported! a metlhod for quantitating Hib A, in the
presemae of Hb C wsimg CN-Seplhadesx amd Tris-maleic acidl buffers;. but eacl: column
takes @ week to mun. Perhaps phosplhocellulose: chromatography cam be modified,.
by adjustimg the dmomatographic conditions;,, to produce complete separation of
these components amnd allow quamtitatiom of Hib A, im the presence of Hb» € more
rapidly tham by CN-Sephades dhmomatograpiiy.. Precise quantitation of Hb A, by
mimicolumm dhmemattograply, homveser, canmot be expected.. Furthermore, phospho-
cdllulose dhromyatography Eaills tho resolve Hib § amdl Hi» A, simce Hb A, seems. to have
@ molbillity quaithe similtar to the third subcomponent: of Hilb S ([Figs.. 2 and! 4)..

It is imthemestimg thatt the Hib A, im cord blood could be quantitated in spite
of iitts smxalll quzamttity.. Tlve Hib A, lewel of a sammple of Hibs A plus T (abnormal 3 chain)
(Fig. 8) is probably spuriowsly lowse becamse of the age of the: sample..

The dimomatographic pattenn of cord blood shows: that Hib IF elutes before
Hb -A. This paftthern fis similtar to that fomnd witlh Amiberlite IRC so chromatography,.
DEAE-cdlulose dhmomatiograplhy and agar gell electroplhoresis: but unlike the findings.
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with CMC chrumatography, starch gel electrophoresis and polyacrylamide gel electro-
phoresis. With phosphocellulose 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 I

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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