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In the haemolysate of adult human haemoglobln (Hb), some minor com- 
ponents are present, which probably orlginate from post-translatlonal non- 
enzymatic glycatlon of /3-cham NH2 termmal groups [l] and are collectively 
termed HbA,,_d, the cr-chain, In contrast, probably owing to sterlc hmdrance, 
undergoes minor termmal modlficatlons. Thus, whenever the assessment of 
the functional propertles of HbA 1s the aim of an expenment, catlon-exchange 
chromatography of the whole haemolysate becomes necessary m order to ob- 
tam the pure HbAo component In fact, the percentages of HbAl components 
are variable and their propertles are substantially different from those ob- 
served for HbAo [ 2 ] 
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Moreover, accordmg to the above-mentioned considerations, a prerequisite 
for the study of the isolated Hb P-chain is the purification from p1 components 
At present, for this purpose cation-exchange chromatography of HbAo prepa- 
rations must be carried out as a first step, which must then be followed by p- 
hydroxymercuribenzoate (p-HMB ) Hb chain separation, ion-exchange chro- 
matography and final procedures for the removal of p-HMB. The overall pro- 
cedure is long and strains the protem, which may therefore become denatured 
In order to overcome this problem, studies on isolated haemoglobm P-chain 
are often performed on samples that have not been previously purified 

In order to shorten the time required for P-chain purification, we developed 
a procedure that employes a unique chromatographic step for the separation 
of pg.““” from pl- p HMB This technique not only allows the rapid preparation . 
of pure isolated j&-chain, but through some modifications it also provides a 
rapid separation of acceptably pure isolated Pi,-chain 

EXPERIMENTAL 

All common reagents of analytical-reagent grade were obtained from Merck 
(Darmstadt, F R G ) and Carlo Erba (Milan, Italy) Bio-Rex 70 (ZOO-400 
mesh, Na+ form) was from Bio-Rad Labs (Richmond, CA, USA), sodmm p- 
HMB from Aldrich (Sternhelm, F R G ) and YMlO membranes from Amicon 
(Lexmgton, MA, U.S A ) 

Preparatson of haemogloban samples 
Venous blood from donors was collected m EDTA-contammg tubes. The 

erythrocytes were centrifuged at 1000 g for 10 mm at 4°C and then washed 
four times with phosphate-buffered saline [PBS, ‘20 mmol/l sodmm phosphate 
(pH 7 4), 0 145 mol/l sodium chloride] The lysis was performed with two 
volumes of doubly distilled water per volume of packed erythrocytes at 4 o C for 
30 mm One volume of carbon tetrachloride was then added and the solution 
centrifuged at 1500 g at 4°C for 15 mm The clear supernatant was employed 
directly for the separation of a- and/?-chains according to thep-HMB sphttmg 
method suggested by Bucci and Fronticelh [3], with ap-HMB/Hb molar ratio 
of 8 1 and a terminal pH of the titration of 5 9 The p-HMB preparation was 
left overnight at 4°C then centrifuged at 1500 g at 4” C for 30 mm to remove 
the massive precipitate The solution, contannng CX- and/?-p-HMB chains, was 
dialysed against the buffer used for the followmg cation-exchange separation 

Cation-exchange chromatography on Blo-Rex 70 
Prior to column preparation, Blo-Rex 70 was equihbrated with 0.028 M po- 

tassium phosphate buffer (pH 6 50) for PO preparation and with 0 016 M po- 
tassium phosphate buffer (pH 6 45) for& preparation The eqmhbration was 
usually carried out m a large column using, over several days, extensive vol- 
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only with the application of a gradient. We therefore preferred to use this chro- 
matography only for the separation of /3i components The IEF pattern (Fig. 
3) shows that, m this chromatography, the second-elutmg peak includes pri- 
marily isolated &-chain with slight contammatlon from Pia_,, components, 
which are essentially contained in the first chromatographic peak 

Both the reversed-phase HPLC of p,,- P HMB tryptic digest obtained from the 
first chromatography and that of /?I_ p HMB digest obtained from the second chro- 
matography are shown m Fig. 4 In all the HPLC patterns the principal tryptic 
fragments of /?-chains can be detected The tryptic fragment j&, (ammo acids 
83-96) is normally undetectable by HPLC mapping but, after the reaction of 
CysBB with p-HMB, its solubility increases and it elutes as a highly absorbing 
peak, indicated by lO* m Fig 4 

Whereas the HPLC patterns of PO (Fig. 4, a3 ) and/&, (b2 ) indicate complete 
isolation, the pattern derived from Plamb (bl ) shows substantial contammatlon 
due to the presence of unidentified peaks that do not seem to originate from p- 
chain fragments. Fig. 4 (b3) shows the HPLC pattern of the tryptic digest 
relative to the third peak of the second chromatography, which corresponds to 
the second peak of the first cation-exchange chromatography on Bio-Rex 70, 
as deduced from the IEF patterns The HPLC pattern m Fig 4 (b3) clearly 
shows a series of peaks corresponding to some of normal &cham tryptic frag- 
ments, together with further unidentified peaks that could be derived either 
from post-translational modification of lateral amino acid chains or from some 
undetectable protein contammants. 

CONCLUSIONS 

Cation-exchange chromatography on Bio-Rex 70 allows a good separation 
of PO component without p1 contamination; further, by changing the pH and 
iomc strength of the eluent employed, a satisfactory preparation of pure j& is 
obtainable In this study we preferred to use two different sets of conditions m 
order to achieve these two aims; nevertheless, the employment of a suitable 
gradient might ensure the simultaneous separation of both components The 
chromatographic patterns obtamed under both sets of conditions show that 
three components can be obtained from /3-chain splitting, viz., pls, Plh and j3ic, 
although double IEF bands are detectable m the /& and Plb components (Fig. 
2 ) This suggests, as previously hypothesized [ 41, that more than one chemical 
modification could provide similar changes m PI,,, and similar chromato- 
graphic properties These results indicate that the /? modifications, involved m 
the generation of p1 components, are hmited to a few kinds glycation, which 
provides plc, and the puzzhng modifications that supply fila and Plb compo- 
nents, some workers have in fact suggested [ 7, 81 several different mterpre- 
tations of their structures, nevertheless, and considering our results, then com- 
plete identification remains unsatisfactory In any instances the 
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chromatographlc pattern obtained from /I-chains 1s much simpler than that 
expected from cation-exchange chromatography of HbA; the latter recently 
allowed the detection of at least nine different components [ 4,9,10 ] 
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