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ABSTRACT 

An alkah denaturation procedure was developed for the efficient enrichment of haemoglobm F (Hb F) 

m human adult hdemolysate. In contrast to the prevtous procedures, the method ts readtly apphcdble to 

small amounts of blood contammg less than 1% of Hb F, providmg reproducibly a sufficient level of Hb F 

(dt least 11%) to allow an accurate high-performance hqmd chromatographtc determmation of the three 

y-cham isoforms Further enrtchment was posstble by combmatton wtth CM-Sephadex chromatography 

1NTRODUCTION 

The phenomenon of haemoglobin (Hb) F to A switching is an excellent model 
for research on the developmental control of gene expression in mammals. 
Schroeder et al [ I] first reported that there were two isoforms in the y-chain of Hb 
F, namely Go (75Ile, 136Gly) and *Y (75Ile, 136Ala), and also that the G~/A~ ratio 
underwent a defimte postnatal change. Later, the *^/ chain was found to have two 
isoforms, *$ (75Ile, 136Ala) and *yT (75Thr, 136 Ala) [2]. 

The isolation and determmation of the y-cham isoforms were much facilitated 
by the advent of high-performance liquid chromatography (HPLC) [3-51. How- 
ever, the difficulty of obtammg an adult haemolysate containing a sufficient 
amount of Hb F for reliable determmation of isoforms has not yet been over- 
come. So far two procedures for this purpose, one using alkaline denaturation [6] 
and the other anion-exchange chromatography [7], have been reported. Bakioglu 
et al. [X] recently compared these two methods and concluded that “it seems 
desirable to develop additional micro methods which will allow an improved 
separation of Hb F ..” m view of the finding that “the two approaches do not 
always provide a Hb solution with an adequate amount of Hb F to allow an 
accurate quantitation of the three types of y-chain”, especially when applied to 
normal blood samples with low levels of Hb F (< 1 O/o>. 

Here we describe a novel version of the alkali denaturatlon procedure, provid- 
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mg a reliable and higher enrichment of Hb F, which has been successfully used in 
this laboratory for more than a decade [9,10] 

EXPERIMENTAL 

Blood samples 
Blood was obtained from normal adults by venipuncture and heparinized. In 

some expenments red cells stored in CPD medium, supplied from a local blood 
bank, were also used, After washing with saline and lysing with water and toluene 
followed by refrigerated centrifugation (19 000 g, 20 min) the resultmg haemoly- 
sate was adjusted to an Hb concentration of lo%, flushed with carbon monoxide 
and stored on ice. 

Enrichment of Hb Ffrom adult haemolysate 
A one tenth volume of 5 A4 NaOH was added to the freshly prepared haemoly- 

sate with continuous stirring at 20°C. The final concentration of NaOH was 0.45 
M. To the mixture, after standing for 2 min, were added 1.95 volumes of a 50% 
saturated ammonium sulphate solution containing HC 1. The solution was pre- 
pared by dissolving 380 g of ammonium sulphate and 23.7 ml of concentrated 
HCl m 1 1 of deionized water. On adding the sulphate solution the mixture was 
neutralized and alkali-denatured protein (mostly Hb A) was precipitated. In the 
latter half of this study we used oxygenated, instead of carboxy, haemolysate in 
which the duration of alkali exposure was reduced to 30 s (see below). After 
refrigerated centnfugation (19 000 g, 20 min) the supernatant was dialysed 
against several changes of carbon monoxide-saturated deionized water until sul- 
phate ion could not be detected in the dialysis medium. Although the resulting 
samples were usually found to contain more than 10% Hb F (Table IB), we 
attempted further enrichment of the protein by CM-Sephadex chromatography 
[l 11: the supernatant, after concentration by ultrafiltration, was dialysed against 
carbon monoxide-saturated 0.05 M phosphate buffer (pH 6.0) containing 40 mlZ/I 
NaCl, loaded onto a CM-Sephadex column equilibrated with the same buffer, the 
size of which was varied depending on the sample size, and developed with a 
linear salt gradient from the above buffer to 0.05 M phosphate (pH 6.0) contain- 
mg 160 mM NaCl. The first-eluting peak (Hb F) after a small void fraction was 
pooled, dialysed against carbon monoxide-saturated deionized water and concen- 
trated. Care was taken always to ensure carbon monoxide saturation of the sam- 
ples. All the chromatographlc procedures were conducted in the cold (4°C). 

Determination of the three lsoforms qf the y-chain 
A reversed-phase HPLC procedure, originally reported by Huisman et al. [12], 

was generally applied with a Shimadzu HPLC LC-4A instrument. The samples 
prepared as above were exposed with gentle shaking to an oxygen stream and 
fluorescent light m the cold, by means of which carbon monoxide bound to Hb 
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was removed. Usually 2.50 pg (2 5%, 10 ~1) oxy Hb, filtered through a Millipore 
filter (SJHV004NS, pore size 0.45 pm) immediately prior to the analysis, were 
applied to a Waters Assoc. PBondapak C i8 column (250 mm x 4.6 mm I.D.) 
equilibrated with solvent A-B (20:80) for 30 mm (see below). The column was 
equipped with a guard column (Shimadzu Permaphase ODS). The solvents used 
were (A) acetomtrile-methanol449 mM KHzPOd-5.4 mM H3P04, pH 2.84) 
(53:5:45, v/v), (B) acetonitrile-methanol-(49 mM KHzP04-5.4 mM H3P04, pH 
2.84) (38:9.5:52.5, v/v) and (C) acetomtrile-water (50:50). The column, equili- 
brated with solvent A-B (20:X0) for 30 min, was eluted isocratically for the first 10 
min, and then with a linear gradient to solvent A-B (63:37) in 134 min. The 
flow-rate was 1.5 ml/min and the absorbance of the eluate was morntored at 220 
nm. After the 144-min elution was completed, the column was purged with sol- 
vent A-B (99: 1) for 15 mm and re-equilibrated with the initial solvent mixture for 
30 min for the next use. 

At the end of each day’s operation, the column was equilibrated with solvent C 
after the purge. The percentages of the three types of the y-chain were calculated 
with a Shimadzu Chromatopac C-RIB data processor which was connected with 
the chromatograph. 

Determmation of Hb F 
The alkali denaturation procedure of Betke et aE. [ 131 was used to determine 

the Hb F content in adult blood, which was usually less than I %. Hb F contents 
in the samples used for HPLC analyses were calculated on the basis of p and y %, 
which were known from the HPLC results. 

All chemicals were of analytical-reagent grade and were supplied by Nacalai 
Tesque (Kyoto) 

RESULTS AND DISCUSSION 

Enrdvnent of Hb F m adult haemoly’sate 
Table IA shows the enrichment by the alkali denaturation-salting-out proce- 

dure with CM-Sephadex chromatography. 
The average Hb F concentrations m the starting and final samples were 0.8% 

(0.3-I .4%) and 74.9% (45.e96.5%) respectively, thus providing an average en- 
richment of 108-fold (688295). It should be noted that the final sample contained 
at least 45% of Hb F. This result contrasts with the previous procedures [6,7] 
which were reported not to provide always an Hb solution with a sufficient 
amount of Hb F to allow an accurate HPLC determination of the y-chain ISO- 
forms [8]. Essentially the same result can be obtained by the procedure without 
the chromatography, and the final Hb F concentration was at least 1 l.O%, also 
sufficient for an accurate determination (Table IB) 
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TABLE I 

ENRICHMENT OF Hb F IN NORMAL ADULT HAEMOLYSATE BY THE ALKALI DEN& 

TURATION- SALTING-OUT PROCEDURE WITH OR WITHOUT CM-SEPHADEX CHROMA_ 

TOGRAPHY 

Starting volume of sample 5-10 ml. Values are means f S.D Figures m parentheses show rd@CS of 

variation 

Enrichment method IIb F (%) Enrichment ratlo’ 

Imtidl” Fmal* 

(A) With CM-Sephadex 0 75 * 0 25 74.9 & 15 5 108 * 46 

chromatography (n = 25) (0 3-l 4) (45 (t96 5) (68-295) 
(B) Wlthout CM-Sephddex 044 i 017 3lOf 131 91 * 55 

chromatography (n = 7) (0 2-o 7) (11 G48 9) (26244) 
~___~_ 

a By Betke et al [13]. 

b Estimated from the HPLC result 

L Fmal Hb F:mltlal Hb F 

Fig. 1. Enrichment of Hb F m normal adult haemolysate as shown by starch gel electrophoresls Top 

formate buffer system (pH 1 9). m which Hbs were spht mto the conshtuent subunlts. Bottom 0 04 M 

Trls-EDTA-borate buffer system (pH 8 6) Armdo Black 1OB stam (a) Cord haemolysate, (b) adult 

haemolysate treated by alkah denaturatlon-saltmg-out-CM-Sephadex chromatography, (c) adult haemo- 

lysate treated by alkah denaturatlonsaltmg-out, (d) adult heamolysate 
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Fig 2 Enrichment of Hb F m normal adult haemolysate as shown by ultrawolet spectrophotometry 0 1 M 

Potassmm phosphate buffer (pH 7,O) (a) Adult haemolysate. (b) Hb A, Isolated from adult haemolysate. 

(c) Hb F-enrlched adult haemolysate (alkah denaturatlon-saltmg-out) 

Electrophoretx and spectrophotometric characterization of Hb F Isolated from 
adult haemoIJ*sate 

Satisfactory enrichment of Hb F from adult haemolysate by the present proce- 
dure was shown by starch gel electrophoresis (Fig. 1) and also by ultraviolet 
spectrophotometry in which a well resolved fine structure band around 290 nm, a 
feature characteristic of the y subunit [14], could be clearly observed for the adult 
Hb F (Fig. 2). 

Eflect of starting volume of haemolysate samples 
Fig. 3 shows the HPLC profiles of an adult haemolysate as treated by the 

present procedure with or without CM-Sephadex chromatography but with dif- 
ferent starting volumes, The results with two different samples of widely varied 
starting volumes (l-50 ml) are summarized in Table II. 

Neither variation of the starting volume nor additional application of chroma- 
tography resulted in any modification of the results, although the final Hb F 
content was considerably increased by the use of CM-Sephadex chromatography. 

Efiect of duration of e*xposure to alkali 
Table 111 shows the compositions of the I’-chain isoforms m adult haemoly- 

sates which were exposed to alkali for various periods of time. It is evident that 
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Ftg 3 HPLC profiles of Hb F-enriched adult haemolysate Top I ml of haemolysate (10% Hb) treated by 

the alkah denaturatton-saltmg-out procedure, provtdmg d sample wtth 24 5% of Hb F. Bottom- 50 ml of 

the same haemolysate treated by alkah denaturatton~saltmg-out-CM- Sephadex chromatography, provid- 

mg a sample wtth 89.9% of Hb F /tBondapak C,, (10 inn) column (250 mm x 4 6 mm 1 D.). Absorbance 

was monitored at 220 nm See text for the details 

TABLE II 

PERCENTAGES OF THE r-CHAIN ISOFORMS IN Hb F-ENRICHED NORMAL ADULT HAE- 

MOLYSATE 

No dependence on the startmg volume of haemolysate 

Sample I 
~___ 

Stdrtmg 

volume (ml) 

Sample II” 
___~ ____- - 

o”,, ‘j, Starting A;>* G5: *yt 

(%I W) volume (ml) (%) W) (%) 

50 52 5 41 5 50 20 4 17 3 62 3 

10 51 9 48 2 10 20 8 15 3 63 9 

5 54 9 45 1 5 20 3 16.0 63 7 

2 52 6 47 4 2 20.3 15 7 64 0 

lb 54 9 43 1 1 20 0 13 9 66 2 

5OWZMS’ 51 9 48 2 SC-CMS’ 20 6 17 6 61.8 

’ Sedtments were washed wtth 1 ml of 50% saturated ammomum sulphate per 1 ml of sample 

b Sediment was washed once wtth 50% saturated ammomum sulphate 

’ Further enrtched by CM-Sephadex chromatography 
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TABLE 111 

PERCENTAGES OF THE THREE y-CHAIN ISOFORMS IN Hb F-ENRICHED NORMAL ADULT 

HAEMOLYSATE 

No dependence on the duration of exposure of haemolysate to alkali. 

Sample volume 

(ml1 

10 30 26 1 11 3 56 6 

IO 60 26 I 19 6 54.3 

10 90 25 4 19.2 55 4 

10 120 25 6 188 55 6 

10 180 24 9 19 0 56 1 
220 60 26 7 1x I 54.6 

duration of the exposure, at least within 3 mm, does not influence the results. In 
subsequent investigations with the carboxy form we used 2 min for alkali dena- 
turation. 

Effect of l&and form uj haemolysate samples 
Table IV compares the results obtained with oxy and carboxy forms of two 

haemolysate samples Use of the oxy form provided a higher enrichment of Hb F 
(two-fold or more), and the compositions of the y-chain were essentially the same 
as those m the carboxy form. It should be also noted that exposure for 30 s gave 
rise to a sufficient enrichement of Hb F. In view of these results, we used ox- 

Sample volume 10 ml Sediments were washed with 50% saturated ammomum sulphate. 
___- 

Sample Duration Hb F (%) AT 

(s) 
___ (L, 

G.. *” I 

(L) (k) 
Imtial Fmai 

___- 

I-oxy 30 06 19.2 27 9 17.9 54 2 

I-oxy 45 06 86 3 25 9 18.3 55.8 

I-oxy 60 06 80 8 24 8 18 1 57 1 

I-carboxy 120 06 44 2 23 8 18 7 57 4 

II-oxy 30 04 38 1 80.3 19 7 - 

II-oxy 45 04 59 8 810 190 - 

II-oxy 60 04 53 8 80 1 19 9 _ 

II-carboxy 120 0.4 I1 9 80 2 19 8 - 

TABLE IV 

PERCENTAGES OF THE ;-CHAIN I’SOFORMS IN NORMAL ADULT HAEMOLYSATE IN OXY 

AND CARBOXY FORM 
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ygenated haemolysates after 30-s alkaline denaturation as the sample for the 
HPLC analyses in latter half of the study. This modification was found to give a 

better result especially when the sample volume was limited 

One of the problems with Hb F enrichment by an alkali denaturation proce- 

dure might be a loss of y-chains and/or the formation of modified chains with an 
altered HPLC behaviour. It is true that a loss of Hb F together with Hb A occurs 
(Fig. 3). The critical point, however, is whether preferential loss of any one of the 

three y-chains occurs. This was not the case in view of the results in Tables II and 
III, which show that the isoform composltlon of the same sample does not change 

under different conditions of the denaturation. The possibility of chain mod- 
ification such as modified ‘$ chains being eluted at the *yT posltlon IS also in- 
conceivable, as our unpublished results for G~“h of the enriched samples deter- 
mined by the classical y-CB3 procedure of Schroeder et al. [I] (27 f 18 %, II = 2 1) 
was in fairly good agreement with that obtained by the HPLC procedure (25.8 f 
16.X%), the values being typical for adults [l]. Two other findings should be 
noted First, A T y gene frequency, calculated from our results obtained for 206 
adult samples by the present procedure, is 0.138, which agrees very well with the 
value of 0.141 for 259 cord samples The value for newborns, in turn, agrees with 
the recent result (0.138) reported for the newborn population in Osaka district, 
very near to the location of the present observations [ 151. Second, oxygen equilib- 
rium properties such as oxygen affinity (PzO), the Bohr effect and the 2,3-dlphos- 
phoglycerate effect hardly differ in adult Hb F isolated by the present method and 
Hb F derived by cation-exchange chromatography [ 1 l] from cord blood (data not 
shown). 

So far two methods have been used to enrich Hb F m adult haemolysate with 
low levels of Hb F ( < l%), namely an alkali denaturation-salting-out procedure 
by Tsuchlya et al. [6] and an amon-exchange chromatographic procedure by 
Abraham rt al [7]. In a recent comparative study of these two methods It was 
concluded that although the results obtained with the two procedures were most- 
ly comparable to each other, they do not always provide sufficient enrichment of 
Hb F to permit an accurate HPLC determination of the three isoforms of the 
g-chain [8]. We came to the same conclusion. 

The alkali denaturation-salting-out procedure delineated here has been conve- 
niently and successfully used in our laboratory for more than a decade with a 
reliably high yield of Hb F (Table I) [9,10]. The procedure 1s easy to perform 
without expensive equipment or reagents, and several samples can be treated 
simultaneously, hence it 1s suitable for routine applications Usually we start with 
a sample volume of 5 ml or more, if available, for convenience of handling, 
although smaller volumes of blood also give satisfactory results (Table II). Addl- 
tional separation of Hb F by CM-Sephadex chromatography 1s generally un- 

neccessary. 



Hb F ENRICHMENT 71 

REFERENCES 

I W A Schroeder, T H J. Hmsman, J R. Shelton, J B. Shelton, E F Klerhauer, A M Dozy and B 

Robber-son, Proc Nutl. Acad Scz U S A , 60 (1968) 537 

2 G. Saglio, G Ricco, U Mazza, C Camaschella, P G. Pith, A M Gianm, E Gianazza, P G Rtghettt, 

B. Gighom, P Comi, M Gusmeroh and S Ottolenghi, Proc. Nat1 Acad Scz. C’.S.A , 76 (1979) 3420 

3 J B Shelton, J R Shelton and W A Schroeder, Hemoglobm, 3 (1979) 353. 

4 L. F. Congote, H P. J Bennett and S. Solomon, Biochem Bzophys Res Commun , 89 (1979) 851 

5 K Shtmrzu, J B. Wilson and T H. J Hmsman, Hemoglobm, 4 (1980) 487 

6 T. Tsuchtya, Y Nozawa, Y. Igarasht and A KaJita, Dokkyo J Med Scl , 10 (1983) 13. 

7 E C Abraham, A Reese, M Stalhngs, F A Garver and 7 H J Hursman. Hemoglobm, 1 (1977) 547 

8 I Bakioglu, A. L Reese and T H J Hmsman, J Chromatogr, 295 (1984) 171 

9 Y. Ikawa, Y Enokt and S Tomtta, J Physrol Sot Jpn., 41 (1979) 48 

10 Y. Ikawa, Y Enokr, S Tomita and K Nagai, J Physrol Sot. Jpn , 41 (1979) 280 

11 Y. Enoki and N Maeda, J Mol. Bzol, 31 (1968) 613 

12 T H J Hmsman. B. Webber, K Gkoqo, A L Reese and J. B Wilson, m S M Hanash and G. J 

Brewer (Editors), Advances m Hemoglobm Analysa, Alan R. Liss, New York, 1981, pp 23-38 

13 K Betke, H. R Mart1 and I Schhcht, Nature (London), 184 (1959) 1877 

14 G H Beaven, H Hoch and E R Holhday, Brochem J, 49 (1951) 374 

15 T Harano, K Harano, M Ukrta, Y. Wada, A. Hayashi, Y. Ghbd, T MiyaJl, F Kutlar and T H J 

Hutsman, Hemoglobm, 12 (1988) 723 


