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1. Introduction 

The or& contact area of the hemoglobin molecule 
is known to be involved in the structural transition 
that occurs on oxygenation [ 1,2] and is of critical 
importance for the full expression of its allosteric 
properties [3]. This has been confirmed by the 
functional disorders observed in several mutants with 
substitution in the ai& region [4] including Hb 
Hirose /3 37 (C3) Trp + Ser, the unique example of a 
substitution of the (3 37 tryptophan residue [5] . 

In this paper, we describe the structural study of a 
new mutant, Hb Rothschild*, in which the same 
tryptophan residue is replaced by an arginine. Its oxy- 
gen equilibrium properties are also reported. 

2. Material and methods 

2.1. Structural studies 
Blood was collected on heparin and hemolysates 

were prepared by routine procedures. Electrophoreses 
were performed on cellulose acetate plates (Helena 
Laboratories) in Tris-EDTA buffer, pH 8.8. 

Isoelectrofocusing on polyacrylamide gels was 
done as described by Drysdale et al. [6]. The abnormal 
component was purified on DEAE-Sephadex in 

*Name given from the Hapital Rothschild, Paris 

North-Holland Publishing Company - Amsterdam 

0.05 M Tris-HCl buffer, using a pH gradient from 
8.2-7.5. 

After removal of the heme, the globin chains were 

separated according to Clegg et al. [7]. 
The tryptic digest was fingerprinted on cellulose 

thin-layer plates. For preparative purposes, silica-gel 
plates of 0.5 mm thickness were used, allowing direct 
elution of the abnormal peptides. The amino acid 
composition of peptides was determined after hydrol- 
ysis by HCl, using a Beckman 120 C amino acid 
analyzer. 

2.2. Functional studies 
Oxygen equilibrium curves were determined by 

the discontinuous spectrophotometric technique of 
Benesch et al. [8]. The pure components were stripped 
on a Dintzis column [9] and studied in 0.05 M bis- 
Tris buffer. 

3. Results and discussion 

Electrophoresis of the hemolysate at alkaline pH 
showed an abnormal fraction migrating between HbS 
an-d HbAa. A similar pattern was obtained by iso- 
electrofocusing (fig.1). The abnormal fraction eluted 
from DEAE-Sephadex at pH 8.0 as compared to 
HbA at pH 7.7, and constituted 47% of the total 
hemoglobin. 
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280 nm between p and (Y chains, suggesting the 
absence of an aromatic residue in the abnormal fl chain. 

No abnormality could be detected on the ninhydrin- 
stained peptide map (fig.2). But specific staining for 
arginine revealed the presence of a supplementary 
spot, not shown by ninhydrin. Also, on staining with 
Ehrlich’s reagent, no tryptophan was found in the 
/3T4 spot. After elution from a preparative fingerprint, 
both abnormal peptides were analyzed (table 1). The 

Table 1 

Amino acid composition of the two abnormal peptides 
eluted from a preparative fingerprint 

Fig.1. Comparative patterns of lysates containing Hb 
Rothschild and HbS obtained by cellulose acetate electro- 

phoresis (left) and gel isoelectrofocusing (right). Left: 1, 

HbA/S; 2, normal lysate; 3, HbA/Rothschild. Right: 1, 

HbA/S; 2, HbA/Rothschild. 

On chain separation, one abnormal fl chain with 
increased positive charge was observed; the elution 
pattern showed a decreased absorbance ratio at 
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Fig.2. Fingerprint of the p chain on cellulose thin-layer. A supplementary spot, fl,B, stained for arginine is observed; the peptide 

f3T.A stained for arginine but not for tryptophan. 
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Table 2 
Amino acid sequence of pT,A and fl,B peptides of Hb Rothschild as 

compared to the normal fl, 

PA 

p Rothschild 

Leu-Leu-Val-Val-Tyr-Pro-x-Thr-Gln-Arg 

31 31 

Leu-Leu-Val-Val-Tyr-Pro-AA-Thr-Gin-Arg 

PT, A BT.B 

results indicate that peptide flT4 has been specifically 
cleaved by trypsin, due to the replacement of trypto- 
phan by arginine, as illustrated in table 2. This is 
therefore a new variant, Hb Rothschild, 037 trypto- 
phan + arginine. 

The oxygen equilibrium curve obtained on pure 
stripped Hb Rothschild demonstrated a decreased 
oxygen affinity, the PsO being equal to 3.5 mm Hg 
instead of 2 mm Hg for control HbA. The heme- 
heme interaction was also found reduced (n - 1.8). 

The 037 tryptophan residue lies in the ar& con- 

Hb02 per cent 

0 1234567 
PO2 

Fig.3. Oxygen equilibrium curves of pure stripped hemo- 
globins. Bis-Tris 0.05 M buffer, pH 7.1,25”C. Hb Rothschild 
(-•-), HbA (-o-_). 
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tact area, in both oxy and deoxy structure [ 1,2] . 
Moreover, Perutz et al. have given spectral evidence 
of its involvement in the T and R structural transi- 
tion [lo] . 

Hence, taking into account the size and the strongly 
apolar character of the tryptophan residue, any sub- 
stitution should lead to structural perturbations of 
the (Y& contact. 

From the initial functional studies it is apparent 
that the allosteric transition is disturbed by the sub- 
stitution. 

In Hb Hirose a similar impairment of the coopera- 
tivity was observed [S] , but the oxygen affinity was 
increased as opposed to the decrease observed in Hb 
Rothschild. This discrepancy can probably be explain- 
ed by the difference in size and charge between the 

serine residue present in Hb Hirose and that of 
arginine in Hb Rothschild. The positively charged, 
guanidininium group of the newly introduced arginine 
could be involved in electrostatic interactions that 
would stabilize the T structure. 
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