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I HE DISCOVERY of abnormal hemoglobin with high anodic mobilities

at pH 8.6 is often made accidentally. In many cases no clinical syndrome

is connected with these so-called fast moving hemoglobins.

Rigas et al.1 identified in 1955 for the first time a fast moving hemoglobin,

which was designated Hb H, and which appeared to be closely connected to

thalassemia. In the same year, Page et al.2 studied a fast moving hemoglobin

which iii the beginning was supposed to be identical with the preceding

variety. It showed the same anodic mobility at pH 8.6, but at pH 6.5 difFer-

ences were observed. The new hemoglobin was later called Hb J3#{149}III 1955, a

fast moving hemoglobin which was first thought to he FIb H was isolated by

Cabanucs et al.4t This time it provel, however. to l)e again Hb I. In 1957,

Schwartz et al. described another carrier of Fib I. M. Murayana and Ingi’am

\�‘erc al)le to stud� th� #{149}al)normal hemoglobin of this patient in detail and

fouiui tlhtt it (liffered froni Ilormal a(lult heirioglohin in i��pticle 23 of the

“fingerprint. This I)(’Pticle belongs to the a chains of the hemoglobin molecule.

It is, however, not known whether the different carriers of Hb I that have

l)eeIl (k’scril)e(I until now all have the sanie a chain anomaly. Up to this time,

only heterozvgous carriers of the hemoglobin I gene have been reported.

Iii the present p�tper, we report the jdentical finding of three cases of Hb

A-I in 1fl Algerian Mussulman family of negro origin arid the investigation of

the 1)100(1 of one of them, revealing the presence of a second abnormal corn-

ponent.

CASE HIST0PY

Ahmed D., a 65 year old man WaS admitte(1 to the hospital on February 6, 1960 be-

cause of fever iiicl jaundice, which had started a month before. Since he had never �uf-

fered from such symptoms before and had recovered completely, a diagnosis was m�ide
of benign virus hepatitis. At the end of March, the liver function test gave the following

results:

Bilirubin direct 8.5 mg.%

Bilirubin indirect 2 mg.%

Cholesterol 210 mg.%

Thymol test 128#{176}vemnes

Hanger test +++

In t�i1)l( 1 the liematologic (lata on February 16, 1960 and on March 25, 1963 are

I’row till? I)eiartmc’nt of Pediatrics, State University, Groningen, The Netherlands (Prof.

Dr. I. II. P. loans), Le Labaratoire central d’h#{233}rnatologie-hact#{233}riologie dii centre Hos-

;#{241}talierRegional (lAlger (Prof. A. Portier), and k’ Cliaire (In Pathologic Generate et M#{233}di-

(ale de Ia Faculh (IC Medicine (lAIg#{232}r(Prof. CI. Boulard).
Submitted June 8, 1.961; accepted for publication Aug. 16, 1961.
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- Table 1.-Hematologic Data of Ahmed D.

1)ate 2-16-1960 3-25-1960

Hb 12.8 Gm.% 11.2 GmS�

Venous hematocrit 35.5% 37%

R.B.C. 3.4.10#{176}per mm.� 3.8.106 per mm.5

Reticulocytes 2. 1 %

M.C.V. 105 p. 97 j�

M.C.H.C. 36% 30%

Osmotic fragility 4.6-3% NaCl

Anisocytose ± +

Sickling test - -

\V.B.C. 5,000 per ��111a 5,400 per mm.3

Neutrophils 74 77
Eosinophils 4

Lymphocytes 23 17

Monocytes 3 2

Platelets 360,0()() -

Clotting test normal normal

represented. The bone marrow showed normal maturation of erythroid and myeloid cells

and platelets. The patient showed a mild normochromic anemia with normal osmotic

fragilities, macrocytosis and anisocytosis.

I(lentification of tile Hem oglol)in

Paper electrophoresis of the lwnloglol)in in veronal buffer at pH 8.6 ( fig. 1 ) revealed

the presence of two fractions. The slower fraction had the same mobility as normal hemo-

globin A, the faster fraction had a position characteristic of Hb H or Hb I. Chromatography

on amberlite IRC 50,� which permits a differentiation between Hb H and Hb I, demon-

strated that the abnormal hemoglobin was Hb I ( fig. 2).

The presence of HI) H in the patient’s blood cells could also be excluded by the absence

of inclusion bodies after the brilliant cresyl blue stain according to Gouttas et al.#{176}

The percentage of the abnormal component was estimated to be about 20 per cent of

the total Hb content.

Family Examination

The patient’s wife and four of their six children could be examined Physical

examination did not reveal particularities. Paper electrophoresis of the hemo-

globin of the mother and of the two younger children showed a normal pat-

tern. In the hemoglobin of the two older children, the same abnormal corn-

ponent as that in the father’s blood could be demonstrated. The relative

amount was, however, less. ( 12 instead of 20 per cent).

Hematologic examination could be made in the blood of the child Adda D.

( table 2) . Like her father, this child was also suffering from a slight nonno-

chromic and macrocytic anemia.

The family examination makes it likely that the gene responsible for the

abnormal hemoglobin is transmitted in a simple mendelian way.

Chemical Investigations

Chromatography of the hemoglobin of the father, Ahmed D., on carboxy-

methylcellulose, using a pH gradient,1#{176} permitted a quantitative separation

of the abnormal component. The percentage of this component proved to be
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#{176}Fo’numbering of the tryptic peptides, see ref. 11.

, .

Hb A+I Father

: HbA+J
�

#{149}1�I� ‘ -� Hb A+I ChiLd I

� Hb A+I Child I
.-�

..� Hb A+A
Fig. 1-Paper electrophoresis of hemoglobin at pH 8.6.

19.5 per cent of the hemoglobin applied to the column. The method also re-

vealed the presence of an abnormal minor component with a mobility slightly

lower than fetal hemoglobin ( HI) F ) ( fig. 3 ) . The relative amount of this

fraction was 0.8 per cent, while the amounts of the normal hemoglobin corn-

ponents A3, A1, and A2 were, respectively, 7.8, 64.8 and 1.3 per cent. In order

to investigate the components of the hemolysate, larger amounts were pre-

pared by a preparative modification of the same chromatographic method.

The concentrated components were broken down to peptides under action of

trypsine after heat-denaturation according to Ingram.11 The soluble tryptic

peptides were separated by paper electrophoresis in pyridin acetic acid buffer

of pH 6.5. A potential of 160 V. Cm. was applied during 30 minutes. The

separated peptides were stained with ninhydrin and also tested by specific

staining reactions on the paper for the presence of arginine, histidine. tyrosine,

tryptophane and cysteine or methionine.12

The electrophoretic pattern of the tryptic peptides (fig. 4) of the main ab-

normal component compared with the corresponding pattern of Hb A1 shows

that one peptide (number 23#{176}) is missing in the abnormal a chains. A new

peptide, containing tryptophane, overlapping peptide number 25 is present.

These results agree with the description of Muryama and Ingram for Hb J#{149}13

This makes it more likely that the main abnormal component is indeed identi-

cal with the fast moving component of Schwartz and Tocantins.7

The pherogram of the tryptic peptides of the minor abnormal component

shows that peptide 23 is missing again and that a similar new tryptopbane

positive peptide is overlapping number 25. In addition, the peptide pattern
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Fig. 2.-Chromatography of Hb A + I and Hb A on Amberlite IRC-50.

shows peptides which are specific for the 8 chains of Hb A2.’4 This can be

demonstrated from the absence of peptide 26 in both the normal and abiior-

mal minor components and the appearance of a new arginine positive peptide,

overlapping peptide 23.

In figure 5 a fingerprint1’ is shown of the abnormal minor component, in

which the characteristic peptides of the abnormal a and the normal 6 chains

are indicated.

Table 2.-Ilematologic Data of Adda D.

Hb 12.8 Gm.%

Venous hematocrit 39%

R.B.C. 3.9 x 106 per mm.3

Reticulocytes 1.2%
. M.C.V.

M.C.H.C.
Osmotic fragility

100 �3

32%
5-3.8% NaCl
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Fig. 3.-Elution pattern

carboxvmethvlcellulose.

DISCUSSION

The systematic search for abnormal hemoglobins has led to the discovery

of a third family in which the rare hemoglobin variety Hb I occurs. As in the

other cases, the hemoglobinopathy is in the heterozygous state. The hesna-

tologic anomalies are minor and restricted to a weak macrocytic anemia and

it is not possible to affirm whether the anemia is caused by the presence of the

abnormal blood pigment or not. Indeed, the hemoglobin seems to be asympto-

matic, clinically and hematologically in all the reported cases.

The interest in this report lies in the observation of a second abnormal

hemoglobin fraction in the hemoglobin of the Hb I carrier. To interpret the

presence of this minor fraction, one should keep in mind that the normal

adult hemoglobin molecule is built up of four polypeptide chains of two

kinds, denoted a2$2.1� J� abnormal hemoglobins the difference may be lo-

calized in the �6 chain, for instance in the Hb’s S, E and C, or in the a chain,

for instance in the Hb’s Ga, Da and 1.�#{176}It is highly probable that the normal

hemoglobins A1, F and A2 possess identical a chains’4’17 but different ,6 chains,

which are called y and 6 chains for Hb F and Hb A2 respectively.

If a genetically determined chemical alteration takes place in the fi chain,

leading to an abnormal variant of A1, this alteration need not result in the

formation of an abnormal fetal or A2 hemoglobin, because these hemoglobins

have y, respectively 6, chains instead of ,8 chains. However, an altered a chain

offers the possibility that also abnormal fetal and A2 hemoglobins are created,

at least if it is assumed that all a chains are under control of a single allelic pair

of genes.

From the present results we concluded that the minor abnormal component,
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Fig. 4.-Peptide patterns of the four hemoglobins in the blood of Ahined D.
The thinly hatched bands in the bottom strip (indicated with an arrow) are only

slightly colored and do not contain trvptophane.

which can be called Hb ‘2, is an abnormal variant of Hb A�, and is different

from Hb A2 in the same way as Hb I, now to be called Hb I�. In this respect

it should be noticed that the chromatographic mobility of Hb 12 in front of

Hb A2, and also the low amount of Hb A2 in the patient’s blood ( I .3 instead

of 2.5 per cent in normal persons ) are in agreement with the assumption.

In the patient’s blood are thus found the following hemoglobin types:

a2$ = A1; a2$. = Ii; a282 -. A2; and e� 62 _ 12.
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Fig. 5.-Fingerprint of Hb I� peptides. The peptides in which Hb ‘2 differs
from Hb A� are indicated b� lines running obliquely from left (top) to right (hot-
torn ) . Peptide 23, which has Hb L in common with Hb I, is indicated by lines

running obliquely from right ( top ) to left ( bottom ) . Peptides which are only

faintly visible are indicated by broken lines.

One should expect that in infants, carriers of the Hb I gene, an abnormal

fetal hemoglobin with the formula a216� is present. Until now, no report of
this hemoglobin has been made.
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