
A Fetal Hemoglobin with Abnormal ‘Y.Polypeptide

Chains : Hemoglobin Warren

By T. H. J. HUISMAN, A. M. Dozy, B. E. HORTON AND J. B. WILsON

T HE EXISTENCE of variants of normal human fetal hemoglobin ( Hb-

F- or a2y2 ) has been suggested in different reports in the literature.

Variants of fetal hemoglobin with abnormal a-polypeptide chains have been

described5�”5 and some are well characterized.’0 Only one abnormality,

namely the electrophoretically fast moving hemoglobin variant Hb�F�oma, has

been identified as being composed of normal a-chains and abnormal y-chains.’3

Other possible variants include Hh-Alexandra,2’#{176}”6 the fetal hemoglobin of

the Texas type12 and Hb-Cypnis I;� these hemoglobin types, however, are too

inadequately characterized to be classified definitely under 1 of these 2

groups of Hh-F variants.

In this paper we will report studies of an abnormal hemoglobin fraction

( designated as Hb�WTarren ) which was found to be present in the cord

blood sample cf a healthy Negro newborn. The isolated hemoglobin was

characterized by various analytical procedures and was found to be composed

of normal a-polypeptide chains and abnormal y-polypeptide chains.

MATERIALS AND METHODS

The propositus was a healthy male newborn, born as the fifth child to a 23-year-old

Negro. A few ml. of blood were available for study. Additional blood samples were col-

lected at the ages of 6 weeks, 10 weeks and 16 weeks. Blood samples from both parents

and 2 siblings were also investigated.

The red blood cells were washed 3 times with 0.9 Gm. per cent NaCL solution and

lysed with an equal volume of distilled water and 0.4 volume of toluene. The hemol-

ysates were freed from debris by centrifugation at high speed in a refrigerated centri-

fuge. Starch gel electrophoresis was performed by a slight modification of the method

of Smithies14 as described earlier.4 Separation of the various hemoglobin fractions was

also obtained by column chromatography using Diethyaminoethyl ( DEAE )-Sephadex
as anion exchanger and 0.05M Tris (hydroxymethyl) aminomethane ( ThIS )-HC1 buffers

as doting solvents.5 DEAE-Sephadex ( A-50, medium ) was equilibrated with an 0.03M

TRIS-HC1 buffer, pH 8.1. for 24 hours and poured into a column of 60 x 1.0 cm.

The anion exchanger was allowed to settle by gravity until a final height of 50 cm.
was obtained. Equilibration with the 0.05 Xl TRIS-HC1 buffer, pH 8.1, was continued

at 20 C. by flowing buffer through the column at a flow rate of approximately 15 ml.

per hour for 20 hours. Oxyhemoglobin ( 60 to 80 mg. ) was dialyzed against the same

buffer overnight at 4 C. and applied to the column. Elution was obtained by applying

a decreasing pH gradient to the column. The 9 units of a variable gradient device ( Van-
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grad, Buehler Instruments, Inc., Fort Lee, N. J. ) were filled with 0.05M TRIS-HCI

buffers ( 150 ml. each) of the following pH values: 8.1, 8.0, 7.9, 7.8, 7.7, 7.6, 7.5, 7.4,

and 7.3. Such a system served 2 columns simultaneously. The flow rate of each of the 2

columns was kept at approximately 14 ml. per hour by adjusting the level of the buffer

reservoir and, when necessary, by raising 1 of the columns. Fraction of 3 ml. each were
collected and analyzed by measuring the absorption at 415 mjs and occasionally at

280 m�. The column chromatographic procedure was carried out at 20 C. ; a decrease
in temperature greatly reduced the flow rates. Calculation of the quantities of the various

hemoglobin fractions was made as described before.4 The tube fractions containing a

particular component were pooled, concentrated by ultrafiltration at 4 C. and finally

dialyzed against distilled water for at least 24 hours at 4 C. Analysis of the isolated

hemoglobin fractions was made by starch gel eleetrophoresis at pH 8.1.�

The abnormal hemoglobin component was further characterized by determining the

ultraviolet spectral absorption ( Beckman DK-2 automatic recording spectrophotometer),

the immunologic properties, the formation of hybrid hemoglobins and the amino acid

composition. The immunologic reactivity of the hemoglobin with anti Hb-F0 antibodies

and with anti Hb-Bart’s ( y� ) antibodies after absorption of the anti-serum with Hb-A
was studied according to the Ouchterloni procedure used in previous investigations.’1

The formation of hybrid hemoglobins in a mixture of equal amounts of the isolated hemo-

globins and canine hemoglobin after dissociation at pH 4.7 for 7 hours and recombina-

tion at pH 8.1 for 20 hours was studied by starch gel electrophonesis according to the

method summarized before.4 Because of the scarcity of material structural studies of

the abnormal hemoglobin were limited to the determination of its total amino acid com-

position; an attempt to separate the a and y polypeptide chains was not successful. A

small quantity (approx. 18 mg. dissolved in 2 ml. ) of the isolated component (as cyanmet-
Hb) was dialyzed extensively against distilled water. The concentration of the hemo-

globin in solution was determined spectrophotometrically at 540 and 544 mjs.7 Duplicate
samples of approximately 4 mg. of protein were hydrolyzed in 6.0 N HC1 at 105 C.

for 24 and 72 hours in evacuated sealed glass tubes. The hydrolysates were evaporated

to dryness in a stream of filtered air at 35 C., and the residues were taken up in 5 ml. of

0.2M sodium citrate buffer pH 2.0. Quantitative analysis of the amino acids were per-

formed by applying approximately 800 �g. to each column of the accelerated system of

the Spinco automatic amino acid analyzer according to the method of Spackman, Stein

and Moore.11 For most analyses normal fetal hemoglobin isolated from the same blood

sample served as control.

The alkali resistant hemoglobin in the red cell hemolysates was determined by the

procedure of Betke, Marti and Schlicht;’ values above 1.1 per cent are considered to

be elevated for persons after puberty. The alkali resistant hemoglobin in the blood samples

of the propositus was determined by the spectrophotometnic procedure described before.4

Hematologic data were obtained using conventiional laboratory procedure.

RESULTS

The starch-gel electrophoretic separation of the hemoglobin components

in the hemolysates of the propositus and of his parents is presented in fig. 1A.

An additional hemoglobin component with an electrophoretic mobility inter-

mediate between those of Hb-S and Hb-C was easily recognizable in the

cord blood sample. No abnormal hemoglobin was present in the red cell

hemolysates of either parent. The abnormal fraction, designated as Hb-Warren,

disappeared slowly after birth but was still demonstrable with this technic

at the age of 16 weeks. Complete separation was also achieved by DEAE-

Sephadex chromatography ( fig. 2 ) . Hb-Warren was eluted as a separate

component in front of Hb-A0. The pH value at which elution occurred was
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Fig. 1.-Starch gel electrophoretic patterns of Hb-Warren. A. Father G (1);
Newborn G (2) with abnormal Hb; normal cord blood (3) ; Mother G (4) . B.
Mother G ( 1) ; Hb-Warren (2) and Hb-F (3) isolated by DEAE-Sephadex

chromatography. C. Formation of hybrid hemoglobins with canine Hb. ( 1 ) human
Hb-A and canine Hb; (2) human Hb-F and canine Hb; (3) Hb-Warren and

canine Hb. The samples designated as la, 2a and 3a are the control mixtures and

those designated as ib, 2b and 3b are the samples after dissociation at pH 4.7 and
recombination at pH 8.1.

7.90 ± 0.02, while Hb-A0 and Hb-F1� were eluted when the pH of the effluent

“as decreased to 7.78 ± 0.03 and 7.68 ± 0.03, respectively. As will be

described separately5 the elution pH values were found to be rather constant

for a specific hemoglobin fraction and can, therefore, be considered character-

istic for such a component. The isolated Hb-Warren and Hb-Fo were con-

centrated by ultrafiltration in the cold and again studied by starch gel

electrophoresis. Both components were virtually free of other hemoglobins

(fig. 1B).

The quantities of the various hemoglobin components were determined in

4 red blood cell hemoylsates of the propositus and in the red blood cell

hemolysates of the parents and 2 sisters. These data together with the routine

hematologic findings are listed in table 1. No striking deviations from the

values found for normal individuals living under similar conditions were

recorded for the 4 members of the family; the values for Hb-A2 and Hb-F,

particularly, fell within the range of normal. The quantity of Hb-Warren in

the blood of the propositus was approximately 14 per cent at time of birth

and decreased slowly; at the age of 16 weeks, 5 per cent was still present.

The ultraviolet spectral absorption of isolated Hb-Warren and isolated

Hb-F(, were indistinguishable; both components showed identical tryptophan

bands at 289.8 mj�. The reaction of Hb-Warren with anti-F antibodies and
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Fig. 2.-DEAE-Sephadex
propositus and of his father.

with anti Bart’s (y� ) antibodies after absorption with Hb-A were also not

different from that seen for Hb-F ( fig. 3, in which Hb-Warren is designated

as X). The similarity of Hb-Warren and Hb-F is particularly striking in its

reactivity with anti Bait’s antiserum. One antibody present in this serum

after absorption with Hb-A reacted identically with Hb-F, Hb-Warren and

Hb-Bart’s, while an additional specific precipitation line was demonstrable

for the Bart’s hemoglobin ( see also ref. ( 17)).

The formation of hybrid hemoglobins from mixtures of either human Hb-A,

human Hb-F or Hb-Warren with canine hemoglobin was studied by starch

gel electrophoresis ( fig. 1C ) . One hybrid hemoglobin demonstrating a slow

electrophoretic mobility was recognizable in all 3 hemoglobin mixtures; this

hemoglobin fraction was found to be composed of normal human a-chains

and the /3-chains of canine hemoglobin, a2�a’ f32can.4 The second hybrid

hemoglobin, being either a21’�’1 p2A.hnm or a2#{176}#{176}’y9F.llum, was easily demonstrable

in the Hb-A-canine hemoglobin and Hb-F-canine hemoglobin mixtures. No

such a component was seen in the mixture of Hb-Warren and canine hemo-

globin. Assuming that the abnormality in Hb-Warren is located in the ‘y-chain

and considering the electrophoretic mobility of Hb-Warren it is probable

that such a hybrid hemoglobin fraction has an electrophoretic mobility similar

to that of canine hemoglobin thus preventing its detection.

Table 2 shows the amino acid composition of the purified Hb-Warren and
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Fig. 3.-Immunologic behavior of Hb-Warren (designated as X) and of Hb-F

and Hb-Bart’s with anti F and anti Bart’s antibodies.

Hb-F0. The values were expressed as both Gm. amino acid residues per 100

Gm. protein and as the number of amino acid residues per molecule of protein

( assumed molecular weight 66,000 ) . The final values are the averages of the

data obtained for the 24 hour and 72 hour hydrolysates; the values for serine,

threonine and ammonia were obtained by extrapolation to zero time, whereas

the values for valine of the 72 hour hydrolysates were accepted as the final

values. Comparison of the values for Hb-F0 with the known composition of

human fetal hemoglobin4 showed that they are within the range of experi-

mental error. The amino acid composition of Hb-Warren also resembled

closely that of Hb-Fo; small differences were noted in the numbers of histidine

residues and in glutamic acid residues.

DIscussIoN

There seems little doubt that the abnormality Hb-Warren described in

this paper is of the fetal type. This assumption is based on ( a ) the dis-

appearance of the component from the blood of the propositus after birth;

( b ) its ultraviolet spectral absorption being identical to that of Hb-F; ( c)

the identical reactions of Hb-Warren and Hb-F with anti-Hb-F and anti-
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Table 2.-The Amino Acid Composition of Hb-Warren and Hb-F0

Amino Acid

Amino Acid

G rn Amino A cid Residu es per 100 Cm. Protein Residues per
Molecule Protein

Hb-Warren
-

Hb-F0
Hb-

Warren Hb-Fo Hb-F24 hr. 72 hr. Average 24 hr. 72 hr. Average

Lysine 8.80 8.98 8.89 8.91 9.15 9.03 45.8 46.5 46

Histidine 7.32 7.48 7.41) 7.04 7.16 7.10 35.6 34.2 34

Arginine 2.68 2.74 2.70 2.70 2.98 2.84 11.4 12.0 12

Ammonia 0.98 1.12 0.91f 0.87 1.09 0.81f - - -

Asp. aci(l 8.76 8.72 8.74 8.85 9.09 8.97 50.1 51.4 50

Threonine 5.60 5.18 5.8Sf 5.85 5.22 6.lOf 38.2 39.8 38

Serine 5.04 4.35 5.45f 5.43 4.85 5.70f 41.3 43.2 44

GIn. acid 6.20 5.88 6.04 6.50 6.88 (3.69 30.9 34.2 34

Proline 3.67 3.73 3.70 3.61 3.51 3.56 25.1 24.2 22

Glycinc 3.53 3.37 3.45 3.45 3.57 3.51 39.9 40.6 40

Alanine 7.15 7.01 7.08 6.95 7.03 6.99 64.5 64.9 64

Valine 7.56 7.70 7.701 6.70 7.90 7.901 51.3 52.6 52

Methion. 1.55 1.47 1.51 1.60 1.62 1.61 7.6 8.1 8

Iso-leuc. 1.06 1.26 1.16 1.13 1.38 1.25 6.8 7.3 8
Lencine 12.44 12.38 12.41 12.55 12.85 12.70 72.4 74.1 70

Tyrosine 2.54 2.49 2.52 2.43 2.78 2.60 10.2 10.5 10

Phe. alanine 6.92 6.88 6.90 6.78 7.24 7.01 30.9 31.4 30

#{176}From literature data.

lObtained by extrapolation to zero time.

172 hr. value only.

Hb-Bart’s antibodies and ( d ) the close resemblance of the amino acid com-

positions of the abnormal component and of Hb-F0. The possibility that Hb-

Warren is abnormal in its a-polypeptide chains was excluded by the absence

of an abnormal hemoglobin in the blood of the parents and by the results of

the hybridization experiments of Hb-Warren with canine hemoglobin showing

the presence of normal a-chains and abnormal y-chains. It is to be regretted

that structural studies of abnormal fetal hemoglobins are in most instances

hampered by lack of material, since blood samples by necessity are limited

in quantity. Lack of a sufficient quantity of pure Hb-Warren was the reason

that structural studies were limited to the determination of the total amino

acid composition of the protein. It is realized that such analyses offer only

limited information if any with regard to the structural abnormality involved.

Comparison of the amino acid compositions of Hb-Warren and Hb-F does

suggest an increased number of histidine residues and a decrease in the

number of glutamic acid residues. The presence of Hb-Warren seems not to

bear any clinical or hematologic consequences.

SUMMARY

The discovery of a variant of fetal hemoglobin in the cord blood of a

Negro newborn is reported. The abnormal hemoglobin, designated as Hb-

Warren, was studied by different analytic procedures, such as starch gel

electrophoresis, anion exchange chromatography, ultraviolet spectral absorp-

tion, immunologic reactivity with various antisera, hybridization with canine
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hemoglobin and the determination of the total amino acid composition. It

was concluded that Hb-Warren was composed of normal a-pol�peptidc chains

and abnormal ‘y-polypeptide chains.

Sur�IMAmo IN INTERLINGUA

Es reportate le discoperta de tin variante de hemoglobina fetal in le sanguine

del cordon de un neonato negre. Iste hemoglobina anormal, designate como

hemoglobina Warren, esseva studiate per vane technicas analytic, incluse

electrophorese a gel de amylo, chromatographia a excambio anionic, absorption

spectral de ultravioletto, reactivitate immunologic con vane antiseros, hybridi-

sation con hemoglobin canin, e Ic determination del composition de amino-

acido total. Esseva concludite que hemoglobin Warren es componite de normal

catenas polypeptidic a e anormal catenas polypeptidic y.

ADDENDUM

Approximately 1 year after the completion of this study the opportunity was offered

to reinvestigate the propositus ( J. G. ) at the age of 16 months. his 3 sisters ( Jac. C.

9 yrs.; Jud. G., 7 yrs., and Nt. G., 4 yrs. ) and his 3-year-old brother ( D. G. ) ; the

parents were not available. Hematologic observations did not demonstrate marked devia-

tion from findings made for Negro children without hemoglobin abnormalities living

under similar conditions; a moderate anemia was present in the proposit-us. J. C. ( Hh
7.8 Gm., Hct 32 per cent; RBC 3.77 x 106/mm.3; reticulocytes 5 per cent ) which was

thought to be of nutritional origin. Starch gel electrophoretic studies of the 5 hemoglobin

samples did not reveal the presence of any abnormal hemoglobin. The hemoglobin samples

were also analyzed by DEAE-Sephadex chromatography following the procedure as

described above. The levels of Hb-A2 were within the normal range, namely 2.0 per cent

(J. G.); 3.1 per cent (D. G.); 2.9 per cent (M. C.); 3.0 per cent (Jud. G.) and 2.8 p�’r

cent (Jac. G. ). An additional component was eluted in small quantities in front of

the major hemoglobin fraction ( fig. 2) when the hemoglobin samples of J. G.. NI. C.

and D. G. were analyzed; the quantity of this fraction, which undoubtedly was not a
pure hemoglobin component, was estimated at 1.7 per cent (J. G. ), 0.8 per cent ( NI. C.)

and 1.2 per cent ( D. G. ) . This fraction was not present in the hemoglobin samples of

the other 2 children. The isolated component was concentrated by ultrafiltration at 4#{176}

and reanalyzed by starch gel electrophoresis and by determining the isolencine/leucinc

ratios using the automatic amino acid analyzer. All 3 isolated fractions showed the
presence of a notable quantity of a hemoglobin component with the same mobility as

that of the abnormal Hb-Warren described above; in addition normal Hb-A was present

and a slow moving hemoglobin fraction which is likely an artefact produced during

the handling of the minute quantities of the isolated hemoglobin fractions. The amino acid

compositions of the hemoglobin fractions resembled that af a mixture of Hb-A and Hb-F;

the isoleucine/leucine ratios in the three samples were found to be 1/27 (J. G. ), 1/27

( M. G. ) and 1/55 ( D. G. ). Assuming that a normal isoleucine/leucine ratio of 1/8.75

is present in the pure abnormal fetal hemoglobin approximately 30 per cent of the

isolated fractions of J. G. and M. G. and approximately 15 per cent of that of I). C. was

Hb-\Varren. It seems, therefore, that Hb-\Varren was still demonstrable in the blood of

the propositus at the age of 16 months in a quantity of about 0.5 per cent whereas his

brother ( D. G. ) and 1 of his sisters ( M. G. ) are also likely carriers of the y-chain ab-

normality, the abnormal hemoglobin being present in amounts of 0.2 to 0.3 per cent.
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\Vestcndorp Bocrina ( Groningen, the Netherlands ) for performing the immunologic

essay.
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