as the presence or absence of fine
structure in these bands. The widths of
the bands in Fig. 1, A-D, and the
absence of extensive fine structure are
consistent with the interpretation that
each band arises from a large num-
ber of phosphorus atoms in slightly
different chemical environments. Thus,
in the spectra in Fig. 1, A-C, the
widths of the phosphonate absorption
bands are about 200 hz, whereas the
width of the entire spectrum of 2-
aminoethylphosphonic acid would be
only about 60 hz (4, 8). In the ortho-
phosphate region two broad absorption
bands are resolved for each sample,
which reflects the presence of at least
two kinds of orthophosphate, The
total bandwidth in this region is ap-
proximately 180 hz, whereas that of a
simple monoester of orthophosphoric
acid would be about 15 hz. In contrast,
both the phosphonate and phosphate
regions of the spectrum of hydrolyzed
lipid (Fig. 1E) have been altered as a
result of hydrolysis. The spectrum in
the phosphonate region appears to be
essentially that of 2-aminoethylphos-
phonate; however, upon expansion of
this region the presence of at least two
other compounds was detected (4). The
complexity apparent in Fig. 1A has
been reduced, which enables the resolu-
tion of the comparatively few remain-
ing resonance signals. Similarly, the or-
thophosphate region has been simplified
to that of the signal of inorganic or-
thophosphate (—5 ppm) and a second
upfield signal which may arise from an
alkyl monoester of orthophosphate.
Small amounts of other compounds
were observed upon expansion of this
region. The increased ratio of signal to
noise in the spectrum in Fig. 1E as
compared to that in Fig. 1A indicates
that the large number of compounds in
the unhydrolyzed lipid has been re-
duced, thereby significantly decreasing
the number of unique chemical environ-
ments for the phosphorus atoms and
concentrating the absorptive power of
the sample into a few resonance bands.

In summary, 31P NMR can be used
for the detection of biological phosphate
and phosphonate and for the determi-
nation of the relative amounts of each
type. From the details of the respective
resonance bands, the complexity of
the phosphorus-containing mixtures can
be established, and, with favorable
conditions, specific structures can be
identified. Further, this work Thas
shown that problems exist in the classi-
cal colorimetric procedure for the de-
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termination of phosphonate-phosphorus
(see Fig. 1E) (4). The technique is
nondestructive, and therefore may be
of value in the study of the mode of
binding of phosphonic acid derivatives
in intact proteins and lipids.
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Homozygous Hb J Tongariki: Evidence for Only
One Alpha Chain Structural Locus in Melanesians

Abstract. A high frequency of Hb I Tongariki (a 115 Ala— Asp) was found in
a Kilenge village in New Britain. Heterozygotes had 45 to 50 percent of the HbJ
component (determined by cellulose acetate electrophoresis). Two homozygotes
for HbJ had no Hb A, suggesting that in this family only one Hba structural

locus is present.

Many animal species possess more
than one structural locus for the «
chain of hemoglobin (). Schroeder
et al. (2) have demonstrated frac-
tional ratios of glycine and alanine at
residue 136 of the human fetal y chain,
which they interpret as evidence for
the presence of two or more loci en-
coding for the 4 chain.

While critical genetic data have been
lacking for man, Lehmann and Carrell
(3) have suggested that there may be
two Hbe loci in this species on the
basis of the observation that many
heterozygotes for & chain variants have
only 20 percent of the abnormal com-
ponent, half the amount found in most
heterozygotes for an abnormal Hbg
gene. Thus, only one of four Hb. genes
is presumed to have undergone muta-
tion. We now, however, present genetic
and biochemical evidence that in a
Melanesian population there is a single
Hb. locus.

An HbJ migrating more rapidly
than Hb A at pH 8.6 on starch-gel
electrophoresis (4) has been discovered
in the Kilenge, a group of natives
who reside west of Cape Gloucester

and north of Sacsac in New Britain
(5). Samples from 67 natives in three
villages were available for study as
part of a malarial survey. Twenty-two
individuals were heterozygous for Hb
J (Fig. 1). Fourteen persons were di-
rect descendants of I-2, of whom nine
were heterozygotes along with I-2. In
addition, two individuals, a father (II-
3), now deceased, and his son (III-2),
had only Hb J as the major compo-
nent, and completely lacked Hb A. Al-
though one parent of each apparent
homozygote was not available for
study, of the six spouses marrying
into this family who were studied, four
were heterozygotes for the abnormal
hemoglobin. Thus, it is likely that the
missing parents were also hetero-
zygotes.

On a second visit to the area, we
obtained hematologic data from the
relatives (Table 1). Total hemoglobin
concentration and hematocrits were
measured in New Guinea within 5
hours of collection on seven samples.
The hemoglobin concentration of all
samples was measured upon receipt
several days later in Ann Arbor. He-
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matocrit and hemoglobin concentration
were within normal range in each per-
son studied, including the apparently
homozygous son (III-2). Minor degrees
of erythrocyte morphologic abnormal-
ities—hypochromia, anisocytosis, or
poikilocytosis—were observed in six
persons (Table 1). Five of these were
heterozygotes for the abnormal hemo-
globin. Because the hematologic ab-
normalities of simple «-thalassemia
heterozygotes are minimal (6) and be-
cause parasitism and nutritional de-
ficiencies are ubiquitous in this area,
these abnormalities do not by them-
selves furnish critical evidence either
for or against the possibility of con-
comitant a-thalassemia. The normal
hematologic values of III-2 support
the interpretation that this is a homo-
zygote for the Hb’ gene because com-
plete suppression of Hb A synthesis
by an a-thalassemia allele should also
have produced hematologic abnormal-
ities.

Evidence that this HbJ is an «
chain abnormality is supported by the
presence of a second minor component
in the heterozygotes, designated Hb J,,
migrating anodally to Hb A, on elec-
trophoresis at pH 8.6, with the same
relationship to Hb A, as HbJ has to
Hb A. No Hb A, was seen in the two
individuals homozygous for Hb J, only
Hb J, being present.

The hemoglobin components were
measured by elution from cellulose
acetate electrophoresis strips (7). Nor-
mally the Hb A, comprises 2 to 3.5
percent of the total hemoglobin. In the
heterozygotes, HbJ comprised 45 to
50 percent of the total (Table 1). The
Hb A, +J, levels varied between 2.7
and 4.0 percent, slightly higher than
the normal range because of the prox-
imity of the Hb J, to the contaminating
Hb A band. The amount of Hb J, was
also within the normal range in III-2,
the only homozygote in which the con-
centration could be measured. If ¢-
thalassemia were present, a low value
might be expected for Hb A, +J,
values of heterozygotes or for the Hb
Jo in the homozygote. Fetal hemo-
globin concentration, as determined by
the method of alkali denaturation, were
all normal (8). Neither HbH nor Hb
Bart’s was present on starch-gel or
cellulose acetate electrophoresis.

These electrophoretic data, when
considered together with the above
hematologic data, argue against the
possibility that II-3 and III-2 are het-
erozygotes for both Hb.’ and e-thalas-
semia. This further supports the hy-

10 JULY 1970

Table 1. Hematologic values and electrophoretic distribution (%) of hemoglobins il} a
family with Hb J Tongariki. N, Normal morphology; H, slight hypochromia; A, slight

anisocytosis; P, slight poikilocytosis.

S_ub- (g}—lllz)g ol Hem_a to- Morphol- Hb electrophoresis (%)

ect blood) erit ogy HbA  HbJ HbA, HbJ, HbFf
-4 13.7/11.7 39 AP 55.6 40.6 1.7 1.4 0.7
11-5 13.7 N 53.5 42.6 1.6 1.5 0.8
I1-6 11.8/11.2 38 HA 52.3 44.4 16 1.1 0.7
11-8 15.4/14.1 43 N 96.1 2.8 12
119 13.0 N 479 47.1 1.6 1.8 1.6
1I1-1 18.3 A 49.9 465 - 14 1.6 0.6
1112 14.8/12.2 40 N 96.2 2.3 15
II1-3 13.5/11.7 43 HA 41.1 55.0 12 1.9 0.8
14 15.0 A 96.7 22 1.1
1I1-5 12.5 N 52.9 43.3 1.6 1.5 0.7
III-6 125 AP 1965 2.6 0.9
111-7 12,6 N 96.3 32 0.6
II1-8 12.9 AP 53.2 0.3 1.6 1.4 1.6
1119 12.3/12.2 39 N 52.2 4.1 1.7 2.3 1.6
III-10 13.1 HA 50.6 44.9 1.7 2.3 0.6
Iv-=2 13.9/12.2 39 N 96.5 2.6 0.9

* Performed in Ann Arbor or New Guinea or both,

pothesis that they are homozygotes for
Hb.J. The absence of Hb A in their
red cells therefore indicates that only
one Hb. structural locus is present.
Whole hemoglobin was treated with
chloromercuribenzoate at pH 6.0 (9),
which causes cleavage of a and 8
chains; the chains were separated by
starch-gel electrophoresis. The results
indicated that the abnormality resides
in the « chain. In the homozygotes
all a chains are abnormal (10).
Globin was prepared (11) from the
hemoglobin of II-3 and chromato-
graphed on a carboxymethyl cellulose
column with a linear gradient from

T Alkali denaturation.

0.005 to 0.03M phosphate, pH 6.7,
containing 0.43M mercaptoethanol and
8M urea (/2). The abnormal « chains
separated by this method were dialyzed
against distilled water, lyophilized, and
subsequently subjected to tryptic diges-
tion in 0.4M ammonium bicarbonate
with 0.25 percent trypsin for 90 min-
utes at 37°C. Descending chromatog-
raphy was carried out in either of two
chromatographic solvent systems: iso-
amyl alcohol, water, pyridine (35 : 30:
35) (I3) or butanol, acetic acid, pyri-
dine, and water (90:18:60:72)
(14). Two electrophoresis buffers at
either pH 3.6 (15) or pH 6.4 (16)

P

2
5 6 l 7 8 9
7 8 9 |

6 0

Dead
Not examined || HbA Homozygote
(B Hb v Frair

. "Hb J Homozygote

Fig. 1. Pedigree of Kilenge family with Hb J.
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Table 2. Amino acid analysis of chymotryptic peptide 3 of &’-Tongariki and /QA and Edman

degradation of o’-Tongariki.

Hb A HbJ
Amino acid ot Integer o Integer Edman
(rel. mole) No. (rel. mole) No. Turn-1 Turn-2
Aspartic acid 0.10 0 1.22 1 1.22 1.13
Glutamic acid* 1.00 1 1.00 1 1.00 1.00
Proline 1.04 1 0.99 1 0.78 0.61
Alanine 2417 3 1.80 2 1.16 0.58
Leucine 1.05 1 1.09 1 1.19 0.83
Phenylalanine 1.23 1 0.79 1 0.84 0.73

* Glutamic acid is the standard for computation.

degradation during acid hydrolysis.

were used for high-voltage electro-
phoresis. In no instance was any dis-
placed peptide detected.

The remaining insoluble core was
washed two times with an ammonium
bicarbonate solution brought to pH 6.5
with 0.5M acetic acid (I7). The
washed core was suspended in 0.4M
ammonium bicarbonate, pH 8.0, and
digested with 0.25 percent chymotrypsin
for 3 hours at 37°C. The chymotryptic
peptide maps resulting from the second
chromatographic and electrophoretic
systems above contained one abnormal
peptide which was displaced anodally.
This peptide was isolated from the
chromatograph, and by elution from
Dowex-50 in a pyridine-acetate gra-
dient, pH 4.8 to 5.6 (I8). Acid hy-
drolysis was performed at 110°C for
24 hours in constant-boiling HCl, after
which the amino acids were deter-
.mined (Beckman Model 120 C auto-
matic amino acid analyzer). The pep-
tide contained two alanine, one aspartic
acid, one proline, one glutamic acid,
one phenylalanine, and one histidine
residue (Table 2). The abnormal pep-
tide was the third chymotryptic frag-
ment of the 12th tryptic peptide, from
residues 110 to 117. This fragment
normally contains three alanine resi-
dues in the sequence Ala-Ala-His-Pro-
Ala-Glu-Phe. To determine which of
the three alanine residues had been
replaced by aspartic acid, a subtractive
Edman degradation was done (I9).
This showed that the first two alanine
residues were present, indicating that
the third alanine was replaced by as-
partic acid (Table 2). This substitution,
@ 115 Ala —> Asp is the same as in HbJ
Tongariki, previously described by
Gajdusek et al. (20).

Thus, the Kilenge in New Britain
and the group studied in Tongariki,
an island in the Shepherd group of the
New Hebrides, have the same HbJ.
Although these groups are 1920 km
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1 Low value due either to analytical error or

apart, they are both Melanesian, The
proportion of individuals with HbJ
Tongariki in both groups is large, 24
out of 67 in this study and 17 out of
228 in Tongariki (20). Since these are
small endogamous communities it is
difficult to be certain whether these are
truly random samples and therefore
whether the above-mentioned figures
represent gene frequencies. Suffice it
to say that the frequency of the gene
in this area is high.

A number of alternative hypotheses
must be considered in evaluating this
family. First, the possibility that I1I1-2
has a-thalassemia-Hb J disease is ex-
cluded, with reasonably high probabil-
ity, by the absence of anemia or mor-
phologic abnormality, the normal pro-
portion of HbJ,, and the absence of
Hb H or Hb Bart’s. Moreover, the con-
sistency of the proportion of Hb]J,
45 to 50 percent, in all heterozygotes
examined excludes the possibility that
some of them also have an a-thalas-
semia gene.

Second, it is possible that two «
chain structural loci are, in fact, pres-
ent, both of which have sustained mu-
tational changes to Hb J and for which
II-3 and III-2 are then homozygotes.
If so, the hemoglobin peptide patterns
and the structure studies indicate that
only one type of «’ chain is present.
This would require that an identical
mutation had to occur spontaneously
in two separate loci or that a Hb.'
allele had to duplicate, both of which
are improbable.

Third, the electrophoretic and hema-
tologic findings and the prevalence of
heterozygotes in the population support
the notion that II-3 and III-2 are ho-
mozygotes for the structural mutant.
The absence of HbA suggests that
only one Hb. locus is present in this
population. We believe that the evi-
dence justifies accepting the third hy-
pothesis. This does not preclude the

possible of two Hb. loci in other
families or populations, especially in
those where the abnormal component
is only 20 percent of the total hemo-
globin. In fact, Brimhall et al. (21)
have described a Hungarian family in
which individuals possess two Hb.
variants in addition to Hb A. We are
also studying a family in which a Cau-
casian mother and child have two
rapidly migrating hemoglobins with ab-
normal « chains in addition to Hb A.
Thus, population heterogeneity for the
number of structural loci for a chains
is a possibility.
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