Table 3. Scheme of LW.

Antigen L\$itfw1 Incidence
LW, ++ th+, ~ 85 percent
LW, - Rh—, ~ 15 percent
1w 0 LW-—, with or without

Rh antigens (very rare)

(Table 1); anti-P disappeared and anti-
M (8) was now evident.

It is significant that one absorption
with LW-positive blood No. 4 was in-
complete, but was nevertheless anti-L'W
specific, whereas one absorption with
LW-negative blood No. 7 was complete.
The apparent 85-percent specificity ob-
served by Landsteiner and Wiener (4)
and us (5) is attributable to the several
treatments with Rh-negative blood re-
quired for complete absorption. If the
absorption with Rh-negative blood were
repeated until it became negative for it-
self and other Rh-negative bloods—the
routine procedure carried out before
our knowledge of LW specificity—the
resulting supernatant would give reac-
tions specific for random Rh-positive
bloods. With this in view, repeated ab-
sorption experiments were carried out
on two types of guinea pig anti-
serums to LW, with random Rh-positive
and Rh-negative red cells. The absorp-
tions were carried out as described for
experiments listed in Table 1, except
that one volume of washed, packed
cells was used (Table 2).

In guinea pig antiserum to Rh-
positive red cells, the high-incidence
anti-LW specificity is still evident after
two absorptions. A third absorption
with Rh-positive blood removes almost
all activity, whereas third and fourth
absorptions with Rh-negative blood
show 85 percent specificity.

In the guinea pig antiserum to
baboon erythrocytes, one absorption
with either Rh-positive or Rh-negative
blood cells revealed anti-LW specificity.
After the second, third, and fourth
absorptions with both Rh-positive and
Rh-negative blood, 85 percent specific-
ity is observed, thus confirming Land-
steiner and Wiener’s original findings
(4). Absorption with Rh-negative blood
results in stronger reactions than
absorption with Rh-positive blood cells.

In all instances in which anti-LW
specificity is evident, reactions are
stronger with Rh-positive than with
Rh-negative blood, as in the case of
human anti-LW serums (Z, 2). In gen-
eral, the loss of reactivity is greater on
repeated absorption with Rh-positive
blood. These observations suggest that
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Rh-positive red cells may have more
LW sites than Rh-negative red cells.

The findings presented indicate that
the antibody for the high-incidence
LW factor is readily revealed in im-
munized guinea pigs and rabbits if
their serums are properly absorbed and
tested with a panel of red cells, includ-
ing the rare LW-negative cells. The
LW system shows remarkable parallels
with AiA:O and P.P:p systems.

Thus anti-LW acts on LW: (about 85
percent Rh-positive) and LW: (about
15 percent Rh-negative). Anti-LW fails
to react with the very rare LW nega-
tives which may be called Iw. Just as
anti-A reacts more strongly with A:
than A., so anti-LW reacts more
strongly with LW: than with LW.. Also
absorption of anti-LW with LW: leaves
behind a fraction active for LW.. Thus
anti-LW may be represented as anti-
LW-+LW.. The analogies extend also
to the PiP:p system (9).

Schematically these facts may be
represented as shown in Table 3, inso-
far as direct reactions are concerned.
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Ring D Chromosome: A Second Case

Associated with Anomalous Haptoglobin Inheritance

Abstract. A second child with a ring D chromosome and anomalous inheritance
of haptoglobin has been identified. Autoradiographic studies of peripheral lym-
phocytes from this child and of those from the previously described patient indi-
cate that the ring in each is derived from chromosome No. 13. These findings are
evidence that the locus for the haptoglobin alpha-chain is situated on one end

of chromosome No. 13.

A mentally retarded patient with
multiple minor congenital anomalies
and anomalous inheritance of hapto-
globin has been described by Gerald
et al. (1). Cytogenetic studies of that
child revealed 46 chromosomes with a
ring chromosome replacing one of the
members of the D (13 to 15) group.
The ring chromosome was presumably
formed by breaks occurring at both
ends of the D chromosome, with re-
union of the broken ends and loss of
the distal fragments. Typing of hapto-
globin from family members indicated
that the child had failed to inherit the
paternal gene for haptoglobin. Since
typing of the remaining blood group
systems gave indirect confirmation of
paternity, it was hypothesized that the
paternal gene for haptoglobin was lost
during formation of the ring and that
the structural locus for the alpha-chain
of haptoglobin (2) is situated on one
end of a D chromosome.

A second and unrelated child with
46 chromosomes including a ring D,
who also exhibits anomalous inherit-

ance of haptoglobin, has now been
studied. The clinical findings in this
patient have been briefly reported (3).
The results of haptoglobin typing in
this second family are again most
simply interpreted if it is assumed
that the locus for the alpha-chain of
haptoglobin is situated on one end of
a D chromosome and that it has
been lost during formation of the
ring. We now report results of these
studies and of the autoradiographic
studies of both patients with ring D
chromosomes.

Routine chromosomal analyses were
performed by a modification of the
method of Moorhead et al. (4). Studies
of DNA replication with tritiated
thymidine were done by a modification
of previously described methods (5, 6).
Typing of haptoglobin was performed
by starch-gel electrophoresis of the he-
moglobin-haptoglobin complexes. Sub-
typing of the alpha-chains of hapto-
globin was done according to the
method of Smithies (7). Quantitative
determinations of haptoglobin were

SCIENCE, VOL. 156



performed according to the method of
Tarukoski (8).

The patient described by Gerald et
al. (1) is herein designated as case 1;
that described by Reisman et al. (3),
as case 2. Seventy-four cells from case
1 and 45 cells from case 2 were suit-
able for autoradiographic analysis. All
cells from each patient lacked a nor-
mal No. 13 chromosome. This chromo-
some is identified as that member of
the 13 to 15 group with late labeling
primarily near the distal end of the
long arm (5). [This same chromosome
is that which is trisomic in the D,
trisomy syndrome (9).] Both patients,
therefore, have a ring derived from a
No. 13 or D; chromosome. Since the
haptoglobin studies of case 1 suggested
that the locus for the alpha-chain of
haptoglobin was lost during formation
of the ring chromosome, similar studies
were performed for case 2.

The results of the haptoglobin typing
for the family of case 2 are given in
Fig. 1. The father and several other
relatives exhibited an unusual hapto-
globin pattern, herein designated as
2-1WEAK (see Fig. 2) which re-
sembles a 2-1 pattern except that the
band closest to the anode is replaced by
two weaker bands. In optimum elec-
trophoretic runs each of the bands
located closest to the cathode is dupli-
cated as well (Z/0). This unusual pat-
tern is further characterized by a
quantitative reduction in haptoglobin
in individuals with the variant hapto-
globin relative to that in normal family
members (Fig. 1). On subtyping the
haptoglobin from 2-1WEAK serums,
we observed an alpha-chain band in
the 2 position, but no band was ob-
served in the 1 position (either in the

“1F” or the “18” position). The band
in the 2 position was approximately
equal in staining intensity to that found
for a normal 2-1 individual; it was less
intensely stained than that seen for a
normal 2-2 individual. The amount of
the 2 variety of alpha-chain was, there-
fore, consistent with the presence of a
single 2 gene. The failure to demon-
strate an allelic product was inter-
preted as evidence that the allelic gene
produced very little product.

Typing of haptoglobin from the
propositus’ paternal grandfather shows
a haptoglobin 1-1 pattern. The amount
of haptoglobin present, however, is less
than that customarily found in a nor-
mal 1-1 individual. When the hapto-
globin is subtyped only a single band
in the 18 position is seen. From the
nature of the haptoglobins of his prog-
eny his genotype is presumed to be
Hp'S/Hp1WBAK

No haptoglobin could be detected in
the serum of case 2, at ages 3%2 and
4 years, even after a 15-fold concen-
tration of his serum. This ahapto-
globinemia was not obviously attribut-
able to adventitious disease—at least
no evidence of hemolytic anemia or
liver disease was found. No discrep-
ancy in any other blood group system
could be found. In view of the previous
experience with case 1, the absence of
haptoglobin in case 2 has been ex-
plained on the assumption that this
child had a single gene for the hapto-
globin alpha-chain.

The wunusual electrophoretic pat-
tern of haptoglobins from the father
and three of his relatives indicates the
presence of an atypical haptoglobin
gene. This unusual pattern resembles
the Carlberg phenotype described by

(296) (255) (10) :
- &—
2-1s 2-2 2-1 WEAK '
i (161) (95 (I'_I4) (143) (19?) ) (82) (114)
n T
2-18 IS-1 WEAK 2-1S  2-2 2-1S 2-1 WEAK 2-2
(80) (28)
t O FEMALE
2-1 WEAK  2-1 WEAK D MALE

v
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'0-1 WEAK
AHAPTOGLOBINEMIC

PRESUMED CARRIER
OF HAPTOGLOBIN GENE
“1 WEAK"
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Fig. 1. Family pedigree of case 2. The figures under each symbol denote the assumed
haptoglobin genotypes. The numbers in parentheses are the milligrams of haptoglobin
per 100 ml of serum. The propositus is phenotypically “ahaptoglobinemic” but is
presumed to have only the single haptoglobin gene IWEAK.
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Fig. 2. Schematic representation of elec-
trophoretic patterns of hemoglobin-hapto-
globin complexes. From left to right: Hp
1-1, Hp 2-1WEAK (father of propositus),
mixture containing 50 percent Hp 2-1 and
50 percent Hp 2-2 serums, Hp 2-2, and
Hp 2-1. The fastest moving zone in each
pattern is hemoglobin; all other bands are
complexes of hemoglobin and haptoglobin.

Galatius-Jensen (71). Giblett has sub-
typed the Carlberg haptoglobin and
has found a normal band in the 2
alpha-chain position but an. abnormally
weak band in the 18 position (12).
Giblett hypothesized that a variant of
the 1 gene was present, which was
characterized by a subnormal produc-
tion of its corresponding chain. This
interpretation of the Carlberg pattern
has been confirmed by Bernini (13)
who showed that the Carlberg pheno-
type could be simulated by recombina-
tion in vitro of isolated 1 alpha- and
2 alpha-chains in the ratio of nine
parts of 2 to one part of 1.

This conclusion is also supported by
studies of normal 2-1 and 2-2 hapto-
globins. If the serums from individuals
with these two normal haptoglobin
types are mixed (Fig. 2), then an
electrophoretic pattern like that of
the unusual haptoglobin in the family
of case 2 is obtained. These patterns
are believed to result when there is an
excess of haptoglobin 2 molecules,
which can form polymers lacking any
1 molecules, in addition to forming the
expected polymers containing both 2
and 1 molecules. On this basis, the
variant 1 gene in the family of case 2
would be predicted to produce little
product. Our failure to demonstrate
the 1 component upon subtyping the
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2-1WEAK serums is thought to result
from the very small amount of this
material present in this particular
phenotype.

These various observations all sup-
port the contention that the hapto-
globin genotypes of the parents of case
2 are Hp?/Hp!WEAK (father) and Hp?/
Hp'8 (mother). Their child with the
ring 13 chromosome is believed to have
inherited only the father’s Hp!WFAK
gene. The expected maternal gene was
presumably lost during formation of the
ring chromosome. Our failure to detect
haptoglobin in the serum of case 2 is
believed to be consequent to the very
limited amount of protein produced
by the lone Hp!WEFAKL gene.

It was previously pointed out that a
silent gene in the family of case 1,
rather than loss of genetic material
during the formation of a ring chro-
mosome, could conceivably have ac-
counted for the anomalous inheritance
of haptoglobin in this family (7).
This was thought unlikely, however,
in view of the infrequent occurrence of
such a silent gene among Caucasians.
A weak gene of the type we postulate
for the family of case 2 could not
have accounted for the findings on
case 1 since the haptoglobin patterns
associated with such “weak” genes
(Carlberg or 2-1 modified) were not
found.

These cases are the only two in-
stances known to us of ring D chro-
mosomes for which haptoglobin studies
have been performed and for which
autoradiographic analysis has identified
the ring D chromosome specifically as
chromosome No. 13. Both have been
accompanied by anomalous inheritance
of haptoglobin type. In each instance
the findings may be explained if it is
assumed that the locus determining the
structure of the haptoglobin alpha-
chain is lost during formation of the
ring, and hence, that this locus is
normally situated on one end or the
other of chromosome No. 13.

There have been a limited number
of studies of haptoglobin reported for
families with other D-chromosome
anomalies. De Grouchy et al. (14) re-
ported the transmission of a D chro-
mosome with a deletion of the short
arm from an ahaptoglobinemic father
to a son who was heterozygous for hap-
toglobin. No autoradiographic studies
were reported, and, thus, the specific
D chromosome involved is not known.
If the ahaptoglobinemic state is re-
lated to the chromosomal defect in
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this family, this fact would indicate
that a regulatory gene is involved
rather than a structural one such as
postulated for the two families we
have studied.

Hustinx et al. (15) performed a
limited analysis of linkage on families
with D/G and D/D translocations and
claimed a 14 percent recombination
frequency of haptoglobin and the ab-
normal chromosome. They suggested
that the haptoglobin locus is within
mappable distance of the centromere
in a D chromosome, although in a
subsequent report they were unable to
show any evidence for linkage after
more detailed analysis (/6). We have
performed linkage calculations on the
pedigrees of Hustinx et al. and on four
of our own (two D/G; two D/D); the
evidence is inadequate either to con-
firm or exclude linkage of the hapto-
globin locus with the centromere (7).
None of the families studied by Hustinx
et al. and only one of ours was analyzed
autoradiographically. In the absence
of such information the interpretation
of this linkage data is questionable.

It is quite probable that the struc-
tural locus for the haptoglobin alpha-
chain is located on one end of chro-
mosome No. 13; it is not possible to
state with certainty whether this locus
is on the end of the long arm or the
short arm of this chromosome.
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Cholinesterase in Plasma: First
Reported Absence in the Bantu;
Half-life Determination

Abstract. A Bantu schoolgirl is the
first non-Caucasoid found homozygous
for the ‘silent” cholinesterase gene.
Investigation of her family revealed two
heterozygotes. The propositus possesses
no antibody to normal cholinesterase.
Transfused cholinesterase had in her a
half-life of approximately 10 days.

The biologic importance of plasma
cholinesterase (Enzyme Nomenclature:
acylcholine  acyl-hydrolase, 3.1.1.8)
(ACAH) is not well understood, and
subjects either completely lacking it or
possessing only an atypical form are,
under natural conditions, apparently
perfectly healthy. However, ACAH is
essential for the rapid breakdown of
suxamethonium (succinylcholine), a
drug frequently used by anesthetists,
and, if the normal enzyme is com-
pletely absent or replaced by a variant,
paralysis and prolonged apnoea, with
serious and sometimes fatal conse-
quences, may follow administration of
the drug.

The most common variant of the en-
zyme is recognized by its lower sus-
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