
hCG and hCG Combo SP, whereas it
was inconsistently detected by Quick-
Vue. No device detected CG�.

These data support the hypothesis
that some qualitative CG devices
detect nondimeric isoforms, despite
being designed to detect only hetero-
dimeric CG isoforms. Given the pre-
viously described purity of the
WHO reference reagents (3 ), the
most likely explanation for the detec-
tion of nondimeric isoforms is that
the specificities of the antibodies
used by device manufacturers are
incompletely characterized and may
react with numerous CG isoforms.
Unfortunately, details of the selectiv-
ity of these antibodies are propri-
etary information.

Unless a clinical advantage is iden-
tified, there is limited motivation to
demonstrate that pregnancy screen-
ing tests detect isoforms other than
intact CG. Detection of other forms of
CG may be important for early de-
tection of pregnancy. McChesney et
al. (4 ) reported that in urine samples
collected during early pregnancy, in-
tact CG is sometimes transiently un-
detectable and sometimes present in
lower concentrations than non-
dimeric isoforms. Similarly, Butler et
al. demonstrated that hyperglycosy-
lated CG is the predominant isoform
in early pregnancy urine and advo-
cated that assays be optimized to
detect it (5 ). Investigating whether
the different selectivities (analytical
specificities) of qualitative urine tests
affect diagnostic sensitivity is part of
an ongoing study that includes fur-
ther characterization of the concen-
trations of CG isoforms in early preg-
nancy urine.
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Novel Hemoglobin (Hb Grey Lynn)
Substitution (�91Leu3Phe) Affects
Heme Interactions and �1�2 Contacts

To the Editor:
Since the discovery of the causative
mutation of sickle cell anemia, hemo-
globinopathies have become the
iconic molecular diseases, with some
900 mutations reported to date
(http://globin.cse.psu.edu). Detec-
tion and characterization of novel
mutations, facilitated by increasingly
sensitive analytical techniques, con-
tinue to shed light on how molecular
structure and function are preserved
in the tetrameric molecule. Here we
report the identification of a novel �
chain substitution (�91Leu3Phe) in
a patient who was also heterozygous
for the �SEA 2-gene deletion.

A full blood count on this 40-year-
old woman revealed a microcytic
picture with a hemoglobin (Hb) con-
centration of 103 g/L, a mean cell
volume of 63 fL, and a hematocrit of
0.33. These results prompted a hemo-
globinopathy/thalassemia screen that
revealed a normal cellulose acetate

electrophoresis pattern, a marginally
positive isopropanol stability test, and
values within reference intervals for
HbA2 (3.0%), HbF (2%), and reticulo-
cytes. Occasional HbH bodies were
seen, and the Bio-Rad Variant cation
exchange system for �-thalasaemia re-
vealed an aberrant component of
35.5% in the HbA2 window.

Examination of whole lysate by
electrospray ionization mass spec-
trometry on a VG Platform (1 ) indi-
cated a new �-chain with a mass
increase of 34 Da (Fig. 1A). Reversed-
phase HPLC on a C-4 Jupiter column
revealed a hydrophobic shoulder on
the �-chain peak (not shown), and
mass analysis indicated that this
trailing edge was enriched in the
�34-Da chain. Tryptic mass map-
ping (1 ) of these fractions within the
range 300–1550 m/z proved uninfor-
mative, however.

The entire coding regions of both
the hemoglobin, alpha 1 and hemo-
globin, alpha 2 genes were individu-
ally amplified from genomic DNA
using the primer pairs 5�-TGG AGG
GTG GAG ACG TCC TG-3� with
5�-CCA TGC TGG CAC GTT TCT
GA-3�, and 5�-TGG AGG GTG GAG
ACG TCC TG-3� with 5�-CCA TTG
TTG GCA CAT TCC GG-3�, respec-
tively, and sequenced on an ABI
3130xl genetic analyzer with Big Dye
Terminator v3.1 cycle sequencing
chemistry according to manufactur-
er’s recommendations. This revealed
apparent homozygosity for a
CTT3TTT transition at codon 91 of
the �1 gene. We have named the
novel �91Leu3Phe substitution “Hb
Grey Lynn” after the suburb of
Auckland. This replacement of an
alkyl leucine side chain by an aro-
matic phenylalanine is entirely con-
sistent with the observed mass in-
crease of 34 Da, and with both the
increase in hydrophobicity and the
normal electrophoretic pattern.

The thalassemic blood picture to-
gether with the occasional HbH bod-
ies seemed more likely to be attribut-
able to deletional �-thalassemia than
homozygosity for the novel � gene
mutation. Further screening for the �
gene locus for the common �3.7, �4.2,
�SEA, �FIL, �MED, and �20.5 deletions
(2 ) did in fact show that this patient
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was heterozygous for the �SEA dele-
tion, which removes both the �1 and
�2 genes from 1 allele, leaving only 2
functional � genes. This finding ex-
plains the comparatively high ex-
pression level (40%) of the variant �
chain.

In an alignment of 449 � globin
sequences from different species, �91
is absolutely conserved as leucine,
and this extraordinary level of con-
servation suggests an important
functional role. X-ray structural anal-
yses show that the alkyl side chain
heads internally toward the heme
plate, where it comes to within 2.4 Å
of the Fe2�-bound proximal histidine
(�87) and within 3.6 Å of the heme
(Fig. 1B). Its main chain carbonyl
group is located on the surface and
forms an H-bond with the guanidine
group of Arg40 in the adjacent �2
subunit. On oxygenation, move-
ments of the heme Fe2� are transmit-
ted through �87His and �91Leu onto
the adjacent �2 subunit to regulate
cooperatively and produce the char-
acteristic sigmoidal O2 binding curve
(3 ). As this model correctly predicts,
mutation of �40 Arg also impacts O2
binding; its mutation to Ser in Hb
Austin alters both affinity and coop-
erativity (4 ).

There are 2 predictable conse-
quences of the novel �91Leu3Phe
mutation, altered O2 affinity and de-
creased molecular stability. We were
unable to measure O2 affinity, but we
were able to demonstrate decreased
molecular stability. A small amount

of precipitate was collected after ex-
tending a standard isopropanol sta-
bility test to 40-min incubation. The
precipitate was then dissolved in 1%
formic acid and analyzed directly by
mass spectrometry (Fig. 1A). This
showed selective precipitation of the
variant Hb, which was enriched from
40% in lysate to 56% in the precipi-
tate. Only one mutation has been
previously reported at this position,
�91Leu3Pro. In this case the less
conservative mutation was associ-
ated with mild anemia and a more
marked instability (5 ).

This case highlights the impor-
tance of investigating abnormal Hbs
at biochemical, hematological, and
genetic levels to understand the patho-
logical implications of the mutation
and the risks it poses to carriers.
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A Multiplex Quantitative Fluorescent
PCR Test for Prenatal Diagnosis of Hb
Barts Hydrops Fetalis

To the Editor:
I read with interest the paper by Ho
et al. (1 ), which described a rapid
prenatal diagnostic test for simulta-
neous detection of Hb Barts hydrops
fetalis and exclusion of maternal con-
tamination. The main background to
their study is that PCR-based tech-
niques are highly sensitive and are
also prone to false-positive results in
prenatal diagnosis due to amplifica-

Fig. 1. (A), transformed electrospray
ionization mass spectrum of whole
lysate (lower panel) and redissolved
isopropanol precipitate (upper panel)
from a patient with Hb Grey Lynn.
The � chain mass increase of 34 Da sug-
gests a Leu3Phe substitution and the pro-
portion of the variant (40%) suggests the
coinheritance of � thalassemia. (B), ribbon
and space-fill representation of Hb quater-
nary structure showing the �2 subunit main
chain in white and the �1 main chain in grey.
The heme group is depicted in stick form
and the side chains of �40, �91, and �87
in their space-filling form. Model created
from Protein Data Bank coordinates 4HHB
using Swiss-pdb viewer v3.7.
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