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We have examined labelling of the large protein in Na*- or
K t-containing media. The enzyme adopts specific Na+- or K *-
dependent conformations®!271* and so it was interesting to
ask whether these different states are accompanied by a change
in accessibility of the protein to INA in the bilayer. In six
separate experiments with different concentration ratios of
label to protein we observed 10-259%, greater incorporation
into the large chain in the presence of KCl than with NaCl.
This may mean that the conformational change following
binding of K+ leads to an altered relationship of protein to
lipid.

In attempts to localise the 12 K fragment we exploited the
fact that major fragments of the large chain can be produced by
controlled tryptic cleavage in the presence of NaCl or KCl
because the conformational response of the protein to cation
binding is reflected in exposure of different bonds to tryptic
attack®®. Thus, fragments with MW 58 K and 46 K were
formed by primary cleavage of the large chain in presence of
KCl. A fragment of 78 K was seen after digestion in the pre-
sence of NaCl. The distribution of INA in protein fragments
generated by controlled trypsinolysis of enzyme labelled at low
INA concentrations is shown in Figs 2 and 3. These results
show clearly that the binding of INA does not prevent the
conformational response of the large chain to Na* and K+,
In the presence of KCI (Fig. 2) most of the radioactivity of the
large chain was transferred to the 46 K fragment, but some
labelling of the S8 K fragment was also seen. Comparison
of radioactivity in the peaks with the content of protein ob-
tained from absorbance scans of the gels showed that about
80% of the label was transferred to the 46 K fragment and only
209, to the 58 K fragment. Subsequently a 36 K fragment and
the terminal 12 K peptide appear. The 46 K and the 36 K
fragments therefore include segments which are embedded
in the bilayer. The low concentration of label in the 38 K
fragment may be due either to labelling of different parts of the
Jarge chain or to variation of the position of the tryptic split
within the large chains in the preparation.

In the presence of NaCl (Fig. 3), the distribution of label was
much more distinct. The 78 K fragment was completely devoid
of radioactivity and the terminal 12 K fragment seems to arise
almost by primary cleavage of the large chain. A minor fraction
of the label, at most 2%, was found in a 37 K fragment. This
implies that the radioactive 12 K segment or segments are
localised near one end of the large chains which give rise to
the 78 K fragment in the presence of NaCl.

Our results support previous evidence that iodonaphthylazide
acts as a hydrophobic probe which labels membrane proteins
from within the bilayer. The selectivity of the label for a small
segment of the large peptide does not imply that other regions of
the protein are not embedded in the membrane, for the labelled
segment may hinder access of the label to other areas of the
large peptide or indeed to the glycoprotein component. Pre-
ferential binding to this segment, or kinetic factors could explain
the discrimination against unlabelled regions of protein and
lipid side chains. Our work illustrates that combining specific
labelling from within the lipid core with proteolytic digestion at
the membrane surface may be an important tool for identifying
segments of membrane proteins in intimate contact with the
lipids.

We thank Dr T. Bercovici for *I-INA and Mrs Rivka
Goldshlegger and Annie Sloth for excellent technical assistance.
P.L.J. was a recipient of a short-term fellowship from EMBO.

STEVEN J. D. KARLISH
Biochemistry Department, Weizmann Institute of Science,
Rehovot, Israel

PeTER LETH JORGENSEN
Institute of Physiology,
University of Aarhus, Aarhus, Denmark

CARLOS GITLER
Membrane Department, Weizmann Institute of Science,
Rehovot, Israel

n7

Received 7 July; accepted 12 August 1977.

. Jorgensen, P. L. Biochim. biophys. Acta 356, 36-52 (1974).
. Kyte, I. J. Biol. Chem. 247, 7642 (1972).
. Jorgensen, P. L. Biochim. biophys. Acta 356, 53-67 (1974).
- Klip, A. & Gitler, C. Biochem. biophys. Res. Commun. 60, 1155-1162 (1974).
. Gitler, C. and Klip, A. in Perspectives in Membrane Biology (eds Estrado, O. §.
S_& _Cut%:;r,1 C) 1[29 (SAcaden;}c,lI;Iew York, 1974).
. Sigrist-Nelson, K., Sigrist, H., Bercovici, T. & Gitler, C. Biochim. bi .
i 16317611977, Biochim. biophys. Acta
. Bercovici, T. & Gitler, C. Biochemistry (submitted for publication).
. Jorgensen, P. L. Biochim. biophys. Acta 401, 399-415 (1975).
. Jorgensen, P. L. Biochim. biophys. Acta 446, 97-108 (1977).
. Jorgensen, P. L. Meth. Enzym. 32B, 277-290 (1974).
. Karlish, 8. J. D., Yates, D. W. & Glynn, [. M. Nature 263, 251-253 (1976).
. Jensen, J. & Ottolenghi, P. Biochem. J. 159, 815-817 (1976).
. Hegevary, C. & Post, R. L. J. biol. Chem. 246, 5234-5240 (1971).
. Norby, J. G. & Jensen, J. Biochim. biophys. Acra 233, 104-116 (1971).

[EOGEEIN
PWN=OOVON O W=

- " ]

Synthesis of haemoglobin
Wayne in erythroid cells

HETEROZYGOTES for haemoglobin (Hb) Wayne possess two
minor haemoglobin components that migrate more rapidly than
HbA on electrophoresis at pHB.6. Each of the minor haemoglobin
components contains an abnormal « chain in which the carboxyl-
terminal tripeptide sequence, Lys-Tyr-Arg, has been replaced by
an octapeptide'. The slower of the two components, henceforth
designated Wayne-Asn, has the following octapeptide sequence:
Asn-Thr-Val-Lys-Leu-Glu-Pro-Arg, whercas the faster one
(Wayne-Asp) has exactly the same sequence except that aspa-
ragine at position 139 is replaced by aspartic acid. (These
components, formerly designated! Wayne-1 and Wayne-2, re-
spectively, have been renamed for clarity.) This is the first variant
described in which deamidation of the gene product is believed to
occur. The purpose of this study was to demonstrate the proposed
deamidation and to explain another interesting feature of the Hb
Wayne phenotype in heterozygotes: namely, the presence of the
variant haemoglobins in markedly reduced quantities relative to
HbA (3%, and 4%, respectively, tfor Hb Wayne-Asn and Hb
Wayne-Asp).

Peripheral blood red cells from two hcterozygotes with Hb
Wayne and bone marrow cells from one of them were incubated for
60 min in the presence of *H-labelled lcucine. A fraction of the
labelled haemolysates was converted into globin immediately by
precipitation in acid -acetone. The o/ff ratios obtained, based on
total counts and the specific activities, indicate that the synthesis of
o chains is equal to that of the ff chains in the peripheral blood and
bone marrow (balanced synthesis). Moreover, a free a chain peak
could not be demonstrated after chromatography of the haemo-
lysates on Sephadex G-100 gel filtration columns.

In order to compare more precisely the specific activities of the
various o chains (Table 1), it was necessary to first purify the
haemoglobins in the labelled haemolysates by column chromatog-
raphy of the haemolysates on carboxylmethyl cellulose?. This was
followed by preparative isoelectric focusing of the peaks contain-
ing the Hb Wayne fractions using LK B columns and finally globin
chain separation®. The Wayne chain fractions obtained were
shown to be free of contamination by peptide chromatography of
tryptic digests.

In the peripheral blood incubations the amount of radioactivity
corresponding to the «™*'™ chains was less than 119, of the total o
chain radioactivity (Table 1). The corresponding value in the bone
marrow was 11.4%,. These figures were considerably lower than the
25% expected on the basis of the two loci believed to be present fora
chains. The aWane-AsniyA gnecific activity ratio was 2.40 to 2.46 in
the peripheral blood and 3.1 in the bone marrow, suggesling
instability of the aWoy"e-Asn chains, In both peripheral blood and
bone marrow, the specific activity of the a™“""** chains was
lower than that of the aV*¥"¢-4" chains (Table 1). Time course
experiments using peripheral blood showed no change in the
o Wayne-Asn jy Wayne-Ap patio from 4 min to 3.5 h (not shown).

In order to evaluate the difference in labelling of the two types of
variant o chains a pulse-chasc experiment was performed. Peri-
pheral blood red cells from a heterozygote were incubated in the
presence of *H-leucine for 15 min (pulse) after which they were
washed and a portion was immediately frozen. The remaining cells
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Table 1 Incorporation of *H-leucine into o and f chains following incubation of red cells for 60 min

o/ f ratios of globin from
crude haemolysates

Total Specific
counts activity
Peripheral blood 0.97 0.94
(WS)
Peripheral blood 1.04 0.96
(GS)
Bone marrow 1.12 0.91

o

Radioactivity of purified « chains
Specific activity 2. Of total « chain
(c.p.m. per mg) radioactivity

Wayne-Asn o Wayne-Asp at o Wayne-Asn o Vayne-Asp oA
644 115 262 8.36 1.80 89.84
968 202 403 6.96 1.95 91.09

40,039 837 12.880 1116 0.27 88.57

A fraction of the crude haemolysates was converted to globinimmediately by precipitationin acid acetone. The globin obtained was chromatographed on
columns of Sephadex G-100 in 20%, HCOOH'®. After chromatography globin fractions were recovered by freeze drying. Another fraction of the
haemolysate was used for purification of the various haemoglobin components for accurate determination of radioactivity in the a™*"¢ chains. Globin
chain separation was carried out according to Clegg et al.® Aliquots of 1 ml of each fraction were added to 10 ml Instagel (Packard) and counted by
scintillation spectroscopy. The total radioactivity under each peak was summated. The various chain components were then pooled, desalted on Biogel P2
columnsequilibrated with 0.5%, formicacid, and Iyophilised. The chains were re-dissolved in distilled water and the protein concentration determined by the

Lowry mcthod??.

were reincubated in a medium containing unlabelled leucine
(chase) for 1,4 and 6 h. The specific activities of the 2* and § chains
remained unchanged during the chase period as did that of the
gWVayne-Asn g nd gWarne-Ase chaing (Table 2), suggesting that during
the short period of the chase no detectable conversion or
degradation of the abnormal chains relative to each other or to a*
occurs. If deamidation is a slow process, then a greater proportion
of Hb Wayne-Asn relative to Hb Wayne-Asp should be present in
reticulocytes when compared with the more mature red cells. A
reticulocyte fraction was prepared from the peripheral blood of a
heterozygote by means of a discontinuous Ficoll density gradient®.
[soelectric focusing in polyacrylamide gels of the reticulocyte
haemolysate revealed a markedly decreased proportion of Hb
Wayne-Asp when compared to the haemolysate prepared from
unfractionated peripheral blood. Moreover, the proportion of Hb
Wayne-Asn in reticulocytes was approximately twice as much asin
peripheral biood (Fig. 1).

The above data support the hypothesis that o™ *"¢-As" chains are
synthesised initially and subsequently converted to gWneAse
chains. Robinson and others®® have shown that specific gluta-
minyl and asparaginyl residues have characteristic rates of de-
amidation that are determined by the nature of neighbouring
amino acid residues in both the primary and tertiary structures.
The discovery of Hb Providence, a f§ chain variant present as two
components, one having asparagine instead of lysine at position 82
and the other having aspartic acid at the same position, indicates
that deamidationis not unique to Hb Wayne®~ 1%, Itis also possible
that Hb J-Singapore'! is not a double substitution variant but a
neutral substitution at «’? Ala - Gly followed by deamidation at
2"® to yield aspartic acid'?.

Ttisinteresting to note that oV4¥*°-4? chains account for a higher
proportion of the total a-chain radioactivity in peripheral blood
than in bone marrow (Table 1): the gWayne-Asa jgWayne-Asp patio was
0.5 in the former and 0.06 in the latter. A possible explanation for
all of these findings is that the asparagine at residue 139 of
aVerneAs forms a cyclic imide, as proposed by Bornstein®?, while
the chains are in the nascent chain or monomer conformation.
Whilein this conformation the cyclic imide israpidly hydrolysed to
the aspartyl form. Once the o™*¥™¢-A*" chain is incorporated into
the Hb Wayne tetramer further cyclisation is blocked by steric

hindrance but those cyclised chains that had formed are hy-
drolysed very slowly. In the bone marrow any a¥*¢-A* monomer
chains produced by deamidation of «™**"¢-A*" monomers might be
rapidly degraded by proteolytic enzymes that are not active in
mature erythrocytes!*!3,
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Fig. 1 lsoelectric focusing in polyacrylamide gels of peripheral

blood haemolysate (left) and reticulocyte haemolysate (right). The
densitometric tracings were made on unstained gelsat 410 nm usinga
Gilford recording spectrophotometer.

Table2 o« Chain specific activities during a pulse chase experiment

Specific activity
(c.p.m. per mg)

lncuba\\ion time aVVuync-/\sn Wayne-Asp aWu)nc-Aq! a\h’uync-/\sp O(V\uync-A~'n
ZXA O(A aWuync-Asp
15 min pulse 1.510 275 1.80 0.33 5.49
1 h chase 1,631 286 1.84 0.32 5.70
4 h chase 1,572 283 1.73 0.31 5.55
6 hchase 1,590 269 0.30 5.91
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The presence of Hbs Wayne as minor components is shared by
Hbs Constant Spring'®'®, Koya Dora'®, Icaria?® and Seal
Rock?', other variants charaterised by elongated chains. Because
the ™™™ chains comprise only 11%, of the total & chains
synthesised during the period of incubation, instability of the
chains does not fully account for the low proportion of Hb Wayne.
A delay in translation of the ™¥**¢ chains as a result of a deficiency
of tRNA for one or more of the amino acids corresponding to the
abnormal sequence cannot be excluded, although such a delay has
not been found in any of the abnormal haemoglobins that are
present in reduced amount and that have been studied?? 2°,
including Hb Constant Spring'®. Perturbation of termination of
translation per se seems also an unlikely explanation since the
synthesis of Hb Cranston, a frameshift mutant of the f chain, isnot
so severely impaired?®. Yet another possible explanation, that the
mRNA has been rendered unstable by the deletion responsible for
the frame shift, has been excluded by the demonstration that no
more Hb Wayne components are synthesised in bone marrow than
in peripheral reticulocytes.

The expectation that an a-chain mutant would direct the
synthesis of 25%, of the a-chain mRNA is based on the unproven
assumption that there are two loci that are equally active in
directing o-chain synthesis. This assumption is partly based on the
fact that individuals heterozygous for Hbs J-Buda and G-Pest?’
possess close to 25°, of these variants, along with approximately
509, of Hb A, aswellasthe fact that a large number of other a-chain
structural mutants comprise 20-259%, of the haemoglobin of
heterozygotes. Haemoglobin synthesis studies have not been
performed on most of these variants. Consequently their true rate
of synthesisis not known. Therefore, the reduced production of the
Constant Spring and «™*" chains could also be explained on the
basis of multiple a-chain loci that are not equally active in a-chain
synthesis. Such a hypothesis has been invoked to explain a greater
than expected amount of Hb J-Mexico in heterozygotes?®. It is
possible to envision one major locus, another of intermediate
activity, and a third locus accounting for only a minor proportion
of alpha chains. The mutation in «™*"* would correspond to the
intermediate locus and that of qteostnt Sering would correspond to
the minor locus. A complete understanding of these complex
abnormalities requires study of additional informative mutants.
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Red cell charge
is not a function of cell age

REPORTS!'*? that the oldest circulating human erythrocytes have
anelectrophoretic mobility up to 309, lower than the youngest cells
have been widely accepted, particularly since such findings suggest
a plausible mechanism for the removal of the oldest cells from
circulation. For those studies'? the red cells were separated on the
basis of age by using the accepted relationship that older cells are
denser on the average than younger cells. We report here that
electrophoretic mobility studies conducted independently by
conventional electrophoresis, streak width measurements and
electrophoretic light scattering have shown the mobilities to be the
same for red cell fractions of differing density and hence age inriro.
These data suggest that hypotheses which invoke a role for
decreasing surface charge density in the mechanism of senescent
red cell recognition in tire are unsound.

The non-random nature of the red cell elimination process has
led to suggestions that membrane determinants such as red cell
surface charge? and/or antibody binding to the cell surface* may
provide specificity as a result of age-dependent alterations which
enhance cell adhesion to phagocytic cells.

The observation that various sialoglycoproteins are rapidly
eliminated from the blood following removal of their sialic acid®
has prompted considerable speculation on the role of sialic acid
loss in the ageing and elimination of red cells®”. In some instances,
normal lifespans have been observed for sialic acid deficient red
cells® 12 But, the sialic acid content of old (dense) red cells is lower
than young (less dense) cells! I '3, As the major source of negative
surface charge on human red cells is the carboxyl group of
membrane-bound N-acetylneuraminic acid'*, an age-rclated de-
crease in electrophoretic mobility -2 is consistent with a net loss of
sialic acid per unit of membrane surface area.

Intensity {arbitrary units)

0 20 40 60
Frequency (Hz)

Fig.1 Elcctrophoretic light scattering spectra'® for least dense
(top.— ) and most dense (bottom, -—---) human red cell sub-
populations at 25 C in 0.0145 M NaCl-4.5", w/v sorbitol-0.007 M
bis-Tris buffer at pH 7.3. The top and bottom fractions each
representing ~ 2%, of the whole population were obtained by
centrifugation of the cells in their own plasma for 30 min, 140.000g at
4 C followed by threc washes in the electrophoresis buffer. The mean
Doppler shift for both spectra is 39.5 Hz, which corresponds to an
electrophoretic mobility of 2.7540.05ums™" V™ 'cm after a
correction for electro-osmosis (9.8 Hz). Experimental parameters
were: scattering angle, 14.9 " laser wavelength. 514.5 nm; electric
field, 16.2 V cm ! and frequency resolution of ~ 0.03 Hz. In these
conditions a 20%; difference in mobility would produce a difference in
shift frequency of ~ 6 Hz. The spectra shown for the subpopulations
were indistinguishable from that of the whole population (not
shown),
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