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ABSTRACT Protein Def is a human alpha chain
disease protein related to al immunoglobulin heavy chain.
The molecular weight of the polypeptide portion of the
monomeric molecule is 29,300, which is a little greater
than half of a normal al chain. The NH2-terminal of the
polypeptide is heterogenous and, after a short segment
corresponding to the variable region, displays a gap which
comprises the CHI constant domain. Normal synthesis
resumes at a valine residue in the hinge region just before
a segment which contains a partially duplicated fragment
and the interheavy disulfide bonds. From there on, the
molecule is apparently normal. Protein Def is therefore
synthesized as an internally deleted al heavy chain, fol-
lowed by postsynthetic amino-terminal proteolysis. It is
postulated that codon(s) specifying valine at the hinge
region may be a recognition site for reinitiating synthesis
after internal gaps equivalent to position 216 in gamma
chain disease proteins.

The discovery of human tumor cells which synthesize and
secret, fragments of immunoglobulin heavy chains, "Heavy
Chain Disease" proteins (HCD), offered an opportunity to
determine if human cell mutants would provide the same
valuable information as those obtained from mutants in
bacteria. It is assumed that in these committed cells transcrip-
tion and translation have occurred faithfully so that the
aberrant polypeptide can be viewed as a primary gene product
suitable for detailed chemical analysis.
HCD have been described for the three major Ig classes:

a, a, and ,u (1-3). Although acHCD is probably the most fre-
quent disorder among this group, most chemical studies have
been carried out with yHCD, and the results obtained from
amino-acid sequence studies of several -yHCD proteins (4-7)
have stimulated speculation concerning the origin of the in-
complete chain and their relationship to the mechanisms con-
trolling the synthesis of normal immunoglobulin H chain
(see ref. 8). aHCD appears as a condition primarily affecting
the secretory IgA system (9). It is usually characterized by a
lymphoplasmacytic proliferation involving the whole length
of the small intestine, and its dominant clinical feature is a
severe malabsorption syndrome (10). The clinicopathological

Abbreviations: Nomenclature of immunoglobulins and their
chains and fragments follows the recommendation of the World
Health Organization, Bull. WHO 30, 477 (1964); 33, 721 (1965);
35, 953 (1966); 38, 151 (1968); HCD, heavy chain disease
proteins; alpha chain disease proteins and myeloma proteins are
designated by the first three letters of the patient's name.
t Present address: Imperial Cancer Research Fund, Lincoln's
Inn Fields, London, WC2, England.

features of patient Def have been previously published (11).
One of the most intriguing observations is that most of the
patients with aHCD originated from and had been living in
areas with a high rate of infestation by intestinal microorgan-
isms, e.g., North Africa, the Middle East, and the Far East
(12, 13). This geographic distribution suggested that environ-
mental factors do play a role in the etiology and pathogenesis
of acHCD (13).

Antigenic analysis (12), molecular weight determination
(14), and preliminary chemical studies (13) demonstrated that
acHCD molecules (including Def) were related to the Fc frag-
ment of IgAj. The N-terminal residues were shown to be
heterogeneous (13), and attempts to obtain the NH2-terminal
sequence of several aHCD proteins on an automated se-
quencer were unsuccessful. The question arose whether
acHCD proteins are normal a chains which undergo postsyn-
thetic intracellular or extracellular degradation or whether
they contain a primary defect followed and obscured by a
secondary proteolysis (13). Biosynthetic studies of protein
Def showed no evidence of post-ribosomal intracellular de-
gradation of a normal size ae chain (15). However, more con-
fidence may be placed in the interpretation of the sequence
data as an accurate reflection of immunoglobulin genes.

In this paper we present the amino-acid sequence of the
hinge region of aHCD protein Def. Its comparison with that
of a normal IgAj defines the nature of the defect and indicates
that the second hypothesis is correct.

MATERIALS AND METHODS

Isolation of the Def Protein. A three-step schedule was
adopted for the purification of the protein (12): (a) Pevikon
zone electrophoresis at pH 8.6; (b) gel filtration on Sephadex
G-200 in 0.1M Tris * HCl buffer, pH 8.0, 1 mol/liter in NaCl
and 1% in N butanol, after removal of low density lipopro-
teins by ultracentrifugation; and (c) the peak eluted between
Ve/Vo 1.0 and 1.4 was again fractionated by Pevikon block
electrophoresis. Segments of 2-cm width were eluted, con-

centrated, and tested for purity by gel diffusion techniques
in order to avoid a2M and IgM contaminants.

Complete Reduction and Radioactive Alkylation. Protein
Def (500 mg) was dissolved at a protein concentration of 10
mg/ml in 6 M guanidine HCl - Tris, pH 8.2, and was reduced
with 0.005 M dithiothreitol at room temperature under N2.
After 1 hr, reduction was terminated by the addition of
['4C]iodoacetic acid (0.01 M, specific activity 0.7 mCi/mmol).

974



Alpha Chain Disease Protein 975

The reaction was allowed to proceed for 1 hr at room tempera-
ture, following which the protein was desalted by gel filtration
on a column of Sephadex G-15 (2 X 35 cm) in 0.3 M acetic
acid, and freeze dried.

Enzyme Digestion and Separation of Peptides. (A) The
labeled protein was digested with L-(1-tosylamido-2-phenyl)-
ethyl chloromethyl ketone trypsin (Worthington) in 0.2 M
ammonium bicarbonate (pH 8.3) for 15 hr at 370, enzyme
substrate ratio 1:50 (w/w). The digest was centrifuged and
the supernatant was freeze dried (10 ml) and submitted to
chromatography on a column of Sephadex G-50 (3 X 130
cm) equilibrated in 1 M acetic acid at room temperature.
Fractions (9 ml) were collected at a flow-rate of 27 ml/hr.
The eluates were monitored by measuring the radioactivity
on 50-Iul aliquots. The insoluble material was further digested
with pepsin (Worthington, twice crystallized), enzyme:sub-
strate ratio 1:50 (w/w) in 5% formic acid for 15 hr at 37°.

(B) Protein Def (600 mg) was digested with L-(1-tosyla-
mido-2-phenyl)ethyl chloromethyl ketone-treated trypsin
(Worthington) and pepsin (Worthington, twice crystallized),
as previously described (16). The digest was fractionated by
filtration on a Sephadex G-50 column (3.5 X 180 cm) with 1
M acetic acid as eluant. Fractions (6 ml) were collected at a

flow-rate of 25 ml/hr. The eluate was monitored at 280 nm.
Partial reduction and radioactive alkylation were described

previously (17). Purification of radioactive peptides, amino-acid
analysis, and determination of amino-acid sequences were done
as described previously (17). Subtilisin (Nutritional Biochem.
Co.) digestion was done in 0.2 M ammonium bicarbonate
(pH 8.3) for 15 hr at 370, at an enzyme:substrate ratio of
1:20 (w/w).

TABLE 1. Amino-acid composition of
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FIG. 1. Gel filtration of a tryptic digest of completely reduced
and ['4C]carboxymethylated protein Def on Sephadex G-50.
Digested protein was dissolved in 5 ml of 1 M acetic acid and
centrifuged. The supernatant was added to the column (3 X
130 cm) equilibrated in the same solvent. Fractions of 5-6 ml
were collected at a flow-rate of 25 ml/hr, and radioactivity was
measured. The pooled fractions are indicated on the figure.

Cystine Diagonal Maps. These were carried out at pH 3.5
by the method of Brown and Hartley (18). Cysteic-acid
peptides were isolated and purified by electrophoresis at pH
6.5 and 2.1 (17).

RESULTS

Fig. 1 shows the separation of the soluble tryptic peptides
obtained from the completely reduced and alkylated protein
on a Sephadex G-50 column. The column fractions were com-
bined as shown in the figure. The precipitate was further
digested with pepsin, and the peptides were purified by high

tryptic and tryptic-peptic S-carboxymethylcysteine peptides obtained after complete reduction
and alkylation of protein Defa

Peak I II III IV v
VI Precipitate

Peptideb Tic T 2 T 3 T4 T 5 T 6 T 7 T 8 TP9c TP 10 TP 11 TP 12 TP 13

Cysd 1.4 0.6 0.6 2.0 0.8 0.6 0.8 0.7 0.8 0.8 0.7 0.8 0.8
Asp 2.1 1.0 2.0 1.0 2.0 0.9 0.9
Thr 4.3 2 1.6 1.1 1.8 0.9 0.9 3.0 2
Ser 7.8 0.9 0.9 2.7 1.1 1.0
Glu 2.1 2 1.2 1.1 1.0 1.0
Pro 10.2 0.6 0.9 1.6 2.0
Gly 2.3 2.1 2 3.0 2.0 1.1 1.1
Ala 1.9 2.1 2 1.0 2.2 1.0 1.0 1.0
Val 2.5 1 2.0 0.7 0.8 0.8 0.8
Met 0.8 0.9 0.9 1.0
Leu 5.7 1.8 1.7 1.0 1.1
Tyr 0.9 0.9 0.8
Phe 1.7 1.0 0.7
Lys 2.0 1.0 1.0 1.0
His 0.9 1.3 0.9 1.0
Arg 1.1 0.6 1.0
CHOR + +
NH2-

terminal Gly Pro Lys Asp Lys Thr Cys Ala Ala Ala Thr Ser NDf

a Compositions are reported as mol of amino acid per mol of peptide.
b Hydrolysis for 20 hr. No corrections were made for destruction during hydrolysis.
c T, trypsin; TP, trypsin-pepsin.
d Determined as S-carboxymethylcysteine.
6 +, carbohydrate present.
f ND, not done.
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FIG. 2. Gel filtration of a peptic-tryptic digest of protein Def

on Sephadex G-100 (3.5 X 180 cm) in 1 M acetic acid. Fractions
of 5 ml were collected at a flow-rate of 25 ml/hr. The pooled
fraction is indicated on the figure.

voltage paper electrophoresis. The amino-acid compositions,
mobilities, and N-terminal amino acids of the major radio-
active peptides isolated from each of the peaks and the core

are shown in Table 1. A peptide (T1) containing the "hinge"
region was localized in the first peak. Its partial sequence is:
Gly-Thr-Ala-Gly-Ala-Val-Val- Ser - Val - Pro - Ser - Ser - (Thr3,
Ser5, Pro9o_-, Cys2, His, Arg) as determined by the dansyl-
Edman procedure. Fig. 2 shows the elution pattern obtained
by fractionation of a peptic-tryptic digest without previous
reduction of protein Def on a column of Sephadex G-50. The
"hinge" peptide was characterized in the first peak after
partial reduction and alkylation with [14C]iodoacetic acid,
followed by paper electrophoresis at pH 3.5. The amino-acid
compositions of the hinge peptide, and of the other radioac-
tive peptide obtained from this fraction are shown in Table 2.
The partial sequence of the hinge peptide is Val-Val-Ser-Val-
Pro-Ser-Ser-Pro-Pro-Thr-Pro-Ser-Pro-Ser-Thr-Pro- Pro - Thr-
Pro-Ser-Pro(Ser, Cys, Cys, His, Pro, Arg).
Another aliquot of the first peak was further digested with

subtilisin. A diagonal map at pH 3.5 was performed (Fig. 3).
The amino-acid composition, N-terminal residues, and elec-
trophoretic mobility of high-yield peptides are shown in
Table 3. The sequence of these peptides was established by
the dansyl-Edman procedure as follows: TPS 2, Cys-Cys-
His-Pro-Arg; TPS 1, Asp-Leu-Cys-Gly-Cys. Faint peptides
were shown to derive from different splitting of peptides TPS
1 and TPS 2.

DISCUSSION

The molecular weight of the monomeric polypeptide chain
Def was reported to be 29,300 (14), and antigenic analysis
(12), chemical typing, and diagonal maps (13) suggested

TABLE 3. Amino-acid composition of cysteic-acid peptides
derived from subtilisin digestion from peak I (Fig. 2) of a

peptic-tryptic digest of protein Def

Peptide TPS 1 TPS 2

Cysa 2.05 2.00
Asp 1.0
Pro 1.15
Gly 1.16
Leu 0.96
His 1.0
Arg 1.16
N-terminal Asp Cys
Mobilitiesb
(pH 6.5) 1.2 0.15

a Determined as cysteic acid.
bMobilities are expressed as portions of the distance between

e-Dnp-Lysine and aspartic acid (24). TPS, Trypsin-pepsin-
subtilisin.

that the entire Fc fragment, including the hinge peptide, was
present. We may thus conclude that most of the isolated pep-
tides obtained from protein Def and listed in Table 1 belong
to the C-terminal of the H chain. In fact, preliminary sequence
studies indicate that they are identical to homologous peptides
obtained from an IgA1 myeloma protein and located in the
Fc fragment (19). In the absence of sequence data of the NHr
terminal region and in view of the failure to show any idiotypic
antigenic specificity (13), it was impossible to determine
whether protein Def contained part of the Fd fragment. Fur-
thermore, no data were available concerning the amino-acid
sequence of the NHrterminal half of the al chain. However,
the sequence of a tryptic peptide containing the hinge region
of an IgAj myeloma protein is known (19), and comparison
of this region with a similar but shorter tryptic peptide from
Def indicates no homology in the first eight residues (Fig. 4).
Starting at residue 9, the amino-acid sequence is identical
with the exception of a substitution of Thr for Ser in position
12. The first cysteine residue of the hinge region is not present
in protein Def, and the peptide containing the sequence Cys-
Leu-Ala which was shown to be involved in a disulfide bridge
with the first cysteine of the hinge of an intact al chain (20)
is also absent. The only other tryptic-peptic peptide obtained
together with the hinge from the first peak on Sephadex G-50
is the one containing the sequence Asp-Leu-Cys-Gly-Gys
(TPS 1). By diagonal electrophoresis, after subtilisin diges-
tion, this peptide was shown to be bound to the peptide con-
taining the last two cysteines of the hinge region (Fig. 3) as
it was in IgA1 (20).

These results allow us to make several deductions. Protein
Def has an internal deletion that includes almost the whole

TABLE 2. Amino-acid composition of S-carboxymethylcysteine-containing peptides obtained from the first peak
(Fig. 2) of a peptic-tryptic digest of protein Def

Cysa Asp Thr Ser Pro Gly Val Leu Tyr His Arg

Peptide
PT1 1.46 3.08 6.68 10.51 2.44 0.87 1.02

Peptide
PT2 1.74 1.13 1.79 1.08 0.93 1.06 0.88

a Determined as S-carboxymethylcysteine; PT, pepsin-trypsin.

Proc. Nat. Acad. Sci. USA 71 (1974)
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FIG. 3. Diagonal electrophoresis of a subtilisin digest of peak I (Fig. 2) obtained after peptic-tryptic digestion of protein D)ef.
Electrophoresis in both dimensions was at pH 3.5. (TPS, trypsin-pepsiin-stubtilisiii.)

Fd segment. The peptides corresponding to the heavY-light
region (13) and the Fd constant loop are missing (19). Further-
more, since the sequence of the first eight residues does not
have any homology with the region immediately before the
hinge, they must come from the variable region. It can be
argued that the difference observed in this region can be due
to subclass specificity and that indeed Def belongs to an un-
known a-chain subclass. However, there is no indication in
favor of this hypothesis, and Def appears to belong to the al
subclass. Furthermore, there is a constant feature present in
all a chains studied so far: the presence of the first cysteine
residue of the hinge region (see above) which is absent in
protein Def. How much of the variable region is present in
protein Def is not known, since attempts to use the automated
sequencer have been unsuccessful due to heterogeneity at the
NH2-terminal, low yields recovery, and probably a high con-
tent in carbohydrate (13). The absence of a variable intra-
chain loop and the molecular weight data suggest that it

contains a very short variable region. However, one should
emphasize that a limited proteolysis of the N-terminal end of
protein Def presumably takes place and that incomlplete pro-
teins seem to be quite susceptible to degradation as a second-
ary phenomenon after ribosomal release (21). The replace-
ment of Thr by Ser in position 12 of the hinge peptide can be
explained by a single nucleotide base change; the possibility
that this amino-acid substitution is an allotvpie marker should
be further investigated. It is interesting to point out that this
amino-acid replacement is located at the beginniing of a short
segment of the hinge region which is duplicated (see Fig. 4)
and was shown to be a common feature of al chains (16).
Thus, the duplicated fragment as well as the CHO moiety has
been preserved in protein Def. Val at position 9 of the hinge
peptide, where the identity with a complete al chain starts,
could be the equivalent of Glu at position 216 of y chains (22,
23), the site where normal synthesis resumes in several -yHCD
proteins with internal deletions (6). Position 216 is the begin-

aiHCD (Def)
T P CHO S
II
Gly-Thr-Ala-Gly-Ala-Val-Val-Ser Val-Pro-Ser Pro-Pro-Thr-Pro-Ser-Pro-Ser-Thr-Pro-Pro-Thr-Pro-Ser-Pro-Ser-Cys-Cys-His -Pro- Arg

IgAi (Oso)- L______.

P S
I CHO I

.... Pro-Ser-Glu-Asx-Val-Thr-Val-Pro-Cys-Pro Val-Pro-Ser-Thr-Pro-Pro-Thr-Pro-Ser-Pro-Ser-Thr-Pro-Pro-Thr-Pro(Ser-Pro-Ser)Cys-Cys-His-Pro-Arg

FIG. 4. Amino-acid sequence of the "hinge" region of an aIHCD protein (I)ef) and of IgA, (Oso). Identical residues are in the box.
Dashed line indicates duplicated fragments. Note substitution of Thr for Ser in protein l)ef. Arrows indicate the sites of pepsin, P; tryp-
sill, T; aid subtilisin, S, digestion. Pepsin and trypsin split the hinge region of protein 1)ef and Oso at different sites. (CHO) carboh--
drate; its position is not known. a Ref. 19.
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ning of the hinge region in y chains, and this region's unusual
features have raised several possible theories with respect to
its origin (8, 16). The biological and evolutionary significance
of the hinge region should be further analyzed in order to
understand the genetic mechanisms involved in the synthesis
of antibody molecules.
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