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SUMMARY

Protein AIT is a human alpha chain disease protein belonging to the
IgAl subclass. It has a molecular weight of 34,200 instead of 55,000 for
intact a chain. It contains an internal deletion which comprises about
the entire Fd fragment. Normal synthesis resumes at a valine residue in
the middle of the heavy chain where a series of short, unusual duplicated
fragments containing carbohydrate are present., From there on the molecule
appears to have an intact Fc fragment, Although the origin of these
immunoglobulin chain variants is not understood, it is remarkable to observe
that an homologous position is involved in defective a and v genes ().

INTRODUCTION

Structural studies of variants of human immunoglobulin heavy chains
provided valuable information concerning the mechanisms controlling the
synthesis of normal heavy chains. The majority of these studies were
performed on variants of immunoglobulin heavy chain belonging to the y chain
class: vy Heavy Chain Disease (HCD) proteins {I). Recently (2) we have
studied a variant of human IgA heavy chain (e HCD protein DEF) and it was
shown that this protein contained an internal large gap. Normal synthesis
resumed at a valine residue in the middle of the heavy chain, at the beginning
of a saction containing the disulfide bonds joining both a chains and we
postulated that it would be a site equivalent to position 216 in y chain

variants (1).

1 Supported in part by USPHS NIH Grants #AM 01431, AM 02594 and C.N.R,S.
#FRA 239 and Inst. Ntl. de la Sante et Recherche Medicale Grant #73.4.033.2).

Copyright © 1975 by Academic Press, Inc. 47

All vights of reproduction in any form reserved.



Vol. 65, Ne. 1, 1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

In this paper we present similar studies carried out on a second
variant of IgA heavy chainys.a HCD protein AIT, which indicate that the
above assumption is correct.

MATERIALS AND METHODS

A three-step schedule was adopted for the purification of the protein (3).
Enzyme digestion and separation of peptides: Protein AIT (375 mgqg) was
digested with pepsin (Worthington, twice crystallized) at an enzyme/substrate
ratio of 1:50 (w/w) in 5% formic acid for 15 hours at 37°, The digest was
freeze-dried and was further digested with L(l-tosylamide—~2-phenyl) ethyl
chloromethyl ketone-treated trypsin (Worthington) in 0,2M ammonium bicar-
bonate (pH 8.3) for 15 hours at 37°, at an enzyme/substrate ratio of 1:50
{w/w). The digest was fractionated by filtration on a Sephadex G-50 column
(3.5 x 180 cm) equilibrated in IM acetic acid at room temperature, 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 (4). The radioactive peptides were isolated by filtration on a
Sephadex G~25 column (2.2 x 25 cm). Purification, amino acid analysis and

determination of amino acid sequences were done as previously reported (4).

RESULTS AND DISCUSSION

Figure 1 shoWs the elution pattern obtained by fractionation of a
peptic-tryptic digest of protein AIT on a column of Sephadex G-50. A peptide,
containing the interheavy-heavy disulfide bridges (hinge peptide), was
localized in the first peak after partial reduction and alkylation with
(14G) iodoacetic acid, followed by fractionation on Sephadex G-~25 and paper

electrophoresis. The amino acid composition of all radioactive peptides

isolated from this fraction are shown in Table I. The partial sequence of

48



Vol. 65, No. 1, 1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

_L X
5+
4k
E
2 3+
<1\‘
2k
1
— ~— 1 1 & i
100 200
Tube no
Fig. 1: Gel filtration of a peptic-tryptic digest of protein AIT {375 mg)

on Sephadex G-50 (3.5 x 180 c¢m) in 1M acetic acid. Fractions of
6 ml were collected at a flow rate of 25 ml/hr. The pooled
fraction is indicated on the figure.

glycopeptide PT 1 (hinge peptide), as determined by the dansyl-Edman

procedure {4), is:

Asp-Lys-Val-Pro-Ser-Thr-Pro-Pro~Thr-Pro-Ser~Pro-Ser-Thr-Pro-Pro-Thr-Pro-
Ser-Pro (Ser,Cys,Cys,His,Pro,Arg).

Peptide PT 2 (Table I) appears to be the same that was found to form a
disulfide bridge with the "hinge" peptide of a normal al chain (5), as well
as in al chain variant DEF (2), with a sequence:
Agp-Leu-Cys-Gly-Cys-Tyr-Ser-Val-Ser.

Figure 2 shows a comparison of the sequence of the "hinge" region of a
normal al heavy chain with those of heavy chain disease protein DEF and AIT.
As was the case with protein DEF, the "hinge" region of protein AIT shows no
homology at its N-terminal end, while starting at the Val residue the sequence

is identical with that from a normal al chain., The duplicated fragments as
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Table I. Amino acid composition of S-carboxymethylcysteine containing peptides
obtained from the first peak (Fig. 1) of a peptic-tryptic digest of protein AIT.

Peptide Cys Asp Thr Ser Pro Gly Val Leu Tyr Lys His Arg

PT 1

PT 2

1.17 1.0 3.96 4.90 10.56 1.18 1.09 1.13 1.17

1,36 1.0 1.88 1.21 0.69 1.09 0.89

well as the carbohydrate moiety (6) which are a common feature of al chains

have been preserved in protein AIT, However, the sequence Asp-Lys is not pre-

sent in the constant region of Fd, and since no other features were detected
from Fdc, it was concluded that they belong to the V region. Attempts to
determine its amino-~terminal sequence with an automatic sequencer have been
unsuccessful due to heterogeneity (N-terminal residues were Val and Ile (7)).
This difficulty, together with the failure to show any idiotypic antigenic
specificity (7), does not allow us to establish how much of the Fdv fragment
is present in protein AIT. However, molecular weight determinations (34,200
instead of 55,000 for intact a chain (8), and the presence of the entire Fc
fragment (7), suggest that the V region is very short.

These results indicate that protein AIT is synthesized as an internally
deleted al chain followed by post-synthetic, amino-terminal proteolysis.
The deletion comprises almost the entire Fd fragment and normal synthesis
restarts at a Val residue at the beginning of the region containing the
interheavy disulfide bridges.

Figure 3 shows comparison of the protein AIT with deletions observed in

another human a HCD protein, several human y HCD proteins and a spontaneous
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Fig. 3: Correlation between a normal heavy chain and some defective human

and mouse immunoglobulin heavy chains. Internal deletions are pre-
sent in all, The position of deletions are indicated by the amino
acid residue number above the line. —— indicates constant (Q)
region fragments; {3 : hinge region; =-- variable (V) region frag-
ments; d: indicates the site where the deletion starts; (dx, not
precisely delineated); NS: site where normal synthesis resumes.
Although not represented the two fragments of each variant are
joined - CRA and MCG belong to {yl) human heavy chain subclass,
GIF (vy2), ZUC (y3), DEF and AIT (al). IF-2 (yl) mouse heavy

chain (1, 2, 9, 13).

mutant isolated from tissue cultures of mouse MOPC 21 plasma cells: IF-2 (9).
Residue 216 (yl numbering, (10)) of the four human y chain subclasses is
glutamic acid. The homologous position in human a chain and mouse vyl is
valine (2, 9).

These studies have demonstrated that i) deletions end or start at position
216, ii) 216 is the beginning of a segment with an unusual amino acid
sequence with very little homology with the rest of the molecule and iii) such
a segment can undergo tandem duplications (11, 12)., Because of these findings
it was suggested that the stretch of DNA coding for position 216 could be a
site for specific recombination (11). Whether the site is related to those
involved in variable (V) and constant (C) genes integration remains to be
shown,
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