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ABSTRACT Alloantisera directed against the alloantigens
determined b the I-E and IC subregions of the murine major
histocompatibility complex precipitate two components that
have molecular weights of 35,000 and 29,000. These components,
when analyzed by partial NH2-terminal sequencing, show no
homology to two components of similar size determined by the
I-A subregion. However, the large chain determined by the
murine I-E and/or IC subregion is homologous to the large
chain of the human HILA-D region alloantigen, although the
small chains isolated from these two species do not display any
such homology.

The I region of the murine major histocompatibility complex
(MHC) contains genes that determine a number of immuno-
logical functions, including immune responsiveness (1), cell
cooperation between T and B cells (2), and cell cooperation
between T cells and macrophages (3). In addition, the I region
determines the expression of cell membrane Ia alloantigens (4)
found on all three cell types (4-6). Treatment of various lym-
phoid cell populations with antiserum against Ta results in al-
teration of the ability to respond in a variety of in vitro systems,
suggesting a crucial role for Ia antigens in immune responses
(7, 8). Indeed, soluble molecules expressing Ia alloantigenic
determinants are involved in a number of cell interaction
phenomena that specifically enhance or suppress the immune
response (9-12). In addition, subpopulations of lymphocytes
performing different functions (e.g., memory B cells, suppressor
T cells) preferentially express different Ia alloantigens (13-15),
suggesting that such molecules are involved in mediating these
functions.
By mapping Ir genes and by serologically analyzing Ia al-

loantigens in various intra-MHC recombinant strains, the I
region has been subdivided into several subregions, I-A, I-B,
I-J, I-E, and I-C (4, 16). Antigenic specificities determined by
different subregions redistribute independently in the mem-
brane (17) and are on separate molecules when isolated by in-
direct immunoprecipitation (18). Thus, apparently each
subregion determines one or more distinct cell surface mole-
cules. Whether Ia alloantigens from the different cell types-B
cells, T cells, or macrophages-differ structurally is unknown.
However, because of the crucial role that Ia alloantigenic
molecules play in regulating the immune response, we are in-
vestigating their chemical structure with the intention of elu-
cidating their mechanism of action as well as examining their
structural relationships to other cell surface molecules that
mediate immune function (i.e., H-2K and H-2D transplantation
antigens and immunoglobulins).

MATERIALS AND METHODS
The method used for the isolation, purification, and sequence
analysis of Ia alloantigens from spleen cells is similar to that
previously used for the H-2K and H-2D gene products (19).
However, modifications involved the use of spleen cells that
were taken from B1O.A(5R) mice and biosynthetically labeled
simultaneously with six tritiated amino acids (alanine, valine,
tyrosine, leucine, proline, and phenylalanine). Ia alloantigens
were solubilized with Triton X-100, immunoprecipitated, and
purified by sodium dodecyl sulfate (NaDodSO4)/polyacryl-
amide gel electrophoresis. Amino-terminal sequence analysis
was performed on a Beckman model 890C automated se-
quencer. Phenylthiohydantoin (PTH) amino acid derivatives
were resolved by high-pressure liquid chromatography.

Antiserum (B10 X HTI)F1 against B10.A(5R) was prepared
by hyperimmunization with a mixture of spleen, lymph node,
and thymus cells as described (20). This serum, when tested by
direct cytotoxicity and absorption analysis on standard re-
combinant strains, shows two specificities, Ia.7 and Ia.22, lo-
cated in the I-C and I-E subregions, respectively (20). Ia.7 is
shared by the H-2k and H-2d haplotypes, while Ia.22 is asso-
ciated with the H-2k haplotype and absent from the H-2d.
Thus, absorption with H-2k, H-2a, and H-2'5 cells completely
clears the reactivity in this serum, while absorption with H-2d
cells leaves residual cytotoxic activity for H-2kI, H-2a, and H-215
(16).

RESULTS
The isolation, purification, and microsequencing methods used
herein have been used previously to characterize the cell surface
products of the MHC (21). In addition, the close agreement
between amino acid sequences obtained by this method and
those obtained by more conventional sequencing methods
validates its reliability (22).
The antiserum used here is putatively directed against the

cell surface products of the I-J, I-E, I-C, and S subregions of
the H-2 complex by virtue of the fact that the donor
[B1O.A(5R)] and recipient (B10 X HTI) strains differ solely at
these defined regions. However, since the I-J alloantigen is
present on only a small subpopulation (less than 10%) of T cells
and S codes for no detectable cell surface antigens, this anti-
serum when used with unpurified spleen cells is directed pri-
marily against the I-E and I-C subregions of B cells. The profile
of cell surface proteins immunoprecipitated by this antiserum
and subjected to NaDodSO4/polyacrylamide gel electrophoresis
under reducing conditions reveals two partially overlapping

Abbreviations: PTH, phenylthiohydantoin; NaDodSO4, sodium do-
decyl sulfate; MHG, major histocompatibility complex.
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FIG. 1. NaDodSO4/polyacrylamide gel electrophoresis of cell
surface proteins immunoprecipitated by antiserum (B10 X HTI)F1
against BlO.A(5R). a, Molecular weight 35,000; ,, molecular weight
29,000.

peaks with approximate molecular weights of 35,000 (a) and
29,000 ((3) (Fig. 1). The two chains are not covalently linked by
disulfide bonds, since they migrate in comparable positions in
the absence of a reducing agent. To prevent crosscontamination,
protein comprising the ascending edge of the a peak and the
descending edge of the peak was used for sequence analysis.
The sequence data for the a and (3chains, corrected for losses
due to manipulations, are shown in Figs. 2 and 3, respectively.
Calculated on the basis of net cpm obtained for the phenylal-
anine residues at positions 12, 24, and 26, a repetitive yield of
94% was obtained for the a chain. Similarly, a repetitive yield
of 93% was obtained for the component. Both values are

consistent with values obtained by conventional sequence
analysis. In both instances a major sequence may be deduced
(Fig. 4).
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FIG. 2. Sequence data for the a chain. Sequence residues were

combined with a mixture of phenylthiohydantoin (PTH) derivatives
of proline, phenylalanine, leucine, alanine, tyrosine, and valine. Each
of the PTH-amino acids was isolated by high-pressure liquid chro-
matography and collected individually in a scintillation vial; radio-
activity was measured. Background (30 cpm) was subtracted from
each sample and losses due to manipulations were corrected against
an internal standard of PTH-norleucine.
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FIG. 3. Sequence data for the ,B chain. Losses due to manipula-
tions were corrected as in Fig. 2.

DISCUSSION
Antisera directed against the I-E and I-C subregion alloantigens
precipitate two components of different molecular weights. We
can provide three possible explanations for this observation. (i)
The expression of one of these components is controlled by the
I-E subregion, while the expression of the other component is
controlled by the I-C subregion. Therefore, the antiserum used
in these studies would contain two populations of antibodies,
one directed against the I-E subregion product and the other
directed against the I-C subregion product. (fi) The I-E and I-C
subregions each controls the expression of two chains, Ea and
Efl and Ca and Co3, in which the a as well as the A chains iso-
lated from both regions have similar molecular weights. Since
a relatively homogeneous sequence is obtained for both the a
and chains, this explanation would require that the respective
I-E and I-C subregion chains are mutually homologous. Either
these a and chains might be noncovalently associated with
one another, as is the case for the K(D) products and (32-mi-
croglobulin of the MHC (24), or alternatively the a and (3chains
might each be antigenic and each be immunoprecipitated by
different antibodies. In the latter case, the antiserum would
contain four populations of antibodies, one directed against each
of the two chains of both the I-E and I-C subregions. (iii) The
antiserum and methods used isolated only products from one

of the two subregions, either I-E or I-C. This subregion, in turn,
controls the expression of the two polypeptide chains which may
or may not be associated with one another.

Recent observations indicate that the HLA-D region of the
human MHC controls the expression of two components of
different molecular weights, one of 34,000 and the other of
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Human lie Lys Glu Glu (Arg) Val lie Gln Ala Glu Phe Tyr Leu Asn

p34

Mouse Ala Phe Tyr Leu Pro Val Phe Phe

Human Gly Asp Val Pro
p29

Mouse Val - -
E/Co

Phe Leu Glu Gln Val

Pro - Phe Leu Tyr

FIG. 4. Partial amino-terminal sequences of human HLA-D region (23) and murine I-E/I-C subregion alloantigens. The proline residue at
position 16 in the a chain was confirmed in a subsequent experiment.

28,000, which are noncovalently associated (23, 25, 26). The
role of the D region in inducing mixed lymphocyte reactions
and its genetic linkage to the MHC (27) suggest that the human
HLA-D region and the murine I region may be analogous. In
addition, the tissue distribution of the HLA-D region cell-sur-
face products (28) as well as the structure of molecules immu-
noprecipitated by antisera against HLA-D region (23) are very
similar to those of the murine Ia alloantigens. Therefore, it is
not surprising that the NH2-terminal amino acid sequence of
the a chains isolated from the I-E and/or I-C subregion of the
mouse is strikingly homologous to that of the larger polypeptide
(p34) of the human HLA-D region alloantigens (29) (Fig. 4).
These observations confirm and extend previous findings ob-

tained in analysis of the E-Ck component (30). Of the five
residues that can be compared directly on chains isolated from
the two species, four are identical. This degree of sequence
identity (80%) is comparable to that found between the major
transplantation antigens of mice and humans (53%) (21).

Surprisingly, however, the ,3 chain does not display any de-
gree of homology with the smaller polypeptide (p29) of the
human HLA-D region alloantigen (Fig. 4). At least four ex-

planations seem possible for this observation. (i) The HLA-D
region of the human MHC codes for multiple components, as
do the I-E and I-C subregions of the murine MHC. During the
process of isolation only a subpopulation of all the molecules
controlled by these respective regions were isolated and
fortuitously only one of the two molecules isolated from each
species was identical. Thus, we would ultimately expect to
isolate the "missing" small chain from each of the other species.
(ii) The two polypeptide chains are derived by a specific pro-
teolytic cleavage from a larger precursor molecule. This appears
to be the case for the three chains of the C4 component of
complement, which is linked to the MHC (31, 32); the chains
are derived from proteolytic cleavages of a large precursor
chain (33). Therefore, it is possible that the precursor molecule
of the human HLA-D region alloantigens and the murine I-E
and/or I-C alloantigens are proteolytically cleaved at slightly
different points, resulting in the larger chains displaying
homology with each other and an apparent lack of homology
in the smaller chains. However, sequence analysis of internal
portions of the smaller chains of the human and mouse al-
loantigens would be expected to reveal sequence homologies.
(iii) The larger chain of the human HLA-D region alloantigen
and murine I-E and/or I-C alloantigen is determined by the
MHC, while the smaller chain represents one of a group of
molecules that may be noncovalently associated with the larger
chain and is determined by genes not linked to the MHC. The
apparent noncovalent association of both chains of the human
HLA-D region alloantigens and the lack of any linkage between
the gene controlling the expression of the smaller component

and the MHC (34) support the third interpretation and is
analogous to the noncovalent association of the murine K(D)
and human A(B) products of the MHC with 132-microglobulin
(21), an immunoglobulin-like molecule whose determining
gene is not linked to the MHC (35). One can test this interpre-
tation by isolating I-E k and/or I-Cd subregion alloantigens from
mice of different genetic backgrounds and analyzing their
NH2-terminal sequences. (iv) The I-E and I-C subregions each
controls the expression of a two-chain component which consists
of the same a chain but a different , chain. However, the se-
quence of only one of the chains was determined because
either the antiserum used binds only one of the subregion
products, or one of the two (B chains has a slightly higher mo-
lecular weight and therefore migrates between the a and
chain regions on NaDodSO4 gels and that portion was not used
for sequence analysis. In either case, further analysis may un-

cover a molecule homologous to the small chain of human
HLA-D region alloantigen. Moreover, additional analysis of
human MHC-linked alloantigens may lead to the discovery of
a human analogue of the murine I-E and/or I-C subregion
chain.

It was previously reported that the Ia alloantigens of the I-A
subregion of the murine MHC consist of two polypeptide
chains, a and (3, that have respective molecular weights of
37,000 and 28,000 (36). These two chains are not linked by di-
sulfide bonds although noncovalent association has not been
excluded. The similarity in the number and size of the subunits
between the I-A subregion alloantigens and the I-E and/or I-C
subregion alloantigens as well as the reported serological
crossreactivities between these two sets of Ia alloantigens (37)
suggest some sequence homology between them. However, no

NH2-terminal sequence homology is apparent, although
homology at internal portions of these molecules may exist.
Thus, there appear to be two sets of Ia alloantigens with dra-
matically different sequences but similar subunit sizes and
structures. Because the human and mouse MHC appear to be
so strikingly similar not only in their genetic organization, but
also in the biochemical structure of their gene products, it is
likely that the human equivalent of the murine I-A subregion
Ia alloantigen exists. These genetic products may be determined
by genes proximal to the A locus of the human MHC since this
region determines B cell alloantigens (38) and also contains
alloantigens that induce the mixed lympocyte reaction (39), a
property common to I region determinants. Further immu-
nochemical studies of other cell surface products of various
regions of the human MHC complex may lead to its identifi-
cation. Thus, the murine MHC exhibits the fascinating property
of controlling the expression of several families of cell surface
molecules, the K(D) region products, the I-A subregion prod-
ucts, and the I-E and/or I-C subregion products, which are

Phe Tyr Leu
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composed of subunits and which on the surface appear to be
evolutionarily and structurally unrelated. Additional structural
work may reveal the true nature of similarities and/or differ-
ences among these cell surface proteins.
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