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ABSTRACT A monoclonal antibody (HC 2. 1) directed against
the separated heavy chain of HLA-DR has been prepared. By
binding HC 2.1 to polysomes from human B lymphoblastoid cells
followed by the use of a protein A-Sepharose column as an im-
munoadsorbent, we have purified the mRNA coding for the HLA-
DR heavy chain nearly to homogeneity. The immunopurified
mRNA has been used to prepare labeled cDNA with which to
probe cDNA libraries. Double-stranded cDNA was also made
from the immunopurified mRNA and cloned directly into pBR322.
Two clones, one from each of the above procedures, positively
selected DR heavy chain message as assayed by cell-free trans-
lation and immunoprecipitation. One clone, pDRH-2 [500 base
pairs plus 75 base pairs of poly(A)] contains the entire 3' untrans-
lated region as well as coding information for the carboxy-terminal
hydrophilic intracellular domain and part of the hydrophobic
transmembrane region. Results of carboxypeptidase digestion of
the heavy chains from detergent-solubilized (p34) and papain-
treated (p33) HLA-DR antigen were consistent with the predicted
protein sequence. Specific immunopurification of polysomes by
defined monoclonal antibodies followed by direct cloning ofcDNA
to the highly purified mRNA is a powerful method for obtaining
identified cDNA clones.

Purification of a single species ofmRNA has relied on the com-
bined use of numerous procedures, of which the first step is
finding the cell type that produces the desired mRNA in the
largest amounts. For the purpose ofcloning cDNAs correspond-
ing to mRNAs that have no outstanding features of size, base
composition, or abundance, partially purified mRNA is used to
create a bank ofcDNA clones which is then screened by various
methods such as positive selection, expression following mi-
croinjection into oocytes, or differential screening (1, 2). An
early idea for mRNA purification, proposed in 1961 (3), was to
allow the nascent polypeptides on polyribosomes to react with
antibody and to precipitate the specific polysomes along with
its mRNA. Immunoprecipitation of polysomes has been widely
investigated, but its use has been limited to abundant proteins
such as ovalbumin (4) and immunoglobulin (5). When this
method has been applied to proteins of lesser abundance, the
purification has not been very effective (6).
A recent improvement of this technique used a protein A-

Sepharose column as an immunoadsorbent together with het-
eroantiserum to purify the relatively abundant trypanosome
surface antigen mRNA (initially 7-10% of total mRNA) (7). We
have used this procedure with a monoclonal antibody directed
against the heavy chain of HLA-DR antigen to achieve purifi-
cation of its low-abundance mRNA (estimated, 0.01-0.05%) to
near-homogeneity in a single step. This mRNA has been used
to obtain cDNA clones coding for part of the DR heavy chain.
HLA-DR antigens are membrane glycoproteins composed

of two chains: an invariant heavy chain (34,000 daltons) and a
polymorphic light chain(s) (29,000 daltons) (8). Both chains span
the membrane bilayer. The HLA-DR antigens were first de-
scribed functionally as lymphocyte-activating determinants and
are currently recognized as restricting elements in antigen pres-
entation to T cells. The DR heavy and light chains are homol-
ogous, by NH2-terminal amino acid sequence, to the corre-
sponding chains of the murine I-E alloantigen. These I region
antigens are generally believed to be the products of the im-
mune response genes (9, 10). Thus, the cDNA clones described
here provide a probe into a critical region of both human and
murine histocompatibility complexes.

MATERIALS AND METHODS
Cell Lines. Human B lymphoblastoid cell lines JY (DR 4,6)

and LB (DR 6,6) were grown in RPMI-1640 containing 5% fetal
calf serum. JY was grown at the Cell Culture Facility of the
Massachusetts Institute of Technology (Cambridge, MA); LB
was grown at the Tissue Bank, National Naval Medical Center
(Bethesda, MD). Cells were harvested and used for polysome
isolation on the same day.

Polysome Isolation and Immunopurification. JY or LB cells
were washed in RPMI-1640 containing cycloheximide (1 ,ug/
ml) or trichodermin (1 ug/ml; a generous gift of Leo Pharma-
ceuticals) and pelleted. The cells were lysed by homogenization
in a Potter-Elvehjem homogenizer, the nuclei were pelleted,
and the polysomes were precipitated by the addition of buffer
containing MgCl2 (100 mM, final concentration) as described
(11). The polysomes were pelleted over a cushion ofsucrose and
resuspended in polysome buffer Na300 (300 mM NaCl/5 mM
MgCl2/50 mM Tris HCl, pH 7.5/0.1% Nonidet P-40) at 2.5 ml
of Na300 per 1 g of cells (12). All solutions contained 100 ,g of
heparin (Sigma) and 1 ug ofcycloheximide or trichodermin per
ml. The polysomes generally were used immediately; however,
they could be frozen at -70°C for several months.
The immunopurification of polysomes followed the proce-

dure ofShapiro and Young (7) and is outlined below. The murine
monoclonal antibody used, HC 2.1, was prepared after im-
munization with the separated heavy chain from papain-treated
detergent-solubilized HLA-DR antigen. An ammonium sulfate
fraction ofHC 2.1 was made RNase free by passage over protein
A-Sepharose C1-4B (Pharmacia), elution with 0.1 M glycine (pH
2.5), and dialysis against phosphate-buffered saline (13). The
polysome suspension was centrifuged for 10 min at 12,000 x
g to remove aggregates, and HC 2.1 was added (0.5 mg/g of
initial weight of cells, usually 10 g). After incubation for several
hours at 4°C, the polysomes were passed over a 5-ml column
of protein A-Sepharose, and the flow-through was passed over
once again. The column was washed with 20 column vol ofpoly-
some buffer supplemented with heparin and either cyclohex-

Abbreviations: ds, double-stranded; kb, kilobase(s).
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amide or trichodermin. The polysomes were dissociated by
elution of the column with 20 ml of 25 mM Tris HCl, pH 7.5/
20 mM EDTA. For reuse, the column was washed in 1 M acetic
acid to dissociate the protein A-Sepharose-antigen complex and
then reequilibrated with polysome buffer. RNA was isolated
from the eluate without deproteinization by passage over
oligo(dT)-cellulose. The Tris/EDTA eluate was incubated for
5 min at 650C, placed on ice, made 0.5 M in NaCl, 10 mM in
Tris HCl (pH 7.5), and 0.2% in NaDodSO4, and passed over 0.2
ml of oligo(dT)-cellulose (Collaborative Research, type T-3) in
a 1-ml syringe. The column was washed with 20 ml of 0.5 M
NaCV10 mM Tris-HCl, pH 7.5/0.2% NaDodSO4, and the
mRNA was eluted with 1 ml of H20. The mRNA was precipi-
tated by the addition of sodium acetate (pH 4.5) to 0.3 M and
2 vol of ethanol and stored at -20°C. Isolation of total poly(A)+
mRNA and cell-free translations in a rabbit reticulocyte lysate
were performed as described (14, 15). Immunoprecipitations
with formalin-fixed Staphylococcus aureus by the method of
Kessler (16) were performed as described (15).
cDNA Synthesis and Selection of Recombinants. cDNA syn-

thesis was performed by standard procedures with avian mye-
loblastosis virus reverse transcriptase (obtained from J. Beard,
Life Sciences, St. Petersburg, FL). For large amounts of
mRNA, the first-strand reaction was boiled prior to the addition
of DNA polymerase I (Bethesda Research Laboratories) for sec-
ond-strand synthesis (17). For small amounts, the mRNA was
hydrolyzed by incubation in 0.3 M NaOH for 30 min at 70°C.
The ds cDNA was treated with S1 nuclease and tailed with ter-
minal deoxynucleotidyltransferase (Bethesda Research Labo-
ratories) and CTP. All phenol extractions and column separa-
tions for removal of labeled nucleotides after each of the above
reactions were replaced by two spermine precipitations of the
DNA (18). The reaction mixtures were made 10 mM in sperm-
ine, incubated 10 min at 4°C, and pelleted in an Eppendorf
Microfuge. The hard whitish pellet was resuspended in a small
amount of 0.4 M sodium acetate/10 mM magnesium acetate,
diluted 1:10 with H20, and reprecipitated with 10 mM sperm-
ine. The second precipitate was resuspended in 0.4 M Na ace-
tate/10 mM Mg acetate and ethanol precipitated to remove
spermine.

dC-tailed double-stranded cDNA was hybridized with Pst I-
digested, dG-tailed pBR322 and used to transform Escherichia
coli MM294 or C600 incubated overnight in CaCl2 (19). Trans-
formants were plated or transferred to Millipore filters and am-
plified on chloramphenicol plates (20). Filters were screened
by hybridization (21) with [3 P]cDNA made to HC 2. 1-immu-
nopurified mRNA. Hybridizing clones were grown (10 ml) and
plasmid DNA was prepared as described (22), with the addition
ofone phenol extraction. Positive selections with total poly(A)+-
mRNA (200-400 Ag/ml) were performed as described (23) ex-
cept that DNA was spotted onto nitrocellulose filters (24, 25).

Carboxypeptidase Digestion. Treatment ofthe heavy chains
of native detergent-solubilized DR antigen (p34) and of the DR
antigen obtained after detergent solubilization of papain-treated
membranes (p33) (27) with carboxypeptidases A and B (Wor-
thington) was carried out as described (28).

RESULTS
Immunopurification of Polysomes by Using an Anti-DR

Heavy Chain Monoclonal Antibody. We previously identified
a precursor of the heavy chain of HLA-DR (p34) in cell-free
translations of poly(A)+mRNA from human B lymphoblastoid
cell lines by immunoprecipitation with a heteroserum raised
against the separated, denatured heavy chain (anti-p34) (15).
Monoclonal antibodies were prepared against the separated

heavy and light chains of papain-treated detergent-solubilized
HLA-DR (p23, 30). One such monoclonal antibody, HC 2.1,
reacted with the separated glycosylated DR heavy chain syn-
thesized in vivo (p34) and showed no reactivity with the native
DR complex, as was shown for anti-p34 (15). As expected, it also
precipitated the nonglycosylated precursor to the heavy chain,
p31, synthesized in cell-free translation (e.g., Fig. 2, lane b).

Milligram amounts ofHC 2.1 were prepared from ascites and
made RNase free by passage over protein A-Sepharose columns.
This antibody was added to polysomes prepared by Mg2+ pre-
cipitation from Triton X-100 lysates of JY cells. The polysomes
bound by HC 2.1 were purified by passage over protein A-
Sepharose. After extensive washing, the polysomes were eluted
with Tris/EDTA, and the mRNA was purified by oligo(dT)-cel-
lulose chromatography. The translations of total mRNA and
mRNA from HC 2.1 immunoaffinity-purified polysomes are
presented in Fig. 1A. Note the ratio ofanti-p34 reactive material
to anti-H reactive material from total translate (about 1:5 by
densitometry, lane b to lane c). Anti-H is a heteroserum pre-
pared against the heavy chain of HLA-A,B,C antigens (30). In
the absence ofmRNA (lane d) only globin and an artifact of the
system were seen, and nothing was precipitated with the an-
tibodies used (lanes e and f).
When HC 2.1-immunopurified mRNA was translated, the

pattern of total translation (lane g) revealed a dramatic increase
in a band migrating at the position of the precursor of the DR
heavy chain. There was a concomitant decrease in almost all
other proteins except for those proteins already making up a
large percentage ofthe total protein-i.e., actin (the band below
the [WS]methionine-labeled artifact ofcell-free translation), and
a doublet below the major product. The major product (but not
the doublet below it) was precipitable by the anti-p34 hetero-
serum (lane h). The doublet was also not precipitable by HC
2.1 and thus is not likely to represent material corresponding
to antigenically related products of another DR locus (32-34).
Lane i shows the immunoprecipitation of the supernatant of lane
h by an additional aliquot of anti-p34 and anti-H. Comparison
of the ratio of the densities of anti-p34 precipitable material and
anti-H precipitable material from translation of HC 2. 1-im-
munopurified mRNA (150:1) to that ratio for translation of total
mRNA (1:5) is an indication ofthe level of purification obtained
relative to the mRNA for the heavy chain of HLA-A,B,C anti-
gens. In this case the ratio was approximately 750. By comparing
the ratios of two immunoprecipitable products, the extent of
purification can be estimated; differences in efficiencies of
translation due to varying mRNA concentrations or unequal
numbers of methionines in each of the molecules can be ne-
glected. However, faulty estimations due to differences in the
intrinsic rate of translation of DR heavy chain mRNA and HLA-
A,B,C heavy chain mRNA in vitro cannot be excluded.

Fig. 1B presents another example of immunopurification of
polysomes by HC 2.1 In this case, the purification was much
greater and the mRNA had been purified nearly to homogene-
ity. The purity of the mRNA shown in lane g of Fig. 1A was
estimated to be about 30% by densitometry of the cell-free
translation products, and therefore purification to homogeneity
required a 2000- to 3000-fold purification from total mRNA (750/
0.3). These polysomes were prepared in the continuous pres-
ence of trichodermin at 1 ,ug/ml [a fungal antibiotic that is
thought to inhibit termination of translation (35, 36)]. It is be-
lieved that polysomes prepared in the presence of trichodermin
might have longer nascent chains (and therefore more and
greater exposure of antigenic sites per polysome) than poly-
somes isolated in the presence of chain-elongation inhibitors
such as cycloheximide. Alternatively, the yield of polysomes
may be greater. A 2-fold increase in specific immunoprecipi-
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FIG. 1. Cell-free translation of total and of immunopurified
mRNA analyzed by immunoprecipitation. (A) Cell-free translation of
total JY mRNA and of mRNA immunopurified with anti-DR heavy
chain monoclonal antibody (HC 2.1), analyzedby immunoprecipitation
and NaDodSO4/polyacrylamide (10%) gel electrophoresis (29). Lanes:
a, cell-free translation of total poly(A)+mRNA (1 ug/25 ,ul of reaction
volume); b, immunoprecipitation of cell-free translation products from
total mRNA by anti-p34 heteroserum (10-fold the amount in lane a);
c, immunoprecipitation of the supernatant of lane b by anti-H heter-
oserum (30) and an additional aliquot of anti-p34; d, cell-free trans-
lation with no added mRNA (note the artifact of cell-free translation
with [3S]methionine and the reticulocyte proteins synthesized from
endogenous mRNA); e and f, immunoprecipitations of cell-free trans-
lations with no added mRNA as in lanes b and c, respectively; g, cell-
free translation of poly(A)+mRNA isolated from HC 2.1-immunopu-
rified polysomes (represents the poly(A)+mRNA from 0.4 g ofJY cells);
h, immunoprecipitation by anti-p34 of cell-free translation of HC 2.1-
immunopurified mRNA (10-fold the amount in lane g); i, immunopre-
cipitation of supernatant of lane h by anti-H and an additional aliquot
of anti-p34. Fluorographic exposure time was 10 hr (31). (B) Cell-free
translation ofpoly(A)+mRNAfromHC 2.1-immunopurified polysomes
(lane a) and translation with no added mRNA (lane b). See text for
details. Fluorographic exposure time was 5 hr.

tation of chicken histone polysomes in the presence of tricho-
dermin has been reported (37). A systematic analysis of the ef-
fect of this drug was not performed here.

Isolation of cDNA Clones. With mRNA of this purity, the
cloning and selection of cDNAs complementary to DR heavy
chain was straightforward. Two approaches were simulta-
neously taken to obtain these cDNA clones: (i) ds cDNA copies
were prepared directly from immunopurified mRNA and
cloned into pBR322, and (ii) a cDNA library was probed with
labeled single-stranded cDNA made from the immunopurified
mRNA.

Cloning cDNA directly has several advantages (see Discus-
sion) but it was not clear that there was enough DR heavy chain
mRNA to produce sufficient amounts of ds cDNA. Standard
procedures were used for preparing ds cDNA from the im-
munopurified mRNA but all phenol extractions and column
separations were avoided by precipitating DNA with spermine.
The ds cDNA was tailed with dCTP and hybridized to Pst I-
digested dG-tailed pBR322. The hybrids were used to trans-
form competent E. coli C600. 32P-Labeled cDNA from HC
2. 1-immunopurified mRNA was also made and used to probe
2000-3000 cDNA clones prepared from total poly(A)+mRNA
from the LB cell line (DR 6,6), in addition to the clones prepared
directly from immunopurified mRNA.

From the small number ofclones prepared directly from im-
munopurified mRNA, one clone that hybridized very strongly
with labeled cDNA was analyzed by positive selection. This
clone, pDRH-1 positively selected mRNA which, when trans-
lated, was immunoprecipitable by both HC 2.1 and anti-p34
(data not shown). Five colonies from the LB library that hy-
bridized to the cDNA probe were also screened by positive se-
lection. One of these clones, pDRH-2, was also found to select
the DR heavy chain mRNA (Fig. 2).

Nucleotide Sequence of pDRH-1 and pDRH-2. The se-
quences ofpDRH-1, cloned directly from ds cDNA synthesized
from HC 2. 1-immunopurified mRNA from the JY cell line (DR
4,6), and pDRH-2, isolated from a cDNA library from the LB
cell line by using single-stranded cDNA as a probe, are pre-
sented in Fig. 3. pDRH-2, which is 500 nucleotides long [not
including the poly(A) and C-G tails], contains the 3' end of the
mRNA followed by a succession of about 75 adenosines.
Twenty-seven nucleotides upstream from the poly(A), the poly-
adenylylation signal A-A-T-A-A-A begins. Another A-A-T-A-
A-A sequence occurs 130 bases from the poly(A) tail (and also
on the complementary strand at position 343). The existence
of two such sequences might indicate the presence of two sep-
arate messengers differing by 100 nucleotides. Alternatively,
the existence oftwo A-A-T-A-A-A sequences could indicate that
this sequence alone is not sufficient to serve as the signal for
transcription termination and polyadenylylation (38).

At the 5' end of pDRH-2, one reading frame encodes 31
amino acids followed by a stop codon and then, after 12 base
pairs, a second stop codon in the same reading frame. These
amino acid residues bear the general properties expected at the
COOH terminus of a transmembrane protein such as the DR
heavy chain. First, a stretch of 14 hydrophobic amino acids with
no charged residues occurs, although two threonines are pres-
ent. Similar contiguous hydrophobic sequences have been ob-
served for transmembrane proteins such as the heavy chains of
HLA-A,B,C and H-2K,D antigens, glycophorin, and mem-
brane IgM. Threonines have been reported in the transmem-
brane segment of H-2K as well as in glycophorin (39, 40). Fol-
lowing the hydrophobic region is a stretch of 15 amino acids,
predominantly hydrophilic, that comprise the cytoplasmic
COOH terminus. It begins with a cluster of positively charged
residues (Lys-Gly-Leu-Arg-Lys). This feature has also been ob-
served in transmembrane proteins and has been postulated to
stabilize interactions with the negatively charged phospholipid.
Within the hydrophilic COOH terminus is a single serine res-
idue which is the presumed site ofphosphorylation ofthe heavy
chain (27). This serine is located two residues from an arginine,
a characteristic shared by many cAMP-dependent protein ki-
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FIG. 2. Cell-free translation of
mRNA hybridizing to filter-bound
pDRH-2 analyzed by immunopre-
cipitation. Lanes: a, translation of
pDRH-2 selected mRNA; b, im-
munoprecipitation of equal aliquot
of cell-free translation products of
lane a by HC 2.1; c, translation of
mRNA bound to another plasmid
(pBR322 + insert) that was nega-
tive in hybridization with
[32P]cDNA to HC 2.1-immunopu-
rifled mRNA; d, immunoprecipi-
tation of cell-free products of lane
c by HC 2.1.
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teu thk vat giy teu vat gti tie ite tiegig thite phe ite ite ty4 gty ite atg
pDRH-2 (G)15 C CTG ACT GTG GGT CTG GTG GGC ATC ATT ATT GGG ACC ATC TTC ATC ATC AAG GGA TTG CGC

ty4 ett azn ata ata git a,%g aitg gty pto ieU *

AAA AGC MT GCA GCA GM CGC AGG GGG CCT CTG TM GGCACATGGAGGTGATGGTGTTTCTTAGAGAGA

Sau3A
I , 210

A GATCAICTGAAGAAACTTCTGCTTTAATGGCTTTACAAAGCTGGCAATATTACAATCCTTGACCTCAGTGAAAGCAGTCA

290
TCTTCAGCATTTTCCAGCCCTATAGCCACCCCAAGAGTGGTTATGCCTCCTCGATTGCTCCATACTCTAACATCTAGCTG

pDRH-l (C)25 ACATCTAGCTG

*
' ' " . , 370

GCTTCCCTGTCTATTGCCTTTTCCTGTATCTATTTTCCTCTATTTCCTATCATTTTATTATCACCATGCAATGCCTCTGG
GCTTCCCTGTCTATTGCCTTTTCCTGTATCTATTTTCCTCTATTTCCTATCATTTTATTATCACCATGCMTGCCTCTGG

I Hinf I, , I a, 450
AATAAMCATACAGGAGTCTGTCTCTGCTATGGMTGCCCCATGGGGCATCTCTTGTGTACTTATTGTTTAAGGTTTC CT
AATMAACATACAGGANTCTGTCTCTGCTATGGAATGCCCCATG6GGCATCTCTTGTGTACTTATTGTTTAAGGTTTCCT

II6 Bgl II 500
CAMCTGTGATTTTTCTGAACACAATMACTATTTGMGATCTTGGGTGG(A)75(C)10
CAAACTGTGATTTTTCTGAACACAATAMCTA(G)17

FIG. 3. The nucleotide sequences of pDRH-1 and pDRH-2. The restriction enzyme sites shown are those that were end-labeled at 3' ends with
the Klenow fragment of DNA polymerase I or with terminal deoxynucleotidyltransferase and [a-32P]cordycepin (Amersham) for sequence analysis.
A single Pst I site at the 5' end of pDRH-2 was also labeled. Sequences were determined by the method of Maxam and Gilbert (26) but 60% formic
acid was used for the A+G specific base modification reaction. *, Stop codon.

nase acceptor sites (41). Finally, papain cleavage removes the
COOH-terminal hydrophilic region, decreasing the apparent
Mr from 34,000 to 33,000 (a difference of about 10 amino acid
residues). Although the exact site of papain cleavage is not
known, the size of the hydrophilic sequence in the reading
frame ofpDRH-2, 15 residues, is consistent with these data and
is considerably smaller than the corresponding region in HLA-
A,B antigens. Papain actually removes only nine residues of
the hydrophilic region (see below).
The sequence ofpDRH-1 (204 base pairs) is wholly contained

within the 3' untranslated region ofpDRH-2 and appears to be
identical with it (Fig. 3). These two cDNA clones come from
mRNA from cell lines established from two different individ-
uals.

Digestion of DR Antigen Heavy Chain by Carboxypepti-
dases. Confirmation of the deduced sequence was sought by
carboxypeptidase digestion of purified DR heavy chains. De-
tergent-solubilized DR heavy chains (p34) and papain-treated
detergent-solubilized DR heavy chains (p33) were isolated from
cell lines JY and LB as described (27). Carboxypeptidase A
digestion of p34 from JY cells yielded only leucine (0.42 mol of
Leu per mol ofp34); addition ofcarboxypeptidase B at this point
released no amino acids in comparable amounts. This result is
expected from the sequence of pDRH-2 because carboxypep-
tidases A and B do not release proline. Papain treatment of B
lymphoblastoid membranes removes the COOH-terminal hy-
drophilic peptide from DR heavy chains to yield p33, which can
then be solubilized by detergent. Carboxypeptidase A digestion
of p33 from both JY and LB cells yielded mostly serine (0.47
mol per mol ofp33); addition ofcarboxypeptidase B at this point
yielded predominantly arginine (0.33 mol/mol) and a small
amount of leucine (0.10 mol/mol). The lysine position was ob-
scured by a contaminant. These data are consistent with papain
cleavage after the serine in the putative hydrophilic sequence
ofpDRH-2. Thus, these data are consistent with pDRH-2 being
a clone of authentic DR heavy chain.

DISCUSSION

The purification of mRNA by specific immunoprecipitation of
polysomes is a highly specific method of mRNA isolation. Its
technical difficulties include impurity of antibodies and non-
specific trapping of polysomes; the latter has been partly cir-
cumvented by the use of antibodies coupled to a solid support
(42) and by using either protein A-containing bacteria (12) or
protein A itself (7) as an immunoadsorbent. By combining the
use of protein A-Sepharose column chromatography and a
monoclonal antibody against the heavy chain of HLA-DR, we
have purified to near homogeneity the mRNA for the heavy
chain of HLA-DR. This procedure has been successful for pu-
rification ofa message whose estimated abundance is 0.01-0.05%
of total mRNA and could be useful for even scarcer messages.
The increasing number of monoclonal antibodies currently
available for proteins for which there are little structural data
potentially could be exploited in this manner. The initial pu-
rification ofthe mRNA by a highly selective antibody eliminates
the need for positive selection as an initial screening procedure.

Another advantage of this technique is that, once a polysome
preparation is made, two or more different antibodies can be
sequentially added to the polysomes and removed by protein
A-Sepharose columns. This has been done with HC 2.1 anti-
body followed by anti-H, the heteroserum recognizing the
HLA-A,B heavy chain precursor (30). Although the yield ofthe
anti-H reactive polysomes was not as good as that for DR heavy
chain, the purity nevertheless was high (unpublished data). An
antibody capable ofrecognizing a nascent NH2-terminal epitope
could be critical for the success of this procedure.

The most signficant aspect of the power of specific immu-
nopurification of polysomes is its potential use in the study of
the structure and genetic organization ofa multigene family. By
cloning full-length cDNAs directly from mRNA isolated from
immunopurified polysomes, it is possible to relate a DNA se-
quence directly to one of a number of similar antigens, without
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requiring extensive protein information-i.e., the identifica-
tion is provided by the specificity of the monoclonal antibody.
The direct correlation ofa DNA sequence with a specific antigen
circumvents those difficulties that arise in subsequent analyses
as a result of the numbers of homologous sequences detected
by nucleic acid hybridization. For example, hybridization with
HLA-A,B or H-2K,D probes detects 10-15 fragments in ge-
nomic DNA digests (43-45). To determine what these frag-
ments are one must resort either to a detailed analysis of each
sequence or to cell transformation, which will ultimately de-
pend upon serological methods for detection of transformants
and a knowledge ofthe requirements for cell surface expression
as well. The light chains of human DR antigens and the anti-
bodies that recognize subpopulations of these antigens (e.g.,
32-34) will provide a test of the efficacy of this idea as applied
to the analysis of major histocompatibility complex genes.

The availability of cDNA probes for HLA-DR will permit
further analysis of other areas of the human major histocom-
patibility complex. Of particular interest is the question of the
number of HLA-DR and DR-like genes and their relationship
to the nature of the immune response. It has been argued that,
to serve as antigen recognition molecules, the current number
of known DR or Ia antigens is insufficent to present the large
number of protein antigens (10, 46). Southern blot analysis of
genomic DNA using either [32P]cDNA prepared to HC 2. 1-im-
munopurified mRNA or nick-translated pDRH-2 revealed only
a single 18-kilobase (kb) BamHI fragment hybridizing to these
probes even at low stringency. In addition, four different ge-
nomic clones have been isolated from a human library in phage
A by hybridization with pDRH-2. All of these clones share an
internal EcoRI fragment of 3.5-kb that hybridizes with pDRH-
2. These data suggest that the DR antigen heavy chain (the con-
stant chain of the complex) may be encoded only once in the
genome. The gene for (32-microglobulin, also a constant chain,
is also thought to be a single-copy gene (23). The cDNAs made
from mRNA and pDRH-2 do not appear to be sufficiently re-
lated to other DR heavy chains (32-34) to cross-hybridize with
them. Differences in peptide maps for the heavy chains of DR
and DC1 (a second DR-like molecule) have recently been ob-
served (32). It should also be noted that, in the mouse, I-A a
chains and I-E a chains have little homology by peptide map-
ping (47) and might not be expected to cross-hybridize by virtue
of nucleic acid homology.
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