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Nuclear Transcripts of Mouse Heavy Chain Immunoglobulin

Genes Contain Only the Expressed Class of C-Region Sequences

Abstract. In plasmacytoma cells producing 1gG, IgA, or IgM immunoglobulin
heavy chains, the large precursors of the heavy chain messenger RNA’s contain
nucleotide sequences that specify only the expressed class of constant region. This in-
dicates that the switch from one class of heavy chain to another during B cell ontoge-
ny does not occur by altered processing of a complex gene transcript.

During the course of their ontogeny B
lymphocytes produce heavy (H) chain
immunoglobulins in which variable re-
gion (Vy) sequences of a characteristic
idiotype can be associated with a variety
of constant region (Cy) sequences (/).
Thus, the commitment to produce the M,
G, or A class of immunoglobulins is pre-
sumed to reflect a switch between V;;C,
and VyC, or VyC, @) expression. Two
types of molecular models have been pro-
posed to account for this switch: one in-
volving structural rearrangements of the
Vi and Cy genes (3) and the other, vari-
able processing of a complex messenger
RNA (mRNA) precursor containing in-
formation for all of the C;; sequences ¢).
Some doubt has been cast on the RNA
processing model by the observation that
a hybridoma line formed by fusing
Vu,Cu- and Vy,Cy-producing cells does
not produce a V,,C. hybrid immuno-
globulin (5). However, this negative evi-
dence is only inferential because it pre-
sumes capabilities of processing en-
zymes about which essentially nothing is
known.

We have made a more direct test of the
processing model by examining the nu-
clear transcripts in cells producing im-
munoglobulins of one particular class for
the presence of sequences specifying
other classes. This test is based on our
ability to detect the nuclear precursors of
H-chain mRNA’s by their specific hy-
bridization to cloned complementary
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DNA (cDNA) sequences (6). We have
observed that the precursors of y-, a-,
and p-chain mRNA’s contain only the
sequences of that particular class, a re-
sult that is inconsistent with the RNA
processing model.

The myeloma cell line MPC-11, which
produces vy;, chains, and plasmacytoma
tumors J558 and PC3741, which produce
a and u heavy chains, were used as the
source of nuclear RNA and cytoplasmic
mRNA (7, 8). Nuclear RNA’s were ex-
tracted by the hot phenol method of
Scherrer (9) from MPC-11 nuclei purified
with detergent (6) and from tumor nuclei
purified with citric acid (/0). Cyto-
plasmic mRNA’s were extracted from
membrane-bound polyribosomes and
further purified as indicated ). Poly-
adenylate [poly(A)]-containing nuclear
RNA was isolated by chromatography
on oligodeoxythymidylate cellulose and
size-fractionated on methylmercury hy-
droxide-agarose gels (6). The RNA
molecules containing sequences coding
for this H-chain constant region were
identified by the RNA transfer technique
of Alwine et al. (I11) with the use of nick-
translated cloned cDNA probes of = 25
count/min per picogram (8).

The coristruction and characterization
of the chimeric plasmid py,,(11)” con-
taining a 1-kilobase-pair (kbp) segment of
va, C-region nucleotide sequences de-
rived from the H-mRNA of MPC-11 cells
has been described (6). The plasmids
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containing u and « nucleotide se-
quences, pu(3741)° and pa(558)2, were
made and characterized by similar pro-
cedires, starting with H-mRNA’s from
PC3741 and J558 cells. Their authenticity
was verified by the hybrid-arrest trans-
lation assay (/2), and the size of the
immunoglobulin nucleotide sequence in-
serts was estimated by restriction anal-
ysis (6) to be about 0.9 kbp. Since these
inserts are approximately half the length
of the H-mRNA'’s, they presumably con-
tain a substantial proportion of the C-
region sequences.

In MPC-11 cells the nuclear precur-
sors of a vy,, class H-mRNA have been
shown to consist of an 11-kilobase (kb)
component, which appears to be the ini-
tial transcript of the H-chain gene, a 3.7-
kb intermediate component, and a 1.8-kb
component the size of mature H-mRNA
(6). These components are detected as
discrete bands on a diffuse background
of partially degraded RNA when the nu-
clear RNA is fractionated on denaturing
gels and hybridized with a labeled vy,
probe (Fig. 1A). When the same nuclear
RNA was incubated with the o or u
probes, no hybridization was detected
(Fig. 1, B and C). That the probes could
have detected a- and u-mRNA sequences
if they were present in the y,), precursors
is demonstrated by their ability to hy-
bridize with their corresponding cyto-
plasmic mRNA’s (Fig. 1, D to F). These
data indicate that the nuclear precursors
of the 7y,,-mRNA, which contain se-
quences coding for the y,, C-region, do
not contain sequences coding for the « or
u C-region.

The same type of analysis was carried
out with nuclear RNA’s from plasmacy-
toma cells expressing C, and C, genes
(Fig. 2). For these experiments we used
poly(A)-containing nuclear RNA, which
is significantly enriched in H-mRNA se-
quences over the total nuclear RNA 6),
and hence affords a higher level of de-
tectability. The poly(A)-containing nu-
clear RNA from the a-chain-producing
tumor, J558, contains components of
8.2, 2.1, and 1.65 kb that hybridize with
the a-sequence-containing probe (Fig.
2A). In addition, there is a background
of polydisperse components < 8.2 kb,
which probably represents breakdown
products of the 8.2-kb and 1.65-kb com-
ponents. The 1.65-kb component corre-
sponds in size to the cytoplasmic H-
mRNA from these cells (Fig. 1E). This
same nuclear RNA preparation did not
exhibit any detectable hybridization with
the p and v,, probes (Fig. 2, B and C),
indicating that the nuclear transcripts of
a-mRNA contain only C, coding se-
quences. The poly(A)-containing nuclear
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RNA from the wu-chain-producing tu-
mor, PC3741, contains two discrete com-
ponents that hybridize to the u probe
(Fig. 2D): a large component of approxi-

—10.5kb

21kb—
1.65kb—

— 2.1kb

Fig. 1 (top). Analysis of nuclear RNA se-
quences coding for the H-chain constant re-
gion in MPC-11 cells. Nuclear RNA (30 ug
per track) was subjected to electrophoresis on
methylmercury  hydroxide-agarose  gels,
transferred to paper, and hybridized with 2P-
labeled plasmids (~ 50 count/min per pico-
gram) containing y., sequences (A), a se-
quences (B), and u sequences (C). The #2P-
labeled plasmids were also hybridized, re-
spectively, with y,,-mRNA from MPC-11
celis (D), a-mRNA from J558 cells (E), and u-
mRNA from PC3741 cells (F). Track D con-
tained 5 ug of total cytoplasmic RNA; tracks
E and F contained 20 ng of H-mRNA purified
by oligodeoxythymidylate-cellulose chroma-
tography and sedimentation through one su-
crose gradient. The autoradiographs were in-
tentionally overexposed (6 days with an in-
tensifier screen) in order to maximize detec-
tion of the less abundant, large nuclear
transcripts. The center track shows a pattern
(ethidium bromide-stained) of MPC-11 nucle-
ar RNA. Prominent bands of precursor ribo-
somal RNA and ribosomal RNA (455, 325,
28§, 18S) are visible over a diffuse back-
ground of heterogeneous nuclear RNA. The
magnification and electrophoresis conditions
for this track were different from those used in
tracks Ato C. Fig. 2 (bottom). Analysis of
nuclear RNA sequences coding for H-chain
constant regions produced by plasmacytoma
cells J558 (A to C) and PC3741 (D to F).
Poly(A)-containing nuclear RNA (9 ug per
track for J558 and 5 ug per track for PC3741)
was analyzed as described (Fig. 1) by hybridi-
zation with 3?P-labeled (~ 30 count/min per
picogram) « sequences (A and E), vy, se-
quences (B and F), and u sequences (C and
D). The autoradiographic exposure (with in-
tensifier screen) was 16 hours (A and D) and
4 days (B, C, E, and F).

mately 10.5 kb, and a 2.1-kb component
corresponding in size to the mature u-
mRNA (Fig. 1F). A diffuse background
of putative degradation products < 10.5
kb is also observed. There is no detect-
able hybridization of this nuclear RNA
with either the vy, or the a probe (Fig. 2,
E and F).

These results argue against the exis-
tence of multiple C-region sequences in
the nuclear precursors of either y,-, a-,
or u-mRNA’s, and thus provide direct
evidence against the RNA processing
model as an explanation for the ontoge-
netic switch in expression of Cy; genes. A
particular mRNA precursor appears to
contain only that C-region sequence
characteristic of its mature mRNA prod-
uct. Thus, the more plausible models
would seem to be those that assume
some type of DNA rearrangement during
the course of B lymphocyte dif-
ferentiation. Such gene rearrangements
are already known to occur for V and C
light chain genes (I3).
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