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Summary

We have established the exon-intron structure of
the gene coding for the constant (C) region of the
mouse immunoglobulin § heavy chain, using DNA
clones isolated from BALB/c embryos and the &
mRMNA extracted from two d-producing hybridomas,
B1-8.51 and GCL2.8. At least three types of C; gene
ctures are identified. A 2.7 kb § mRNA reveals
@ This § mRNA may code for a membrane-
bou f chain. A second § mRMNA of 1.8 kb shares
the first (5’ side relative to direction of transcription)
three exons with the 2.7 kb § mRMNA and in addition
contains afourth exon unique to this mRNA species.
This § mRMA most IIKely codes for a secreted §
chain. A third § mRNA, also of 1.8 kb, shares the
first four exons and a part of the fifth exon with the
2.7 kb mRNA. Its function, if any, remains unclear.
We investigated the question of how a lymphocyte
can produce the yu and § heavy chains simultane-
ously, using the hybridoma GCL2.8, which makes
both IgM and IgD. Results of Southern gel blot
analysis and gene cloning experiments indicate that
this cell utilizes the same rearranged V, gene for
the synthesis of the u and § chains, and yet main-
tains the embryonic configuration for the C, and C;
genes and for the intervening region. Based on
these results, we conclude that the V. sequence is
spliced alternatively to the C, or C; sequence during
processing of the primary RNA transcript. An alter-
native mechanism for the expression of the & gene
is found in the hybridoma B1-8.81, which actively
secretes § chains and synthesizes no p chain. This
mechanism involves deletion of the C, gene, which
brings the complete Vy gene closer to the C; gene.

Introduction

Somatic rearrangement of DNA sequences plays a
key role in the developmentally controlled synthesis
of immunoglobulin heavy chains. The conventionally
defined variable region is encoded in three types of
independent germline DNA segments, referred to as

Vu, Dy and Ju, which are brought together by DNA
recombination to create a complete V gene (Sakano
et al., 1980, 1981; Early et al., 1980a; Kurosawa et
al., 1981). The assembled Vy gene and the C, gene
located about 8 kb downstream (that is, on the 3' side)
are cotranscribed in B cells that synthesize the free
p chain or complete IgM molecules. Activation of one
of the v, o or € constant genes requires a second type
of recombination (switch recombination), which re-
places the C, gene with the corresponding C,, C, or
C. gene (Davis et al., 1980a; Katacka et al., 1980;
Maki et al., 1980). While recent studies have accu-
mulated a considerable amount of information on the
organization of heavy chain genes in "pre-B" and
postswitch B cells, no analogous data are available
for the third major state, namely the simultanecus
synthesis of p and & chains in mature B lymphocytes.
Recently, Liu et al. (1980) and Tucker et al. (1980)
have mapped the C; gene at 2.47 kb 3" to the C,
gene.

In this study we have analyzed the structure and
exprassion of the & gene using two hybridomas, B1-
8.81 and GCL2.B. The latter is a subclone of a
hybridoma prepared by fusion of a Syrian hamster
lymphoma (GD36A) with mouse spleen cells (BALE /
c¢), and bears both IgM and IgD on the cell surface,
which appear to share common idiotypic determinants
{Raschke, 1978; Wabl et al., 1980). This hybridoma
was recently shown by karyotype analysis to contain
only one copy of mouse chromasome 12 (Wabl et al.,
1280), on which the heavy chain genes reside (Hen-
gartner et al., 1978; Mea et al., 1980). The other
hybridoma, B1-8.81, secretes 1gD and has cell-syr-
fw;wﬂm—"wf
and Rajewsky, 1981). This hybridoma is a derivative
of a cell prepared by the fusion of a mouse myeloma
cell (AgBE53) with a mouse spleen cell (CSTBL/E);
the original hybridoma produced IgM but no IgD. The
loss of IgM has been linked to the deletion of the C,
gene (F. Sablitski, personal communication).

Results

Cloning of the Genomic DNA Segments Containing
C, and C; in Mouse Embryo

Liu &t al. (1980) and Tucker et al. (1980) mapped the
C;gene 2.5 kb 3' to the C. gene, using cDMA prepared
from the 6§ mANA present in myeloma TEPCI1017. Two
types of recombinant DNA libraries, an Eco Rl partial
and an Eco RI* library, were utilized to cover the
approximately 27 kb region containing the four Jus,
C, and C; sequences (Figure 1). Clone MEP203 (Fig-
ure 1¢) was isolated fram an Eco RI partial library with
the 0.8 kb Xba |1-Eco Rl fragment {J probe) as a
hybridization probe (Figure 1b). Previous characteri-
zation of this clone suggested that it was composed
of three Eco Rl fragments in the order 5" to 3’ of 1.5
kb, 6.4 kb and 10.5 kb (Maki et al., 1980). Using the



4.5 kb Xba |-Xba | fragment indicated in Figure 1b as
a hybridization probe, we isolated several clones from
the Eco RI*® library, one of which was MES01. This
clone was shown to contain three Eco Rl fragments:
3 kb, 10.5 kb and 2 kb. Heteroduplex analysis re-
vealed that this 3 kb fragment was at the 5° end and
was completely homologous to the 3 end of clone
MEP203. Thus the clone MES01 extended 12.5 kb to
the 3* side of clone MEP203. Additional heteroduplex
and restriction enzyme mapping of various clones
allowed us to order the fragments as shown in Figure
1c.

Other clones were isolated in this region with the 2
kb Eco Rl fragment isolated from MESO1 (Figure 1h).
One of these clones, MEE45 (Figure 1¢), has an insert
size of slightly more than 16.5 kb. It was composed of
three Eco Rl fragments, whose order of 10.5 kb, 2 kb
and 4 kb was established by heteroduplex analysis
and restriction enzyme mapping with clone MESO1
and other clones not shown. These clones cover the
genomic DNA segment for Jy, C, and Cs.

Multiple Forms of § mRMNA in B1-8.61

The poly(A)™ RMA extracted from B1-8.51 was frac-
ticnated on a 10-40% sucrose gradient; and an ali-
quot of each fraction was electrophoretically sepa-
rated on a 1% agarose gel containing methylmercury,
transferred to diazonitrobenzyloxymethyl (DBM) pa-
per and hybridized with a 2.1 kb Xba-Xba probe
(Figure 1) that contains the first two exons of the C;
gene (Liu et al., 1980; Tucker et al., 1980). The
results are shown in Figure 2A. In fractions 8 and 9
the predominant RMNA species was 2.7 kb, while in
fractions 11, 12 and 13 the predominant RMNA was 1.8
kb, but was slightly heterogeneous. The 1.8 kb spe-
cies appeared fo be present at a level 3—4 times that
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Figure 1. Physical Map of Mouse Embryo DNA
(a) Physical map of mouse embryo DNA segment encompassing Juw.
C, and Cp. The positions of the four Jus were mapped according 1o
the method of Sakano et al. (1980), The exons of C, (E',=E's) were
mapped according to the methods of Maki et al. (1880), Calame &t al.
(18980) and Gough et al. (1980). The exons of C,; (E.-E;) were
mapped with data presented here as well as by Liu et al. (1880) and
Tucker ¢t al, (1980). R: Eco Rl X: ¥ba |. Scale is in kb.
{b) Probes isolated from DMA clones.
(c) Clones of mouse DNA fragments in Charon 4A, Vertical bars: Eco
Rl sites. *, Eco Rl site created by Eco RI* activity and ligation into
the vector Charon 4A. Dashed line in clone MEP203: deleticn of
about 2.5 kb, which resulted during the cloning. probably due to
recombination within a repeated sequence (Davis et al., 1930b;
Sakano et al.,, 1980).

of the 2.7 kb species. To demonstrate that at least
two RMA species code for § chains, aliquots of RNA
from fractions & and 12 were transiated in a reticulo-
cyte lysate system and the proteins synthesized were
precipitated with an anti-§ antiserum. As shown in
Figure 2B, RNA from fraction 8 coded for a product of
azbout 48,500 daltons, while RMA from fraction 12
coded for a protein of about 47,000 daltons. Control
precipitates with anti-p or anti-light chain antisera
gave results like those shown here for normal rabbit
serum. Thus it would appear that the two RMNA species
observed by the RNA blotting experiment code for two
immunoprecipitable forms of § chain.

The exon—intron structure of the Cs gene coding for
the two 8§ mRNAs was studied by electron microscopy.
RMAs from fraction 8 and fraction 12 were separately
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Figure 2. RNA Blotting and in Vitre Translation and Immunoprecipi-
tation of § mRAMA

(A) ANA blot of B1-8.51 mRMA. RMA was first fractionated on a 10-
40% exponential sucrose gradient. An aliquot (0.5 pg) of each fraction
was electrophoretically separated on a 1% agarose gel containing
methylmercury and processed as described in Experimental Proce-
dures. The 2.1 kb Xba |-Xba | DNA fragment described in Figure 1
was used as a hybridization probe. Fractions are indicated at the top
of the figure. Or: origin, Sizes of bands are indicated in kb, The rRNA
axtracted from B1-8.51 was used as a standard; 285 = 5000 bp,
185 = 2100 bp. The filter was exposed for 20 hr before developing.
(B} In vitroc translation and immunoprecipitation of & mANAs. One
microgram per lane of sucrose gradient fraction 8 (a) or fraction 12
(b) mRNA or nonspecific control mANA, (c) was translated in vitro with
g methionine. The products were then immunoprecipitated with 2
pl of nonimmune rabbit serum (NRS) or rabbit anti-mouse myeloma
T1087 (algD), followed by Protein A-Sepharose 4B beads. The
immunoprecipitates weare eluted and run on SD5-PAGE under reduc-
ing conditions using a linear §-18% 20 cm gradient gel. Autoradi-
ograms of tha dried gel, incleding the positions and sizes of marker
proteins in kd, are shown,
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hybridized with the clone MEG45. The predominant
form of the hybrid observed with the fraction 8 RMA is
shown in Fig a. This RMA-DMNA hybrid (type 1)
displayed g covering a distance of 9.8 kb
(Table 1). The position of E1 places the 5’ end of this
exon about 2.5 kb from the 3' end of exon & of the C,
gene (see Figure 1). This value is in good agreement
with the previously determined 2.47 kb distance be-
tween the C_ and C: genes (Liu et al_, 1980). However,
this gene structure differs from that of Liu et al. (1980),
who observed only four exons.

RMNA from fraction 12 gave a variety of different
structures. The most prevalent structure consisted of
four exons (Figure 3b; type II), three of which corre-
sponded in size and position to E1, E2 and E3 exons
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observed for the 2.7 kb species (Table 1). The fourth
exon, E4, was estimated to be 300 bp in length and
located 4.6 kb from the 3’ end of E3 (Table 1). This
form of the C; gene closely resembles that reported
by Liu et al. (1980). RNA from fraction 12 gave an-
other hybrid, which exhibited an exon-intron structure
similar to but distinct from that of the 2.7 kb RNA
species (Figure 3c; type lll; Table 1). The exons E1,
E2, E3 and ES were all present, but only about 300
bp (5" portion) of the total 600 bp of exon 6 and no
exon 7 hybridized. Several other hybrid structures
were also observed with RNA from fraction 12, but
each of them comprised a relatively minor fraction of
the total hybrid molecules observed. They will not be
considered further here.

Figure 3. Electron Micrographs and Sche-
matic Interpretation of mANA-DNA Hybrids
Obaserved with RMA from B1-8.81 or GCLZ.B
and DNA from Clones in Figure 1

In the schematic drawings the solid line is DMA
and the dotted line i3 mANA. The measure-
ments for each exon (E) are given in Table 1.
V: RMA tail interpreted as coding for the
Qene.

(a) Type | § mRNA-DNA hybrid observed with
B1-8.51 mRAMA (fraction B) and DNA from
clone MEG45. Six exons for the C, gene are
visible: E1, E2, E3. ES, EE and ET, as de-
scribed in the text.

(b) Type Il § mANA-DNA hybrid observed with
B1-8.61 mBNA (fraction 12) and DMA from
clone MEG45. Four exons for the C; gene are
visible: E1. EZ, E3 and E4, as described in the
text.

() Type Il § mENA-DMNA hybrid observed with
B1-8.61 mRAMA (fraction 12) and DNA from
clone ME&45. Five exons for the C; gene are
visible: E1, E2, E3, ES and E6, as described
in the text. (E4) a type 11 § RMNA that had anly
hybridized to E4 of the molecule.

(d) Type | § mANA-DMA hybrid observed with
GCLZ.8 mRMA (fraction 3) and DMA from
clone MEE45. Six exons for the G, gene are
visible: E1, E2, E3, ES, E6 and ET, as de-
scribed in the text.

(e} Type Il § mANA-DNA hybrid observed with
GCL2.8 mBNA (fraction 13) and DNA from
cloneé MEE45. Five exons for the C; gene are
vigible: E1, E2, E3, ES and E6, as described
in the text,

(f) Membrane x mRMNA-DMA hybrid obsered
with GCL2.8 mRMA (fraction 9) and DNA from
clone MEP203. Six exons of the C. gene are
vigible: E1, E2, E3, E4, EG and EB, as de-
scribed in the text.

(g) Secreted p mMAMNA-DMA hybrid obsersed
with GCL2.8 mANA (fraction 10) and DNA
from clone MEP203. Four exons of the C,
gene are visible: E1, E2, E3 and E4, as de-
scribed in the text,
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Table l|. Length Measurements of Cf £:|:|:|_|.1__|__-:|:|1d Introns
Bybridona Type N E, I, Ey I3 Ey
Bl=B. 41 I 10 0,26 0.42 g.11 1.2 0.2%
=0.03  +0.05 0.0 £0.03 20.02
1 W 0.6 0.37 0. 10 Q.99 0,32
+0.03  +0.08 20,01 +0.07  #0.05
I1I & Q.26 0,37 Q.11 1.0% 0.33
=0.04  =0.03 #0,02 0,07 +0.04
GCL2. 8 I 14 0. 26 .31 0.12 0.99 0. 31
#0.05  +0,05 #0.031 #3006  +0.05
111 5 0. 26 Q.34 0.11 0.%8 0. 30
*0.01 s0.04 =0.0]1 +0,09 0,02

4.58

By Iy Ey Iy Eg g Ez
fm————— 6.42 0.1% 0. 28 0.95 + D.09
0,20 0,02  +0.02
0.2% —
#0D.24 0.2
_— 6.53 0.17 0. 30 0.3 —— —
#0.21 =0.02 #0.04 =0.07

=19

=17 0 .63 2.1 0.28
#0.39 #0.03 +0.03 -

.02 +0.02

o
0

3, 015 0.24 . 1& e —_—— —
+0.15  :0.02 20,02 0.0l

T = . "
Sizes are given in kilobase pairs * 5.0.3 ¥ = nusber of molecules measured.
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Multiple Forms of 4 and p mRNA in GCL2.8

We analyzed the p and § mRMNA of GCL2.8 in 2 manner
similar to that used for the analysis of the § mRNA
from B1-8.81. As shown in Figure 4A, in sucrose
gradient fractions 9 and 10 the predominant RNA
species was 2.7 kb, while in fractions 12 and 13 a
species of 1.8 kb was observed. The amount of 2.7
kb species observed here was about 1,/10 of that in
B1-8.81, while the 1.8 kb species was on the order of
1/100 of that in B1-8.561. Figure 3d depicts the pre-
dominant hybrid structure observed when RNA from
fraction 8 was hybridized with the clone MEG45. The
six exons observed with this RNA were indistinguish-
able in size and position from the exons observed for
type | § RNA from B1-8.51 (Figure 3a; Table 1). RNA
from fraction 12 gave hybrid structures indistinguish-

able from thusf fsamef W ?
,Ljil B1-8.51. No RNA was observed that used ex

E4.

The same RNA blot was washed free of the **P-
labeled C; probe and was subsequently hybridized to
the 4.5 kb Xba |-Xba | probe containing the C, gene
(Figure 1b). The results, shown in Figure 4B, indicate
the presence of two RMNA species of 2.7 and 2.4 kb.
Figure 3f displays the hybrid structure that was ob-
served with clone MEP203 and fraction 8@ RNA con-
taining predominantly the 2.7 kb species. This six-
exon structure is characteristic of the C, gene coding
for the membrane-bound u chain {(Rogers et al., 1980;
Early et al., 1980b). Fraction 11 RMNA, containing the
two species of u mMBNA in roughly equal proportion,
gave two types of hybrid structure. One was indistin-
guishable from that observed with fraction 2 BMA and
the other contained only the first four exons (Figure
3g). The latter structure is characteristic of the C,

gene coding for a secreted F&E@M
1980; Early et al., 1980b).' Thus, although GCL2.8
appears to synthesize only the membrane form of IgM,
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Figure 4. RNA Blot of GCL2.8 mRANA
RMA was firs! fractionated on & 10-40% exponential sucrose gra-
dient. An aliqguot (0.5 pg) of each fraction was electrophoretically
separated on a 1% agarcse gal containing methylmercury and pro-
cessed as descrived in Experimental Procedures. Fractions are in-
dicated at the top of the figure, Or: origin. 3izes of bands are in kb.
rANA 285 (5000 bp) and 188 (2100 bp) extracted from GCLZ.B were
used a5 size markers,
(A) Gy probe (2.1 kb Xba |-Xba | fragment; Figure 1) used in hybrid-
ization. The filter was exposed for T2 hr before developing.
(B) C, probe (4.5 kb Xba I-Xba | fragment; Figure 1) used in hybrid-
ization. The filter was exposed for 10 hr before developing

the RNAs for both n forms
of u chains are present in this hybridoma.|This sug-
gests, as pointed out by Sidman (1981}, that transla-
tional or posttranslational controls may also play an
important role in the expression of the various Ig
genes.

Heavy Chain J Flearrangement in GCL2.8
Previous karyo 2 = mark 3 sis re-

z . This sug-
gests that only a haplmd set of heavy chain V genes
or their components are present in this cell. To verify
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this conclusion by a more direct molecular means,
Southern blot hybridization and genomic DNA cloning
were used. The DMAs of embryos (BALB/c), GD36A
(the Syrian hamster tumor used in cell fusion with
mouse splesn cells), GCL2.8 and either 1M10 or
21M3 (subclones of GCL2.8 that have lost the one
copy of mouse chromosome 12) were digested with
the restriction endonucleases Eco Rl, Bam HI, Kpn |
ar Hind Ill, fractionated by gel electrophoresis, trans-
ferred to nitrocellulose and hybridized with the 0.8 kb
Xba |-Eco Rl fragment (J probe) indicated in Figure
1b. This probe is the 3 end of the 6.4 kb embryonic
Eco Rl fragment containing the four J« segments. A
V=D-J joining that utilizes one of the four Jus brings
in & new 5' Eco Rl site and will therefore likely alter
the size of this fragment. The results with this probe
and various digests of the DNAs mentioned are shown
in Figure 5. The Eco RI digest of embryo DNA gave
one band at 6.4 kb, while the parent tumor GD36A of
Syrian hamster origin had two bands, 15 kb and 10.5
kb. The hybridoma GCLZ2.8 gave three bands; two of
the bands corresponded to the bands in GD36A—
that is, 15 kb and 10.5 kb—and a third band of 16.5
kb was unigue to this cell. The hybridoma 1M10,
which has lost the single copy of mouse chromosome
12 present in GCL2.8, lacks this 16.5 kb band and
displays only the two bands present in GD3BA.

To confirm these results we repeated the experi-
ment using Kpn I, Hind Il and Bam HI digests of the
same DMNAs (Figure 5). In the Kpn |-digested DNA of
GCL2.8 the unigue band appeared at 15 kb and was
absent from the DNA from 21M3. In the Hind lll digests
a unigue band was identified at 14 kb; and nnauy, in
the Bam Hi-dlgested DMA a unigque band in

The S Southern blm expenm_rua_aimua_to_mgglu_e
hat Ihere is only one J-positive band in s
3 o for by DNA donated tﬂ_.r the
MS J-positive DNA fragment is
= ymes used when compared with
embryo DNA and the disappearance of this itive

= 1'|band in cells that have lost mouse chromosome 12 |§_
| \&8 with _the loss of IgM and |
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Cloning and Characterization of the J-positive
Fragment in GCL2.8

We extended the characterization of the J-positive
rearranged sequence by cloning the 16.5 kb Eco RI
fragment from Eco Rl-digested GCL2.8, using the
phage vector Charon 4A. Four identical clones were
isolated, one of which, GCL-J5, is described here. As
expected, the cloned fragment was 16.5 kb (Figure
6). The fragment was shown to be rearranged at Ju.
by two criteria: first, heteroduplexes formed between
the clone GCL-J5 and ME184 (the embryonic 6.4 kb
J-positive Eco Rl clone) indicated complete homology
of 1.2 kb from the 3' Eco RI site to Ju., second,
restriction maps of both the embryo DNA clone and
the hybridoma DMNA clone revealed that cleavage sites
3' to Jua were common while those 5' to Jus were
unigue to each (Figure 6).

Since the 16.5 kb Eco Rl fragment is the unigue
fragment containing a rearranged J. sequence in
GCL2.8, we conclude that this fragment contains the
complete Vy gene (see below).

The Same V. Gene Is Used for p and § Chains in
GCL2.8

Prior serological studies indicated that the IgM and
IgD molecules synthesized by GCL2.8 carry the same
idiotype (W. Raschke, unpublished observations).
This and the fact that only one complete Vy gene is
detectable in GCLZ.8 strongly suggest that the g and
& chains employ the same V. gene. To confirm this
concept, we wished to demonstrate that the g and §

ME 184 - i 2 e

GCL-45 i 5
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Figure &, Restriction Enzyme Cleavage Maps of the DNA inserts from
Clones ME184 and GCL-J5
The four Jus (Jy, Jo. Js and J.) were mapped as previously described
by Sakano et al. (1880). The V-1, indicated in GCL-J5 is interpreted
as the rearranged V gene in GCL2 8 described in the text, E: Eca RI
P: Pst I. X: Xba I. Hp: Hpa Il. H: Hind 1ll. B: Bam HI. K: Kpn |

Figure 5. Southern Blot Hybridization of Var-
lous DMAs with J Probe

DMA was from BALB/c mouse embryo (A),
GDA6A (B). GCL2.E (C) or 1M10 (with Eco R
or 21M3 (with Bam HI and Kpn 1) (D). The J
probe used for hybridization was the 0.8 kb
Xba I=-Eco Rl fragment (see Figure 1). Eco:
DMAs digested with Eco Rl Bam: DNAs di-
gested with Bam HI. Kpn: DNAs digested with
Kpn L Hind: DNAs digested with Hind Il Or:
origin. Sizes of bands are in kb.
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mRMAs from GCL2.8 both contain a sequence com-
plementary to the Vi, gene presumably present on the
clone GCL-J5. Since the mRANAs were tog similar in

Ww@&
irect hybridization _experiments with the V., DMA
probe did not provide convincing results. To circum-
vent this difficulty, we combined RNA-DNA hybridi-
zation with DNA-DMA heteroduplex formation and
examined the hybrid molecules by electron micros-
copy (referred to as R hybrid).

In one experiment the phage DNA of two DNA
clones, the Vy gene clong GCL-J5 and the G, gene
clone MEP203, was mixed, denatured and anngaled
in the presence of the partially enriched GCL2.8 u
mRNA (fraction 9 of Figure 4B). Since the mouse DMNA
inserts of clones GCL-J5 and MEP203 are in an
opposite orientation relative to the long and short
phage DNA end fragments, the two DNA strands con-
taining the noncoding sequences of the respective
genes form a heteroduplex molecule by virtue of the
homology in the phage DMNA end fragments. A p mENA
molecule in the partially enriched RNA preparation will
hybridize with the C, exons on one DNA strand of the
heteroduplex molecule and also with the Vy exon on
the other DNA strand, if the mRMNA is indeed encoded
by this Vi gene. The hybrid structures shown in Fig-
ures TA, TB, 7G and 7H demonstrate that an RNA
molecule in fraction 2@ hybridized with both the Vi
sequence on GCL-JS and the C, sequence on
MEP203. The DNA-RMA hybrids depicting the six G,
exons for the membrane form of u are clearly visible;
and the 5' end of the mRMA hybridizes with the 300
bp V gene on clone GCL-J5. Mote that the latter

homology is 1.2 kb from the 3' Eco Rl end of the
insert, which is exactly the position where the V. gene
e,

iz expected fo reside. We thus conclude that the YV
p;rt_:%mmng for membrane p in GCL2.8
is transcribed from the GCL-J5 Vu gene.

In a similar manner, the DMNAs from phages MEG45
(containing C;) and GCL-J5 and RNA from fraction 9
of the sucrose gradient (Figure 4A) were mixed and
incubated. As shown in Figures TC-TF, DMNA-RNA
hybrid structures similar to those previously demon-
strated for the 2.7 kb § RNA species are formed on

the MEE45 strand of the heteroduplex. The 5' end of
the same mRMNA molecule hybridizes with the GCL-J5
strand. Again, 1.2 kb of single-stranded DNA separate
the latter homaology and the DNA-DNA hybrid formed
by one end of the phage genome. These results
demonstrate that the Vy gene on the GLC-J5 clone
encodes the V part of the 8§ mRNA. Taken together,
the results allow us to conclude that both p and &
mRNA of GCL2.8 are transcribed from the same Vy
gene.

There ls No DNA Rearrangement between C, and
C;in GCL2.8

One possible mechanism that would allow the simul-
taneous expression of the same V. gene in association
with C. and C: genes is a duplication of the complete
Vi gene and an insertion of the duplicated copy be-
tween the C, and C; genes. To test this and other
models that include DNA rearrangement in the C.-Cs
gene regicn, we examined the DNA from GCL2.8 and
embryos by Southern blot hybridization. Eight DNA
fragments from the embryo DNA clones that encom-
pass the genomic segment of DNA containing the C,
and C; exons were used as hybridization probes to
examine total DNA from embryos or GCL2 8 digested
with the restriction endonucleases Eco RI, Bam HI ar
Xba |. Typical Southern blots are shown in Figure §;
the results have been summarized in Figure 8.

As shown in Figure BA, the 1.5 kb Xba I|-Xba |
fragment (probe B in Figure 9) located between C,
and C; hybridized to a 12 kb fragment in Bam HI
digests of embryo and GCL2.8 DNAs. The 2.1 kb Xba
I-Xba | fragment (probe C in Figure 3), containing the
first two exons of C;s, hybridized to a 10.5 kb Eco RI
fragment in both embryo (lane a) and GCL2.8 (lane b)
DMAs (Figure 8B) or a 12 kb Bam HI fragment in both
(Figure BC). The smear in the background of both
embryo and CGLZ.8 DNAs is due to crosshybridiza-
tion of the probe sequence to a large number of DNA
fragments. In Figure 8D the DNA blot of the 3' end of
the C; gene is shown with a 2.5 kb Bam HI-Bam HI
fragment (probe F in Figure 9). When this probe was
hybridized to Eco Rl-digested embryo and GCL2.8
DNAg, it gave the expected result of a common frag-

Figure T. Electron Micrographs and Schematic interpretation of B HyDrids with BMA from GCL2.8 and DNA from Clones Described in Figures 1

and 8

I the schematic drawings the solid lines are DMNA and the dotted lne is mRNA,

(A, B, G, H) R hybrid structures cbserved with GCLZ.8 mRMA (fraction 8) and DMA from clones MEP203 and GCL-J5. The double-stranded DMA
structures are the complementary strands to the phage DMA that have hybridized. The single-stranded DNA inserts are derived from clones
MEP203 and GCL-JS. mRMNA has hybridized to the six exong of C, on MEP203 and the V gene of GCL-J5. Short arrows in schematic drawings:
1.2 kb length between the end of the insert in GCL-J5 and the V gene discussed in the text.

(B) Enlargement of the V-C junction shown in A

(C. D. E, F) R hybwid structures observed with GCLZ 8 mANA (fraction 9) and DNA from clones MEB45 and GCL-JS. The double-strandad DMA
structures are the complementary strands to the phage DMA that have hybridized. The single-stranded DNA inserts are derived from clones
MEG45 and GCL-J5. mRNA has hybridized to six exons of C; (type 1) on MEG45 and the V gene of GCL-J5. Arrowheads (E=H): 1.2 kb length
betwean the end of the insert in GCL-J5 and the ¥V gene discussed in the taxt,

(D) Enlargement of the V=C junction shown in C.
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ment at 10.5 kb in each as well as a 2 kb fragment in
each, but also a crosshybridizing band in embryo DNA
{lane a) at 4 kb, which is apparently absent in GCL2.8
DMA (lane b). The deletion of the 4 kb Eco Rl fragment
in GCL2.8 with probe F was verified by recent cloning
and mapping results, which place this deletion 3' to
the Cs gene (R. Maki and W. Roeder, unpublished
observations). These results, as well as the summary
of various probes and digests in Figure 9, suggest
that no large DNA rearrangement has occurred in the
region of C, and C; in GCL2.8. While rearrangements
of relatively short sequences may have been owver-
looked, it is unlikely that an insertion of a complete Vy
gene somewhere between the C, and C; genes could
have escaped detection.

Deletion of C, in B1-8.841

We were interested in determining whether the ap-
pearance of IgD and loss of IgM in B1-8.51 may be
explained by a mechanism similar to that cbserved for
class switch from IgM to IgG or IgA. In these cases
the C, gene is deleted (Colecough et al., 1980; Cory
and Adams, 1980; Rabbitts et al., 1980). To answer
this, Southern blot hybridization of Eco Rl-digested
DNA from AQBES53 (the mouse tumor used in the cell
tusion), B1-8.9 ({lgM producer) and B1-8.561 was per-
formed with the 4.5 kb Xba I-Xba | fragment (Figure
1b), which contains most of the C, gene. These results
are shown in Figure 10. The Eco Rl digest of B1-8.9
(lane B) shows a band at 15 kb, which corresponds to
the Eco Rl fragment containing the C, gene in CSTBL/
6 (Marcu et al., 1980). Two small bands were also
observed, but these are due to crosshybridization of
the sequences flanking the C, gene and are not con-
sidered further here. The DNA from Ag8653 (lane A)
shows no C, gene-containing fragment; it was derived
from a cell that previously synthesized IgG and had
deleted the C, gene. The Eco Rl-digested DMNA from
B1-8.81 (lane C) also did not show a band at 15 kb.
Thus the appearance of IgD expression and loss of
IlgM expression in B1-8.81 is accompanied by the
deletion of the C, gene.

40—

2.0—

D Figure 8, Southern Blot Hybridization of Two
ab DhAS with Probes Shown in Figure 9
Or—e= {Lane a) BALE /¢ mouse embryo DNA; (lane b)

GCL2.8 DMA. Or: origin. Sizes of bands are in
kb.

(A) DMAs digested with Barm HI and hybridized
with probe B in Figure 2 (1.5 kb Xba |-Xba |
fragment).

{B) DMAs digested with Eco Rl and hybridized
with probe C in Figure 9 (2.1 kb Xba I-Xba |
fragment).

{C) DMAs digested with Bam HI and hybridized
with probe C in Figure 9 (2.1 kb Xba |-Xba |
fragment),

(D) DMAS digested with Eco Rl and hybridized
with probe F in Figure 9 (2.5 kb Bam Hi-Bam
HI tragment).

Figure 8. Summary of Southern Blot Hybridization Experiments on
Mouse Embryoc DMA and GCLZ.8 DMNA

(Top line) restriction endonuclease map derived from cloned DNA in
Figure 1. Positions of exons for C, and C; (small black boxes) are as
described in Figure 1. A: Eco RI, X Xba |. B: Bam HI. The probes
used are indicated by a dashed line; their homology with specific DMA
fragments by the stippled area; and the hybridizable band common in
mouse embryo and GCL2.8 by the solid lines.

Probe A: 4.5 kb Xba I-Xba | fragment. Probe B: 1.5 kb Xba I-Xba |
fragment. Probe C: 2.1 kb Xba |=Xba | tragment. Probe D: 3.0 kb
¥Xba I-Xba | fragment. Probe E: 1.9 kb Bam Hi-Bam HI fragment.
Prabe F: 2.5 kb Bam Hi-Bam HI fragment. Probe G: 2.0 kb Eco RI-
Eco Rl fragment.

The sizes of the fragments common o embryo and GCLE.8 DNAs
that will hybridize with specific probes are as follows. Probe A 13 kb
Eco RI, 12 kb Bam HI. Probe B: 13 kb Eco RI, 12 kb Bam HI. Probe
C: 12 kb Bam HI, 10.5 kb Eco BRI, Probe D: 3 kb Xba |, 10.5 kb Eco
Rl Probe E: 1.8 kb Bam HI, 10.5 kb Eco RI, 8.3 kb Xba |. Probe F:
2.5 kb Bam HI, 10.5 kb Eco R, 2 kb Eco RI, 8.3 kb Xba I. Probe G:
2 kb Eco Rl 8.3 kb Xba I

Discussion

The Multiple Forms of the C; Gene and § mRNA

This report describes the exon-intron structure of the
mouse C: genes. A total of seven exons encompassing
about 10 kb was mapped by electron microscopy. At
least three distinct types of § mRNA were identified
that differ from each other by their use of the exons.
The largest mRNA (type 1), observed in both GCL2.8
and B1-8.51, was 2.7 kb and hybridized to six of the
seven exons (all except E4). This was the predominant
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Figure 10. Southern Blot Hybridization of Eco Ri-digested DMAs
with G, Probe

DMAs were from Ag8653 (lane A), B1-8.9 (lane B) or B1-8.41 (lane
C). Probe was C, gene (4.5 kb Xba I-Xba | fragment; Figure 18), Or:
origin. Sizes of bands are in kb.

species in GCL2.8, and since GCL2_8 has only mem-
brane & and does not secrete a detectable amount of
IgD, we tentatively conclude that it codes for the
membrane form of §.

Of particular interest was the type Il species of §
mRMNA, identified in B1-8.461, which hybridized to ex-
ons E1, E2, E3 and E4. This § mRNA was predominant
in this hybridoma, as judged both by the gel blot
analysis and by frequency of the characteristic hybrid
structure cbserved by electron microscopy. Recently,
in work published by Liu et al. (1980) and Tucker et
al. (1980), a cDNA from TEPC1017 that contains the
Cs sequence was characterized in detail and was
shown to hybridize to four exons in a pattern very
similar to the type Il RMNA of B1-8.51. Both TEPC1017
and B1-8.51 secrete IgD, while GCL2.8, which lacks
this type of § mRNA, apparently does not. Based on
this correlation we conclude that the type Il mRNA
codes for a secreted form of 8. This conclusion is
supported by the finding that the amino acid sequence
predicted from the nucleotide sequence of the
TEPC1017 cDMA lacks a hydrophaobic peptide at the
carboxy-terminal end characteristic of the membrane-
bound p chain (Tucker et al., 1980). It would be
interesting to see if the type | § mRMNA has a sequence
coding for such a hydrophobic peptide.

An additional form of § mRNA, which we have re-
ferred to as type lll, was observed in both B1-8.61 and
GCL2.8. This RNA has an exon=intron structure sim-
ilar to that of the type | § RNA, but is somewhat shorter
at its 3' end and contains only a portion of exon 6 and
none of exon 7 (Figures 3¢ and 3e; Table 1). Two
possibilities can be considered for its presence; that
this RMNA, having a 3° end different from either type |

or type Il § RNAs, codes for yet a third type of 8
protein; or that this RNA also codes for the same
membrane form of § as type | RNA. This latter alter-
native has become more reasonable based on the
finding that dihydrofolate reductase mRNA has a large
degree of heterogeneity at its 3° end but each RNA
can be translated in vitro to produce the same protein
(Setzer et al., 1980). Possibly the only difference
between the type | and type lll RNAs is the length of
the 3' untranslated region.

If the above interpretation of the multiple forms of
& mRMA and C; genes turns out to be correct, it has
a direct parallel with the multiple forms of ¢ mRNA and
the C, gene. Two forms of u mANA have been identi-
fied; one is thought to code for secreted u and the
other for membrane u. The critical difference between
these two mRANAs is their use of different 3 exons (Alt
et al., 1980; Rogers et al., 1980; Early et al., 1980b;
Singer et al., 1980; Tonegawa et al., 1980).

Alternative RNA Processing of a Common Primary

Transcript Probably Generates p and § Chains in a
Single Cell

The finding of only one copy of chromosome 12 in
GCL2.8 by Wabl et al. (1980) and work presented
here would seem to eliminate models for double
axpression that utilize two copies of chromosome 12,
one for the synthesis of a V-C, product and the other
for a V=-C; product.

The possibility that the V,, gene was duplicated and
inserted between the C, and C; genes—that is, to the
5' side of exon E1 of the C: gene—was considered
but was found to be inconsistent with our Southern
blot results. The conclusion reached by this analysis
is that the organization of the C; gene and its 5
flanking sequences in GCLZ2.8 DNA is essentially un-
changed from that of embryo DMA, The DNA rear-
rangement to the 3' side of the C; gene is curious,
Although this deletion does not involve the seven §
exons described here, we consider several explana-
tions possible: first, that this rearrangement somehow
influences the expression of the 4 gene; second, that
this deletion is a preliminary step in switch recombi-
nation and may suffice to bring the C, genes closer to
the rearranged V gene, while still allowing the expres-
sion of u and §; or third, that this observation is simply
an artifact in GCL2.8.

Given the results presented here, the most likely
mechanism for the simultaneous synthesis of p and §
chains is alternative processing of a common primary
RMA transcript containing one copy each of the Wy,
C. and C; sequences. A model describing this mech-
anism, which borrows heavily from the information
accumulated for the late genes of adenovirus (re-
viewed in Ziff, 1980), is outlined in Figure 11. We
have shown that the only functional DNA sequence
rearrangement occurring in the double producer
GCL2.8 is for the assembly of the V gene components,
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namely V., Dy and Jy. We thus assume that the entire
25 or so kilobase region containing the complete Va
gene, G, gene and C; gene can be transcribed into a
gingle RMA molecule. We propose that this primary
transcript contains at least five potential poly(A) at-
tachment sites and that polyadenylation at one of
these sites generates as many RNA species. For the
production of membrane and secreted u chains poly-
adenylation would occur just 3’ to g exon 6 or g exon
4, respectively. This has been supported by the recent
DMNA-sequencing studies of Rogers et al, {(1280) and
Early et al. (1980b), who found potential polyadeny-
lation sites (Proudfoot and Brownlee, 1878) in these
areas. Once poly(A) has been attached, the appropri-
ate RMNA splices as diagrammed in Figure 11 would
occcur to create a 2.7 Kb mRNA for membrane p chain
or a 2.4 kb mRNA for secreted p chain.

The & (membrane &), &, (secreted &) and &, (§ of
unknown nature) mRMNAs are postulated to derive from
precursor RNAs that are polyadenylated at sites just
3" to §exon T, 3 to & exon 4 or in the middle of &
exon 6, respectively. However, GCL2.8, which se-
cretes no IgD, does not accumulate a detectable
amount of & mRMNA. This may indicate that polyvaden-
ylation sites are under developmental control (see
below).

Production of viable & and &, mRNAs from the
corresponding _precursor RMA requires the donor
splice site at the 3’ end of the Yy exon to choose the
acceptor site at the 5’ end of the § exon 1, rather thgﬁ
t tor_site st the 5 end of p exon 1. This
skipping of internal exon sequences has not been
observed as a legitimate splicing process in the eu-
caryotic genes studied to date, but precedents are
available in animal viruses (reviewed in Darnell, 1979;
Ziff, 1980). For instance, in the expression of some of
the late adenovirus genes a common (tripartite) leader
must be attached to the distal exon sequences rather
than to the proximal sequences (Chow and Broker,
1978; Nevins and Darnell, 1978; Berget and Sharp,
1978). In this case it has been proposed that poly-
adenylation at one of several alternative sites deter-

mines which exon sequences will be spliced to the
common leader sequences. Those sequences imme-
diately preceding poly(A) are the most preferred.
There may be a direct recognition of poly(A) by the
splicing apparatus; or the effect of polyadenylation
may be indirect. For instance, the secondary structure
of an RNA molecule may influence which pair of splice
sites are preferred (Khoury et al., 1979). There may
also be a gradient of “"strength’ among the alternative
acceptor sites so that those located distal to the
common donor site are preferentially used (Khoury et

. 1980). This idea of differential strength of alter-
natwe acceptor sites may also apply to the splicing of

the completz V gene sequence to the Cs gene se-
guences in GCL2.8 assuming that the 5' side of §
exon 1 is a “stronger’’ acceptor site than the 5' side
ufi.a_)_t_c_:_r}_‘l_. However, it should be noted that there is
no information presently available as to the relative
frequency of splicing of the Vi sequence to the C,
versus C; seqguences in the RMNA molecules on which
all three seguences are present. A similar problem of
selecting one of two acceptor sites arises when the §

exon 3 sequence splices to the § exon 5 sequence for

Wﬁmwmw
type mHAMA also carries a potential acceptor site
fo7 thec wxe 3 doncralie..

n summary, there are two principal features in the
proposed mechanism for simultaneous expression of
pand § genes: selection of an appropriate polyaden-
ylation site on a common primary RNA transcript, and

selection of the correct pair of donor and acceptor
splice sites.

IgD Expression after Deletion of C,

Recently, the expression of the ¥ and « heavy chain
genes has been shown to be associated with a DNA
rearrangement that cccurs between the 5 flanking
sequence of the C, gene and the expressed C,, C. or
C. gene. This rearrangement, referred to as a switch
recombination, brings the Vy gene and C gene into
close proximity (Maki et al., 1980; Davis et al., 19804,
1980b) and involves the deletion of all DNA, including
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the C, gene, between Vy and the expressed C gene
{Honjo and Kataoka, 1978; Colecough et al., 1980;
Cory and Adams, 1980; Rabbhitts et al., 1980). Based
on the history of the B1-8.81 cell (see Introduction)
and the demonstration that the C, gene is absent in
this hybridoma (Figure 10), we suggest that a similar
DMA recombination as described for the v and o genes
may have occurred for the & gene in B1-8.81. Thus,
as shown in the bottom panel of Figure 11, a second
way to express the § gene is by deleting the C, DNA
segment.

B1-8.51 produces three major species of § mRNA,
two of which are indistinguishable from & and &,
present in GCL2.8; the third, &, i unigue to B1-8.51.
There are a number of possible steps, where synthesis
of 8, mRNA can be controlled. For instance, poly(A)
attachment to the 3’ side of § exon 4 may be under a
developmental control. Alternatively, the splice accep-
tor site at the 5' end of & exon 4, which shares the §
excn 3 donor site with the § exon 5 acceptor site may
be functionally controlled.

Is secretion of 1gD a natural phenomenan? In mice,
serum IgD is extremely low and almost undetectable
(Finkelman et al., 1979), the major portion being pres-
ent on the membrane of lymphocytes. The most com-
pelling argument for the natural occurrence of IgD
secretion is our finding of the unique exon (5 exon 4)

Co ain secreted by B1-8.61. We
therefore conclude that IoD secretion and probably
lgM-IgD switch are natural events, although the pro-
portion of this form of 8 gene expression varies among
species.

Regulation of Immunoglobulin Gene Expression
The accumulating evidence on the expression of
heavy chain immunoglobulin genes is beginning to
reveal the dynamic nature of the eucaryotic genomae.
To fulfill the demands placed on it, the immune system
has utilized both DMNA rearrangements and complex
RMNA processing events to create new gene products
with different functions. We (Sakano et al., 1980,
1981; Kurosawa et al., 1981) as well as others (Early
et al., 1980a) have described the DMNA rearrange-
ments that bring together V, D and J DNA segments
for a complete V' gene. By an entirely different mech-
anism of DNA rearrangements, this one complete V
gene can be subsequently expressed with one of at
least six other heavy chain C genes (Davis et al.,
1980a, 1980b; Kataoka et al., 1980; Maki et al.,
1980; Sakano et al., 1980). Thus the underlying prin-
ciple in DNA rearrangements for the heavy chains is
twofold: first, to have a large degree of flexibility in
the V region for antigen binding by assembling a V
gene from a vast array of different V, D and Ju seg-
ments; and second, to express the same V region with
one of many C genes in order to alter the effector
functions of the complete immunaglobulin chain.

The heavy chain gene system has also utilized

intricate RNA processing schemes to further enhance
the flexibility of gene expression. This was first illus-
trated for membrane p and secreted p (Rogers et al.,
1980; Early et al., 1980b). In this paper we have
concluded that RMA processing is involved in the
simultaneocus synthesis of two immunoglobuling,
namely IgM and IgD. These are the first cases in which
RMA processing has been shown to play an essential
role in regulating gene expression in eucaryotic de-
velopment,

Experimental Procedures

Cells

The hybridoma B1-8.51 was supplied by M. 5. Neuberger and K.
Rajewsky (1981). The cells were cultured in RPMI1840, 15% fetal
calf serum, 4 mM glutamine, 5 = 10°* M 2-mercaptoethanal and 100
U/ mil penicillin-streptomycin at 37°C, 5% CO;. The cell line GD3IEA
was supplied by T. Meo. This cell and hybridomas GCL2.8, 1M10
and 21M3 were grown in Dulbecco’s modified Eagle's medium con-
taining 15% fetal calf serum, 4 mM glutamine, 5 x 107 M 2-
mercaptoethanol and 100 U/ml penicillin-streptomycin at 37°C, 5%
Coy

Bacteria and Phages

Priage Charon 4A and E. coli DPS0 (Su 117, Su 7)) were obtained
from F. Blatiner (Blattner et al., 197 7). The AgIWES . AB was obtamned
fram P. Leder (Leder &t al., 1977}, E. coli BO3 (r, ", My, Su ™) was
criginally from K. and N.E. Murray. Lysogens used for preparation of
peckaging mixtures, BHE 2688 (N205 recA™ [Mmm434 b2 redd
garnd sam7]/A) and BHB 2690 (N205 recd ~ [AWmmd34 cits b2 redd
dam15 sam7T)/\) were obtained from B. Hohn (Collins and Hohn,
1978).

Preparation of DMA

DMA was extracted from the lissue culture cells using a combination
of proteinase K treatment and phenol extraction. Cells were collected
by centrifugation at 1500 rpm for 10 min, The cell pellet was washed
once in 10 mM Tris=HCI {(pH B.0), 0.15 M NaCl. The cells were then
resuspended at a concentration of about 2 x 107 calls/ml in a buffer
caontaining 10 mM Tris-HCI (pH 8.0), 150 mM MaCl and 10 mM
EDTA, to which was added 20% SDS to a final concentration of 0.2%
and proteinase K to a final concentration af 100 pg/mil. This mixture
wis incubated for 10 br at 37°C., An agual volume of phenal saturated
with 0.1 M Tris-HCI {pH B) was added and slowly mixed with the
aquecus solution, After centrifugation the aquecus phase was ex-
tracteéd again with phenol. This was followed by ewxtracting the
aquecus phase one time with an egual volume of chiorophorm:isca-
mylalcohol (25:1). The DNA was immediately precipitated from the
agquaous layer with two volumes of ethanal, spocled on a glass rod
and redissohved in a small volume of 10 mM Tris—-HCI (pH 8), 5 mM
EDTA. Usually it was necessary to dialyze the DNA against the same
butfer overnight at 4*C. The following day RMAase A (50 pg/mi final
concentration) and RNAase T1 (2 U/ml final concentration) weare
added to the DNA solution and the mixture was incubated at 37°C for
5 hr. The SDS and profteinase K treatment were repeated and the
DMA was extracted two times with phenol as described above. The
final egueous phase was dialyzed extensively egainst a buffer con-
taining 10 mM Tris—-HC1 (pH 8.0), 10 mM NaCl and 1 mM EDTA.
Usually DNA prepared in this manner was easily digested with restric-
tion endonucleases.

DMA Blots

Scuthern blot hybridization was carried out essentially as modified by
Wahl et al. {1979). For the ceflular Southern blots 10 pg of DNA
digested with the appropriate restriction endonuclease were usad per
lane. In the hybridization of the nitrocellulose filters to which DNA had
been blotted 1 x 107 cpm of the appropriate nick-translated probe
ware used.
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Preparation of Libraries and Isclation of Clones

The preparations of the mouse embryo Rl partial library (Maki et al.,
1980) and Ri* library (Roeder et 2l., 1981) have been described. The
clone ME1B4 was isolated with the preparative agarose gel technigue
described previously (Sakano et al., 1979) and the J probe (0.8 kb
Xba I-Eco Rl fragment in Figure 1b). The procedure to prepare nick-
translated probes (Brack ef al.. 1978) as well as screening of the
recombinant phage carrying mouse DNA (Benton and Davis, 1977)
have &lso been described.

Preparation of RNA

AMA was prepared from the cultured cells by a method of R. Wall
(personal communication). Cells were collected by centrifugation at
1500 rpm for 10 min and the cell pellet was washed once in 10 mM
Trisg=HCI {pH T.4), 0.15 M MNaCl. The cells were resuspended to a
concentration of 2 x 107 cells/ml in ice-cold buffer containing 0.32
M sucrose, 3 mM MgCly, 10 mM Tris-HCI1 (pH 9), 250 pg/ml heparin
and 250 pg/ml spermiding. Monidet-P40 was added to a final con-
centration of 0.5% and the cell suspension was gently mixed on ice
for S min. The mixture was centrifuged at 3000 rpm for 2 min and the
supernatant was recovered and saved. The extraction process was
repeated on the pellet and the second supernatant was added to the
first. To the collected supernatants was added 20% SDS to & final
concentration of 0.1% and 0.2 M EDTA to a final concentration of
0.01 M. Extraction of the BNA from this solution was achigved by
adding 3/4 volume of phenol saturated with 0.1 M Tris=HCI (pH 8.0}
and 1./4 volume chioroform:iscamylalconol (20:1). The mixture was
placed at 65°C for 5-& min followed by centrifugation at 6000 rpm
for 10 min, The aqueous layer was reextracted as above and the RNA
was precipitated from the agueous layer by addition of 2 volumes of
ethanol and 1,5 volume 3 M sodium scetate. The mANA was pre-
pared by two passages over oligo{dT) and was fractionated on a 10=
40% sucrose gradient (Tonegawa, 197E).

RMNA Blots

Messenger ANA. 10 pg of total poly(A)” RMNA or 0.5 pg from Sucrose
fractions, was subjected to electrophoresis on a 1% agarose gel
containing 10 mM methylmercury hydroxide in buffer E (Alwine et al.,
187T). Following electrophoresis the gel was stained with ethidiem
bromide and processed for transfer o DEM paper as described by
Alwirg @1 al. (1977). DEM paper was prepared as described by Levy
et al. (18980).

In Witro Translation and Immunoprecipitation

Sucrose gradient fraction or nonspecific control mRMAS were trans-
lated for 90 min at 37°C with the reticulocyte lysate system (Amer-
sham) supplemented with **S-methionine, The entire transkation mix-
ture was then cooled to 4°C, solubilized with nonionic detergent,
immunoprecipitated with the indicated antisera and Protein A-Seph-
arose beads and finally displayed on SDS-PAGE. A more detailed
procedure is described by Sidman (1881).

Electron Microscopy

Frocedures used for formation of single-stranded DNA-mRMNA hy-
brids and for formation of R hybrids have been described by Brack
{1881). Pholographs were taken with a Philips EM 300. Measure-
minis were made with a Mumonics digitizer and the data were
analyzed with a Hewlet-Packard HF 9825 calculator,
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