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ABSTRACT As previously shown, purified 14S RNA of
mouse myeloma MOPC-41 forms a single peak on sucrose
gradients and gel electrophoresis and codes for a single
polypeptide chain, the immunoglobulin light chain
produced by the same myeloma in vivo. This 14S mRNA
was used for the enzymatic synthesis of DNA (cDNA)
which is complementary to the RNA template. A DNA
fraction was isolated which has an average size of 300
nucleotides. Kinetic studies of the hybridization of the
14S RNA with the cDNA indicate that about 40% of the
RNA consists of a single RNA sequence. From the size of
the cDNA fraction and from the direction of DNA syn-
thesis, it can be concluded that the cDNA includes the
sequence complementary to the constant region of light
chain mRNA. This radioactive cDNA was used for DNA.
DNA reannealing experiments with unlabeled DNA from
mouse liver or myeloma tumor in 3 X 106-fold excess.
This allowed the determination of the number of copies in
the mouse genome of those sequences represented in the
cDNA. The data show no significant reiteration in either
liver or myeloma DNA and suggest that the gene coding for
the constant part of immunoglobins is present in the
haploid genome in one to five copies. Furthermore, this
gene is not "amplified" in nuclear DNA of myeloma
plasmocytes.

A large body of evidence indicates that the variable (V) and
the constant (C) regions of immunoglobulin chains are coded
by separate V and C genes (1). These two polypeptide se-
quences, however, are not synthesized separately. The mRNA
of light chain can direct the synthesis of complete light chain
in heterologous systems (2, 3). Studies on the structure of
light chain mRNA indicate that the sequences coding for the
V and the C regions are on the same RNA molecule (4).
The major theories which have been proposed to explain

the generation of diversity of immunoglobulin genes (see
ref. 1) allow important predictions concerning the number of
immunoglobulin genes in the genome of germ line cells or of
various types of somatic cells. The availability of radio-
labeled complementary DNA (cDNA), synthesized enzy-
matically from 14S light chain mRNA and containing se-
quences complementary to the C gene of immunoglobulins
(2, 5), makes possible a kinetic study of its-annealing with
unlabeled cellular DNA in large excess (6). This allows a
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of initial concentration of DNA or RNA, respectively, and time;
cDNA, DNA complementary to RNA; L chain, light chain of
immunoglobulin.
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direct measurement of the number of copies of the gene
present in the cDNA in the genome of the mouse. These data
have been presented briefly earlier. §

MATERIALS AND METHODS

Preparation of Polysomes, RNA, and cDNA. Myeloma
tumors were obtained originally from Dr. M. Potter (NIH)
and maintained in this laboratory for several years. The
preparation of polysomes, extraction of polysomal RNA, frac-
tionation of polysomal RNA by poly(dT)-cellulose chromatog-
raphy, and isolation-of the 14S mRNA peak coding for MOPC-
41 light chain were performed as described earlier (2, 7) with
the following modifications: Polysomes at a concentration
of 20 A260 units/ml were incubated with Proteinase K (Merck,
chromatographically pure) (100 gg/ml)) and Na dodecyl
sulfate (0.2%) (KCl, final concentration of 20 mM) for 15
min at 00. The poly(A)-rich RNA was dissolved in H20 (1
mg/ml), heat denatured for 10 min at 650 and chilled immedi-
ately to 00. It was then adjusted to 5 mMI Na acetate, pH 5,
and 400-,ul aliquots were fractionated on linear 5-20% (w/v)
sucrose gradients, containing 5 mM Na acetate, pH 5, in a
Spinco SW 41 rotor for 16 hr at 40,000 rpm and 20. The 14S
RNA peak was refractionated on a second gradient under
identical conditions. Enzymatic synthesis of cDNA from the
purified 14S mRNA peak has also been described (5).

Preparation of DNA from Liver and MOPC 41 M1yeloma
Nuclei. Nuclei were prepared according to Blobel and Potter
(8) except that after the first sedimentation, nuclei were
treated with the detergent NP-40 (1%) before the centrifuga-
tion over a cushion of 2.2 M sucrose. Packed nuclei (3 ml)
were suspended in 100 ml of 0.15M NaCl, 0.015M Na citrate,
pH 7.5, and 19 ml of 10% Na dodecyl sulfate. They were then
incubated with Proteinase K (100 Ag/ml) for 4 hr at 45°.
Repeated extractions with phenol-chloroform and digestions
with RNase were done as described (9), except that Pronase
was replaced by Proteinase K. Following ethanol precipita-
tion and resuspension (10 A260 units/ml) in 50 mM Tris - HCl,
pH 7.6, 15 mMi NaCl, the DNA was sonicated in ice with a
Branson sonicator at maximum energy for 3 min using 15-sec
pulses. Sonicated DNA was treated with Chelex (Biorad)
and precipitated with 2 volumes of ethanol at -30°. All
buffers were pretreated with Chelex to remove traces of heavy
metals. [3H]DNA from Escherichia coli (2.5 X 105 cpm/gg)
was a gift from R. Bird.

§ 9th International Biochemistry Congress, Stockholm. July 1973.
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FIG. 1. Sedimentation of DNA on alkaline sucrose gradient.
DNA and [3H]cDNA were prepared as described in Methods. A
400-pl sample of myeloma MOPC 41 DNA (2 A260 units) and
['H]cDNA, in 0.3 N NaOH, was layered onto a 12-ml linear
5-20% alkaline sucrose gradient, containing 0.2 N NaOH, 0.8
M NaCl, and 0.01 M ethylenediaminetetraacetic acid. The
centrifugation was for 20 hr at 200 in a Spinco SW 41 rotor at
40,000 rpm. The gradient was fractionated, while the optical
density at 260 nm was recorded (light tracing). Samples were

precipitated onto GF/C filters with C13CCOOH and counted in
2 ml of toluene-Omnifluor scintillation liquid (@--). Arrow
indicates direction of sedimentation.

Estimation of DNA Size. DNA size was estimated by sedi-
mentation analyses in alkaline sucrose gradients, according to
Studier (10), after determining the s20,,0-values using Mc-
Ewen's Tables (11). The rotor and gradient parameters were

established for McEwen's tables with three protein standards,
bovine chymotrypsinogen, serum albumin, and gamma

globulin, which were run simultaneously in the same neutral
sucrose gradient. From this, nomograms were constructed
for both the protein standards (p = 1.40 g/cm') and DNA
(p = 1.80 g/cm8) at 200. The s20,0,-values could then be ob-
tained directly as a function of the sucrose concentration.
When this method was applied to a DNA of known S20,w-
value, i.e., 16S polyoma DNA (12), the observed values
agreed with calculated, theoretical values with a precision
of better than 5%. The size of sonicated DNA from myeloma
MOPC 41 and liver matches that of the cDNA preparation.
As seen in Fig. 1, sonicated tumor DNA has an average size
of about 300 nucleotides, calculated as indicated above.

RESULTS

Properties of the 14S mRNA. 14S light chain mRNA, when
purified to a single peak on acrylamide gel, was estimated to
be 1100 nucleotides long (2). Preliminary results (in collabora-
tion with N. Boy de la Tour) from measurements of the
contour length by electron microscopy have confirmed these
values (unpublished observations). In a reticulocyte lysate
system, the 14S mRNA is translated into a single polypeptide
chain about 235 amino acids long, corresponding to a light
chain with approximately 20 additional amino acids, pre-
sumably a light chain precursor (2). In Xenopus laevis oocytes,
however, the polypeptide product of 14S mRNA has the
size of authentic light chain, presumably as the result of
cleavage of the precursor protein (3). Thus only about 700
nucleotides (65% of the mRNA) are translated. The RNA
purified from MOPC 41 myeloma by poly(dT)-cellulose
chromatography contains an RNase-resistant, AMP-rich
fragment of about 200 nucleotides (7). With light chain
mRNA from MOPC 21 myeloma, Brownlee et al. (4) have
identified a similar sequence of poly(A) on the 3'-end of the

L chain mRNA
1 100 nucleotides

Po y(A)
?? V-REGION C-REGION ? AAAAAAAA5'-uui3'---------_ l111 _1

TnTT
expected cDNA product

FIG. 2. Diagram of 14S mRNA of immunoglobulin light
chain and synthesis of cDNA with oligo(dT) primer.

mRNA. Based on the above information, about 200 nucleo-
tides in the 14S mRNA still remain unaccounted for in both
function and location. As shown in Fig. 2 (question marks)
these could be on the 5'- and/or on the 3'-side of the sequence
specifying the light chain polypeptide. The degree of homo-
geneity of the 14S RNA was estimated from RNA -cDNA
hybridization experiments ill which the kinetic complexity
of the RNA was measured (see ref. 13). As standard, with an
assumed purity of 100%, we used rabbit hemoglobin (Hb)
lOS mRNA prepared with a poly(dT)-cellulose purification
step in addition to the usual .purification procedure (14).
DNA complementary to the lOS Hb mRNA was synthesized
enzymatically (5). Hybridization of the cDNA to the corre-
sponding mRNA occurred over a CRt (moles of RNA X sec/
liter) range of 2 logs. With rabbit and duck Hb mRNAs,
90% hybridization of the input cDNA was observed at
saturation, while with 14S mRNA, maximum hybridization
of cDNA was slightly lower (70%). The kinetic complexity
values determined from the CRt curves are given in Table 1.
From the comparison of the kinetic complexity with the
analytical complexity, an approximate purity of 40% can be
calculated. Recent experiments with poliovirus RNA and

TABLE 1. Determination of the kinetic complexity
of 14S RNA (13)

Analytical CRtl/,>X 103 Kinetic Homoge-
Template complexity (moles X complexity neityl,
for cDNA (daltons)* sec)/liter (daltons)t %

Rabbit Hb§ 400,000 0.73 Kinetic 100
standard

Duck Hb'l 400,000 1.3 712,000 -60
Myeloma 14S 380,000 1.8 984,000 '40
RNA

cDNA (1000 cpm/assay) was mixed with increasing concen-
trations of mRNA (0.001-10 jg/ml) in a total volume of 10 ,l
containing 0.3 M NaCl, 0.04 M Tris, pH 7.5, and 0.1% Na
dodecyl sulfate. The mixture was incubated in a sealed capillary
for 2 hr at 650. Samples were cooled and digested with S1 nuclease
(17) for 45 min at 45;. Samples were precipitated with Cls-
CCOOH and counted. The CRt (moles per liter X see) value at
which 50% of the cDNA was hybridized was taken as CRtl/, (13).

* The analytical or sequence complexity of Hb mRNA is the
sum of the molecular weight of the mRNA of both chains of Hb
(200,000 each, ref. 16).

t Kinetic complexity was calculated from the measured CRtl/,,
as described by Birnstiel et al. (13), using rabbit Hb mRNA as
kinetic standard.

t The homogeneity of the mRNAs was estimated from the
differences between analytical and kinetic complexity (13).

§ Rabbit Hb mRNA was purified as described, with the use of
a poly(dT)-cellulose chromatography step (14).

¶ Duck Hb mRNA was purified as described (15), including
separation by polyacrylamide gel electrophoresis. The RNA was

a gift of T. Imaizumi.
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FIG. 3. Reassociation of mouse-liver DNA (A) and myeloma
MOPC 41 DNA (B) in the presence of ['H]cDNA transcribed
from 14S myeloma tumor RNA. Mouse-liver and myeloma
DNA, and ['HicDNA were prepared as described in Methods.
Mixtures containing ['H]cDNA (1.74 ng, specific activity 1.15 X
107 cpm/,ug) and either mouse-liver DNA (5.5 mg) or myeloma
DNA (.5.2 mg) were prepared in 0.12 M Na phosphate buffer, pH
6.8. From these stock solutions, samples were prepared at three
different concentrations of cellular DNA, all with the same
DNA to cDNA ratio: (1) 0.056 mg DNA/ml in 4 ml of 0.05 M
phosphate buffer (data not shown). (2) 0.225 mg DNA/ml in 1
ml of 0.12 M phosphate buffer (0 O) and (3) 7.5 mg DNA/ml
in 30 .u of 0.12 M phosphate buffer (A A). TheDNA mixtures
were denatured in a glycerol bath at 100-102° for 10 min, and
rapidly chilled at 00. Reannealings were then carried out at 650
for the times necessary to achieve the desired Cot values. The re-
annealing reactions were stopped by chilling at 00, and dilution
to 0.05 M phosphate concentration. Samples were stored at
-20° until fractionated on hydroxyapatite (BioRad Biogel HTP)
equilibrated with 0.05 M phosphate buffer. Approximately 1 ml
packed volume of hydroxyapatite was used per sample (0.2-0.3
mg of DNA). Elution was performed at 6-50, successively with
0.0.5 M phosphate buffer to remove nonretained material, 0.12 M
phosphate buffer to elute single-stranded DNA, and 0.5 M
phosphate buffer to remove double-stranded DNA. Optical
density measurements at 260 nm were made to follow the re-
annealing of unlabeled cellular DNA sequences. All samples
were measured under denaturing conditions. Radioactivity
measurements of ['H]cDNA were made as described in Fig. 1,
after addition of carrier DNA to final concentration of 250 jug per
sample. The percentage of unlabeled cellular DNA in duplex is
shown by * and A. The percentage of [3H]cDNA in duplex is
shown by 0 and A. A mixture of E. coli DNA and ['H] cDNA, at
the same DNA concentration and DNA/cDNA ratio was also

(legend continued at bottom of the next column)

cDNA as kinetic standard have confirmed that value (un-
published observation). From the translation of 14S RNA
into L chain exclusively (2, 3) it can be assumed that L-chain
mRNA is the main species and represents 40% of 14S RNA.
If all the RNA sequences which contain poly(A) are tran-
scribed equally well into cDNA, it can be inferred that 40%
of the cDNA synthesized from this RNA consists of L-chain
DNA sequences.

Properties of the cDNA. The synthesis of DNA with avian
myeloblastosis virus RNA-dependent polymerase, using
oligo(dT) as primer and 14S light chain mRNA as template
has been described in detail earlier (5). The cDNA was frac-
tionated on an alkaline sucrose gradient and DNA larger
than 100 nucleotides was rerun on a second gradient as shown
in Fig. 1. This cDNA has an average size of 300 nucleotides
(measured as described in Aethods) and about 85% of the
labeled DNA is between 150 and 450 bases long. It was used
in the hybridization experiments. Hybridization of the cDNA
with the 14S mRNA template demonstrated the comple-
mentary nature of the DNA synthesized (5). No hybridiza-
tion above background is detected with hemoglobin lOS
mRNA or 18S or 28S ribosomal RNA (5). The length of the
poly(A) sequence transcribed into poly(dT) was determined.
cDNA (average chain length 300 nucleotides) labeled only
with dTTP (23.7 Ci/mmole) was hybridized in 0.3M NaCl, 40
mM Tris . HCl, pH 7.5, for 1 hr at 650 with a large excess of
poly(A) (400 jg/ml). The hybrids were digested with Si
nuclease from Aspergillus oryzae as described (5). The result-
ing SI-resistant hybrids were denatured by alkali and the
length of the labeled poly(dT) portion was determined on
alkaline sucrose gradients (see Methods). An average length
of about 25 nucleotides was found, which includes the primer
as well as the poly(dT) copied from the poly(A) region of the
mRNA (7). From the above data it can be concluded (see
Discussion and Fig. 2) that the cDNA fraction used in the
hybridizations corresponds to most or all of the C-region of
light-chain mRNA.

Hybridization of cDNA with Excess Cellular DNA. The
kinetics of reannealing of sonicated cellular DNA and ['H]-
cDNA (see Fig. 1) were followed as a function of Cot (moles
of nucleotides per liter X time in sec) according to the method
of Britten and Kohne (6). A ratio of cellular DNA to ['H]-
cDNA of 3.0 X 106 was employed. All DNAs used were
nearly the same size as the ['H]cDNA (see Fig. 1) and no
corrections of Cot values for any size difference of the re-
associating DNA were therefore necessary (18). The duplexes
formed were separated from the unannealed single-stranded
DNA by hydroxyapatite chromatography (6), or measured
by their resistance to digestion with single-strand nuclease
Si (17). At Cot values, greater than 104, about 90% of the
unlabeled mouse cellular DNA was in duplex structures, as
judged from the elution from hydroxyapatite column (Fig. 3).
About 75% of the ('H)cDNA was also eluted as a duplex
structure under the same conditions. At Cot values lower than
1, approximately 30% of the mouse-cellular DNA has re-
annealed. This fraction corresponds to the rapidly reassoci-
ating sequences of satellite DNA and the intermediate re-

prepared, denatured, incubated, and processed as indicated
above. The percentage of E. coli [3H]cDNA in duplex is shown
by 0.

Proc. Nat. Acad. Sci. USA 71 (1974)
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FIG. 4. Reassociation of mouse-liver DNA (A) and myeloma
tumor DNA (B) in the presence of [3HlcDNA transcribed from
14S myeloma RNA (MOPC 41). Conditions of hybridization
were as in Fig. 3 except that only the samples with a DNA con-

centration of 7.5 mg/ml were used. Incubated samples were

chilled, diluted into 0.5 ml of S1 nuclease buffer (17), and 30
units of purified S1 nuclease from Aspergillus oryzae were added
(17). The digestion was carried out, for 45 min at 450, and the
samples were cooled, precipitated with cold perchloric acid
(10%) and filtered on GF/C Whatman filters. The filters were

counted in Aquasol (= Sl-resistant double-stranded ['HIcDNA)
and the results are expressed as % of input ['HILcDNA found in
duplex form. [3H]cDNA hybridizes with liver DNA with Coti/,
of 280 and with tumor DNA with a Coti/, of 260.

associating sequences present in the mouse genome (6). A
background of 7-10% duplex DNA was observed at a Cot
as low as 10-3 for [3H]cDNA. This fraction does not repre-

sent any reiterated sequences in the mouse genome, since the
same background levels are obtained with controls using E.
coli DNA instead of mouse-cellular DNA (Fig. 3), or with
cDNA alone (self-annealing). About 70% of the cellular
DNA (liver and tumor), corresponding to sequences present
in the mouse genome as one or a few copies, reanneals with
a Cotl/. (Cot value for 50% annealing) of 800 (Fig. 3). The
Cotl/, value observed for the annealing of [3H]DNA of E. coli
run as an internal standard was 2 (not shown). The results
of the annealing of [3H ]cDNA with mouse-liver DNA assayed
on hydroxyapatite are shown in Fig. 3A. The appearance of
[3H]cDNA in duplex with mouse liver DNA occurs within
2 powers of 10 of Cot and with a Cotl/2 value of 400. The results
shown in Fig. 3B for the annealing of [3H ]cDNA with myeloma
MOPC 41 DNA are similar. This indicates that neither
liver DNA nor myeloma DNA contains significant reiteration
of those sequences present in the cDNA fraction. When the
[3H]cDNA in duplex was scored in the same hybridization
reactions using the S1 nuclease assay (Fig. 4A and B) it was
found again that the kinetics of hybridization of cDNA to
liver DNA or to myeloma DNA were similar and with a single
transition, although the absolute COtl/2 value was slightly
different with the two assays. As expected, the percentage of
the input [3H]cDNA which is scored in duplex with the S1
assay is lower.

DISCUSSION

It is first important to establish that the cDNA used in these
experiments does indeed contain sequences complementary
to the C gene of immunoglobulins. The 14S RNA from which
cDNA is synthesized is homogeneous in size and is translated
into a single polypeptide chain in two different systems (2, 3).
However, this RNA fraction is not made of a single RNA
sequence. The kinetics of mRNA/cDNA hybridization (Table
1) have shown that in the 14S RNA fraction prepared from
sucrose gradients, the main RNA species represents 40% of

the RNA. The translation studies with 14S RNA indicate
that light-chain mRNA is the main RNA sequence of 14S
RNA and it can be assumed that this holds for the cDNA as
well. The important point is that, in a situation where the
data show no reiteration, this contamination of cDNA with
nonlight-chain sequences does not affect the interpretation of
the data. However, if the hybridization experiments had
indicated gene reiteration, the relative impurity of light-chain
mRNA and cDNA would have made it difficult to attribute
this reiteration specifically to the light-chain gene.
The average size of the cDNA is 300 bases, with 85%

included within a range of 150 to 450 bases. When a hybrid
formed with cDNA in excess and 14S mRNA labeled with
125J was digested with RNase, 45% of the RNA was found
to be protected by the cDNA, corresponding to a length of
about 450 nucleotides (unpublished observations). Only
about 25 nucleotides of the eDNA represent the oligo(dT)
primer and transcripts of the poly(A) sequence of the mRNA.
The shortness of this piece is probably due to the 5-fold molar
excess of primer used in these experiments. Only primer mole-
cules situated close to the 5' end of the poly(A) sequence can
lead to a large sized product, while other initiation sites
within the poly(A) lead to only small fragments. The direc-
tion of synthesis [from the poly(A) sequence towards the
5' end] and the arrangement of the constant and the variable
region within the mRNA (Fig. 2) indicate that the growing
cDNA chains consist mainly of the C-region (320 bases), and
only in the case of longer cDNA molecules of the V-region.
The location of the 200 untranslated bases is, in this respect,
important. If many of these bases are located between the
poly(A) and the C-region, the cDNA preparation does not
include V-region sequences. Even if all of the untranslated
bases are on the 3' side, more than 75% of the cDNA includes
enough of the C-region to hybridize with C genes. On the
other hand, if all of the untranslated bases are on the 5' end
of light-chain mRNA, all light-chain-specific eDNA mole-
cules longer than 400 bases (about 20% of the cDNA mass)
would include, in addition to the C-region, enough of the V-
region to form stable duplexes with V genes. Thus, it can be
concluded that the cDNA prepared from MOPC 41 light
chain mRNA includes a large portion, and possibly all, of the
C-region and is therefore suitable for a determination of the
number of kappa C genes. Moreover, depending on the loca-
tion of the untranslated nucleotide sequence of light-chain
mRNA, the data obtained with cDNA might also be extended
to apply to the V gene.
When the radiolabeled eDNA described above is used to

determine the number of copies of these sequences in the
mouse genome, the experimental value obtained corresponds
to about two copies, as compared with the internal standard
represented by the absorbance curve. Hydroxvapatite retains
entire DNA chains which have annealed, even though part
of the molecules may be single-stranded tails. Even a short
reiterated DNA fragment could easily be detected by this
method. It is of interest to examine if the number of genes
measured kinetically corresponds to the number that can be
estimated, knowing the percent annealing to the [3H]cDNA
observed and the ratio of the unlabeled and labeled (cDNA)
sequences present (19, 20). Because sonicated cellular DNA
consists of randomly cut fragments, which are of polydisperse
length (as in the case of the cDNA), the DNA. cDNA duplex
formed will contain a significant amount of nonpaired [3H I-

2494 Biochemistry: Faust et al.
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cDNA tails. Therefore, the percentage of cDNA annealed in
duplex, as measured by the hydroxyapatite assay, will be
overestimated. As expected, the percentage of cDNA in
duplex is lower with the Si-nuclease assay (Fig. 4). A similar
observation has been made in the case of Hb cDNA (21).
Our hybridization data (Figs. 3 and 4) correspond, therefore,
to about 60% effective annealing of the [3H]cDNA at
saturation. This value indicates that, in the reaction mixture,
the ratio of complementary sequences of unlabeled and labeled
DNA is about 1.5 (19).
The hybridization reaction contains 3.0 X 106-fold more

unlabeled cellular DNA than [3H]cDNA (Fig. 2B). Since the
genome of the mouse is about 1.8 X 1012 daltons, there are
6.0 X 105 daltons of cDNA present per genome equivalent.
That is, there should be an average of 6.0 molecules of labeled
C gene (molecular weight of single-strand C-gene sequence =
1.0 X 105) per genome equivalent if the cDNA consisted ex-
clusively of C-gene sequences. Since only 40% of the 14S
RNA prepared is believed to be L-chain mRNA (Table 1),
and assuming no discrimination in the transcription of RNA
into cDNA, one would expect 2.4 molecules (2.4 X 105 dal-
tons) of C-gene specific [3H]cDNA per genome equivalent.
From this assumption, and from the knowledge that there
are approximately 1.5 copies of unlabeled C-gene in cellu-
lar DNA for each complementary C-gene sequence in cDNA
in the reaction mixture (see above), it can be calculated
that 3.6 copies of C-gene are present in each haploid mouse
genome. Within the limits of precision of these methods,
these numbers are in good agreement with the value of two
copies found in the kinetic experiments (Fig. 3). It can, there-
fore, be concluded that the C gene (kappa type) of immuno-
globulins is not present in the mouse genome in more than
very few copies. These data provide direct experimental
evidence for this situation and rule out any model for the
generation of antibody diversity involving multiple C genes
(22, 23). The experimental data would also apply to the V
gene if the untranslated nucleotide sequences of light chain
mRNA are found to be located on the 5' end.

It has recently been reported that mRNA of amphibians
(24) and of slime mold (25) contains short sequences which
are highly reiterated in the genome. In the case of light-chain
mRNA, it can be concluded that if any of the nontranslated
sequence is located on the 3' side of the C region (see Fig. 2),
it is not present in multiple copies in the mouse genome, since
such a sequence would be included in the cDNA fraction
used in the hybridization experiments (Fig. 3).
Another conclusion from our data is that the differentiated

plasmocyte, a cell highly specialized in the synthesis of immu-
noglobulin chains, does not possess a larger number of genes
for these proteins than do unspecialized cells. This indicates
that a process of amplification of immunoglobulin genes in
plasmocyte nuclei is not taking place.

Note Added in Proof. Recent data on the hybridization of
125I-labeled L chain mRNA (C and V region) with myeloma
DNA have shown that 80% of hybridized RNA corresponds
to near-unique sequences. This suggests a very small number
of V genes, at least for V sequences with a high degree of
homology (in preparation).

We are grateful for the continued interest and critical advice
from P. Vassalli and B. Hirt. We also acknowledge the skillful
technical assistance of P. A. Briand and V. Muller. This work was
supported by Grants 3.1310.73 and 3.826.72 from the Swiss
National Funds and by a grant from the Fritz Hoffmann-La
Roche Foundation. C.H.F, was supported by American Cancer
Society and by an EMBO (short term) Fellowship.

1. Gally, J. A. & Edelman, G. M. (1972) Annu. Rev. Genet. 6,
1-46.

2. Mach, B., Faust, C. H., Jr. & Vassalli, P. (1973) Proc. Nat.
Acad. Sci. USA 70, 451-455.

3. Mach, B., Faust, C. H., Jr., Vassalli, P. & Rungger, D.
(1973) Mol. Biol. Rep. 1, 3-6.

4. Brownlee, G. G., Cartwright, F. M., Cowan, N. J., Jarvis,
J. M. & Milstein, C. (1973) Nature New Biol. 244, 236-240.

5. Diggelmann, H., Faust, C. H., Jr. & Mach, B. (1973) Proc.
Nat. Acad. Sci. USA 70, 693-696.

6. Britten, R. J. & Kohne, D. E. (1968) Science 161, 529-540.
7. Faust, C. H., Jr., Diggelmann, H. & Mach, B. (1973)

Biochemistry 12, 925-931.
8. Blobel, G. & Potter, V. R. (1966) Science 154, 1662-1665.
9. Crippa, MI. & Tocchini-Valentini, G. (1971) Proc. Nat. Acad.

Sci. USA 68, 2769-2773.
10. Studier, F. W. (1965) J. Mol. Biol. 11, 373-390.
11. McEwen, C. R. (1967) Anal. Biochem. 20, 114-149.
12. Generous gift from B. Hirt.
13. Birnstiel, M. L., Sells, B. H. & Purdom, I. F. (1972) J. Mol.

Biol. 63, 21-39.
14. Aviv, H. & Leder, P. (1972) Proc. Nat. Acad. Sci. USA 69,

1408-1412.
15. Imaizumi, T., Diggelmann, H. & Scherrer, K. (1973) Proc.

Nat. Acad. Sci. USA 70, 1122-1126.
16. Labrie, F. (1969) Nature 221, 1217-1222.
17. Vogt, V. (1973) Eur. J. Biochem. 33, 192-200.
18. Wetmur, J. G. & Davidson, N. (1968) J. Mol. Biol. 31,

349-370.
19. Packman, S., Aviv, H., Ross, J. & Leder, P. (1972) Bioch.

Biophys. Res. Commun. 49, 813-819.
20. Sullivan, D., Palacios, R., Staunezer, J., Taylor, J. M.,

Faras, A. J., Kiely, M. L., Summers, N. M., Bishop, J. M.
& Schimke, R. T. (1974) J. Biol. Chem., in press.

21. Bishop, J. 0. & Freeman, K. B. (1973) Cold Spring Harb.
Symp. Quant. Biol., 38, in press.

22. Whitehouse, H. L. K. (1967) Nature 215, 371-374.
23. Brown, D. D. (1971) in AMolecular Genetics and Develop-

mental Biology ed. Sussman, M. (Prentice-Hall, Englewood
Cliffs, N. J.).

24. Dina, D., Crippa, M. & Beccari, E. (1973) Nature New Biol.
242, 101-105.

25. Firter, R. A. & Lodish, H. F. (1973) J. Mol. Biol. 79, 295-
314.

Proc. Nat. Acad. Sci. USA 71 (1974)


