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ABSTRACT

A 4.8 kilobage mouse embrye DMA fragment was inserted into a phage A
gencme and was subgequently characterized by electron microscopy, restric-
tion enzyme mapping and partial DMA sequencing. This fragment contains
a 400 bage segquence which is homologous to that of an immunogleobulin
light » chain mRMNA which spans 3.3 to 3.7 kilcbases from one end of the
fragment. Restriction enzyme mapping as well as partial nucleotide
sequencing of the 3" terminal of the homology region confirm the previous
conclusion [Tonegawa, Brack, Hozumi and Schuller, Proc. Matl. Acad. Sci.
Usa. 74, 3518-3522 (1977}] that the cloned DNA fragment contains a ‘."lh
gene seguence which iz separate from any 'le‘L SeqUence.

INTRQDUCTION

We recently reported on the construction and isolation of a phage A
(lqtNES—Ig 13} that carries a mouse embryo DMA insert containing an
immunoglobulin gene (l). Partial characterization of this phage DNA by
hybridization and electronmicroscopy indicated that this mouse gene
contains the ¥V region of a A type light chain. The same study suggested
that no corresponding C gene iz present immediately adjacent te the V
gene, thereby directly confirming the concept: two separate DNA segments
code for V and € regions of an immunoglobulin chain in embryonic cells

[2). Before a firm conclus

is drawn, howewver, complications arising
from the presence of two subtypes of mouse i chains should be considered.
According to the avallable aminc acid sequence data of mouse myeloma

chains, lI chaing differ from A chains by only ten to thirteen residues

-
in the V region, which is about 110 residues long, whereas the two types
of chains differ by 27 residues in the € reglon of about the same length
{3]. Based con this comparigon of amino acld sequence differences, lI
and AI‘ type chains would be expected ©o cross-hybridize less extensively

in the C region than in the V region. Since our previous hybridizaticn
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studles on the hgths-Ig 13 DnA were carried out with a AI type mBMA, we
might not have detected a C gene of the hII type, which may lie immediately
adjacent to the Vh gene (l). Lack cof a hII chain mRNA preparation of
sufficient purity prevents us from answering the gquestion by straight=-
forward hybridization studies. In order to clarify the matter, we have
carried gut more extensive characterization of the cloned mouse DHA
fragment. The results presented here and elsewhere (Tonegawa, Maxam,
Tizard, Bernard and Gilbert, Proc. Natl. &Acad, Sci, U.5.A., in press)
demenstrated that ne Ch—llko seguence is contigucus to the Uh gENe

Saguence.

MATERIALE AND METHCDS

Enzymes Alkaline phosphatase was a genercus gift of Dr M. Takanami
(kyoto Unlversity, Japan). Tq polynuclectide kinase was donated by Dr
M. Sugiura Mational Institute of Genetics, Japan).

Restriction endonucleases Eco RI {4}, Mbo II (5), Bgl II (6) and
Alu I (7)) were prepared according to published methods. Hinf I was
prepared by the unpublished procedure of R. Boberts. Pst I was obtained
from Bethesda Research Laboratories. Hae III and Hind III were purchased
from New England Biclabs and Miles Laboratories, respectively. Dlgestions
for restriction endonucleases were performed at E?EC cn 0.2 ug of DHA in
a volume of 20 pwl for a pericd of 4 h. The reaction mixtures contained
the following components: for Bco RI, O.1 M Tris-HC1 (pH 7.5), Q.05 M
Macl, Q.01 ™ MgSDd, 0.001 ¥ EDTA; for Bgql II, Mbo II, Alu I and Hinf I,

0.006 M Tris=HC1 (pH 7.5), 0.006 M MgCl 0,006 M 2-mercaptoethanal;

for Pst I, 0.02 M Trig=-HC1 (pH 7.5), D.él b | Mqtlz, 0.05 M iNH432. I’
for Hae III, 0.006 M Tris-BC1l (pH 7.4}, 0.006 ¥ HacCl, 0.006 M HQCIQ'
0.00& M Z2-mercaptoethancl. After incubation, samples were heated at
£5°C for 3 min.

Fhage ﬁgtwﬂs-lg 12 was grown and purified as previcusly described
(1), The experiments were carried out in a P3 facility in accordance
with the MNIH guide lines issued in June 197&.

Preparation of the 4.8 kb cloned DNA The procedures wers those

previcusly described (8). Five mg of lgtHES—Ig 13 DHA {100 pg/ml) were

digested with Eco RI and concentrated tenfold with butanol-(2) (9.

After dialveis against TA buffer (0.02 M Tris-acetate pH B.0, 0.013 M
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Nacl, 0.002 M EDTA, 0.02 M scdium acetate}, the digested DNA was loaded
in a slet (19 x 1 x 0.5 cm) of a 0.9% agarose gel in TA. Electrophoresis
was carried out for 2 days at 1.5 mnfcmz of the gel cross section. The
band containing the 4.8 kb DNA fragment was visualized on PEI thin laver
chromatography sheet (Macherey-Nagel and Co., M N 300) under UV lamp

{254 muy) and cut with a scalpel. The agarcse gel slice was melted in
NaClD4 and DMA was purified by a hydroxyapatite (Bio-Gel, DNA grade)
column.

Formaticn of R-locop, Electromnmicroscopy HOPC 2020 A mRMA was

purified by the method previously described (10). The mRMA was hybridized
to the 4.8 kb mouse DNA fragment to form RB-locps under the conditions
described (1}, fellowing essentially the methods of Thomas et al. (11
The samples in 0.56 M Mall were incubated at SIIIDC for 12 te 14 hr,
alternatively samplea in 0.2 M HaCl were incubated at 5101: for the same
peried of time. Both conditions gave similar results., The spreading
soluticons containing 70% formamide, 0.1 ™ Tris-BCl (pHE 8.5), 0.0l ¥ EDTA
(pE 8.5), 0.1 mg/ml cytochrome C (CNBr treated} and 0.2 - 0.5 pg/ml DHA
were spread on a hypophase containing 10-15% formamide, 0.0l M Trisz (pH
8.5), and 0.00L M EDTA. Samples were picked up on collodion-cocated
copper grids, stained in 10-5 M uranylacetate in 90% ethanol, dried in
isopropancl, and rotary-shadowed with Pt at an angle of 6.

Hybridization with cDNA <cDMA synthesized from MOPC 104E % mRNA

with AMV rewerse tranacriptase was kindly provided by Dr. G. Matthyssens
(Lo be published elsewhere). Full length cDNA was hybridized to the Igl3

4.8 kb fragment as follows: Ig 13 DMA was denatured with a solution
containing 0.1 M NaOH, 0.002 M EDTA, 0.02 M Tris; after addition eof
cDNA the solution was neutralized with HCl, containing Nacl. The hybrid-
ization mixture finally contained Ig 13 DMA 4 pg/ml, cDNAR 3 pg/ml, MaCl
0.12 M, EDTA ©.002 M, Tris 0.02 M, and was incubated at %Dﬂc for 2-3 hr.
The samples were then spread for electronmicroscopy as described for R-
loops.

Analytical agarose gel electrophoresis Electrophoresis was carried

out in a vertical slabk gel {24 x 1% x 0.15 cm) of 0.7% or 1.4% agarose.
After completion of electrophoresis, the gels were stained with ethidium

bromide (I pg/ml in TA buffer). The gels were photographed onto Polareid

film {Polarcid 4 x 5, Land film type 55) through a red filter (B+W 43,
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BE4W Fllrer Fabrik] under ultrawviclet illumination (254 mup).

Analytical acrylamide gel electrophoresis Gel electrophoresis was

carried out on a wvertical slab gel {35 x 15 x 0.15 em} containing 0.08 M
Tris=borate (pH 8.3), 0.0025 M EDTA. The same buffer was used in slectro=
phoregig regervolrs. 3.5% acrylamlde gels were made ag described by T.
Maniatis et al. {(12}. At completicn of the run, the gels were stained
with 1 wg/ml of ethidium bromide in the electrophoresis buffer and

photographed as described abowe.

Autoradicgraphy for restriction gite mapping After completion of

glectrophoresis, the acrylamide gel was transferred onto two sheots of
Whatman 3 MM paper, covered with a sheet of Saranwrap, and dried under
vacuum. The dried gel was subjected to autcradiography at —TDDC using
an Ilford tungstate intensifying screen.

In sity hybridization of agarpse gel Gels were immersed in 0.2 N

HaCH, 0.% M MaCl for 45 min at room temperature. After washing with

water, the gels were neutralized in 1.0 M Tris=#C1l (pH 7.5), 0.6 M MaCl

ol

far

5 min at rocm temperature. The DNA within the gel was transferred
anto & sheet of nitrocellulose filter (Schleicher and Schill) essentially
by the method described by Scuthern (13}. After blotting, the nitro-
cellulozse filters containing DMA were washed with Z x 58C and baked in
vacuo az 890°C for 2 h. They were then incubated at 50% for B h in a

hybridization mixture which contains, in a total wolume of 3 ml, 50%

formamide, 0.75 M NaCl, 0.075 M sodium citrate, 0.1 M pipes (pH 7.5), 2

(] 1325 7
x 10 cpm I-HOPC 2020 A mEMA (5 x 10" cpmfpgl. Following hybridization,

the filter was washed with 2 X S5C, treated with RNMase » (20 pug/ml) and

Elase {2 U/ml) at 377 for 20 min, and subjected to autcradiography

il
a
using Ilford tungstate intensifying screens at -70C.

PRI ]
5'-""P labeling of DMA fragments The 4.8 kb Eco RI fragments (3 ug)

ocr the 1.52 kb Hae III fragment (2 ug) were treated with bacterial
alkaline phosphatase. The termini were labeled using 7—32PFRTP and T4
polynucleotide kinase. The reaction mixture for phosphatase contalned
in 32 wl: the DMA fragments, 0.1 mM Mquz. 3.1 M Tris-HC1 (pH 8) and 0.4
U of bacterial alkalipe phozphatase. Incubation was for 1 h at 37%.
This reacticn mixture was extracted with water-saturated phencl thrae
times, followed by ether extraction and ethanol precipitation. The
labeling mixture for kinase contained in 100 pl: 0.05 M Tris-BCl (pH

7.5), 0.01 M MgCl 0.005 M dithiothreitel, 0.085 oM spermidine, 2 uM

37
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32 i
- P=ATP (2260 Ci/mmole, New England MNuclear), the phosphatase-treated

DHA fragments, and 1.5 U of T4 polynuclectide kinase. The reaction was
carried out at 37°C for 30 min. The terminally labeled 1.52 kb Hae III
fragment was digested with Hind III and electrophoresed on a 3.5% acrylamide
gel for 14 h at 2.5 V/em. The end labeled 0.62 kb Hind III fragment was
extracted from the gel as described below. The labeled 4.8 ki Eco RI
fragment was digested with Hae III and the digest was fractionated by
electrophoresis through 1.4% agarose gel for 12 h at 2 ¥/om. The terminally-
labeled 1.52 kb Hae III fragment was isolated from the agarose gel by

the NaClD4—hydroxyapatite method (see above).

Extraction of DNA from acrylamide gel slices Bands were cut out

from gels and chopped in small slivers with a scalpel. The DNA was
extracted by shaking for several houwrs with three portions of buffer
containing 0.05 M Tris BCL (pH 7.6), 0.1% 208, and 0.3 M ammonium acetate
saturated with phencl. The pocled volume was extracted once with phencl,
then with ether, and loaded on a 0.1 ml DEAE cellulose column in a
Pasteur pipette. The column was washed with 3 ml of 0.1 M KCl. The DNA
was eluted with 0% triethvlammonium carbeonate and finally precipitated
with ethancl.

DHA seguence determinaticn The purified Hinf I 330 base pair

fragment was treated with 3 pg of bacterial alkaline phosphatase for 1 h
at 377 in 100 pl containing 0.05 M Tris=-HC1 (pH 7.8), O.1 M KC1, Q.01 M
Mgclz and 0,01 M dithiothreitel. The DMA was then extracted 4 times
with phencl, then with ether and then precipitated with 3 wvolumes of
ethanol, The dried precipitate was resuspended in the same buffer
containing 10 pmoles T—sz—AT?, 1000 mClfpmole; 8 units of polynucleotide
kinase were added and the reaction was incubated at 37°C for 40 min.
After ethanol precipitaticn; the labeled DNA was resuspended in 50 pl of

a buffer containing 0.0l M Tris (pH 7.6), 0.0l M MgCl, and 0.0l M -

mercaptoathanol and digested overnight with Mbo II. ihe labeled fragments
were separated by gel electrophoresis and extracted from the gel. After
purificaticn they were then subjected to the Maxam=Gilbert sequencing
procedure (14). After methylation with dimethyl sulfate, a sample was
depurinated by heating at pH 7 followed by heat and alkali to give the

G*A cleavage, or by acid treatment at GnC followed by heat and alkali to

give the A*G cleavage. Pyrimidine cleavage was done with 15 M hydrazine
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FIGURE l: Gel electrophoresis pattern of restriction endonuclease Eco
RI digestion products of Mgk -Ig 13 DHA. Agt _ -Ig 13 {1 pg) was

i fracticnated en a 0.7% agarose gel for 14 h at
a products were stained with ethidium bromide.
The stained DHNA wag Lrans ¥rrad onto a sheet of nitrocellulese filter
idized to “I-labeled HOPC 2020 h chain mBNMA. & phage DNA
with Eco RI was used as & migration marker. The molecular
the marker are given in kilobasgse. S: ined DMA. H: hybrids.
autoradiogram shown here was developed for 20

[C+T) or 15 M hydrazine + 2.5 M Macl {C>T), followed by heating with 0.5

. The products were run on a 20% acrylamide gel 40 cm long

M urez, at 800 - 1000 wolts, with two loadings.

RESULTS

Location and length of homology  When -'.gtr_rES

gure 1). Two of these

-Ig 13 DWAR was digested

frag ts were generated (E

corresponded to the left and the right arms of the parental

4 kb). The third fragment of 4.8 kb contained
me logous to I-labeled, purified & chain mRNA isclated
from HOPC 2020 A myeloma.
In crder to determine the positicn and length of the homology
region, R-locops were formed between HOPC 2020 A chain mRMHA and the
4.8 kb Eco RI fragment which had bheen purified by agarose gel electrophor=

We obtained about 50% hybrid molecules. About half of these were

R-loops with an EMA tail at one end of the loop structure (Flgure
2B). Other hybrids showed, instead of 2 loop, a short stretch of thick,
"

probably "triple-stranded" region, with one or two single stranded tails

at the end(s) (Figure 2&). In the histogram shown in Pigure 3; the
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Figure 2Z: Electron micrographs of R-loop molecules formed betwean the
4.8 kb Ig 13 DMA and HOPC 2020 mRMNA {see Materials and Methods). The
thick "triple—-strand" regions in A (+) are probably collapsed R-loops.
golid line shows the position and extension of the R-locps {32 molecules).
The position at which the EMA tail extends from the triple strand {42
molecules) corresponded exactly to the tall-carrying end of the R=loop
{dotted line, histogram, Figure 3). We therefore conclude that the
"triple=stranded” structures are collapsed B-loops. Since the 3'-end
half of the mEMNA does not hybridize to the mouse DMA insert, (see ref.
1), the tail should correspond to the 3'-end of the amRMA or to C gene
SEJUENCEs.

In R-loop preparations the BENA molecules or RMA tails are usually
not fully extended and it ig therefore difficult to meazure the length
of the non-hybridized part of the mBMA extending from the R-loop. In
order to obtain more accurate measurements, full length cDMA (synthesized

on MLO4 A mRMA with the AMV reverse transcriptase) was hybridized to
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Figure 3: Histogram showing position and extensicn of R-loops measured
on 32 hybrid moleculss (solid line). The dotted line represents the
pesition of the RNA tall extroding from "triple strand” structures, as
well as from R-loops; it allows for the orientation of the molecule.
denatured Ig 13 DMA. The different parts of the hybrid molecules Were
measured (see Fig. 4) on 35 molecules: a = 3.29 + 0.15 kb, b = 1.06 + 0.22
kb, homology region {double-stranded) {h} = 0.3%B + 0.103 kb, tail (t} =
0.373 + 0.10 kb.

From these results and the R-loop mapping we can conclude that the
homology region is about 400 nuclectides long, and is localized between
3290 and 3690 {+20) nuclectide pairs from one end of the mouse DNA which
lies to the left in the conventional map of a + phage genome (1).

Figure 5 shows the map of the 4.8 kb mouse DNA fragment as obtained from
electronmicroscopy.

Mapping of restriction enzyvme cleavage gites

In ocrder to characterize the mouse DMA insert further, the cleavage

sites of several restriction enzymes were determined. Two kinds of
experiments were carried cut. In one series of experiments, the 4.8 kb
Eco RI fragment was digested by several restriction enzymes which cleave
DA relatively infreguently. The digests were electrophoresed in 1.4%
agarose gel, and the DNA fragments containing seguences homologous to
HOPC 2020 A chain mRMA were identified by the blotting technigque developed
by Scuthern (13). Since the electronmicroscopy study described in the
last section indicated that the homclogy region lies between 3,29 and

3.%9 kb from one end of the 4.8 kb fragment, this was used as a guide in

ocrdering the fragments whenewver possible.
Pst I cleaved the 4.8 kb DNA into two fragments of 2.33 and 1.47 kb
(Figure &A). While both fragments hybridized to the E2020 A chain mRNA,

the level of hybridization of the larger fragment was only marginal.
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Figure 4: Hybrid molecules made by annealing cDNA to denatured Ig 13

DHA. The structure consists of two single-stranded arms {a,b), the
double-stranded homology region (h) and a single-stranded tail {(t). The
different parts of the molecules were measured, using as internal standards
DMAs of phages £4 and PM2Z.

Since the homelogy region lies between 3.29 and 3.62 kb from the left

end aof the Eco RI fragment the smaller Pst I fragment (1.47 kb) which
contained most of the homology regicon should contain the right Eco RI

site.

Hae III generated three fragments of 2.53, 1.52 and 0.75 kb (Figure
6B). Hybridization was Jominant in the 1.52 kb fragment, but longer
exposure revealed weak hybridization in the 2.53 kb fragment. The order
of the three Hae III fragments which is compatible with the homelogy
regicon map shown in Figure 5, is 0.75, 2.533 and 1.52 kb fragments from
left to right.

Hind III cleaved the Eco RI DNA plece into two fragments of 3.30
and 0.90 kb (Figure &C}. ©Only the 3.90 kb fragment showed hybridization
with the E2020 A chain mENA. In order to determine the order of the two
fragments, the Eco RI DMA piece was digested with Hind III and Pst I
simultanecusly {Figure B6C). The double digesation generated three fragments
of 3.33, 0.90 and 0.57 kb. This result indicates that the Hind III site
is within the Pst I, 1.47 kb fragment.

Mbo II generated many fragments, among which only the largest, 0.96

kb fragment hybridized with the mRML (Figure GA}. Attempts were not
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0.4

33 1.1 kb

Figure 5: A map of Ig-13 DNA showing the position and orientation of
the region homologous to HOPC 2020 mBMA. The lengths are given in
kilobages (kb}.

made to order these fragments (see below for Mbo II cleavage sites in

the Hae III, 1.52 kb fragment).

Digesticn by Bgl II generated two bands at positions corresponding
to 1.64 and 1.51 kb (Figure 6B}. The sum of the length of the two
fragments, 3.15 kb, is 1.65 kb shorter than it should be. Intensity of
the twe DMA bands suggests that the 1.64 kb band contains two fragments
which did not resolwve under the electrophoresis conditions used.
Hybridization was detected only in this band (Flgure 6E). The order of
the other two Bgl II fragments waz not determined. The results described
above are summarized in FPigure 8A. In addition, Bgl I, Bam BI and Hha I
waere found to have no cleavage site in the 4.8 kb Eco RI piece.

In the second series of experiments, cleawvage sites of several
enzymes within the 1.52 kb Bae III fragment were determined by the
partial digegtion method (15). Two DNA fragments, each having a 32P
label at an copposite end of the Hae III fragment were prepared. FPirst,
the 4.8 kb Eco RI fragment was terminally labeled with T—sz-ATE by T4
nolynuclectide kinase. After digestion with P=a= TII, the 1.52 kb fragment
with 32? label anly on the right end {g2ee Fifgurs B0) was isolated.
Second, the unlabeled 1.52 ki Hae III fragment was isclated and labeled.
Then, the 0.62 kb Hind III fragment labeled at the left end was obtained.

Partial digesticn of the 1.52 kb Hae III fragment with Hinf I
generated six fragments of 350, 770, B70, 1200, 1360 and 1520 base pairs
[Figure 7A}. Partial digesticn of the 0.62 kb Hind III fragment with
Hinf I generated four fragments of 150, 160, 320 and 620 base pairs
[Figure 7B}. These results led to identification of Hinf I sites which
are located within the 1.52 kb Hae III fragment at the intervals of 150,
10, 180, 330, 100, 420 and 350 base palrs from left to right. The two
sites flanking the 10 base pair fragments were not identified as such in
the partial digest of the 1.52 kb Hae III fragment, because separation

of the two fragments with and without the 10 base pairs were beyond

resclution of the electrophoresis. Complete digestion of the 1.52 kb
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Figure &: Gel electrophoresis patterns of AthEr—:; 13 DNA or its mouse

DA insert (Ig 13 DNA) digested by warious restriction endonucleases.

{A) and {B)}: digestion products were electrophoresed on a 1.4% agarcse
gel for 12 h at a potential of 1.7 V/em., The gels were stained with
ethidium bromide. The $L315gd DMAs were transferred to nitrocellulose
filters and hybridized to I-HOPC 2020 mEHA. [C): DNA fragments werse
electrophoresed and visualized as described in (&) and (BY., In (&), {B)
and {C), Eco RI digestion products of A phage DNA and sV40 DNAs digested
with Hind III or Hae III were wused as migration markers (data not shown).
The lines beside the lanes indicate DNA bands. The sizes of warious
fragments {in kilobase pairs) are shown at the bottom of the gel slots.
The underlined n ers correspond to DMA fragments containing seguences
hybridizable to I=-HOPC 2020 A mRMA. S: stained DNA. H: hybrids.

The autoradicgrams shown were allowed to develop for 24 h except for the
right slot of Hae III (H) which was developed for 3 davs (see text)

Hae III fragment with Hinf I generated fragments of 425, 350, 325, 165,
135 and 100 base palrsz {(data not shown). The result is in good agreement
with the partial digestion experiments. The 10 base pair fragment was
too small to be observed by ethidium bromide staining. Similarly,

partial digestion of the 1.52 kb Hae IIT fragment with Alu I led to
identification of eight cleavage sites, from left to right: 300, 250,
70, 150, 180, 515, 5 and 50 base pairs (Figure 7¢). Complete digestion
of the 1.52 kb Hae ITI fragments with Alu I geneérated fragments of 540,

305, 245, 175, 160 and 70 base pairs (data not shown). The two small
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Figure 8: The restriction map of the mouse DNA ingert. (A): the 4.8 kb
Eco RI fragment. ((B) : the 1.52 kb Hae III fragment. Fragment sizes
are given in kilobase pairs for (A} and in base pairs for (B). The

shaded boxes indicate the region homclogous to HOPC 2020 A mRMA. The
exact position of the Bgl IT cleavage site at the left side was not
determined. Mbo II map is incomplete {column with dotted lines). See
text for further explanation.
fragments of 30 and 5 base pairs which were deduced to be present from
partial digestion, were not detected in the completely digested DNA
mixture. Hind ITI and Alu I recognize and cleave the seguence ARGCTT
and AGCT, respectiwvely. Partial digestion of the 620 base pair Hind III
fragment (labeled at the left end) should give 300, 550 and 620 base
pair fragments. As shown in Figure 6B, this prediction was confirmed.
Partial digestion of the terminally (left end} labeled 1.52 kb Bae
IIT1 fragment with Mbo II lead to identification and ordering of the DNA
fragments of 470, 630 and 420 base pairs, from left to right (Figure
TCi. Complete digestion confirmed this deduction, vielding 630, 470 and
415 base pair fragments (data not shown). These results are summarized

in Figure E8B.

Muclezotide sequences DNA sequencing gave direct evidence that the

meuse DNA insert containg A chain gene segquences. As Figure 8B shows,
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Figure %: Seguencing gels of the Hinf 330 base pair fragment. The
fragment was end-labeled with polynuclectide kinase, cleawved with Mbo II
and the resulting fragments, A (left) and B (right) were separated by

electrophoresis. The two fragments were treated according to Maxam

Gilbert {14) in four separate reactions cleaving the seguence at

G*4, A¥*G, C*T and C+T. The gels contained 20% acrylamide and 7 M urea

and were run at 800-1000 wolets. The positions of the marker dyes,

xylene cyanol and bromphenol blue, are indicated. Fanel A shows a
gequencing gel of the left fragment, Hbo II, containing sequences homologous
te A chain mRMA. Panel B shows a sequencing gel of the right end of the
Hinf fragment. WNote that in this gel the bands in the pyrimidine cleavage

reactions are slightly delayed relative to the purine cleavage bands,
robably due to incomplete elimination of the piperidine from the samples
pplied to the gel.
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Hint I

msemven 5 l]*ﬁ MTC ___ OG0 TCC CTG ATT GGA GAC AMG GOT GIC CTC AQC ATC ACA
[ 1 b1
eagpictEn 5 OCEK WMY LCX 66X UCX CUX ALY GEX MY MR QLXK GLE CUX ALK RUY ALK
HER L AEY R AW iR AR

aeseaven 5 GGG GLA CAG ACT GAG GAT GAT GCA AT TAT TTC THT GCT CTA THG TAC AGE

L a% 50 L]

aar avx oer  gax
ewEpicTED 5 GGN GLX AR ALY BAR GAY GAR GLE ALY LAY Y LGY G0N CUX UGG URY AGY
ALl uE X

Figure 10: Partial nucleotide seguence of the left half of the Hinf 330
base pair fragment. The observed nuclectide segquence (Figure %93) is
shown in comparison with that predicted from the amino acid sequence of
av region (MOBC 315 A chain), which is identical with that of V

% i e A
{MOPCT104E X chain) except for positions B3, 87, 24 and 95. Nucleotide
sequences predicted from MOPC 315 X chain at these positions are shown
in italics. Positions 94 and 95 are within a hypervariable region.

X,N: any one of the four bazez. R: purine. ¥: pyrimidine.

the Hinf I 330 base pair fragment spans the boundary of the homology
region and therefore should contain both V and C homologous seguences
and the region immediately adjacent to them. This fragment was labeled
at the 53'-ends with polynuclectide kinase, cut with Mbo II and the
nucleotide seguence of the two halves was determined by the method of
Maxam and Gilbert (l4). The corresponding autoradicgraphs are shown in
Figure 94, B. The resulting seguences are shown in Figures 10 and 11
for the left and right half, respectiwvely. To identify the region of
homology in the amino acid seguence of the A chain, we aligned with the
observed DMA sequence of the left half all the pessible Hinf I sites in
the nucleotide sequence predicted from the amino acid segquence. Figure
10 shows that the possible Hinf I site at aming acid positions 63 and 64
of the VA region gives an excellent alignment with the segquence predicted.
The exceptions to the fit are interesting. At positions B5 and 87, the

DHA sequence corresponds to the predicted seguences of MOPC 315 HHII
instead of MOPC 104E UAI. At two more positions, 94 and 95, the seguence
corresponds to th. Does this mean that embryonic DHB contains a single
¥, gene which is a hybrid of the ¥, and Vigr types? We believe that a

more likely explanation is that there are separate germ line genes for

v and V}

i , and that the gene contained in the present clone is the

Iz

HMI gene. The basis for this explanation is that pesitions 94 and 93
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I&inu 111 'H.1.n£¢ I
3'...AAET1ETTTﬁﬁEﬂIﬁTTﬂTEAATACEEAAETR(TETTEEERREERhTAﬁTTEﬁ“ﬁEETﬁTTTTG___CTHAE 5

..TTERAIARRIFEIhTﬁﬂTﬁATTﬂTGEETFEETGﬁEﬂAEETTTETTT&TE&AETTGEEAEAAAAE___GAHT{ 3
PhehdnlysleuTyrAsnAsnTyrAlaLauat ThrSerFhevalTyrolnleuclyhralys

L]

SecThrasnCyellellelleMetFro—se—x+GlnAlaTrpFhelledsnlondlaclshas

GlnGinIleval—e—wLouCyslauinpasplysLeuCysleuber TheTrpGlalys

Flgure l1l1: Partial nuclectide sequence of the right half of the Hinf
330 base pair fragment. The three amino acid seguences are shown which
are in accordance with the experimentally determined nuclectide seguence.
Alu I and Hind III sites are indicated by arrows. —~pp—r indicates a
termination triplet.

are in the hypervariable region, while pogitions 85 and B7 are framework
residues (l6). We suppose that the two germ line genes code for common
amino acids at positions 94 and 95 and that the aminc acids gbgerved in
MOPC 3135 hII at these positions are the result of somatic changes (see
Discuszion) .

Beyond amino acid 98 the cbserved DNR segquence diverges from the
expected sequence, indicating the end of the homology reglon. Is there
then no © gene immediately adjacent to the V gene? Since AI type mRNA
was used-in the hybridization experiments, a C%II seguence might not
have heen detected because of the relatively large difference in the
amino acid sequences of the two C regions (29 out of 102 amino acids)
{3). However, the seguence of the right half of the Hinf fragment shows
that the region adjacent toc the W gene bears no noticeable similarity to
the segquences predicted from either C or C

AT MI®
observed DMA sequence, its complementary sequence, and the corresponding

Figure 11 shows the

aminc acid sequence obtained by reading the complementary sequence in
each of the three frames. Reading in two of the frames runs into double
termination codons, while the third frame yields an amino acid sequence
which bears no similarity to either the CAI or the EHII regicn. Whether
or not some residual sequence homology exists between this region and Cﬁ
genes remains to be determined. We conclude that the UL gene in this

clone doss not have a contiguous C, gene. More extensive DMA seguencing

A
in this and adjacent regicns confirms these results (17).

DISCUSSION

We reported here detailed characterization of hgtWES

electronmicroscopy, restriction enzyme mapping and partial DMA sequencing.

-Ig 13 DNA by
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Electronmicroscopic studies of hybridization with cDHA and R-loops

formed between the isolated Eco RI fragment of the Ig 13 DMA clone and a
purified » chain mRMA from HOPC 2020 myeleoma not only confirmed that the
cloned DMA contains a 400 base long sequence which is highly homologous
to one end of the mREMA molecule, but alse demonstrated that the entire
homology regien lies internally, spanning 3.3 te 3.7 kb from one end of
the 4.8 kb mouse DNA fragment. A3 we reported earlier, this end lies to
the left in the conventional map of a A phage genome (1}. Since the

I3 13 clone was prepared from the agarose gel DA fraction which containg
a vh gene seguence, it is very likely that the homology reglon represents
a VA gena sequence. This conjecture was confirmed by ocur earlier experi-
ments which showed that while the cloned DMA hybridizes with the whole A
chain mEMA, it did not hybridize with the 31'-end half of the same mBNA
which contains the CA gene ssquence but no V, gene seguence (1h.

Presence of internally localized ¥, gene seguence in the cloned

M
mouse DMR strongly suggests that in the embryoniec DMA, ¥V and C gene
gequences are not contiguous. In the case of = chain mBMA, the two gene
Segquences are known to be contiguous and there is no reason to believe
that a » chain mRNA is different from & « chain mRMA in this respect
{18). Thus, if the V and C gene sequences are indeed separate in embryo
DA, a novel mechanism must be provoked by which coding information in
two separate DHA sequences is integrated during genesis of mature mRNA
melecules (8,19, 20).

In order to investigate the complications arising from the presence
of A subtypes (see Introduction), we constructed an extenszive map of
regtriction enzyme cleavage sites in the homology region and ragions
flanking it. Although the ultimate purpose of congtructing such a map
was to determine the nuclectide sequences of the relewvant regions,
information obtained from the map itself was useful in answering the
above guesticns, at least partially. B2Among the six cleavage sites
discovered within the homology reglon, four located to the right-hand
side were in good agreement with the aminge acid segquence of either V

M1
Qr v regions. The positions of the other two sites relative to these

ALT
four sites suggested that the former are in the 3"=-end untranslated
region, for which we have no way of testing the fit. Eight cleavage
sites were discovered in the DMA seqment which occupies a regqion immediate-

ly adjacent to, and to the right of the homology region. This segment
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should correspond to a C, gene sequence, should it exist in contiguiuty

_;n
with the V. gene sequence. Some cf the zix cleavage sites are clearly
inconsistent with the assumpticn. For instance, the Mbo II and Hind III
sites separated by 1530 baze palrs should not exist in either a CA or

I
Q gane seguence.

RII
The issues raised were more directly analysed by determining the

nuclectide sequence of the 330 base long Hinf I fragment. This DNA
fragment covers the rightward boundary of the homology region, and hence
the nuclectide sequence at the left end of the fragment should correspend
to a vh region, whereas the seguence at the right end should correspond
te a C# region, should a CA gene lie in contiguity with a vﬁ gene. The
92 base long sequence at the left end fits excellently with the predicted

sequence of the MOPC L0D4E UAI or MOPC 315 W region. Excepticns are

AIT
at positions B3 and B7, where the determined nuclectide sequences f£it

1l I W
only with the T

fitting only with the le regicn. From these results we would like to

regioen, and at positions 94 and 95 where there is

tentatively conclude that the cloned sequence is of a germ line u}II

gene., The reascn is as follows. From ENA=DMA hybridization kinetics,

we previously concluded that both E}I and v}II genas are virtually

unigue, namely, there exists only one copy of each, per haploid genome

(19,21). A large number of different th ar v‘II regicns are generated

from the th or UAII gene carried in germ cells by some scmatic mechanism.
Whatever these mechanisms are, wvariation thus generated is highly enriched

in the subregions called "hypervariable" regions. Most, if not all, of
the wvariation outside the "hyperwariable" regions (i.e. in "framework"”
residuez] seems to be the result of evolutionary proceszesz. It is these
framework residues which characterize a germ line V gene (16). The
determined nucleotide segquence of the Ig 13 clone corresponds exactly to
the thI region in framework residues, while it differs from the predicted

seguence of the v region in at least two framework residues. It is

M

for these reasons that we think the Ig 13 V gene is a ¥ gene. Lack

AIT
of fit at positions 94 and 95, both in the hyperwvariable region, could

be explained as follows., Since the Ig 13 clone was prepared from the

DMA of early embryonic cells, the URII gene contained is probably the

germ line gene sequence. On the other hand, the MOPC 315 thI reglon

might be considered to have been somatically altered; hence, the presence

of two unfitting triplets in the hypervariable region. Fit of the
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determined nucleotide seguepce, the putative germ line leI gene, to the
MOPC 104E UAI region in these triplets is not surprising. This is
because a close evolutionary relationship between the two germ line ¥V
genes, V and V

hI RIT"
acid seguence homology in the two types of V regions (22).

is evident from the presence of extensive aminc

The aminoc acid sequences predicted from the 61 nucleotides deter-
mined from the right end of the Hinf 330 base pairs fragment has no
resemblance to either the ChI or ChII regions. Two cut of the three
amino acid sequences each generated by reading the nucleotide seguence
in three different phages contain gaps due to two successive termination
or C

AT AIT
regions. Combining thege results with the fact that the &1 nuclectide

codons. The third seguence has no similarity to either the C

long DMA segment is located well within the region that would be cccupied
by & C gene, if it existed in contiguity with a ¥V gene, we conclude that

thI and chII genes are separate in embryonic DMA.

Identity of the homology region to a ¥ gene was confirmed by

ATI
more extensive nuclectide segquencing. We have recently completed segquen=-

cing of a segment about 1,000 nucleotides leng, which contains the
entire homology region and the adjacent regioms (17). 1In all but cne of

the framework residues (11 out of 12) where U)I (MoPC 104E) and vNII

[(MOPC 315) differ, the determined nuclectide seguence fits to the uAII

region, The significance of the one eXception is not clear at this
time. It might reflect "leakiness" of the mechanism by which somatic

change is restricted to the "hypervariable" regqlon. Other, more trivial
explanations such as the occurrence of a fortuitous mutation, or error

in protein sequencing, are not impossible. Absence of a CAII gana

adjacent to the homology region was alse confirmed by more extensive
sequencing (17). It should, however, be menticned that neither the
present work nor the work cited here eliminates the possiblity that the

Ig 13 DNA contains a € ¢ 9ene sequence in the region where no DNA

A1
sequence is available. This, however, does not alter the conclusieon

that VFII and CKII genes are separate in embryonic DMA. The possibility

Lhat the two gene sequences do lie contiguously in embryonic DNA, but
were separated fortuitously during gene ¢loning procedures, is not

formally eliminated. We think that this peossibility is highly unlikely

in the light of our studies on ?'.I type genes. We recently isolated from

embryonic cells two DNA fragments that carry a v, . gene and a Ch gene

I 1
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separately (Tonegawa, Brack and Lenhard-Schuller, unpublished). We also

igclated from HORC 2020 myeloma a third DMA fragment that carries both

A
clones demonstrated directly that the two genes are distant in embryo

v, _ and CAI genes [20). Heteroduplex and R=locp studies of these DMA

DMA and are brought closer together in myeloma DNA. Analysis of total
DMA from embryos and the myeloma by the gel blotting technique gawve
results entirely consistent with the conclusion drawn from the studies

of igsolated DMA clones (Hirama and Tonegawa, unpublished).
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