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ABSTRACT

Nucleatide sequence analysis and restriction endonuclease
mapping have been used to characterize a c¢DNA copy of
immunoglobulin MOPC 21 Kappa mRNA cloned in the bacterial plasmid
pMB9., Three regions of the inserted cDNA of plasmid pL2l-1 have
been sequenced and match the known protein sequence at amino acid
residues 1-24, 128-138 and 171-179, With these sequences to
provide absolute correlations between the restriction map and the
structural gene sequence it has been possible to exactly dpduce
the positions of all 11 of the insert restriction sites mapped
within the structural gene, The pL21-1 insert contains the
complete variable and constant regions as well as parts of the 3°
untranslated and polypeptide leader coding sequences.

INTRODUCTION

Wall, Gilmore-Hebert, Higuchi, Komaromy, Paddock, and Salser
(1) have described the synthesis of immunoglobulin gene copies
from MOPC 21 mRNA and the construction of clones by the technigue
of Higuchi, Paddock, Wall, and Salser (2). The five plasmids
pL21-1 to pL2l1-5 generated were partially characterized by
DNA-RNA hybridization studies (1). Here we present data giving a
precise restriction map of pL2l-1, the 1largest of the cloned
Kappa chain immunoglobulin gene copies (l). Several nucleic acid
sequences which unambiguously show the relationship of this map
with the known amino acid sequence are introduced. This will
provide useful probes for gene mapping, for the cloning of the
corresponding chromosomal sequences and for the eventual analysis
of the nucleotide sequences of the gene as it occurs in the
chromosome. We were also guided by the need to definitively
characterize probes for the mapping of the transcription unit by
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the UV resistance mapping technique of Hacket and Sauerbier (3)
and Sauerbier (4).

MATERIALS AND METHODS
Cloning of pL2l-1 and Preparation of Plasmid DNA

The procedure by which the plasmid pL21-1 was cloned in the
plasmid pMB9 has been described earlier (1) and used the
techniques of Higuchi et al. (2) (see also Salser, reference 5,

for review). The plasmid was separated from the chromosomal DNA
and mRNAs as described by Padayatty, Cummings, Manske, Higuchi,
Woo and Salser (6).

Restriction Enzymes

The plasmid was cleaved using restriction endonucleases
Alu I, Hae III, Hinc II, Hind III, Hpa II, and Taq 1I. Fragment
sizes were determined by comparison to a digest of the @X174

bacteriophage genome cleaved by either Alu I or Hae III to give
fragments of known size (Sanger, Air, Barrell, Brown, Coulson,
Fiddes, Hutchison, Slocombe, and-Smith, reference 7). Hae 1III,
Hinc 1II, Hind 1III, and Hpa II were purchased from New England
Biolabs (NEB), Alu I from Bethesda Research Laboratories, and Taq
I was prepared by S. Hendrich using an unpublished technigue
developed by M. Komaromy.

Reaction Conditions

Except in the case of Taq I, preparatory enzyme digests were
carried out for two hours at 37°C in 6 mM Tris-HC1 pH 7.5, 6 mM
MgCl,, 6 mM 2-mercaptoethanol (2-ME) (for Hae IIl); the preceding

plus 100 ug/ml gelatin (Alu I); 10 mM Tris-HCl, pH 7.9, 7 mM
MgCl2, 1.0 mM dithiothreitol (DTT), 60 mM NaCl (Hinc II and Hind

III); 10 mM Tris-HCl, pH 7.4, 6 mM KCl, 10 mM MgCl;, 1.0 mM DTT,
and 100 ug/ml Bovine Serum Albumin (BSA) (Hpa II). Digestion
with Taq I was carried out for two hours at 629 i, 10 nm
Tris-HC1 pH 8.4, 6 mM MgClp, 6 mM 2-ME and 100 ug/ml gelatin.
Restriction mapping reactions were carried out for one hour in

the conditions above. All double digests were carried out in Alu
I buffer. Digestion with Tag I was carrled out for two hours at

62°
C in 10 mM Tris-HCl.
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32? Labeling and Sequence Analysis

The 5 terminal phosphate was removed by bacterial alkaline
phosphatase (Worthington Biochegical, grade f) in 10 mM Tris-HCl,
pH 9.0, for 30 min. at 37 C. The reaction mixture was then
twice phenol extracted and twice rinsed with diethyl ether to

inhibit any remaining activity. Gamma-32p ATP was synthesized
from 32sP (ICN Pharmaceuticals) by the procedure of Maxam and

Gilbert (8). Gamma-32P was transferred to the 5’ terminal

phosphate of the restriction fragment using T4 polynucleotide
kinase (PL Biochemicals) (8). The fragments were then either
strand separated or cleaved with a second restriction
endonuclease, to give singly labeled fragments which were then
sequenced using the partial cleavages described by Maxam and
Gilbert (8).

Gel Electrophoresis
Several acrylamide slab gel types were used, depending upon

the restriction fragment sizes: 6% acrvlamide (Eastman Kodak)
with 6 or 12% glycerol for smaller fragments (<500 base pairs)
and 8% acrylamide for larger fragments. DNA was eluted from
these preparatory gels using 0.5 M NaAc, 10 mM MgCl;, O.l% SDS,
and 0.1 mM EDTA. Twenty percent acrylamide 7 M urea slab gels
were used for the sequence analysis.

RESULTS

The results in the previous paper have indicated that the
plasmid pL2l-1 contains both varlable and constant regions from
MOPC 21 immunoglobulin mRNA (1) . The seguences inserted in this
plasmid have now been characterized by sequence analysis and
mapped with restriction enzymes.

Variable Region Nucleotide Sequence of pL2l-1
Cleavage of the plasmid pL21-1 with endonuclease Alu I

yielded four fragments 291, 245, 55 and 53 base pairs in size
which did not co-migrate with the fragments of parent plasmid
pMB9, cut with the same enzyme. We suspected the presence of

additional "hidden” Alu 1 bands since the sum of the sizes of the
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four fragments was less than the size of the entire insert as
estimated from other data (1), Our further restriction mapping
showed three additional insert fragments co-migrating with pMB9
fragments (see Results, Section C, and Figure 1-A). The 245 base
pair fragment was eluted, labeled at its 5° terminus with 32p,
and cleaved with Hae III to give two fragments whose lengths were
85 and 160 base pairs, Nucleotide sequencing reactions were
carried out on the 85 base pair fragment, A segquence of 77
nucleotides could be read from the autoradiograph of the sequence
gel (Figure 2-A). This sequence corresponds exactly to amino
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gure l-A shows a restriction endonuclease map of ELel—l in the area
containing and surrounding the insert. The orientation of the translated
(variable, constant and 5° polypeptide leader) and 3° untranslated (UT) and 5
untranslated are shown above the restriction ma?. Restriction enzyme sites
are indicated, and the distances (in base pairs) between restriction sites are
shown bI horizontal numbers, Vertical numbers in parenthesis indicate amino
acid residue (9). The poly A/T tails (60 base pairs are expected [rom
insertion technique (E) but has not been confirmed) are shown to mark the
insertion sites. The nucleotide sequences obtained are indicated by lines.
Figure 1-B shows three sequences of 77, g and 27 nucleotides derived by
nucleotide sequence analysia of the autoradiographs shown in Figure 2.
§gguence 1 is from the Alu I 245 base pair fragment 5°-terminally labeled with
, then cleaved with Hae III. Sequences 2 and 3 are complementary strands
from the labeled 180 base pair fragment of a Hinc II digest, Sequence 1
provided 77 nucleotides, while sequence 2, from the fast-running coding
strand, yielded 34 and the slow-running non-codin% atrand 27. The data for
sequence one was ambiguous in two positions (labeled N) in Figura 2=A and
described in the text. ata from the related plasmid pL21-5 > Clarke
Farsonal communication) suggests that there may be an additional Alu i
ragment about 30 bp in size extending to the right from Ser 208. This small
fraguent was apparently missed in our experiments.
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acid residues 1-24 of the protein sequence (Svasti and Milstein,
reference 9) and 1in addition includes five of the nucleotides
coding for the pre-polypeptide leader. This experiment
unambiguously locates one of the Hae III sites at Ala 25 in the
sequence coding for the variable region and establishes that an
Alu I site occurs a few nucleotides prior to the first codon of
the variable region. Two nucleotides at amino acid 15 proved
difficult to interpret from the ladder sequence gel
autoradiograph and these two nucleotides are left unassigned.
These problematic nucleotides may be due to poor resolution of
the gel in this region but it is also possible that the bases may
have been deleted during the cloning procedures or subsequent
propagation of the plasmid.

Constant Region Nucleotide Sequences of pL2l-1

A Hinc II cleavage was carried out on pL2l1-1, three
fragments were observed which were not present in parallel
digests of the parent plasmid pMB9. One of these fragments 170
base pairs in gsize was labeled at its 5° terminues, strand
separated and sequenced. Two sequences from the complementary
strands 'were deduced from the autoradiograph shown in Figure 2-B
and are shown 1in Figure 1-~B. From the slow strand, 27
nucleotides (coding for ‘amino.acids 171 to 179 in the constant
region) were read, while the fast strand gave a 34-nucleotide
sequence (coding for amino acids 128 to 138 in the constant
region). This experiment unambiguously locates Hinc II cleavage
sites at codons 125 and 181 in the constant region.

Restriction Mapping of pL21-1

As described below, our restriction mapping indicates that
in pL21-1 the sequence coding for the entire variable and
constant regions have been inserted into the Eco RI cleaved
plasmid pMB9. The logic used in constructing the map of pL2l-1
will be summarized briefly below but we will not attempt to
describe all of the data since many features of the map are

independently verified by a variety of data which cannot be
detailed in the space available. Our analysis was aided by the
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