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Summary: The transient transcription of a re-
arranged mouse immunoglobulin k gene was
studied in a monkey fibroblast cell line. The gene
was inserted into an SV40 expression vector and
the calcium phosphate coprecipitation method
was used for transfection. The transcripts were
correctly spliced; transcription, however, was
1pltiated within the vector and not at the correct
site 2326 bp upstream of the gene, irrespective
of the length of the upstream sequences (90,
160, 370, and 870 bp) in the plasmid constructs.
In contrast, accurately initiated transcripts were
observed when a plasmid containing the k gene
with 870 bp of its upstream sequence was in-

troduced into a lymphoid cell line; the plasmid
was constructed from the pSV2-gpt vector and
the electric impulse method was used for gene

transfer in most experiments.

Tissue-specific expression of « light chain genes

in lymphoid cells is known to depend on the
presence of an enhancer element in the J-C intron.
The results reported in this paper suggest that the
sequence elements pd and dc which are located
upstream of the leader gene segment also act in

a tissue-specific manner and that it is the initia-
tion of transcription which is a tissue-specific

event.

GEWebsspezifitfit der Transkritionsinitiation eines Immunglobulin-Gens vom k-Typ

Zflsammenfassung: In einer Zellinie von Affen-
F_lbroblasten wurde die transiente Transkription
eines umgelagerten Maus-Immunglobulin-«-Gens
untersucht. Das in einen SV40-Expressionsvek-
tor eingebaute Gen konnte mit Hilfe der Calcium-
p_h°SPhat-Copriizipitationsmethode in die Zellen
eingefithrt werden. Die Transkripte wurden kor-
rekt gespleifit, jedoch war die Transkription in-

nerhalb des Vektors initiiert worden und nicht
an der richtigen Initiationsstelle, 23-26 bp
stromaufwirts vom Gen. Die Initiationsstelle war
nicht abhiingig von der Lange der 5'-seitig gele-
genen Sequenz (90, 160, 370 oder 870 bp). Im
Gegensatz dazu wurden korrekt initiierte Trans-
kripte beobachtet, wenn ein Plasmid mit einem
k-Gen, einschlieBlich der 870 bp langen, strom-

Abbreviations:

Hepes: 4-(2-Hydroxyethy1)-1-piperazinethanesulfonic acid;

;BS: phosphate-buffered saline;
P40: ethylphenylpolyethyleneglycol (detergent).
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aufwiirts gelegenen Sequenz, in eine lymphoide
Zellinie eingefiihrt wurde; das Plasmid wurde mit
Hilfe des pSV2-gpt-Vektors konstruiert. Fiir den
Gen-Transfer wurde in den meisten Experimen-
ten die elektrische Impulsmethode verwendet.

Die gewebsspezifische Expression von k-Ketten-
genen in lymphoiden Zellen ist bekanntlich von
der Gegenwart eines ,.enhancer-Elements im

J-C-Intron abhingig. Die in dieser Arbeit mitge-
teilten Ergebnisse lassen vermuten, da auch die
stromaufwirts vom , leader-Gensegment lokali-
sierten Sequenz-Elemente pd und dc gewebsspe-
zifisch wirksam werden, und daf dabei die Ini-
tiation der Transkription der gewebsspezifische
Schritt ist.

Key-words: Coordinate gene expression, electric field-mediated gene transfer, immunoglobulin genes, tissue-specific

initiation.

The transfer of cloned genes into eukaryotic cells
has become a powerful tool in the study of gene
expression. One of the most widely applied
techniques for gene transfer is the delivery of
DNA as a calcium phosphate coprecipitate into
fibroblasts!!], Studies with immunoglobulin x
genes in the fibroblast system have shown that
the k gene is not transcribed correctly and that
viral enhancer sequences, which increase e.g. the
transcription of § globin genes by orders of
magnitudel2] cannot activate x gene transcrip-
tion!3:4]. For an immunoglobulin A gene under
certain conditions (i.e. by insertion of an SV40
72 bp repeat close to the capping site) correctly
initiated transcripts were obtained in fibro-
blasts!®].

Efficient expression of immunoglobulin « genes
was observed when they were introduced into
cells of the B-lymphoid lineage where these genes
are normally expressed(6—8! By directly com-
paring k gene expression in non-lymphoid and
lymphoid cells using a transient transcription
assay it was found that this gene is correctly
transcribed only in the latter cell typel®). This
seems to be due to an enhancer element in the
large intron which is active in lymphoid cells and-
inactive in fibroblasts!19:11]. We have shown re-
cently that the — 90 to — 160 bp region upstream
of the initiator codon is also essential for correct
K gene transcription in lymphoid cells!!2] put
the tissue specificity of the region was not dem-
onstrated. The region contains the highly con-
served decanucleotide sequence TNATTTGCAT
(dc) and the moderately conserved pentekaideca
nucleotide sequence TGCAS CTGTGNCCAG
(pd). Thus the k gene promoter consists of the

pd and dc elements and more general promoter
elements like the TATA box and cap site. By
comparing the 5’ flanking regions of several im-
munoglobulin light chain genes the sequence
ATTTGCAT, which is part of the dc sequence,
has also been identified by Parslow et al.l'3].

To find an answer to the unsolved question
whether the cell type specificity observed in
immunoglobulin « gene transcription resides
only in the intron enhancer region or also in the
K promoter region, we now examined the role of
the upstream region of a mouse x gene in a fibro-
blast expression system and compared the results
with those obtained in a lymphoid cell system.

Results

Construction of recombinant plasmids

Transient expression studies in fibroblasts with
the mouse immunoglobulin k gene T1 had shown
that an activation of this gene by a viral enhancer
over long distances was not possiblel]. We have
now constructed the plasmids shown in Fig. 1A
for two reasons. We wanted to know firstly
whether the viral enhancer activates the gene
when it is located nearby or at an intermediate
distance, and secondly, whether the k promoter
region plays a role in the fibroblast expression
system. The plasmids contain sequences of
pBR322, the k gene T1114] and an SV40 vector
fragment which consists of the gene encoding
the large T antigen, the origin of replication,
and the early and late promoters including the
enhancer sequences. The k gene region was
truncated in its 5’ end (at the Taql, Haelll, and
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A

1kb__
Fig. 1. Recombinant plasmids used for
transfection experiments. 2wy
A. pBR322 sequences are shown as thin _ (ﬁi(h___*
lines, SV40 sequences as bold lines, the two n o0 ara 180 -%0 1
black segments represent the 72 bp repeats ( | P 0.2kb
(enhancer) with the origin of replication | | | E—
(ori). The mouse DNA including the « Hoall [ & . *
gene T1 with its leader (L), variable (V), pa (..«" 1( & AF
and constant (C) region segment is shown ori &
as a double line, the exons are the black PEIOH  cocpemem—t= ’ —
segments. The numbers of the plasmids p30H on et —
refer to the length of the 5’ flank upstream pIGOH -s 4 —t— s ——
of the coding region of the x gene. Ina p 9O H --q-—-f:-:‘
scheme the construction and structure of
the Hpa-series (H) and Bam-series (B) of
plasmids are shown. In the —90to — 160 bp BamH I
region the two conserved sequence ele- p870 B g’,‘ R
ments pd and dc (see text) are indicated ———
which ffe absent (in the p9)0H and p90B p160 8 ' ow—
constructs. poo 8 -
B. The plasmid p870-gpt used for the
myeloma cell transfection experiments is
shown in linearized form. The stippled seg- B & N & &
ment is the E. coli gpt gene; the HindIll- o o < ®
Pyull fragment contains the SV40 origin ( C’[ ‘ LV c |
of replication. pB70 -gpt - . —

e

of the p90H and p90B constructs the region con-

Sphl sites) and ligated with the SV4Q 25105 taining the pd and dc elements!12] is deleted.

Two series of plasmids were obtained. The Hpa-

series plasmids p90H, p160H, p370H, and For the lymphoid cell tr?nsfect{igr; CXPeﬂmdenlts
p870H contain the k gene with 90, 160, 370,and  ¢he plasmid p870-gpt (Fig. 113)' was usef,.tn
870 bp, respectively, of its upstream region this construct the k gene Tl with 870 bp o ; \S, )
directly followed by the SV40 72 bp repeats;in  ypstream region is mserteq into the vector p

the Bam-series plasmids p90B, p160B, and gpt!'5]. This vector contains the E coli gpt Sgne
p870B the viral enhancer is separated from the which, on transfer into eukaryotic cells, can be

k coding region by 2.8 kb or more. In the case used as a dominant selection marker.
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Efficient transcription and splicing of Kk mRNA
in monkey fibroblast but no correct initiation
To learn more about transcription of the k gene
in a heterologous expression system the plasmids
described in Fig. 1A were transfected into mon-
key kidney cells (CV1-cells), following a tran-
sient expression protocoll16]. S1 protection ex-
periments!!7] with total cellular RNA were per-
formed according to the strategy shown in Fig. 2.

- w5 S >

Fig. 2. « transcripts obtained from trans-
fected monkey fibroblasts are correctly
spliced.

In the upper part of the figure the S1-
mapping strategy is shown. The 32pend-
labelled 339 bp DNA probe was hy-
bridized to total cellular RNA, digested
with S1 nuclease, denatured, and sepa-
rated on a 6% polyacrylamide-urea gel
(lower part of the figure). Parallel experi-
ments were carried out with RNA from
fibroblast cells {(CV 1), transfected fibro-
blast cells (plGOHz, and the B-cell tumoz
called myeloma T 14,38] from which
the x gene T1 was derived. Three diffe-
rent S1 nuclease concentrations were
used (1000, 2000, and 3000 U/m/). The
weak bands in the p160H tracks (larger
and smaller than 189 nucleotides) are
resistant to S1 nuclease digest. As a
marker (m) an end-labelled Hpall digest
of pBR322 is shown.

~189

The probe was a 339 bp Sau96 fragment which
included the small intron. If the transcript is
correctly spliced, the same 189 residue protected
fragment should be present as it was formed
from the transcripts of myeloma T cells. From
all Hpa- and Bam-series plasmids this fragment
was obtained (at similar levels) as it is shown in
Fig. 2 with p160H as an example; it was lacking,
however, in non-transfected CV1 cells. This
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Fig. 3. No correct initiation of x gene transcription in
the fibroblast-SV40 vector system.

In the upper part the strategy for the determination
of the 5’ ends of the « transcripts is shown. The end-
laPelled probe (10 ng, 2 x 107 cpm) was hybridized
with total cellular RNA (10 ug), digested with S1
nuclease (1000 U/m/; 40 min at 30 °C) and sized on 2
denaturing 12% polyacrylamide-urea gel (lower part).
Th§ 35 residue band in the myeloma T control (MT)
indicates correct 5' ends and is seen neither in the
negative control (CV1) nor in the RNA from the CV1
cells transfected with the Hpa- and Bam-series plasmids.
Tht:- origin of the 110 and 165 residue bands is ex-
plained in the text. Additional faint bands probably
result from incomplete S1 digestion.

shOW_S that in the monkey fibroblast in-vivo ex-
pression system easily detectable amounts of k
RNA were formed which were correctly spliced
in the first intron. k-specific transcripts were not
detected when plasmids lacking the Sv40 en-
hancer (e.g. pT1; Materials and Methods) were
used for transfection (data not shown).

In order to assay in the transfected cells for cor-
rectly initiated xk mMRNA, S1 mapping was per-
formed|17:18] ysing as a probe the 165 bp Hae-
118896 fragment (Fig. 3), 32P-labelled at its

5 e.nds by polynucleotide kinase. Only the ex-
periment with myeloma T RNA resulted in the
predicted 3436 residue band, indicating an
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origin of transcription 23-26 bp upstream of
the coding sequence!!®]. With the RNA prepara-
tion from the other transfectants no such band
was observed. In the experiments with the RNAs
extracted from cells transfected with the p90H
and p90B plasmids, which lack the segment in-
cluding the dc and pd elements, a 110-residue
band was obtained. This indicates protection of
the probe up to the Sphl site at position — 90
(Fig. 1) where the vector sequences begin and

does not reflect a new cap site. The band shows

that transcription starts upstream of the Sphl

site at vector-provided promoters which sug-
s that sequences necessary for correct initia-

gest
scription in the myeloma cell

tion of k gene tran
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Fig. 4. Dependence of transformation frequencies on
(A) DNA concentration and (B) initial field strength.

A. Increasing amounts of supercoiled p870-gpt plasmid
DNA were added to X63Ag8.653 cell samples (1.3 x
107 cells/ml; sample volume 0.31 ml). Three pulses

of 5kVem—!ata pulse duration of 4.6 us were app-
lied to each sample at the various DNA concentrations
at 20 °C (sample resistance 220 2; discharge capacitor
21 nF). Cell clones were counted 17 days after the
beginning of selection. The number of transformants
refers to the number of transfected cells in the sample.
B. Cell samples (1.3 x 107 cells/m!; sample volume
0.31 ml) were subjected to electric impulses of in-
creasing field strength in the presence of constant
amounts of supercoiled p870-gpt plasmid DNA (10 ug/
m/). At higher strength of the electric field {12.5kV
cem™—1) spontaneous lysis of about 20% of the celis oc-
curs immediately after the shock. Cells were further
treated as described in Materials and Methods.

system!12] do not influence transcription in the
fibroblast cell system. The other transfectants
(cells transfected with p160H, p160B, p370H,
and p870B) also showed no correct initiation.
The strong 165 residue band (Fig. 3) indicates

protection of the full length probe. Since a
double-stranded end-labelled DNA probe was
used, this band could also result from renatura-
tion, but under the S1 digest conditions used this
band was normally very weak (Fig.3, MT and
pI90H, p90B tracks); its appearance therefore
reflects full length protection of the probe, in-
dicating that transcription was initiated upstream
of the normal « cap site in vector-derived se-
quences. This view is supported by Northern blot
analyses where only incorrectly large-sized
molecules were detected (data not shown). In
summary, the experiments in the fibroblasts
SV40 vector system show that correct initiation
of k gene transcription does not occur and can
also not be activated by reducing the distance
between the x gene and the viral enhancer se-
quences.

Electric impulse method for DNA transfer into
lymphoid cells

Our first transfection experiments with the
lymphoid cell line X63Ag8.653(20] using the
calcium phosphate coprecipitation technique!!!
and the plasmid p870-gpt (Fig. 1B) were not
successful because, as we know now, this cell
line does not tolerate long exposure to high con-
centrations of calcium ions and of mycophenolic
acid. The electric impulse method of gene transfer,
on the other hand, led to large numbers of trans-
formants when, additionally, the concentration
of mycophenolic acid in the selective medium
was reduced drastically. The electroporation
method involves subjecting cell suspensions in
the presence of dissolved plasmid DNA to short
electric impulses(2!1; it appears to work by
electrically induced pore formation in the cell
membranes(22]. The number of transformants
increases with increasing concentration of dis-
solved plasmid DNA. The optimum range of the
initial field intensity of the pulses was 7—9 kV
cm~! (Fig. 4). The transformation frequency also
depends strongly on the lymphoid cell line used.
The cell line X63Ag8.653 yields a transformation
frequency of about S x 10~5 cells per ug of
DNA ; the frequency is higher by a factor of ten
for the cell line NS1. The transformation fre-
quency increased when linearized plasmid DNA
was used, but in this case most transformants
had taken up k genes which were no longer in-
tact(231. After the electric field method had been
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Fig. 5. After transfection the lymphoid cells contain
only few copies of the k gene.
?elllsﬂ(’;fitgl digests of DNAs (15 pg) from mouse Ltk
formed ), X63Ag8.653 lymphoid cells and from trans-
el cell clones'were separated on a 1.0% agarose gel,
ante ged onto mtz:ocellulose filters and hybridized
BumHl « probe. This probe consists of the HindllI-
Clones ér‘;((;use C, fragment cloned in pBR322 14)
pattoms .1 and 870.10 show nearly identical banding
fragmente'xcept for one additional weakly hybridizing
(o in clone 870.10. The hybridization marker
5 Soug?lsts of known_ C_K gene-containing fragments.
w}th ! em blot hybrld}zation analysis of £coRI digests
o dae same ]?NAs as in A. The blots were exposed for
ys with intensifier screens.

established we found that X63Ag8.653 cells
could also be transformed by the calcium phos-
phate coprecipitation technique, when the expo-
sure time of the cells in the medium containing
high concentrations of calcium ions was reduced
and the proper selection conditions were used
(Materials and Methods).

[~ .
EEEE

X )
870,12

70,
8700
870,2

The gpt-positive stable transformants were select-
ed with mycophenolic acid!15], Several lymphoid
cell lines (e.g. X63Ag8 653; NS1; hybridomas
derived from those two lines) are very sensitive
to inital high doses of mycophenolic acid (> 1
ug/mi); lysis of all transfected cells occurs within
5 days. Stable transformants were obtained, how-
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Fig. 6. In transformed lymphoid cell clones
normal splicing and accurate initiation of
transcription occurs.

A. The intron-exon border of the first in-
tron was mapped as in Fig. 2. The marker

is a 32P-end-labelled Hpall digest of pBR-
322. The negative control was done with
RNA extracted from the X63Ag8.653 cell
line and the positive control was performed
with RNA extracted from myeloma T (MT).
B. The 5’ ends were mapped as described in
Fig. 3. The 35 nucleotide band found for
myeloma T (MT) and the transformed cell
lines (870.1, 870.2, and 870.4) shows correct
initiation of transcription. As the negative
control RNA from non-transfected X63Ag-
8.653 cells was used. Faint bands in the

i .
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ever, when an initial low dose (0.25 ug/ml) was
increased stepwise (Materials and Methods).

Screening for k protein production was carried
out by an enzyme-linked immunoassay!3!,
5—7% of the clones resistant to mycophenolic
acid were also positive for k determinants. The
transformed cell lines 870.1, 870.2, 870.4,870.5
870.10, and 870.12 resulted from this screening
step. '

3

lower part of the autoradiograph are due to
incomplete S1 digestion.

Electric field-mediated gene transfer leads to the
integration of only a few k gene copies into the
host genome

The number of the transferred k sequences in the
myeloma cell clones was estimated by Southemn
blot hybridization with a C,, probe (Fig. 5). Our
X63Ag8.653 line does not contain a germline

C, gene as it was observed for instance in Ltk™
cell DNA (Fig.5). We find one rearranged k gene
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Fig. 7. High levels of x protein expressicn in lymphoid
cell transformants.

To compare intracellular amounts of « chains, cells
were analysed as described in Materials and Methods.
Labelled, affinity-purified « chains from 2 x 10° cells
were applied to each track. The faint bands in the
upper part of the fluorograph are due to non-specific
binding of labelled proteins to protein A Sepharose.

27 K is the molecular mass (in kDa) of the k protein.

allele from which, however, no transcript is pro-
duced('2], The original X63Ag8.653 cell line has
two k gene alleles and produces high levels of x
mRNA but no k protein(24251. Our X63Ag8.653
line is a subline derived by cloning which has
lost the transcriptionally active « allele.

The transformed myeloma cell clones (870.1,
870.2, 870 4, 870.10, and 870.12) show, in ad-
dition to the k gene provided by the host cell
line, low copy numbers of the transfected se-
quences. The clones have taken up only one to

three copies as compared to the endogenous
gene as an internal standard. Southern blot hy-
bridization with digests of restriction nucleases
cleaving only once in the p870-gpt sequence
(EcoRl digest, Fig. 5B; BamHI digest not shown)
confirm that the plasmids are integrated into

the host cell genome.

In the fifteen cell lines which had been trans-
formed by the electric impulse method only few
plasmid copies were integrated. In contrast,
using the calcium phosphate coprecipitation
technique with the same plasmid (p870-gpt)

and the same selection procedure we found in
two out of five clones high numbers of plasmid
copies. Since they all reside in one or two restric-
tion fragments, they may have arisen by gene
amplification events(23).

Southern blot analysis of HindlII-digested DNA
from the cell lines 870.4 and 870.12 showed that
in addition to the endogenous « gene a second
band occurs, representing about one copy of the
transferred plasmid (Fig. 5A). From the same
DNAs digested with EcoRI (Fig. 5B) and BamHI
(datanot shown) only one Cy -containing fragment
is released. (In the BamHI digest an additional
minor band probably representing a weakly hy-
bridizing flank was found.) The conclusion from
this finding is that either the integration of the
transferred plasmid has occurred near the host
cell « gene locus, or that the EcoRI or the Bam-
HI fragments containing the transferred k gene
accidentally have the same size as the endogen-

ous band.

DNA from the cell lines 870.1 and 870.10 yield-
ed nearly identical cleavage patterns with several
restriction nucleases; only slight differences (faint
additional bands, probably reflecting hybridiz-
ing flanks) were observed. Since they produce
very different levels of RNAI23] they are prob-
ably individual clones, although they were iso-
lated from the same culture plate.

In the transformed lymphoid cells correct
transcripts and normal K proteins are made
$1 protection experiments indicated that the
transcripts obtained from the transfox_'med'
lymphoid cell lines were correctly spliced in

the small intervening sequence (Fig. 6A). These
transcripts, in contrast to those in monkey fibro-

BB
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blasts, are correctly initiated as shown by S1
mapping (Fig. 6B).

The production of k protein chains was studied
by in vivo labelling experiments with [35S]-
methionine. A fluorograph of the electrophoreti-
cally separated proteins is shown in Fig. 7. The
host cell line X63Ag8.653 did not produce «
protein chains. The myeloma cell line NS11261
was taken as a positive control. This cell line does
not secrete k chains, but accumulates moderate
levels of k proteins intracellularly. In comparison
to this cell line the transformants produced simi-
lar amounts. Since they integrated only one to
three k gene copies the efficiency of transcrip-
tion seems to be similar to that observed with the
k gene of NSI cells.

Discussion

Gene transfer systems with lymphoid cells have
been developed by several groups using different
techniques. Initial difficulties to transfect the
X63Ag8.653 cell line by the common gene
transfer techniques prompted us to investigate
the conditions at which cloned genes could be
introduced into this cell line by the electric im-
pulse method. A high yield of transformants was
obtained when dense cell suspensions in the
presence of high concentrations of plasmid DNA
were subjected to electric impulses. At moderate
initial field strengths nearly no spontaneous lysis
of cells occurred, so that cell lines which poorly
tolerate other procedures (e.g. exposure to
polyethylene glycol or to a medium containing
high concentrations of calcium ions) could be
transfected efficiently. Since only few gene
copies are taken up by the cells it is possible to
study gene expression at a physiologically low
gene dosage. In comparison to the calcium phos-
phate coprecipitation techniquel!: 161, or the
protoplast fusion technique(27], the electric im-
pulse method is very simple and rapid, but it
requires a special electric ﬁeld-Fenerating device
(for details see Neumann et al.!21]),

In non-lymphoid cells transient expression experi-
ments with k gene- and SV40-containing plasmids
result in the production of easily detectable levels
of k-specific transcripts. These transcripts initiate,
however, at promoters of the vector which means

gg
] -

that in these cells neither the enhancer in the J, -C,
intron nor the SV40 enhancer can stimulate the «
promoter. After reducing the distance between
the SV40 72 bp repeats and the x promoter no
induction of authentic transcripts could be ob-
served either. This may be due to the fact that
our plasmid constructs contain an intact SV40
early region and express T antigen after trans-
fection. Therefore dominating SV40 promoters
and viral control mechanisms may interfere with
an SV40 enhancer action on the k promoter
(e.g. ref.12:281) Only low levels of incorrectly
initiated x transcripts were obtained in mouse L
cells stably transformed with k gene-containing
plasmids which either contain viral enhancer
sequences!*! or lack them.!23] Qur conclusion is,
therefore, that the immunoglobulin k gene pro-
moter is inactive in non-lymphoid cells regardless
of the transfection assay and the vector system
used.

In lymphoid cells accurate k gene transcription
was obtained in transient expression systems!®!
and in permanently transformed cells(6—8.12],
The high level of expression which we observed
was due to only few gene copies introduced into
the host cell genome. The transferred « genes
apparently are transcribed at a similar efficiency
as the endogenous k gene in lymphoid cells. The
high level of expression is due to a tissue-specific
enhancer element in the large intron!!!29!, while
correct initiation of x gene transcription is de-
pendent on the presence of certain sequences up-
stream of the genes!!2]. In fibroblasts these se-
quences do not direct correct x gene transcrip-
tion. Thus cell type specificity of immunoglobu-
lin k gene transcription is characteristic not only
of the enhancer in the J,-C, intron but also of
the region upstream of the x gene. This region
contains conserved sequence elements!12:13]
which we call dc and pd (Fig. 8). d¢- and cd-re-
lated sequences are located also in regulatory
regions upstream of several prokaryotic and
eukaryotic genes, e.g. the catabolite-sensitive
genes of E. coli; for review see refs.[23:30] and
some Drosophila heat shock genes(3!], Since not
only dc but also pd and enhancer-related se-
quences occur elsewhere in the genomes of vari-
ous organisms including mouse (e.g. ref.[12]) it
may be the specific location of the three elements
around the x chain gene which is responsible for
the cell type specificity of expression.
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In the « light chain genes the dc and pd elements
appear to serve a promoter function by directing
the correct initiation of transcription. In addition,
they resemble enhancer elements in their se-
quences!2] and in the tissue specificity of their
function. In the histone gene system of several
organisms a dc element may also possess another
property of enhancer elements, i.e. bidirectional
action: it is located between H2A and H2B genes
which are arranged in opposite polarity in the
genomes of several organisms!32:331,

The regulation of immunoglobulin gene expres-
sion is a complex process; for review see refs.
« gene transcription itself depends on enhancer
and promoter sequences including the pd and dc
elements. The dc element together with its in-
verted and complementary form (cd = 5'-
ATGCAAATNA-3') found upstream of im-
munoglobulin heavy chain genes, may also be
involved in the coordinate expression of heavy-
and light-chain genes!!2:13). d¢ and cd elements
might be recognition sequences for transacting
factors such as DNA binding proteins.

It is tempting to speculate that dc and cd ele-
ments are involved in the coordinate expression
not only of immunoglobulin heavy and light
chain genes, but also of other gene pairs or gene
clusters. In addition to the histone H2A-H2B
genes (see above) two Drosolohila genes should
be mentioned: the 74F genel%¢) and the glue
protein gene Sgs4!37], which carry on their 5
sides a dc element and a cd-related element, re-
spectively. Thus dc and cd sequences may be a
novel class of regulatory elements contributing
to the molecular basis of coordinate expression
in certain classes of eukaryotic genes.

Materials and Methods

Construction of recombinant plasmids

To construct the plasmids p90H, p160H, p370H p870H
and their orientational isomers p90B, p160B and
p870B, the 5'-flanking regions of the  gene T1 were
shortened at its Taql, Haelll and Sphl sites which were
converted into EcoRI sites! 2], The EcoRI-BamHl
fragments of the « gene region were inserted into pBR-
322, resulting in the intermediate plasmids p370,
p160, and p90 which are analogues to pT1. pT1 corr

[34.35]
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Fig. 8. Schematic presentation of rearranged immuno-
_'obulin light and heavy chain genes (IgL, IgH) with
sequence elements, probably involved in the coordina-
tion of their transcription.

The immunoglobulin gene segments are shown as open
bars. EH is the enhancer region. The asterisk marks the
initiation and the arrow the direction of transcription.
The pd and dc elements were defined by comparing
the 5 flanks of 12 mouse and human light chain genes
(one representative each of the different groups or
subgroups). The result is: 5'-NNC4(T19G10C1 1A885'
C7T9G8T6G6A6C7C7A7G6)NNN-diStal’lce 17 bp in b se-
quences; others vary from 1to 47 bp — (TgGgAgT 2"
Ty2T, 26y 2Cy 24 2T12)A7T7NN- distance 8090 bp
to start codon ATG-3'. The subscripts indicate the fre-
quencies of the most abundant nucleotides for every
position. The pd and dc elements are enclosed in
brackets. N designates positions with less than 50% con-
servation. The defined sequences are confirmed when
all 22 known sequences of 5" flanks of light chain genes
are compared, although the drop-off at the edges of the
elements is less pronounced. Pseudogenes are not in-
cluded. The degree of conservation for the positions
was calculated by a computer program (program
DNBCGP, developed by P.S. Neumaier). For details,
also on the cd element, see Falkner*“~1.

tains the full length EcoRI-BamHI « fragments with
870 bp of its upstream region, inserted into pB322 3]
The intermediate plasmids were linearized with EcoRlI,
treated with atkaline phosphatase, and ligated with the
SV 40 vector fragment. To obtain this fragment a Hpall-
BamHI digest of SV40 DNA was incubated with the
Klenow fragment of DNA polymerase to fill in the ends
and EcoRI linkers were added. The linkers were cut
with EcoRI and the SV40 fragment was purified by
agarose gel electrophoresis. The structures of the re-
sulting Hpa-series plasmids p90H, p160H, p370H, and
p870H and of the Bam-series plasmids p90B, p160B,
and p870B were confirmed by Testriction enzyme

analyses.
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Cell culture

African green monkey kidney cells (cell line CV1) were
cultured in Dulbecco’s modified Eagle’s medium, con-
taining 10% newborn calf serum and 150 ug/m/{ glut-
amine. Mouse lymphoid cell lines (X63Ag8.653, NS1
kindly provided by H. Saumweber, Tiibingen) were
cultured in RPMI 1640 medium supplemented with
10% inactivated fetal calf serum and 150 pg/m/
glutamine.

Transfection of lymphoid cells

In a standard electric impulse experiment, 6 x 103
lymphoid cells (log-phase) were suspended in 0.31 m/
Hepes-buffered saline (25mM Hepes, 150mM NaCl, SmM
KCl, 1mM NayHPOy4, pH 7.2) containing 50 ug/mi dissolv-
ed supercoiled plasmid DNA. After 10 min (DNA adsorp-
tion onto the cell surface) the suspension was subjected
to three successive electric impulses of an initiat field
strength of 6 -7 kV/cm. Since the resistance of the
suspension is R = 220 Q and the discharge capacity is

C =21 nF, the effective pulse duration is RC = 4.6 us.
10 min after the pulsing (penetration of DNA into the
cell) the cells were resuspended in 10 m/ of fresh
me[gilu]m. For further technical details see Neumann et
al. .

The transfection of X63Ag8.653 cells by the calcium
phosphate coprecipitation technique with p870-gpt
supercoiled plasmid DNA without carrier DNA was
performed as described by Chu and Sha:p.[ 1611 3
107 cells were suspended in 0.5 m/ of a DNA precipitate
and incubated for 15 min at room temperature. The
suspension was diluted tenfold with fresh medium and
incubated for 1-2 h. The medium was then sucked off
and replaced by a fresh one. After three days selection
was carried out as described below.

Selection

Transfected cells (X63Ag8.653, NS1) were grown for
three days without selective pressure in RPMI 1640
medium containing penicillin and streptomycin. Then a
selective medium containing 250 ug/m/ xanthine, 15 ug/
m/ hypoxanthine, 150 ug/m/ glutamine, antibiotics, and
0.25 ug/m! mycophenolic acid (Lilly Research Labs,
Indianapolis) was used for six days. Cells were grown
for six days with 0.25 and for another six days with 0.5
ug/mi mycophenolic acid. Further cultivation was done
with 2 ug/m! mycophenolic acid. Cell clones were visible
within 12 (NS1) to 18 (X63Ag8.653) days. Subcloning
was done by micromanipulation after a short trypsin
digest of the adherently growing clones.

Analysis of in vivo labelled proteins

1x107 myeloma cells were incubated in 1 m/ of
methionine-free medium (Gibco) without serum but
supplemented with 150 ug/ml glutamine. After 30 min

the medium was changed and 50 xCi/m/ {35S]methio-
nine was added. The cells were incubated for 3 h and
resuspended every 15 min. They were then washed once
in phosphate buffered saline (PBS). The cell pellet was
resuspended in 200 ul of PBS/0.1% NP40 and lysed

by four freeze-thaw cycles. Adsorption of the labelled

« chains to protein A-Sepharose, polyacrylamide gel
electrophoresis and fluorography were done as described
by Falkner and Zachaul3],

We thank P. Bierth for technical help in the transforma-
tion experiments using the electric field method. We
are indebted to P.S. Neumaier for help in computing,

to H. Saumweber for cell lines, and to T. Perslow for
sending his manuscript prior to publication. The work
was supported by the Bundesministerium fiir Forschung
und Technologie and the Fonds der Chemischen In-
dustrie.
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