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ABSTRACT
The decanucleotide sequence (dc) TNATTTGCAT is an upstream
regulatory sequence of immunoglobulin genes and occurs also
upstream of certain other eukaryotic and prokaryotic genes
(compiled in the accompanying paper). We now investigated the
binding of proteins from nuclear extracts of a number of cell
types and organisms to the dc sequence using a sensitive gel
electrophoretlc DNA binding assay. Binding studies with spe-
cifically designed oligonucleotides led to the following con-
clusions: (1) the central T of the dc sequence can be altered
with only a slight decrease of protein binding activity: (2) the
sequences in the neighborhood of dc have a positive or negative
effect on the efficiency of protein binding; (3) C-rich sequences
which occur in many K chain promoters have a protein binding
activity independent of dc; (4) the dc binding protein(s) of
human lymphoid cells elute from a Sephadex column in the 30.000-
60.000 molecular weight range; (5) dc binding proteins were found
in nuclear extracts of lymphoid as well as non-lymphoid human and
murine cell lines, of Xenopus oocytes, and of yeast cells.

The finding of dc binding proteins in a wide variety of
different organisms and the occurrence of dc-related sequences
in the regulatory regions of several gene families point to a
general role in the transcriptlonal regulation of the respective
genes.

INTRODUCTION

The study of transcription factors and of proteins binding to

promoter and enhancer elements has received much attention

recently (reviews 3-5). Well characterized promoter binding

proteins include the Spl protein and the heat shock transcription

factor. Spl, which was originally found as an activator of SV40

transcription, interacts with sequences containing the motif

GGGCGG. The Drosophila heat shock factor similarly recognizes

conserved upstream promoter sequences.

We have been interested in the upstream regulatory elements

of immunoglobulin genes. We found the decanucleotide (dc)
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TNATTTGCAT to be a highly conserved element in a region that is

functionally important for the transcription of K light chain

genes (6); independently the octanucleotide ATTTGCAT which is

part of dc was defined by Parslow et al. (7). dc also occurs in

the imraunoglobulln heavy chain enhancer and, in inverted form,

upstream of the heavy chain genes (6,7). The dc (or octa-

nucleotide) sequence was recently studied in a number of

transcription systems containing immunoglobulin gene regions (8-

12). dc and dc related sequences were also found in several other

eukaryotic and in prokaryotic gene regions (compiled in the

accompanying paper, ref. 13).

It is generally assumed that sequences like dc which occur

at strategic positions of gene regions are binding sites for

regulatory proteins. It was indeed shown by in vivo methylation

studies that the dc sequence within the enhancer of an immuno-

globulin heavy chain gene participates in protein binding (14).

In a study which appeared while our experiments were in

progress, Singh et al. (15) demonstrated that protein factor(s)

from lymphold cells and HeLa cells bind to restriction fragments

of the heavy and light chain gene regions containing dc or dc

related sequences; the factor was called IgNF-A. Recently Hromas

and van Ness showed that the protein(s) which bind to the mouse

V,, enhancer differ from the dc (or octanucleotide) binding
ft.

protein(s) (16).

The method used in both studies (15,16) was essentially the

same as the one of the present study, that is a gel electro-

phoretic retardation assay: in non-dissociating polyacrylamide

gels protein-DNA complexes whose dissociation is prevented by

using a low-ionic-strength buffer are retarded in comparison to

free DNA. The method was first developed to investigate protein

binding to prokaryotic DNA fragments (17-19) and was applied for

instance in the identification of a protein factor which binds

to a.-satellite DNA (20).

Using synthetic oligonucleotides related to the K chain

promoter region we have obtained similar results as those of

Singh et al. (15) and Hromas and van Ness (16) and extend them

mainly in two directions: we have analysed the sequence
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specificity of the proteln(s) and found analogous proteins in

nuclei of as diverse cell types as human and mouse cell lines,

Xenopus oocytes and yeast cells.

MATERIALS AND METHODS

Preparation and purification of synthetic oligonucleotides

Synthetic oligonucleotides were prepared as described in ref. 21.

The single stranded oligonucleotides were purified by a prepa-

rative version of the gel electrophoretic procedure of ref. 22

(R. Schneider, pers. communication). The lyophilized DNA was

dissolved in 10 mM Tris, pH 7.5, 1 mM EDTA, 90% formamide, 0.05%

bromophenol blue, 0.05% xylene cyanol and electrophoresed at 50°C

on a 1.5 mm thick 11% polyacrylamide gel containing 6 M urea for

7 h at 30 W. The full length oligonucleotide was identified under

UV illumination and the band was excised from the gel. The minced

gel slice was extracted overnight in H-0. After addition of

sodium acetate, pH 5.2, and MgClp (final concentrations 0.3 M and

0.01 M, respectively) and 2.5 vol ethanol and standing overnight

at -80°C, the oligonucleotides were centrifuged at 45.000 g for

30 min, redlssolved in HpO, extracted with phenol/Tris, pH 7.9,

and chloroform and dialysed overnight against 5 mM Tris, 0.5 mM

EDTA buffer, pH 8.0. The two complementary single stranded

oligonucleotides were mixed in equimolar amounts and reassociated

overnight at 4°C. The double stranded DNA was labeled withv--

P-ATP (specific activity 2.4x10 Bq/pmole) and T4-polynuc-

leotide kinase (Boehringer Mannheim); ATP was removed by

Millipore filter dialysis.

Cell culture

The origin of the cell lines has been described in previous

papers from this laboratory (23,24). In addition, we used the

acute lymphoblastic leukemia cell line GM3638 (25) and the human

myeloma cell line GM2132 (26) which were obtained from the Human

Mutant Cell Repository, Camden, New Jersey. HeLa and mouse

L cells were grown as monolayers in minimum essential medium

(Dulbecco) supplemented with 10% fetal calf serum. All lyraphoid

cells were propagated in suspensions containing RPMI 1640 medium,

2 mM glutamine, 18 (iM 2-mercaptoethanol, and 10% or 20% fetal
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calf serum depending on the cell line. The cells were grown to

about 10 cells per ml prior to splitting or harvesting.

Mouse liver was from BALB/c mice. The mouse cell lines

X63Ag8.653, NS1, and L cells were the same as used in previous

work (6,9). Xenopus laevis oocytes (a gift of H. Feldmann) were

obtained according to ref. 27. Nuclei of S. cerevlsae were

prepared by W. Httrz according to ref. 28.

Preparation of protein extracts

All protein extracts were made from fresh cells harvested by

centrlfugation at 1000 g. The S100 fraction and the nuclear

extracts were prepared following the procedure of Dignam et al.

(29) except that the extraction buffer C contained 0.35 M NaCl.

Yeast nuclei and nuclei from Xenopus oocytes were minced with a

glass homogenizer prior to extraction. The extracts were dialysed

overnight against binding buffer (25 mM Hepes, pH 7.5, 150 mM

NaCl, 1 mM EDTA, 0.5 mM dithlothreitol, 10$ glycerol). Protein

concentrations were determined according to ref. 30. All

preparations were shock frozen and stored in aliquots at -70°C.

Gel filtration

Gel filtration was performed on a Sephadex G200 column (80x1 cm).

The running buffer was 25 mM Hepes, pH 7.5, 1 mM EDTA, 0.5 mM

dithiothreitol, 150 mM NaCl, and 10# glycerole. 50 fractions were

collected, concentrated with Sephadex G15, and tested for the

presence of binding activity. The molecular weight range of the

proteins eluted from the column was determined by subsequent

SDS-polyacrylamide gel electrophoresis.

Gel electrophoretlc DNA binding assay

The standard binding raction was performed according to ref. 21.

The electrophoretic separation was similar to ref. 21. After the

addition of bromophenol blue, the mixture was immediately loaded

onto an 1 mm thick 11% polyacrylamide gel (acrylamide/bisacryl-

amide 40:1) containing 375 mM Tris-HCl, pH 8.8. The gel was

electrophoresed at 65 V for 7-8 h in 50 mM Tris, 380 mM glycine

(pH 8.3) as running buffer. For autoradiography the gel was

frozen at -70°C and exposed for 5-48 h with an X-ray intenslfyer

screen.
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RESULTS

Binding and competition experiments on the recognition of the

decanucleotide dc by nuclear proteln(s)

Initially three dc containing oligonucleotidea and a control

oligonucleotide with an Spl element (21) were synthesized for the

protein binding studies (A,C,D, and H, respectively, in Fig. 1).

The oligonucleotides correspond to sequences upstream of the

mouse K light chain genes Tl (A; ref. 31) and K2 (D; ref. 32) and

to the dc containing part of the ara BAD operon of E. coli (C;

ref. 33). The oligonucleotide D contains in addition to dc a 15

bp sequence which is fairly well conserved upstream of the K

light chain genes (pd In 6,9) and a C-rich sequence which turned

out to Influence protein binding (see below). As an additional

feature oligonucleotide C contains the %, 7 ™ ™ t, motif of the

binding site for the cAMP receptor protein (33; reviewed in the

accompanying paper, ref. 13).

In Fig. 2 the outcome of a typical protein binding experi-

ment is shown. The four different oligonucleotides were radio-

actively labeled and incubated with a nuclear extract of the

dc pd C-rlch

A 5' -AATTCACTGGTTCCCAATGATTTGCATGCTCTCACTTCACTG + - -
i :

B 5' -AATTCACTGGTTCCCAATGATCTOCATGCTCTCACTTCACTO altered

C 5' -AATTCAGAAAAGTCCACATTGATTATTTGCACGGCGTCACACTTTGCTGCATG +

D 5'-AATTCTGCAGCTGTGCCTACCCTTTGCTGATTTGCATGTACCCAAAGCATAG + + +
* = —

E 5' -AATTCTGCAGCTGTGCCTACCCTTTGCGTACCCAAAGCATAG deleted + +

F 5' -AATTCGTTCGACTTGCCTACCCTTGCCGTACCCAAAGCATAG deleted altered +

G 5'-AATTCGTTCGACTTGCCTCCTTGAGGCGTAATGAAAGCATAG deleted altered altered

H 5'-AATTCGTGGCGCGGGGCGTGGGAACGGGGCGGGTGAACGT -
*
I 5' -AATTCCTGCCGCGTGATTTCCATACGCGGCGGGTGAACGT +

Figure 1. Sequences of the synthetic oligonucleotides. The
complementary strands of oligonucleotides A, B, and D-G are
constructed in a way to yield upon annealing the sticky ends of
EcoRI sites (one EcoRI site and one SphI site in the case of
oligonucleotide C). Oligonucleotides derived from each other (see
text) are indicated by arrows. Asterisks designate the altered
nucleotides. The dc sequence, a conserved pentekaldeca nucleotide
sequence (pd in refs. 6,9) and the C-rich region are underlined.
The binding site for the Spl protein is indicated by a broken line
and the one for the cAMP receptor protein by a dotted line.
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Figure 2. Binding of nuclear protein(s) from Raji
cells to the radioactively labeled oligonucleotldes
A*, D*, C*, and H*. 20 fmoles oligonucleotide were
incubated with nuclear extract containing 5 |ig
protein and subjected to gel retardation electro-
phoresis. The protein complexes with oligonucleo-
tides B*, E*, F*, and I* had the same electro—
phoretic mobilities as the complexes shown in the
figure.

human lymphoid cell line Raji; the mixtures were then separated

by gel electrophoresis. Free oligonucleotides give rise to the

most rapidly migrating band and oligonucleotides retarded by

protein binding are in the middle of the gel. The band at the top

of the gel probably represents oligonucleotides bound non-

specifically to component(s) of the nuclear extract which do not

enter the gel. As shown in Fig. 2, the protein-oligonucleotide

complexes of the middle band appear only with the dc containing

oligonucleotides A, C, and D but not with the control oligo-

nucleotide H. Analogous results were obtained with nuclear

extracts from other lymphoid cell lines (BL61, GM3638, GM2132)

and from HeLa cells. No difference in the oligonucleotide binding

was seen between the nuclear extract(s) and the cytosolic

("S100") fractions.

In a control experiment with purified cAMP receptor protein

from E. coli (a gift of A.M. Gronenborn, Martinsried) only

oligonucleotide C which contains the intact TGTGA motif was

retarded. The appearance of the complex depended on the presence

of cAMP. The mobility of the corresponding band was about the
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A* A'/A A7H

8 9

Figure 3. Sequence specificity of the dc binding protein(s) in
the lymphold cell system. Raji nuclear extract and 12 fmoles of
the labeled oligonucleotide A* were incubated with increasing
amounts of unlabeled oligonucleotide A (lanes 2-5) and H (lanes
6-9). Lane 1: no competitor; lanes 2,6: 12 fmoles; lanes 3,7:
60 fmoles; lanes 4,8: 120 fmoles; lanes 5,9: 1.2 pmoles of
unlabeled competing oligonucleotides.

same as the one of the oligonucleotide-nuclear protein complex

(experiment not shown). We could not detect any binding of the

cAMP receptor protein to the dc element. This is interesting in

the context of the observation reported in the accompanying paper

(13) that dc or dc related sequences occur in or near several

prokaryotic cAMP receptor binding sites (33).

The fact that the sequences of the three oUgonucleotides A,

C, and D are rather different except for the dc box makes it

possible to study the specificity of the protein binding by a

competition assay. A radioactively labeled oligonucleotide was

mixed with increasing amounts of an unlabeled oligonucleotide,

incubated with the nuclear extract and submitted to electro-

phoresis and autoradiography. Fig. 3 shows a typical result. The
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« so wo TO oo co TO

Amount of competitor (moiar ratio)

Figure 4. Quantitative evaluation of competition assays. In
experiments of the type shown in Fig. 3 the bands with the
oligonucleotide-protein complexes were excised and counted. The
radioactivity (in percent of the one recovered from the band
without competitor) is plotted against the molar excess of
competitor. The letters refer to the radloactively labeled
(marked by asterisks) and the competing oligonucleotides. The
A*/B experiment in panel c gave practically identical curves as
the A*/I experiment (see text). The F*/G experiment in the
presence of ot-satellite DNA (panel h and text) was carried out in
the presence of 4 pmoles of a cloned 174 bp monomer of the
African Green Monkey oc-satellite DNA (a gift of W. HOrz).

experiments were quantitated by scintillation counting of the gel

sections that contain the radioactive bands. In the panels of

Fig. 4 selfcompetition, that is competition of the radioactive

oligonucleotide by the same ollgonucleotide in unlabeled form,

is compared to competition by other (unlabeled) oligonucleotides.

It is clear from Figs. 3 and 4a that oligonucleotide H which

contains no dc sequence does not compete with the dc-containing

oligonucleotide A. No competition was found also with another

control oligonucleotide which contains a binding site for nuclear

factor I (Al/Bl in ref. 21), with poly IC, poly AT or a-satellite
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DNA (experiments not shown). A H dc containing oligonucleotides,

on the other hand, are efficient competitors. This is exemplified

by oligonucleotide C which corresponds to the sequence of a

prokaryotic promoter region (Fig. 4b). Also oligonucleotide I

which is derived from the G,C-rlch control oligonucleotide H by

insertion of a dc sequence (Fig. 1) competes well with oligo-

nucleotide A but the amount of residual radioactivity at high

competitor concentrations is somewhat higher than in the case of

selfcompetltion of oligonucleotide A (Fig. 4c). Oligonucleotide

D, on the other hand, competes with oligonucleotide A more

efficiently than oligonucleotide A with itself (Fig. 4d). This

observation which was surprising at first was confirmed by the

inverse experiment: competition of radioactively labeled oligo-

nucleotide D with unlabeled oligonucleotide A was significantly

less efficient than selfcompetition with oligonucleotide D (Fig.

4e). We conclude from the competition experiments that the

protein(s) of the nuclear extract bind to the dc sequence and

that sequences in the neighborhood of dc exert an influence on

the efficiency of binding (see below).

In order to find out whether the whole dc sequence is

essential for protein binding we substituted the highly conserved

central T of the dc sequence by a G (oligonucleotide B in Fig.

1). This oligonucleotide competed about as well as oligonuc-

leotide I (Fig. 4c) indicating that some substitutions are

possible in the dc sequence without significant loss of protein

binding ability.

In all competition experiments the general shape of the

competition curves and the relative intensities of competition

are reproducible from one experiment to the next (most experi-

ments have been carried out more than three times). The extent of

competition given as percent residual activity at a certain molar

excess of competing oligonucleotides, however, can be compared

only within one experiment.

The protein-oligonucleotide complexes are rather stable:

when the radioactive oligonucleotide A is incubated with the

nuclear extract from Raji cells for 15 min before a 200-fold

excess of unlabeled oligonucleotide A is added, a fairly strong

band of the specific complex is still observed in the retardation
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gel (experiment not shown). This radioactive band is practically

absent when the labeled and unlabeled oligonucleotides were mixed

prior the addition of the nuclear extracts (as in all competition

experiments of Figs. 3, 4 and 6).

A rough estimate of the molecular weight of the dc binding

proteln(s) was obtained by separating a nuclear extract from Raji

cells on a Sephadex G200 column. The fractions which bind to

ollgonucleotide A eluted in the molecular weight range 30.000-

60.000.

The dc binding protein(s) also recognize a C-rich sequence

The effect of the sequences outside of dc which makes the protein

binding to the dc sequence more efficient was investigated with

the help of oligonucleotides E, F, and G (Fig. 1). Oligonucleo-

tide E which is derived from D by deleting the dc sequence is a

less efficient competitor than the parent oligonucleotide D but

it seems to possess a definite residual binding activity for the

nuclear protein(s) (Fig. 4f in comparison with Fig. 4d and e).

This binding activity cannot be due to the pd sequence since its

alteration in oligonucleotide F does not change its ability to

compete (Fig 4f) . Alteration of the two C-rich sequences of

oligonucleotide F, on the other hand, led to an oligonucleotide

(G; Fig. 1) which had no competing activity any more (Fig. 4f).

From these experiments and from competition experiments with

radioactively labeled oligonucleotide F and unlabeled oligo-

nucleotide A (Fig. 4g) we conclude that the dc binding protein(s)

also bind to the C-rich sequence of oligonucleotide F. The C-rich

sequence does not seem to be the only region of oligonucleotide F

which contributes to protein binding: oligonucleotide G which

does not contain the C-rich sequence any more competed to a

certain extent with oligonucleotide F (Fig. 4h). This competition

appears not to be due to non-specific protein binding since the

control oligonucleotide H showed no competition (Fig. 4h) and the

F*/G competition is not influenced by the presence of 2 tig poly

IC or poly AT or by the presence of ex-satellite DNA.

The binding activities for the C-rich sequence and for dc

were detected in the same fractions of the Sephadex G200 column

(see above). On the basis of this experiment and of the com-

petition data we assume for the time being that the same pro-
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tein(s) recognize both sequences. It is not clear whether the C-

rich sequence has the same efficiency of protein binding as the

dc sequence. From the experiment of Fig. 4f it appears to be

weaker; but the efficiencies of the A*/F and the A»/A com-

petitions become about equal (experiment not shown) when the

crude nuclear extract is replaced by protein fractions from small

Sephadex G15 or G100 columns. A decision on the question of

binding efficiencies has to await the purification of the binding

protein(s).

dc binding proteins are present in several unrelated species

No significant differences were detected in protein binding or

competition assays when the nuclear extracts of Raji cells were

replaced by extracts from other lymphoid cell lines (see above)

or from HeLa cells. At least in this type of experiment no cell

type specificity of the binding protein(s) could be detected.

The amounts of the dc binding protein(s) in nuclear extracts

of Raji and HeLa cells, as calculated according to ref. 21, were

found to be about the same. Assuming that the protein(s) bind to

the oligonucleotide at a molar ratio of 1:1 we estimate that
—20approximately 10 moles of the binding protein(s) were

solubilized from one nucleus (3.2 fmoles of complex at saturation

per binding assay which contains the protein of approximately

3.6xlO5 cells).

After it was clear that the dc binding protein(s) are not

lymphoid cell specific it seemed interesting to look at their

distribution among different species. Nuclear extracts from mouse

liver and the three mouse cell lines mentioned in Materials and

Methods gave similar results as the extracts from human cells

(see also ref. 16) although our experiments with the mouse

nuclear extracts were less easily lnterpretable because of a high

background in the autoradiograms and because of the occasional

appearance of additional band(s) (not shown).

Nuclear extracts from oocytes of Xenopus laevis and from

Saccharomyces cerivisiae were found to contain dc binding

proteins with similar properties as those from human or mouse

cells (Fig. 5). The complexes with the yeast protein(s) migrate

slightly faster than the ones with mammalian or frog protein(s).

A weak binding of proteins to the control oligonucleotide H which
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D* C H* A* D* C* H*

Figure 5. Binding of nuclear proteins from Xenopus oocytes (panel
a) and yeast cells (panel b) under the same conditions and to the
same oligonucleotides as in Fig. 2. The start points of migration
are marked by arrows. The protein complexes with oligonucleotides
A*, B», E #, F#, and I* had the same electrophoretic mobilities as
the complexes shown in the picture.

does not contain the dc sequence can be detected (Fig. 5) but in

competition experiments (Fig. 6a,c) this oligonucleotide is

similarly ineffective as in the corresponding experiments with

nuclear extracts from human cells (Fig.4a). The competition of

radioactive oligonucleotide A with increasing amounts of oligo-

nucleotide C (Fig. 6b,d) is similar to the corresponding experi-
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n so no » so no
Amount of competitor (molar ratio)

Figure 6. Quantitative evaluation of the competition assays in
the Xenopus (panels a,b) and yeast systems (c,d). The experiments
were carried out and are plotted as the ones of Fig. 4.

ment with nuclear extracts from Raji cells (Fig. 4b). The dc

binding proteins from frog and yeast cells are similar to the

human protein(s) also with respect to their binding to the C-rich

sequence of oligonucleotide F (not shown). Addition of poly AT,

poly IC or ot-satellite DNA had no influence on the outcome of the

experiments with yeast nuclear extracts; the corresponding

experiments with extracts from frog oocytes were not done.

DISCUSSION

In the present paper we describe the binding of protein(s) from

nuclear extracts of several different cell types and organisms to

a series of specifically designed oligonucleotides from the K

chain promoter region. The method applied is a very sensitive gel

electrophoretic DNA binding assay. Since we used synthetic oligo-

nucleotides of the same size range (40-50 bp) in all experiments

competition experiments could be carried out without the danger

of a non-specific protein binding to large outside sequences. It

was found that the conserved decanucleotide (dc) sequence

TNATTTGCAT of the K gene promoter is the main binding site for
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the nuclear protein(s). In this sequence the central T can be

altered with only a slight decrease of binding activity. This

points into the same direction as the observation that restric-

tion fragments from two K gene promoters which differ at the

third position of dc (A vs C) were similarly active in an

electrophoretic protein binding assay (16). We show by systematic

variation of our oligonucleotide sequences that the surroundings

of the dc element significantly influence the efficieny of pro-

tein binding. The G-rich sequences in the neighborhood of dc

(oligonucleotide I; Fig. 1) seem to lower the efficiency of

protein binding while the presence of the sequence ACCC (perhaps

generally a C-rich sequence) leads to an Increase in binding

efficiency. The C-rich sequence has a protein binding activity

independent of dc but, Judging from the Sephadex G200 and the

competition experiments, it seems to be the same protein(s) which

bind to the two sequences. It may be noteworthy that C-rlch

sequences occur in many K gene promoter regions. In the M0PC41

promoter region, ACCC is located directly adjacent to dc and is

protected together with dc in DNAase I footprinting experiments

(15). Footprinting experiments will have to show for an isolated

C-rich sequence how far the protection extends beyond the

conserved sequence ACCC.

Little is known about the properties of the dc binding

proteln(s). The dc binding activity of human lymphoid cells

elutes from a Sephadex column in the 30.000-60.000 molecular

weight range but nothing is known yet about the molecular weight

and the protein composition in the actual binding reaction. We

have no Indication from our experiments that more than one pro-

tein participates in the dc binding but any firm statement to

this effect must await the purification of the proteln(s). On the

basis of competition experiments with (^-satellite DNA and ollgo-

nucleotides containing the NFI or Spl binding sites we can be

sure that the de binding proteins are different from the proteins

binding to these sequences.

Host of our experiments were carried out with nuclear

extracts from human lymphoid cell lines. In agreement with Singh

et al. (15) we could not detect any difference between the dc

binding protein(s) of such extracts and of HeLa cell extracts.
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Also the observation of Hromas and van Ness (16) that nuclear

extracts of HeLa cells and of various mouse cell lines and

tissues gave similar results could be confirmed. The finding of

dc binding proteins in nuclear extracts of Xenopus oocytes and

yeast cells reported in this paper indicates that these proteins

are of widespread occurrence. Considering the occurrence of dc

related sequences in several eukaryotic and prokaryotlc promoter

regions and in eukaryotic and viral enhancers (compiled in the

accompanying paper, ref. 13) one may assume that the dc binding

proteins serve a general function in the transcriptional

regulation of a number of gene systems. Furthermore, in lymphoid

cells dc and, consequently, the dc binding proteln(s) contribute,

together with other regulatory elements, to the cell type spe-

cificity of expression of immunoglobulin genes (9-12). It is an

open question whether also in other cell types or in other gene

families the dc related sequences and binding proteins have, in

addition to the general function, also a specific function.

ACKNOWLEDGMENT

We thank C. Benthake for expert assistance. Stimulating dis-

cussions with E.L. Winnacker on the experiments and on the

manuscript are gratefully acknowledged. The work was supported by

Bundesministerium fUr Forschung und Technologie and Fonds der

Chemischen Industrie.

REFERENCES
1. F.G. Falkner present address: Laboratory of Viral Diseases,

National Institute of Allergy and Infectious Diseases,
Bethesda, Maryland 20892, USA.

2. Abbreviation: dc, pd, conserved decanucleotide and pente-
kaldeca nucleotide sequences in immunoglobulin gene regions,
see text. Radioactively labeled oligonucleotides are marked
by asterisks.

3. Dynan, W.S. and TJian, R. (1985) Nature 316, 774-778.
4. Pelham, H. (1985) Trends in Genetics 1, 31-35.
5. Serfllng, E., Jasin, M., and M. Schaffner, W. (1985) Trends

in Genetics 1, 224-230.
6. Falkner, F.G. and Zachau, H.G. (1984) Nature 310, 71-74.
7. Parslow, T.G., Blair, D.L., Murphy, W.J., and Granner, D.K.

(1984) Proc. Natl. Acad. Sci. USA 81, 2650-2654.
8. Bergman, Y., Rice, D., Grosschedl, R., and Baltimore, D.

(1984) Proc. Natl. Acad. Sci. USA 81, 7041-7045.
9. Falkner, F.G., Neumann, E., and Zachau, H.G. (1984) Hoppe-

Seyler's Z. Physiol. Chem. 365, 1331-1343.

8843

D
ow

nloaded from
 https://academ

ic.oup.com
/nar/article-abstract/14/22/8829/1050370 by H

elm
holtz Zentrum

 M
uenchen - C

entral Library user on 13 February 2020



Nucleic Acids Research

10. Mason, J.O., Williams, G.T., and Neuberger, M.S. (1985) Cell
41, 479-487.

11. Grosschedl, R. and Baltimore, D. (1985) Cell 41, 885-897.
12. Foster, J., Stafford, J., and Queen, C. (1985) Nature 315,

423-425.
13. Falkner, F.G., Mocikat, R. , and Zachau, H.G., (1986) Nucl. Acids

Res. \t, 8819-8827.
14. Ephrussi, A., Church, G.M., Tonegawa, S., and Gilbert, W.

(1985) Science 227, 134-140.
15. Singh, H., Sen, R., Baltimore, D., and Sharp, P.A. (1986)

Nature 319, 154-158.
16. Hromas, R. and Van Ness, B. (1986) Nucl. Acids Res. 14,

4837-4848.
17. Fried, M. and Crothers, D.M. (1981) Nucl. Acids Res. 9,

6505-6525.
18. Garner, M.M. and Revzin, A. (1981) Nucl. Acids Res. 9,

3047-3060.
19. Kolb, A., Spassky, A., Chapon, C , Blazy, B., and Buc, H.

(1983) Nucl. Acids Res. 11, 7833-7852.
20. Strauss, F. and Varshavsky, A. (1984) Cell 37, 889-901.
21. Schneider, R., Gander, I., MUller, U., Mertz, R., and

Winnacker, E.L. (1986) Nucl. Acids Res. 14, 1303-1317.
22. Maxam, A.M. and Gilbert, W. (1980) Methods Enzymol. 65,

499-560.
23. Klobeck, H.G., Meindl, A., Combriato, G., Solomon, A,, and

Zachau, H.G. (1985) Nucl. Acids Res. 13, 6499-6513.
24. Klobeck, H.G., Bornkaram, G.W., Combriato, G., Mocikat, R.,

Pohlenz, H.D., and Zachau, H.G. (1985) Nucl. Acids Res. 13,
6515-6529.

25. Huang, C.C., Hon, Y., Woods, L.K., Moore, G.E., and
Minowada, J. (1974) J. Natl. Cancer Inst. 53, 655.

26. Matsuoka, Y., Moore, G.E., Yagi, Y, and Pressman, D. (1967)
Proc. Soc. Exp. Biol. Med. 125, 1246.

27. Kressmann, A., and Birnstlel, M.L. (1980) in: Transfer of
cell constituents into eukaryotic cells (NATO Advanced Study
Institutes) Series 31, 383-407.

28. Aimer, A. and H8rz, W. (1986) EMBO J. in press.
29. Dignam, J.D., Lebovitz, R.M., and Roeder, R.G. (1983) Nucl.

Acids Res. 11, 1475-1489.
30. Bradford, M.M. (1976) Analytical Biochem. 72, 248-254.
31. Altenburger, W., Steinmetz, M., and Zachau, H.G. (1980)

Nature 287, 603-607.
32. Nishioka, Y. and Leder, P. (1980) J. Biol. Chem. 255, 3691-

3694.
33. de Crombrugghe, B., Busby, S., and Buc, H. (1984) in:

Biological Regulation and Development (Goldberger, R.F. and
Yamamoto, K.R., eds.) Vol. 3B, pp. 129-167, Plenum Press,
New York.

8844

D
ow

nloaded from
 https://academ

ic.oup.com
/nar/article-abstract/14/22/8829/1050370 by H

elm
holtz Zentrum

 M
uenchen - C

entral Library user on 13 February 2020


