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ABSTRACT

Polypeptides remaining tightly associated with isolated
genomic DNA are of interest with respect to their
potential involvement in the topological organization
and/or function of genomic DNA. Such residual DNA—
polypeptide complexes were used for raising mono-
clonal antibodies by in vitro immunization. Screening
of a murine Agtll cDNA library with these antibodies
released a positive cDNA (MC1D) encoding a 16 kDa
polypeptide. The cloned homologous human cDNA
(HC1D) was identified in the dbest data base by patrtial
sequence comparison, and it was sequenced full
length. The cDNA-derived amino acid sequences
comprise nuclear location signals but none of the
known DNA-binding motifs. However, the recombinantly
expressed proteins show in vitro DNA binding affinities.
A polyclonal antiserum to the recombinant MC1D
protein immunostains sub-nuclear structures, and it
detects a residual 16 kDa polypeptide on western blots
of DNA digests. These results support the conclusion
that the cloned cDNAs reflect MRNAs encoding one of
the chemically-resistant polypeptides which can be
detected in isolated genomic DNA by sensitive

techniques, e.g. by 125lodine labeling and SDS-PAGE.

INTRODUCTION

expression involves local or extensive alterations of chromat
structure {,2). This view is experimentally supported by recent,,
results of chromosome painting with chromosome-specific
composite and gene-specific prob&g), The latter results show 1,
that interphase chromosomes and individual genes occupy

DDBJ/EMBL/GenBank accession nos X95591, X95592
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biochemical characterization of DNA—polypeptide complexﬁs
potentially involved in the 3-dimensional genome organizatién,
e.g. in the configuration of the volumes and shapes of fhe
territories occupied by interphase chromosomes. In this cor@ext
those polypeptides are of special interest, which are able to ferm
either permanent or transient covalent complexes with DI\EA.
Several studies characterized situ existing chemical bondse
between polypeptides and DNA, e.g. combined and prolonged
protease/nuclease treatment of purified genomic DNA reledses
complexes containing phosphoester bonds between tyrosine
residues of oligopeptides and nucleotides3]. However, the &
origin of these oligo peptides is still unknown. They could refléct
remnants of the well known transient covalent complexes
between topoisomerases and DNA. Other candidates areZthe
polypeptides which are of lower molecular weight (16—-68 kDa)
than topoisomerases (91 kDa, swiss: TOPO1_Mouse; 173 EDa
swiss: TOPO2_ Mouse) and which are displayed by sensitive
analytical techniques, e.g bY3odine treatment of highly§
purified DNA (9). In this paper we describe the molecular cloniixy
and recombinant expression of cDNAs suggestively encoding
one of these resistant polypeptides. Moreover, we present déga on
the DNA binding activity of the recombinant protein. &

MATERIALS AND METHODS

Isolation of genomic DNA

Z ludy g1 uo s

DNA was isolated from Ehrlich ascites cells by prolongj@d
alkaline (1 M NaOH) cell lysiss} or by cell lysis in SDS buffer
i‘,:ontaining 5Qqug/ml of proteinase K (Merck)L(). Cell lysates
Were extracted with phenol (three times) and DNA was precipitated
s described previousl,(0).

Yodine-labeling of residual proteins in genomic DNA

distinct territories and sites in the interphase cell nucleus. Furth8amples (1.25 mg) of alkali-denatured DNA dissolved ipl50
support for this hypothesis is expected to come from th€E (10 mM Tris—HCI, 5 mM EDTA, pH 7.4) were mixed with
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125uCi of Nat23 (17.4 Ci/mg, NEN) in 10Qul H,O and 10ul  to us by the IMAGE consortium (clone ID 111003. %ts full
chloramin T solution (12 mg/ml #D). After 5 min at room length nucleotide sequence revealed the homology with the
temperatur@-mercaptoethanol (4) and a solution of unlabeled murine MC1D sequence.

NaJ (10pul, 20 mg/ml TE 0.1) were added. Aliquots were

heat-degraded (at least 5 min’@% in sample bufferl(l) and Recombinant expression of the MC1D protein and

submitted to SDS—polyacrylamide (12% wi/v) gel electrophorepreparation of a polyclonal antiserum

sis. The dried gels were exposed to Kodak X-Omat X-ray film
Another portion of the radio-iodination mixture was extracte
with phenol (three times) and the DNA (associated wit
radiolabel) contained in the aqueous phase was ethanol-precipital ) .
The dried pellet was resuspended in SDS-containing buffer affiP€d into the&cpni-Sal sites of the pQE 30 vector, expressed
submitted to Sephadex(Pharmacia) chromatography as describedf! E:coli M15 cells and the MC1D protein was isolated and

in the legend of Figure: Pooled fractions were ethanol-precipitatedPUrified after lysis of the bacterial cells by adsorption to Ni-NTA

and submitted to SDS—PAGE described above. resin according to the instructions of the producer (Qidyen
The protein was released from the resin by EDTA in 8 M urea and
immediately dialysed against TE 0.1 (Schleicher and Schiill,

Monoclonal antibodies prepared byin vitro immunization Ultra Thimbles). During dialysis the antigen becomes completgly

gsoluble and can be collected by centrifugation. Four g05

sThe nucleotide sequences encoding the 16 kDa proteins were
CR amplified and restriction sites were added during amplification:
gnl (5'-end) andSal (3'-end). The amplified fragment was

DNA (50 mg) isolated from Ehrlich ascites cells by pheno ellets of the recombinant MC1D protein were used for

extraction of SDS/proteinase K lysates were digested with micrQy, - essive subcutaneous injections of rabbits at intervals 8f 3

coccal nuclease (Boehringer-Mannheim) under dialysis conditio%eeks_ The antigen was emulsified in complete Freund's

(Schleicher and Schiill, Ultra Thimbles). The residual material w juvant (first injection) or in incomplete Freund's adjuvant?n

precipitated with acetone and the precipitated material was collec cessive injections. Immune sera were prepared 2 weekszfter
©

by centrifugation (10 min, 10 0@). The pellet was resuspended in PP : ;
water (£C) and re-centrifuged as described before. The materig?e last injection (Eurogentec, Seraing, Belgium).

insoluble in water was suspended in 400f PBS, and dispersed
by sonication (4C). In vitro immunization was carried out
essentially as described by Readiig).( Briefly, a single cell Cells settled on lysine coated slides were fixed in cotC)(4 &
suspension (% 1CB cells) in 10 ml serum-free DMEM (s-DMEM) ethanol, washed with PBS and incubated in PBS/1% BSA v@th
prepared from the spleen of an 8 week old Balb/c mouse wée antiserum to the MC1D protein (dilution 1:500, 60 min @t
incubated with the antigen for 1 h af&7and 10% C@followed  room temperature). After several washes with PBS, the cells were
by addition of 10 ml of thymocyte-conditioned medium, prepareéhcubated under the same conditions with FITC-conjugated
according to 12), and 10 ml s-DMEM. After incubation for affinity-pure anti-rabbit IgG, Jackson (dilution 1:200). After threg

5 days at 37C and 10% Cg cells were washed with s-DMEM washes with PBS, the specimens were covered with a coverglip,
and fused with P3-X63-Ag 8.643 mouse myeloma cells asspected in the fluorescence microscope and photographe
described in detaill@). Supernatants of hybridoma cell clones

were assayed for specific monoclonal antibodies by ELISA usingnmunochemical detection of resistant polypeptides in DNA
‘nuclear matrix’ proteins as antigen. This protein fraction wasligests

prepared as described previously in defal).(Briefly, nuclei of
Ehrlich ascites cells were extracted after DNase | digestion wi
buffers containing 2 M NaCl. The residual insoluble protein
were dissolved in SDS-containing buffer and adsorbed to tl

wells of microtiter plates. ELISA positive supernatants wer . '
additionally tested for specificity by western blots using agairD>—Polyacrylamide (12% wiv) gel electrophoresis. Gel lades

‘nuclear matrix’ proteins as antigen. Analysis by a monoclonalere either silver-stained or blotted to nitrocellulose membrages

. . : . : _ : hich were probed with the polyclonal serum against the
gﬂﬂgggéf%ﬂ'@? elg: \(/\I? eorgh(;:cnt%‘zrlg/lﬁncqgsgn) revealed that thé\(lecombinant MC1D protein (dilution 1:100 in PBS). The secon

antibody wag?3odine-labeled anti-rabbit Ig (Amersham).

Immunocytochemistry

wepeoe//:s
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ﬁatches [ mg) of DNA isolated from Ehrlich ascites cells
rolonged alkaline (1 M NaOH) cell lysis)(were digested with i
enzonas@ under dialysis conditions (50 mM Tris—HCI, pH 8.5
.1 mM MgCb), concentrated by lyophilisation and submitted4o

¥20¢ |

Plaqur;a screening, recloning, sequencing and data base DNA binding, mobility shifts and electron microscopy
searches
DNA (genomic DNA, supercoiled plasmid, linearized plasmid)

Agtll recombinants of murine RNA-based cDNA were screeneslas mixed with different amounts of recombinant MC1D protein
as plaques on a lawn &ischerichia coliY1090 by means of dissolved for various times in buffered (0.1 M N&idy, 0.01 M
hybridoma culture supernatants supplemented with 1% w/v BSAris—HCI, pH 8.0) 8 M urea. Dialysis of such mixtures or dilutions
The procedure was essentially that recommended by Hihh  resulting in urea concentrations below 0.5 M induce the MC1D
(15). As a second antibody we useé8odine-labeled sheep anti protein binding to DNA. Dialysed mixtures (specified in figure
mouse Ig (Amersham). Positives were plaque-purified and thegends) were used for DNA mobility shift experiments, turbidity
inserts were recloned in the pBluescript vector (Stratagene). DNAeasurements (not shown) and electron microscopy. For electron
was sequenced according to Sargat (16) by means ofaDNA microscopy, DNA was directly mounted to mica (10 mM
sequencing kit from Pharmacia. Recently, data base seat@hes (Tris—HCI, pH 7.3, 1 mM EDTA, 50 mM Mgg) and stained with
released a partial homologous sequence to the murine CIPb6 (w/v) UO-acetate. Shadowcasting was performed under 5
sequence. The human cDNA clone (pHC1D) was kindly suppligoly Pt/C = 95/5.
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Figure 1. Polypeptides associated with alkali-denatured and phenol-extracted Figure 2. Western blot probed with the monoclonal antibodies usektdd
eukaryotic DNA. A) Autoradiography of an SDS—polyacrylamide gel (12%, wiv)  Plague screening.A) Coomassie blue-stained SDS-polyacrylamide geb
loaded with different amounts &5odine-labeled polypeptides co-isolating with  (12%, wiv) showing a marker protein (M, 68 kDa), total cytoplasmic proteins (&)
genomic DNA. The left lane shows in addition to undefined radiolabeled and nuclear proteins (2) from Ehrlich ascites tumor cBsAgtoradiography of =
material retained in the gel pocket mainly polypeptides whicEBBeDa in the blot of a parallel gel section loaded with total cytoplasmic proteins (&),
size. On an overloaded lane (right lane) additional radiolabeled polypeptides areuclear proteins (2) ardC-labeled marker proteins (M) (Amersham). The firsto
detected%54 kDa,~ 30 kDa). Polypeptides migrating close to the buffer front antibody was a mixture of the cultu_re supernatants of two hybr_ldoma cell lines
are not detectable on such gels because they are overshadowed by undefiné@P 1 and DP 2). The second antibody W#odine-labeled anti-mouse Ig. S
radiolabeled materials accumulating at the buffer fr@)tQo-chromatography ~ The immuno complex detected in the cytoplasmic fraction reflects a reacti
(Sephadex G50) dF3odine-labeled polypeptides with oligodeoxynucleotides of the125|o_d|ne-lapeled anti-mouse Ig with mouse _|mmunog|o_bu||ns attacheg
(OD269. Following123odine-labeling of the polypeptides associated with isolated t0 the Ehrlich ascites cells harvested from the peritoneal cavity.
DNA the reaction mixture was phenol extracted three times, ethanol precipitated

and submitted to a Sephadex G50 column. Elution buffer was 50 mM Tris—HClI,

pH 7.5, 10 mM EDTA and 150 mM NaCl, 0.1% SDS. Aliquots of the fractions

3
were assayed for radioactivity and B (C) SDS—-PAGE of2dodine-labeled = : : ; =Y
polypeptides after Sephadex G50 chromatography. Fractions 10-20 (left lane) an]fi5 20. kDa polypeptld_e appears to be en“Ch.ed n.c equal amog”ts
20-30 (right lane) were pooled, ethanol precipitated and submitted to SDS—PAGE radiolabel are submitted to the gels shown in Figdrand C.

(12%, wiv). The figure shows an autoradiography of the gel. The loss of the components migrating like 54—68 kDa polypeptiges
does not rule out their significance because large polypeptides s%bly
associated with small pieces of DNA may be lost in the phehol
phase. However, the enrichment of the 1520 kDa compofient
confirms the existence of polypeptides which are alkali &:hd

RESULTS phenol-stably bound to DNA and which are unrelated to the miich
larger topoisomerases. It is obvious that the amount of this

Residual polypeptides tightly bound to isolated genomic DNA  polypeptide surviving the entire procedure is too low forza
successful biochemical isolation. Accordingly, a cDNA cloniri

Figure1A shows!23odine-adsorbing material at DNA prepared approach appeared to be the only promising strategy for[§he

by alkaline cell lysis and repeated phenol extractions. Since DNéharacterization of this polypeptide at the sequence level.

itself does not adsorb lodine under the labeling conditions applied,

it appears that highly purified DNA is still associated with

polypeptides containing tyrosine residues which are the acceptorsfoitibodies to residual polypeptides

lodine. The significance of these radio-iodinated polypeptides is 5

critical. Due to the sensitivity of the method radio-iodinatedThe quantity of the polypeptides which can be released fram

polypeptides detected in DNA preparations could reflect impuritiggshenol-extracted genomic DNA by nuclease digestion Was
contained in buffers and other substances used for the DNA isolatisuificient for thein vitro immunization procedure, however, thig,
and for the radio-iodination procedure. Consequently, the specifienount of polypeptides was too short for the screening and clgnal

interaction of radio-iodinated polypeptides with DNA has to beselection of hybridomas. Thus, for the screening procedurg a

verified by additional purification steps, e.g. by extraction of thenore abundant protein fraction was applied which was expected

DNA-independent radiolabel with phenol. Additional Sephadexo comprise the antigens of interest as well. This expectation was

chromatography shows that an amount of the radiolabel is naasonable because the polypeptides co-isolating with DNA are

removed from DNA during phenol extractions. Most of theinsoluble after nuclease digestion. Accordingly, they become a

remaining radiolabel appears in the void volume of Sephadgportion of the fraction of insoluble nuclear proteins which is

G25 columns (not shown). Sephadex G50 chromatographgrmed ‘nuclear matrix’. Consequently, hybridoma clones were

shows that the profile of the radiolabel parallels theggprofile ~ screened for antibodies against ‘nuclear matrix’ proteins isolated

which points to a specific interaction of radio-iodinated polypeptidesy DNase | digestion of Ehrlich ascites cell nuclei followed by
with oligonucleotides (FiglB). Ethanol precipitation of the extraction with high salt buffer1@). In order to avoid the
material contained in fractions with high @fgadsorption and selection of clones producing DNase | specific antibodies, the
its analysis by SDS—PAGE shows that the bands at 54-68 kDa amypeptides used for immunization were released from DNA by
almost completely lost during this purification process (E&).  micrococcal nuclease. Eight hybridoma cell lines (DP 1-8) were

On the other hand, a radiolabeled component migrating like faund which produced antibodies to nuclear proteins which was

apeoe//:s
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Figure 4. Alignment of the amino acid sequences encoded by the human
(HC1D, accession no. X95592) and the murine (MC1D, accession no. X95591)
cDNAs. The sequences contain no known motifs which could point to a
M M Rec DNA-—protein interaction. The nuclear location signal is underscored.
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Figure 3. Cellular antigens immunoreacting with the antiserum to the
recombinantly expressed MC1D proteiA) (Northern blot of total cellular
RNA from Ehrlich ascites cells hybridized with the radiolabeledE&RI
fragment of the MC1D cDNA shows only one mRNB) (estern blot of total
cellular proteins of Ehrlich ascites cells (1) probed with the antiserum against
the recombinant MC1D protein (first antibody) d#8odine-labeled protein

A (Amersham). Lane (M) was loaded witdC-labeled marker proteins
(Amersham). €) Coomassie Blue-stained SDS—polyacrylamide gel (12%,
w/v) showing the recombinantly expressed and NiTA—agarose purified MC1D
protein. Lane M was loaded with marker proteins. Lane Rec was loaded with
the Ni-NTA purified recombinant MC1D protein. The recombinant protein is
somewhat larger than the cellular protein because of the vector encoded His-tag.

verified by western blots (e.g. F) and by immunocytochemical
methods (not shown).

Cloning of abona fidecDNA and sequence characteristics
of the protein

Agt 11 phage libraries of murine RNA-based cDNA were
screened using the hybridoma culture supernatants of the clones
DP1 and DP2 as a first antibody atfodine-labeled anti-
mouse Ig as a second antibody. Only one positive phage was
detected among 360 000 plaques screened. The insert consisted
of two EcdRl fragments. The polyadenylated fragment was
considered to represent theeBd of the cDNA. Screening of Figure 5. Inmunostaining of subnuclear structures by the antiserum to the
murine RNA-basedgt10 cDNA libraries with the radiolabeled reC‘\’Nmb"‘fﬁ)”rto'\";ia;r“;:giiﬂmp) ;';:g‘gg({g%‘;%iﬂ@%{;voﬂé’g‘;ﬁe”tr’]‘:ft'ﬁgs &
5'EccRl fragment r.eleased positives a.t aratio of 1/60 000 plaqueg&plsazmic Igcation of the agti%en is generally non-si‘gnificant. ’ -
(total 37). Recloning and sequencing of the londestRI
fragments resulted in a total cDNA length of 1050 bp. The
unknown nucleotide sequence, termed MC1D, was submitted to 5
the nucleotide data bases (accession no. X95591). The odéf.09 kDa) than that of the mouse protein. The homology
reading frame deduced from the 1050 bp MC1D cDNA coul@etween the human and the murine proteins (identities 89%,
encode a 16.045 kDa protein (141 aa residues). Although tRémilarities 93%) is shown in Figuré. The murine proteing
putative translation start codon of this mouse cDNA was nadiomprises an ideal nuclear location signal while this motif is orly
preceded by a stop codon it appeared to encode a compléteompletely contained in the human sequence. The ceriral
protein. Northern blot analysis showed only one signal for ongections of the two amino acid sequences are 100% identical
unique mMRNA corresponding well with the length of the cDNAWhile the terminal sequences are more divergent which points to
(Fig.3A). More recently, a partial sequence of a human EST clorfe high conservation of a putatively functional region between
(GenBank ID: T83118, clone ID 111003 Slisplayed a high amino acid positions 41 and 106.

number of sequence identities with tHeséction of the murine

CcDNA clone. The human cDNA clone was kindly supplied to URecombinant expression of C1D proteins and characteristics

by the IMAGE consortium and its complete sequence analysi the polyclonal antiserum

(accession no. X95592) revealed that the 1172 bp human cDNA

sequence codes for the homologous human protein (HC1D). Tine coding segments of the human and the murine cDNAs were
contrast to the murine sequence, the translation start codon of teeloned in pQE vectors (Qiagéhand recombinantly expressed
human sequence is preceded by several stop codons. The nunitét.coli M15 cells (Fig.3C). The recombinant murine protein

of amino acid residues encoded by the two cDNAs is identical anehs used for the preparation of a polyclonal rabbit antiserum
the molecular mass of the human protein is only slightly highewhich detects the cellular protein in nuclei of murine (hot shown)
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koa TR - rabbit 1g (Fig.6, B). Although the immunochemical reaction is
g,, ] not strong it is specific because the much more abundant
654 Benzonasé used to digest the DNA, present on the same blot, is

a8 not immunostained by this procedure.

& The cellular antigen immunoreacting with the MC1D antiserum
is easily detected in nuclei (Fig) and on western blots of total
cellular proteins (Fig3B). Since the immunoreaction with the
DNA digests is not strong (Fig, B) it follows that either most
of the complexes are lost during the DNA isolation procedure or

18 7
L that only a small fraction of the cellular protein is directijoived
e

29 %

in the chemically resistant DNA—polypeptide complexes.

M 5
DNA binding capacity of the recombinant proteins
Figure 6. Relation between the cDNA-encoded MC1D protein and a 16 kDa
protein co-isolating with DNA. M, marker lane loaded with pre-stained protein The potential cognate binding site and the physiological conditiens
g:gg;gg DSN:"(‘frrnzt)a'gefé ei't?;‘lmﬁ Eégzg/"hg"v’v‘gv';a%‘?sd évn'tehwiirﬁiﬁii Jor the chemically stable interaction of the cellular protein with DI\%A
nitrocellulose which was probed with the antiserum to the recombinant MClDare unknown. However, most sequence-specific DNA b mdmg
protein and125odine-labeled anti rabbit Iy (Amersham). The site of the Proteins show sequence-unrelated, but significant DNA afﬂmt@s
Benzonasi band on lane S between 29 and 43 kDa is notimmunostained on lanAccordingly, experiments were designed which could reveal stich
B which points to the specificity of the immunoreaction. basic DNA affinities of the recombinant C1D proteins. °
The recombinantly expressed C1D proteins are readlly SO|l;i)|e
in 8 M urea (10 mg/ml) but completely insoluble in buffe%
and human cells. The fibrogranular distribution of the antigen ioontaining <0.5 M urea. Consequently, the proteins preC|p|tate
nuclei of human fibroblasts is shown in Figére during dialysis or during dilution with buffers. However, in the
On western blots, the polyclonal antiserum immunoreacisresence of genomic DNA, supercoiled or linear plasmid DISA
specmcally with two cellular antlgens (FigB). One of these the proteins remain in solution during dialysis or dilutions. Th!s
antigens is of the expected size (16 kDa), however, the 32 kDsolubility’ of the recombinant proteins in buffers is due to th@r
antigen cannot be correlated with the length of the unigue mRN#inding to DNA molecules. Nuclease digestion of the compleges
hybridizing with the radiolabeled cDNA (FigA). The relative  releases the protein in its insoluble form which can be foIIovs.%d
molecular masses of the two cellular antigens and a missihy the increase of turbidity at @y (not shown). 5
mRNA for the 32 kDa antigen point to the side by side existence Binding of the recombinant proteins to supercoiled or Ilnearlﬁad
of a monomeric form of the protein with an SDS-resistant homplasmid DNA induces DNA mobility shifts on agarose gels
dimer molecule. Since the recombinant MC1D protein migrate@ig. 7A and B). However, the capacity to induce the eIect@
on SDS—polyacrylamide gels in its monomeric form (B@) it  phoretically stable complexes is restricted to the freshly |soI&ted
must be concluded that the dimerization of the 16 kDa cellularoteins or to the proteins stored by suspension in non-denattging
protein is caused by a post-translational modification. buffers at —20C. Their potential to form the electrophoreticall
It is obvious that only the monomeric form of the protein isstable DNA—protein complexes is lost with a half life period &f
detected in chemically resistant DNA—protein complexes ulEtgs (110 days when stored at@ in 8 M urea. Recombinant Cll:}g;
and6). This suggests the specific binding of the monomeric formroteins kept for 2 months in 8 M urea &C4are still kept in
to DNA. Alternatively, dimeric molecules may be cleaved during thésolution’ by DNA in non-denaturing buffers, however, they hage
DNA isolation procedure which involves prolonged treatments witdompletely lost the capacity to induce DNA mobility shiffs

alkali and phenol. (Fig. 7C) which indicates that the electrophoretically statﬁe
complexes shown in FiguréA and B are not based on an
Relation between the cDNA-encoded 16 kDa MC1D unspecific DNA—protein interaction. The loss of the capacitys{o
protein and the cellular 16 kDa protein co-isolating with induce DNA mobility shifts is, suggestively, the result of a known
DNA chemical modification of proteins occurring in concentrated ugea

solutions, e.g. carbamylation of amino groups by cyanate. This
The identity of the cDNA-encoded proteins with cellular proteingsesult shows that free amino groups are involved and apparently
forming chemically resistant DNA—protein complexes cannot bessential for the formation of electrophoretically stable DNA—
verified at the sequence level. It is obvious that the quantities pfotein complexes.
the complexes co-isolating with total DNA are too small for the Electronmicroscopical inspection of the complexes formed
identification of the complex-involved polypeptides by between the recombinant proteins and plasmid DNA point to a
microsequencing (Figk and6). Alternatively, it was investigated cooperative binding mechanism. The micrographs exhibit a side
whether a sensitive immunoanalytical approach could reveal thy side existence of apparently protein-free plasmid molecules
relationship between the cDNA-encoded proteins and the polgnd those which are associated with large protein cluster8)Fig.
peptides involved in the stable complexes. It was found that digedthis suggests that recombinant C1D protein molecules bind
of several milligrams of DNA are required to release quantities gfreferentially to existing C1D-DNA complexes.
the cellular 16 kDa protein which can be visualized on silver-stained Thein vitro formed complexes between the recombinant C1D
SDS—polyacrylamide gels (Fig. S) and immunostained by meansproteins and DNA are not phenol-stable. So far, attempts to
of the polyclonal MC1D antiserum aAédodine-labeled anti- induce this chemically stable DNA-C1D protein interaction
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Figure 7. DNA mobility shifts induced by complex formation between the
recombinant MC1D protein and plasmid DNA) (Supercoiled plasmid DNA

(3 kb) was mixed with freshly isolated recombinant MC1D protein dissolved in
buffered (0.1 M NabPQy, 0.01 M Tris—HCI, pH 8.0) 8 M urea. Protein-DNA
ratios were: lane 0, no protein added; lane 1, one protein molecule per 30 bp of
DNA,; lane 2, one protein molecule per 20 bp of DNA; lane 3, one protein molecule
per 10 bp of DNA. The mixtures were dialysed against 1000 vol TE TC). (4
Aliquots containing Jug of DNA were submitted to a 0.5% (w/v) agarose gel.
(B) Linearized plasmid DNA (3 kb) was mixed with freshly isolated recombinant
MC1D protein, dialysed and submitted to agarose gel electrophoresis as described
under (A). C) Linearized plasmid DNA (3 kb) was mixed with recombinant
MC1D protein which had been stored in buffered 8 M urea for 2 month€.at 4
The protein—-DNA ratios, dialysis conditions and agarose gel electrophoresis were
as described (A) and (B).

vitro, e.g. by incubation of the complexes with energy-rich
compounds, have not yet been successful.

DISCUSSION

uo 1senb AQ $25+82Z1/091 |/S/9Z/20ne/ eu/woo dno-oiwspeoe//:sdny wolj pepeojumoq

The |t_1ent|f!cat|on of new DNA—bmdmg proteins 0 n the genetlt_: Figure 8. Electron microscopical visualisation of the complexes formed betwegh
level is of interest because the proteins potentially involved in, plasmid (3 kb) and the MC1D proteif) Plasmid DNA in mostly supercoiled 3>
changes of chromosome structure and in ‘marking’ sections afonformation; control without MC1D proteiBY Supercoiled plasmid DNA with
DNA chemically without changing the genetic cotl@) are not 1 molecule of C1D protein per 30 bp of DNA (the same sample as shovyne)m
yet identified. By combined immunoanalytical and recombinant='9- 7A. lane 1).€). Supercoiled plasmid DNA with 1 molecule of C1D proteinis
DNA technology murine and human cDNAs were cloned per 10 bp of DNA (the same sample as shown in Fig. 7A, lane 3).
encoding DNA-binding proteins missing any of the known DNA
binding motifs specified in data basds)( Accordingly, these
proteins represent a new type of DNA binding proteins which istable DNA—protein complexes. This is mainly due to the small
of interest in itself. quantities of complexes which are only revealed by sensitive
This work was initiated by the results of previous investigationanalytical techniques. It is obvious that the polypeptides involved
on chemically resistant DNA—protein complexes. It has beein these complexes cannot be identified by biochemical methods,
shown that a persistent fraction of polypeptides is inevitablg.g. by micro-sequencing. Although an unknown amount of these
co-purified with eukaryotic DNA which points to covalent complexes may be lost during the DNA isolation procedure,
complexes between nuclear proteins and DNA While  e.g. in the phenol phase, it is evident that thesgplexes are not
phosphate-linked DNA—peptide bonds have been shown to exisgjor cellular components. However, even minute amounts of
in DNA preparations%-8) little is known about the size, nature potentially site-specific DNA—protein complexes could be involved
and function of the polypeptides involved in such chemicallyn important biological functions, e.g. in the epigenetic regulation
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of gene expression. Accordingly it seemed to be worthwhile to ti(\CKNOWLEDGEMENT
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